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ATA Provides High-Value Engineering Services With
Expertise in Design, Analysis and Test

ATA Engineering helps to overcome product design challenges across a range of industries
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ATA is a Value-Added Reseller for Siemens PLM Software

ATA offers training, free resources, and hotline support for a
variety of Siemens products.

> Siemens product lines we support include:
» STAR-CCM+
» Femap
» Simcenter Nastran (formerly NX Nastran)
» Simcenter 3D
> NX CAD & CAM
» Teamcenter
> Solid Edge
» Contact the hotline at 877-ATA-4CAE or
http://ata-pimsoftware.com/support

> Developer of the official Simcenter Nastran training materials
> Preferred North American provider of Simcenter Nastran training

» Recognized as Smart Expert Partner with validated expertise in
Femap and STAR-CCM+

Platinum
Smart Expert

SIEMENS

Channel


http://ata-plmsoftware.com/support

Visit Our Website for Product Information and Free Resources 4
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Webinar Overview:
Recovering Stress Data with Simcenter Nastran

Purpose:

»Explain the difference between nodal and
elemental stress results

Motivation:

» A basic understanding of how stress is computed
INn FEA Is iImportant when reporting stress results

»Postprocessors allow users to flip between nodal
and elemental stress results seamlessly

»Understanding how the solver reports stress
output is crifical o knowing how to interpret stress
results in the postprocessor




How is Stress Computed for an Element or Nodee

Gauss/Integration Points

TRIANG LE

> In Finite Element Theory, stress results n

are computed at one or more O Nodes .
points within the element (called
Gauss or infegration points).

» The number of Gauss points is ¢

determined by the type, shape, linear parabolic
and order (linear vs. parabolic) of QUAD
Gauss points inside the element are

the element.
.11
then extrapolated to the nodes

when reporting nodal stress results. linear parabolic

L

> The stresses obtained at these

Note: An 8-node brick element has 8 Gauss points,
while a 20 node brick has 27 Gauss points.



Simcenter Nastran Stress Output Request
CENTER vs. CORNER

» CENTER = stress output at the

STRESS [SORTlJ [PRINT, PUNCH} [REAL ot IMAGJ [ VONMISES ] center Of the element On|y
SORTZ| PLOT "| PHASE | [MAXSor SHEAR| .
- (Simcenter Nastran default)
[ PSDF | : _
oafxil}:mimm aroc| [ — » CORNER = stress output at the
o) [cRus| [NORPRINTJ, [rRPuNCH] | cPLYBT center of the element and at
cuBlc | _gidli CRLYEMT[[] | the nodes

center and corner stress is
output by default

11

ALL » For parabolic elements, both
NONE

*From Nastran Quick Reference Guide (QRG); “greyed out” entries are the Nastran defaults

Users are encouraged to request CORNER as the stress output location to allow for
proper viewing of both nodal and elemental stress results.

Viewing nodal stress results using the CENTER stress output location request can lead
to inaccurate stress predictions, as is demonstrated in the following example.




Stress Output Location Example
Viewing Nodal Stresses With CENTER vs. CORNER Results

STRESS = CENTER

w g - : . FEM Max Stress = 249.08 psi
[eT0] POy
S 100 Ibf ' ; K=3.73
-;?é applied load 1
X
(Mesh Size = 0.2 in)
Geometry of Test Sample
d= 3"
H = 6”
d/H=0.5
_ ” ;Loade &, Qo Rap

h=0.25 il STRESS = CORNER

. _ _ . e s simrogt: FEM Max Stress = 288.56 psi
Nominal Stress = 100 Ibf / (0.25 in*6 in) = 66.67 psi I"': K=4.32

Theoretical K = 4.32 (from Peterson 3™ ed., Chart 4.1)
Theoretical Max Stress = 66.667 psi * 4.32 = 288.8 psi

The STRESS = CENTER output location request -
underpredicts the peak stress because the stress at
the center of the elements is less than the
extrapolated stresses at the edge of the hole.

Note: Both plots use nodal stresses.

FIGINE TN NG, (W —



Stress Output Request

Simcenter 3D vs. FEMAP Defaults

> The default for Simcenter 3D is CENTER > The default for FEMAP is CORNER

.
B Sickin Oups Rapsests % MASTRAN Qutput Requests | Y |
\ooelng Otrect A
Modal
Name fitnsctinat Outpas Rissuetsl]
Lk Displacement 0..Full Model v [[]velodty 0..Full Model
o 7 [ Applied Load 0..Full Model [ Acceleration 0..Full Madel
Discription 3 Constraint Force 0..Full Madel - Kinetic Energy 0..Full Madel
Preview [ Equation Force 0..Full Model Temperature 0..Full Madel
comeray [ Force Balance 0..Full Model
Osable 40
Soddtinn Apphicabiity Veew | A8 Sokations o Elemental
Glue Ratul * 9] Eneble STRESS Request [CFarce 0..Full Model Heat Flux 0..Full Model
Grd Peist Ferce Soing Detaut =
nitial Sain SR ol ”‘ Stress 0..Full Model - Enthalpy 0..Full Model
wtpie Mashum C -
netic Energy
Octpt Transtormat Dt Format REAL . [ Total Strain 0..Full Model Enthalpy Rate 0..Full Model
:‘::‘” :’:m;m':jn I Yt Ctean st - | [ Elastic Strain 0..Full Model Temperature 0..Full Model
Wodet LiTtecte Mot | Location CENTER -
:.‘1:{‘ ,:rvr"\' Commotite Sofld Pty Outnct | Detuah . [] Thermal Strain 0..Full Model Kinetic Energy 0..Full Model
cvirear Strmns
Pastic Stram Randoen Output Medum | Defoukt i (@) Fiber Curvature Energy Loss 0..Ful Model
Peogreniive Falwe § Randoen Funcoons Defautt -
Shell Thickhess Entity Selection X [T strain Energy 0..Full Model Fluid Pressure 0..Full Madel
SPC Forces
frialar Entity AlL -
State Varabis Customization
tran s
‘1':" fnergy 1 Element Corner Results Results Destination __Prev. t
- Output Modes ( a,b,c THRU d) 2..PostProcess Only -
e
Tempetatae Echo Model
Veloob —
: ! v J (@ Magnitude Phase Real/Imaginary
Relative Enforced Motion Results
o
N ~

NT/N

-
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Changing the Default Stress Data
Recovery Location in Simcenter 3D

» The following steps will change the default setting for the STRESS data
recovery location from CENTER to CORNER:

1)

2)

3)

4)

Go to this folder, or the equivalent path on your installation and NX
version: C:\Siemens\NX185T\SIMULATION\templates

Open the file — “SimNxNastranEnglish.sim™ or “SimNxNastranMetric.sim” —
depending on the unit system of interest (you may not have write-access
to either of these files in your installation directory so you might have to
save a copy of the file to a temporary location such as your desktop)
With the template file you will want to:

a) Create a new solution

b) Edit the Case Control Output Requests to your preferences

c) Delete the solution (your structural output requests will be saved as a
modeling object, and is not deleted)

Save the templates file and, if necessary, move it back to the templates
folder in your NX installation directory

» These presets will take effect for new .sim files you create, but not
existing ones.




Different Ways to Report Stress

» Nodal Peak: reports the peak nodal stress from each contributing
element

» Nodal Average: reports the average of all elemental input for
each node

» Element Centroidal: reports the average of the Gauss point stresses

Nodal Peak max(w, X, Y, z)

Nodal Average (W+x+y+z)/4

H *
Element Centroidal - * A, B, C,D = average of each element’s

*No averaging between elements occurs with element centroidal output gauss point stresses (i.e., the element
results; the average of each element’s gauss point stresses is reported. centroidal stress for each element)
* w, X, Y, z = each element’s extrapolated
stress at the shared center node

The stress at this interior node has four values
associated with it for a given stress tensor.




Contour Settings to Use in FEMAP 13
Nodal Peak

Nodal Average

/NTI/N\
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i Select Contour Options Lﬂg‘ i Select Contour Options m‘

View 1 Untitled View 1 Untitled

Contour Type Contour Fill Mode Contour Type Contour Fill Mode

) Match Output i?- Nodal [ Continuous ) Match Output i?‘ Nodal [ Continuous

(7 Elemental @ Level Colors (7 Elemental @) Level Colors

Contour Group Contour Group

(") Active (@) None / Visible Group(s) () Select (") Active (@) None / Visible Group(s) () Select

Data Selection Data Conversion Elemental Contour Discontinuities Data Selection Data Conversion Elemental Contour Discontinuities

(") All Data / Full Model () Average No Averaging (") All Data / Full Model @ Average No Averaging

(") Visible Group(s) @ Max Value Property Layer (") Visible Group(s) () Max Value Property Layer

@) Contour Group () Min Value Material Color @) Contour Group () Min Value Material Color

[?]Use Corner Data Angle Between 20. [?]Use Corner Data Angle Between 20.

[ oK |[ concel [ oK ][ cancel |
\ J \ y
Ele ment ce ntrOida I Note: Nodal contouring s.imply 'ave'r'age's all valu'es at the nodes and
cannot account for any discontinuities in material or gecometry (hence
(setect Contour Optios 9 [z the Element Contour Discontinuities options are not available).
View 1 Untitled

Contour Type Contour Fill Mode

) Match Output [ ) Nodal [ Continuous

@ Elemental @ Level Colors

Contour Group

(") Active (@) None / Visible Group(s) () Select
Data Selection Data Conversion Elemental Contour Discontinuities
() All Data / Full Model @) Average [¥]No Averaging
(") Visible Group(s) () Max Value Property Layer
@) Contour Group () Min Value Material Color
[Tluse Corner Data Angle Between 20.

[ oK || cancel




g—
CRGINETMUNG, (NC,  —

Contour Settings to Use in FEMAP

Post-Processing Toolbox

The same contour settings applied using the dialog boxes on the previous slide can
also be specified in the Contour “tool” in FEMAP’s PostProcessing Toolbox.

Nodal Peak Nodal Average Element Centroidal

PonPtocmgTodbo-
e-tHek-B-0-83

Ddo-m -----

Postﬂroomgl’odbm 3. quﬂmgfodbm 3.
o tHLL-B-0-33 @ tHLk-B-0-53

I Ddo-m Ddo-m

Contour Contour

Output Set 13.10Gs pZ » *ii=
Output Vectoe (60031_Schd Von Mises Stress @ [{R e
Addional Vectar(s)

Otnpu(Sct 3.10Gs_pZ Otnpu(Sct 3.10Gs_pZ e
Output Vector

Addmond Vectar(s)

wii=

iSNZI_Sobd Von Mises Stress @ WQ Output Vector iSNZI_Sobd Von Mises Stress @ WQ
Addmond Vectar(s)

No Average, Centroid Only
Data Sedection Cunouv Gmw
4 Type Temnentsl

Maomum Value
Nodal
Show On Groups Full Model / Visible Groups lv

Average
Nodal
Full Model / Visible Groups

Show As Filled - Filled Docole Bded Planar ]
vels I vels | Show On Groups Full Model / Visible Groups
7 ] Show Az Filled .
 Levels

Freebody  Legend 4
Contour Contour Contour
Tool for controfing Contour, Critera, Beam Diagram, koSurface, Section Cut and Teol for controling Centour, Critera, Beam Diagram, koSurface, Section Cut and Teol for controling Centour, Critera, Beam Diagram, koSurface, Section Cut and
Conbwlm Ponhm Conbwlm Ponhm Conun' Am Pmthwaung

ogel Inf 0 \ Me<hi

ng U PostProcessing

N Me I PostProcessing I PostProcessing




Contour Settings to Use in Simcenter 3D 15

Element Centroidal

¥ Post View O X

Nodal Peak

£} Post View O X

Nodal Average

© Voit View 0 x

Result | Display Deformation Legend Result | Dipley| Defbrmiabon | Lagent Result | Display Deformation Legend

) Rezult Solection A
Result Selection A Result Selection A
Subcase - Static Loads 1 N < o 1 Subcase - Static Loads 1 -
Static Step 1 - Static Step 1 -
Resylt Type A
Result Type A st - Hemant Modal - Result Type A
- - - on Mees v F
iStress - Element-Nodal Von-Mces |;shﬁs_ Element-Nodal - |
Von-Mises M Result Combnation A |Von-Mise5 i |
Result Combination A Cornibine M Nosles > -
Mot Cocabinalion X Result Combination A
Modal Combination A ) - —
dversge Across ~ Elermnent Criterion A
Maximurm v 1"
| | | PID I Elemet Type | Centroid - |
[ Include Visible Elements Only MID ) Feature Angle 4%
Include Midnodes
Include Midnodes Incluse Vaitsle Elyments Only .
4| Include Int=mal lements -
) X i Coordinate System A
Coordinate System A
e |
Coordinate System Absolute Rectangular ~ ~ Coordinate System Absolute Rectangular
Coardingte ypstem ~
- - 7
Units Ibf/in* - Cocedinate System Absokte Rectangula Units Ibf/in M
Scale 1.0000 g = Scale 1.0000
; du M [F] Absolute Val
7] Absolute Value Scale 1.0000 solute va u.e
[T Apply dB Scaling Avcolute Value [] Apply dB Scaling
dB Scaling A | Apgty 4B Scalng dB Scaling A
iB 20 - i 3caliog - B Facto 20 -

Note: Could also use “Stress-Elemental” result
type with Result Combination set to “None”
for element centroidal results.

o I | oo

Note: “Average Across” settings will
be mesh dependent; uncheck the box

to turn off averaging across feature.
-
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When Would | Use Nodal vs. Elemental
Stress Resultse

» General rules:

> 1) Nodal peak is always more conservative than nodal
average.

» 2) Element centroidal is less conservative but may be
required if you have a specific allowable correlated to this
stress type (e.g., element-size correlated allowables).

» When assessing fatigue, nodal results are often used. For
strength assessment, nodal or elemental results could be
used depending on the required fidelity of the analysis.




Side Note 1. Comparing Different Stress Result Types
Is One Means of Evaluating Convergence

» The difference between nodal peak and

nodal average stress decreases as the mesh
Mesh Size = 1.0 inch size is reduced, the result of the elements’
Gauss points moving closer to the nodes.

> As aresult, comparing nodal peak with
nodal averaged results can be used as a
convergence criterion.

Von Mises Stress at Middle of Clamped Edge

5,000
Exact Splution
i* —-— 4,816
- . - —-—

Mesh Size = 0.5 inch

Mesh Size = 0.25 inch

Stress (psi)

4,457

=—#—Nodal Average Stress
=—M— Nodal Peak Stress

100 Ibf

ATA 4,000 T T T T T 1
CRGINETIUNG, NG ‘\—’ 0 0.2 0.4 0.6 0.8 1 1.2

Element Size (inch)



Side Note 2: Nodal Average Stress Calculation in
Simcenter 3D vs. FEMAP

» The nodal average stress calculation is handled differently in
Simcenter 3D and FEMAP:

> Simcenter 3D: averages the component stresses at each node
before computing the von Mises stress at the node

» FEMAP: first computes von Mises stress from the component
stresses then averages those von Mises stress values at each
node

» The order of operations differs which is important to note if
trying to compare Simcenter 3D nodal average stress results
with FEMAP nodal average stress results




Questionse

Submit questions in the or unmute yourself now

Zoom Application - Web Interface

Screenshare in

separate window
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