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Proprietary & Restricted Rights Notice

© 2014 Siemens Product Lifecycle Management Software Inc. All Rights Reserved.

This software and related documentation are proprietary to Siemens Product Lifecycle Management
Software Inc. Siemens and the Siemens logo are registered trademarks of Siemens AG. NX is a
trademark or registered trademark of Siemens Product Lifecycle Management Software Inc. or its
subsidiaries in the United States and in other countries.

NASTRAN is a registered trademark of the National Aeronautics and Space Administration. NX
Nastran is an enhanced proprietary version developed and maintained by Siemens Product Lifecycle
Management Software Inc.

MSC is a registered trademark of MSC.Software Corporation. MSC.Nastran and MSC.Patran are
trademarks of MSC.Software Corporation.

All other trademarks are the property of their respective owners.
TAUCS Copyright and License

TAUCS Version 2.0, November 29, 2001. Copyright (c) 2001, 2002, 2003 by Sivan Toledo, Tel-Aviv
University, stoledo@tau.ac.il. All Rights Reserved.

TAUCS License:
Your use or distribution of TAUCS or any derivative code implies that you agree to this License.

THIS MATERIAL IS PROVIDED AS IS, WITH ABSOLUTELY NO WARRANTY EXPRESSED OR
IMPLIED. ANY USE IS AT YOUR OWN RISK.

Permission is hereby granted to use or copy this program, provided that the Copyright, this License,
and the Availability of the original version is retained on all copies. User documentation of any code
that uses this code or any derivative code must cite the Copyright, this License, the Availability note,
and "Used by permission." If this code or any derivative code is accessible from within MATLAB, then
typing "help taucs" must cite the Copyright, and "type taucs" must also cite this License and the
Availability note. Permission to modify the code and to distribute modified code is granted, provided
the Copyright, this License, and the Availability note are retained, and a notice that the code was
modified is included. This software is provided to you free of charge.

Availability (TAUCS)

As of version 2.1, we distribute the code in 4 formats: zip and tarred-gzipped (tgz), with or without
binaries for external libraries. The bundled external libraries should allow you to build the test
programs on Linux, Windows, and MacOS X without installing additional software. We recommend
that you download the full distributions, and then perhaps replace the bundled libraries by higher
performance ones (e.g., with a BLAS library that is specifically optimized for your machine). If you
want to conserve bandwidth and you want to install the required libraries yourself, download the
lean distributions. The zip and tgz files are identical, except that on Linux, Unix, and MacOS,
unpacking the tgz file ensures that the configure script is marked as executable (unpack with tar
zxvpf), otherwise you will have to change its permissions manually.
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Chapter 1: Performing an Analysis Step-by-Step

*  Defining the Problem

+  Specifying the Type of Analysis

*  Designing the Model

*  Creating the Model Geometry

* Defining the Finite Elements

*  Representing Boundary Conditions
»  Specifying Material Properties

*  Applying the Loads

»  Controlling the Analysis Output

*  Completing the Input File and Running the Model
*  NX Nastran Output

* Reviewing the Results

1.1 Defining the Problem

In this chapter, we perform a complete NX Nastran analysis step-by-step. Consider the hinged
steel beam shown in Figure1-1. It has a rectangular cross section and is subjected to a 100 Ib
concentrated force. Determine the deflection and stresses in the beam at the point of application of
the load, with and without the effects of transverse shear.
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Y
A
F=100Ibs
20 in
2 5 / e = X
30in
Y
A Cross Sectional Area = A = 2.0 j_112
Moment of Inertia .
(about z axis) = I, = 0.667in
- :
2in Moment of Inertia A
(about y axis) = Iy = 0.1667 in
_ Torsional Constant = ] = 0458 in’
1in
Elastic Modulus = E = 30x 1[]61blc /h12
Poisson’s Ratio = v = 03

Figure 1-1. Beam Geometry and Load

1.2 Specifying the Type of Analysis

The type of analysis to be performed is specified in the Executive Control Section of the input file
using the SOL (SOLution) statement. In this problem, we choose Solution 101, which is the linear
static analysis solution sequence. The statement required is:

SOL 101

We will also identify the job with an ID statement and set the CPU time limit with a TIME statement
as follows:

ID MPM,CH 12 EXAMPLE
TIME 100
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Performing an Analysis Step-by-Step

The end of the Executive Control Section is indicated by the CEND delimiter. Thus, the complete
Executive Control Section is written as follows:

ID MPM,CH 12 EXAMPLE
SOL 101

TIME 100

CEND

Both the TIME and ID statements are optional. The default value of TIME, however, is too
small for all but the most trivial problems.

The format of the ID entry (ID i1,i2) must be adheared to or a fatal error will result.

1.3 Designing the Model

The structure is a classical hinged slender beam subjected to bending behavior from a concentrated
load. The CROD element will not work since it supports only extension and torsion. The CBEAM
element would work, but its special capabilities are not required for this problem and its property entry
is more difficult to work with. Thus, the CBAR element is a good choice. The number of elements to
use is always a crucial decision; in our case the simplicity of the structure and its expected behavior
allows the use of very few elements. We will choose three CBAR elements and four evenly spaced
grid points as shown in Figure1-2.

F=1001bs
CBAR Element 1D
1 2 3
1 [ ° ® /o 4
— 2 3 J—
Grid ID
10 in 10 in 10in

Figure 1-2. The Finite Element Model

Note that GRID points were located at the point of application of the load and at each reaction point.

1.4 Creating the Model Geometry

Coordinate System

NX Nastran has a default rectangular coordinate system called the basic system. Therefore, no
special effort is required to orient our model. We will choose to define the model’s coordinate system
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as shown in Figure1-3. The beam’s element x-axis will be parallel to the basic system’s x-axis by
our choice of X1, X2, and X3 (x, y, and z) on the GRID entries.

Y

[ 1 2 3
L
1

- X

(]
(o8]
oy

Figure 1-3. Model Coordinate System

GRID Points

GRID points are defined in the Bulk Data Section of the input file. The format of the GRID entry is:

1 2 3 4 5 6 7 8 9 10
GRID ID CP X1 X2 X3 CcD PS SEID

Field Contents

ID Grid point identification number. (0 < Integer < 1000000)

Identification number of coordinate system in which the location of the

cP grid point is defined. ((Integer 20 or blank)
X1, X2, X3 Location of the grid point in coordinate system CP. (Real; Default = 0.0)

Identification number of coordinate system in which the displacements,
CD degrees of freedom, constraints, and solution vectors are defined at
the grid point. (Integer =-1 or blank)

Permanent single-point constraints associated with the grid point. (Any

PS of the Integers 1 through 6 with no embedded blanks, or blank)

SEID Superelement identification number. (Integer 20 ; Default = 0)
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The default basic coordinate system is defined by leaving field 3 (CP) blank (the basic coordinate

system’s ID number is zero).

The values of X1, X2, and X3 (in our rectangular system these mean x, y, and z) in fields 4, 5,

and 6 are as follows:

GRID X Y Z
1 0. 0 0.
2 10.0 0 0.
3 20.0 0 0.
4 30.0 0 0.

Field 7 (CD) is left blank since we want grid point displacements and constraints to be defined in the
basic coordinate system. The constraints for this problem could be defined on field 8 (PS) of grid
points 1 and 4. Instead, we will use SPC1 entries and leave field 8 blank.

Finally, field 9 is left blank since superelements are not part of this problem.

The completed GRID entries are written as follows:

1 2 3 4 5 6 7 8 9 10
GRID 1 0. 0. 0.
GRID 2 10.0 0. 0.
GRID 3 20.0 0. 0.
GRID 4 30.0 0. 0.

Or, in free field format, the GRID entries are written

GRID,1,,0.
GRID,2,,10.,0.
GRID, 3,,20.,0.
GRID, 4,,30.,0.

., 0.
’
’
14

1.5 Defining the Finite Elements

The CBAR Entry

Elements are defined in the Bulk Data Section of the input file. The format of the CBAR simple

beam element is as follows:

1 2 3 4 5 6 7 8 9 10
CBAR EID PID GA GB X1 X2 X3
PA PB W1A W2A W3A W1B W2B W3B
Field Contents
EID Unique element identification number. (Integer > 0)
Property identification number of a PBAR entry. (Integer > 0 or
PID blank; Default is EID unless BAROR entry has nonzero entry in

field 3)
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Grid point identification numbers of connection points. (Integer

GA, GB > 0; GA #GB)
+
X1, X2, X3 Components of orientation vector V , from GA, in the displacement
coordinate system at GA. (Real)
9
GO Alternate method to su_PpIy the orientation vector v using grid

point GO. Direction of v is from GA to GO. (Integer > 0)

Pin flags for bar ends A and B, respectively. Used to remove
connections between the grid point and selected degrees of
freedom of the bar. The degrees of freedom are defined in
the element’s coordinate system. The bar must have stiffness
PA, PB associated with the PA and PB degrees of freedom to be released
by the pin flags. For example, if PA = 4 is specified, the PBAR
entry must have a value for J, the torsional stiffness. (Up to 5 of
the unique Integers 1 through 6 anywhere in the field with no
embedded blanks; Integer > 0)

— —

WA1A, W2A, W3A, W1B, W2B, Components of offset vectors Wb and Wb , respectively,

W3B in displacement coordinate systems at points GA and GB,
respectively. (Real or blank)

The property identification number (PID) is arbitrarily chosen to be 101—this label points to a PBAR
beam property entry. The same PID is used for each of the three CBAR elements.

GA and GB are entered for each beam element, starting with GA (end A) of CBAR element 1 at (0.,
0., 0.). Recall that the direction of the X-element axis is defined as the direction from GA to GB.

9-
The beam orientation vector V', described by GA and the components 2’(1, X2, and X3, is arbitrarily

chosen by setting X1 = 0.0, X2 = 1.0, and X3 = 0.0. Orientation vector V is shown in Figure 1-4.

Basic System
T Yelem y

X

v(0.0,1.0,0.0)

Z alem =

Figure 1-4.

1-6 Getting Started with NX Nastran



>
V and xglem defines Plane 1 and the ygjgm Axis

?

Performing an Analysis Step-by-Step

Plane 1 is thus formed by V and the x-element axis. The y-element axis (Ygem) iS perpendicular to

the x-element axis and lies in plane 1.

Plane 2 is perpendicular to plane 1, and the z-element axis (z¢er) is formed by the cross product of

the x-element and y-element axes.

The completed CBAR entries are written as follows:

1 2 3 4 5 6 7 8 9 10
CBAR 1 101 1 2 0. 1. 0.
CBAR 2 101 2 3 0. 1. 0.
CBAR 3 101 3 4 0. 1. 0.

Or, in free field format, the CBAR entries appear as:

CBAR,1,101,1,2,0.,1.,0.
CBAR,2,101,2,3,0.,1.,0.
CBAR, 3,101,3,4,0.,1.,0.

Continuations of the CBAR entries are not required since pin flags and offset vectors are not used in

this model.

The PBAR Entry
The format of the PBAR entry is as follows:

1 2 3 4 5 6 7 8 9 10
PBAR PID MID A I1 12 J NSM
C1 c2 D1 D2 El E2 F1 F2
K1 K2 112
Field Contents
PID Property identification number. (Integer > 0)
MID Material identification number. (Integer > 0)
A Area of bar cross section. (Real)
1,12, 12 Area moments of inertia.
(Real; 1120.0
12=0.0
11 -12>1122)
J Torsional constant. (Real)
NSM Nonstructural mass per unit length. (Real)
K1, K2 Area factor for shear. (Real)
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Ci, Di, Ei, Fi Stress recovery coefficients. (Real; Default = 0.0)

For our model, the property ID (PID) is 101, as called out on the CBAR entry. The material ID (MID) is
arbitrarily chosen to be 201—this label points to a MAT1 entry. The beam’s cross sectional area A is
entered in field 4, and the torsional constant J is entered in field 7. The beam has no nonstructural
mass (NSM), so column 8 is left blank.

N
Now you will specify 11 and 12 in fields 5 and 6. Recall that the choice of orientation vector V is
arbitrary. What is not arbitrary is getting each value of | to match its correct plane. 11 is the moment
of inertia for bending in plane 1 (which is the same as bending about the z axis, as it was probably
called in your strength of materials class). Similarly, 12 is the moment of inertia for bending in plane 2
(about the y axis). Thus, I1 =1z =0.667 in, and 12= |, = 0.1667in.

As a check for this model, think of plane 1 in this problem as the “stiff plane” (larger value of |) and
plane 2 as the “not-as-stiff’ plane (smaller value of I).

Stress recovery coefficients are user-selected coordinates located on the bar’s element y-z plane at
which stresses are calculated by NX Nastran. We will choose the following two points (there is no
requirement that all four available points must be used):

Yelem
A

C
(1.0,05) o

Zeolem - 2in

(-1.0,05) o —— —
D 1lin

Finally, the problem statement requires that we investigate the effect of shear deflection. To add
shear deflection to the bar, we include appropriate values of K1 and K2 on the second continuation of
the PBAR entry. For a rectangular cross section, K1 = K2 = 5/6.

Leaving K1 and K2 blank results in default values of infinity (i.e., transverse shear flexibility is set
equal to zero). This means that no deflection due to shear will occur.

The completed PBAR entry is written as follows (no shear deflection):

1 2 3 4 5 6 7 8 9 10
PBAR 101 201 2. .667 1667 458
1. 5 -1 5

To add shear deflection, a second continuation is added:

PBAR 101 201 2. .667 1667 458
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.8333 .8333

In free field format, the PBAR entry is written as follows:

PBAR,101,201,2.,.667,.1667,.458
;1.,.5,-1.,.5
,.8333,.8333

1.6 Representing Boundary Conditions

The beam is hinged, so we must constrain GRID points 1 and 4 to represent this behavior. We will
use one SPC1 Bulk Data entry for both grid points since the constraints at each end are the same.

The format of the SPC1 entry is as follows:

1 2 3 4 5 6 7 8 9 10
SPC1 SID c G1 G2 G3 G4 G5 G6
G7 G8 G -etc.-

Field Contents

SID Identification number of single-point constraint set. (Integer > 0)

C Component numbers. (Any unique combination of the Integers 1 through 6
with no embedded blanks for grid points. This number must be Integer 0
or blank for scalar points)

Gi Grid or scalar point identification numbers. (Integer > 0 or “THRU”; for

“THRU” option, G1 < G2. NX Nastran allows missing grid points in the
sequence G1 through G2)

An SPC set identification number (SID) of 100 is arbitrarily chosen and entered in field 2. To select
the SPC, the following Case Control command must be added to the Case Control Section:

SPC=100

Constraints are applied in the GRID point’s displacement coordinate system—in our problem this is
the basic coordinate system. The required components of constraint are shown below:
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Grids 1 and 4 cannot translate in the X, y, or z directions (constrain DOFs 1, 2, and 3). Grids 1
and 4 cannot rotate about the x-axis or y-axis (constrain DOFs 4 and 5). Grids 1 and 4 can rotate
about the z-axis (leave DOF 6 unconstrained).

Therefore, the required SPC1 entry is written as follows:

| spct | 100 | 1235 | 1 I |

Or in free field format we enter:

SPC1,100,12345,1,4

1.7 Specifying Material Properties
The beam’s material is steel, with an elastic modulus of
0x10° Ib/in

Poisson’s ratio is 0.3. The format of the MAT1 entry is shown below (we will not use the optional
stress limit/margin of safety capability on the MAT1 continuation line).

1 2 3 4 5 6 7 8 9 10
MAT1 MID E G NU RHO A TREF GE
Field Contents
MID Material identification number. (Integer > 0)
E Young’s modulus. (Real 20.0 or blank)
G Shear modulus. (Real 20.0 or blank)
NU Poisson’s ratio. (-1.0 < Real < 0.5 or blank)
RHO Mass density. (Real)
A Thermal expansion coefficient. (Real)
TREF Reference temperature for the calculation of thermal loads, or a

temperature-dependent thermal expansion coefficient. (Real; Default = 0.0

if A is specified)
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GE Structural element damping coefficient. (Real)

The material identification number called out on the PBAR entry is 201; this goes in field 2 of the
MAT1 entry. Values for RHO, A, TREF, and GE are irrelevant to this problem and are therefore left
blank. Thus, the MAT1 entry is written as follows:

| wmart | 201 | 30E6 |

I | ]

In free field format,

MAT1,201,30.E6,,.3

1.8 Applying the Loads

The beam is subjected to a single concentrated force of 100 Ibs acting on GRID 3 in the negative Y
direction. The FORCE Bulk Data entry is used to apply this load. Its format is described below:

1 2 3 4 5 6 7 8 9 10
FORCE sID G ciD F N1 N2 N3

Field Contents

SID Load set identification number. (Integer > 0)

G Grid point identification number. (Integer > 0)

CID Coordinate system identification number. (Integer 20 ; Default = 0)

F Scale factor. (Real)

Ni Components of a vector measured in coordinate system defined by CID. (Real; at

least one Ni #0.0)

A load set identification number (SID) of 10 is arbitrarily chosen and entered in field 2 of the FORCE
entry. To select the load set, the following Case Control command must be added to the Case
Control Section:

LOAD=10

The FORCE entry is written as follows:

| ForRce | 10 | 3 | | 00 [ o | 1 [ o | |

where (0., 1., 0.) is a unit vector in the positive Y direction of the displacement coordinate system.

In free field format, the entry is written as follows.

FORCE, 10,3, ,-100.,0.,1.,0.
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1.9 Controlling the Analysis Output

The types of analysis quantities to be printed are specified in the Case Control Section. This problem
requires displacements and element stresses, so the following commands are needed:

DISP=ALL (prints all GRID point displacements)
STRESS=ALL (prints all element stresses)

In order to help verify the model results, we will also ask for the following output quantities:

FORCE=ALL (prints all element forces)
SPCF=ALL (prints all forces of single point constraint; i.e., reaction forces)

The following command will yield both unsorted and sorted input file listings:

ECHO=BOTH

TITLE and SUBTITLE headings will appear on each page of the output, and are chosen as follows:

TITLE=HINGED BEAM
SUBTITLE=WITH CONCENTRATED FORCE

Finally, we select constraint and load sets as follows:

SPC=100
LOAD=10

The complete Case Control Section is shown below. The commands can be entered in any order
after the CEND delimiter.

CEND

ECHO=BOTH

DISP=ALL
STRESS=ALL
FORCE=ALL

SPCF=ALL

SPC=100

LOAD=10
TITLE=HINGED

BEAM SUBTITLE=WITH
CONCENTRATED FORCE

1.10 Completing the Input File and Running the Model

The completed input file (model without shear deflection) is called BASICEX1.DAT, and is shown in
Listing 1-1.

ID MPM, EXAMPLE1
SOL 101

TIME 100 CEND
ECHO=BOTH
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DISP=ALL

STRESS=ALL

FORCE=ALL

SPCF=ALL

SPC=100

LOAD=10

TITLE=HINGED BEAM

SUBTITLE=WITH CONCENTRATED FORCE

$

BEGIN BULK

$ DEFINE GRID POINTS
GRID,1,,0.,0.,0.
GRID,2,,10.,0.,0.
GRID,3,,20.,0.,0.
GRID,4,,30.,0.,0.

$

$ DEFINE CBAR ELEMENTS

CBAR,1,101,1,2,0.,1.,0.
CBAR,2,101,2,3,0.,1.,0.
’ ’

CBAR,3,101,3,4,0.,1.,0.
$
$ DEFINE CBAR ELEMENT CROSS SECTIONAL PROPERTIES

PBAR,101,201,2.,.667,.1667, .458
;1.,.5,-1.,.5

$

$ DEFINE MATERIAL PROPERTIES
MAT1,201,30.E6,,.3

$

$ DEFINE SPC CONSTRAINT SET
SPC1,100,12345,1,4

S

$ DEFINE CONCENTRATED

FORCE FORCE,10,3,,-100.,0.,1.,0.
$

ENDDATA

Listing 1-1.

It is useful at this point to review “what points to what” in the model. Set and property relationships
are summarized in the diagram below:
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SPC=100 _
LOAD=10 Case Control Section

Bulk Data Section

CBAR,1,101,1,2,0.,1.,0.
CBAR,2,101,2,3,0.,1.,0.
CBAR, 3,101,3,4,0.,1.,0.

Property ID (PID)

PBAR,101,/201,2.,.667, .1667, .458
1.5 -1.,.5

Material ID (MID)
Constraint | a1 (201, 30.86,, .3
Set ID
Load spc1,/100,12345,1,4
Set ID

FORCE,10,3,,-100.,0.,1.,0.

The job is submitted to NX Nastran with a system command similar to the following:

NASTRAN BASICEX1 SCR=YES

The details of the command are unique to your system; refer to the NX Nastran Installation and
Operations Guide for more information.

1.11  NX Nastran Output

The results of an NX Nastran job are contained in the .fO6 file.
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The complete .fO6 file for this problem (no shear deflection) is shown in Table 1-1.

Table 1-1. Complete .f06 Results File

THIS PROGRAM IE CONFIDENTIAL AND A TRADE SECRET OF .SOFTWARE CCRP. THE RECETIPT CR
POREESESION OF THIS PROGRAM DCOEE MOT CONVEY ANY RIGHTS TO REFPRODUCE COFR DISCLOSE ITE CONTENTS, OR TO
MANUFACTURE, USE, OR SELL ANYTHING HEREIN, IN WHCOLE OR IN PART, WITHOUT THE SPECIFIC WRITTEN CCHSENT COF
EDE PLM SOLUTICNES SOFTWARE CORPCRATICH.

.. ..
. EDS PLM SOLUTICHS . o

. CORP .o

- -

' o M Nasetran * w

- -

L VERSION - 1.0 —————  NX Nastran version munber
.. ..

. UL 10, 2003 ——————— [nstallation date

.. ..

.. ..

. Intel ”

.. .

Your computer and

* *MCDEL PentiumIII /935 (MERCED.sCm)p = .
operating system

. - .
*~ * wWindows 2000 5.0 (Build 2195) *
. - . .
. - . .
P PO

JULY 10, 2002 HX HASTRAN 7/10/2003 PAGE 1
HNABTEAN EXECUTIVE CONTROL DECEK ECHOC
ID MFM,CH 12 EXAMFLE
S50L 101
TIME 100
CEND
HINGED EEAM JULY 10, 2003 NX NASTRAN 9/10/2003 FAGE 2
WITH CONCENTRATED FORCE
C A S E CONTROL DECEK ECHO
CARD
CCUNT
1 ECHC=EBCTH
2 DISP=ALL
2 STRESE=ALL
i FORCE=ALL
5 SFCF=ALL
3 SPC=100
7 LOAD=10
B TITLE=HINGED BEAM
a SUBTITLE=WITH CONCENTRATED FCORCE
10 &
11 BESIN BULE
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HINGED EEAM JULY 10, 2003 NX NASTRAN  7/10/2003  PAGE
WITH CONCENTRATED FORCE
INFUT BULEK DATA DECEK ECHGO
.01 .. 2 .. 31 .. 4 .. 5 .. & .. T .. B .. 3 .. 10
§ DEFINE GRID PCINTS
GRID,1,,0.,0.,0.
@RID,Z,,10.,0.,0.
GRID,3,,20.,0.,0.
@RID,4,,30.,0.,0.
g
§ DEFINE CEAR ELEMENTS
CEAR,1,101,1,2,0.,1.,0.
CERR,2,101,3,3,0.,1.,0.
CEAR,3,101,3,4,0.,1.,0.
g
§ DEFINE CBAR ELEMENT CROSS SECTICHAL PROPERTIES
PBAR,101,201,2.,.667,.1667, .458,, ,+PAL
4+FB1,1.,.5,-1.,.5

5§
§ DEFINE MATERIAL PROPERTIES
MAT1,201,30.E6,, .3
§
5 DEFINE SPC COMETRAINT SET
EPC1,100,13345,1,4
§
5 DEFINE CONCENTRATED FORCE
FORCE, 10,3, ,-100.,0.,1.,0.
5§
ENDDATA
INPUT BULK DATA CARD COUNT = 25
HINGED BEAM JULY 10, 2003 NX NASTRAN  7/10/2003 PAGE
WITH CONCENTRATED FORCE
SORTED BULEK DATA ECHOQ
CARD
COUNT .01 .. 2 .. 31 .. 4 .. 85 .. & .. T .. & .. 83 .. 10
1- CHAR L 101 1 2 i 1. 0.
2- CHAR 2 101 2 1 i 1. o.
- CHAR 2 101 k] 4 i 1. 0.
a- FORCE 10 3 -100.  © 1. o.
5- GRID L 0. 0. i
&- GRID 2 10. 0. i
7- GRID k) 20. 0. i
- GRID 4 10. 0. i
9- MAT1 201 30.E6 .3
10- PHAR 101 201 2. BT L1667  .45B +PHL
11- +FB1 1. .5 -1, .5
12- EBC1 100 12345 1 I
ENDDATA
TOTAL COUNT= 11
HINGED EEAM JULY 10, 2003 NX NASTRAN  7/10/3003  PAGE

WITH CONCENTRATED FORCE
USEFR INFOEMATION MESEAGE
CRIGIN OF SUPERELEMEMT BABIC CCCORDINATE SYSTEM WILL BE UBED AS REFERENCE LOCATICH.
RESULTANTS ABOUT ORIGIN OF SUPERELEMENT BASIC CCORDINATE SYBTEM IN SUPERELEMENT BASIC BEYSTEM COCRDINATES.
QLOAD REEULTANT
Tl T2 T2 Rl R2 Rz
1 0.0000000E+00 -1.0000000E+02 0.000000QE+0Q0 O.00Q0000E+0Q0 0.0000000E+00 -2.0000000E+02

HINGED EBEAM JULY 10, 2001 NX NASTRAN T/10/2002 FRGE
WITH CCHCENTRATED FORCE
*** UEER IMNFORMATION MESSARGE 5233 FOR DATA BLOCK KLL

LOAD BEQ. HO. EFSILCN EXTERNAL WIRK EFSILONS LARGER THARN 0.001 ARE FLAGGED WITH ASTERISKS

1 -4.0886207E-17 1.1105558E-01

HINGED EEAM JULY 10, 2003 HNX NASTRAN 7/10/2003 PAGE
WITH CCNCENTEATED FORCE

USER INFORMATION MESEAGE

SRIGIN COF SUFPERELEMENT BAEIC CCORDINATE SYSTEM WILL BE UBED AS REFERENCE LOCATICN.

RESULTANTS ABCUT ORIGIN OF SUPERELEMENT BASIC CCORDINATE SYSTEM IN SUPERELEMENT BASIC EYSTEM COCRDINATES.

SPCFORCE RESULTANT

T1 T2 T2 Rl R2 E2
1 0.0000000E+00 1.00000Q0C0E+02 0.0Q00000QE+0Q0 ©.0000000E+Q00 0.0Q00000E+00 2.0000000E+03
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HINGED EEAM JULY 10, 2003 HNX NASTRAN 7/10/2003 PAGE a
WITH CCNCENTEATED FORCE

DISPLACEMNMEHNT VECTOR

POINT ID. TYFE T1 T2 T2 Rl EZ2 Rz
1 =] 0.0 0.0 o.o 0.0 0.0 -2.221112E-04
2 =] 0.0 -1.543473E-032 o.o 0.0 0.0 -1.3B2135E-04
3 =] . -2.221112E-032 o.o 0.0 0.0 1.110556E-04
4 =] 0.0 0.0 0.0 0.0 0.0 2.7T7E390E-04
HINGED EEAM JULY 10, 2002 HX HASTRAN T/10/20032 PAGE 9

WITH CCOHCENTREATED FORCE

FORCES®S oF SEITNGLE-FOINT CONSTRAINT

PCOINT ID. TYFE T1 T2 T2 Rl EZ2 E3
1 =] 0.0 2.333333E+01 o.o . B B
4 =] 0.0 &.EEEEEEE+0L o.o 0.0 .
HINGED EEAM JULY 10, 2002 HX HASTRAN 7/10/ /20032 PAGE 10
WITH CONCENTRATED FORCE
FOoORCES IH BEAFR ELEMERNTSZS I CEAERE]I
ELEMENT HEND-MOMENT END-A EEND-MOMENT ENWD-B - BHEARRE - AXIAL
ID. FLANE 1 PLANE 2 FLANE 1 PLANE 2 FLANE 1 PLANE 2 FORCE TORQUE
1 o.o o.o 3.3333123E+02 0.0 -3.333333E+01 0.0 o.o 0.0
2 2.333332E402 0.0 G.6GEEETE+02 0.0 -3.333333E+01 0.0 o.o 0.0
3 G.EEEEETE+DZ 0.0 2.03450ZE-05 0.0 G.EGEEEEE40L 0.0 o.o 0.0
HINGED EBEAM JULY 10, 2003 NX NASTRAN 7/10/2003 PAGE 11
WITH COCHCENTEATED FORCE
HINGED EEAM JULY 10, 2003 HNX NASTRAN 7/10/2002 PAGE 12
WITH CCNCENTREATED FORCE
ETREGESESEHE IN E AR ELEMEHNTSZS { CBEAER)
ELEMENT SAl BRI BRI =1 AXIAL SA-MAX EA-MIN M.BE.-T
ID. SB1 SB2 EB3 B4 STRESS SB-MAX EH-MIN M.B.-C
1 0.0 0.0 0.0 .0 o.o 0.0 .0
-4.9397502E+02 4.997502ZE402 0.0 .0 4.99750ZE+02 -4.997502E+02
2 -4.9397502E+02 4.997502ZE402 0.0 .0 o.o 4.99750ZE+02 -4.997502E+02
-9.995003E+02 9.995003E+02 0.0 0.0 9.9950032E+02 -9 .995003E+02
2 -9.995003E+02 9.995003E+02 0.0 0.0 0.o 9.995003E+02 -9.995003E+02
-3.050233E-05 21.0502331E-05 0.0 .0 3.050222E-05 -3.050233E-05
HINGED EBEAM JULY 10, 2003 NX NASTRAN /1042003 PAGE 13

WITH CCHCENTEATED FORCE
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HINGED EBEAM JULY 10, 2003 HNX NASTRAN 771072003 PAGE 14
WITH CCNCENTRATED PORCE

DEDICT FRINT =~ * * * SUBDMAP = PRTEUM , DMAP STATEMENT NO. 13

* 4+ 4+ BANALYSIS SEUMMARY TABLE * + * &

EETID PEID PRGJ VERS AFPRCH SEMGE SEME SEKRE SELG SELRE MCDES DYNRED SCLLTN PVALID SCLNL LCCPID DESIGHN CYCLE SEMSITIVITY
o a 1 i " T T T T T F F T o F -1 a F

EEID = SUPERELEMENT ID.

PEID = PRIMARY EUPERELEMENT ID OF IMAGE SUPERELEMENT.

PRCJ = PROJECT ID NUMEBER.

VERS = VERSION ID.

APRCH = BLANK FOR ETRUCTURAL ANALYSIS. HEAT FOR HEAT TRANSFER AMNALYSIE.

SEMG = STIFFHNESE AND MASS MATRIX GENEREATICN STEP.

SEMR = MASS MATRIX REDUCTION ETEF (INCLUDES EIGENVALUE SOLUTION FOR MCDES) .
SEEKR = STIFFNESE MATRIX REDUCTICN STEF.

SELG = LOAD MATRIX GEHERATICN STEF.

SELR = LOAD MATRIX REDUCTION BTEF.

MODES = T (TRUE) IF NORMAL MCDES OR BUCKLING MODES CALCULATED.

DYMRED = T [(TRUE] MEANE GENERALIZED DYNAMIC AND/CR COOMPCHENT MCDE RECUCTION PERFORMED.
SOLLIN = T (TRUE] IF LINEAR SOLUTICH EXISTE IN DATABASE.

EVALID = P-DISTRIBUTION ID OF P-VALUE FOR F-ELEMENTS

LOCPFID = THE LAET LOCPID VALUE UEBED IN THE NOWNLINEAR ANALYSTE. USEFUL FCOR REBTARTS.

EOLNL = T (TRUE) IF NONLINEAR SOLUTICON EXISTS IN DATABASE.
DESIGH CYCLE = THE LAET DESIGN CYCLE (ONLY VALID IN OPTIMIZATICH) .
SEHSITIVITY = SENSITIVITY MATRIX GENEREATICN FLAG.

* * * END OQF JOB * * *

1.12 Reviewing the Results

You cannot simply move directly to the displacement and stress results and accept the answers. You
are responsible for verifying the correctness of the model. Some common checks are described
in this section.

Check for Error Messages, Epsilon, and Reasonable Displacements

No error or warning messages are present in the .f06 (results) file—this is certainly no guarantee of
a correct run, but it’'s a good first step. Also, examine the value of epsilon on page 6 of the output.

It is very small (~10-16), showing stable numerical behavior. Next, it is a good policy to check the
displacement values, just to verify that they are not absurdly out of line with the physical problem or
that a geometric nonlinear analysis is not required. For example, this beam displacing several inches
might indicate that a load is orders of magnitude too high, or that a cross sectional property or an
elastic modulus has been incorrectly specified. In our case, the lateral displacements (page 8 of the
output) are on the order of 10-3 inches, which seems reasonable for this problem.

Suppose you did obtain displacements of several inches—or perhaps into the next city.
Shouldn’t NX Nastran give some sort of engineering sanity warning? The answer is no,
because the program is doing precisely what it was told to do and has no ability to judge what
a reasonable displacement is. Recall that our analysis is linear and that the MAT1 material
property entry thinks that the elastic modulus E is the material curve. This distinction is
shown in Figure 1-5.
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Linear D - M_// AN o
. Py
(elastic) [ |
/ snap!
|
Stress | Stress
i |
E ' E
|
1 ! / 1
y [
Strain Strain
(a) What We Think (b) What NX Nastran Uses (MAT1)

Figure 1-5. Reality versus Modeling
The MAT1 entry states that our material is always elastic and infinitely strong. In reality, we will violate
restrictions on small displacements and material linearity given sufficient loading.

Check Reactions

To check static equilibrium, we calculate the reaction forces at the constraints and obtain 33.3 Ibs. in
the +y direction at grid point 1 and 66.6 Ibs. in the +y direction at grid point 4 (Figure 1-7(a)). These
values match the forces of single point constraint reported on page 9 of the output (T2 in this table
means forces in the Y direction). Thus, the load and resulting reactions make sense.

Check Shear Along the Beam

The shear diagram for the beam is shown in Figure 1-7(b). The output lists the shear forces across
each element as -33.3 Ibs. for elements 1 and 2 and +66.6 Ibs. for element 3.

Note that shear occurs only in plane 1 (the plane of the applied force). The sign convention for CBAR
element internal shear forces in Plane 1 (glem—Yelem Plane) is shown in Figure 1-6:

A Yelem A V1
enda |e d-BX elem
en
Plane 1
YVl

Figure 1-6. CBAR Element Shear Convention (Plane 1)

Thus, the signs make sense with respect to the applied load.
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(a) Load and Reactions

» (b) Shear Diagram

= (c) Moment Diagram

J’F
10 1 O 2 O 3 o4
N
Rl R2
100 1b
y
a=20" b
[ | ——-X
T L=30" T
333 Ibs. : 66.6 1bs
| i
! |
|
| I
1333 |
Shear V :
(Ib) -
X
| 166.6
| |
| [
| |
' 666.6 :
|
Moment M !
(in-1b) !
X

Figure 1-7. Beam Reaction Forces, Shear Diagram, and Moment Diagram

Displacement and Stress Results

The displacement at the point of application of the load (GRID 3) is shown in the results:

w? =-2221112E-3 inch

The deflection is in the -y direction as expected.
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The CBAR element stresses at the point of application of the load (GRID 3) are reported by end b of
CBAR 2 and end a of CBAR 3. Positive stress values indicate tension and negative values indicate
compression. The top of the beam is in compression and the bottom of the beam is in tension.

Stress recovery point 1 is located on the top of the beam and point 2 is located at the bottom of
the beam, as shown in Figure 1-8:

Yelem

LOAD X

* Zelem

Recovery point 1

elem

end a (CBAR 2) endb | end a (CBAR 3) end b ——x

elem

Recovery point 2

Yelem

Recovery point1 e—f——

Zelem -

Recoverypoint2 ¢

Figure 1-8. Bar Element Output Nomenclature

The NX Nastran CBAR element stress output (Figures 6-7) is interpreted as shown in Figure 1-9:
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CBAR 2 CBAR2
End b, poinEl End b, poh&t 2
9995 1b/in 9995 1b/in
HINGED BEAM
WITH CONCENTREATED FORCE
S TRESOSUES
ELEMENT sS4l SAZ SA3
ID. SB1 SBZ SB3
1 0.0 0.0 0.0 %
-4.997502E+02 4.997502E4+02 0.0
2 -4 .997502E+02 4.997502E4+02 0.0
-9.995003E4+02 9.9%5003E4+02 0.0
3 -9.9%5003E+02 9.9%5003E4+02 0.0
-3.050233E-05 3.050233E-05 0.0
CBAR3 CBAR 3
End a, point2 1 End a, poh}:t2
-999.51b/in 9995 1b/in

Figure 1-9. Bar Element Stress Output

Therefore, the top surface of the beam (point 1) sees —999.5 Ib/in (compression) and the bottom
surface sees 999.5 Ib/in (tension).

Comparing the Results with Theory

First, the deflection at the point of application of the load will be determined by hand. This calculation
does not include shear effects, so it can be directly compared with the NX Nastran results shown in
the NX Nastran Output. The deflection due to bending only is calculated as follows:
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a=20in
b=10in
| — X F=1001b

T T L=30in
L

For « - _ Fd'b (100 Ib)(20 in)>(10 in)”
s Y = A 6 .2 4.
3(30 x 107 1Ib/in™)(.667 in " )(30in)
M, = —-2.22111 E-3 inch

This value is in exact agreement with the T2 value for GRID 3 on page 8 of the NX Nastran output.

The effect of shear deflection is determined by adding the second continuation of the PBAR entry and
rerunning the job. The new Bulk Data Section is shown in Listing1-2.

HINGED BERM JULY 10, 2003 HX HASTRAN 7/10/2003 PAGE 4
WITH CONCENTRATED FORCE
SORTETD EULK oDATA EZCHO

CARD
COUONT . 1 s 2 s s 3 .. d .. 5 s s [ T a s s 3 .. 10
1- CBAR 1 101 1 2 0 1. 0
a- CBAR 2 101 2 3 1
3- CBAR 3 101 3 4 1
4- FORCE 10 3 -100 1.
5- GRID 1 o. ]
B- GRID 2 10.
7- GRID 3 ao.
8- GRID 4 ao.
- MATL 201 A0.EB&
1o- FPBEAR 101 201 a. &67 Llea7 45B +000001
11- ++0000011. .5 -1. .5 +000002
12- ++000002). 8333 LB333
13 EPCL 100 12345 1 4
ENDDATA
TOTAL COUNT= 14

Shear Factor K:
K1 =K2=5/6 =.8333 for rectangular sections

Shear Factor K: K1 = K2 = 5/6 = .8333 for rectangular sections
Listing 1-2. Shear Factor K on PBAR Entry

The deflection results are given in the output:
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HINGED BEAM JOLY 10, 20032 HX HASTRAN 77102003 PAGE
WITH COMCEMNTRATED FCORCE
DISPLACEMERNT VECTOR

POINT ID. TYFE T1 T2 T3 Rl Rz R3
1 G a 1.0 a 0.« a -2.22111ZE-0Q
2 G o .S9&0B0TE-D2 o 0.« o 1.38EB195E-0
2 G o 2.255780E-02 o 0.« o 1.110556E-0
4 G o 1.0 o 0.« o Z.T7TG390E-0

Comparing deflection at GRID 3 with and without shear, we have:
3

u
Y (without shear) = -2.221112E-3 inch

3

i
Y (with shear) = -2.255780E-3 inch

Thus, adding shear to the model results in about 1.6% greater deflection of GRID 3.

The stresses on the top and bottom surfaces of the beam at the point of application of the load
are given by

0 = bending stress = +tMc/I

where:
M = moment at GRID point 3
c = distance from neutral axis to outer fiber

bending moment of inertia in plane 1

From 1-7(c), the moment at GRID 3 is 666.6 in-Ib. Thus,
_ +(666.6 in-1b)(1.0 in)
(667 in*)

— 49994 1b/in’

which is in agreement with the NX Nastran results.
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Chapter 2: Additional Examples

» Cantilever Beam with a Distributed Load and a Concentrated Moment
* Rectangular Plate (fixed-hinged-hinged-free) with a Uniform Lateral Pressure Load

»  Gear Tooth with Solid Elements

2.1 Cantilever Beam with a Distributed Load and a Concentrated
Moment

This problem uses the same beam as the problem from the previous chapter (i.e., the GRIDs, CBAR
elements, and element properties are identical). The loads and constraints have been changed.

Problem Statement

Find the free end deflection of a rectangular cantilever beam subject to a uniform distributed load
and a concentrated moment at the free end. The beam’s geometry, properties, and loading are
shown in Figure 2-1.
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30 inches
P=221b/in
h
l A
° . ¢_,.|"5(
2 3 '\\\ 4 /
M =120in-1b
Y
A 4
I, = L = 0667 in
I, = I = 01667 in"
.4
7 - 72in ] = 0458 in
E = 30 x 10° Ib/in’
v = 0.3
1in

Figure 2-1. Beam Geometry, Properties, and Loads

The Finite Element Model

Applying the Loads

The uniform distributed load is applied to the three CBAR elements using a PLOAD1 entry. One
PLOAD1 entry is required for each element. We have chosen fractional scaling, which means that
the physical length of the element is normalized to a length of 1.0. Since the distributed load runs
the entire length of each element, each PLOAD1 entry will be applied from 0.0 to 1.0. Since the
load is uniform, P1 = P2 = 22.0 Ib/in.

The concentrated end moment is applied using a MOMENT entry. The direction of the moment (by
the right hand rule) is about the +z axis. Thus,
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m = MN

where M is the magnitude of 120.0 in-lb, and
s

N

is the vector (0., 0., 1.).

The load set ID is 10, and the loads are selected in the Case Control Section with the Command

LOAD = 10.

Applying the Constraints

Additional Examples

Grid 1 is fixed in a wall, so all six DOFs (123456) are constrained to zero. This can be done directly

on the GRID entry using Field 8 (PS—permanent single point constraints associated with the grid

point). No other constraints are required in this model.

Output Requests

The Case Control Command DISP = ALL is required to report displacements. In addition, it is a
good idea to look at constraint forces at the wall as part of checking out the model. Thus, we will

add the Case Control Command SPCF = ALL.

The Input File

The complete input file is shown in Listing 2-1.

ID MPM,EXAMPLE2
SOL 101
TIME 100
CEND
ECHO=BOTH
DISP=ALL
SPCF=ALL
LOAD=10
TITLE=EXAMPLE 2
SUBTITLE=CANTILEVER BEAM
LABEL=DISTRIBUTED LOAD AND END MOMENT

$
BEGIN BULK
$ DEFINE

GRID POINTS
GRrI1ID,1,,0.,0.,0.,,123456
GRI1ID,2,,10.,0.,0.
GRID,3,,20.,0.,0.
GRID,4,,30.,0.,0.

$

$ DEFINE CBAR ELEMENTS

CBAR,1,101,1,2,0.,1.,0.

CBAR,2,101,2,3,0.,1.,0.

CBAR,3,101,3,4,0.,1.,0.

S

$ DEFINE CBAR ELEMENT CROSS SECTIONAL PROPERTIES
PBAR,101,201,2.,.667,.1667,.458,,,

+PB1 +PB1,1.,.5

$

$ DEFINE MATERIAL PROPERTIES
MAT1,201,30.E6,,.3

$

Getting Started with NX Nastran
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$ DEFINE UNIFORM DISTRIBUTED LOAD
PLOAD1,10,1,FY,FR,0.,-22.,1.,-22.
PLOAD1,10,2,FY,FR,0.,-22.,1.,-22.
PLOAD1,10,3,FY,FR,0.,-22.,1.,-22.

$

$ DEFINE CONCENTRATED MOMENT AT FREE END
MOMENT, 10,4, ,120.,0.,0.,1.

ENDDATA

Listing 2-1.
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NX Nastran Results

The NX Nastran results are shown in Table 2-1.

Table 2-1. Cantilever Beam f06 Results File

THIS PECERAM IE COMFIDENTIAL AND R TRADE SECRET OF ECE PLM ECLUTICHNS. THE RECEIFT JR
PCESEESTON OF THIE FROGRAM COES WOT CONVEY ANY RIGHTE TC REFRCUUCE OR DISCTLOSE ITE COWNTENTE, CR TO
MANUFACTURE, USE, COR SELL ANYTHING HEREEIN, IN WHOLE CR IN PART, WITHCUT THE SFPECIFIC WRITTEN CTONSENT
OF EDE FLM SOLUTICHE.

- - o
LA ECE FLM SOLUTICHE LA
- CORFE - o
- - o
L HX Hastramn L]
- - o
LA VEREION - 1.0 LA
- - o
LA JUL 1d, zaDa LA
- - o
- - o
LA Intel LA
- - o
* *MODEL PentiumIII/ 235 (MERCED.scm)* *
- - o

* + Windows 200D 5.0 [Build 2155) + #*

& & w
& & w
& & w

JULY 14, 2343 NX WAETERH T,/10,/2003 PR3E 1
HNAETEREARAHN EXECUOTIVE CCHNTERCOCL DECK ECHGD
ID MFPH, EXAMFLEZ
EOL 101
TIHE 134
CEND
EXAMFLE 2 JULY 13, 2003 HNX NAETEAN 7/10/2003 FR3E 2
CANTILEVER BEAH
DISTRIBUTED LOAD AND END HCHMENT
CAEE CONTERECL DECEK ECHO

CRRD

COUNT

1 ECHC=ECTH

z DISF=ALL

3 EPCF=ALL

4 LOAD=140

3 TITLE=EXARHFLE Z

E EUBTITLE=CANTILEVEE BERM

T LABEL=CISTRIEUTED LOAD AND END HMCMENT

B B

9 EEGIN BULE
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EXAMFLE 2 JULY 1d, 2003 NX NASTERN T/1a/2003 FRIE a
CANTILEVEE BERM
DISTRIBUTED LOAD AND END MCMENT

INPUT EULKE DATA OECKE ECHOD

. 1 .. a .. k| - 4 - 5 .. & - 7 - 4a - a .. 1
5 DEFINE GRID FOINTES
gRID,1,,d.,0.,d.,,123458
GRID,2,,10.,0.,0.
GRID,3, ,20.,0.,0.
GRID, 4, ,30.,0.,0.
]
5 DEFINE CBAR ELEMWENTS
CBARE,1,101,1,2,0.,1.,0.
CBAR,2,101,2,%,0.,1.,0.
CBAE,3,101,3,4,0.,1.,0.
]
5 DEFINE CBAR ELEWENT CTROEE EECTIONAL FROFPERTIES
FBAE,101,201,2.,.567, .1667, .458,, ,4+FEL
+FEL,1.,.58

]

5 DEFINE MATERIAL FROFERTIEZS
MATLl,201,30.E&,, .3

]

5 DEFINE UNIFCRM DISTRIEUTED LOAD

FLOAC1,1Q,1,FY,FR,0.,-22.,1.,-232.
FLOAC1,1Q,2,FY,FR,0.,-22.,1.,-22.
FLOAC1,1Q,3,FY,FR,0.,-22.,1.,-22.

]
5 DEFINE CCHNCENTEATED MOMENT AT FEEE END
MCMENT,1d,4,,120.,0.,3.,1.
ENTDATA
INFUT EULE DATA CARD CCUNT = 26
EXFMFLE 2 JULY 1d, 2343 HNX WAETERH 7,10,/z2003 PAGE a

CANTILEVEE BERM
DISTRIBUTED LOAD AND END MCHMENT
ECRETETD EOL K DATA ECHD

CRARD

COUNT . 1 .. 2 - k| - 4 - 5 - a - 7 - 4a - a .. 1a
1- CBRR 1 101 1 2 a. 1. a.
2- CBRR 2 101 2 3 a. 1. a.
3- CBRR 3 101 k| 4 a. 1. a.
4= GRID 1 o. a a. 123458
5- GRID 2 1o. a a.
a- GRID 3 ao. a a.
T- GRID 4 ao. a. a.
a- HATL 2d1 iD.E& .3
- HCMENT 14 4 1io. a. a. 1.
1a- FERR 101 o1 2. -BET -1EE7 .458 +FEL
11- +FEL 1. -
12- PLCAD1 14 1 F¥ FR a. =32z, 1. =23,
13- FLOAD1 14 2 F¥Y FR a. -3z, 1. =232,
14- PLCAD1 14 k| F¥ FR a. =32z, 1. =23,

ENCDATA
TOTAL COUNT = 15
EXAMFLE 2 JULY  1d, 2303 HNX NASTERAN T/1a/2003 FRO3E

CANTILEVEE BERM

DISTRIBUTED LOAD AND END HWCHMENT
UZER INFORMATICH MESEARGE
JRIGIN OF SUFPERELEMENT BAEIC CCOEDINATE EYETEM WILL BE USED AS REFERENCE LOCATION.
REEULTANTS AECUT CRIGIN OF EUFERELEMENT BAREIC CCORDINATE EYSTEM IH SUFERELEMENT BAEIC EYSTEM COORDTIHMATEE.

QLoAD EESULTANT
T1 T2 T3 Rl R2 B3
1 0.0300QJ0E4QD -&.£0000Q0E+Q2 D.J00QOCCDE+DD D.0JJDDOQE+Qd Q.00Q00DOE+Dd -2 .7B0AODCE+4Q3

EXAMFLE 2 JULY 14, 23003 NX HASTRAN 7,/10/2003 FRGE
CANTILEVEE BERM
DISTRIBUTED LOAD AND END HWCHMENT
w## TEER INFORMATICN MESSRGE 52831 FOR DATR BLOCK KLL
LOAD EEQ. NOC. EFEILCH EXTEENAL WCORE EFEILONE LARGERE THAN D0.001 ARE FLAG3ED WITH ASTERIEES
1 -7.TTAEEE4E-17 1.4106205E+01
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EXAMFLE 2 JULY  1d, 23003 HNX HASTREAN 7/10/2003  FRIE 7

CANTILEVEE BEAH

DISTRIBUTED LOAD AND END HWCHMENT
UZEE INFORMATICN MESERGE
CJRIGIN OF SUFERELEMENT BAEIC COOREDINATE SEYETEM WILL BE USED AS REFEREENCE LOCATION.
RESOLTANTS RECUT CRIGIN OF SUFERELEMENT EBASIC CCORDIMATE EYSTEM IN SUFERELEMENT BREIC EYETEW COORDIMATEE.

EFCFORCE EESULTRNT
T1 T2 T3 Rl R2 B3

1 0.0J00QJ0E4dD &.£J00DQ0E+32 D.J00QOCCE+4+DD D.0JJDDOQE+Qd Q.00QQ0DOE+DDd 2. 7E0AODDE+Q3

EXAMFLE 2 JULY 13, 23003 HNX HASTEAN 7/10/2003  FRSE 4a
CANTILEVEE EERM
DISTRIBUTED LOAD AND END HOMENT

CDISEPLACEMENT YTECTAOR
PCINT ID. TYFE T1 TZ T3 Rl EZ R3
1 a a.o 0.a a.o .a 0.a a.o
2 =] a.o -1.3939B53E-02 a.o .a o.a -3.421623E-D2
k| a a.o -6.11D0274E-02 a.o 0.a 0.a -4.644345E-D3
4 a a.o -1.046207E-01 a.o 0.a 0.a -4 .TETE1LEE-D2
EXAMFLE 2 JULY 10, 2033 HNX HRSTRAN 7/1D,/2003 FREE L]

CANTILEVEE BERM
DISTRIBUTED LOAD AND END HMCHMENT

FORCEZE o F EINGLE-FOJINT CONETRAINT

PCINT 1ID. TYFE T1 Tz T3 Rl E2 R3
1 a a.o 6. &100O0E+Q2 a.o 0.a o.a 9.TEQQDDE+4+D3
EXFMFLE 2 JULY  1d, 23003 HX HASTREAN 7/10,/2003 FR3E 1D

CANTILEVEE EERM
DISTRIBUTED LOAD AND END HOMENT

EXAMFLE 2 JULY  1d, 23003 HNX HASTRAN 7/10/2003 FR3E 11
CANTILEVERE BEAM
DISTRIBUTED LOAD AND END HCHMENT

# % &+ DEDICT FEINT * & + & SUEDMAF = PETSMM , DMAFP STATEMENT HC. 1z
# &+ & PHNALYEIE EUTUMMAEREY TARABLE * * & #*
SEID FEID FECJ WVERE AFRCH EEM3 SEMRE SEKE SELG EELR MODEE DYMREED ECLLIN PVALITD SOLNL LOCFID DEEIGN CYCLE EFENSITIVITY
o a 1 1 * T T T T T F F T [} F -1 a F

EEID = SUFERELEMENT ID.

FEID = FRIMARY SUFERELEMENT ID COF IMARGE SUFERELEMENT.

FRCOJ = FROJECT ID HUMEER.

VERE = VERSION ID.

AFRCH = ELANE FOR STRUCTURAL ANALYSIE. HEAT FOR HEAT TRRHMEFER ANALYSIE.

EEM3 = STIFFHESZ AND MASS MATREIX SENERATION STEF.

EEMRE = MAES MATRIX REDUCTICH ETEF [INCLUDEE EISENVALUE SCLUTICH FOR MCDES) .

EEKR = STIFFHESZ MWATRIX REDUCTICH STEF.

EEL3 = LOAD MATRIX GEMERATICH STEF.

EELRE = LOAD MATRIX REDUTTICH ETEP.

MCDEE = T [TRUE} IF MORMAL MODES OFR EUCKLING MODES CALCULATED.

DYNRED = T [TEUE] HMERNS JENERALIZED DYNAMIC AND/CR COMPCHENT MODE REDOCTICHM FERFORMED.
ECLLIN = T [TEUE] IF LINEARR EOLUTICH EXISTE IN DATABREE.

EVALID = FP-DIETRIEUTION ID OF FP-VALUE FCOR P-ELEMENTS

LOCPID = THE LAST LOOPID VALUE UEED IN THE NCHMLINEARR AMALYEIS. USEFUL FOR RESTARTE.
ECLNL = T [TRUE; IF MOWLIMEAR SCLUTION EXIETS IN DATAERSE.

DEEIGN CYCLE = THE LAET DESIGEN CTYCLE (CWLY VALID IN CPTIMIZATION .

EENEITIVITY = SENEITIVITY MATEIX GENERATION FLAG.

+ % + END OF JOB * + =+

Reviewing the Results

First, we review the .f06 output file for any warning or error messages. None are present in this file.

Next, look at epsilon on page 6 of the output. Its value of -7.77E-17 is indeed very small, showing

no evidence of numerical difficulties. Finally, we review the reaction forces (forces of single point

constraint, or SPC forces) at the wall. As a check, a free body diagram of the structure is used to

solve for reaction forces as follows:

Getting Started with NX Nastran
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30 inches

P=221b/in X

REEEEEER NS

.

__,/
M =120 in-Ib

Solving for the reactions at the wall, we obtain:

Forces in x: _-I;.ZF_\_ = 0 = R,
R. =0
Forces iny: +*ZF}. =0 = R}.—(22 Ib/in)(30 in)
‘R, = 660 1bs

Moment at wall: (+, "M, = M, +120 in-Ib - (660lbs)(15 in)
M, = 9780 in-Ib

The SPC forces are listed on page 9 of the NX Nastran results. The T2 reaction (force at grid point
1 in the y direction) is +660 Ibs. The R3 reaction (moment about the z axis) is +9780 Ib. Thus, we
can be confident that the loads were applied correctly, and at least the static equilibrium of the
problem makes sense.

The displacement results are shown on page 8 of the .fO6 file. Note that all displacements at the
wall (GRID 1) are exactly zero, as they should be. The free end deflection in the y direction (T2 of
GRID 4) is -1.086207E-1 in.

As a final observation, note that there is no axial shortening of the beam as it deflects downward (all
T1s are exactly zero). This is a consequence of the simplifying small displacement assumptions built
into slender beam theory and beam elements when used in linear analysis. If the load on the beam is
such that large displacement occurs, nonlinear analysis must be used to update the element matrices
as the structure deforms. The shortening terms will then be part of the solution.

Comparison with Theory

The theory solution to this problem is as follows:
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Maximum deflection =

TN

| }M Maximum deflection
i

b

Using superposition, the net deflection at free end is given by:

2 4 2 2
ML® oL’ _ L [ oLy _ .
_[ ) = —5F] M+ - ) = —0.10862 inches

2EI | 8EI

Thus, we are in exact agreement with the NX Nastran result.

wl
8ET

Additional Examples

It should be noted that simple beam bending problems such as this give exact answers, even with
one element. This is a very special case and is by no means typical of real world problems.

2.2 Rectangular Plate (fixed-hinged-hinged-free) with a Uniform

Lateral Pressure Load

Problem Statement

Create an NX Nastran model to analyze the thin rectangular plate shown in Figure 2-2. The plate is
subject to a uniform pressure load of 0.25 Ib/in2 in the -z direction. Find the maximum deflection of

the plate.
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P = uniform pressure = 0.251b/in"

%

Fixed

t=0.05in Hinged

Free

a=06in

E = 30 x 10° Ib/in’
v = 03

Figure 2-2. Plate Geometry, Boundary Conditions, and Load

The Finite Element Model

Designing the Model

First, we need to examine the structure to verify that it can reasonably qualify as a thin plate. The
thickness is 1/60 of the next largest dimension (3 inches), which is satisfactory.

Next, we observe by inspection that the maximum deflection, regardless of the actual value, should
occur at the center of the free edge. Thus, it will be helpful to locate a grid point there to recover
the maximum displacement.

As a matter of good practice, we wish to design a model with the fewest elements that will do the
job. In our case, doing the job means good displacement accuracy. The model shown in Figure
2-3 contains 20 GRID points and 12 CQUAD4 elements, which we hope will yield reasonable
displacement results. If we have reason to question the accuracy of the solution, we can always
rerun the model with a finer mesh.
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. — -

Fixed
6 17 18 19 20
* . * .
9 10 11 12 CQUAD4
Element 1D
11 12 13 14 15
. s . . 'Y
Hinged 5 6 7 8 Hinged
6 7 8 9 10
. ® . .
1 2 3 4
1 2 3 4 5
. 'y 'y 'y 'y - X
/ Free
z Grid Point ID

Figure 2-3. Plate Finite Element Model

Applying the Load

The uniform pressure load is applied to all plate elements using the PLOAD2 entry. Only one
PLOAD?2 entry is required by using the “THRU” feature (elements 1 THRU 12). The positive normal
to each plate element (as dictated by the GRID point ordering sequence) is in the negative z axis
direction, which is the same direction as the pressure load. Therefore, the value of pressure in Field
3 of the PLOAD2 entry is positive.

Applying the Constraints

SPC1 entries are used to model the structure’s constraints. The SPC1 entries have a set ID of 10,
which is selected by the Case Control command SPC = 100. The constraints on the structure are
shown in Figure 2-4.
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all 6 DOFs fixed

Figure 2-4. Constraints on the Plate Structure

The out-of-plane rotational DOF (degree of freedom 6) is constrained for all grids in the
model. This is a requirement of a CQUADA4 flat plate element, and has nothing to do
with this specific problem.

2. Grids 16 and 20, shared with the fixed edge, are fixed—the greater constraint governs.
For the remaining grids:

3. Displacements Allowed: Rotation about y-axis (DOF 5)

4. Displacements Not Allowed: Rotation about x-axis (DOF 4) Translation in x, y, or z (DOFs
1, 2, 3)

5.

The non-corner grids of the free edge have no additional constraints.

The SPC1 entries are written as follows:

Format:
1 2 3 4 5 6 7 8 9 10
SPC1 SID c G1 G2 G3 G4 G5 G6
G7 G8 G9 -etc.-

Alternate Format:

| spc1 | sD c G1

“THRU”

G2

Out-of-plane Rotations:
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| spct | 100 | 6 [ 1 | mrRu | 20 | | | |

Hinged Edges:

| set | 100 | 1234 [ 1 | ¢ | un | s | 10 | 15 |

Fixed Edge:

Note that some constraints are redundantly specified. For example, GRID 17 is constrained in all 6
DOFs with the fixed edge SPC1, and again in DOF 6 with the out-of-plane rotational constraint. This
is perfectly acceptable, and keeps the constraint bookkeeping a little tidier.

| spct | 100 | 123456 | 16 | THRU | 20 | | |

Output Requests

The problem statement requires displacements. As a matter of good practice, we will also request
SPC forces to check the model’s reactions. Thus, the following output requests are included in
the Case Control Section:

DISP=ALL SPCF=ALL

The Input File

The complete input file is shown in Listing 2-2.

ID MPM, EXAMPLE3
SOL 101
TIME 100
CEND
SPCF=ALL
DISP=ALL
TITLE=PLATE EXAMPLE
SUBTITLE=FIXED-HINGED-HINGED-FREE
LABEL=UNIFORM LATERAL PRESSURE LOAD (0.25 lb/in**2)
SPC=100
ECHO=BOTH
LOAD=5

$
BEGIN BULK

$ DEFINE GRID POINTS
GRID,1,,0.
GRID,2,,1.
GRID, 3,, 3.
GRID, 4, ,4.
GRID, 5,,6.
GRID, 6,,0.
GRID,7,,1.
GRID, 8,, 3.
GRID,9,,4.
GRID, 10, ,6.
GRID,11,,0
GRID,12,,1
GRID,13,,3
GRID, 14, ,4.
GRID, 15,,6
GRID, 16,,0
GRID,17,,1
GRID, 18,,3
GRID,19,,4
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GRID,20,,6.0,3.,0.

$

$ DEFINE PLATE ELEMENTS
cQuap4,1,101,1,6,7,2
cQuaD4,2,101,2,7,8,3
CcQUAD4,3,101,3,8,9,4
cQuaD4,4,101,4,9,10,5
CQUAD4,5,101,6,11,12,7
CQUAD4,6,101,7,12,13,8
cQuap4,7,101,8,13,14,9
CcQUAD4,8,101,9,14,15,10
CQUAD4,9,101,11,16,17,12
CcQuAD4,10,101,12,17,18,13
cQuaDp4,11,101,13,18,19,14
cQuaD4,12,101,14,19,20,15

$

$ DEFINE PRESSURE LOAD ON PLATES
PLOAD2,5,0.25,1, THRU, 12

$ DEFINE PROPERTIES OF PLATE ELEMENTS
PSHELL,101,105,.05,105,,105
MAT1,105,30.E6,,0.3

$

$ DEFINE FIXED EDGE
SPC1,100,123456,16, THRU, 20

$

$ DEFINE HINGED EDGES
spcl1,100,1234,1,6,11,5,10,15
$

$ CONSTRAIN OUT-OF-PLANE ROTATION FOR ALL GRIDS
SPC1,100,6,1,THRU, 20

ENDDATA

Listing 2-2.

NX Nastran Results

The NX Nastran results are shown in Table 2-2.

Table 2-2. Rectangular Plate f06 Results File

THIE FROGRAM IS CONFIDENTIAL AND A TRADE SECRET OF EDE FLH S0LUTIONS CORF. THE RECEIFT OR
FIESECEICN CF THIE FROGRAM DOES NOT CCHWVEY ANY RIGHTE TO REFPRECOUCE OF DIECLOEE ITS CONTEMTE, QR TO
MANUFACTURE, UEE, OFR EELL ANYTHING HEREIN, IN WHCLE CR IN FAET, WITHOUT THE EFECIFIC WRITTEN CCHEENT
OF EDS FLM SOLUTICHE.

R E NI

PRI I B B B B B B

ECE PLM ECLUTICHNE
CORF

HX Hastran
VEREION - 1.0

JUL:1d, 2303

Intel

*
*
*
*
*
*
*
"
*
*
"
*
*
"
*

*MODEL FenbiumIII/235 (MERCED.scm)

Windows z0DD 5.0 [Build 2155}

R E NI

# & B B B B B B B B F B F F B F B O O B B B ¥
& B B B B B B B B F & F F B F B O F B B B ¥
L T R N

"
*
*
"
*
*
.

I I I I B B B B
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JULY  1d, 23003 NX HASTEAN 7/10/2003 FRGE 1
HNAETEAHN EXECUTITVE COCNTEREOCL DECK ECHD
ID MFM, EXAMPLEZ
EOL 141
TIME 14D
CEND
FLATE EXAMFLE JULY 10, 2003 HNX HASTRAN 7/10/2003 FR3E 2
FIXED-HINGED-HINGED -FREE
THIFCEM LATERAL FRESSURE LOAD (0.25 LE/TH**Z)
CTHAREE COCHNTERECL DECK ECHOJ

CARD

[
-Jo-mpwwug

(=TT )

EPCF=ALL
DISP=-ALL

TITLE=FLATE ERAMFLE
EUETITLE=FIXED-HINGED-HIN3ED - FREE

LABEL=UTHIFCORMH
EPFC=103
ECHO=BCOTH
LCAD=5

]

EEGTH BULK

LATERAL FREESURE LOAD

[D.25 LB/IN#**2]

Getting Started with NX Nastran
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FLATE EXAMFLE

FIXED-HINGED- HINGED-FREE

UNIFORM LATERAL PRESZSURE LOARD [0.25 LE/IN®**Z)

JULY 10, 2043
INPUT EUTLE ODARTA ODECE
. 1 .. 2 q 5 .. & T
5 DEFINE GRID FOINTE
GRID,1,,d.,0.,d.
GRID, 2, ,1.5,0.,0.
GRID, 3, ,2.0,0.,0.
GRID, 4, ,4.5,0.,0.
GRID, 5, ,&.0,0.,0.
GRID, &, ,d.,1.,d
gRID,7?,,1.5,1.,0
GRID . 4, ,2.0,1.,0
GRID, 9, ,4.5,1.,0
GRID, 10O, ,6.0,1.,0.
GRID, L0
GRID,
GRID,
GRID,
GRID,
GRID, - .
GRID, EL 3L, DL
GRID, o3, 0.
GRID, 1%, ,4.5,%.,0.
GRID, 20, ,6.0,%.,0.
]
5 DEFINE FLATE ELEMENTS
ogUAC4 ,1,101,1,6,7,2
ogUACd L 2,101,2,7,8,3
CQUAC4 , 3,101, % ,8,59,4
CQUACS , 4,101 ,4,5,10,5
ogUACd ,5,101,5,11,12,7
OgUACd ,&,101,7,12,13,8
CgUACd , T7,101,5,13,14,3
CQUACd ,B,101,9,14,15,140
OgUACd , 2,101,11,15,17,12
OgUAC4 , 14,101,132 ,17,158,13
CgUAC4 ,11,101,13,148,159,14
CCUAC4 ,12,101,14,19,20,15
]
5 DEFINE FREEEURE LOAD OM FLATES
FLOACDQ,5,0.25,1, THRD, 12
5 DEFINE FROFERTIEZ OF FLATE ELEMENTE
FEHELL, 101,105, .05,105,,145
MATL,1D%,30.E5,,D0.3
]
5 DEFINE FIXED EDGE
SFCL,100,1323456, 16, THRU, 20
]
5 DEFINE HINZED ELCGEEE
gFCl,100,1234,1,6,11,5,10,15
]
5 CONSTRATIN OUT-OF-FLANE ECTATICH FOR ALL GRIDS

EFCL, 100,6,1, THRU, 20

ENTDATA

INFUT EULE DATA CARD CCUNT =

51

HX WASTRAN

7/10/2003

14

FR3E

3
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FLATE EXAMFLE JuLy 1D, 20032 HNX HASTRAN 7/10/2003 FR3E
FIXED-HIHNGED- HIN3ED - FREE
UNIFCEM LATERAL FREESURE LOAD (D.25 LB/IN*+2]
ECRETETD EULK oCATA ECHD
CARD
CCLHT . 1 .. i .. a .. E .. a8 . T B L] P L
1- CQUACd 1 141 1 a8 T 2
a- CQUADd 2 101 z T B k]
a- CQUACY = 141 3 B L 4
a- CQUACY 4 141 4 L 1o E
E- CQUACE 5 101 3 11 1z T
a- CQUACY & 141 T 1z 13 B
T- CQUACd 7 141 B 13 14 L]
B- CQUACd & 101 9 14 1= o
- CQUACd 3 141 11 1e 17 1z
1D- CQUADd 14 141 1z 17 1B 13
11- CQUADd 11 101 1z 1B 12 14
13- CQUADd 12 141 14 12 ao 15
13- GRID 1 o o o.
14- GRID z 1.5 o. o.
15- GRID k) 3.4 o. o.
la- GRID 4 4.5 o. o.
17- GRID 5 E.0 o. o.
1g- GRID & o. 1. o.
15- GRID 7 1.5 1. o.
2o- GRID a 3.4 1. o.
21- GRID a 4.5 1. o.
22- GRID 1a E.0 1. o.
23- GRID 11 o. a. o.
24- GRID 12 1.5 a. o.
2E- GRID 1z 3.4 a. o.
2a- GRID 14 4.5 a. o.
aT- GRID 15 E.0 a. o.
2B- GRID 1§ o. . o.
ag- GRID 7 1.5 . o.
3D- GRID 14 3.4 . o.
3l- GRID 139 4.5 . o.
33- GRID za E.0 . o.
33- HATL 135 30.E& 0.z
ER FLOARD2 5 0.3E 1 THRU 1z
3E- FEHELL 141 1as5 .a5 105 1os
36~ SPCL 1ao E 1 THRU ao
aT- SPCL 1ao 12349 1 a8 11 E 1o 15
3g- SPCL 1ao 123458 1% THRU ao
ENTDATA
TOTARL CCUNT= g
FLATE EXAMFLE JULY 10, 2003 NX HASTRAN 7/10/3003 FRAE

FIXED-HITHNGED- HINGED-FREE

UNIFIEM LATERAL FEESEURE LOCAD

DEERE INFOCRMATION MEESRGEE

CRIGIN OF SUFERELEMENT EBASIC

T1

1 0.a00ad0CE+ DD

[0.25 LESIN**Z2)

CCORCINATE EYSTEM WILL EE USED AS REFERENCE LOCATICH.
REEULTRNTE ARBCUT CRIGIN COF EUFERELEMENT BREIC CIIRDINATE EYSTEM

TZ

IN SUFERELEMENT BASIC SYETEM COCRDINATES.

CLOAD RESOLTANT

T3

0.J000Qd0E+OdD -4 .5000000E+Dd

E1l

-E.7500000E+OD

Rz

1.3500000E+01

R3

Q.0000000E+ DD

FLATE EXAMFLE

FIXED-HINGED- HIN3ED-FREE

UNIFOREM LATERAL FRESEURE LOCAD

[0.25 LESIN**2)

w#+ TEER INFOEMATICH MESSAGE 52831 FOR CATA BLOCK KLL

LOAD EEQ. HO.

EFETILCH

1.B446TOI9E-15

EXTERNAL WCORE

2.1E6465TE-03

JULY

EPEILONE LARIER THAN D.001 ARE FLAGOED WITH AETERIEES

1o, 20403

HX MASTRAN 7,/10/2003 FRGE

Getting Started with NX Nastran
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FLATE EXAMFLE JULY 1D, 2003 WX HASTRAN 7/10/2003 FASE
FIXED-HINGED- HIN3ED - FREE
UNIFORM LATERAL PRESSURE LOARD [0.25 LE/IN*+*Z2)

UZER INFORMATICH MESEARGE

CRIGIN OF SUFERELEMENT BASIC CCIRDIHATE SYSTEM WILL EE USED RS REFERENCE LOCATICH.

REEULTANTES AECUT CRIGIN OF EUFERELEMENT BARSIC CCORDINATE EYSTEM IH SUFERELEMENT BRAEIC EYSTEM COORDTHMATEE.

EPCFORCE RESULTANT

T1 T2 T2 Rl R2 B3

1 0.0300Q0C0E4dD Q.0J000Q0E+3d | 4 .5000000E4+DD | 6. TSODDOJE+Qd -1.3500000E+D1  D.ODDOQCCE+QD

FLATE EXAMPLE JULY 1D, 2003 X NRSTRAN  7/10/2003  FRGE
FIXED -HINGED- HINGED - FREE
UNIFORM LATERAL PRESSURE LOAD (0.25 LE/IN**2)
|PITEFLACEMENT WVECTAOR|

FCOINT ID. TYFE T1 T2 T2 Rl R2 R3
1 a a.o 0.ad o.o a.o 2.010741E-03 a.o
2 3 a.o 0.ad -1 . EXTEEIE-DZ 1.135413E-D3 1.3TES4EE-03 a.o

I 3 =] a.o 0.ad -31.E78445E-D3 1.5@3532E-D03 -1.514721E-21 a.o I
4 a a.o 0.ad -2.EZTEEIE-D3 1.125413E-D03 -1.3T75545E-03 a.o
& a a.o o.a o.o a.o -Z.J10741E-03 a.o
E a a.o 0.ad o.o a.o 1.1BET41E-03 a.o
T a a.o 0.ad -1.544TIQE-DZ 1.037140E-D3 T.94E730E-04 a.o
B <] a.o 0.ad -2.1492E3E-D3 1.4698E1E-D3 -2 _31B7TAEE-21 a.o
9 a a.o 0.ad -1.544TIQE-DZ 1.037140E-D3 -T7.94B730E-04 a.o

1o a a.o 0.ad o.o a.o -1.1BET41E-03 a.o
11 a a.o o.a o.o a.o 4.12%£50E-04 a.o
1z a a.o 0.ad -E.3184EZE-D4 9.315811E-D4 2.6TI020E-04 a.o
13 a a.o 0.ad =T7.3224%3E-D4 1.2E2431E-D3 1.55318T7E-21 a.o
14 a a.o o.a -E.3154EZE-D4 9.315911E-D4 -2.6TI020E-J4 a.o
15 a a.o 0.ad o.o a.o -4 .12%&50E-04 a.o
1e a a.o 0.ad o.o a.o 0.ad a.o
17 a a.o o.a o.o a.o o.a a.o
1B a a.o 0.ad o.o a.o 0.ad a.o
12 a a.o 0.ad o.o a.o 0.ad a.o
ao a a.o o.a o.o a.o o.a a.o
FLATE EXAMFLE JULY 10, 2003 HNX HASTRAN 7/10/2003 FREE

FIXED-HINGED- HINGED-FREE
UNIFORM LATERAL PEESSURE LOARD [0.25 LE/IN**Z)
FORLCEESE aF EINGSGLE-FOINT COWNETEARINT

FOINT ID. TYFE T1 T2 T2 Rl R2 R3
1 a a.o 0.ad 3.572533E-01 -3.B%1411E-D2 0.ad a.o
1 a a.o 0.ad 3.572533E-01 -3.B%1411E-D2 0.ad a.o
3 a a.o o.a 4.E653B38E-D1 -4.531800E-DZ o.a a.o

1o a a.o 0.ad 4.E53B38E-D1 -4.531600E-DZ2 0.ad a.o
11 a a.o 0.ad 3.E87T455E-D1 2.TE806EE-DL 0.ad a.o
15 a a.o o.a 3.E8T455E-D1 Z.TEA0EEE-DL o.a a.o
1e a a.o 0.ad -4.EB100%4E-D1 1.0Z9354E-DL 2.8§5T7713E-02 a.o
17 a a.o 0.ad 5.280BT1E-D1 -7.319156E-D1 -5.360143E-03 a.o
1B a a.o o.a 1.080998E+0Q  -1.002403E+40DD o.a a.o
12 a a.o 0.ad 5.%80BT1E-D1 -7.31915€E-D1 5.3680183E-33 a.o
ao a a.o 0.ad -4.EB100%4E-D1 1.029354E-D1L  -Z.6ET7713E-02 a.o
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FLATE EXAMFLE
FIXED-HINGED- HINGED-FREE
THIFCRM LATERAL FRESSURE LOAD
* kW s DEDICT PRINT

JuLyY 1o, 2003
§0.325% LE/TH**Z}
L EUECHMAF = PETSUM

@ ok o oW

ANALYSIE EUMHARY TAEBLE

EEID FEID PRCJ VERE AFRCH SEM3 SEME SEER SELE EELR
o a 1 1 T T T T T F F T a
CSEID = EUFERELEMENT ID.
FEID = FREIMAEY EUFERELEMENT ID OF IMAGE EUFERELEMENT.
FROJ = FECOJECT ID WUMBER.
VERE = VWERSION ID.

AFRCH
SEM3 =

= ELANE FOE STEUCTURAL ANALYSIE. HEART FOR HEAT TRARHEFER ANALYEIE.
ETIFFHESE AND MASE MATRIX GEMERATION STEF.

SEME = MASE MWATREIE RECOCTICH STEF [INCLUDES EIGENVALUE
SEKE = ETIFFHESE MATEIX EECUCTION STEF.

SEL3 = LOAD MATREIE GENERATION STEF.

SELE = LOAD MATREIE RECOXCTICH STEF.

HMCDEE = T [TEUE] IF NCRMAL MODES CR EUCKLING

SOLUTION FORE MODEZ] .

HMCCEE CRLOULATED.

CYMRED = T (TRUE] MERNS SENERALIZED DYWAMIC AND/OR COMFONENT MODE RECUCTION FERFORMED.

SCLLIN = T (TRUE] IF LINEAR ECLUTICHN EXIETS IN DATABREE.
FYALID = FP-DISTRIBUTICH ID OF F-VALUE FOR F-ELEMENTES

LCOPIC = THE LAET LOOFID VALUE UEED I'N THE WONLINEAR ANALYEIS.
SCLHL = T [TEUE] IF NCHLINEAE SOLUTION EXISTE IN DATAEBRSE.
DESIGN CTYCLE = THE LAST DESIGN CYCLE [CHLY VALID IN QOPTIMIZATION) .
SEMEITIVITY = SENSITIVITY MATRIX GENERATION FLAG.

UEEFUL FOR RESTARTE.

* % « END OF JOB + + +

Reviewing the Results

CMAF ETATEMENT HC.

HX MASTRAN 7/10/2003 FR3E 11

1z

I

MCCEE DYNMREED SCLLIN FPVALID SOLNL LCOPID DESIGN CYCLE EENSLTIVITY

The value of epsilon, listed on page 6 of the output, is small, indicating a numerically well-behaved
problem. A plot of the deformed plate is shown in Figure 2-5. As expected, the maximum
displacement (-3.678445E-3 inches) occurs at grid point 3 in the -T3 direction. This deflection is
approximately one-fourteenth the thickness of the plate, and is therefore a fairly reasonable “small”

displacement.

It is also useful to check the applied loads against the reaction forces. We have:

Total Lateral Applied Force = (0.25 Ib/in2)(3 in)(6 in) = 4.5 Ibs

which is in agreement with the T3 direction SPCFORCE resultant listed on page 7 of the output. Note
that the SPCFORCE is positive, and the applied load is in the negative z (-T3) direction.
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grid point 3

Figure 2-5. Deformed Shape

Comparison with Theory

Article 46 of Timoshenko, Theory of Plates and Shells, 2nd ed., gives the analytical solution for the
maximum deflection of a fixed-hinged-hinged-free plate with a uniform lateral load as:

Wihax = (0.582 gb# / D) (for b/a = 1/2)

where:
q = lateral pressure = 0.25 Ib/in2
D = EF (30 x 10° Ib/in”)(0.5 in)°
5> = > - = 343407
12(1 - v°) 12(1 — 0.3%)

Therefore, the maximum deflection is:

- 0582(0.25 Ib/in”)(3 in)"

max = 343407 in-Ib = 3BIBE3in

The NX Nastran solution at grid point 3 is:
Wiax = 3.678445E-3 in

The NX Nastran result (which includes transverse shear) is 7.2% greater than the theory solution.
The theory solution does not account for transverse shear deflection. Rerunning the model without
shear (by eliminating MID3 in field 7of the PSHELL entry) gives a deflection of:

Whax (no shear) = 3.664290E-3 in

Thus, for this thin plate, adding shear deflection results in less than half a percent difference in the
total deflection.
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2.3 Gear Tooth with Solid Elements

In this problem we create a very simple CHEXA solid element model of a gear tooth. In addition, NX
Nastran’s subcase feature is used to apply two load cases in a single run.

Problem Statement

Two spur gears are in contact as shown in Figure 2-6. The gears are either aligned or misaligned. In
the aligned case, a distributed load of 600 N/mm exists across the line of contact between two teeth.
The line of contact is located at a radius of 99.6 mm from the gear’s center. In the misaligned case, a
concentrated load of 6000 N acts at a single point of contact at the edge of a tooth. The gear teeth
are 10 mm wide and 23.5 mm high (from base to tip). The gear’s material properties are:

E =2.0 x 10° MPa
v=0.3
The goal is to obtain a rough estimate of a gear tooth’s peak von Mises stress for each load case.

von Mises stress, a commonly used quantity in finite element stress analysis, is given by:

=L

von '\4'5-

G [(6,-6,) +(0,-6.)" +(0. -0, +6(t,.) +6(1_,)° +6(171__\_)2]N2

Equation 2-1.

Figure 2-6. Spur Gears

The Finite Element Model
A single gear tooth is modeled using two CHEXA solid elements with midside grid points as shown

in Figure 2-7. Midside grid points are useful when the shape of a structure is complex or when
bending effects are important.

Getting Started with NX Nastran 2-21



Chapter 2: Additional Examples
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Figure 2-7. Finite Element Model of a Single Gear Tooth
Applying the Loads

Subcase 1 represents aligned gear teeth and uses the distributed load shown in Figure 2-8. The
total applied load is given by:

Total Load = Distributed Load - Width of Gear Tooth = 600 N/mm - 10 mm = 6000 N

In order to approximate the “contact patch” of mating gear teeth, we distribute the total force of 6000
N across the line of contact with 1000 N on each corner grid (grid points 15 and 17) and 4000 N on

the center grid (grid point 16). A load set identification number of 41 (arbitrarily chosen) is given to the
three FORCE Bulk Data entries of subcase 1.

7 N\
./'_,./_ o« * \
/e y ]
/ II.' \\\ |
. | . |
/ l. Y |]. 7 X
. o . 1000 N
L e 166 4000 N
o ’y e~ | 1000N
| , 13 e
|I ! III| |I
. / ’ \ Y
f /. L : /.
o”é/. . A ’ ‘

Figure 2-8. Gears in Alignment (Distributed Load)

Subcase 2 represents misaligned gear teeth and uses a single concentrated force of 6000 N as
shown in Figure 2-9. A load set identification number of 42 is given to the single FORCE entry of

subcase 2. Note that the total applied force (i.e., force transmitted from one tooth to the next) is
the same in both subcases.
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Figure 2-9. Gears Misaligned (Concentrated Load)

Applying the Constraints

The base of the tooth is assumed to be fixed as shown in Figure 2-7. Consequently, grid points 1
through 8 are constrained to zero displacement in their translational DOFs (1, 2, and 3). Recall that
solid elements have only translational DOFs and no rotational DOFs. Since each grid point starts
out with all six DOFs, the remaining “unattached” rotational DOFs must be constrained to prevent
numerical singularities. Thus, all grid points in the model (1 through 32) are constrained in DOFs 4, 5,
and 6. The constraints are applied using SPC1 Bulk Data entries.

Output Requests

Stress output is selected with the Case Control command STRESS = ALL. Note that this command
appears above the subcase level and therefore applies to both subcases.

The Input File

The complete input file is shown in Listing 2-3.

ID SOLID, ELEMENT MODEL

SOL 101
TIME 100
CEND
TITLE = GEAR TOOTH EXAMPLE
STRESS = ALL
SPC = 30
SUBCASE 1

LOAD = 41

SUBTITLE = GEAR TOOTH UNDER 600 N/mm LINE LOAD
SUBCASE 2

LOAD = 42

SUBTITLE = GEAR TOOTH UNDER 6000 N CONCENTRATED LOAD
BEGIN BULK
GRID, 1, ' 86.5, 12.7, 5.0
GRID, 2, v 86.5, 0.0, 5.0
GRID, 3, ’ 86.5, -12.7, 5.0
GRID, 4, ’ 86.5, -12.7, 0.0
GRID, 5, ’ 86.5, -12.7, -5.0
GRID, 6, ' 86.5, 0.0, -5.0
GRID, 7, v 86.5, 12.7, -5.0
GRID, 8, ’ 86.5, 12.7, 0.0
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GRID, 9, p 93.0, 8.7, 5.0
GRID, 10, p 93.0, -8.7, 5.0
GRID, 11, P 93.0, -8.7, -5.0
GRID, 12, P 93.0, 8.7, -5.0
GRID, 13, ’ 99.6, 7.8, 5.0
GRID, 14, , 100.0, 0.0, 5.0
GRID, 15, p 99.6, -7.8, 5.0
GRID, 16, P 99.6, ~-7.8, 0.0
GRID, 17, P 99.6, ~-7.8, -5.0
GRID, 18, , 100.0, 0.0, -5.0
GRID, 19, ’ 99.6, 7.8, -5.0
GRID, 20, p 99.6, 7.8, 0.0
GRID, 21, , 105.0, 5.7, 5.0
GRID, 22, , 105.0, -5.7, 5.0
GRID, 23, , 105.0, -5.7, -5.0
GRID, 24, , 105.0, 5.7, -5.0
GRID, 25, , 110.0, 3.5, 5.0
GRID, 26, , 110.0, 0.0, 5.0
GRID, 27, , 110.0, -=-3.5, 5.0
GRID, 28, , 110.0, -3.5, 0.0
GRID, 29, , 110.0, -3.5, -5.0
GRID, 30, , 110.0, 0.0, -5.0
GRID, 31, , 110.0, 3.5, -5.0
GRID, 32, , 110.0, 3.5, 0.0

CHEXA, 1, 10, 3, 5, 7, 1, 15, 17,
, 19, 13, 4, 6, 8, 2, 10, 11,

, 12, 9, 16, 18, 20, 14
$
CHEXA, 2, 10, 15, 17, 19, 13, 27, 29,
, 31, 25, le, 18, 20, 14, 22, 23,
, 24, 21, 28, 30, 32, 26
$

PSOLID, 10, 20
MAT1, 20, 2.+5, , 0.3
1

SPC1, 30, 456, , THRU, 32

SPC1, 30, 123, 1, THRU, 8

$ DISTRIBUTED LOAD FOR SUBCASE 1

FORCE, 41, 15, ’ 1000., 0., 1., O.
FORCE, 41, 16, ’ 4000., 0., 1., 0.
FORCE, 41, 17, ’ 1000., 0., 1., 0.

$ CONCENTRATED LOAD FOR SUBCASE 2

FORCE, 42, 15, ’ 6000., 0., 1., 0.
ENDDATA

Listing 2-3. Gear Tooth Input File

NX Nastran Results

The NX Nastran results are shown in Table 2-3.

Table 2-3. Gear Tooth f06 Results File
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THIE FROGRAM IE CCHFICENTIAL AND A TREADE SECEET OF EDE FLM SOLUTIONS CORF. THE RECEIFT CR
FIESEEEICH CF THIE FROGRAM DOEE NOT CCHWEY ANY RIGHTE TO REFPRCCUCE OFR DIECLOEE ITE CONTEMTE, QR TO

MANUFACTURE, UEE, OFR FELL ANYTHING HEREIN, IN WHCOLE CR IN FART, WITHOUT THE EFECIFIC WRITTEM CCHEENT
OF EDE FLM SCLUTIONS CORPORATION.
T T T T T T S
T T T T T T S
- o -
LA EDE PLM ECLUTICHE LA
- o COREFE -
- o -
L] HX Nastran L
- o -
LA VEREION - 1.0 LA
- o -
LA JUL 1d, Zadda3 LA
- o -
- o -
LA Intel LA
- o -
* *MODEL PentiumIII/ 295 (MERCED.scm)* *
- o -
* + Windows 200D 5.0 [Build z15s) & *
- o -
- o -
- o -
T T T T T T S
T T T T T T S
JULY 10, 2003 HE HASTRAN T/1p/za03 PREE 1
HNAETEARAHN EXECUOTIVE COCHNTERECL DECEK ECHD
=] S0LID, ELEMENT HCDEL
ECL 141
TIME 14D
CEND
GEAR TOCTH EXAMFLE JULY 10, 2003 HNX HASTRAN 7/10/2003 FRGEE 2
CAEE CONTEOCL DECK ECHO

-1 N R

(=TT ]

CRED

TITLE = GEAR TOCTH EXAMFLE
ETREES = ALL
EPC = 30
EUBCASE 1

LOAD = 4l

EUBTITLE = GEAR TOCTH UNDER 600 N/MM LINE LOARD
EUBCASE 2

LOAD - 432

EUBTITLE = JEAR TOCTH UNDER 6000 M CCHCENTREATED LOAD
EEETH BULK

INFUT EULE DATA CARD CCUNT = 52
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JEAR TOCTH EXAMFLE JULY 10, 2003 HNX HRSTRAN 7/1D/2003 FREE 3
2O RTETD EULEK oA THA ECHD

CARD

CCLHT . 1 .. .. i .. a .. E .. & - T .. B .. . 1a .
1- CHEXA 1 1a e E T 1 15 17 +00a001
a- 4400000118 1z 4 a8 B 2 o 11 +00a002
a- ++ 00000212 9 1s 1B ao 14 +000003
a- CHEXA z 1a 15 17 12 13 aT g +00a004
E- ++ 00000431 25 1& 1B ao 14 1z 23 +00a00S
- ++ 00000524 21 23 o iz 26 +0000D0DE
T- FCRCE 41 15 1paa. o. 1. o.
B- FCRCE 41 15 40aa. o. 1. o.
9= FCRCE 41 7 1paa. o. 1. o.
1D~ FCRCE 42 15 a0aa. o. 1. o.
11- GRID 1 B&.E 1z.7 E.d
13- GRID z B&.E 0.a E.d
13- GRID k) B&.E -1z.7 E.d
14- GRID 4 B&.E -1z.7 0.a
15- GRID 5 B&.E -1z.7 -5.40
la- GRID & B&.E 0.a -5.40
17- GRID 7 B&.E 1z.7 -5.40
1g- GRID a B&.E 1z.7 0.a
15- GRID a 2z.D0 B.7 E.d
ao- GRID 1a 2z.D0 -B.7 E.d
21- GRID 11 2z.D0 -B.7 -5.40
22- GRID 12 2z.D0 B.7 -5.40
23- GRID 1z 23.8 T.8 E.d
24- GRID 14 1qa.o 0.a E.d
2E- GRID 15 23.8 -7.4 E.d
26~ GRID 1§ 23.8 -7.4 0.a
aT- GRID 7 23.8 -7.4 -5.40
2e- GRID 14 1qa.o 0.a -5.40
ag- GRID 139 23.8 T.8 -5.40
3D- GRID za 23.8 T.8 0.a
3l- GRID 21 1as5.0 E.7 E.d
33- GRID 22 1as5.0 -5.7 E.d
33- GRID 23 1as5.0 -5.7 -5.40
a4~ GRID 4 1as5.0 E.7 -5.40
3E- GRID z5 11a.0 1.5 E.d
3a- GRID 26 11a.0 0.a E.d
3T- GRID 7 11a.0 -3.5 E.d
3g- GRID za 11a.0 -3.5 0.a
3g- GRID z8 11a.0 -3.5 -5.40
40- GRID za 11a.0 0.a -5.40
41- GRID 31 11a.0 1.5 -5.40
42- GRID 32 11a.0 1.5 0.a
43- HATL za Z.4E 0.z
44- FEOLID 14 za
4E- SPCL za 1z3 1 THRD
d6- SPCL za 458 1 THRD iz

ENTDATA
TOTAL CCUNT= 47
JEAR TOCTH EXAMFLE JULY 1D, 20303 WX HMASTRAN 7/10/2003 FR3E 4

USER INFORMATICH MESEARGE

CRIGIN OF SUFERELEMENT BASIC

REEULTANTE ABCUT CRIGIN CF EUFERELEMENT EBRSIC DOORDIMATE EYSTEM
EESULTRNT

T1 TZ

1 0.a00OdJDCE4DD  6.0000000E+33
2 0.a00OdJDCE4DD  6.0000000E+33

QLoAD

T3

Q. 00aa00aE+Dd
Q. 00aa00aE+Dd

El

CCORCINATE EYSTEM WILL EE USED AS REFERENCE LOCATICH.

IN SUFERELEMENT BASIC SYETEM COCRDINATES.

Rz

0.3J00QQCE4QD Q.0J30030E+Qd

=-3.0000000E+34

Q. 0330000 E+dd

R3

5.5750000DE+DE
5.5750000DE+DE

JEAR TOCTH EXAMFLE

44 TSER INFORMATICH MEEEARGSE 5253 FORE DATA BLOCK ELL

JULY

1o, 2043

HX MASTRAN

7,/10/2003 FR3E 5
SUECARSE 1

LOAD EEQ. HO. EFELILCH EXTERNAL WCRE EFSILONE LARGER THAN 0.J01 ARE FLAGGEED WITH RETERIEKS
1 8.159B1l35E-1% 3 .3ESEIE0E+JL
2 1.357E5430E-1% E.QEE06TTE4QL
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JEAR TOCTH EXAMFLE JULY 1D, 2003 WX HASTRAN 7/10/2003 FR3E &
GERE TOOTH UNDER SO0 H/HH LINE LCAD

ETRESEESE In HEXARHEDRAON EaLID ELEMENTE I HEX A

CCRMER = -=---- CENTEE RND CORNER FOINT STEESEES--------- DIR. CCEINES HERN
GrRID-ID HOEMAL SHERR FRINCIPAL -h- =-B- ~-C- FEEZEURE
C3RID C2 20 dP

TENTER X LZESH4ZZE+DD XY 3.2517A5E401 A
¥ -1.E452T7T4E+D0 ¥Z -1.7T4364E-1E5

[
[

.381E539E+D01 LK D.73-D.&6B 0.00 -1.145108E+30 E.71B1048E+d1
-3.220124E+01 LY D.&8 D.73 d.00

o

1 1.B211E3E+D0 ZX 1.720846E-15 c 1.B211E3E+D00 LZ D0.00 D.QD-1.00

i x 9.583680B1E+D1 XY 1.8Bl114E401 A 1.038217E+D02 LXK D.94-0.33-0.01 -5.342202E+01 6.854E35E+01
T 3.98823ZE+D1 YZ Z.4BEZ3IDE4QD B 2.9430ZFE+D01 LY D.24 D.70-0.87
1 4.0722%4E+D01 ZX  -1.56%043E+401 c 4.321412E+01 LZ-D.22-D.53-0.74

E X 9.5860B1E+D1 XY 1.8§B1114E+401 A 1.038217E+D2 LXK D.94-D0.33 d.01 -5.342202E+01 6.854E35E+01

T 3.98823ZE+D01 ¥Z -Z.ABEZIDE+4QD B 2.9430ZFE+D01 LY D.24 D.70 Q.87

1 4.072234E+D1 ZEX 1.569043E401 c 4.321412E+01 LZ D.22 D.653-0.74

T X -1.D4856ZE+D2 XY 3.525445E401 A -2.T7O8555E+D1 LK D.43 D.80-0.D0& 6.516337TE+01 B.76520834E+d1
¥ -4.T7T72B41E+D1 ¥Z -Z.GBDTISE4AD B -1.ZF30TZE+DZ LY D0.830-D.41-0.44
Z -4.530B541E+D1 EX -1.333705E+401 < -4.B08340E+D1 LIZ-0.42 D0.14-0.B%

1 X -1.D48E56ZE+D2 XY 3.525445E401 A -2.T7O8555E+D1 LK D.43 D.80 J.D& 6.516337TE+01 B.76520834E+d1

¥ -4.T7T72B41E+D1 ¥Z 2 .6BDT7IEE4QD B -1.ZF30TZE+DZ LY D.830-D.41 0.44
Z -4.530541E+D1 ZX 1.333705E+401 T -4.B08340E+D1 LI D0.42-0.14-0.B%

LZ24TEZTE+D1 XY E.452333E401 A .4EJ156E+D]1 LE D.30-D.3% 4.1B
¥ -1.0185T1E+DZ ¥Z 3.0E1&23E-Q1 B -1.312B17E+DZ LY D.37 D.852 0.12
LZQTBEZE+DD  EX .SDOS8EE+01 T -1.EZ3BERE+D] LIZ D.22 D0.04-0.5B

[
(X}

.

2]
"
-

[

LZ24TEZTE+D1 XY E.452333E401 A .4EJ156E+D]1 LE D.30-D.35-0.1B
=1.0185T1E+D2 ¥ZX -3 .051£23E-J1 B -1.312B17E+DZ LY D.37 D.82-0.12

[
(X}

LZ7TLFIE+J1 1.72ETE+Q2

LZ7TLFIE+J1 1.72ETE+Q2

1 1.Z07BEZE+D0 ZX -1.50DS585E+4d1 T -1.EZ3BERE+D] LIZ-D0.22-0.04-0.5B
1% X -4 .223647E+D01 XY 1.06T342E401 A -9.Z146B5E+D0 LK D.36 D.8%3 J.D& 2.283551E+01 3.&572ZV4E+01
¥ -1.417%41E+D1 ¥Z -E.7EES0BE-O1 B -4.TZ5BTEE+D1 LY D.&56-D.30 J.&6B
Z -1.241265E+D1 ZX T.4117QEE+4QD < -1.224E508E+D1 LI D.&56-D.20-0.73
13 X -4 .223647E+D1 XY 1.06T342E401 A -9.Z146B5E+D0 LK D.36 D.83-0.D0& 2.283551E+01 3.&572ZV4E+01
¥ -1.417541E+D1 ¥Z B.7EESOBE-OL B -4.TZ5BTEE+D1 LY D.&56-D.30-0.6B
Z -1.241265E+D1 EZX -T7.41170EE+0D < -1.224E508E+D1 LIZ-D.&6 D.20-0.73
2 C3RID C2 2d aP
TENTER X 4 . BA2IFEE+DD XY -4  86Z7IBE-J1 A 4.904737E+D00 LX 1.00 D.Q5 d.00 -T.47B473E-01 5.7AB3I14E+00
¥ -5.E0421BZE+DQD ¥Z B.4D3ZERE-16 B -5.EZ&TEZE+Dd LY-D.05 1.4d0 d.0D
1 2.965EZTE+DD  EZX 3.14674BE-1E c 2.9655Z7E+D0 LIZ D0.00 D.QD-1.00
18 X -5_EZTEE0E-D1 X¥ -3 _§EEXITE4OL R 1.337505E+D1 LX D.92 D.33-0.23 3.386505E+01 1.11T7315E+03

™

-9.4475Z8E+01 ¥ZX -3 .51534T7E+400D =1.073635E+02 LY-D.30 D.5q a.1
Z -§5.4751E£E+D0 EX -£.4E5358TE+40D T -7T.EZATSZE+D] LIZ-D.26 D.06-0.56

e
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JEAR TOCTH EXAMFLE JULY 1D, 2003 WX HMASTRAN 7/10/2003 FRGE 7
GEARR TOOTH UNDER 00 MMM LINE LOAD
SUEBCREE 1
ETREEEEZE IN HEXARHEDROHN EQLID ELEMENTSZ I HEX A )
CORNER ---CENTER AND CCRNER POINT ETREESEE- DIR. ©OCOEINES MERN
ELEMENT- ID GrRID-ID HOEMAL SHERR FRINCIPAL -h- -B- ~-0C- FREEESRE TIHN MIEES
17 X -6.527560E-D1 XY -3 .8§5E32TE+0JL R 1.337505E+D1 LX D.92 0.331 J.23 3.386%06E+01 1.117319E+02
¥ -9.3475Z8E+D1 ¥Z 3.51584TE+dD B -1.073635E+DZ LY-D.30 D.94-0.14
Z -§5.47516£E+D0 ZX E.4E353TE+QD T -T7T.EZATEZE+DD LI D.26-D.06-0.56
15 X -1.D084BE4E+D1 XY 3 .3E53E43E401 A 2.348T7T55E+D1 LK D.&89-D.8% 0.20 B.S5700S1E+dd E.985574E+01
¥ -1.25968%5E+D1 ¥Z S.501Z96E+0D B -4.5235Z8E+D1 LY D.58 D.72 0.14
Z -2.454565E+D0 ZEX 3. .453582E4+0D T -3.5484Z3E+D0 LIE 0O.24-0.04-0.57
13 X -1.D084BE4E+D1 XY 3 .3E53E43E401 A 2.348T7T55E+D1 LK D.&89-0.6§5-0.20 B.S5700S1E+dd E.985574E+01
¥ -1.Z596%5E+D1 ¥Z -5.501F36E+400 B -4.5225Z8E+D1 LY D.54 D.72-0.14
Z -2.4545E5E+D0d EX -3 .4E5E3542E40D T -3.%484Z39E+D0 LIE-D.24 0.04-0.57
27 X -4.605553E+D0 XY 1.404592E401 A 3.BS23TZE+D]1 LK D.31 D.85 J.01 -1.047344E+01 4.28T141E+01
T 3.401720E+D1 ¥Z 1.1D0T7342E+40D B -9.173T0DSE+DOd LY D.95-D.31 0.03
1 3.2263TS5E+D0  ZX 3 . 4FEZVTE-OL c 3.1882%1E+D0 LZ D0.03 D.QD-1.D0
25 X -4.605553E+D0 XY 1.404592E401 A 3.B523TZE+D]1 LK D.31 D.85-0.01 -1.0487344E+01 4.28T141E+01
T 3.401720E+D1 ¥Z -1.10T7Z42E+40D B -9.173T0DSE+DOd LY D.95-D.31-0.03
1 3.2263TS5E+DD ZX -3 . 45E27TE-AL c 3.1882%1E+D0 LZ-D0.03 D.QD-1.D0
31 X -3.3063B5E+D1 XY -1.325441T7E+4d1 A  -1.E47DB1E+D1 LE-D.24 D.44-0.BT7 3.483533E+01 4.006144E+01
¥ -5.3E3ITE1E+D1 ¥Z -4.7T7Z546E+40D B -5.0811TEE+D1 LY-D.04 D.45% 0.48
Z  -1.T73064ZE+D1 EX -4.61T7S0TE4QD < -2.TZABZJE+D1 LI 0.37 0.15-0.1%
25 X -3.3063B5E+01 XY -1.25441T7E+4d1 A -1.E47DB1E+D1 LK D.24 D.44-0.BT7 3.483533E+01 4.006144E+01
¥ -5.353TS1E+D1 ¥Z 4 .7TZE546E40D B -5.0811TEE+D1 LY D.04 D.45% 0.48

Z  -1.73084ZE+D1 ZX

I

L81T7E0TE4QD -2.TZAEZJE+D1 LI D.37-0.15 3.1%
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Additional Examples

JEAR TOCTH EXAMFLE JULY 1D, 2003 WX HASTRAN 7/10/2003 FRGE 4a
GEARE TOOTH UNDER S0D0 N CONCENTREATED LOAD

ETRESEEZE In HEXARHEDRAON EQLID ELEMENTE I HEX A

CORNER - --CENTER ANC CCORNER POINT ETREESES- - DIR. ©COEINES MERN
GrRID-ID HOREMAL SHERR FRINCIPAL -h- -B- ~-C- FEESEURE
ERID C= 2a 4GP

TENTER X 4 .571454E+D0 XY 3.2517A3E+d1 A 3.%22T41E+01 LX D.&8 D.70 0.20 -1.&75331E+00 E.9330391E+01
T T.2240T7IE+DD ¥E E.4BETE1LE+OD B -2.TE84TZE+D1 LY O.72-0.8§5%-0.07
Z -§.757360E+D0 ZX -T7.05D043E-02 < -§,324E505E+D0 LT D0.08 O.15-0.58

i x 1.3854535E+01 XY 1.1BTZ2IE+01 R 2.9409B35E+01 LX D.86-0.44-0.26 -1.143677E+01 4.453531E+01
T &.537605E+00 ¥Z -1 .615572E+4d1 B -1.BJ00151E+D1 LY D0.08 D.8§3-3.77
1 7.217TETE+Dd  EX 1.433£15E401 c 2.2831343E+01 LZ D.50 D.&4 J.EB

E X 1.6811%2E+D2 XY 2.1TSZ81E+01 A 1.B146T4E+D2 LXK D.94-D0.31-0.11 -1.03T7574E+02 1.3JBl5S6E+Q2
T 7.332135E+01 ¥Z -2 .759S47EE+40OL B 3.062I5FE+D]1 LY D.11 D.E3-0.T77
= T.183234E+D01 ZEX 3.91443BE+0L c 5.%18353E+D1 LZ D.31 0.72 J.63

T X -1.487215E+DZ XY B.1TEESTE+OID A -4.Z35B53E+D1 LE-D.28 D.892-0.328 5.001T7TS3E+01 1.143501E+02
T -5.3011ZTE+D1  ¥Z 1.136370E+0L B -1.654BE8E+DZ LY DO.45-0.11-0.BB
Z -§5.ZF15E4E+D1 EX -3 .96B7HEE40L < -8.150T7TZS5E+D1 LIE D.84 D.37 0.3%

1 X -68.4891B1E+D1 XY E.22105BE401 A 1.336910E+01 LX D.&2 D.768 0.17 4. F7ET12E+01 1.17TS15E+02

¥ -3.608815E+D1 ¥Z 1.2349834E+401 B -1.130894%1E+DZ LY D.784-D.61-70.14
Z -3.028333E+D01 EX -1.55%200E401 < -2.5&09135E+01 LIZ-0.01 0.22-0.57

-

E X -9.TE3TE1E+DOd XY 2.150355E+402 A 1.531T718E+D2 LXK D.730-D.36 d.62 .43TE44E+02

¥ -4.481531E+DZ ¥Z 1.0B3072E+02 B -5.438T730E+DZ LY D.37 D.82 0.12

1 2.6623T4E+D]1 ZX S.450842E401 < -3.4551%4E+D1 LI D.52-0.14-0.7B
1T X 5.BTABESE+D1 XY -T.5TZZ63IE+4d1 A 2.186662E+02 LE-D.44 D.77 0.47 -5.23TT14E+01 1.915530E+02
T 1.48321&E+D2 ¥Z -£.05%3703E+44d1 B 1.17d0%5E+D1 LY D.81 D.56-0.17
1 &.%7213FE+01 ZX 2.121105E+4d1 c 4.646441E+01 LZ-D.35 D.31-0.B&
1% X -4.BSTIS4E+D1 XY 1.4TZ3083E+01 A 5.523@38E+D1 LX-D.14 0.40-0.EB 1.086104E+01 1.08E5133E+02
¥ -1.508605E+D1  ¥Z 3 .6§55835E401 B -7.084TLOE+D1 LY D.43-0.47-3.77
1 3.168645E+01 ZX -Z.41D0362E+4d1 T -1.E36441E+D1 LI D.89 D.3% 0.328
11 X -4 .T7TS8335E+01 XY 1.2B3183E+40D A 1.204274E+D1 LE-D.&1 D.23-0.76 E.88TTZ4E+01 1.08E53&09E+02
¥ -1.0181T7T4E+DZ ¥Z -1.6B4Z00E+01 B -1.072%45E+DZ LY-D.12 0.852 d.3B8
Z -2.E¥3DB1E+D1 EX -4.83T777EE441 < -8.074040E+D1 LIZ D.74 D.33-0.E53
2 3RID CO2 zZa 4GP
TENTER X 4 .B84T1L1E+DO0 XY -4.864016E-d1 A 5.B07430E+D0d LE-0.41-0.03-0.51 -2.043B58E+0Q 5. 884574 E+00
T 2.091T734E+D0  ¥E 4. TTESHEE4DD B -4.3310B8E+D0 LY D.74-D.55-0.32
Z -8.44893Z230E-D1 ZX -31.76575FE-02 c 4.T7A5231E+00 LZ D.53 0.40-0.27
15 X -2.B24B3ISE+D1 XY -1.56%83TE+32 A 7.118480E+D01 LE-D.41 D.35-0.B4 1.181EB75E+02 4.355504E+02

™
'
L

.TZHEEEE+DZ YE B.7EDZ10E+0L
1 4.365332E+01 ZEX .GEEZ12E40D c

e

-4 .484B4ZE+DZ LY D.Z1 D0.852 Q.23
.9736T5E+D1 LE D.85-0.17-0.4%

L
H
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Chapter 2: Additional Examples

GEAR TOCTH EXRMFLE OJULY 1D, 2003 NX HASTRAN  7/10/3003  PRGE 8
GERE TOOTH UNDER SO0 H CONCENTRATED LOAD
SUECRSE 2
ETREESES 1IN HEXAHEDECN ECLID ELEMENTS [HEXA]
CORNER ------CENTER AND CCRMER POINT ETREESES--------- DIR. COSINES MERH
ELEMENT- IC GRID-ID NORMAL SHEAR FRINCIFAL -h- -BE- ~-C- FREZEURE VaON MIEES
17 X 3.985225E+01 X¥ E.8B3585E+401 A 1.923506E+DE LK D.45 0.70-0.56 -7.316022E+01 2.03BS35E+03
¥ 1.231419E+D3 YZ -5.007481E+401 B -4.303396E+D1 LY 0.834-0.54 0.00
%  5.648651E+D1 EX  E2.036151E+40l €  7.015407E+D1 LE-0.30-0.47-0.83
15 ¥ 2.9953T3E+D0 X¥ -4.76l21TE+01l A  1.047138E+DE LX-D.38 D.SB-0.63 -2.58TS07E+01 1.271617E+03
Y 1.3956B4E+D1 YEZ  4.6§07714E+01 B -4.1132B45E+D1 LY 0.50 D.70 0.3%
Z  5.767I00E+D1 EX -1.4T2085E+401  ©  1.TO3SESE+D1l LE 0.70-0.232-0.87
13 X -3.080114E+D1 X¥  1.05TE70E+402 A 4.5686%0E+01 LX D.81-0.55-0.21  §.187745E+01 2.154415E+03
¥ -1.260153E+D3 YEZ -1.312300E+0l1 B -1.931381E+DF LY D.54 D.84-0.11
Z -2.311551E+D1 EX -1.315581E+401 € -3.348130E+D1 LE-0.34 0.02-0.57
27 X 1.3344D8E+D1 X¥  6.85%374E+401 R 2.DE95E3E+DZ LK D.34 D.06-0.54 -5.1§BES0E+d1 2.342441E+03
¥ 1.7354%3E+D3X YEZ -4.039332E+01 B -4.008TE1E+D1 LY 0.92 0.17 4.35
Z  -3.23213I5E+D1 EX -1.512984E+401 © -1.183315E+D1 LEZ-0.18 D.86 0.00
25 X 4.158155E+D1 X¥ -3.81%334E+401 R 4.E48635E+D1 LE-D.52 D.35-0.70 -2.35T272E+d1 5.502B36E+01
¥ 3.132345E+D1 YE  3.§19565E+01 B -2.DAO5BTOE+D1l LY D.67 D.70-0.25
Z  1.57127SE+D1 EX -B.35334BE400 ©  2.0D29043E+D1 LE 0.41-0.83-0.§7
31 ¥ 4.508B35E+D1 X¥  1.01767SE+401 A 1.344D14E+DE LX D.15-0.0B-0.58 -B.SSBESSHE+01 B.255613E+01
Y 1.283673E+D2 YZ -1.8923363E+01 B 3.514B3SE+D1 LY D.96 D.232 4.17
T 4.362441E+D1 EX  1.647S56E400 ©  4.351023E+D1 LE-0.20 D.97-0.12
35 ¥ -1.239453E+DE X¥ -3.8BTS2BE+401 R -4.71§17SE+D1 LK D.29 D.76 0.58  1.001211E+d2 1.03T033E+03
¥ -1.184131E+D2 ¥EZ L1.2T3300E+00 B -1.5S0BE1E+DE LY-0.14 D.54-0.76
Z  -5.3004%0E+D1 EX  1.8947105E+40l1 © -4.B11346E+D1 LE 0.95-0.14-0.25
GEAR TOOTH EXAMPLE JULY 1p, 2003 NME HASTRAW  7/10/2003  PAGE 1a
GEAR TOCTH EXRMFLE OJULY 1D, 2003 NX HASTRAN  7/10/3003  FRGE 11
* %4+ DEDICT FERINT * %+« SUECMAF = FRTSUM , DMAF STATEMENT HNC. 13
* 4+ % APNALYEIE SUMMARY TRBELE + *+
ZEID FEID FROJ VERE AFRCH EEM3 SEMR SEKR ZELG SELR MOCES CYNRED ECLLIN FVALID SOLNL LOCPID CEEISN CYCLE SENSITIVITY
[ a 1 1 4 T T T T T F F T a F -1 a F

SEIT = EUFERELEMENT ID.

FEID = PEIMARY SUFERELEMENT ID OF IMAGE SUFERELEMENT.

FROJ = PRECJECT ID HUMBER.

VERE = VERSION ID.

AFRCH = ELANE FORE STEUCTURAL ANALYSIE. HEAT FOR HERT TRAMEFER ANALYSIE.

SEM3E = ETIFFHESE AND MASE MATRIX GEMERATION ETEF.

SEME = MASS WATRIX REDOCTICN STEF [INCLUDEE EIGENVALUE SOLUTION FOR MODEZ] .

SEKR = ETIFFHESE MATEIX REEDUCTION STEF.

SELG = LOAD MATRIX SENERATION STEF.

SELE = LOAD MATRIX REDOCTICN STEP.

HMCOEE = T [TEUE] IF HCORMAL MODEE CR EUCKLING MCOEE CALCULATED.

CYNRED = T (TRUE] MEANS SENERALIZED DYWAMIC RND/OR COMFCMENT MODE REDUCTION FERFORMED.
SOLLIN = T (TEUE] IF LIMEARR ECLUTICH EXISTS IN DRATABREE.

FYALID = FP-DISTRIBUTICH ID OF F-VALUE FOR F-ELEMEHNTE

LCOPID = THE LAST LOOFID VALUE UEED IN THE WOMLIMEARR ANALYEIS. USEFUL FOR RESTARTE.
S0LHL = T [(TEUE] IF HOWNLINEARR SOLUTION EXISTE IN DATAERSE.

CEET3N CYCLE = THE LAST DEEIGEN CYCLE [CHMLY VALID IN OFTIMIZATION) .

SENEITIVITY = SENSITIVITY MATRIX GFEMERATION FLAG.

+ % & END OF JOB * + +

Stress Results

First we examine the output for error or warning messages—none are present—and find epsilon,
which is reported for each subcase (page 5 of the output). Epsilon is very small in both cases.
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CHEXA stress results are reported at each element’s center and corner grid points. Stresses at
midside grid points are not available. For gear teeth in alignment (subcase 1), the peak von Mises
stress is 1.73E2 MPa at grid points 15 and 17 of CHEXA element 1 (page 6 of the output shown
in Table 2-3.) For misaligned gear teeth (subcase 2), the peak von Mises stress is 6.31E2 MPa at
grid point 15 (see output).

Observe that for both subcases the von Mises stresses at grid points shared by two adjacent
elements differ. Solid element stresses are calculated inside the element and are interpolated in
toward the element’s center and extrapolated outward to its corners. The numerical discrepancy
between shared grid points is due to interpolation and extrapolation differences between adjoining
elements in regions where high stress gradients exists (which is often the case in a model with an
inadequate number of elements). This discrepancy between neighboring element stresses can be
reduced by refining the element mesh.

Note also that solid elements result in a considerable volume of printed output. If printed output is
desired for larger solid element models, you may want to be somewhat selective in requesting output
using the Case Control Section of the input file.
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