Quick Start Guide

Wheels M odule — Analysis of Rotating Structures

Problem Description

This simple example is used to demonstrate the Wheels module in MSC.Fatigue. To aid
in quick familiarity with this module.op2 filesfor NT and Unix platforms are included
for the model shown below.
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The model isan 80 in (L) by 20in (R) hollow cylindrica modeled with cquad4 elements
(t=0.01in.) meshed using a 10 in. by 10 degree increment mesh. The tube is clamped at
each end and point loads of 0.5 Ib. have been applied at 10-degree increments in separate
subcases on the peripheral nodes as shown in Figure 1. The reason for the application of




the load of this magnitude is due to the fact that the wheels module, treats the output
stresses in KSI units and any significant stresses in the plates will lead to erroneous
interpretation of reported lives.

L oading the M oddl in Patran:

Start Patran or the stand-alone version of M SC.Fatigue and select File | New. Enter a new
database name as gsg_demo.db as shown in Figure 1.
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On the Model Preferences form select a default Nastran | Structural run and set size to 80
as shown in Figure 2.



Figure 2

Now load the data file by selecting the Analysis option from the menu bar or use the

Andysis button in pre-post standalone. The Analysis form is shown in Figure 3. From the
Anaysis form select the following properties:

Action = Read Output2
Object = Both

Method = Trandate
Jobname = demo_qsg
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Click Select Results File and select the op2 file, cylinder_model.op2.

Click Apply and wait for the model to load.



Viewing the Stress Results:

Select Results from the toolbar. Choose your results to view and click Apply to see the
results from the .op2 file. In the figure below, maximum principal 2D results for the first
9 sub cases are shown, that represent a 80 degree “rotation” of the load in 10 degree
increments.
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Setting Up the Fatigue Analyss:

To set up afatigue run select Tools | FATIGUE, from the main menu. Select Wheels and
specify a Jobname:

Analysis = Wheels
Jobname = gsg_demo

The form is shown in Figure 5.

Figure 5



Element or nodal results may be processed and results averaged globally or on the
selected group. FE results are restricted to stressesin KSI only. Users are cautioned about
this limitation but future versions will alow different units.

Solution Parameters:

Click on the Solution Parameters button. The form shown in Figure 6 is displayed. Set
the Mean Stress Correction to Goodman.
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Biaxiality analysis or the stress combination methods are not available, since the Wheels
module performs a critical plane S-N analysis using surface resolved stresses at every
surface node. Although thisis not necessary for this model, other models, in particular
solid element models, will require stresses to be surface resolved. The option to generate
surface normals is available from the job control menu.

The surface angle selects the increment at which analysis will be performed. In this case
surface stresses will be resolved in 10-degree increments and an analysis performed at
every 10-degree increment.

The certainty of survival is not selectable in this module — the S-N curve is used without
any modifications.



M aterial Information:

This materials form shown below In Figure 7. Select
Material - 7075-HV_T6
Finish — No Finish
Treatment — No Treatment
Region — Default
Select defaults for the remaining fields
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L oading Info:

Click the Loading Info Button to see the loading form shown in Figure 8.
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This form allows us to specify the loading environment. The default number of load
conditionsis 5 and for this module it is important to understand the concept of aload
condition. The load condition represents a particular type of loading. Thefirst load
condition could be the set of sub cases for one revolution that define a straight roll, the
second could be a set of sub cases for one revolution that define turning condition, and

similarly for the third, fourth and fifth load conditions. A typical usage profile for a
wheel is shown in the table below.



Loading Condition Verti[clzzl.]L oad Late[lil.]l_ oad Ff\ﬂeﬂl;ggeg
Straight Roll 11,300 0 42,500
15% Inboard Turn 11,300 1,700 3,250
15% Outboard Turn 11,300 -1,700 3,250
30% Inboard Turn 11,300 3,400 250
30% Outboard Turn 11,300 -3,400 250

In our example, 36 sub cases (loads at 10 degree increments — 360/10=36 sub cases)
constitute the first and only load condition. The table below illustrates how the stress at
every surface angle and rotational angle (thisis merely the same load applied in the next
subcase at the node corresponding to a 10-degree rotation) is extracted and damage
computed for the load condition. The stress time history at an analysis node is a sequence
of stresses extracted from each sub case for every surface angle for each rotational
increment (sub case). In the table below the stress time history for the analysis node for a
surface angle q isthe column associated with the surface angle. It is also worth noting
that since the stress time histories are created from the sub cases there are no .DAC files
required for analysis.

Rotational Surfaceangleq
AngleF

= subcase # 10° 20° 350° 360°
0° (subcase 1) S110 S120 e S1,350 S1.360
10° (subcase 2) S210 S22 S2,350 S2,360
20° (subcase 3) S310 S32 e S3.350 S3,360
350°(subcase 36) S36,1 S36,2 e S 36,350 S36,360
Damage Dq. DL D2 Das. Dss.

The loading form allows user selectable units for reporting life. Here, approximately 500
repeats of the loading is equivalent to 1 mile. Enter the respective quantities in the cells
as shown in Figure 10.

Change the number of load conditions to 1. The .op2 file contains results for 36 sub cases
that will be used as the load condition.

Click on the loading conditions cell. The form shown below (Figure 9) is displayed.
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Select the default, 36 sub cases and click on the filter button to popul ate the bottom data
box — here al the subcases are lumped into one but it is possible to remove subcases, that
appear in the lower window, by picking the subcase and clicking on the remove button.
The Clear button clears the entire selection while the remove button allows the analyst to
pick and remove subcases. Note also that the filter method, for selecting results cases
from the upper window is grayed out — more options will be added in the future release to
allow users flexibility in selecting results cases.

Since, we are using all subcases we will accept them by clicking on the add button. The
overwrite button allows the analyst to change the selection in case a mistake is made.
Click on the close button to accept and load the Loading condition ID cell on the loading
information form as shown in Figure 10.
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Since we previoudly set the life reporting units to miles, we will set the design life to
1000 miles. The design life is the target distance and alows reporting a factor of safety
on the calculated life.

Set the design life to 1000 miles.

Set the loading factor to 0.3. Since the stresses on the .op2 file are used in units of KS| it
IS necessary to provide this scaling to get the stresses to a reasonable limit.

Fatigue Analysis:

Click on the Job Control button and select Full Analysis form the form. Click on Apply
to submit the fatigue analysis. The job can be monitored by setting Action = Monitor Job.
When the job has completed click Cancel to return to the main Fatigue form.

Note also the availability of the Calculate Normals option — this would be used to
generate surface normal files for solid element models.
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FEF file output results:

The jobname.fef file contains the following items.

Nog,rwWN R

©®

10.

11.

Node

LC1 Angle— angle of lowest life at the node for load condition 1

LC1 Damage — worst damage at the node for load condition 1

LC1 Life— lifein equivalent units at the node for load condition 1

LC1 Log of Damage — log of damage at the node for load condition 1

LC1 Log of Life- log of life a the node for load condition 1

Log of Worst Damage- For asingle load condition, thisisidentical to (5). For
multiple conditions thisis the log of the sum of damage from all load
conditions.

Log of Worst Life— Log of (11).

Worst Angle -- For asingle load condition, thisisidentical to (2). For multiple
conditions this is the surface angle which has the highest accumulated damage
from all load conditions.

Worst Damage - For asingle load condition, thisisidentical to (3). For
multiple conditions this is the sum of damage from all load conditions.

Worst Life - For asingle load condition, thisis factor of safety. For multiple
conditions thisis sum of the factors of safety of each load condition.

Plotting the Fatique Results:

From the Results menu change Action = Read Results. Click on Apply then Cancel to
return to the main Fatigue form. The results are now loaded into the M SC.Fatigue
database. The jobname.fef file contains the results that may be plotted as shown in Figure

12.
Select Fringe Result Select Fringe Result
LC1 Angle, - Log [ Worst Damage, -]
L1 Damage, Log Bwiiorst Life,
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Figure 12

Plotting the Fatique Results:




Select Results from the main Toolbar and fill in the form as follows:
Select Result Cases = gsg_demofef
Select Results = Log of Life ()
Click Apply

Thelog of life fatigue fringe plot is shown in Figure 13.
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The fringe plots show the expected results — since the boundary conditions do not change
and the loading is identical for every subcase, the maximum and minimum principal
stresses for every subcase are identical (see fringe plots in Figure 4). Consequently, we
See progressive concentric circles of increasing life from the lowest in the middle of the
cylinder (area of maximum stress under the applied load) to highest in between the
constrained ends and the middle.

Plots of the other items are not shown here — the user may want to exercise the other
options by selecting them from the list shown in Figure 12.



Wheels Interactive menu:

From the Job Control menu, select Interactive to display the Wheels Interactive menu
(Figure 13).
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The available options are:
» Anayse - Select Analyse and the following menu is displayed.
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Figure 14

Select a .fesfile that has been previoudly created. The output filename defaults to
Jobname.fef but an alternative name may be supplied.

Click on*“Yes’ to create the ROT file. Thisfile provides the user with useful information
on the stress contribution and damage for each load condition at the analysis nodes for
each rotationa increment of the wheel (remember this is dependant on the number of
subcases that were specified to define arevolution) and each surface angle increment.

For large models, this listing can be quite extensive and the option is provided to turn this
off.

A sample output of the .rot file is shown in Figure 15



B D:\Users\adarsh\Fatigue\projects\BFG\QSG_DEMO_ROT

Mumber of Calculation points : 324
Title 1 :

Title 2 :

Humber of load conds. -1
Surface angle increment : 18
Calculation points : Hodes
Design Life=10080

Hode ID : 161

Load Condition : - LOADING CONDITION 1

Surface Rotational Angle {degrees) ->
Angle
(degrees)
i} 5 I 18 15 28 25 38 1 48 45
i} -12.1897 -B8.734517 7.5279% B.969428 -1.96558 -8.8638231 B.45694 8. 8176398 —-8.116945 -5 _B83940E-3
18 -12_.9618 8. 4640802 8.80524 B.867697 -2.38816 B.8187967 B.531767 -2.87594E-3 —B.134891 -6.33617E-4
28 154151 1.4146 11,1569 B.914651 -2 .870898 B.8674353 B.661869 -B.8169315 -8.167129 2.5317E-3
38 191737 2.88263 148482 1.18463 -3.68919 B.08992612 B.831552 -8.825135 -8.28977 L4._87468E-3
ORI DU \ocorsh\FatouetproiectBFAGSE DEMOROT e e
&8 _g 100 -39.5137 -3. 64691 23.7259 3.33316 -6.21735  -B.287364 1.44831  0.8785152 -0.371871 —n.az1znuzii 3
118 -37.0684  -4.59751 21,4642 3.2862 -5.64653  -B.344002 1.31821  0.8933707  -0.339634 -0.0243695
78 ~3 128 -33.3018 -5.18553 18.5809 3.09623 -4.98833 -B.375828 1.14852 8.101574% -8.296993 -8.8259125 [ 3
88 -3 138 -28.6911 -5.34006 15.4238 2.78614  -4.09177 -0.370003 8.950724 0.102136 -0.240092 -B.025647 (B33
o8 -4 1up -23.7845 -5 _B4245 12.3736 2.39335 -3.29536 -8.353143 8.774582 08.894989 -0.281708 -P0.0236851 983
188 -3 158 -19.1738 -1._3286 9.79829 1.96523 -2.61515  -8.381368 B.615426  0.0800945 -9_160557 -0.6200331 |O42
118 _3 168  -15.48151 -3.28461 8.00845 1.55341 -2.13318  -8.229923 8.501454%  0.0618407 -0.130601 -0.8153617 oo
128 _g 178 -12.9618 -2.0364 7.21997 1.20757 -1.98759  -B_147424 B.446113  0.0398379 -8.115455 -A.@181545 [,
138 _ 188 -12.1097  -0.734521 7.52795 8.960428 -1.96558 -0.0638234 0.4560h  0.0176390  -0.116045 -5.03951E-3 |2
198 -12.9617 0.463998 8.89523 0.867697 -2.308016  0.8107965 8.531767 -2.07588E-3 -B.134891 —6.33631E-4
140 =2/ 20 15415 14146 11.1569 8.914651  -2.87008  B.0674352  0.661868 -0.0169314 -0.167129 2.531696-3 (851
150 -1| 210 -19.1737 2.00263 140402 1.10463 -3.60019  0.0992612 0.831551  -0.025135 -0.20977 4.07468E-3 (331
168 -1 228 -23.784h 215716 17.1973 1.41471 -4 42578 8.102436 1.82835 -08.825697 -0.257671 3.88922E-3 617
178 -1 238 -28.691 1.85955 20.2475 1.8075 -5.22215  0.8765761 1.20549 -0.0185407 -0.305055 1.76733E-3 |45
188 -1 288 -33.3017 1.1457 22.8228 2.23562 -5.98236  0.8248012 1.36465 -4.55525E-3  -0.346206 —1.88471E-3 [ _g3
198 _q 258 -37.004 8.101707 24,6127 2.64784  -6.38433 -0.0466h41 1.47862  6.8145985  -0.376161 -6_47605E-3 |
260 -39.5137 -1.1465 25. 5011 2.99328 -6.60993 -B.129142 1.53366 0.0366013 -0.391387 -0.0116833
280 T 278 -148.3658 -2.44838 25,8932 3.23142 -6.55198  -B_212743 1.52313  0.0587093 -0.389818 -0.0167983 [
218 -1 288 -39.5138 -3.6460 23.7259 3.33316  -6.21735  -0.287363 1.44831  0.0785151  -0.371872 -p.e8212042 [E-3)x
| 298 -37.8605 -4.5975 21.4642 3.2862 -5.64653  —B.3434002 1.31821  0.8933707  -0.339634 -0.0243695 3
300 -33.3018 -5.18553 18.5809 3.00623 -4.98833 -8.375828 1.14852 8.101574  -0.296993 -0.0250125
318 -28.6911 -5.34006 15.4238 2.7861%  -4.09178  -0.379003 8.950725 0.102136 -0.249092  -B.025647
328 -23.7845 N 12.3734 2.30335 ~3.29537  -8.353143 B.774582 8.M94989 -0.201788 - 0.A236 051
338 -19.1738 -4.32861 9.7983 1.96523 -2.61515  -8.381368 B.615427  0.0809946 -B.168557 -0.6200331
348 -15.4151 -3.28461 8.00846 1.55341 -2.13318  -8.229923 8.501455  0.9618488 -B.138602 -0.68153618
358 -12.0618 -2.0364 7.21997 1.20758 -1.98750  -B.147425 8446013 6.039838  -0.115455 -0.0101545
Angle -> 8 18 28 38 49 58 50
Let 2.263316E-7 6.515009E-7 4.198491E-6 3.406511E-5 2.355428E-4  1.166461E-3 3.889885E-3 8.648044
[T} 2.263316E-7 6.515089E-7 4. 198491F-6 3.408511E-5 2.355428E-4  1.166481C-3 3.8898850-3 8.648048
Dmax = 0.81322559
Node ID : 162
Load Condition : - LOADING COMDITION 1
K|
Figure 15

Each cell represents a stress from the surface angle and the subcase (rotational angle).
Each row is a stress time history for the node at the particular surface angle and may be
plotted by using the extract time histories from the interactive menu (Figure 13). The
lower figure shows the damage values for each surface angle increment for load
condition 1 and the maximum damage. The row labeled DO shows the damage sum from
al load conditions for each surface angle increment.



» Results Post-process
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The following is displayed when this option is selected
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Figure 17
This menu allows further post-processing of the results that requires the .ROT file for
input to generate a new output results file (username.fef file). Thisfile can either be listed
or read back into the M SC.Fatigue database by specifying the same Jobname in the main
form (figure 5) as the output filename. The extraction options are: -

Specific Angle — Extract results at a specific angle at al analysis nodes. Since the
surface angle selected for our example case was 10 degrees, results may only be
extracted for angles in ten-degree increments up to 360 degrees.

Worst Case — Extract the worst (lowest life, maximum damage) results for al
conditions including the worst case (accumulated damage from all conditions) results.



» Extract Time Histories— This option allows the extraction of stress time histories
(.DAC files) for all load conditions at user defined nodes and surface angles.

Click on Extract Time Histories (Fig 16). The following is displayed.

&7 FEROT - FE-Fatigue Rotational analysis

[nput FES filenamme

Calculation pointz IED‘I
Load conditions |1
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Figure 16

Click on the Input FES filename browse button and pick the FESfile.

Click on the Calculation points browse button to display the calculation nodes. Enter the
node number.

Click on the load conditions browse button to display the available load conditions.
Enter the load condition number.

Enter the surface angle at which the stress time history is desired.

Enter the output filename. An extension will be added to the filename that identifies the
node number, load condition and the surface angle. A plot of the stress time history will
be automatically generated as shown in Figure 17.
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