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» Users of ANSYS Workbench (18) may have noticed
that the they have a choice of independent variables
when defining a tabular load

» Typical choices are Time (the default), X, Y, and Z. If
the choice is time, the number of table entries is
equal to the number of load steps
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« Tabular loading allows one to create a load which
varies in time, X, Y, or Z —but only one of these may
be selected

« But suppose you need a load which varies in two or
more variables simultaneously. Is there a way to do
this is Workbench?
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« The standard approach in Workbench is to read the
tabular data from a text file. This is done in the
‘External Data’ tool. Simply drag and drop an External
Data object onto the ‘setup’ cell of your analysis.

Unsaved Project - Workbench
File  Wiew Tools Units Extensions Jobs  Help

=1 ‘- Project." & A2:EngineeringData X
41 1mport... |¢LpRec0nnect 4] Refresh Project # Update Project |==ACT513rtPage

m A -l Froject Schematic
BT 1 HNSIeE e e =
@ Turl —I

bomachinery Fluid Flow

3 Component Systems |
iy ACF (Post)

il ACP (Pre)

@ Autodyn

ﬁﬁ BladeGen

@y CFx

@) CPX(Beta)

9 Engineering Data = :
I8 Explicit Dynamicsf(5-DYNA Export) IE Solution v o4

B External Data @ Results v o4

= ErTOaeE Static Structural
(@ Finite ElementModeler

Fluent

Fluent {with CFD-Post) (Beta)
Fluent (with Fluent Meshing)

9 Geometry ‘

v 4
v 4

@ Icepak

A Mechanical APDL

T Phoenix Analysis &
B4 Design Technologies




* Among the supported file types, the external data tool can
retrieve data from a text file. The tabular data contained in
the file may be delimited by spaces, tabs, semicolons, or
commas (but the user MUST specify which)

Properties of File - Ex\alex\focus_artides\spacetime_tables_WE\test. cav

A =] C
1 Property Value Unit
3 Dimension D LI
4 Start Import At Line 2
g Format Type Delimited ;I
& Delimiter Type Comma ;l
7 Delimiter Character Comma
8 Length Unit m Rd
g Coordinate System Type | Cartesian ;I
10 Material Field Data [l
11 = Analytical Transformation
12 X Coordinate X
13 ¥ Coordinate y
14 Z Coordinate z
15 = Rigid Transformation
16 Origin ¥ 0 m hd
17 Origin ¥ 0 m hd
18 Origin 2 0 m |
19 Theta XY a0 radian ¥
20 Theta ¥Z a0 radian ¥
21 Theta ZX a0 radian ¥
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* Next, each variable described by the table must reside in
it's own column.

 The user specifies which type of data is contained in each
column. Notice that time is not one of the supported data
types! Although inconvenient, we can still define time-
dependent tables using this approach. We’'ll return to this
later.

LBl Table of File - Ealex\focus_artides\spacetime_tables WEYtest. tut @ Delimiter - Tab'

D E A B C D

ster ™ | Description

Column ~ | DataType ™ | DataUnit * | Data Identifier ~
A ¥ Coordinate |Z| m

Mot Used -
X Coordinate
€ |vcoordinate Pa x| Pressure1
Z Coordinate
Mode ID
Element ID

E OB
B

Temperature

| ﬂ Pressure
Heat Transfer Coefficient
Heat Flux
Heat Generation
Heat Rate
Thickness
Displacement
Farce
Welocity
Stress
Strain
Body Force Density
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SO0, in order to read in the table defined on slide 3, we
could save it in the format shown below

B H 9 =

FILE HOME IMSERT PAGE LAYOUT MULAS DATA REVIEW
%y 0 200 - -

0| 2000 200 Calibri T ==5 (Grea -

300 6000 800 === - $-9% 9 B

P A = . Gm [

\ M Alignment e MNumber &
Jx
Save _spreadshee.t as a . 5 c 5 : - .

‘csV’ file (automatically 1 B
comma-delimited) 2 0 0 2000
o 0.2 200
4 0.3 ] 6000
3 0.3 0.2 200

Each variable gets its own column
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« To read the file into the external data tool, specify the
settings shown below...

...Specify the appropriate variable
Browse to the .csv file... types contained within each column
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16 Qrigin X 0 m I
7 e o |» = correctly...
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19 Theta XY 0 radian ¥ |
20 Theta YZ 0 radian ¥ |
21 Theta ZX 0 radian ¥ |
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» Once you're sure the file has been read correctly, go back
to the Project Page. Right-click on the ‘Setup’ cell of the
External Data object, and select ‘Update’.

» Once you see a green check mark indicating successful
file import, enter the Setup of the Static Structural
analysis.
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« Although the file may have been successfully imported at
this stage, it still needs to get mapped (or imported) into the
Static Structural Analysis. We could have achieved this
from the Project Page by updating or refreshing the Setup
Cell of the analysis, but it can also be done from within
Mechanical by right-clicking on the ‘Imported Pressure’
object in the Tree Outline and selecting “Import Load”

5 /2] static structural (€5 ...Verify the imported load by viewing
il Analysis Settings it's contours in the graphics window
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* What about more complicated data? For example, suppose
you have a load or boundary condition which varies both
spatially and temporally, like the one below.

convection Coefficient @ t=0s Buik Temperature & t=0s

The spatial variance of both h and

T are defined at four times B __ R .

A T msan ”
convection ceoffcient, h (W/m~2/C}) btemp, T o o %,
v >
=0 t=0 d =

x/y 0 150 / x/y 0 150

i} 5 15 [} 25 28 Convection Coefficient @ t=50s Buik Temperature @ t=505
170 12 12 170 27 28
=50 t=50 - o EE - o= T
z ® =il ) e
xfy a 150 x/y a 150 o - o * mi0 Ly =, e
0 10 25 T 32 35 / !
170 32 32 170 37 38
Convection Coefficient @ t=200s Buik Temperature @ t=200s
=200 =200
x/y 0 150 x/y 0
o 10 25 0 32 ama
70 g
170 32 32 170 37 .
=600 =600
x,’v 0 2 lﬁ x'{v 0 2{; 1;{8] \ Convection Cosfficient @ t=500s Buik Temperature @ t=600s

170 12 12 170 27 28

A convection boundary condition. Bot

coefficient, h and bulk temperature, T vary in
X,Yy, and t h
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« Recall what was said earlier. Since time is not an
Independent input variable type (see slide 6), separate files
must be defined for each time step. This is why we broke
up in the convection and time inputs into four groups —one
for each time period —or load step, in ANSYS.

« All we have to do is convert the data on the previous slide
to the appropriate format. We'll create 4 different files,
representing 0, 50, 200, and 600 seconds in sequence.

* So0, the first time step (0s) would look like this...

Bulk
convection ceoffcient, h (W/m*2/C) btemp, T (C) Temperature
=0 =0
®y (1] 150 Xy 0 150 Convection Bulk
0 5 15 0 25 28 Coefficient Temperature
170 12 12 170 27 2B
| ; /
| ! «m) ly(m)  [n(w/mdT(c)
Convection 0 0 5 25
Coefficient \ 0 150 15 28
170 0 12 27
Table format 170 10 12 28
fort=0s
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« Again, it is simple to save the resulting excel table in csv
(comma-delimited) format.

% (m) y (m) h (W/m~2|T (C)
0 0 5 25
o w0 15 ¢ IDEmmmmmmm)
170 0 12 27 CO nVO u CSV
170 150 12 28

*  We simply repeat this three times, for a total of four
files —one for each of our time steps

x {m) y (m) h (W/m*2|T (C)
] 1] 10 32
[4] 150 25 a5
170 4] 32 a7
T convb50.csv
n
Klim) ) L /2 —_
0 0 10 32
O conv200.csv
170 0 32 37 ]
170 150 32 58
convo00.csv
0 1] 5 25 L]
0 150 15 28
170 1] 12 27
170 150 12 28
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* Next, in the Mechanical Editor, define time steps: 1s, 50s,
200s, and 600s

D Mesh Define 4 times
steps under
Analysis Settings then define the end
= time for each. Note that
- we chose 1s for the
Step Controls f first time step (because
Mumber Of Steps 4V il you can't have O)
Current Step Mumber | 1.
Step End Time 1.5
Auto Time Stepping | Program Controlled h -
Initial Time Step Le002s E
Minimum Time Step l.e-003s
Maxirmum Time Step (0.1s
Time Integration On
| Solver Controls
Solver Type Program Controlled o
7| Radiosity Controls
#| Nenlinear Controls LI B
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 Then, back in the Project Page, read in the four comma-
delimited files into the external data object (which is connected
to the setup cell of a thermal transient analysis in this case)

= 0 X
) B C D |
Browse to Data Source ~ T Toeafion | Identifier v | Master v | Descrig| 1 | Coumn v i DataType ~
read |n E:alex\focus_artides\spacetime_tables_WE\convtd. csv }\Filel [ 2 A NotUsed x|
h f E:\alex\focus_artides'\spacetime_tables WEB\convt50,csv &ilez | 3 B Mot Used ll
each o . , - 4 |cC MotUsed x|
E:lalex\focus_artices'\spacetime_tables_WEBYyoonvt200.csv .. File3 | _I
5 D MotUsed ¥
the four — E:alex\focus_artides\spacetime_tables_WEB\convta00.csv .. | Filed [}
files... e ——
| 0
=rties of File - E:\alex\focus_artides\spacetime_tables_WBconwt0. csv * o X
A B C
Property Value Unit
Dimension 3D ;I
Start Import At Line 1
Format Type Delimited ;I
Delimiter Type Comma ;I
Delimiter Character Comma
Length Unit m LI Preview of File - E:\alex\focus_artide
Coordinate System Type | Cartesian ;I A B
i Material Field Data |
= 1 Mot Used | MotUsed | Motl
! = Analytical Transformation ™ ™ W
2 % (m m
i X Coordinate X Y
= 0 1} 5
b ¥ Coordinate ¥
4 1] 150 15
3 Z Coordinate z
- 5 170 a 12
i E Rigid Transformation
[ 170 150 12
i Origin X o] m
Origin ¥ 0 m
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Specify the what’s in each column as before. Remember to

‘Start Import At whatever line the actual data begin (to avoid

any headers). In our case, we have to start at line 2
Repeat this process for all files.

A B C D — A B C D
Data Source * | Location | Identifier ~ | Master i Column - Data Type b7 Data Unit ¥ | Data Identi
E:\alex\focus_artides\spacetime_tables_WEBYconwtl. cav File 1 [l 2 A ¥ Coordinate / *m
E:\alex\focus_artides\spacetime_tables WE\conwtS0.csv File2 = 3 B ¥ Coordinate / / LI =
E:\alex\focus_artides\spacetime_tables WEBYconwt200.csv File3 = 4 ¢ Heat Transfer Cyéf’ﬁafrt ;I Wm"-2C7-1 ;I HTC1
E:\alex\focus_artides\spacetime_tables_WEYconvts00.csv File4 |:|_ ° P Temperamre/ d c ;I Temperatur
Click here to add 3 file _|;| / /
»
File - E:\alex\focus_artides'\spacetime_tables_\WBconutD.csv oox |4 I =z
A B o = N\

Property Value Unit A B C D
1 ¥ Coordinate | ¥ Coordinate | Heat Transfer Coefficient Temperature

Dimepsior——— 30— = | z |0 0 5 25

rt Import At Line 2 P 3 |0 150 15 23

Format Type Delimited | 4 | 1m 0 12 27

Delimiter Type Comma 7| 5 | 170 150 12 28

Delimiter Character Comma

Length Unit m kd

Coordinate System Type | Cartesian ;I

Material Field Data [l

Analytical Transformation




* Once all the input files have been successfully formatted,
right-click on the External Data cell and Update. Then open
the Mechanical Editor. You should see a new ‘Imported Loads
object in the Environment section of the tree outline. Select
“Convection Coefficient” as shown below.

JEnm'ronment | Imported Loads - | & |

o, Body Force Density [——

Jﬁlter: Nami = 1§ Body Temperature

[ pisplzcement

ﬁ” Cut Boundary Constramt

ﬁ., Cut Boundary Remate Force

ﬁﬂ, Cut Boundary Remote Constraint
ﬁ.. Force

Q.g Eressure

Bl ;.! M, Surface Force Density

2 @ U Convection Coefficient

] Heat Generation

ﬁ[ Temperature

EI UM, Initial Stress
O Initial Strain

Details of “Imported Load (AZ) *
[=]| Definition

Type Imported Data

Interpolation Type |External File

Suppressed Mo
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« Select the surfaces on which to apply the load as usual
» Under ‘Imported Convection’ (in ‘Data View’), select the files that
go which each load step —specifying the end time for each.

| Envirorment | 5 mported Loads « | [5: |

e T, e Specify files which correspond to
Outline e Body Force Densi :
JHter: Nami =] Body Temperature eaCh tlme

T = il i

J 2 D Displacement

ﬁﬂ CutBoundary Constraint
O Cut Boundary Remote Force

ﬁﬂ Cut-Boundsry Remote Constraint:

B Force
M, Pressure e SITVECLIU
[]-----‘,;.';' M, 50rface Force Density
B R T Veloity Film Coefficient (W/m2-=C) [Ambieht Temperature (*C) [ Analysis Time (<) [Scale [Filn]
1 |File1:HTC1 File1:Temperature1 1 1
-1k 2 |File2Z:HTC1 File2:Temperature1 50 1
[, Heat Flux 3 |File:HTC1 File3:Temperature 1 200 1
=] Heat Generation % File:HTC1 File4: Temperature 1 500 1
fi]_ Temperature

EI @.\ Initial Stress
¥, Initial Strain

Details of “Imported Load (A2)

[=]| Definition
Type Imported Data
Interpolation Type | External File
Suppressed Mo
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» Notice that when the previous step is completed, ANSYS adjusted
the total number of time steps in order to smoothly ramp from one
load case to the next. This can be adjusted as necessary

* Right-click on the ‘impo\teQAConvection’ and ‘Import Load’

There are now seven time _Steps |Time [s] |/ Convecton Coeficent
steps! ANSYS has automatically [2/z |1.0005 Row 2
. . 3|2 0. Row 2
adjusted this for smooth load 4]3  |50.002 Row 3
' 5|3 200, Row 3
transitions... SIEN 00 |Row 4
7|4 00, Row 4
_:;Qg Mesh
=-|{G] Transient Thermal (B5)
o T=¢ Initial Temperature
g :f'f\ Analysis Settings
b ﬁ | Temperature
E| ----- Imported Load (A2)
R
=-/@i Solution (B6) [t '
..... #[¥] solution Informe Suppress z =
of "Imported Convection™ -4 Import Load a 5.01113
- Z > 2 N
ping Method 1 %E Duplicate : B_' ||
OI‘I‘IE_tI:‘f "] Clear Generated Data - m - '
finition 5.00237
- . ¥ Delete B 5.00062 Min 2
aular Loading | &l Rename (F2) : W ‘i‘
Jpressed | [:l Group (Ctrl+ G) || X
aphics Controls
Active Row
Hwe Row 1
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* You can view the mapped convections and bulk temperatures at
each of the import times by selecting the ‘Active Row’, and either
‘Convection Coefficient’, or “Temperature’ in the Details View of
the imported load.
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[=] //@ Trallslent Thermal (B5)

,T_P Initial Temperature
;_’_}1 Analysis Settings
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Scope =
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Mype Imported Convection Warning | FR-4 contains invalid property data. 1)1 i Row 1
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Graphics Controls Warning | One or more parts were found to be unmedified so smart updated. S 50,002 Row 3
3 Active Row I 2 R £
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isplay Source Points Off 4 »
isplay Source Paint Ids Off
ST Ty | . Graph | Data View. Messages
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Conclusions

The tabular loading functionality within ANSYS Mechanical offers
users the ability to vary loads spatially OR temporally. If a spatial
variation is load is required, users are restricted to only one
iIndependent spatial variable with the options available in Mechanical
By contrast, importing a table using the External Data tool in the
Project Schematic offers users a relatively easy and efficient means
of defining tabular loads for multiple simultaneous independent
variables.

Another possibility (to be discussed at another time) is to modify an
existing tabular load using the Command Editor in Mechanical. In
particular, such an option could be used to overcome the
iInconvenience of defining multiple files over multiple time steps.




