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ESSH chapter Overview

In this chapter, aspects of reviewing results will be covered:
. Multistep Analysis

Multistep Setup

Multistep Controls

. Multistep Loads

Multistep Postprocessing

Solution Combinations

. Workshop 10.1, Multistep Analysis

OMmMOO®P
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LWSYEH A. Multistep Analysis

Ste p CO nt I'O I S i Details of "Analysis Settings®

[=]| Step Controls

* Multiple steps allow a series of static analyses to be set up and ;igumbe; T j}°
o (euarren ep Number | %
solved sequentially. StepEndTme  [13.3
- i A L@oﬁme gtepﬁihg 'f‘li‘irogramw(iﬁl:{t'roriled'

* For a static analysis, the end time can be used as a = Solver Controls

counter/tracker to identify the load steps and substeps. The time and load
* Results can be viewed step by step. value are displayed in
* Load values for each step can be entered in the “Tabular Data” the graphics window

section provided.

Details of "Pressure” ® Graph 2 [ Tabular Data
=| Scope 1 Steps | Time [s] [[v Pressure [MPa] |
Scoping Methad Geometry Selection 20. 1)1 0. 10.
Geometry 2 Faces 21 1 20.
Definition 175 3z | . : - -
et = BB 3 A: 3D Multibodied Bolt
€1 15. : .
Type Pressure 5[4 4 15, Pressure
Define By Naormal To 125 - Tirme: 1. s
Magnitude Tabular Data g .
10. 1942014 3:40 PhaA
Suppressed HNo
=) Tabular Data 75
Independent Variable | Time - Pressure: 20. BMPa
5.
2.
1 2 ES 4
2 3 4
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LWAYSH B. Multistep Setup

Multistep Setup:

* Begin by setting the desired “Number of Steps” in the “Analysis

Settings” details.

* When the number of steps is defined, the table and graph areas will

reflect the setting.

Graph

=

Tabular Data

End Time [s] |
1

Steps

1

2|2 2.
3|3 3
414 4,

2 3 4

=)-5(=] Static Structural (F5)
78 Analysis Settings

Details of "Analysis Settings”

rols

4|

CUrTent step mumoer | L.
Step End Time 1.s
Auto Time Stepping | Program Controlled

* Note the reference to “Step End Time” should be viewed as a tracking mechanism only. The term
“time” here does not imply we are doing a transient analysis.
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NLWAYEH C. Multistep Controls

With a multistep analysis each step is controlled as an Details of "Analysis Settings”
independent analysis. Loads, supports and analysis settings zzfn';:fgft;‘t’;; -
can be set up individually. Current Step Number |2, ]
Step End Time (2.5
To ensure you are configuring the correct solution always |Auko Time Stepping _|Program Controlled

check the “Current Step Number” field in the details.

There are several shortcuts available when selecting which d
load step(s) you wish to configure: &I
* Click in the graph area within any time range (note, to 5 2 : ,
select step 3 for example you need only click in the graph e E J

anywhere between steps 2 and 3 to activate this step). e

]| Step Controls
Number Of Steps __[4.
| Current Step Number |3,

Step End Tme | 3. 5
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LWSYEH . . . Multistep Controls

For certain settings you may wish to highlight more

than one step at a time: Number OF Steps |4,
Current Step Number iMulti Step
StepEnd Tme | Muli Step
* From the bar at the bottom of the graph use the s Tree Stemmrs —[rom o Coniroled

shift or control keys to select multiple steps.

* You can highlight all steps by right clicking in the

graph and choosing “Select All Steps”. Insert Step

Delete Step

Zoom To Range

Select All Steps
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7

A summary of all the different steps can be viewed by highlighting “Analysis Settings” and

then selecting the “Worksheet” icon.

:«ct

Model (A4)

,@ Geometry

s+ Coordinate Systems
,@ Connections

& Mesh

|’:./f\‘ Analysis Settings
oz B B

- -
/53] Solution (A6)
A ¥] Solution Information

=

ntrols

tl
OF Stens Ta. T}
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. . . Multistep Controls

|

@

r ' @Worksheet

Properties | Step 1 | Step 2 | Step 3 Step 4
Step Controls
Step End Time 1. 2. 3. 4,

Auto Time Stepping
Nonlinear Controls
Force Convergence
Moment Convergence
Displacement Convergence
Rotation Conwvergence
Line Search
Stabilization
Output Controls
Stress
Strain
Modal Forces
Contact Miscellaneous
General Miscellaneous
Store Results At

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Program Controlled
Off

Mo

All Time Points

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Program Controlled
Off

All Time Points

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Program Controlled
Off

Mo

All Time Points

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Program Controlled
Off

All Time Points



LWSYEH D. Multistep Loads

Since a multistep analysis is a sequence of static steps, loads can vary from

Details of "Pressure 2"

one step to another. 5| Scope

Scoping Method | Geometry Selection

Geomekry 1 Face

Loads are applied the same as with a single step analysis. There are some B e
additional considerations however: 19p6. Eressin

Define By Normal To

M Magnitude 10. MPa {ramped)

* For loads that will remain constant over all steps, input a magnitude SUppTESTET (T
just as with single step analyses.

* The graph and table will reflect the value.

4. ressure [MPa] |5
10— 84— 88—

7.5
5%
2.5
0.

1 2 < 4.

| . | )

* Note, since we are dealing with static analysis the fact that a load is
shown as ramped is of no consequence.
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WSS . . . Multistep Loads

To vary the load in different steps change the magnitude to

— u.o

Tabular Data

“Tabular Data”. e = 5\ Tmpart...
7| Tabular Data I Export...

Now use the table to enter the desired values for each step. eSponcent venetle [Te e
Function

4. 4 Time [s] ||v Pressure [MP§]
12,
S.
0.
1 2 33 4
I 1 [ =2 [ s
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DLWSYEH . . . Multistep Loads

For certain loads and/or supports you may wish to have the boundary condition inactive. To do this

use the graph or table to choose the step(s) and right click to choose “Activate/Deactivate at this
step!”.

2.4844 Steps | Time [s] |[v Pressure [MPa]
12. 11 0. i
/\ 2 |1 1. 10.
3|2 2. 6
S. ActivatefDeactivate at this step!
.
1.
1z I - |
o St Time [51|[v P [MPal
Note the graph and table will i T A T ——
2|1 1 10,
graphically indicate inactive . e ]
steps. :
0. q
1. 2 3. 4
2z [ 3 [ @& ]
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NLWAYSH E. Multistep Postprocessing

11

Results for each individual step can be viewed after solving by selecting the desired step and

RMB >“Retrieve This Result”.

Select desired
step and RMB to
retrieve result

© 2015 ANSYS, Inc.

Type: Total Deformation
Unit: mm '
Time: 3

12/28/2006 10:03 AM

3.9622 Max
3.5219

0 Min

o 4e+003 {mm)
1
2e+003

\ Geometry £

/\\Print Preview)\Rgpart Preview/

Timeline

Animation - W |00 W1 | Q@ 10Frames

30

20
0.
0. 0.5 i3 1.5 2. 2.5 3: 3.5 4,

1 2

Messages | Graphics Annotations

»0, No Messages

£
ewektric {mm, kg, N, °C, 5, m¥, ma)
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NWSYEH . - . Multistep Postprocessing

When post processing if you choose to retrieve results within a step, Mechanical will
return an interpolated value for the resulit.

If, for example, you retrieve a result from time = 2.5635 (as below) you could interpret this
as the point within step 3 where roughly 56% of the load has been applied.

A: Static Structural
Total Deformation
Type: Total Deformation

JAnimation ’ II ] ]mh— 11 I Q 10 Frames Unit: mm

I 2.5635 I Time: 2.5635
3.9636e-6 - U U:50 AM

1.1442e-6 Max
1.0171e-6
7.628e-7
6.3566e-7
5.0853e-7
3.814e-7
2.5427e-7
1.2713e-7
== 0 Min
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ALWAYSHE F. Solution Combinations

Solution combinations allow you to obtain solutions that are calculated from other
solutions. The advantage of this approach is the calculations are all done within the post
processor so no solution time is required.

A solution combination may involve multiple environments or may be the result of multiple
steps from a single environment.

Solution combinations provide a coefficient for each entry to allow combinations to be
scaled.

Solution Combination = Coef 1 * Environment 1 + Coef 2 * Environment 2 + . ..

Solution combinations are valid for static and transient structural analyses.
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NLWSYEH. . . Solution Combinations

Madel If?/'Cm‘lstruction Geometry g Virtual Topology [uin] Symmetry £ Remote Point & Fracture &1 Mesh Mumbering [ Solution Combination

With the Model branch highlighted a “Solution fouine
Combination” can be chosen from the context menu. [%g,

=
[#--_s Coordinate Systems

A new branch is inserted where combined results can be @ Mesh

= _|—] Static Structural {(A5)

requested and retrieved. * VT U7X Analysis Settings

i .,@, Fixed Support

4] Solution Information
worksheet view allows multiple environments to be |
b N Bnalysis Settings
=1 /&3] Solution (B6)

i ‘,@.‘ Force
0 Total Deformation
C O m b I n ed . : i ,,‘:a,, Fixed Support
4] solution Information
o SR 1 0tal Lerormatich Right click on the grid to add, modify and delete a row. i ./@ Total Deformation

With the Solution Combination branch highlighted, the & 7@ Solution (a6)
/2] static Structural 2 (B5)
S Force
Solution Combination | e rera nerormation
= A Solution Combination B Equivalent Stress

A 4

| Coefficient l Environment Name | Time l

®5 Total Deformation
,/E Equivalent Stress 1 Static Structural  End Time

1 Static Structural 2 End Time
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NLWSYEH. . . Solution Combinations

Solution combinations are set up using the Solution

LY . : Solution Combination
Combination Worksheet (highlight the Solution
Combination branch):

Right click on the grid to add, modify and delete a row.

I Coefficient | Environment Mame Time Il
* RMB in the worksheet to add or delete rows. 1 Static Structural | End Time
2 Static Structural 2 | End Time
. . -4 i | Ti
« Select the environment from a drop down list. = Staticotroehral | Enc Tk
il 1 ! Add |
|#=| Project -
= (&3] Model (A4, B4) Hadify
- ¢® Geometry Celete
3] ,,-;-‘:'\ Coordinate Systems
£} ‘,@ Connections
",® Mesh
#-_{=] Static Structural (A5) 1 IStatic Structural:] 0
= i B5) e — _
=--As) Solution Combination

e Caera e e

[Static Structural 2|
@ Total Deformation

Note both a “Coefficient” (scale factor) and a time point

(multi-step or transient analyses), can be specified in the
worksheet.
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NLWSYEH. . . Solution Combinations

Depending on the type of project, there are different ways to specify

solution combinations.

E? ,/{;] Statlc Structural (A5)
//\ Analysis Settings
nCBL Pressure 2
— @ Fixed Support

Moment
__] Solution (AG)

(A1 Calibime Trfavrnab

End Time [s]

Graph 2
3.3692
40.
1s. -
0.
1= 2 3. 4.
) [ —

In this case a multistep structural analysis was
performed. A combination is setup by combining
results from different time points from the same
environment.
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« |
| ettings"

MNumber OF Steps
current S'Eep Fumber

Step End Time

YWorksheet
Solution Combination

Right click on the arid to add, modify and delete a row.

l Coefficient | Environment Mamge ] Time
1 Static Structural 1
1 Static Structural 3




NLWSYEH. . . Solution Combinations

A solution combination can be used to scale a single analysis as shown here.

E] ,/El Static Structural (A5)
fin VN Analysns Settings

Solution Combination etails of "Analysis Settings"

‘ s : ' [=1| Step Controls
Right click on the arid to add, modify and delete a row. Number OF Steps =z I

Current Step Mumber |1,
Step End Time 1.s
Auto Time Stepping | Program Controlled

Coefficient | Environment Mame ] Time I
4 Static Structural | End Time

A: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

Total Deformation
Type: Total Deformation
Unit: mm

0.021037 Max

0.0052593 Max 0.01587

0.0046749 0.016362

0.0040906 0.014025

0.0035062 0.0116387

0.0029218 4 0.0093493

0.0023375 0.0070124

0.0017531 0.0046749

0.0011687 e o 0.002337%

0.00055956 Original Result 0 Min Scaled Result
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NLWSYEH. . . Solution Combinations

If a project contains multiple analysis systems that share geometry and model cells their
solutions can be combined as well.

Project Schematic

w

1 > Static Structural (ANSYS) ; Static Structural (ANSYS)

2 &) Engineering Data % Engineering Data v

3 @ Geometry Geometry v

4 @ Model &8 Model v

s @ Setup v @ setup v

6 @ Solution v & @& Solution v

7 Qa Results v 7 @ Results v’
Static Structural {(ANSYS) Copy of Static Structural (ANSYS)

(@] Project > = =
= (&8 Model (A4, B4) Solution Combination
- %@ Geometry
[+ Coordinate Systems

Right click on the grid to add, modify and delete a row.
- 8 Connections

JEB Mes“_ I Coefficient I Environment Name ' Time l
o "{::J Static Stuchmal (A% 1 Static Structural | End Time
= ‘/\43[ Solution Combination 1 Static Structural 2 | End Time
% Equivalent Stress

/%@ Total Deformation
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Example: a brake caliper is simulated
in both standing and rolling
configurations. After the 2
environments have solved a
resulting combination shows the
effect of both.

Equivalent Stress
Type: Equivalent {von-Mises) Stress
Unit: MPa

28.294 Max
25.15

22.006
18.863
15.719
12.575
9.4316

. . . Solution Combinations

[#] Project
- (&) Model (A4, B4)
- B Geometry
& ,/,'n\ Coordinate Systems

pa_ L

‘,{E] Svtfnding Braking {(A5)

i
48;, Fixed Support
,,®.¢ Piston 1 MNormal
,,8., Piston 2 Normal
/L Piston 3 Normal
=--/%3] Solution (A6)
4] Solution Information
B Equivalent Stress

I =) ,/{:—j R.(llling Braking (B5) I\

i L =
,,3@, Fixed Support
Ha Piston 1 Tangential
9 Piston 2 Tangential
/Fa Piston 3 Tangential
= J@] Solution (B6)
4] Solution Information
L0 Equivalent Stress
ek jon

=)@ Solution Combination

6.283
3.1443
0.00062845 Min

Solution Combination
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v
B Total Deformation

A: Static Structural
Equivalent Stress
Type: Equivalent {von-Mises) Stress
Unit: MPa
Time: 1

21.176 Max
18.823
16.47

14.118
11.765
9.4122
7.0595
4.7067
2.354

0.0012634 Min

B: Static Structural
Equivalent Stress
Type: Equivalent {von-Mises) Stress
Unit: MPa
Time: 1

7.6579 Max
6.8072
5.9564
5.1057
4.2549
3.4042
2.5534
1.7027
{ 0.85192
0.0011671 Min




ENS&H G. Workshop 10.1

*  Workshop 10.1 — Multistep Analysis
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