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Static Structural Analysis I\N SYS

Chapter Overview

Training Manual

* In this chapter, performing linear static structural analyses in
Simulation will be covered:
A. Geometry and Elements

Assemblies and Contact Types

Analysis Settings

Environment, including Loads and Supports

Solving Models

Results and Postprocessing

nmoow

« The capabilities described in this section are generally applicable to
ANSYS DesignSpace Entra licenses and above.

— Some options discussed in this chapter may require more advanced
licenses, but these are noted accordingly.

ANSYS, Inc. Proprietary May 5, 2009

© 2009 ANSYS, Inc. All rights reserved. Inventory #002593



Static Structural Analysis I\N SYS

Basics of Linear Static Analysis T

 For a linear static structural analysis, the displacements {x} are solved
for in the matrix equation below:
Assumptions:

K Jix}=1F}
— [K] is constant

 Linear elastic material behavior is assumed

- Small deflection theory is used

- Some nonlinear boundary conditions may be included
— {F} is statically applied

- No time-varying forces are considered

* No inertial effects (mass, damping) are included

* It is important to remember these assumptions related to /inear static
analysis. Nonlinear static and dynamic analyses are covered in later
chapters.
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A . G 90 m et ry Training Manual

- In structural analyses, all types of bodies supported by Simulation
may be used.

'l . wwgdgf‘-ﬂfﬂﬁﬂdy" o
- For surface bodies, thickness must be #|Graphics Properties
H : 1 = 39 = I=|| Definition
Supplled In the Detalls VleW Of the .__ElEpressed- ?Nu:u
“Geometry” branch. T N

 Thickness . 0. mm

ICKNESS Mode :F'-LIEEIITIEEIC

i+ | Bounding Box

[+I| Properties

+ Statistics

* The cross-section and orientation of line bodies are defined within
DesignModeler and are imported into Simulation automatically.
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Ean PO i nt MaSS Training Manual

- A Point Mass can be added to a model (Geometry branch) to simulate parts of
the structure not explicitly modeled:
— A point mass is associated with surface(s) only. | Geometry SplGeometry -| | T Point Mass | (B

— The location can be defined by either:
* (X, Y, z) coordinates in any user-defined Coordinate System.
» Selecting vertices/edges/surfaces to define location.
— Point mass is affected by “Acceleration,” “Standard Earth Gravity,” and
“Rotational Velocity”. No other loads affect a point mass.
— The mass is ‘connected’ to selected surfaces
assuming no stiffness between them.

— No rotational inertial terms are present.

Details of "Point Mass" o
=1 Scope
Geometry 1 Edge
[ X Coordinate 26,13 mm
[ | ¥ Coordinate 47,27 mm
Z Caordinate 10, mm
Location Clicl;:I:TJEI:u;nge
=I| Definition
Mass ;El kg
Mass Moment of Inertia ¥ 10, kgrrrn?
Mass Moment of Inertia ¥ |0, kg mm?
Mass Moment of Inerkia Z_ .IZTicg'mml
Suppressed Mo
Behavior | Defarmable
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... Material Properties

Training Manual

* Young’s Modulus and Poisson’s Ratio are required for linear static
structural analyses:

— Material input is handled in the “Engineering Data” application.
— Mass density is required if any inertial loads are present.

— Thermal expansion coefficient is required if a uniform temperature load
is applied.

— Thermal conductivity is NOT required for uniform temperature
conditions.

— Stress Limits are needed if a Stress Tool result is present.

— Fatigue Properties are needed if Fatigue Tool result is present.
- Requires Fatigue Module add-on license.
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B. Assemblies — Solid Body Contact T

- When importing assemblies of solid parts, contact regions are automatically
created between the solid bodies.
— Contact allows non-matching meshes at boundaries between solid parts

— Tolerance controls under “Contact” branch allows the user to specify distance of
auto contact detection via slider bar

IV ANSYS Workbench [ANSYS Multiphysics] A==
| Fle Edit Visw Units Tools Help H B _\_oﬁ | EItew fralysis = Focle - | TE S [ -
R R st

| & - ®@selection ~ @ isibilty - [Fsuppression -

| Cannections ", Contact » ', Spat Weld | B Body-Ground + GBody-Body » BRBady Views (5 Synciews | B corione BRae BRioer | 5

sion Acceleration -8 mfs? == |0 s b

Details of "Contact”

[=| Auto Detection

Gererate Contact On Update |Ves
Tolerance Type Sider
Tolerance Slider 0. 0.00 0,00 () *
j
¥

Tolerance Value 0.4750...

35,00
Face/Face Ves
Face/Edge Ho \ Geometry ‘WarksheathPrint Preview j\Repart Preview /.
EdgefEdgs o
P Tnciode Al raRhics Annatations 1 x
same Bady Grouping Ves [z [Tonestems
Revalute Joints es
Fixed Joints Ves
= Transparenc: ¥ .
Erabled [ves 2] ] I ES
*_Messages. Graphics Annotations |
Press F1 for Help [ 1,0 Mo Messages Mo Selection [Metric (mm, kg, N, °C, s, m, ma)
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... Assemblies — Solid Body Contact

Training Manual

- In Simulation, the concept of contact and target surfaces are used for each
contact region:
— One side of a contact region is referred to as a contact surface, the other side is
referred to as a target surface.
— The contact surfaces are restricted from penetrating through the target surface.

* When one side is designated the contact and the other side the target, this is called
asymmetric contact.

- If both sides are made to be contact & target this is called symmetric contact.
- By default, anulation usesTsymmetric

contact for solid assemblies. ‘el of *Contact Region” 7
- For ANSYS Professional licenses and fii.gmef v —

above, the user may change to Cortart Tirace

asymmetric contact, as desired. Target |1Face

Contact Bodies
Target Bodies

=T Dehnition

. Tvpe Bonded
Scope Mode | autamatic
Behavior | Symmetric
! =
=l Advanced -
Furmul-atu:un Pure Penalty

-Nu.:urmél.-Si:.i'F.F-r-uess jPru:ugram Cuntru:u-li;a

Sym metric Asym metric Llpl:late Stiffriess Mewer
Thermal Conduckance %Program Controlled
Contact Contact [Frbaiegon [Frogram Controled
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... Assemblies — Solid Body Contact

NANSYS

Training Manual

* Five contact types are available:

Details of "Contact Region” n
Contact Type lterations | Normal Behavior (Separation) | Tangential Behavior (Sliding) Bl ptope _
— Scoping Method Geomekry Selection
Bonded 1 No Gaps No Sliding s Trac
No Separation 1 No Gaps Sliding Allowed Target 1 Face
Frictionless Multiple Gaps Allowed Sliding Allowed E_CP_“.FF"FE?PE‘_E;_
Rough Multiple Gaps Allowed No Sliding i
Frictional Multiple Gaps Allowed Sliding Allowed h Type " Bonded =
| Scope Mods Fonded
EEEC i
— Bonded and No Separation contact are linear and require |sumes Rough
on Iy 1 ite rati on. i Fo[myl_atlo_n E.I_:'%I_r_E_I:-'EI'la|t':.-'
. . . . . Mormal Stiffness Program Controlled
— Frictionless, Rough and Frictional contact are nonlinear Updote tfness gp_d'.;f;; -
and req u i re mu Iti ple ite ratio ns. Thermal anductance ;Egram Contralled
T T R T

Dekails of "Frictionless - Part 1 To Park 9"

Cipcope
- Nonlinear contact types allow an “interface treatment” L
i - Target |1 Face
option: e —
- “Add Offset”: input zero or non-zero value for initial i
adjustment Trpe. | Frictiriess
. ’ . aope Mods RO
- “Adjusted to Touch”: ANSYS closes any gap to a just Behavior Symmetric j
touching position (ANSYS Professional and above) e =
é:_ul_l.-'_ |, O HI-
\ TobeiFace TrEakent)| Add Offset, Ramped EFF... <)
-—E)Ffset Adju_st tq_Touch_ i .
Normaltifness |0

ANSYS, Inc. Proprietary May 5, 2009

© 2009 ANSYS, Inc. All rights reserved. Inventory #002593



Static Structural Analysis

... Assemblies — Solid Body Contact

NANSYS

Training Manual

- Interface treatment options:

Details of "Frictionless - InnerRace Ta Pin2*

| Scope L
W s Scoping Method Geametry Selection
Details of "Frictionless - InnerRace To Pinz
Conkack 1 Face
Target 1 Face

Contact Bodies
Target Bodies
[=]| Definition

= Definition

Zonkack Bodies
Target Bodies

Type Fricﬁunless Type Frictionless
Scope Mode F\LIu:umatic Scope Mode Aukamatic
Behaviar Slmmetril: Behavwior Syrametric
Suppressed |1U SL;DDI’ESSE: Mo
A
[=l| Advanced [l| Advance .
o FUrTaaniorT FUrE FeEriain
Formulation Pure Pepalt . :
Interface Treakment )i alde faliuy]
Intetface Treatment | Add OFfset, Mo Ramping —— | ]
TR LTS, FragrarT LT {u

5. mm
PO T

Update Stiffness

Mever

Pinball Region

Program Contralled

=

Add offset: contact surface is
numerically offset a given amount
in positive or negative direction
(offset can be ramped on).

Adjusted to touch: offsets contact
surface to provide initial contact
with target regardless of actual
gap/penetration.
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NANSYS

... Assemblies — Solid Body Contact

- Advanced options (see chapter 3
for additional details on the pinbali
region):

— Pin Ball Region:
* Inside pinball = near-field contact
- Outside pinball = far-field contact

- Allows the solver to more efficiently
process contact calculations.

* For ANSYS Professional licenses and
above, mixed assemblies of shells and
solids are supported as well as more
contact options.

ANSYS, Inc. Proprietary

© 2009 ANSYS, Inc. All rights reserved.

Training Manual

=

Details of "Contact Region” a
Scope
Scoping Methad Geometry Seleckion
Conkack 1 Face
Targek 1 Face

Contact Bodies
Target Bodies

Definition
Type Bonded
Scope Mode Autamatic
Behavior Symmetric
Suppressed Fo

=| Advanced
Formulation Fure Penalty

Marrnal SkifFness

Pragram Contralled

Update Stiffness

Mewver

Thermal Conduckance
TE N TR T TR, R E

Dt Sy

Program Contralled

;F

In this case, the gap between
the two parts is bigger than the
pinball region, so no automatic
gap closure will be performed.

May 5, 2009
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... Assemblies — Spot Weld Training Manual

- Spot welds provide a means of connecting shell assemblies at discrete
points:

— Spotweld definition is done in the CAD software. Currently, only DesignModeler
and Unigraphics define supported spot weld definitions.

ANSYS, Inc. Proprietary May 5, 2009

© 2009 ANSYS, Inc. All rights reserved. . Inventory #002593



Static Structural Analysis I\N SYS

... Assemblies — Contact Summary

Training Manual

- Summary of contact types and options available in Simulation:

Contact Geometry |Solid Body Face Solid Body Edge Surface Body Face Surface Body Edge

(Scope = Contact) (Scope = Contact) (Scope = Contact) (Scope = Contact)

Solid Body Face All types Bonded, No Separation |Bonded, No Separation |Bonded only
All formulations All formulations All formulations MPC formulation
(Scope = Target) Symmetry respected  |Asymmetric only Symmetry respected |Asymmetric only
Solid Body Edge Not supported for solving" |Bonded, No Separation | Not supported for solving' |Bonded only
All formulations MPC formulation
(Scope = Target) Asymmetric only Asymmetric only

Surface Body Face |Bonded, No Separation |Bonded, No Separation |Bonded, No Separation |Bonded only
Augmented Lagrange,

(Scope = Target) All formulations All formulations All formulations Pure Penalty, and MPC
formulation
Symmetry respected |Asymmetric only Symmetry respected |Asymmetric only
Surface Body Edge | Not supported for solving' |Bonded only Not supported for solving" |Bonded only
Augmented Lagrange,
(Scope = Target) MPC formulation Pure Penalty, and MPC
formulation
Asymmetric only Asymmetric only

1 — For Face/Edge contact, faces must always be designated as targets and edges must always be designated as contacts

ANSYS, Inc. Proprietary May 5, 2009
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Static Structural Analysis
C. Analysis Settings

- The “Analysis Settings” details provide general
control over the solution process:

- Step Controls:
— Manual and auto time stepping controls.

— Specify the number of steps in an analysis and an
end “time” for each step.

— “Time” is a tracking mechanism in static analyses
(discussed later).

- Solver Controls:
— Two solvers available (default program
chosen):

- Direct solver (Sparse solver in ANSYS).
* lterative solver (PCG solver in ANSYS).

— Weak springs:
- Simulation tries to anticipate under-

constrained models.

ANSYS, Inc. Proprietary
© 2009 ANSYS, Inc. All rights reserved.

NANSYS

Training Manual

= F'I‘D]EEI:

= |_| Model
i+ ﬁ Geametry
[+ /% Mesh

* A %] Salution Information

Details of “Analysis Setkings"

,Step Controls
Murrber OF Steps 1.

Current Step Numl:uer 1
Step End Time (1.5
Auto Time Stepplng F‘ru:ugram Controlled

ISDI'\"EI" EDI'II:I‘DIS N

Solver Type F‘n:u;ram Controlled
Weak Sprlngs F‘ru:ugram Controlled
Large Deflectmn _OFF
Inertia Relief | OFF

#| Nunllnear Controls
| l]ul:put Controls

HiAnalysis Data Managempnt

May 5, 2009
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Static Structural Analysis

NANSYS

. . . Analysis Settings — Analysis Data Management

« Analysis Data Management:

Solver Files Directory shows location where
associated analysis files will be saved.

Future Analysis: indicates whether a down
stream analysis (e.g. pre-stressed modal) will
use the solution. This is set automatically
when coupled analyses are configured in the
project schematic.

Scratch Solver Files Directory: temporary
directory used during solution.

Save ANSYS db.

Delete Unneeded Files: may choose to save all
files for future use in Mechanical APDL.

Solver Units: Active System or manual.

Solver Unit System: if the above setting is
“manual”, you may choose 1 of 8 possible
solver unit systems to insure consistency
when data is shared with Mechanical APDL
(does not affect results/load displays in the
GUI).

ANSYS, Inc. Proprietary

© 2009 ANSYS, Inc. All rights reserved.

Details of "Analysis Settings”

Training Manual

[=l| Step Controls

\Mumber OF Skeps | 1.
| Current Step Mumber | 1.
;Step End Time il

Auto Time Skepping E_F‘Fuﬁaram Contralled

515;-5-1;Iv;er Controls

iél:li;v'Er .'i'w;.-'pe EE‘ngram Controlled
;.'-.-'-.-'eak Sﬁ;ings F‘ru-ﬁram Conkralled
|Large Deflection of
Inertia Relief (O

i'f;?ﬁurﬁi.r.lear Controls
+ Output Controls

=l Analysis Data Management

Solver Files Directory

DhSolver TempiWE PGHXE

Future Analysis

Prestressed analysis

Scratch Solver Files Directory

Save AMSYS db Yes

Delete Unneeded Files Yes

Monlinear Solution Mo

Saolver Uniks Active Svskem
Salver Unit Syskem T

May 5, 2009
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. . . Analysis Settings — Step Controls

- Step Controls:
— Multiple steps allow a series of static analyses to

Training Manual

be set up and solved sequentially. Details of "Analysis Settings”
. . . [=]{ step Controls
— For a static analysis, the end time can be used as T o
a counter/tracker to identify the load steps and Current Step Humber |4,
Substeps_ Step End Time 13. =5
futo Time Skepping Program Controlled
— Results can be viewed step by step. FSolver Controls

— Load values for each step can be entered in the
“Tabular Data” section provided.

The time and load value
are displayed in the

graphics window
Details of *Pressure 2 Timeling R Tabular Data I
B 5cope 1 Steps | Time [s] ”7 Pressy
Scoping Method | Geometry Selection 20, — 2 11 o, 10,
Geamekry 1 Face 175 211 1. 20,
=l Definition ' 32 2. =R
Define By Marmal To 15, ; j 3 fS
Type Pressure 12.5 = - =
Magnitude | Tabular Data 10, -
Suppressed !ND 75 -
5.
2, S
1 Z 3 4
| | z | 3 | 4 |

ANSYS, Inc. Proprietary May 5, 2009
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NANSYS

Training Manual

. . . Multiple Steps

- A summary of all the different steps can be viewed by highlighting
“Analysis Type” and then selecting the “Worksheet” tab.

Cutline for "bracketz" o . .
5] Project Analysis Settings
= . Model
i.'l ﬁ (Feometry Properties | Skep 1 | ‘Step 2 | Step 3 | Skep 4
) Mesh Step Controls | |
L Step End Time 1, 2. 3, &;

Autko Time Stepping | Program Contralled | Prodram Controlled | Proaram Cantrolled | Proaram Controlled
Nonlinear Controls

Force Converaence

‘,.rf:\- Analysis Setkings

Program Contralled | Program Contralled | Program Controlled | Program Controlled

Ei Force

ﬁ.q Pressure 2
-;: 7. Solution
;’[1-] Solution Information

Details of "Anaksis Settings"

Momenkt Convergence
Cisplacement Conyergence
RFotation Convergence

Lire Search
Output Controls

(Calculate Stress

Calculate Strain

Calculate Results At

Program Controlled |
Program Contralled

| Program Controlled |

Yes
Ves
All Time Poinks

| Program Contralled | Program Controlled |

Program Contralled |
Pragram Controlled |
Proaram Controlled

All Time: Paints

Program Controlled
Prograrn Controlled
Program Controlled
Prograrn Controlled

Yes
Yes
Al Tine Points

| Al Time Points

Prograrn Controlled

Proagram Contralled
Proagram Contralled

| Program Controlled

fes
fes

= sten ronkenls | I Genmetrds wWnrksheet APrint Praview A Rennrt Preview /

ANSYS, Inc. Proprietary May 5, 2009
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= = ow MUItipIe Steps Training Manual

- Results for each individual step can be viewed after the solution by
selecting the desired step and RMB >“Retrieve This Result”.

0. 53045

Max <
0 Min
i] 4e+0073 {rmm) ‘f‘l’<
[ I |
z

0.44024
2e4003
. Geometry A /00 RPrint Preview A Report Preview /S |
Select deSIred Wﬁa 3 Tabular DS
AT T |l = ] [l [[v Masdmum [mm]
Step and RMB to | Animation bi i) |m 1 | Q 10 Frames 2 Sec (Auto) 1_um Jilil 39.62;leum AL
. ; z | 9.9054
retrieve result - EXI
a0 29.716
20,
10,
0. T i T
0. 0.5 1 1.5 2, 2.5 3. 3.5 4.
| 1 [ z | B ———
= ‘Retrieve This Result
Messages !Graphics &nnotations. Timeline ¢
— — Setect Al = - =
weektic (o, kg, N, OC, 5, mY, mA) 2

il_f.ffr_\I;Messages ;_N_ougéle-:tion

May 5, 2009
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D. Loads and Supports e
- Loads and supports are thought of in terms of the Uy
degrees of freedom (DOF) available for the elements
used. Jﬁ'j_ux
* In solids the DOF are x, y and z translations (for
shells we add rotational DOF rotx, roty and rotz). Uz

- Supports, regardless of actual names, are always
defined in terms of DOF.

- For example a “Frictionless Support” applied to the
Z surface of the block shown would indicate that the
Z degree of freedom is no longer free (all other DOF
are free).

Frictionless surface

ANSYS, Inc. Proprietary May 5, 2009
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. . . Loads and Supports Training Manual

- Load types:

— Inertial loads:

» These loads act on the entire system.

- Density is required for mass calculations.

« These are only loads which act on defined Point Masses.
— Structural Loads:

- Forces or moments acting on parts of the system.
— Structural Supports:

- Constraints that prevent movement on certain regions.
— Thermal Loads:

« The thermal loads which result in a temperature field causing thermal
expansion/contraction in the model.

ANSYS, Inc. Proprietary May 5, 2009
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NANSYS

... Directional Loads

* Loads and supports having a direction
component can be defined in global or local
coordinate systems:

— In the Details view, change “Define By” to

“Components”. Then, select the appropriate CS
from the pull-down menu.

Load Supports Coordinate Systems
Acceleration No

Standard Earth Gravity Yes

Rotational Velocity Yes

Force Yes

Remote Force Location of Origin Only
Bearing Load Yes

Moment Yes

Given Displacement Yes

ANSYS, Inc. Proprietary

Cutling For "bracketz"

Training Manual

@ Project
= |&@] Model

= M Geometry

-5 lB Part 1

=] satw, CoOMdiNate Systems
o st Global Coordinate System
B ;L Coordinate System

s Mesh

= -;-[;j Static Structural
i Analdsis Settings

2 ﬁ.‘ Pressre

e Ea Frirtigrlace Sinmmvk

Details of "Force”

=l| Scope ]
SCoping Method 't.-':e_-:n Hetry Selection [
Geamekry ' 1 Fae [
=1/ Definition |
Define By Convgponents
Tvpe Force
Coordinate Swstem | Global Coordinate System -

A amponent
' i_omponent

~|Coordinate Svstem

palobal Coordinate System ]

E_Ccumpl:unent

| 0, N-{ramped}

Suppressed

iNu:u

May 5, 2009
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... Acceleration & Gravity L —y——

- Acceleration: @1 Acceleration
— Acts on entire model in length/time? units.
— Acceleration can be defined by Components or Vector.
— Body will move in the opposite direction of the applied acceleration.

- Standard Earth Gravity: & Standard Earth Gravity
— Value applied coincides with selected unit system.

— Standard Earth Gravity direction is defined along one of three global or
local coordinate system axes.

— Body will move in the same direction of the applied gravity.
- Rotational velocity: -, Rotational velocity

— Entire model rotates about an axis at a given rate.

— Define by vector or component method.

— Input can be in radians per second (default) or RPM.

ANSYS, Inc. Proprietary May 5, 2009
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... Forces and Pressures Training Manual

* Pressure loading: 5 pressure
— Applied to surfaces, acts normal to the surface.
— Positive value into surface, negative value acts out of surface.
— Units of pressure are in force per area.
- Force loading: & Force
— Forces can be applied on vertices, edges, or surfaces.

— The force will be evenly distributed on all entities. Units are
mass*length/time2

— Force can be defined via vector or component methods.

ANSYS, Inc. Proprietary May 5, 2009
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... Hydrostatic Pressure

; ./@-q Hydrostatic Pressure

- Hydrostatic Pressure:
— Applies a linearly varying load to a surface (solid or
shell) to mimic fluid force acting on the structure.
— Fluid may be contained or external.

« User specifies:
— Magnitude and direction of acceleration.
— Fluid Density.

— Coordinate system representing the free surface of the fluid.

— For Shells, a Top/Bottom face option is provided.

Internal External

ANSYS, Inc. Proprietary

© 2009 ANSYS, Inc. All rights reserved.

NANSYS

Training Manual

J ::-..:‘ ?'ﬁﬁj@e I kf ."h

Projeck
= @ Model
e M Geometry
i+ --,«;4:_ Coordinate Systems
# _4% Mesh
= =] Static Structural
; ,,:-"f\ Analysis Setkings
B, FixedSupport
/. Hiidiostatic Prassiie
—J@ Solution
e ,/lzl Solution Information
M Total Deformation

Details of "Hydrostatic Pressure”

[=I| Scope
_S-cuping Method  |Geometry Selection
Geametry |5 Faces
| Shell Face | Top

| Hydrostatic Acceleration

DefineBy  |Vector
Magnitude 9.8 mis?
Direction | Click to Change

| Definition

Type iHydrnstatic Pressure

"Suppressed | Mo

Fluid Density [ 1000, kgfm?
H|Free surface Location

Coordinate System | Coordinate System

;C-E_na;ainate D m

-‘:"Engr_dinate |E m

7 Coordinate 0. m

Location Click to Change

May 5, 2009
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... Bearing Load

- Bearing Load (force): -, Bearing Load

— Force component distributed on compressive
side using projected area.

- Axial components are not allowed.

» Use only one bearing load per cylindrical
surface.

Training Manual

— If the cylindrical surface is split be sure to
select both halves of cylindrical surface
when applying this load.

— Bearing load can be defined via vector or
component method.

y 3.1025e-6 Max
276676
243096
2095185
1.75%4e-6
1423626
1.0878e-6
7.5196e-7
4161687
L8 §.0365e-8 Min

4.4236e-6
3.5918e-h

1 1.9282e-6
1.0963e-6
2.6452e-7 Min

Bearing Load Force Load

ANSYS, Inc. Proprietary May 5, 2009
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... Moment Load

Training Manual

* Moment Loading : - .//% Moment
— For solid bodies moments can be applied on a surface only.
— If multiple surfaces are selected, the moment load is evenly distributed.
— Vector or component method can be employed using the right hand rule.
— For surface bodies a moment can be applied to a vertex, edge or surface.
— Units of moment are in Force*length.

ANSYS, Inc. Proprietary May 5, 2009
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Ean RemOte LOad Training Manual

- Remote Force Loading : . remote Force
— Applies an offset force on a surface or edge of a body.
— The user supplies the origin of the force (geometry or coordinates).
— Can be defined using vector or component method.
— Applies an equivalent force and moment on the surface.

— Example: 10 inch beam with a 1 Ibf remote force scoped to the end of
the beam. Remote force is located 20 inches from the fixed support.

A: Static Structural (ANSYS) F_1 Ibf
Skatic Skruckural
Time: 1. 5 Details of "Moment Reaction”
2}19}2009 7:47 AM Options
Results
. Femote Farce: 1, |bF IT — ST
wis . [BF+in
[B Fixed Support T fods T 960008 IbFin
Z Bxis -2, 1246e-007 Ibfin
Total 20, |bFin

Moment Reaction

ANSYS, Inc. Proprietary May 5, 2009
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. . . Bolt Pretension Training Manual

* Bolt Pretension: . i Balt Pretension

— Applies a pretension load to a cylindrical section using:

* Pretension load (force)

- OR

* Adjustment (length)
— For body loading a local coordinate system is required (preload in z direction).
— Automatic two loadstep solution:

+ LS1: pretension load, boundary conditions and contact conditions are applied.

+ LS2: relative motion of the pretension section is fixed and external loads are applied.

— For sequenced loading additional options are available (see next page)

Details aof "Balk Pretension” a

=l Scope

Scoping MetHu:u_d EGEDmetry Sélectiun

EEometry |1 Face
=l Definition
Type | Bolt Pretension
Suppressed Mo
Define By Load
| Preload 1000, N

0.00 60,00 {mmm)
I
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. . . Bolt Pretension — Sequenced Simulation ey

« The “Define By’ field in the details view provides the Detais of Bl Pretensir! p
following options for sequence loading: e e
— Load or Adjustment: as defined on previous page. ST\
— Lock : Fixes all displacements (load applied and held). e Bolt Pretensian
— Open : Leaves the pretension load “open” (no pretension). mf __f:ad =
F‘relu:u:aul:l ﬁ?ﬁ&_h.h““
Adjustment
Qpen

Geometry A0 oho DA Pring Preview A Report Preview
Details af "Bolt Pretension” a i ¥ A A ARep /

Sl Scope Tirmeline q : o
roping Mothod |Gaametry, SHlettion 1. ! I:Ii)el“ima B |D17 Preload [M] |Ni7m.ﬁ.diustment [mm]
ol okt el : ; o0& s
Geamekry 1 Face Load 0. (T
[=]} Definition fran [MEA
Tvpe Balt Pretension IES
Suppressed Mo

R el

- Bolt Load Tips:
— 3D simulations only.
— Cylindrical surfaces or bodies only.

— A refined mesh is recommended (at least 2 elements
in axial direction).

ANSYS, Inc. Proprietary May 5, 2009
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. .. Line Pressure Training Manual

* Line Pressure loading : . Line Pressure
— Applies a distributed force on one edge only for 3-D simulations, using
force density loading.

— Units are in force/length.

— Can be defined by :
* Magnitude and Vector
- Magnitude and component direction (global or local coordinate systems)
* Magnitude and tangential

Details of “Line Pressure” n
=| Scope
Scoping Methed | Geomstry Selection
Geomekry |1 Edge
=I| Definition
:Eﬁh&iﬁy Wectar -
e [lcomponents
_hﬂ_.?@itude Eﬁ[zg@;ntlal .............
Direction TNCE, O e
Suppressed__i [

ANSYS, Inc. Proprietary May 5, 2009
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... Supports

* Fixed Support : ., Fixed support

— Constraints all degrees of freedom on vertex, edge, or
surface

- Solid bodies: constrains x, y, and z

Training Manual

- Surface and line bodies: constrains x, y, z, rotx, roty and Details of "Displacement" 7
rotz B|Scope. .
. . . Scoping Method |Geu:|metry Selection
- Given Displacement : . Displacement [Geometry |1 Face
— Applies known displacement on vertex, edge, or surface |50
— Allows for imposed translational displacement in x, y, Type |Displacement
and z (in user-defined Coordinate System) e s G ot i
— Entering “0” means that the direction is constrained, 2 Component | Free )
leaving the direction blank means the direction is free. Suppressed  |No
* Elastic Support : /2 Elastic Support
. . tails of “Elastic Support” 7
— Allows faces/edges to deform according to a spring s .
behavior. (Scoping Method | Geometry Selection
— Foundation stiffness is the pressure required to produce _ > LT=8
unit normal deflection of the foundation i T
| Suppressed Mo

'Faundation Stiffress 1, Mfmme

ANSYS, Inc. Proprietary May 5, 2009
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... Supports

* Frictionless Support: ./ Frictionless Support
— Applies constraints (fixes) in normal direction on surfaces.

— For solid bodies, this support can be used to apply a ‘symmetry’ boundary
condition.

— Examples...

Training Manual

Fixed in radial
direction

ol I
i o
=T

o Fixed translation
Free translation in ¢y outof plane of K
plane of support support Free in tangential }—"
and axial
directions '

ANSYS, Inc. Proprietary

May 5, 2009
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Ean S U p pO rtS Training Manual

- Cylindrical Support: /% Cyindiical Support
— Provides individual control for axial, radial, or tangential constraints.
— Applied on cylindrical surfaces.

Radial >4
<

—y o
[=]| Scope

Scoping Method | Geometry Selection

Geomekry 1 Face
= Definition

Tvpe | Cylindrical Suppark

Radial Fixed

Fizxed
e AR : FrEE £
Suppressed Mo

Example .. ..

ANSYS, Inc. Proprietary May 5, 2009
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... Supports (Solid Bodies) ———

- Compression Only Support : ./ Cemeressian Sy Suppsrt
— Applies a constraint in the normal compressive
direction only.

— Can be used on a cylindrical surface to model a
pin, bolt, etc..
— Requires an iterative (nonlinear) solution.

- ed
Force F*

Compression Only

ANSYS, Inc. Proprietary May 5, 2009
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... Supports (Line/Surface Bodies) —

» Simply Supported : .2 Simoly Supported
— Can be applied on edge or vertex of surface or line bodies
— Prevents all translations but all rotations are free
* Fixed Rotation : .9 Fixedrotation
— Can be applied on surface, edge, or vertex of surface or line bodies
— Constrains rotations but translations are free

Translation fixed Translations free
Rotations free Rotations fixed
Simply Supported Edge Fixed Rotation Edge

ANSYS, Inc. Proprietary May 5, 2009
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... Thermal Loading

Training Manual

* Thermal condition :
— Applies a uniform temperature in a structural analysis.
— Appears under “Loads” in structural analysis.
— A reference temperature must be provided (see next slide).

CEl Lnads - CEk Supparts - | Ew

-

I . Pressure E
. Hydrostatic Pressure Details of "Thermal Condition®
L Force = Scope

< "l Remate Farce Scoping Method | Geometry Selection
QJ',, Beating Load Geometry 1 Body

u =" Bolt Pretension [=l| Definition

;I G, Morment Type Thermal Canditian

1

5 J Generalized Flane Strain 100, *C {ramped)
. pap Suppressed Mo

ﬂ Thermal Condition
‘g Joint Load

CEL Fluid Salid Interface
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... Thermal Loading

Training Manual

- A temperature differential can cause thermal expansion or
contraction in a structure:

— Thermal strains (g, are calculated as follows:
X o) — ol —
gth o gth o gth o OJ(T Tef)

— o =thermal expansion coefficient (CTE material property).
- T, = reference temperature (thermal strains are zero).
— T =applied temperature (see previous slide).

— Reference temperature is defined in the environment branch (global)
or as a property of individual bodies.

_- Project ﬂ
1 =] Project ﬂ S [ Model (A4)

= - Model (A4) E| ----- ‘,ﬁ Geometry

E ﬁ Geometry b Part 1 -
"""" = = M
Details ¢ of "Park 1" o Graphics Properties
Graphics Properties Details of “Static Structural’ n El| Definition
[=l| Definition =| Definition Suppressed Mo
= StiFfness Behavior Flexible
Suppressecl e Ph';.-'SiCS Type |Structural oo dio o Foro Cof ok oo dic ot Foro
Stiffness Behavior Flexible Analysis Type Statlc Structural

Reference Temperature [l -

Cooedinste Swcbam Diefsult Coordinate Shsten

Reference Temperature | Environment g, -LE tons Body Temperature 22, °C
L Reference Temp |22, °C I I pora—
T
Bounding Box
Bounding Box = -g
_ Properties

Properties —

. Statistics
Statistics

ANSYS, Inc. Proprietary May 5, 2009
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... Solving the Model

Training Manual

* To solve the model click on the “Solve” button on the Standard Toolbar.
— Two processors used if present (default).
— To set the number use, “Tools > Solve Process Settings”.

[roos s (| 35 il G
Il itite ANSYS INput Files, A —

I - Hiead Ani5TS Result Files... Max number of utilized processars: |4
- Ypite FLUENT Input File..,

| Manually specify ARSYS memory settings

Solve Process Setkings. ..

i Warkspace: |U [ME

1 Fff; Parameter Manager...

- Database: |D [ME
Additional Command Ling Arguments:

Solve Process Settings | N ﬂ

[ : (0] 4 Cancel
e e Add Local | Cormputer Sektings
My Computer, In Process |
Aadd Remote I
Set as Defatl |
Rename I

Deleke I (04 Cancel

License: | ANSTS Multiphysics =1
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E. Workshop 4.1 — Linear Structural Analysis Training Manual

- Workshop 4.1 — Linear Structural Analysis

« Goal:

— A 5 part assembly representing an impeller type pump is
analyzed with a 100N preload on the belt.

ANSYS, Inc. Proprietary May 5, 2009
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F. Results and Postprocessing e

- Numerous structural results are available:
— Directional and total deformation.
— Components, principal, or invariants of stresses and strains.
— Contact output.
— Reaction forces.

* In Simulation, results may be requested before or after solving.

— If you solve a model then request results afterwards, click on the “Solve”
button | -/ , and the results will be retrieved.

— A new solution is not required.

ANSYS, Inc. Proprietary May 5, 2009
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... Plotting Results

Training Manual

- Contour and vector plots are usually shown on the deformed geometry.
- Use the Context Toolbar to change settings.

I\ ANSYS Workbench [ANSYS Multiphysics] M=l
| File Edit ¥iew Units Tools Help |J ol ﬁ E E | 0 M ‘ E}Newnna\ysis - T}Solve > | Eﬂ 'H_h'rf '

[T i hhmB&-seaaa@aa im0

| /& 20selection o O visihiicg - s noresdion -
|Result 1.98+003 (ko Scale) w - B-w-3 | By | ([ESiProbe

e Comrersion  Acceleraton U mfs?

Cutline n
=] Project
=) Maodel
/B Geometry
ﬁ Surface Body
=1 B Mesh

[ Mapped Face Meshing
= _,[}] Static Structural
: "f;"; Analysis Settings
), Fied Support
« Force
@ Solution
JD] Solution Information
o M Equivalsnt Stress
- 3 Tatal Defarmation

0.00064311

Dietails of "Tatal Deformation” o 0.00032155
=l Scope | 0 Min
Geometry |A\I Bodies
1=l Definition
Type |Total Deformation

Display Time |End Time:

=l Results
| Minimum |El‘ i
Mazimum | 2,894=-003

1+/| Information
s Geometry A 00 -T:'}\F‘rint Prev iew)\Rg:Drt F‘review/ \
Timeline 1 Tabular Data 1
|A’n\matiun ’! ) !luj] [ ! Q 10 Frames w 2 35ec{fuko)
1.
1
0. B
Messages ‘ Graphics Annotatloﬁ\s.l Timeline | m | ‘)‘
Press F1 for Help !l‘gl Mo Messages }Nn Selection” |Metric (mm, kg, M, °C, 5, mY, mA} i
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Ean DEfOrmatiOn Training Manual

- The deformation of the model can be plotted:

md Defarmation = hfg Skrain =

— Total deformation is a scalar quantity: =
Toakal
ﬁj Directional
_ 2 2 2 @ Total Yelociky
Utotal o \/Ux + Uy + UZ : Ciireckional Velocity
o |

— The X, y, and z components of deformation can be
requested under “Directional”, in global or local coordinates.

— Vector plots of deformation are available (see below).

0,0019293
0,0016075
— o.oniessz
—| 0.00096466
0.00064311
0.00032155

May 5, 2009
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... Stresses and Strains

- Stresses and strains:

— Stresses and (elastic) strains have six components
(x, v, z, Xy, yz, xz) while thermal strains have three components (x, y, 2)

— For stresses and strains, components can be requested under “Normal” (x, y, z)
and “Shear” (xy, yz, xz). For thermal strains, (X, y, z) components are under
“Thermal.”

— Principal stresses are always arranged such that s1 > s2 > s3

— Intensity is defined as the largest of the absolute values
* 81-s2,s2-s3ors3-sl

Training Manual

éEIEStrain - B siress - | %\_PE ﬁ,j atress - | %F‘ruhe i

L Equivalent (von-Mises) ﬁ,j Equivalent (won-Mises)
8, Maximum Principal
| B Middle Principal

L, Minimum Principal

B Maximum Principal
ﬁ,j Middle Principal

B, Maximum Shear m,j Minimurm Principal
W, Intensity B Maximum Shear
Ema sl m,j Intensity

.iﬁs Shear ﬁ,j N

o By m,j Shear

ﬁs Yeckar Principal

B veckor Principal

VL Thermal

I B Error
| W, Equivalent Plastic
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. Stress Tools e

- Safety Factors (choose from 4 failure (@roos - | B
theOrieS): IIEI Stress Tool

! El Fatigue Tool

— Ductile Theories: @] Contsct Tool

. . |@ TG o
« Maximum Equivalent Stress |
. Maximum Shear StreSS l Stress Tool [ Safety Factor [ Safety Margin [ Stress Ratio

— Brittle Theories: Outline
&| Project

 Mohr-Coulomb Stress = @Mudel
&=k ,,@ Geomekry

« Maximum Tensile Stress -y Surface Bady
= ,,% Mesh

— Within each stress tool safety factor, safety /8 Mapped Face Meshing

. - ,;E] Static Structural
margin and stress ratio can be plotted. | j.@ sl etings
ixed Suppor

ﬁ, Farce

M Solution
_ /{_l Solution Inforrnation
‘,ﬁ Equivalent Stress

...............

SR RN TR

i ;ﬁ Salﬂatyf Faikor
M3 Stress Ratio

Details of "Stress Tool"

= Definition

Theory Max E-E.l_ivalent%i:ress

Stress Limik Typeﬂ Tensile Yield Per Material
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... Contact Results Training Manual

- Contact results are requested via a “Contact
Tool” under the Solution branch.

| TDC'|5 = | E ICDnlzact Tool E,: Conkack -
Skress Tool

[E Fatigue Tool

[@ Zontact Tool I

ﬂ Biesar Tool

ILIniI: Corversit B Frictional Stress

Cutline Far "Ba ﬁc Pressure
W sliding Distance

ﬁc Penetration

P
EI,,E - Gap

3 ]
0.000 0,675 1.350 2.025 (in) \(
1 ——
| E— | X
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... Contact Results Training Manual

- Select the contact region(s) for the Contact Tool (2 methods):

1. Worksheet view (details): select contact regions from the list.
- Contact, target or both sides can be selected.

2. Geometry: select contact regions on the graphics screen.

JFiIe Edit Wiew Insert Units Tools Help |J = | | 9 | -} salve ‘ -]
| L% & EollEls saaenls nol)lsE + Bsalection + O visibilty » [Z|5uppression -

JContact Tool [ | B Contact -

tlr:mct | Contact Tool =

E| [§3] Model

LB Contacts
Geametry : l—LI
:gContact Selection | A1 COrACts Add | Remove |

| A Mesh Contact
[
. [El-glg8 Environment Side |BOth 2 Apply

=l Selution

E| Contact Taol For additional options, please visit the context menu For this table {right mouse button)
© M Status
_//% Thermal Strain I MName | Contact Sidel I
B [:I Engineering Data bracket-1 T Yoke_male-1 Both
G- [2] Struckural Steel bracket-1 Ta Yoke_female-1 Both
Yoke_male-1 To spider-1 Both
‘Yoke_male-1 To pin-2 Both
‘foke_male-1 To pin-3 Both
“oke_male-1 To crank-assy-l@crank-shaft-1 Bath
spider-1 To Yoke_Female-1 Both
spider-1 To pin-1 Both
spider-1 To pin-2 Both
Details of "Cantact Taal ‘ spider-1 To pin-3 Eoth
=l scope oke_female-1 To pin-1 Both
Method | Worksheet crank-assy-1@crank-arm-1 To crank-assy-1@crank-knob-1 Bath

Geometry ; Worksheet APrint Preview hReport Preview 00 5t/ ]
| ‘No Selection U5, Customary {in, bm, IbF, °F, 5, ' 2
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User Defined Results e —

* In addition to the standard result items one can insert “user defined”
results.

- These results can include mathematical expressions and can be
combinations of multiple result items.

* Define in 2 ways:
— Select “User Defined Result” from the solution context menu

| FA_|ser Defined Result

- | R |inearized Stress = | %F‘rnbe - || Tools 4

— OR - From the Solution Worksheet highlight result > RMB > Create User
Defined Result.

User Defined Result Expressions

Twpe | Data Twpe | Diakta Skyle | Component | Expression | Cubpuk Unit |A
] Modal Scalar " 11 Displacement

] Modal Scalar i (NKy Displacement

] Modal Scalar z 1z Displacement

] Modal Scalar aur 150 Displacement

] Modal Weckor —aeL T T O ) 2 Displacement

3 Element Modal Scalar Create Lser Defined Resulk Stress

3 Element Modal Scalar Stress

= Flarnank kladzl Sralar 7 L= Shrace
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. .. User Defined Results m——

 Details allow an expression using various

basic math operations as well as square gl
root, absolute value, exponent, etc.. I i
° User defined reSU"S Can be Iabe"ed With a T 1. User Defined Result IStrESS
user “ Id e nt ifi e I', ’ . M EEu?vaI:nTET:?eISD:E
i i I A Total Deformation 3
- Result legend contains identifier and L
ex p ress i o n ] n:et ser Defined Result
Scoping Method Geometry Seleckion
Geomekry &l Bodies
[=| efinition
Type IJser Defined Result
Expression = sqrb{Ux~2+02+HUZ2)
Input Unit Swskem Metric (mm, kg, N, 5, mi, ma)
Cakpuk nik Displacement
B Time
Display Time Last

Coordinate Syskem Global Coordinate Swvstem

Calculate Time Hiskory | Yes
Identifier v _DSum I

=l| Results
Minirnrn 0. mm
Mazirmun 2.00212-00Z mm

'D\DDEEEf’rS
0 Min
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G. Workshop 4.2 — 2D Structural Analysis e Al

Workshop 4.2 — 2D Structural Analysis
« 2D structural analyses.
« Shown here is the 2D axisymmetric model.

Pressure Cap Retaining Ring
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