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WS Goals

Workshop 7.2 consists of a flange containing 2 parts. The fasteners holding the flange
together are not modeled. Instead we’ll use Mechanical’s beam feature to simulate them.
We’'ll then use a remote force to represent a structural load whose line of action is located
some distance from the flange.
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AWSYEH Assumptions

We'll assume the mount is fixed to some larger assembly.
As noted, we’ll use the Body to Body bolt feature to simulate the fasteners.

Finally, a remote load (X = 1000 N) scoped to the flange face and located at Z = 100 mm..
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Project Schematic

From the Toolbox insert a “Static [ Anaivas Systems
Structural” system into the Project - e 7 A
. 24 Harmonic Response 1
SChematlc- 23 Linear Buckling / 2 | & EngineeringData 4
g r::::lom Vibration 2 '@ Seometry il
U Response Spectrum : : Model < 4
igid Do Setup 2 4
2. From the Geometry cell, RMB and .“COmonents,,tes [ IS 2
Static Structura
“Import Geometry > Browse”. Import o e
esign Exploration

the file “Flange Mount.stp”.

- A

fll = static Structural
2 & Engineering Data + 2
3 |@ Geometry 2 | b

L i —
: . T
3. Double click the “Model” cell to start e
the Mechanical application. 3 3
6 ) Solution ? :
7 @ Results =

Static Structural
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IA\\'NNEW Preprocessing

4. Set the working unit system:
® “Units > Metric (mm, kg, N, s, mV, mA)”.

Units Tools Help |J @D =i | isolve =

Metric (m, kg, N, 5, V, &)

Metric (cm, g, dyne, s, V, A)
|7 Metric (mim, kg, M, s, mv, ma)

Metric (mm, £, N, s, mV, mA)

4 Metric (mm, dat, N, s, mv, ma)
Metric (pm, kg, pM, s, W, ma)
U.S. Customary (ft, lom, Ibf, °F, s, V, A)
U.S. Customary (in, lom, Ibf, °F, s, W, A)

|~ Degrees
Radians

’7 rad/s

RPM

’7 Celsius (For Metric Systems)
Kelvin (For Metric Systems)
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IWWNYEN . . . Preprocessing

5.

Change the contact region behavior:
a. Highlight the contact branches.

b. From the detail window change the contact type to
“frictionless”.

Note: frictionless contact is nonlinear. We are using
frictionless contact because this behavior allows separation.

5b.
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| Fiter: name -

Project

= & Model (A4)
-4 Geometry

=48 Connections
=@l Contacts

-+ Coordinate Systems

2 adl®

[ “IKI Frictionless - Flange To Mount I 5 a .

....... %y Mesh

2] Static Structural (AS)

=| Scope
Scoping Method Geometry Selection
Contact 1 Face
Target 1 Face
Contact Bodies
Target Bodies
= ition
Type Frictionless |
[Scope Mode ALtomatc

Behavior

Program Controlled

Trim Contact Program Controlled
Trim Tolerance 0.39449 mm
Suppressed No

Advanced
Geometric Modification




AW NYEN . . . Preprocessing

6. Add beams to model fasteners:

(=] Project

5 Iy ! —- (&3] Model (A4)
a. Highlight the connections branches. B ?’ -:1@ Ge::etry
&3 & i ystems
6a. || Comection]
b. From the connections context menu choose “Body-Body ! : >
> Beam”.
Mobile
“2,Body-Body ¥ &N Body Views
@ Fixed
% Revolute
The scope of the bolted S i
o . % Transiational
connections is shown 2 oo
3" Univer:
here for clarity. The next . S opoen
. . ' —— "‘:‘ General
several slides describe the —— % Bushing
procedure. || ——
Reference | ‘ 6b. “ ¥ Beam
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IWWSYEH . . . Preprocessing q.

| Fiter:  name = 2 {3“

7. Add beam details: B model () -

-, M Geometry
-k Coordinate Systems

a. Enter “5” mm for beam radius. 7 Connectons

EI Contacts
: W Ericti

— Note, structural steel is the assumed material (= o v orge | =
b. Scope the Reference side of the beam as shown. fa. | [omes
IRadius - Sr;m 1
5le]
=| Scope
Scope [Body-Body
=|Reference
Scoping Method Geometry Selection
Applied By Eomate Atachmant

Scope 1 Face
N Body
Coordinate System

Reference X Coordinate | 5.7954e-016 mm

Reference Y Coordinate |40. mm
Reference Z Coordinate |-9. mm

Reference Location Click to Change
Behavior Rigid
Pinbal Region Al
= Mobile
C. Scope the Mobile side of the beam as shown. Scoping Method __[Geometry Sekcion

Scope [11 Face
7C. | |k
Coordinate System
Mobile X Coordinate -4.4318e-016 mm
Mobile Y Coordinate 40. mm
Mobile Z Coordinate 7. mm
Mobile Location Click to Change
Behavior Rigid
Pinball Reaion Al

Note: the designation of which
face is to be reference or mobile
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WWNYEN . . . Preprocessing

8.

9

Change beam behavior:

a. Change the reference behavior to
“Deformable”.

b. Change the mobile behavior to “Deformable”.

* Alternatively, the user may wish to select the
reference face and the mobile face prior to
creating the beam. In cases where the reference
and mobile entities are inter-changeable this
could offer time savings.

Repeat steps 6 through 8 for the remaining three
holes.
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=

Graphics Properties

Definition

Material

Structural Steel

Cross Section Circular

Radius 5. mm

Suppressed Mo

Scope

Scope [Body-Body
Reference

Scoping Method Geometry Selection
Applied By Remote Attachment
Scope 1 Face

Body

Coordinate System

Global Coordinate System

Reference X Coordinate

5.7954e-016 mm

Reference ¥ Coordinate |40. mm
Reference Z Coordinate 29, mm
Reference Location Click to Change
8 a . Behavior Deformable
Pinball Region All
= Mobile
Scoping Method Geometry Selection
Applied By Eemote Attachment
Scope 1 Face
Body

Coordinate System

Global Coordinate System

Mobile X Coordinate

-4.4318e-016 mm

Mobile ¥ Coordinate 40. mm

Mobile Z Coordinate 7. mm

Mobile Location Click to Change
8 b [ Deformable

Pinball Region [ Al




AWSYEE Environment

9. Add a remote force:

a. Highlight “Static Structural” in the 93 s;a_ictructura-cm
tree. : Tl

9b.

_

b. Select the flange face shown.

C. RMB > Insert > Remote Force.
T
= scope | ) abandon RSt ovs Geta) . S
Scoping Method Geometry Selection @, Hydrostatic Pressure
Geometry 1 Face & Isometric View B Erres
Coordinate System | Global Coordinate $yphass ﬁ Set .
X Coordinate  |0. mm 9C .
Y Coordinate  |0. mm 9d . . Restore Defauk <, Bearing Load
7 Coordinate 100. mm | I @, Zoom To Fit (F7) . Bolt Pretension
o B‘JEL;[:;:KI}“ L N R e W ] ]
D (Beta) 42 d. Set the location to 0, 0, 100 as shown.
Type Remote Force
¥ Component 0. N (ramped) 9e . .
pzconponent 5. W (iampe) e. Switch to the component method and
Behavior Deformable enter X component = 1000 N.
Advanced
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NWNYEH . . . Environment

10. Apply the fixed support to the mount: — &G e
: : “« A ” =R
a. Highlight the “Static Structural” branch. & “Q A | 10a.

b. Highlight the mount surface shown.
C. RMB > Insert > Fixed Support.

Go To » @] Standard Earth Gravity
@‘, Rotational Yelocity

Q Hide Body
Q Hide all Other Bodies Bl Pressure
—, ®., Hydrostatic Pressure
Suppress Body
— . L, Force
Suppress All Other Bodies
&, Remate Force
Q Hide Face(s) % Moment
(J\' “
) Isometric Yiew @ tosd
1 O 1=0 B, Fluid Solid Interface
b 52 set
3% Restore Default 1 O C ) Fixed Support
Zoom To Fit - 2, Displacement

> §1, Remote Displacement

Cursor Mode
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IAWSYEH Solution

11. Highlight the “Analysis Settings” and from the details window
change “Weak Springs” from “Program Controlled” to “Off”.

Note : Because of the presence of frictionless contact
Workbench-Mechanical will trigger the use of weak springs
during the solution. If we know the model is fully
constrained we can turn off this function.

12. Solve the model:
® Choose solve from the tool bar or RMB in the tree and choose

= (&3] Model (A4)
- AB@ Geometry

#- sz Coordinate Systems

11

1 ,,@ Connections

=
2
=l _{—] Static Structural {(A5)
. FREE =

,/S?‘n Remote Force

« ”
Solve”. | Fle Edit View Units Tools Help |J @ —i| -/sole

./@« Fixed Support
= Ag3] Solution (AB)
Y] Solution Information

Details of "analysis Settings" 2

- Step Controls

Mumber OF Steps 1.

Current Step Number | 1.

Step End Time 1.s

Auto Time Stepping Program Controlled
-1 Solver Controls

rogram Controlled
Wweak Springs Program Controlled -
T "roaram Controlled

OfFf

Inertia Relief

T Mnnknn s Canbaal
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A\WNYGSH Postprocessing

13. Add results to solution:
a. Highlight the solution branch:

b. From the context menu, choose Stresses > Equivalent (von-Mises) or RMB > Insert > Stress >
Equivalent (von-Mises)

C. Repeat the step above, choose Deformation > “Total Deformation”

14. Solve again.

* Note: adding results and re-solving the model will not cause a complete solution to take place.
Requesting new results requires only a re-read of the results file.

* Alternatively, the requested results can be process by RMB on Solutions and pick Evaluate All

.
Results options
-~ %, Probe - [@] Too solutiorl| 3, Deformation ~ 9% Strain ~ %8 Stress ~
I 13C utline % Directional i1

Solution @Deformation - ﬁg Strain 4

Unit Conversion  Ac

Outline 1 3 b 5 Maximum Principal . utline. | L=
=] Project . & Middle Principal |_§J P'é;: »
= =] Model @5 Minimum Principal =
+! @ Geometry 7 -
= :@3 Einnections T Maximum Shear =3
5 i =
%@ Mesh - Intensicy = [=] Static Structural
= =] Static Structural B Normal 2N Analysis Settings
w21 Analysis Settings @0_ Shear B Remote Force
'/8‘, Remote Force I3, Fixed Support
i BRart t | & vector Principal m
- &3] Solution ~_¥] Solution Information
- BTe®n Informa @D- Error M3 Equivalent Stress
a. i #a Total Deformation
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WA SYEN . . . Postprocessing

For beam connections, no contours are displayed however results can be obtained using a
Beam Probe (see step 15).

Beam
Connections
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WSS . . . Postprocessing

By turning on Auto Scale from the context menu (magnifying displacements) you can see the
tendency for the flange to separate due to the remote force.

JResuIt 1.4r:~.+ 02

w0 0.0 (Undeformed)
- 11.0 {True Scale)
& Prdes (0.5x Auto
SR 1. 42+002 (Auto Scale)
#|2.7e+002 {2x Auto)
| 6.8e+002 {Sx Auto)
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IWWNYEN . . . Postprocessing

15. Retrieve results for beams:

16

a. Highlight the 4 branches representing the circular beams.

b. Drag and drop the beams on to the Solution branch.

C. RMB > Evaluate All Results.

A sample of one of the
details windows for
the beam sections
shown here displays
the various results

available
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LE e, DUl IdLe Dy sLeins

= ,,Qﬂ qunections
= Gl Contacks

% A Circular - Mount To Flange

-/ Definition
Type Beam Probe
Boundary Condition | Circular - Flange To Mount
Suppressed No
- Options
Result Selection All
Display Time End Time
+ Results
-/ Maximum Value Over Time
Axial Force 20376 N
Torque 1,7833 N-mm
Shear Force At1 360,49 N
Shear Force AtJ 360,49 N
Moment At I 6537,7 N-mm
Moment At J 771, N-mm
= Minimum Value Over Time
Axial Force 20376 N
Torque 1,7833 N'-mm
Shear Force At1 360,49 N
Shear Force AtJ 360,49 N
Moment At I 6537,7 N'-mm
Moment At J 771, Nmm

+ Information

v Analysis Settings
‘/ﬂ_‘u Remote Force
- ¢@, Fixed Support
=53] Seolution (A6}
- J_;_J Solution Information
A3 Total Deformation

ress
,/Qi Beam Probe
/Q?l Beam Probe 2
& Beam Probe 3

15b.

qu Beam Probe 4

2, Fixed Support

s " Insert

1 5 C F ~ 7 Evaluate All Results




WNYRHN . . . Postprocessing

16. Review FE Connections:

,/1313, Fixed Support

a. Highlight the Solution Information Branch. = dSel
“u . « sl ctca. ) . T8 ” “ 4] Solution Information 1 6 a
b. In the “FE Connection Visibility” section set “Display” to “All s~ -
o) quivalent Stress

FE Connectors”.

C. At the bottom of the graphics window change to the
Graphics tab.

[=l| Solution Information

;50lution Qutput iSoIver Qutput
\Mewtorn-Raphson Residuals |0
[Update Interval 255
"’Dfisfﬁlla?ﬁa{ht’s all
<] | FE Connection Visibility
Activate Visibility [ves

16c. || Worksheet e 100,

|Draw Connections Attached To |

i,LTF,';,O,IC',r— Beam Based
Visible on Results Weak Springs
|Line Thickness Mone
bk

lDispIay Type Lines
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NWNYEN . . . Postprocessing

* The figure on the left shows all constraint equations written as a result of the
remote force and the beam connections.

* On the right the beam connections are shown.
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