ME 24-688 — Week 9
Assembly Simulation Analysis

Determine Stress in an Assembly

1.1 Project 3 — Determine Stress in an Assembly

In this project, you determine the stress areas within an assembly. You apply contacts, edit contacts,
apply loads and constraints, run the analysis, and view the results.

Please note that this analysis is performed at one position of the engine and does not include inertial
forces. There may be other positions of the assembly that result in higher forces in the bearings. Dynamic
Simulation can be used to solve for the inertial forces and to help you locate the position that results in

the highest forces in the components.

Type: Contact Pressure
Unit: MPa
12/31/2011, 12:55:25 AM
1384 Max

1107

0 Mn
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1. Open Analyze Assemblies.iam from the location of your project files.

2. Enter the Stress Analysis environment by picking Environments | Begin | Stress Analysis

from the Ribbon.

Stress
Analysis

3. Onthe Manage panel, click Create Simulation.

4

Create
Simulahion
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4. Inthe Create New Simulation dialog, do the following:

= Enter Strength Validation for the Name.

= Confirm that Static Analysis is selected on the Simulation Type tab.

= Confirm that Bonded is the Default Type of contact. This will assign bonded contacts
between parts by default. They can be edited later if required.

Create New Simulation l

Name:

Strength Validation

Design Objective: LSingIe Point v ]

Simulation Type | Model State I

[ Detect and Eliminate Rigid Body Modes
[] separate Stresses Across Contact Surfaces

[ Motion Loads Analysis
Part Time Step

Connecting Rod: 1 . No time steps exported

() Modal Analysis

Number of Modes 8
Frequency Range 0.000 - | 0,000

Compute Preloaded Modes

Enhanced Accuracy

Contacts
Tolerance Default Type
0.010 cm |Bonded
Normal Stiffness Tanaential Stiffness
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5. Inthe Create New Simulation dialog, click the Model State tab.

®=  Confirm the Design View is set to Default.
= Confirm that Positional and Level of Detail are both set to Master.

Create Mew Simulation

Mame; Strength Validation

Design Objective: lSingIE Point x

Simulation Type | Model State |

Representations

F Design View

[Defauit | v]
F Positional
[Master v ]

fA™  Level of Detail

lMaster A ]

Ppp— |

6. Click OK to dismiss the Create New Simulation dialog and create the new simulation.

7. Expand the Analyze Assemblies assembly node in the Browser.
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8. Right-click Bolts:1 in the Browser and choose Exclude from Simulation from the Browser menu

- @Pin:3
- () Pin:4

e Bolts: g
Repeat Create Simulation
[::] Const % ki

— &p Material —a%&-&%ﬁwlm@_
— & Constrain{ Open

— & Loads Isolate

= Right-click Bolts:1 again and choose Visibility from the Browser menu.

Filho

3 @Pm -

& @%m

- I::] Constrain l:*_I Repeat Create Simulation
— &p Material v Exdude From Simulation
— &8 Constraints Open

« Loads Isolate
— ™ Contacts St
| n ' Undo Isolate

By Vs W Visbiity
— B Results + Enabled by

Expand All Children

9. You now add contacts to the model by first adding automatic contacts and then modifying some
of the resulting contacts.

= Click Contacts | Automatic from the Ribbon to apply automatic contacts.

o i
2= Automatic

= Bonded contacts are applied to all locations per the default settings.
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10. In the Browser, expand the Contacts folder. Click to expand Bonded.

— & Constraints

— o8 Loads

[ ;™ Contacts

= BB Bonded
B Bonded: 1 (Head: 1, Engine Block: 1)
B® Bonded: 2 (Engine Block: 1, Piston: 1)
B Bonded: 3 (Engine Block: 1, Piston: 1)

Moo A 'Emmine Blarks 1 Dickan: 1)

11. Select all of the contacts between the Engine Block and Piston (14 in total). Right-click and
choose Edit Contact from the Browser menu.

=4 Contacts
= B Bonded
— B Bonded: 1 (Head 1, Englne Block: 1)

—I Stm&ﬁ

— T copy

— B TN G| Find in Window End
_- me'-'

[~ % . felgle e B g pieyptageioie cwwmaney e g

=l Bonded: 11 (Engine Block: 1, Piston:3
=l PPonded: 12 (Engine Block: 1, Piston:3
= Bonded: 13 (Engine Block: 1, Piston:4

— B Bonded: 16 (Crank: 1, Shaft Segment:3)
™8 ponded: 17 (Crank: 1, Shaft Seament:4)
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12. When the Edit Contacts dialog appears, change the Contact Type to Sliding / No Separation.
This will allow the parts to move but not separate from each other as they move up and down the

cylinders.
Edit contacts T @
Contact type Selections
[Sliding / No Separation v] I 1 [' 2 (¥
Normal Stiffness Tangential Stiffness
0.000 N/cm 0.000 Njcm
OK ] [ Cancel ] Apply

= Pick OK to continue.

13. Review the changes in the Browser. Notice the edited contacts now appear under the Sliding/No
Separation node in the Browser.

— M bonded:</ (Connecung Rod:4, Fini<)
& sliding / No Separation

= sliding / No Separation: 1 (Engine Block: 1, Piston: 1)

— &8 Sliding / No Separation: 2 (Engine Block: 1, Piston: 1)

= sliding / No Separation: 3 (Engine Block: 1, Piston: 1)

¥ Sliding / No Separation:4 (Engine Block: 1, Piston:2)
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14. To allow the connecting rods to rotate freely on the crankshaft, change the 12 contacts between
the Crank and Connection Rod to Sliding / No Separation.

e Conaed. 1/ (Lranki 4, shart segmenti=y)

= Bonded: 18 (Crank: 1, Connecting Rod:2
al  Bonded: 19 (Crank: 1, Connecting Rod:2

all Bonded: 20 (Crank: 1, Connecting Rod:2
— B Bonded: 21 (Crank:2, Shaft Segment:2)
— B Bonded: 22 (Crank:2, Shaft Segment:3)
—
—
—
— B Bonded: 26 (Crank:3, Shaft Segment:2)
— BB Bonded: 27 (Crank:3, Shaft Segment:5)
—
—
—
— BB Bonded: 31 (Crank:4, Shaft Segment: 1)
— [ Bonded:32 (Crank:4, Shaft Segment: 5)
—

— R onded 34 Crank 4, Connecting Rod
=l |Bonded:35 -4 .
— B Bonded: 36 (Pnst0| &epeat Automabc Contacts

— B Bonded:37 @lsm‘%
— B Bonded: 38 (Pistoj  Suppress

— B Bonded: 39 (Pistot Canv

15. To allow the wrist pin to rotate freely in the connecting rod, change the four contacts between the
Connecting Rod and Pin to Sliding / No Separation.

B Bonded: 43 (Piston'4 Pin:3)
| |Bonded:44 (Conn :
[ Bonded:45 (Conne E' Repeat Automatic Contacts
| PBonded:46 (Conne’'=
B EAGNE  Suppress

& sliding / No Separation Copy

Mesh (), Find in Window End

[ [ .
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16. You now add loads and constraints. The cylinder is loaded with 10MPa pressure to simulate
combustion pressures. The pistons in the down position are loaded with -0.5 MPa to simulate
suction. The pressure loads are applied to just the top of the pistons because the stress in the
head and block is not the objective of the analysis.

= Pick Constraints | Fixed Constraint from the Ribbon.

=
Fixed

17. Add a Fixed constraint to the bottom face of the block and the two end shaft faces of the shaft as
shown in the image.
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18. Add Pin constraints to each of the middle shaft segments as shown.

19. In the Browser select both the Engine Block and Head part components. Right-click and choose
Visibility from the Browser menu to turn off visibility for the two components.

I.’-; % Ar;alyze Assemblies
@#Head: 1

[@#]Enaine Block:|
By shatt:2 (o Repeat Pin Constraint

() iston: 1 Exdlude From Simulation
(P piston:2 %
(Priston:3 ¥ Enabled

1 pictnn-4 ) Eind in Windnw Ernd
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20. Pick Loads | Pressure from the Ribbon. Apply a pressure of 10 MPa to the top faces of the two
pistons that are in the top position. Be sure that you select all three faces for each piston for a
total of six.

21. Apply a Pressure load of -0.05 MPa to the top faces of the other two pistons.
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22. Turn the visibility of the Engine Block and Head components back to On.

23. Start the Simulate dialog by choosing Solve | Simulate from the Ribbon or Simulate from the
Marking Menu. Pick Run to continue.

i |

Simulate

24. The Von Mises Stress is displayed.

Type: Von Mses Stress
Une: MPa
12/31/2011, 12:17:50 AM
7053 Max
564.3
423.2
141.1
0 Mn

The maximum reported Von Mises Stress is over 700 MPa, higher than the yield strength of steel.
The stresses on the outside of the engine are low. Therefore, the area of maximum stress must
be hidden by other components.
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25. Pick Display | Show Maximum Value from the Ribbon.

o

26. Turn off the visibility of the head, engine block, and the four pistons. The maximum stress is on
the pin.

| Max: 7053 MPa |

27. Animate the results to view the deformation by picking Result | Animate from the Ribbon.

g’ Animate
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28. Expand the Constraints node of the Browser. Right-click over the Pin Constraint and choose
Reaction Forces from the Browser menu.

gy Matlenial
— & Constraints
=T Fixed Constraint: 1

Ypin Constrzipt.d

H- {'. Loads Repeat Animate
' M Contacts (0 EditPin Constraint

— g Mesh Reaction anes[

== E Results Suppress
W18 vonMi  copy

| By |

= Review the results and then click OK to dismiss the dialog.

Reaction Forces
Reaction Force Reaction Moment
Total 1.608e+05N ONcm
X ON ONam
Y ON ONem
z -1.608e+05 N ONem
@
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29. Expand the Results node of the Browser, followed by Contact Pressure. Double-click Contact
Pressure.

30. Turn off the visibility of Connecting Rod:4.
31. Rotate your view to view the pin from below.

32. Probe the results to view the magnitude of the contact pressure.

17T B

£
FContact Pressure - 337 MPa |
' JContact Pressure - 399 Miy |

33. Turn on the visibility of all components.
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34. Exit the Stress Analysis environment by picking Exit | Finish Stress Analysis from the Ribbon.

Finish
Stress Analysis

35. Close all files without saving.
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