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Project Background

* Cylinder head FEA and Fatigue Analysis Proble Ebtesiaat
ocation
 FEA - Analysis recommendations - design changes = new FEA oo A =4\

« 7 design and analysis iterations had been carried out
The Problem

« Turnaround time per iteration ~1...2 weeks, often longer (Block-Gasket-Head
assembly model)

+ Slow improvements made at 2 locations (B1 and G1)
The Solution
+ Consequently RBF-morph BGM was employed to speed up the design process il

* Benefits of using BGM shape optimisation:
« Final morphed mesh was exported and used as guideline for redesign

* Good understanding of limitations of the design before introducing major
topology changes

« Fast turnaround due to one-time model set-up and automated design point
progression (all changes occurring on existing mesh and FE-model, cut’s
out CAD level changes and FE model updating)
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P r O b I e m St a-t e m e n t Location B1 (UWIJ Roof Orifice) - Stress across load steps
Location B1

Orifice at UWJ Roof (Spring Deck)

- 1 location per cylinder

von-Mises

Stress [MPa]

- Lowest FOS at cylinder 5 location

Temperature [degC]

- Stress sensitivity:
- State: tensile A L R MU PN

- Head bolt load causing significant mean stress Load Steps
- PCP cylinder 5 (A->AP5): significant effect

- PCP neighbouring cylinder 6 (AP5->AP6): significant Maximum
alternating effect Pgtr;gfsl

Temp (A=>AT/AT->ATP): moderate stress increase

S —_— ]
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Problem Statement . “
L O C at | O n G 1 Location G1 (EP Floor Divider Wall) - Stress across load steps

Exhaust port divider wall

- 1 location per cylinder, worst location at cyl 6

Stress [MPa]
Temperature [degC]

von-Mises
- Biaxial State: compressive dominant at A, AP, AT + ATP except —_—1
ATP6 changing to tensile v s3
- Assembly (A): compressive state e Tttt T
- PCP cylinder 6 (A>AP6): N N
- Temp (A>AT/AT>ATP): TS PO E

Load Steps

- PCP cylinder 6 at elevated temperature (AT>ATP6): major effect

S1 stress at ATP6 - deformation scale 150 Factor of
strength

Maximum
Principal
Stress

S1: EP6 at ATP6

Factor of

strength Maximum

Principal
Stress

uuuuuu

Factor of
strength
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Shape Optimisation within the ALD cycle

™ -@"-"‘.") AL
(rbf-morph) ™ & %

Parametric CAE models

Optimization with RBF-Morph

RBF Morph makes Traditional optimization
the CAE model
parametric with Design 1 EB}@W
respect to the

shape.

l
:

sy, [—— Bz

can be steered vith  JEMRIGENEIRY S vesinc > sovc 4 ) S sowinc

the optimizer of
choice.

RBF Morph - www.rbf-morph.com
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Biological Growth Method (BGM)

BGM Background

« BGM approach is based on the observation
that biological structures growth is driven
by local level of stress.

 Bones and trees’ trunks are able to adapt
the shape to mitigate the stress level due
to external loads.

* The process is driven by stress value at
surfaces. Material can be added or
removed according to local values.

* Was proposed by Mattheck & Burkhardt in
1990*

*Mattheck C., Burkhardt S., 1990. A new method of structural shape optimization based on
biological growth. Int. J. Fatigue 12(3):185-190.

https://www.rbf-morph.com/wp-content/uploads/2021/07/ICCS2021-  |CC5 2021 — International Conference on Computational
Coiled-springs-optimization-RBFBGM-porziani.pdf Sciencecylbrhdpenie2l




Simplified model for fast solution time. Loads
considered: A, AP, AT, ATP at cylinders 5 & 6

Model set-up for Morphing

"RBF Source"”

Details of "RBF Morph Set Up”

= Display Node Selection
Show Mesh When Selected | On Scoping Method MNamed Selection
=/ General Named Selection sculped_faces
Back2CAD Saaling 1 Transformation Surface Offset
Duplicate Detection Off Offset Type Driven Value
‘% Nased Selsctiois Matrix Precomputation off Offset Along Surface Normal
./'“ RBF Morph Set Up 4|—> Optimization OpenMP Auto Offset On
& ./@ REF Target # OpenMP Cores 0 Approach Aggressive
B fixed-faces RBF Solver Tolerance 1E-05 N. of Iterations 30
/&0 RBF Source REF Solver Timing 348.9 Reference Length 8 mm
/*‘ RBF Morph Update BGM Mode off Value Type Max Princ Stress
‘/m Static Structural (BS) BGM Driver 1D ] Threshold Value 1 MPa
- I Analysis Settings - . Max Surf Offset 0.096 mm
) D Coupling | BGM Driver Name Static Structural Midside Nodes Skip
) Force <J_| P Shape D 30 > Surface Constraint No
-/} Pressure
v,,D Frictionless Support
-} Displacement
¢ D Bolt Pretension
»,,. Imported Load (A2) A
B- Jg Solution (B6) B
-5} Solution Information
------ @ Maximum Principal Stress - G1-5_faces - 3. s Pringio = H H H
I P P Shnes - GES. Bl &8 e = : Design regions for B1 and G1 locations
I . i o o s Scoping ethod | Named Sefetion Scoping iethod [ Named Seiecion (all other faces fixed for morphing)
“/: ra;no"?ﬁ::a?a' Stress -B1_faces - 3.5 Named Selection 1 B1_faces Named Selection G1-6_faces
...... 0! on Definition
:g To:: Demtion 2 Integration Point Results Integration Point Results
...... Total De tion 3 1| Results Results
...... jg Total Deformation 4 Minimum 72365 MPa : Minimum 1764 MPa
- /@@ Maximum Principal Stress - Cyl5 P| Maximum . P Maximum 173.83 MPa
- /@@ Maximum Principal Stress - Cyl6 v 2 VeTage ey
>
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Shape optimisation at EP6 (G1 location)
and UWJ5 (B1 location)

Optimisation method: RBF Morph — Biological Growth Method
Design points: 20

Criteria: Highest maximum principal stress at design regions

Maximum principal stress vs design points
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Maximum Principal Stress - Cyl5 B1-5-side

B1 morphing . %

Time: 3

Design point 0 - Baseline

Max principal stress: 205 MPa s

FOS: 1.42 2
Design point 20
Max principal stress: 175 MPa (£14:6%)

FOS: 1.61 (¥13.4%)

& \

ANSYS

2020 R1

Maximum Principal Stress - Cyl5 B1-5-upl

Maximum Principal Stress - Cyl
Type: Maximum Principal Stress
Unit MPa

Time: 3
25/01/2022 10:11

602.5 Max
200
17143
14286
11429
85.714
57143
28571

]

-362.4 Min
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Maximum Principal Stress - Cyl6 G1-6-side

G1 morphing

Design point 0 - Baseline

Max principal stress: 196 MPa g
FOS: 1.09 tae

= 55714
B 57143

Design point 20
Max principal stress: 180 MPa [(-8.1%)

FOS: 1.19 (#9.2%)

T ANSYs

. 2020 R1

it: 3
Global Coordinate System

Time: 1 TN L
17/05/2021 11:48 ,.‘ ; : 1
4Ma
3.6659 4

0.99287 Min

25/01/2022 1012

598.76 Max
200
17143
142.86
11429

= 55714

= 57143

o 28571
0
-368.84 Min

30.000 (mm)
L —
. z
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Summary

Background:

Static Structural FEA and Fatigue Analysis was carried on a combustion engine cylinder head assembly
model

Design and analysis iterations can be time consuming and repetitive
The Challenge:

Iterations typically carried out manually since the complex casting topology makes geometry
parametrisation near impossible

The Solution:

» The RBF Morph - Biological Growth Method allows for effective parameterisation of complex
geometry at the mesh level

» The RBF Morph ACT extension in Ansys Workbench/Mechanical with intuitive user interface

Benefits: better understanding of design change effects and limitations, clear design recommendations
through exportable 3D model visualisation
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