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Facing the Challenges of Computational Composite Bike
Frame Optimization

This presentation and its contents are Copyright © HyperSizer 2016. Do not disclose without written permission.



Motivation — Reduction of Traditional Design Cycles

Time consuming and Expensive

CAD Prototype

Traditional
Design Cycle

* Geometry

* Parameterization
* Material Selection
 Manual Sizing

TDC

Production
Te St * Process Type

* Test Conditions / Setup * Process Parameters
* Load Spectrum

* Data Acquisition / Reduction
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Motivation — Reduction of Traditional Design Cycles ..'WFSI'ZBI‘®

Effort
e Mesh Generation e

e Material Parameters
* Boundary Conditions
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Traditional |
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* Load Spectrum

* Data Acquisition / Reduction

* Geometry

* Parameterization
* Material Selection
 Manual Sizing
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Motivation — Reduction of Traditional Design Cycles

HS Express

Optlmlzatlon R
N FEA §1A

* Design Space
* Objectives

* Constraints

* Restrictions

* Conditions

Effort
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e Material Parameters
* Boundary Conditions
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Geometry
Parameterization Design Cycle TDC TDC TDC
Material Selection FEA FEA
Manual Sizing OPT
Production
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* Test Conditions / Setup * Process Parameters
* Load Spectrum
* Data Acquisition / Reduction

This presentation and its contents are Copyright © HyperSizer 2016. Do not disclose without written permission.



Motivation — Reduction of Traditional Design Cycles ? ..'WFSI'ZBI‘®

Effort

e Mesh Generation
Material Parameters
Boundary Conditions

Unstructured Workflow
Decreases Efficiency!

? <<

Rrototype
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Optimizatio
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* Design Space
* Objectives

* Constraints o
* Restrictions G Traditional |
- s Geometry i
e Conditions e Parameteriza Design Cycle TDC TDC TDC
« Material Seldctio FEA FEA
OPT

Production

* Process Type
* Process Parameters

Test

Tegt Conditions / Setup
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* Data Acquisition / Reduction
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The Importance of Workflow W’IZBP

HyperSizer Express features an Intuitive Setup Wizard to increase efficiency

A7y

* Design Space
= Geometry \
= Ply Shapes
=  Ply Number
= Directions

e Objectives
= Reduction of Weight

* Constraints
= Strength (local) >
= Stiffness (global)

* Restrictions
= Layup Rules
= Design Rules
= Ply Extension

e Conditions
= Step Size
= When Stop Optimizing?J

Available Options
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The Importance of Workflow Wilﬂf

Simplicity and Reduction of Design Space: Only Define what is Required

* Design Space
= (Geometry  Often given by style and function
= Ply Shapes | Plybased or laminate based approach
= Ply Number
= Directions | Often limited — initial directions needed
e Objectives

= Reduction of Weight Nearly exclusive objective
* Constraints

= Strength (local)

= Stiffness (global) ‘Pre defined’
e Restrictions

= Layup Rules Process driven
= Design Rules .
° What is ‘Safety’?
A

= Ply Extension
e Conditions
= Step Size
= When Stop Optimizing?

‘Casual users’ don’t want to think about this
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Introduction to Example Wilﬂf

Generic Bike Frame Optimization to lllustrate Challenges

Material
AS4/3502 UD Dimensions [mm]
1 = 134.0 Gpa
E,= 9.3GPa
Gy, = 3.75GPa
A»
v, = 0.34 >
o, = 1400 MPa
6,= 120 MPa
t,= 92 MPa

47.000 Elements

This presentation and its contents are Copyright © HyperSizer 2016. Do not disclose without written permission.



Optimize for Multiple Failure Criteria ... Wil&fg

Advanced Composite Failure Criteria

Seat Post

l (over 30 Ply and Laminate Based Criteria Available)
3000 N 4 e Tsai- Hill
” * Tsai- Wu
e Tsai- Hahn

360 N l

In total, nine load cases considered
for strength sizing
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... And Multiple Stiffness Targets W’IZBP

Front Impact d
— Simultaneously, meet stiffness targets

Bottom Bracket (Left/Right)

600 N

Upax = 7-5 mm

m

Fork (Left/Right)

50N
x =0 mm

m

In total, five different structural
stiffness targets
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Challenge: Design for Manufacturing W’IZBIP

Impose Ply Extension Constraints according to the fabrication technique

Multiple Tools
Joint / Tube to tube

One Piece
Integrated molding

http://www.pinkbike.com/news/ http://blog.schellers.com/

Plies can extend over entire structure Regions limiting ply extensions
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Challenge: Design for Manufacturing Wil&f

Data DisplaySet Part Component Transition Section Cut Element Coordinate System Qptions
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Express
‘Parts’ Definition for this Example

FoulEd 18+ E

‘static’ ply extension constraints

o
=)
w
& 7 ~
A HyperSizer Express - BikeMDL2RedoELopt - Copy (1).hidb e
E FILE
15| W/ FEM Import Define Parts *
e [Imaterials
Foam | Honeycomb
| [Jparts Part Leminate | condwich | Sandwich
B [JMaterial Selection 0 O
= |Design Criteria Down Tube =] =]
Chain Stay L @ [} ]
5 .FEI‘.-I Inspection ToaE [ [ [
Ply Bound
] lv Boundaries ey & & &
|Laminate Optimization
|Review Laminate Optimization peatelyl o ] o
Laminate Sequencing Top Tube 0 ] 0
Jnalysis Review Seat Tube 0 ] 0
¥
X 4J
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Challenge: Material Reference Directions Wi28r®

Ply Extensions due to Discrete Ply Angles based on Material Reference Directions

s

i
-/

ey YN NI A

Only very few locations allow for ply
continuity across this boundary!

' ip  mid ey wle),  ewigy maws)

)
B o
i K
i
b
kit
I 4

Whenever the fiber angle between
element neighbors are identical to one of
the discrete allowed ply angles.

Solution: Impose ply extension constraints at
locations of discontinuous material reference
directions
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Challenge: Material Reference Directions Wi28r®

What is the Best Material Reference Direction?

7
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!

Challenging at joint sections

Considerable ply thinning in critical area Ply drops and adds in critical area
Good for load introduction to chain stay Consecutive plies in bottom bracket
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Challenge: Design for Manufacturing W’IZBIP

‘Parts’ (ply extension constraints) ‘Strong’ restriction for ply shapes
are very efficient! Generates ‘cracks’ at each part boundary.
* Fabrication technique constraints This is covered!

Only by utilizing a continuous fiber angle

* Material reference angle constraints optimization, we can ‘truly overcome’ this
issue. (Algorithms still inefficient, design
space is too wide)

Still inefficient to generate a flat patterns
* Avoid impossible flat pattern (reverse draping) of every ply, and
regenerate new extension constraints.
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Challenge: Design for Safety izer

I3 HyperSizer Express - Bike = 2 .
T What is ‘Safety’?
/ FEM Import @|

JMateriaIs
[[]Design Criteria Tape Fabric °
% 45° Flies

DP! Limits %0 % 45 % 90 Plies %60
7 ot Min | Max | Min | Max | Min | Max [ Min | Max | Min | Max | Min | Max | Min | Max
i

L 10 100 10 100 10 100 (4 15 4] 100 |0 100 1

Ply Limits “*

Damage Tolerant Design?

* Maximum Dissipation of Energy at Fracture?
Fracture Type (Pseudo-ductile)?

* Design to First Ply Failure at Ultimate Loads?

Analysis Criteria

FEM Inspection "
E HyperSizer Express - Bike

Ply Boundaries

Laminate Optimization FILE
Review Laminate Optimization

Laminate Sequencing o/FEM Import Analysis Methods # . . i
Materils Bucking. Panel -1l * Maintain Structural Integrity?

/ Design Criteria
[C)~nalysis Criteria
[[]Analysis Methods
FEA Criteria

D Panel Buckling, Analytical, Simple BC, Uniaxial or Biaxial w/Shear Interaction

* Early Signs before Catastrophic Failure?

Frequency, Panel
|:| Frequency Limit, Panel or Beam
|:| Frequency Limit, Object (local)

FEM Inspection

[= . |

Stiffness

E HyperSizer Express - Bike
Stiffness Requirement, Membrane

Ply Boundaries

[7] composite Strength,

Max Stress 12 Direction

FEM Inspection

Ply Boundaries

|:| Use =45° fabrics only

(Blank to disable rule]

. . " FILE
Laminate Optimization stiffness Requirement, Bending
e c S : . W/ FEM Impart
Review Laminate Optimization Material Strength, Compasite, Ply i ~ Basic Layup Rules
D /Matenals Max. Adi -
Laminate Sequencing Composite Strength, Max Strain 1 Direction s _ ax. Adjacent Plies
gn Criteria X
A COI ' l bi n atio n Of Analysis Review [7] composite Strength, Max Strain 2 Direction vaPly Limits - [T] symmetry Balance Angle Tape Fabric
Y Y . . . . _ 0"
% Eorrmmf:e zzreng::, xax ztram 12D[_Jlr:tlon il Mo ] Place +45° adjacent to 45° goee
. . omposite Strength, Max Stress 1 Direction Analysis Criteria _ . 5 -
® St rength Crlterla [7] composite Strength, Max Stress 2 Direction — [C] Apply 45° rule after | & plies %

* Stiffness Targets

° Ply leItS Composite Sfrengfrj,Tsai—HahnInterac.tion Laminate Sequencing Frontvateral
e Layup rules L ,
* Design Load Spectrum and Boundary Conditions = i
Cha"enge for Bike community -FUIA“W”PETMWE o Last Plies |Symmetricwith First Plies E|
. cgr o as +Z
* Identification and Unification of Safety Measures. | R [-]
! s 4 FirstPlies | =

Composite Strength, Tsai-Hill Interaction
Compaosite Strength, Tsai-Wu Interaction

* Transformation to Requirements on Mechanical
Properties and Layup Rules

Laminate Optimization

Review Laminate Optimization

- Sublaminates to include if possible (optional)

¢ sack | [Next + |
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Challenge: Design for Safety Wilﬂf

What is ‘Safety’?

 Damage Tolerant Design?

* Maximum Dissipation of Energy at Fracture?
* Fracture Type (Pseudo-ductile)?

* Design to First Ply Failure at Ultimate Loads?
* Maintain Structural Integrity?

* Early Signs before Catastrophic Failure?

Stored

A combination of
Strength Criteria
Stiffness Targets
Ply Limits
Layup rules
Design Load Spectrum and Boundary Conditions
Challenge for Bike Community &5
+ |dentification and Unification of Safety Measures. Heavy Riding
* Transformation to Requirements on Mechanical

Properties and Layup Rules

Accident
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Challenge: Boundary Conditions and Load Spectrum ..'WFSI'ZEI‘®

Optimize Performance
Lab Test Riding Conditions

Well defined and good for comparisons What you really need

https://www.cervelo.com/ http://www.jbcf.jp

|deally, they are identical... otherwise — optimize for both, simultaneously!
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Challenge: Boundary Conditions Wi28r®

Numerical optimization can at best be as meaningful as the boundary conditions and loads

Optimized ply shapes - even far away of the load introductions and boundary conditions - can be affected by your
choice of boundary conditions, loads and constraints.
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Challenge: Load Introduction W’IZBIP

It is important which and how loads are introduced!

Example: Load introduction through different formulations of rigid body elements
attached to shells representing the bearing cups (filtered out) at head tube

90
81

72

64

ss
y
8
29
20
12 -

N B
; S )

2.9
-12
200
-29
.38
-46
.55
-64
72

Connection: RBE2

Arbitrary load concentrations cause increase of ply counts
Challenge: How to distinguish between real load concentrations and artificial load concentrations?
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Challenge: Weight vs. Manufacturability Wizef

E HyperSizer Express - Bike

FILE
&/ FEM Import Ply Boundaries - Define FEM Property Zones
/Materlals _! Use Existing FEM Property Zones

JDesign Criteria
/Analysis EiteTia @ Try Optimized FEM P.ro.pert.y Zones b
Lightest Design i meton B Hybrid Design
g g DPIyBoundaries ~ Element Optimization Options y g
"/_FEM Property Zones @ Lightest element design “*
‘/Element Cptimization _! Hybrid lightest weight and additional blending (recommended] *

DReview Element Optimization ) Custom El
- ettings

Select Zones

Review Zones

Plate — like structures

Stiffener — like structures
Mass: 0.52 kg

Mass: 0.45 kg
Both designs fulfill all

strength and stiffness
requirements

“Base line laminate locally highly reinforced — focuses loads” “Thin, spread out laminates inclined to distribute loads”

This presentation and its contents are Copyright © HyperSizer 2016. Do not disclose without written permission.



Design Change

Ply Count O

Ply Count 45

Ply Count 90

FILE
V/FEM Import Review Element Optimization
/Materials Weight
Concept
//Design Criteria Unit Weight Total Weight (kg)|1.0396
/Analysis Criteria Margin of Safety
V/[FEM Inspection Controlling Analysis
[CJPty Boundaries © Ply Count
/FEM Property Zones Ply Count 0
\//Element Optimization Py Count 43
[(JReview Element Optimization bt
gy Thickness
Iterations
% Current Iteration 0 Set as Default|  Add Iterations 0
- | Total weight v — | Displacement Target  +
ng
12 11
by~ S e — — o
31 ' 09 o
£ sl 08 =
E 08y 07 =
L 06 §
Do 05 E
= 044 04 ¥
3 03 2
S 02 02 2
08 018
0 0
0 1 4 5 6 7 8 9 10
Iteration
< >
0 1 2 3 4 5 6 7 8 9 10
| ¢ Back | | Next > |
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Challenge: Balance between Weight vs. Manufacturability (Ply Based) Wizer®

Complex/Small Plies Challenge: Maintain
Low Weight

Design Rules

Continuous/Big Plies
Increased Weight

Replace or remove small plies?
How to replace:  Extend other ply?

Grow ply?

Duplicate other ply?

Patch up? v
Fill in holes? L

Which hole size is allowed?
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Ply Based Approach - Results

Section Cuts

=
e\

Al Final Mass: 0.47 kg
Time: 20 min
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Challenge: Weight vs. Manufacturability Zone (Component) Based Wizet'@

E HyperSizer Express - Bike = %
FILE
&/ FEM Import Optimize FEM Section Property Zones - Potential Ply Boundaries Advanced |
&/ Materials

~_) Current Boundaries " *

,./Design Criteria
Jﬁnalysis Criteria Total Zones Total Estimated Weight (kag)
Many Zones e nspecion Fewer Zones

[CIPly Boundaries @ p 4 Boundaries @ .

. ~'@ Proposed Boundaries *

Low Weight s N (PG i — Increased Weight
Minimize [ — Minimize

/Review Element Optimization Weight - Ply Boundaries
[[]select Zones

Mass: 0.67 kg

Mass: 0.57 kg
32 Zones

360 Zones

Challenge: Maintain Low

Weight |
o
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Challenge: Inspire Design Changes (Visualization of Optimization Results) ¢ izer®

Composite Strength, Tsai-Hill Interaction, 1 component Load Case 1: "front impact”, 4 components

Composite Strength, Tsai-Wu Interaction, 9 components Load Case 2: "seat post load"”, 5 components

Stiffness Requil , Bending, 4 p Load Case 3: "k bracket right”, 3

Stiffness Requil E: l: , 18 P Load Case 4: "b bracket left", 3

- B o Load Case 7: "start right foot”, 3 components
Load Case 8: "start left foot”, 8 components
Load Case 9: "Jump"”, 6 components

Critical Requirement -
Critical Load Case

Final Mass: 0.7 kg
Time: 17 min

b
) E—
-

-

Margin of Safety: Tsai-Hill . Thickness .

0

-0.02
-0.5 !
) E—
-
1

131
1.26

1.2
115
1.09
1.03

0.978
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Comparison: AL 6061-T6 Design Wi28r®

Stiffness Requirement, Bending, 2 components 1.6
Stiffness Requirement, Membrane, 12 components

1.542105

1.484211

Thickness _

1.368421

Critical Requirement

1.310526
1.252632
1.194737
1.136842
1.078947
1.021053
0.963158

0.9052632

Final Mass: 0.82 kg
Time: 12 min

0.8473685

0.7894737

0.731579
0.6736842
0.6157895
0.5578948

1000 0.5
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Challenge: Closing the Loop — Making Optimization Results Accessible

izer

[(Janalysis Review

. Max, Plies Not
Glotal i Simult.Drops & Adds eneaed (2]

Select Sequence [ 1~ | weight (kg) [ 07658 Individual Drops or Adds [ 263 | Global Piy Cuts | 8598 ‘

{Sequencing Results

A HyperSizer Express - BikeMDL2RedoELoptZones - Copy (1).hidb = | B ki
FILE
/[ FEM Import B¢ o
Materials
s B y ]
\//Design Criteria iof @ Quick Sequencing L I \:’ 'f; @‘] @‘]
W Analysis Crit Preferences sequence | Shuffle Make Save Import |Export
_'/ nalysis titeria - Full Sequencing - Rectangular PEr(Er\%agEs Ghapal & &
W/ FEM Inspection
/Py Boundaries Pre-Sequencins Sequencing Post-Sequencin FEM View Sequence | Spread| — 'CATLA
/Lammate Optimization - lslequencmg Priority " - Min. Weight (kg] =1 | Fibersim PDI ()
/Review Laminate Optimization \ AcTute o inimize Globa
= & | Weight Plies & Ply Cuts 0.7658 ] | Hypersizer
//Laminate Sequencing Bl
5

Right-click an a cell to make changes to the design.

Global Plies | Transitions / Companents

@ Ply D\sp\ay[Ply Angle

v |color By[Ply Angle - caTIA

Global Ply | t (mm) Y| Material V|6 YW|Fa |1 |9 |17|41|78|79|2 [19]|4 |5 |21|6 |28|29|38| 20| 25|23 |24 | 36|37 |39|34 (32| 35|40 |68 | 7044|4581
0
90 90 90
a
a0
TapeDes\gn 5 45
502 Tape Design 45 45
o o npe roszriecemlo | | ]
184 Tap Tape Design 90
183 01397 Tap 54/3502 Tape Design |0
182 01397  [Tape: AS4/3502 Tape Design |0 0
181 n1za Tans: AS4/2507 Tans Dasian |0 n

r

What is the proper smoothing that best supports the user?

Export of the ply or zone boundaries to CAD.

Export the ply book of your optimized
design, and import to CAD software.
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Motivation — Reduction of Traditional Design Cycles

Effort

HS Express Efficient, integrated optimization routines...

Optimization\'
YO Ny

CAD Prototype

... with well defined requirements
structure the extended design cycle

and effectively reduce the total effort!

Traditional ]
Design Cycle
Test

TDC TDC TDC

FEA FEA
OPT
Production
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