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ar engineers — Who are we E¥ gengineers

Our Clients
Zn

@ JHAHL @
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FASSMER NOBISKRUG ‘

_
FALCK SCHMIDT
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. I . . I Implementation
conception development | simulation |
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3 Knowledge and experience
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Overview - Topics E¥genaineers
.

Introduction:
Sailing, functions and requirements of a boom

Influence of the parameters

[Properties of composites:
[Sensitivity analysis, optimization and robustness evaluation

Phases of a composite project:

Design optimization with optiSlang: ]
Integration of the optimization ]
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Boat class International 14 ﬁe"gi"eiﬁi

R

~ 14foot=4,27 meter

-
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Boat class International 14 ﬁe"gi"e‘?ﬁ:

[ Pusher

‘ Mast

[ Gooseneck

[ Sailing load

=
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Requirements of a boom ne"gi"eiﬁfz
T —

Low manufacturing and material costs
High stiffness

UV-resistant

Low weight

Resistant to sea water

Sufficient strength

Goal: Optimization of the composite
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Composites

Mg

0,007-0,2 am|

Material properties depend on the fiber angle
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Properties of composites Hengineexz
e
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Project progression in ANSYS Workbench EFgenaineers

- Iy - B - C - D

2 @i} Geometry " 4 2 ﬁ Engineering Data " =M 2 Q Engineering Data =82 Q Engineering Data  +

Geametry 3 ) Geometry v ,——M3 i) Geometry v ,——&3 () Geometry v

4§ Model  g——— W4 @@ Model v ,——— M4 § Model v

5 |z Setup v ———a5 g SectionData v . 5 iy Results v
ACP (Pre) ] ﬁ Setup W ‘/. ACP (Post)
) 7 Solution v
1: Geometry 8| @ Rests v .
Static Structural

_ : Results
2. Meshing >: Resu

\

\

3: Laminate design

4: Load step
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Design optimization process E¥genaineers
.

_ S Parameter selection
Sy e —
ANSYS Workbench

Checking the Coefficient of Prognosis (CoP)

— — — — —

CoP > 80%

Validation

Modifications
necessary

Optimized robust design
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Parameter selection r.engi"eazi
T

Parameter selection

Checking the Coefficient of Prognosis (CoP)

CoP > 80% CoP < 80%

! Validation - =
_ Modifications
necessary
Not robust
Robust

Optimized robust design
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Parameter selection — Input E¥gengineers
N

Before: 43 Input parameter

Material selection

0°-plies in the chord

Constant foam thickness

-1
Production-related stacking sequence
-11
Parameter dependencies
-6

After: 12 Input parameter
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Parameter selection — Output E¥genineers
N

Low manufacturing and material costs
High stiffness

UV-resistant

Low weight

o Resistant to sea water
Sufficient strength
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Parameter selection — Output E¥genineers
N

Low manufacturing and material costs

High stiffness

Weight-ACP

Deflection

Low weight

Weight-ACP

Sufficient strength

Reserve factor for areas
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Parameter set Hengi"eeﬁ

- A - B - E - D
2 ﬂi} Geometry " 4 2 @ Engineering Data " =M 2 @ Engineering Data " ——M2 @ Engineering Data " 4
Geometry 3 ﬂi} Geometry A ey @ Geometry v 183 ﬂi} Geometry »
4 @@ Model v ,——M4 @ Model v ,——— M4 @@ Model v .
5 |y Setup « ———a5 g SectionData v 5 |y Resuts v
—> 6 |[pd Parameter 6 @ setup ' ‘/.E (pd Parameter =
ACP (Pre) 7 |§& Solution v . ACP (Post)
8 |@ Results v

2 r[ﬂ Parameter

Static Structural

Input Output —*

| [Fd Parametersatr \L|

Parameter set controls project
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Sensitivity analysis E¥ gengineers
e

Parameter selection

Sensitivity analysis

Checking the Coefficient of Prognosis (CoP)

CoP > 80% CoP < 80%

! Validation - =
_ Modifications
necessary
Not robust
Robust

Optimized robust design
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Sensitivity analysis with optiSlang E¥genaineers
e

Goal: Get an indication of the sensitivity of the parameters

| [pd Parametersatz

1: Design of Experiments

2: Related model

Sensitivity

T

3: Correlation of
parameters

Weight

EREREERERERERRARMS

e iirerie
3
HEH

Number of plies
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Checking the CoP E¥gengineers
e

CoP rates the Parameter selection

prediction quality of the
meta models

Sensitivity analysis

Checking the Coefficient of Prognosis (CoP)

CoP > 80%

CoP < 80%

Validation

Modifications
necessary

Not robust
Robust

Optimized robust design
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Optimization E¥gensineers
e

CoP rates the Parameter selection

prediction quality of the
meta models

Sensitivity analysis

Checking the Coefficient of Prognosis (CoP)
CoP > 80% CoP < 80%

Optimization through Meta-Model
of Optimal Prognosis (MoP)

Validation

Modifications
necessary

Not robust

Robust

Optimized robust design
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Optimization goals EFgenaineers
N

Low manufacturing and material costs

High stiffness
Weight-ACP

Deflection

Minimize

<11 mm

Low weight

Weight-ACP

Minimize Sufficient strength

Reserve factor for areas

RF > 2 RF>25
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Optimization with optiSlang r.engineers
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| 1. Selection of the
‘ optimization algorithm

E - F

-

1 P
2 | ¥ DOE J‘—/—OEiEA v 4
3 MOP W 3 | &% Results

v 4

| [pd Parametersatz

4 & Resuls Optimization_E&

Sensitivity

2. Selection of the goals, start
design and optimization
properties

3: Best design recommendation and
validation
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Robustness evaluation He“gi“e‘iii
T

Parameter selection

Sensitivity analysis

Checking the Coefficient of Prognosis (CoP)

CoP > 80% CoP < 80%

Optimization through Meta-Model
of Optimal Prognosis (MoP)

Validation

Modifications
necessary

Robustness evaluation

Not robust

Robust

Optimized robust design
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Robustness evaluation He“gi“e‘iii
T

How does the design react to variance?

Types of variances

Variance due to Variance of material Variance due to the force
manufacturing properties direction
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Robustness evaluation with optiSlang B gengineers
E——————
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1: Normal distribution
of the parameters

INPUT: Aussen_1_ply_angle
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INPUT: Aussen_1_ply_angle

2: Related model

3: Robustness of the
design

25



Robustness evaluation ne“gi“eiii
T

Parameter selection

Sensitivity analysis

Checking the Coefficient of Prognosis (CoP)

CoP > 80% CoP < 80%

Optimization through Meta-Model
of Optimal Prognosis (MoP)

Validation

Modifications
necessary

Robustness evaluation

Not robust

Robust

Optimized robust design
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Optimization results E¥ gengineers
e

ACP Model
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Comparison E¥gengincers

Initial state Optimized laminate

|-
]
“““““

| | 7 205k

18%

With equal or better mechanical properties
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Optimization results E¥ gengineers
e

Low manufacturing and material costs

High stiffness

Weight-ACP
Deflection

Reduced
Successful

Low weight 18% wei_ght reduction whi_le showing
compliance to the requirements

Weight-ACP

Reduced Sufficient strength

Reserve factor for areas

Successful
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Phases of a composite project

Initial phase Design phase Implementation phase

-

\_

Design concept
Production planning
Project planning

Material selection

~

J

07.11.2014
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Design study

—

~———

~

-

J
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Mold & prototype
construction

Part testing
Start of production

Certification

~

J
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Phases of a composite project

(- )

Design concept
Production planning
Project planning

Material selection

. J

Design phase

4 )
Design study

rengineers

Implementation phase
(- )

Mold & prototype
construction

Part testing
Start of production

Certification

- — J

. J

Significant reduction of iteration steps save time and money

Good part quality due to composite know-how and use of optimization tools
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ar engineers GmbH
Alter Teichweg 13
22081 Hamburg

AXEL REINSCH

CEO

Tel.: +49 (0) 40 226 226 680
E-Mail: axel.reinsch @ ar-engineers.de
Homepage: www.ar-engineers.de
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