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The natural world i1s full of variation

Geometries of oak leaves Body dimensions Wind speeds

Digital mannequins from Danckaers et al. (2019)
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... and expected interactions are the basis for formulating
requirements in the design process.
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A design
region can be
limited by

multiple
requirement
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Representation of requirements in this work

Requirement

Textual
The chair is comfortable for pupils with body heights betweerl :I2O and 160 crrj

Textual description Requirement values

Requirement
value(s)

Take one or multiple quantiles

Random
variable

human-centered environmental technical
e.g. hand width, e.g. wind speed, e.g. bolt diameter,
body height wave height bolt weight

The wind turbine preserves structural integrity at a 10-min wind speed of 30 m s 1

- 7 N J
-~ -

Textual description Requirement value




Concepts to define extreme requirement values

(a) Design for (b) Design for (c) Design for the minimum and the maximum
the maximum the minimum iy Type B
f
a a
a a
: X
sl XR XR1 XR:2

region



For joint
distributions,
guantiles become
curves (2D),
surfaces (3D) or

hypersurfaces (>3D)

General term:
"exceedance
boundary"

probability density

Individual requirement values must
be selected along the curve




Which methods are being used to set
extreme requirement values?




Methods In ergonomics and structural design

a) Design for (b) Design for
Anthropometric  ESIQIVEYELE Max design (“design for the tall”) the maximum the minimum
Min design (“design for the small”)
Min and max design
(Jurgens et al., 1998; Molenbroek and de Bruine, 2005, 2006; Kroemer, 2006)
Bivariate Elllpse tool methods (Molenbroek, 2000; Molenbroek and de Bruin, 2005)
Design
Bivariate & Gordon’s extreme size definition method b
multivariate (Eetom Stet, B0 - i -
Requirements contour method (aselsteiner et al., 2019) (c) Design for the minimum and the maximum
. . . . . . Type A Type B
Environmental Univariate Univariate return period method (cumbel, 1941)
Bivariate & Environmental contour method q % , __-a
multivariate (Haver, 1985; Winterstein et al., 1993; Haselsteiner et al., 2021) a cql. //////_ ____________
K
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Methods in ergonomics and structural d

Variable type | Statistics type

Anthropometric  Univariate

Bivariate

Bivariate &
multivariate

Environmental Univariate

Bivariate &
multivariate

Jurgens, H. W., Matzdorff, I., & Windberg, J. (1998). Internationale antropometrische Daten als Voraussetzung fir die Gestaltung von Arbeitsplatzen und Maschinen. In Arbeitswissenschaftliche Erkenntnisse: Forschungsergebnsise

fur die Praxis. Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin.

Method

Max design (“design for the tall”)
Min design (“design for the small”)

Min and max design
(Jurgens et al., 1998; Molenbroek and de Bruine, 2005, 2006; Kroemer, 2006)

Elllpse tool methods (Molenbroek, 2000; Molenbroek and de Bruin, 2005)

Gordon’s extreme size definition method
(Gordon et al., 1997)

Requirements contour method (Haseisteiner et al., 2019)

Univariate return period method Gumbel, 1941)

Environmental contour method
(Haver, 1985; Winterstein et al., 1993; Haselsteiner et al., 2021)

 Popliteal height, sitting (mm)
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Methods In ergonomics and structural design

Variable type | Statistics type | Method

Anthropometric  Univariate Max design (“design for the tall”)
Min design (“design for the small”)

Min and max design
(Jurgens et al., 1998; Molenbroek and de Bruine, 2005, 2006; Kroemer, 2006)

Bivariate Elllpse tool methods (Molenbroek, 2000; Molenbroek and de Bruin, 2005) A
2
Bivariate & Gordon’s extreme size definition method 53
multivariate (et Eicl, 21 3
Requirements contour method (Haseisteiner et al., 2019) 5

Environmental Univariate Univariate return period method Gumbel, 1941)

Bivariate & Environmental contour method

multivariate (Haver, 1985; Winterstein et al., 1993; Haselsteiner et al., 2021)
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These requirement methods are widely used

About Us

How it works
10, 20,30 and 4D data

1D Database

Ellipse

Mannequin

Profiler

Reach envelopes

The database and tool DINED that implements statistical methods for
anthropometric data such as the Ellipse methods has thousands of users?.

Tool | Help

Ellipse

Ellipse makes it easy to see the correlation between two different body dimensions and to determine the
consequences for related product dimensions.

Save multiple analyses online for reference or to Download images af your analyses for inclusion in
wiork on at a later time. Your current analysis is your documents. SVG images allow you to further
always saved edit them.

ece dined io.tudelft.nl ¢ -

H PO PLPs PN ] P50 Pis  Poo P95 PE9 P100
Population - 0
Dutch students
Measures 1964 = . [
¥ Reach depth > 1914 | pos
¥ Stature » 1848 P

1791 | pso

tature (mm)

1733 |p2s

1 https://dined.io.tudelft.nl/en/about

IEC IEC 61400-3-1

(]
®

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 1.0 2019-04
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Wind energy generation systems -
Part 3-1: Design requirements for fixed offshore wind turbines

The international offshore wind turbine standard prescribes the
use of univariate return period methods and recommends
the environmental contour method.
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Select the requirement variable(s)

Description of the
requirement variable(s)

C Design initiated )

Y

Define the probability distribution

Task that involves a requirement
= about performance under \
/ extreme conditions
I = Calculate the exceedance boundary
A model for * ;
, : < Stage 1 \ g
Clarify other requirements that Define the requirement
are not about extreme conditions statistically
t h e p ro C e S S Of Select the requirement value(s)

|
|
|
|
|
|
|
|
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Y Yy ______. r R
Requirement R comprising
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« Textual description l- R Other requirements

extreme : . NI Oy 1o

\

" Design evaluation was negative Synthesize, ana'yze'
re UIre I ent and evaluate .
Details of

Stage2

Change requirements

Synthesize a design

D,R

Design evaluation

values

/ Satisfactory design /

Y

( Design completed )

Y

|

|

|

|

|

|

Analyze the design |

+ Define a measure for performance |
« Analyze the design‘s performance, g (xg) |
' |

|

|

|

|

|

|

D, g (xg)

Evaluate the design
*g(xg)>07?

Stage 2: Synthesize, analyze, and evaluate
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Summary and conclusions

- Many designs are ,driven® by requirements that
describe maximum or minimum values of high-
Va”ab”'ty variables A Distribution of wave heights -’

- Unifying terminology and a model for the
process of dealing with such requirements in
the general design process was proposed

f"
T W
Difficulty to fulfill the requirement
(withstand the load)

ol
“ ” Interval in which the design must perform Requirement variable,
% The pI’OCGSS mOdel can serve as a Wrapper Of satisfactorily (“design region“) Requirement value wave height (m)

the various methods used in ergonomics and
structural design
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Static and

adaptive
designs

Case

Design for the maximum

Design for the minimum
and maximum

Static design

Possible shapes of the
performance function

Performance g

design region XRr X

Possible shapes of the
performance function

Performance g

XR 1 Xr2 X

A static design does not actively
change with the requirement
value, it behaves similarly for low
and high requirement values.

Adaptive design

1 1]
Mode 1 : Mode 2 Mode 1 : Mode 2 : Mode 3
1 1 |
1 1 |
1 1 |
1 |
I; :-\
I \
—_———ta
XRr X XR X
1 L] ] 1]
Mode 1 : Mode 2 : Mode 3 Mode 1 : Mode 2 : Mode 3
1 1 1 1
| 1
| 1
| 1
| 1
| 1
XR 1 Xg2 X

An adaptive design changes with the requirement
value to achieve improved performance at high (or
low) values. It usually has multiple operation modes.
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Offshore wind

turbine

Case

Example 1:
Offshore wind turbine

Static design

Single mode
(turbine does not dynamically
adapt its geometry to reduce
wave loads)

Structural capacity g

XR Significant
wave
height (m)

No adaptation
to wave height

Adaptive design

Mode 1 Mode 2

1
(power production) ! (blades are fully pitched
! to minimize loads)

XR 10-minute mean

0m/s 25 m/s 50 m/s wind speed (m/s)

Pitch rotor blades
(adapt to wind speed)

b
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School chair

Case Static design

Example 2: sl ?ik;lgledmotdz o
Ergonomic Chair chailr cannot be adapted 10 Increase

comfort for different body heights)

[}
T
2
€
o
(@)
———
XR,1 XR.2 Body
130 cm 150 cm height (cm)
N No adaptation
to body height
[ 3
[ “a
L ]

Adaptive design

Mode 1 Mode 2 Mode 3

(adapted for '  (continuous adaption ! (adapted for tall pupils;

short pupils; | for maximum comfort) | chair height at maximum)
chair heightat | |
minimum) |
| |
| |
| |

T L L T
XR,1 XR,2 Body height (cm)
120 cm 160 cm

Change chair height
f (adapt to body height)
{ :
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Methods In ergonomics and structural design

Anthropometric  Univariate Max design (“design for the tall”)
Min design (“design for the small”)

Min and max design
(Jurgens et al., 1998; Molenbroek and de Bruine, 2005, 2006; Kroemer, 2006)

110 1
90% requirements contour
100 ¢
- - - p1
Bivariate Elllpse tool methods (Molenbroek, 2000; Molenbroek and de Bruin, 2005) = 9 |
E
Multivariate Gordon’s extreme size definition method § 80t
(Gordon et al., 1997) g
Requirements contour method (Haseisteiner et al., 2019) B I
& 70 P + female
Environmental Univariate Univariate return period method Gumbel, 1941) Pe 2 ; ?ei,'fgn
60 - conditon
Bivariate & Environmental contour method ) ) ) ) '
multivari ate (Haver, 1985; Winterstein et al., 1993; Haselsteiner et al., 2021) 140 160 180 200 220 240
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Haselsteiner, A. F., Reisenhofer, R., Ohlendorf, J.-H., & Thoben, K.-D. (2019). Design for extremes: A contour method for defining requirements based on multivariate extremes. Proc. 22nd International Conference on Engineering
Design (ICED19), 1433-1442. https://doi.org/10.1017/dsi.2019.149

Haselsteiner, A. F., Coe, R. G., Manuel, L., Chai, W., Leira, B., Clarindo, G., Guedes Soares, C., Dimitrov, N., Sander, A., Ohlendorf, J.-H., Thoben, K.-D., de Hauteclocque, G., Mackay, E., Jonathan, P., Qiao, C., Myers, A., Rode, A.,
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hand length (mm)

Image source: https://doi.org/10.1017/dsi.2019.149
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Methods In ergonomics and structural design

Anthropometric  Univariate

Bivariate

Multivariate

Max design (“design for the tall”)
Min design (“design for the small”)

Min and max design
(Jurgens et al., 1998; Molenbroek and de Bruine, 2005, 2006; Kroemer, 2006)

Elllpse tool methods (Molenbroek, 2000; Molenbroek and de Bruin, 2005)
(a) Design for

Gordon’s extreme size definition method the maximum
(Gordon et al., 1997)

Requirements contour method (Haseisteiner et al., 2019)

Environmental Univariate Univariate return period method (cumbel, 1941)
a

Bivariate &
multivariate

Environmental contour method
(Haver, 1985; Winterstein et al., 1993; Haselsteiner et al., 2021)

De§ign X X
region
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