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How can we find a component's right material?

1.2 Material oriented approaches
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Lightweight design & IWT
How can we find a component’s right material? e
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Lightweight design
How can we find a component's right material?
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Lightweight design & IWT
How can we find a component’s right material? e
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Design and dimensioning & IWT
How can we find the seat post's right* material? e

Texdrrmiogien

*) means light and strong Given:

*  Cyclist’s weight m=100 kg

* Horizontal distance
between sattle and seat
clamp x=100 mm

*  Vertical distance between
sattle and seat clamp

Seatclamp

y=200 mm

* Diameter of the seat post
D=10 mm

Wanted:

* Location of the highest load

* Type of local load

* Level of local load

* The seat post’s right
material choice (i.e. the
lightest considered metal)

1.2 Material oriented approaches qﬁé-,.



Design and dimensioning
How can we find the seat post's right* material?

@ wWT

Cyclist’s weight m=100 kg
Horizontal distance
between sattle and seat

*) means light and strong - Given:
1 i b= 00 L1 °
\;-:.;L“’_T A=A i .
Seatclamp \5 J o

¢ Siall Y= {0 waim
: !

E A Tz w \ 714'!"1} ¥ %—‘g A A0 U=AkV
4 ( ¢ -
7) Z%4=0

clamp x=100 mm
Vertical distance between
sattle and seat clamp

y=200 mm
* Diameter of the seat post
Fi-0" §-+0 D=10 mm
L‘f’-ﬂr_{ ST Al
SEW=p - WK =TFx AN gous Wanted:
B AT * Location of the highest load
- T T . +  Type of local load
NG e T * Level of local load
e Ju=g Y *  The seat post‘s right

—‘9@— J[or aa benaly
W e Wt = Ao M| O |

Sty

S

material choice (i.e. the
lightest considered metal)



Design and dimensioning

10000

How can we find the seat post's right* material?
*) means light and strong Given:
- Foars *  Cyclist’s weight m=100 kg
£ Please use this Ashby map! nmmrbme 0 s ||+ Horizontal distance
2 ‘ | Nare] '::1';:’1’ between sattle and seat
& ers

1000

100

Montechrical ceramics

Composites
Techrical ceramics

Metals .

-
e < 1
e F | °
7 J
- h J °
- o ™
e 7 -
L]
Onsfan

Density lkg/me] [ 1]
Frrrrr - N A e D I | T I R HA R O e B | 1T Trrrr
120 1000 10000 100020

1.2 Material oriented approaches

clamp x=100 mm

Vertical distance between
sattle and seat clamp
y=200 mm

Diameter of the seat post
D=10 mm

Wanted:

Location of the highest load
Type of local load

Level of local load

The seat post’s right
material choice (i.e. the
lightest considered metal)
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Design and dimensioning
How can we find the seat post's right* material?

*) means light and strong

10000
i

g M |

1000 |

Maximum bending stress in

;"/‘ : Foans .
|

N Elastomers
[ | Natural materials
Polymers

—

Boron carbide a f
4

100 |

10 |

0.1 )

0.01 4

seat post located at seat clamp

Montechrical ceramics

Composites
Techrical ceramics

Metals .

Result:
* Titanium is the right
material

Given:

Cyclist’s weight m=100 kg
Horizontal distance
between sattle and seat
clamp x=100 mm

Vertical distance between
sattle and seat clamp
y=200 mm

Diameter of the seat post
D=10 mm

Wanted:

Location of the highest load
Type of local load

Level of local load

The seat post’s right
material choice (i.e. the
lightest considered metal)

Steel could also be favorable or even Magnesium!

Why?

T T T TTT
10 1

L L T
1000 10000 100030

T rrrre L T rrrr
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Design and dimensioning

How can we find the seat post's right* material?

*) means light and strong

€
:

Given:

Cyclist’s weight m=100 kg

Magnesium Aluminum  Titanium Steel «  Horizontal distance
Cyclist mass m 100 100 100 100 kg between sattle and seat
Lever arm length x 100 100 100 100 mm clamp x=100 mm
) * Vertical distance between
Cyclist force F 1000 1000 1000 1000 N sattle and seat cIamp
Bending moment Mb 100000 100000 100000 100000 Nmm y=200 mm
_ Use as degree *  Diameter of the seat post
Seatpost diamenter D 16,3 12,9 10 7,6 mm
of freedom D=10 mm
Seatpost Length L 225 225 225 225 mm
Resistance moment W 4228 211,2 98,2 42,6  mm? Wanted:
- * Location of the highest load
Bending stress o,b max 237 473 1019 2347 MPa
* Type of local load
Sestpost cross section A 207,9 130,9 78,5 45,0 mm? o Level of local load
° ‘cri
Density p 17000  2700,0 4500,0 78500  kg/m? The seat post’s right
material choice (i.e. the
Seatpost mass m =p*A*L 0,080 0,080 0,080 0,080 kg Iightest considered metal)

|:> Extend the range of materials by exploiting geometric degrees of freedom

1.2 Material oriented approaches
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Design and dimensioning
How can we find the seat post's right* material?

*) means light and strong Given:
1°°°°?-E Sl s ° Cyclist’s weight m=100 kg
12 ,,/G- Elastomers * Horizontal distance
12 Natura] materials between sattle and seat
ow|®__Maximum bending stress in ertsctrical et clamp x=100 mm
3 seat post located at seat clamp Composites + Vertical distance between
Techrical ceramizs sattle and seat clamp
Metals . y=200 mm
100
E * Degree of freedom:
Diameter of the seat post
s Wanted:
* Location of the highest load
1 * Type of local load
1 * Level of local load
] * The seat post’s right
material choice (i.e. the
01}’ lightest considered metal)
- Density kgyms] [ 1]

L

I:> This brings us to the approach of density specific material characteristics

1.2 Material oriented approaches
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Design and dimensioning
Design of a statically loaded, strong and light bending beam

e
3

Load type Boundry conditions Objective
F a F * Permitted elongation * Maximum recycla-
-+ e o Dt .
¢4 pilty
M
[ b{ }M" J { Permitted strength ] [° Minimum weight J
i |+ Permitted toughness * Minimum environ-
4 mental impact
4"!r -
v I e Given geometry incl. « Minimum costs
- . degrees of freedom
F .

Wrong approach! Why?

1.2 Material oriented approaches ﬁg .
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Design and dimensioning with density specific material characteristics
Design of a statically loaded, strong and light bending beam

Load type

E"z e ]

Boundry conditions

* Permitted elongation

{ Permitted strength J

|+ Permitted toughness

* Given geometry incl.
degrees of freedom

Objective

* Maximum recycla-
bility

[° Minimum weight ]

* Minimum environ-
mental impact

* Minimum costs

Densitiy
specific
strength

[> For an integrative approach density specific material characteristics are

needed

1.2 Material oriented approaches

e
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Design and dimensioning with density specific material characteristics & IWT
Example: Design of a statically loaded, strong and light bending beam e

) M, Boundary conditions: Degrees of freedom
) e Bendingmoment M, ¢ Cross section A
" * Lengthl

— Z Derivation of the density specific material characteristics (MC):

¥ — G max 202%-% (Bending strength)

4-m
n-p-l

and: :m:p-V:p-%D2-|—>M|N —D=

Deflection oo 18-m-Mpp° P

M

C E-J, o 16-n-M? |° Jo? 2.1
o= b & == _.Y2.n-M?
0’ m® 0 m b

f

1.2 Material oriented approaches %16
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Design and dimensioning with density specific material characteristics & IWT

How can we find the seat post's right* material?

*) means light and strong

Given:

Cyclist’s weight m=100 kg

Magnesium Aluminum  Titanium Steel «  Horizontal distance
Cyclist mass m 100 100 100 100 kg between sattle and seat
Lever arm length x 100 100 100 100 mm clamp x=100 mm
) * Vertical distance between
Cyclist force F 1000 1000 1000 1000 N sattle and seat cIamp
Bending moment Mb 100000 100000 100000 100000 Nmm y=200 mm
_ Use as degree =  Diameter of the seat post
Seatpost diamenter D 16,3 12,9 10 7,6 mm
of freedom D=10 mm
Seatpost Length L 225 225 225 225 mm
Resistance moment W 4228 211,2 98,2 42,6  mm? Wanted:
- * Location of the highest load
Bending stress o,b max 237 473 1019 2347 MPa
* Type of local load
Sestpost cross section A 207,9 130,9 78,5 45,0 mm? o Level of local load
° ‘cri
Density p 17000  2700,0 4500,0 78500  kg/m? The seat post’s right
material choice (i.e. the
Seatpost mass m =p*A*L 0,080 0,080 0,080 0,080 kg Iightest considered metal)

|:> The same density specific MC means the same material efficiency

1.2 Material oriented approaches

Gemeimichatt
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Design and dimensioning with density specific material characteristics
How can we find the seat post's right* material?

*) means light and strong Given:
10000 5 s ° Cyclist’s weight m=100 kg
2 Elastomers * Horizontal distance
2 Nataral '::1"":: between sattle and seat
1000 ® mmmhrjcalmrﬁm Clamp x=100 mm
Composites * Vertical distance between
Techrical ceramizs sattle and seat clamp
” Metals . y=200 mm
* Degree of freedom:
Diameter of the seat post
0 Wanted:
* Location of the highest load
) * Type of local load
14 * Level of local load
* The seat post’s right
material choice (i.e. the
0.1 lightest considered metal)
- pensity kerm1 1]

I:> All Materials on the line provide the same specific MC of 22.5 MPa?/3* cm?3 * g1

1.2 Material oriented approaches

W IWT
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Design and dimensioning with density specific material characteristics
Example: Design of a statically loaded, stiff and light bending beam

Y M, Boundary conditions: Degrees of freedom
=] e Bendingmoment M, ¢ Cross section A
X
* Lengthl
o * Deflection f
| 0, , . . . . .
Derivation of the density specific material characteristics (MC):
2
Y/ —-E-J_ = M, ]1 (Bending stiffness)
2
&V mit: J_ =~ _ T p
M, = 4.n 64
und:m=p-V=p-A-1-MIN :>A:ﬂI
p.
Deflection - Em* M,-F
f~1 M, -I? 4-7'lt-p2-|2 C-f
B E M-4nl® JE 1 [M-4nl
& T 3 ST\~
p m-.C.f p m C-f
= MC=£ —MAX
p

1.2 Material oriented approaches
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Design and dimensioning with density specific material characteristics & IWT
Example: Design of a statically loaded, strong and light tension bar e

ii F Boundary conditions: Degrees of freedom
*  Permissible Force F * Cross section A
TV * Lengthl
| c
| A

Derivation of the density specific material characteristics (MC):

F
—0,, = e (Tensile strength)

\\\ N\ with: m=p-V=p-A-1— MIN :»A:pi

p-l
S0, =
OB R \ zul m
6 Ro fy ’
’ RZ ______ P h = F_ -
i p m
" — MC =2— — MAX | (whereas: 6=0,05,R,R.R, )
P
.

1.2 Material oriented approaches %20
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Design and dimensioning with density specific material characteristics & IWT
Example: Design of a statically loaded, stiff and light tension bar L,

ii F Boundary conditions: Degrees of freedom
* Permissible elon- * Cross section A
VIV gation ¢
| l c * Permissible Force F
| A * Lengthl

Derivation of the density specific material characteristics (MC):

—>E-A= F (Tensile stiffness)

o mit: m=p-V=p-A-l>MIN :A:ﬂl
4 p'
- Fp|
OF g | ¢ S T E g
E F
. p m.Szul
, R < MC=——> MAX
A Ao i p

1.2 Material oriented approaches %21



Design and dimensioning with density specific material characteristics
Overview (selection)

€
:

Load type/body Boundary conditions Degree of MCs for dimensioning acc. to
freedom Stiffness Strength | Toughness
Tension/ compression rod ||l Force, length Cross-sectional area E o Kie
p p p
Shaft, torsionally stressed | Moment, length Cross-sectional area JG 352 Q/chz
p p p
Moment, length, outside Wall thickness G c K.
diameter p p p
Moment, length, wall thickness | Outer diameter @ ﬁ K,
p p p
Bending beam Force or moment, Cross-sectional area E o? %/chz
(deflection), length D o p
Force or moment, (deflection), Width E c Ky
length, height p p p
Force or moment, (deflection), Hights E ﬁ K.
length, width p p p
Buckling bar Force, length Cross-sectional area JE G K
p P P
o: Strength (umtimate and yield strength respectively) (acc. to M.F. Ashby)

1.2 Material oriented approaches




Material selection
Pre-select load type, boundary conditions and objective for your component

Load type

Boundry conditions

* Permitted elongation

|P Permitted strength

Objective

Maximum recycla-
bility

|+ Permitted toughness

Minimum weight

* Given geometry incl.
degrees of freedom

Minimum environ-
mental impact

Minimum costs

Select densitiy
specific MC
from the table

needed

For an integrative approach density specific material characteristics are

1.2 Material oriented approaches

e
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Material selection
How to find the right material with Ashby maps

10.000
e h Techniga * Transformation of density specific
ies: € i ; £ . . .
. g CDATS strength into a straight equation:
Compaosite material: Tensile failure strength : - n
(e}
1.000 “,r //‘/l —->MC=— - MAX
Fiber reinforced. / ‘ P
polymers (FRPs) ‘ man l stee <logs” =logp +logMC
—_ i 1 1
& 0o m‘;?,sd ong g0 " ‘l. Magnesium <logo =—-logp +—-logMC
=3 P Aluminium n _ n
= ’ (Base equation: |y=m-Xx+b)
o 7’
2 e . . .
S 10 : \ | —— * Tensile/ compression loading
/J-
Technicalﬁc;}flﬁers >n=1& T4
n
EI)a/st-e—rﬁ@r‘{ ——————
-7 7 . . . .
1 Foams A 7 * Bending loading (bending beams with
1eS : .
P\ i circular cross sections)
et ne2o1.3
NEs e [1] 3702
’B,] 0.3 1.0 3 10 3 0 m—m—————

LJLII.JiI.y IRSYALLLEN|

:> All Materials above the line provide a higher, below a lower lightweight potential

1.2 Material oriented approaches

@ wWT

%

Gemehmichaft.

24



Material selection

How to find the right material with Ashby maps

Strong and light tensile/compression bar*

10.000 T 1
2. Strength-Density Engineering 4 _c-\.gmmar? ]
Metal and Polymers: Yield Strength [ELMQS}Q.;.‘} 5 ]

o -~ . i AI
Ceramics and Glasses: Comprassive ‘T l S o
Strength Elastomers: Tensile Tear SIrength {,o ‘}Mao‘ b2 1
Composites: Tensile Failure MEA z
) ,k- = /
1000 |

~T'IN
Engineering |
Compaosites

= 100
a
=
=
Ly
=
=]
=
5 LEAL <
0 10: Enginesling
® . ymers
- —
uide Lines
ElastomersJ/ ,,//"'h\_“ for Minimum
e ,/ s Weight Design|
/| Foams P ,,’ //
L - el s 3
g e o ", ]
- - Fd o ]
E P - s ]
- - // £ ]
[ %.c A 2 -
] - 2
| o 112 g
o3 a
Fec | Fe [1]
o _— g ! 1 Y R | 1
0.1 03 1 3 1o 2

Density p (Mg /m?3)

*) Reference: Aluminium

@ wWT

Tough and light tensile/compression szr*

1000
2 Fracture
Toughness-Density
Dala for Kic valid below 10 MPa mi2
above 10 MPa m'" for Ranking only
MFA:BE-91

Guide Lines | al
for Mimimum
100] Weight Design
=g
- -~
,L‘;, ;

2 ilingles
LG -
. it €
$ FIR
e / arallel] /Nms

A

o
E

®

o

3 Pobefiors

Q ]
¥ .
P 4
a s N
c [+ (5 n _l
-& \ Diaménd ~ Engineerin:

=] P o A Wua Ceramics

(o w ! s FMMA r,l.“.aﬂwmn

2o —= beey Eggf—(Fiay ar E
2 F > i S ) ol 7
F L P ' 50y 2
= FIH ster Racks Porous 4
L= Vi CRramics

Perpendicular |
Polymer Yo Grain e 1
Foams ‘__\ﬂ“,'

0.01- 1 O o ! R _,_[Z]J

0.1 0.3 1 3 10 30
Density p (Mg/m?)
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Material selection
How to find the right material with Ashby maps

1

Youngs Moculus, E (GFa)

Stiff and light tensile/compression bar*

Stiff, light and cost-effective tensile/compression bar*

00— - 1000 ———r—rrrrrr —TT T T T TTTTTY
-Densi E 9
[ MedtscEvocty 14 Modulus-Raive Cost [\l T
Youngs Modulus £ L " G_ Is
[G=3EM;K=E) Youngs Modulus £ MEAES.S ‘ /4
MFABE-S1 3 :f ]
I [
I
i
100 100 +
L -
E ; 7
E N
g Lantiel ] /4
L o) —_ Tginesrio INALE: : p / ;,r )
(7) {mis} Composﬂae % -~ ’/4 ;
Y 5 -~ 4 = / b
OTOLS - 7 I
- 5 g o
i Camamics . S 1o} 4
Enmf\wg/ A W F 2
Allcys Vs E
@
2 4 E ]
g ] E] ]
£ s 2 B i
Enginaaring ;{/ - = ]
Polymers 24 a R
1.0 e 7 7 i 5 1
- 7]
e - R > ]
- £ Guide Lines [ N\ ]
- -’:.‘:_-—-— fo:hhnimr.im i Guide Lines] ]
£ ' i . for Minimum
4 Weight Design !
/f i [ Cost Design
P N
4 Ir
#
y)
0.1 r! 3 0.1 ]
ers ] 3
/ 3 ]
4 B
P T t[ ] 0,01 Lol L ||[|||
%3 10 % 0.1 1 10 10,000

*) Reference: Aluminium

Density, o Eﬂgima}_

_ _ Relative Cost per Unit Volume Cg p (Mg/m®)

1.2 Material oriented approaches
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Material selection &IWT
How to find the right material with Ashby maps e

E, o K
A\

Ic? ="

2. Strength-Density

Hital and Polymers: Yield Strength
Geramics and Glasses: Compy

Strangth Elastomers: Tensii Tear Strangtn
Composites: Tengda Faiurs g

Strength o (MPa)

¥
o Density p (Mg /m3)

L I:> This requires a multi-dimensional approach

1.2 Material oriented approaches .Zﬁg.. 27
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Material oriented approaches

Summary

1.2 Material oriented approaches
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Case study & IWT

How can we find the right* material for the frame? e

Saddie Head Sets Control

Stem

Top tube

Seatclamp n—
Brake Cable
Rear brake Gear and Brake Levers
Tires
Head Tube
Seat stay Front Brake
Brake Pads
Cassette Seattube

£

Front derailleur

Gear Cable

Rear derailleur

Crank Gear

Pulley wheels L

Bottom Bracket Rim

*) means light and stiff

1.2 Material oriented approaches ‘Z.fgw.
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Case study & IWT

How can we find the right* material for the frame? Wi

Tasks
1.
2.
3.

“‘”/v

Where do which load cases dominate i |n the fra?me
What material would you use to make a stlffand light racing frame?
What material would you use to make a stlff and light metallic racing

.Ar H, ‘”

frame?

-
2

Which metallic materlal_ws wc;uld you use at which point in the frame if
you did not want the frame to be heavier but at the same time
cheaper than the one made of 3?

http://www.lehrerfreund.de/technik/1s/kraefte-am-fahrrad1/4000

1.2 Material oriented approaches -ﬁ@gso



Lightweight Materials - Their Properties, Technologies and Advanced Applicability & IWT

Content R
Series No. Volume of Title/Content
Lectures
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Metallic Materials
Strengthening potential

1000 4

Miodulus - Strength

1 Metals and palymers: yield strength, .

1 Ceramics, giassas: modulus of rupture, MOR
1{ Bastomers: tansile tear strength, o

- Gorrposites: tensile falurs, g

10 4

Young's modulus E (GPa)
|

|
0.1 4

0.01 m Al S . A , L [1]
0.1 : 10 100 1000
Strength ¢ {MPa)

I:> The large potential for strengthening is indicated by the elongated ellipses

1.2 Material oriented approaches
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Lightweight Materials - Their Properties, Technologies and Advanced Applicability & IWT
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