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The sport of cycling is as technological as
ever as professionals and amateurs look

to gain the slightest advantages
over their competitors

Quote: 21.Nov.2015: http:/www.cyclingnews.com/news/inside-the-cyclefit-store-gallery/
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gain the slightest advantages

/ '\

/ AN
reduce reduce reduce reduce

weight air resistance rider fatisue loss of kinetic energy
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w ‘Comfort’ on a race bike?

....that is NOT our first objective.!
we want:

reduce reduce reduce reduce
weight air resistance rider fatigsue loss of kinetic energy
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w ‘Comfort’ on arace bike?

...that is NOT ouir first objective.!
we want:

reduce reduce
rider fatigsue loss of kinetic energy

Both can be achieved with (mini)-suspension, i.e.
flexible seatposts. .... and if that comes along
with some improved ‘comfort’ we’ll be happy to
take that ‘comfort’ as a secondary benefit as well.!
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¥

[ Cane Creek J
‘Thudbuster’

United States Patent
McFarland

[54] PARALLEL LINK SEATPOST SUSPENSION

[76] Inventor: Ryan J. McFarland

111 Patent Number: 5,489,139
[451 Date of Patent: Feb. 6, 1996
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examples of existing designs: Parallelogram

quoted from Voves, Wheeley

Cycling Science, 1996

..upon impacting the bump, the rider,

..., is accelerated upward and o T
forward along an arc referred to [ - g
here as the ‘impact arc’. r

...a portion of the forward kinetic  co=
energy is converted into (vertical) [J—%5
potential energy. TN

.metabolic energy is expended N s
as leg and arm muscles brace and i1 NN Y
damp motions of the body -1 Wi
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% m V2

30 km/h
85 kg
2.951 ki
m g AH
9.96 mm AH (y - vertical)
85 kg
9.81 m/ s?
0.0083 KJ
0.0083 — 028 %
2.951

bump of 15 mm raises the Center of Gravity —
about Ay =10 mm which requires (‘costs’)
about 0.28 % of kinetic energy of the
'moving mass'
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example of new design: pseudo-Parallelogramm

redesigned and

large series production
using prepregs / bladder-
molding process

2013: market introduction
by Canyon

VCLS Post 2.0 CF

and licensed to Ergon

CF3 Pro Carbon
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example of new design: pseudo-Parallelogramm

After successful market
introduction of VCLS 2.0

AW N\ \\ RN\

re-consider & redesign
,pultruded’ prototypes

in order to complement
product range

- ,mid-range’ pricing
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example of new design: pseudo-Parallelogram

pultruded /;

~Z Fraunhofer

ICT



re-design: ’pultruded’-seatpost (thesis Robert Miiller, 2013)

@*D@j .T
540

\\"\

- -
— -

- 6 different |

seatposts @r
|
‘\-____i,___/’

- built and tested within
diploma thesis R.Muller
(Wwww.FAST.KIT.edu, 2013)

- 3 different | |
profiles R |

L
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Testing Compliance of pultruded profiles

 Extension 155 mm up to 200 mm

» Breaking force of minimum 1 kN

SR ’?”5’ B4
R ﬂ’s*{! :i'-'
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re-design: ‘pultruded’-seatpost
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prepregs
CF3

VCLS-2

[Jbushings (IGUS)

Cinsert Alu

[Iscrew M5 washers

[ spacer PA-GF

[ top end connector (2x) (PA-CF)

O top end connector (2x) (Alu)

[ clamps seat rails (original Canyon)

[JCFRP flex blades (2 x) (2 x 320 mm) hollow
[JCFRP flex blades (2 x) (2 x 320 mm) solid
[1CFRP flex blades (2 x) (2 x 320 mm) hollow

pultruded

(7/7mm) (7/8 mm) (7/9mm) (8/8 mm) (8/9 mm) | (9/9 mm)

v75

v77

© Fraunhofer
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Testing compliance of ,system’ including seatpost

EN 14766: _ adaptation by Fraunhofer
for product safety testing for compliance testing !
F=1000 N F=1200 N

component of Force component of Force
perpendicular to axis of seatpost perpendicular to axis of seatpost.

will cause bending

Y
2 X
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Testing compliance of ,system’ including seatpost

(thesis S.Navidi, 2011)
Test-Rig:
saddle-rails-substitute-rack,

displacement-sensors,
angle measurement,

force up to 1200 N
@ 70 mm offset
direction of force: 282°
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Testing compliance of ,system’ including seatpost

Displacement of 'Point 'C' under Load (1200 N @ 282°)

(thesis S.Navidi, 2011)
Test-Rig:

saddle-rails-substitute-rack,

displacement-sensors,
angle measurement,

force up to 1200 N
@ 70 mm offset
direction of force: 282°
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Comparison of frames and seatposts (thesis S.Navidi, 2011)

C 0 Horizontale Verschiebung [ mm ]
16 18 20 22 24 26 28 30

Frame: (model, size)
Seatpost Extension: (height)
Tire: (model, size, pressure)

14

-16

-18

Vertikale Verschiebung [ mm ]

=20 |

=22
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Comparison of frames and seatposts (thesis S.Navidi, 2011)

Vertikale Verschiebung [ mm ]

8

Horizontale Verschiebung [ mm ]
10 12 14 16 18 20 22 24 26 28 30

Oo

Frame: Canyon F10, RH 56, (2011)
Seatpost Extension: 170 mm
Syntace Tire: 23 mm, 8 bar

- P6Alu
e /_ P6 CEK
_~P6 CFK HiFlex

(] __—Canyon VCLS 1.0 (Basalt)
/ HaiBike Flex Post

| | ‘
@ ; C/___.,,__.-----'Ritchey WCS-VCLS

Canyon
———VCLS 2.0

O
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re-design: ‘pultruded’-seatpost (thesis Robert Miller, 2013)

Vertikale Verschiebung [ mm ]

=10

=12

14 |

-16

-18

=20 |

=22

Horizontale Verschiebung [ mm ]
12 14 16 18 20 22 24 26 28 30

Seatpost Extension: from 155 to 200 mm
Tire: 25 mm, 7.5 bar

Frame: Canyon Ultimate SLX (2012), RH 56

WS
VCLS2 d)
05
vels2 & 0
veis2 G 0? i

VCLS2
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re-design: ‘pultruded’-seatpost (thesis Robert Miller, 2013)

Vertikale Verschiebung [ mm ]

=10

=12

-16

=20 |

=22

12

Horizontale Verschiebung [ mm ]
14 16 18 20 22 24 26 28 30

Seatpost Extension: from 155 to 200 mm
Tire: 25 mm, 7.5 bar

Frame: Canyon Ultimate SLX (2012), RH 56

‘38

VELS2 é
88

Iy
"4-.._

VCLS2
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re-design: ‘pultruded’-seatpost (thesis Robert Miller, 2013)

Vertikale Verschiebung [ mm ]

Horizontale Verschiebung [ mm ]

0 12 14 16 18 20 22 24 26 28 30
°O |
2 Frame: Canyon Ultimate SLX (2012), RH 56
Seatpost Extension: from 155 to 200 mm
-4 Tire: 25 mm, 7.5 bar
-6
-8
KT 2
|:|‘ 99
1z . N
& e
-14 VCLS2 d:‘
o VCLSZ-O--.
VCLSZO
L vCLs2
20 -
22 L
24 I
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re-design: ‘pultruded’-seatpost (thesis Robert Miiller, 2013)

Conclusions:

prototype seatpost based on two CFRP-profiles (8 / 8 mm)

» almost matches the deflection characteristics
of the ,reference’ VCLS Post 2.0

> weight of 255 gram — will make it difficult to develop {

a marketable product based on ,solid’ cross section profiles.
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re-design: ‘pultruded’-seatpost (thesis Frédéric Huhn, 2015)

goals for improvement:

> match the deflection characteristics of the ,reference’ VCLS Post 2.0
» match the weight of the reference (<220 g)

> ...besides the obvious:... cost, mechanical performance, appealing design

- prototype seatpost based on two hollow profiles (10 / 10 mm)

- replace aluminum parts with injection molded ones (PA6-CF20)
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re-design: ‘pultruded’-seatpost (thesis Fredéric Huhn, 2015)

,Pullflex 3.0"
Y —,connectors’ (injection molding PA6-CF20)

and

CFRP hollow profiles (pull-braiding)
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re-design: ‘pultruded’-seatpost (thesis Frédéric Huhn, 2015)

- pull-winding or pull-braiding
necessary to better resist compression
/ crushing at clamp area

- hollow pull-braided profiles
(10 mm /2 mm) match bending

moment of inertia of 8 mm solid
profiles
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re-design: ‘pultruded’-seatpost (thesis Fredéric Huhn, 2015)

1200
OPF 3.02

N
o
o

Force [N]

0 T T T T
140 155 170 185 200 215
Length [mm]

\

~ Fraunhofer

ICT

© Fraunhofer



re-design: ‘pultruded’-seatpost (thesis Fredéric Huhn, 2015)

Vertikale Verschiebung [ mm ]

=10

=12 |

14 -

-16 -~

=18 ~

=20 |

=22 |

8

10

12 14

16

Horizontale Verschiebung [ mm ]
18 20 22 24 26 28 30 32

Frame: Canyon Ultimate CF (2015), RH 56
Seatpost Extension: from 155 to 200 mm
Tire: 25 mm, 8.0 bar

=M= Sycntace PG
-%--PF3.0

0 =~0--VCL52 5B
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re-design: ‘pultruded’-seatpost (thesis Fredéric Huhn, 2015)

Pull-braided
CFRP-profiles

88 g
(for 660 mm
=2 X 330 mm)

\
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re-design: ‘pultruded’-seatpost
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weight [ g ]

~
~
%)
—
O
=
c
o
>
c
S
O

prepregs
CF3

VCLS-2

pultruded
(7/7 mm)

v75

(9/9 mm)

v77

[Jbushings (IGUS)

Cinsert Alu

[Iscrew M5 washers

[ spacer PA-GF

[ top end connector (2x) (PA-CF)

[top end connector (2x) (Alu)

[ clamps seat rails (original Canyon)

[JCFRP flex blades (2 x) (2 x 320 mm) hollow
[J CFRP flex blades (2 x) (2 x 320 mm) solid
1 CFRP flex blades (2 x) (2 x 320 mm) hollow

pullbraided
(10/10 H)

v95

© Fraunhofer
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re-design: ‘pultruded’-seatpost (thesis Fredéric Huhn, 2015)

goals achieved !

> match the deflection characteristics {

of the ,reference’ VCLS Post 2.0 r
» match the weight of the reference (<220 g)

> ...besides the obvious:... cost, mechanical performance, appealing design

» Comment:

Y

Pultrusion is the most cost effective production method for fiber-reinforced composites

» Total cost to produce a marketable product cannot be validated by University / R&D Institute.
Such evaluation must be done by OEM - also taking into account production ,volume’ per year
and i.e. assembly cost, decals, packaging, etc....
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re-design: ‘pultruded’-seatpost (thesis Frédéric Huhn, 2015)

additional goal:

» does any ,mini-suspension’ (i.e. as provided by a flexible seatpost) result in
measureable reduction of required energy to ,travel’ over rough surfaces.?

Bike: Ultimate CF SL 9.0 Di2 (2015) --> Canyon
Power Meter: Info Crank  --> Verve Cycling

Data acquisition: navi2coach --> O-synce
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Road Testing

Baden-Baden,
Neuweler,
Mauerbergstral3e

ca. 400 m/ca.14 Hm
slope~3,5%

Ride #1

‘.'r 3 =t - - J
pe b - . o i

o e Sl IR g - '
o RSy e < 3 PO EBRLAG
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Road Testing

Baden-Baden,
Neuweler,
Mauerbergstral3e

ca. 400 m/ca.14 Hm

slope~3,5%

ride #2
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Saving power due to flexible seat-post?

bike: Canyon Ultimate CF, size M (2015)

__ | post: Canyon VCLS post 1.0 (= ,reference’)
£ | tire: Michelin Yksion 25 mm /7.5 bar i
2 | crank: Verve Cycling, Info Crank A
= . . . 6 A
+ | 8 different riders: N=2x 103 rides A Je
oo
o 4.5 A (@)
o A X o
= Apd A &
— 4.0 A SN A BA O ©
P CEBA o (@)
= 3.5 b & 8
= A Cobbles,
':' 3.0 A LA O A y = 6E-05x° - 7E-05x? + 0.1197x 'stiff' seatpost
Y A A A L R? =0.9191
3 o 0@ Canyon VCLS 1.0
o 25 A : ; 0 y = -2E-06x3 + 0.0025x% + 0.0801x
S N’ - < R? = 0.9036 PY Asphalt,
% 20 4 o 'stiff' seatpost
-4 ? Canyon VCLS 1.0
“ 15

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

(average) speed [km/h]
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Saving power due to flexible seat-post?

specific power [W / kg] (average, all riders)

5.5

5.0

4.5

4.0

3.5

cycling on cobbles with a ,stiff’ seat-post
requires ~11,2% more power* than on asphalt

A Cobbles,

3.0 y = 6E-05x° - 7E-05x? + 0.1197x 'stiff' seatpost
i Canyon VCLS 1.0
2.5 y = -2E-06x3 + 0.0025x% + 0.0801x
R? = 0.9036 e Asphalt,
2.0 'stiff' seatpost
Canyon VCLS 1.0
1.5
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
(average) speed [km/h]
y
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' Saving power due to flexible seat-post?

bike: Canyon Ultimate CF, size M (2015)
post: PUllFlex 3.0 prototype (= ,flexible’)
tire: Michelin Yksion 25 mm /7.5 bar
crank: Verve Cycling, Info Crank

8 different riders: N=2x 53 rides

© Fraunhofer

5
°
=
)
® 4.5
Q
>
4+
— 4.0
E;
= 35 A Cobbles,
S 'flex' seatpost
3.0
E y = 2E-05x3 + 0.0021x? + 0.0908x PU”ﬂex 30 prOtOtype
S R?=0.9309
2 2.5 y= -4E-06x° + 0,003+ 0.0693x | ® Asphalt,
R?=0.9327
= 50 'flex' seatpost
E Pullflex 3.0 prototype
“ 15
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
(average) speed [km/h]
7
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Saving power due to flexible seat-post?

6.0
— 55 cycling on cobbles with a ,flexible’ seat-post o
3 requires ~10,6% more power* than on asphalt A
= 50 7'y
“ AA
Q
© 4.5
Q
®
— 4.0
o3
Z 35 A Cobbles,
= 'flex' seatpost
o 30 a Pullflex 3.0 prototype
Q y = 2E-05x3 + 0.0021x2 + 0.0908x
S R? = 0.9309
8_ 2.5 y = -4E-06x3 + 0.003x2 + 0.0693X o Asphalt’
£ 5, R 'flex' seatpost
g:_ Pullflex 3.0 prototype
vy

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
(average) speed [km/h]

\

~ Fraunhofer

ICT



Saving power due to flexible seat-post?

6,0
5,5 //

5,0 cycling on cobbles with a ,flexible’ seat-post
saves ~0,6% power compared to a ‘stiff’ post

4,5

4,0
The savings are well
within the error margin
and also below the
measurement accuracy

3,5

spezifische Leistung [ W / kg ] (average, all riders)

3,0
hence many more test-
25 rides will be necessary
to create a statistically
20 viable result. @
Test rides will be
15 continued during

15 16 17 18 19 20 21 22 23 24 25 26 27

Geschwindigkeit [km/h] 2016 season
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Saving power due to flexible seat-post?

cycling on cobbles with a ,flexible’ seat-post
L5 saves ~0,6% power compared to a ‘stiff’ post

\

savings are well within the

error margin and also below

the measurement accuracy
hence many more test-

o
|-
<]
=)
| .
"
o
=14}
©
@
o>
T
[—
[sT4]
-
S
=3
[
2
@]
Q.
&
b=
(&)
Q
o
T,

33 rides will be necessary for a
statistically viable result.
Test rides will be
continued during
30 2016 season
22 23 24 25 26

(average) speed [km/h]
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The new bike DOGMA K8-S.. has a bespoke mechanical rear suspension system
....that features a miniature rear shock and... flexible carbon chainstays.

The rear suspension has been co-engineered by Pinarello and Jaguar. A small
elastomer-based shock is inserted in between the seatstays and seat tube.
“... to make sure that rear wheel had the capacity for 10 mm of vertical travel..”

...the riders have told us that on flat sections of road they can’t feel the
suspension. It's like it doesn’t exist on smooth roads. That's a good indication.

we've found that there’s an eight per cent increase in speed over cobbles
when the power remains constant between the current bike and the K8-S.”

8% 27 1!

published 02.April 2015. full text here:
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{rﬂﬂ Saving power due to flexible seat-post?

specific power [W / kg] (average, all riders)

4.5

4.0

3.5
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cycling on cobbles with a ,flexible’ seat-post
allows ~0,8% faster speed (for same
power-input) compared to a ‘stiff’ post P

—cobbles 'stiff'/vcls 1.0
—cobbles 'flexible'/Pullflex 3.0
—asphalt 'stiff'/vcls 1.0
—asphalt 'flexible'/Pullflex 3.0

24 25 26 27 28 29
(average) speed [km/h]
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