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Introduction

ABSTRACT

Introduction: During cycling, most of people suffer from perineal pain due to the
pressure acting on the perineal area by the nose of the seat. Also, Unsupported
sitting on the saddle in a forward bending posture for a longer time induces low
back pain (LBP) among cyclists. So, this paper presents the design of a noseless
bicycle seat with a backrest using UPVC/Silica-Aerogel.

Methods: This seat is designed as per the anthropometric dimensions of human
body. Various parameters such as Lumbar position, seat tilt angle, seat position,
backrest angle, seat height, backrest height, seat and backrest width are considered
and the optimal value is determined while designing. The material chosen for the
base of seat is UPVC/Silica- Aerogel composite and the cushioning material is
chosen as polyurethane foam. The design is executed in 3D modelling software and
validated using FEA Package Ansys Workbench 2022 R2.

Results: The maximum stresses induced in the newly proposed material
UPVC/Silica-Aerogel (4.41MPa) is lesser than its yield strength (59 MPa). The
maximum anterior stress of noseless seat is found out to be 24.5 kPa which is lower
than that of the saddle with nose (41 kPa).

Conclusion: As the anterior stress of noseless seat is lesser, the perineal pressure
of cyclists is greatly reduced and this decreases the health problems associated with
the perineal pressure. Also the backrest of the seatpan enhances the supporting of
back muscles and reduces LBP among cyclists.

Keywords: Noseless seat, Perineal pressure, Unsupported sitting, UPVC/Silica-
Aerogel

The male anthropometry might influence the
bicycle seat pressure and it is advisable to use
male anatomy and male anthropometric data for
most of the measurements while designing the
bicycle seat.! The saddle with nose induce higher
perineal pressure which in turn causes various
sexual health problems. In order to reduce the
pressure to the perineum of the cyclists, a saddle
without a narrow protruding nose is advisable.?

LBP is reduced when the tensile forces on the
lumbo-sacral spine is reduced. This is achieved
when a forward or anterior pelvic tilt (APT) of the
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cyclist’s pelvis is favored. An adjustment of the
saddles by inclining the saddle anteriorly by 3° to
90, resulted in the reduction of LBP in 80% of the
cyclists.? The back is subjected to various positions
while cycling which in turn causes pain in the
lower back among the cyclists. The introduction of
a back rest is the solution to eliminate this
problem. The back rest’s height should be
approximately half of the sitting shoulder’s height
and this information should be taken into account
while designing backrest.*

The lumbar spine resembled similar to the lumbar
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curve of a person standing when the backrest
angle was inclined 100° to the seat pan. Also, the
forward tilting of seat can prevent the flattening or
kyphosis of the lumbar spine. A relaxed posture is
provided when the forward tilted seat opens the
angle between the upper torso and the hip.> The
anthropometric data of the population should be
focused for the purpose of designing human
utilities.®” The flat surfaced saddles showed a
more uniform pressure distribution with less
pressure on the anterior part and more on the
posterior part compared with the saddle with a
perineal hole.?

In order to overcome the drawbacks of existing
construction materials more ductile, robust and
durable materials are needed for bridges,
buildings and other infrastructure. Therefore, an
innovative system is needed to improve the
performance. To ease the situation, Unplasticized
polyvinyl chloride (UPVC) tubes are used as a
confining material and their performance was
evaluated experimentally by testing the UPVC
confined cylinders. The result showed that when
compared to the unconfined levels the UPVC
confinement increased the strength, energy
absorption and ductility.’

The effects of Silica Aerogels on thermal,
mechanical, and acoustical characteristics when
mixed with UPVC. The tensile properties,
hardness, softening temperature, thermal
conductivity, impact strength, sound absorption,
and sound transmission loss are tested and
evaluated for the prepared UPVC/Silica-Aerogel
composites. The results confirmed that when
adding silica aerogel to the UPVC, the hardness,
tensile strength, elastic modulus and softening
temperature are increased.® The wuse of
UPVC/Silica-Aerogel for bicycle seat has not been
explained and evaluated in any of the journals at
present. The idea here is to use the UPVC/Silica-
Aerogel as a material for the seat pan padding.
The primary objective of the paper is to design a
noseless bicycle seat with attached backrest using
UPVC/Silica-Aerogel and to analyze the design
feasibility and anterior saddle pressure.

Methods

A saddle with flat surface is chosen the flat
surfaced saddles showed a more uniform pressure
distribution with less pressure on the anterior part
compared with the saddle with a perineal hole or
cut out design. The 3D model of the noseless flat
surfaced saddle is illustrated in figure 1.

All dimensions in mm

Figure 1: 3D model of Seat pan

The 20 mm thickness of the seat pan is split into
two parts. The lower part is the padding of the
saddle and the upper portion represents the
cushioning of the saddle. The anthropometric
dimensions considered for design of bicycle
saddle are lower back — knee length, hip breadth,
sit bone width, sitting shoulder height and chest
breadth.

For Seat length, the Lower back — knee length is
considered for 95t percentile men for domestic
seats (non- bicycle seat) which is 642 mm. But for
bicycle the seat length should be smaller than the
lower back-knee length. The average bicycle seat
length is 250 to 270 mm (with nose). For noseless
seat the length should be 130 mm."

Hip width for 95% percentile men should be
considered for the design of domestic seats (non-
bicycle seat). But for bicycle seat the sit bone
(ischial tuberosity) width should be considered.
The average sit bone width for men is 100 to 140
mm and 110 to 150 mm for women.” The seat
should accommodate the person with lowest to
highest sit bone width. So sit bone width of 150
mm should be considered for the design. Further
20 mm is added as addendum. So totally the seat
width is 170 mm as shown in figure 2.

130

Figure 2: Proposed Seat design
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If the saddle width exceeds beyond 170 mm then
it leads to unstability and the thigh muscles would
hit the seat edge and causes friction between thigh
muscle and the seat edge.!? Excessive thickness of
bicycle seat increases the thigh pressure, whereas
very low thickness of seat leads to the failure of
seat by deformation when cyclists sit on the seat.
So, the ideal thickness (padding and cushion) of
seat is 20 to 30 mm. The padding thickness is
chosen as 8.5 mm and the cushion thickness is
chosen as 11.5 mm resulting to a total thickness of
20 mm.

A forward anterior tilt of the seat pan from 3° to 5°
promotes a very slight forward slumped position
which in turn, resulted in improvement in the
incidence and magnitude of Low Back Pain in 70%
of the cyclists.”® For our design, the seat pan is
tilted anteriorly to an angle of 3.75°. To support
this a supporting rod bent over 3.75° is attached to
the base of the seat. The seat pan is fixed to the
supporting rod with the help of the fixture
attached to the inclined part of the rod as shown
in figure 3. The supporting rod is then fixed to the
seat post using the rod base and it helps to move
the seat forward and backward to adjust the
distance between the seat and the handlebar. The
distance between the handlebar and the seat post
is decided based on the grip reach (forward reach)
distance of the arm.™

Fixture

Inclined part of rod

» Rod base

Figure 3: 3D model of the supporting rod

The seat post should be placed in such a way that
it should accommodate 5% percentile women to
95t percentile men. Since the seat post is fixed
when the cycle is manufactured, it is placed at a
distance corresponding to the grip reach distance
of 5% percentile women. So, everyone can easily
reach the handlebar without bending too
forward.™ It is good to design the seat position
(front and backward distance) as per adjustable
range. This is because if a person has larger grip
reach distance and if the seat is fixed as per the
distance of 5t percentile women’s grip reach, then
it would be uncomfortable for a person with
greater grip reach as he should bend his elbows

laterally. This adjustable seat position is achieved
with the help of the rod attached to the bottom of
the seat pan and the fixed seat post. The rod slides
front and back over the seat post, thus adjusting
the horizontal distance between the handlebar
and the seat pan.

The grip reach for 5t percentile population is 653.8
mm and for 95t percentile population is 814.2 mm
as per anthropometric data.6 Nearly there is 160
mm difference between each measurement. In
general, the seat post distance from the handlebar
will be corresponding to the 5% percentile distance
(653.8mm). In order to be comfortable even for 95t
percentile population, the seat should be 160 mm
backward from the seat post. So, the rod of 180
mm (160 mm +20 mm addendum) is designed and
fixed to the bottom of the seat pan and allowed to
slide over the fixed seat post. This will be helpful
even for a person with a grip reach distance
corresponding to the 95t percentile population.
They can slide the rod backward to a distance of
160mm and now the seat will be in a position
corresponding to a grip reach distance of 95t
percentile population (814.2mm).

180

I
Figure 4: Proposed design of supporting rod

The backrest height should be half of the sitting
shoulder height.* The sitting shoulder height is
400 mm.” Half of that is equal to 200 mm. So, the
backrest height should be 200 mm as shown in
figure 5.

200

Figure 5: Backrest height and angle

In order to prevent disc pressure, the lumbar spine
should promote lumbar lordotic position (spine
curved inwards). For this purpose, the backrest
angle is inclined backward at an angle of 100°. The
backrest should not be inclined too much i.e.,
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more than 110° because high inclination of the
backrest increases the maximum forward shear
force greater than 12%. This leads to skin injuries
at the groin.®

The cycle backrest width is chosen around two
third of the average chest breadth. The average
value of chest breadth is 272 mm. Two third of the
chest breadth is 180mm. Hence backrest width is
taken as 180 mm.

= 180 — ———‘

Figure 6: Backrest width

This 180 mm width of backrest covers two third
width of the back and provides better support for
the lower back. The total backrest thickness is
chosen as 25 mm from which the padding of
backrest is chosen as 10 mm and the cushioning is
chosen as 15 mm. Based on the above mentioned
design parameters the seat pan, backrest and the
supporting rod are modelled and assembled in 3D
modelling software.

Backrest

» Seatpan

» Supporting Rod

Figure7: Final model of the saddle

The following measurements are found out from
the assembly
I. Mass of the assembly = 2.078 kg
II. Surface area of the assembly = 2951.25 cm?
III. Volume of the assembly = 1452.70 cm?

The maximum vertical forces during cycling
expressed in % Body wight (BW) is found out to
be 52% of BW, maximum lateral force during

cycling is found out to be 5% of BW and the
maximum forward shear force is found out to be
12% of BW.?> For the design of ergonomic noseless
seat, the seat is designed to withstand a maximum
of human mass of 120kg (1200 N). So the following
loads act on the seat pan for a Bodyweight of
120kg.

I. Maximum vertical load =52% of 1200= 624 N
II. Maximum lateral force =5 % of 1200 =60 N
III. Maximum shear force: 12 % of 1200 = 144 N

The lateral seat forces act from left to right and
from right to left on the surface of the seat. The
lateral force acts from left to right when the pedal
crank revolution angle is 0 to 180° (when left leg is
driving) and right to left when the pedal crank
revolution angle is 180 to 360° (when right leg is
driving).’s The shear force in this design is
regarded as the forward shear force as the seat pan
in this design is tilted anteriorly (forward tilt) to
an angle of 3.75° and the backrest is inclined
backwards to an angle of 100°. This constitutes
forward shear force. The maximum shear force is
chosen as the maximum value of force during 0 to
180° and 180 to 360° of pedal crank revolution
angle.16

As the backrest inclination is increased, the
backrest experiences more weight i.e., as backrest
angle increases the normal load on the backrest
also increases. The thorax and pelvis together
applied a normal force to the backrest of 212 N
with a standard deviation of 50 N for experiments
on 23 men.’*The 212 N was measured at a backrest
angle of 110°. Since our design is for backrest angle
of 100° only, the normal load on backrest will be
less than 212 N (for 110 ° backrest angle). But for
safer design the backrest force of 250 N is
considered for backrest angle of 100° also.

The UPVC/Silica-aerogel composites have better
tensile properties, impact strength, hardness and
thermal conductivity and the ideal values are
referred and mentioned in Table 1.117 Hence the
base padding material for seat pan is chosen as
UPVC/Silica — Aerogel composite.

Discomfort occurs due to lateral acceleration
when cycling. Presence of seat cushion on the
padding
cushioning material is chosen as Polyurethane
foam. Polyurethane flexible foams are widely

reduces this discomfort.’® So seat

used for a variety of applications to improve
comfort and durability.’® Aluminum alloy 6061
has high strength and stiffness to weight ratio and
may be used for light weight and high strength
applications.? So the material for backrest
padding is chosen as Aluminum alloy 6061.
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Stainless steel has excellent qualities in terms of
strength and ductility, combined with good
corrosion resistance.?’ Hence the material for
supporting rod is chosen to be stainless steel.

Table 1: Properties of UPVC/Silica-Aerogel

Property Unit | Value
Density kg/m*® | 1460
Young’s Modulus MPa 3300
Poisson’s Ratio 0.47
Tensile yield Strength MPa | 45-50
Compressive yield Strength | MPa 59

The analytical validation of the final assembly is
carried out using static structural analysis in
Ansys Workbench 2022 R2 software. The material
assignment for the seat pan, backrest and
supporting rod are given as follows.

I. UPVC/Silica-Aerogel is assigned to the
padding of seat pan.
II. Polyurethane Foam is assigned to the
cushioning of seat pan and backrest.
III. Stainless Steel is assigned to the supporting
rod.
IV. Aluminum Alloy 6061 is assigned to the
padding of the backrest.

The base of the supporting rod and the edges
connecting the backrest and the seat pan are fixed.
The Loading conditions at the seat pan and
backrest are as follows
I.  Maximum vertical load on the seat pan =624
N
II. Maximum lateral force at seat pan
(Both directions) = 60N
II. Maximum Forward shear force at seat pan =
144N
IV. Maximum normal load at the backrest =
250N

Once the boundary conditions and the input force
values are assigned, fine meshing is done on the
model and the element type chosen is Quadratic
Tetrahedral and Quadratic Hexahedral because it
is a homogeneous Structural Solid which is well
suited to modeling irregular meshes and this
element supports multiple shapes. The element
size for meshing is given as 10mm.

Results

The maximum stress of 434 MPa occurs on the
edge of the supporting rod as shown in figure8.
The supporting rod which is a stainless steel has
yield strength of 340 MPa. The maximum stress is
more than the yield strength. Hence the design
fails.

A: Static Structural

Equivalent Stress

Type: Equivalent fvon-Mises) Stress

Unit: MPa

Tirne: 105

Deformation Scale Factor: 16 (Auto Scale)
07-03-2023 09:27

434 Max
388
337

Figure 8: Von Misses Stress when right to left
lateral force

The maximum stress of 410 MPa occurs on the
edge of the supporting rod. The supporting rod
which is a stainless steel has yield strength of 340
MPa. The maximum stress is more than the yield
strength. Hence the design fails.

A: Static Structural
Equivalent Stress

Type: Equivalent (van-Mises) Stress

Linit: MPa

Time: 10

Deformation Scale Factor: 15 (Auta Scale)
07-03-2023 09:31

410 Max
364
319
273
228
182
137
a1.1
45.6
0 Min

Figure 9: Von Misses Stress when left to right
lateral force

The reason for this failure is because there is
negligible gap between the end of the supporting
rod. This causes more stress at the end of the rod
as shown in figure 10. So, the plastic deformation
occurs at the edge of the rod.

38216
Mode 11047

Figure 10: Maximum stress induced at the end of
the rod

In order to prevent the failure of the model, the

distance between the end of the rods is increased.
So, there will not be much stress acting at the end.
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11.91

Figure 11A: Failure design

_ i
15.83

T

Figure 11B: Corrected Design

Now the supporting rod design is corrected by
increasing the gap length from 11.91 mm to 15.83
mm as shown in figure 11A and 11B.

A: Static Structural

Equiwvalent Stress

Type: Equivalent (von-Mises) Stress

Unit; MPa

Tirne: 105

Deformation Scale Factor: 1.0 (True Scale)
07-03-2023 0%:40

23.6 Max
n

183

157

131

10,5

T80

5.24

262

0 Min

2.3473e-015 '
Mode 22763

Figure 12: Von Misses Stress after design
correction

After design correction, the stress at the gap of
supporting rod is negligible because after increase
in length of the gap, the upper and lower rod do
not interfere when load is applied. So large stress
is not caused at end of rod. Also, for aluminum
alloy as shown in figure 12, the maximum stress
induced is 23.6 MPa which is low compared to its
yield strength of 280 MPa.

A: Static Structural

Equivalent Stress 2

Type: Equivalent {von-hises) Stress

Unit: MPa

Tirme: 105

Deformation Scale Factor 1.0 (True Scale)
07-03-2023 0253

4.4108 Max
3.0738

34367

2.0407

24626

1.9755

14885

1.0014

b 0.51436
0.027307 Min

20708 %
Node 1390

Figure 13: Von Misses Stress for UPVC/Silica-
Aerogel padding after design correction

For UPVC/Silica-Aerogel, the maximum stress
induced is 4.41 MPa as shown in figure 13 which
is low compared to its yield strength of 59 MPa.
The stress induced at UPVC /Silica-Aerogel

padding is also verified numerically as follows.
The saddle stress is caused due to compressive
stress when a normal load acts on it. So, the
normal load alone is taken into account for
compressive stress. When a normal load of 624N
is applied to the UPVC/Silica-Aerogel padding,
the padding compresses itself with the fixture of
the supporting rod and induces a compressive
stress.

The compressive stress on the padding is
calculated by considering the uniformly
distributed load (UDL) actin on the padding and
its top surface area.

UDL is nothing but the normal load acting on the
padding which is 624 N/mm.

Length of the padding is 130 mm
Top surface area of the padding is 18629.69 mm?

Equivalent point load for the UDL
=130 mm * 624 N/mm
=81120 N

Compressive Stress on padding
= 81120/ 18629.69
=4.354 MPa

The compressive stress of 4.35 MPa obtained using
theoretical calculation is almost satisfied with the
result of 4.41 MPa obtained using FEA software.
Therefore, it is concluded that the maximum stress
induced on the UPVC/Silica-Aerogel padding is
less compared to its yield strength and this
composite is suitable for using as a padding for
seat pan. As all the component’s maximum stress
is lower than their corresponding yield strengths,
the design is considered to be safe.

A: Static Structural

Equivalent Stress 4

Type: Equivalent (von-hises) Stress

Unit: Pa

Tirne: 105

Deformation Scale Factor: 1.0 {True Scale)
11-03-2023 1315

24530 Max
23383

22236

21090

10043 |
16756 17405
i ot )
15358

14209 Min

Figure 14: Anterior Saddle pressure at noseless
seat

The traditional saddle with nose was associated
with an average perineal pressure between 34 kPa
and 41 kPa and the noseless saddles were
associated with an average perineal pressure of 18
kPa when a person with average weight of 80 kg
sits on it.2 For our proposed design of noseless
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anterior curved surface saddle, when a person
with 80 kg weight sits, maximum anterior stress is
found out to be approximately 24.5 kPa and the
average anterior stress is around 17.5 kPa from
figure 14. The anterior stress is found out when the
following loads act on the seat pan for a
Bodyweight of 80 kg (800 N).

I. Maximum vertical load = 52% of 800=416 N
II. Maximum lateral force =5 % of 800 =40 N
III. Maximum shear force: 12 % of 800 =96 N.

Hence the perineal pressure at noseless seat is
lesser compared to that of seat with protruding
nose. This lesser perineal pressure at the noseless
anterior curved surface saddle reduces the risk of
dysfunction, impotence and groin
numbness 3 to 4 times than those of traditional
saddle with the protruding nose.>?? Also this seat
shape accommodates upto the sit bone width only

erectile

and the remaining portion of thighs will be stable
to rotate the pedal of the cycle.

A Static Structural
Total Deformation
Type: Total Deforrmation
Unit: rm

Tirne: 105

Deformation Scale Factor: 1.0 {True Scale)
07-03-2023 10:07

7.0347 Max
6.253

54714
4.6308
3.9082
31285
2.3440
1.5633
078163

0 Min

Figure 15: Deformation for UPVC backrest
padding

When UPVC/Silica-Aerogel is used for backrest
padding, the maximum deformation occurred on
the backrest is around 7 mm as shown in figure 15
which is very large and this large deformation
causes the failure of joint between backrest and
seat pan. In order to overcome the large
deformation on the backrest, aluminum alloy 6061
is used as a padding material for the backrest.

When Al alloy is used instead of UPVC for
backrest padding, the deformation at the backrest
is just 0.38 mm which is negligible. Hence very
negligible deformation occurs when Al alloy is
used. This is because Al alloy is stronger and has
higher density compared to UPVC. Also, the
maximum deformation occurs at the anterior edge
of the seat pan which is 0.52 mm as shown in
figure 16. This deformation is also considered
negligible.

A: Static Structural
Total Deformation
Type: Total Deformation

0.3
Mode 14081 :

Unit: mm
Tirme: 105
Defarmation Scale Factor: 1.0 {True Scale)
07-03-202310:01
0.52334 Max
0.48519
0.40704
0.34889
0.20074
0.2326 0.52334
o
01163 L
0.058149 =
0 Min

Figure 16: Deformation for Al alloy backrest
padding

Discussion

The basic design of noseless bicycle saddle was
finalized after the iteration process. Analytical
Validation of the model is carried out using an
FEA package. Initially the maximum stress
induced at the edge of supporting rod which is 434
MPa is greater than its yield strength (340 MPa).
So, the design failed initially. Then the gap
between the upper and lower edge of the rod is
increased from 11.91 mm to 15.83 mm. Now this
new model with the corrected design of the
supporting rod is analyzed. The maximum
stresses induced in the newly proposed material
UPVC(/Silica-Aerogel and also in other component
materials are lesser than their corresponding yield
strengths. Now the design is safer and can be
proceeded for prototyping. The average perineal
stress induced at the anterior edge of the noseless
seat which is 17.5 kPa is lesser compared to the
anterior stress of saddle with the protruding nose
(34 — 41 kPa). This lesser perineal pressure at the
noseless anterior curved surface saddle reduces
the risk of erectile dysfunction, impotence and
groin numbness.?

Conclusions

As the anterior saddle stress is reduced, the
perineal pressure of the cyclists is highly
prevented and this mitigates various health
problems associated with the perineal pressure.
Also, the inclined backrest inclined enhances the
supporting of back muscles and promotes lumbar
lordotic position which in turn reduces the disc
pressure and low back pain among cyclists. The
dynamic analysis of the saddle pressure is not
carried out due to lack of experimental and
equipment facilities. The experimental research
will be executed shortly to conduct the dynamic
analysis of the saddle pressure in the future work
of study. Thus, the objective of the project is
fulfilled.
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