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itself. The performance of the bamboo frame members could then be observed in isolation
from the performance of the joints. The optimization of these joints remains a task worthy of
another independent research project altogether. Variables including fibre type, strength,
layup, orientation and quantity combined with quantity and type of resin in the structure
would all make a difference to the performance of the joint (Bamboo Bike Supplies, 2013;
Calfee, Building Bamboo Bikes, 2014).

The identification and calculation of the loading scenarios during which maximum forces and
induced stresses would be present in the frame is addressed in detail in Section 4.3.
Identification of the main situations worthy of consideration, and a described calculation
process which isolates the maximum forces on the frame during that scenario has been
included, and the information that outlines the scenarios of interest was sourced from
existing manufacturers.

4.2 - INDUSTRY. DESIGN SPECIFICATIONS .

In order to establish the commonly recognised high loading scenarios which a velomobile
would be subject to during operation, companies who are already in the velomobile
construction industry were contacted. information was requested on the design standards
which they used and the main considerations that they made when designing velomobile
frames. Of the five leading manufacturing companies contacted (Velomobiel.NL, Sinner Bikes,
Biuevelo, Trisled and Mosquito Velomobiles) only three responded, and all stated that they
knew of no standards relating to velomobile design. Both Velomobiel.NL and Sinner Bikes said
that they had built the majority of their designs using a trial and error approach, basing
improvements to designs on observed failures and unwanted performance features such as
excessive flex or deflection in elements of the design.

Sinner bikes suggested that it would be very difficult to calculate all of the potential loading
scenarios, but hypothesized that the highest loadings would come from impacts such as road
surface irregularities (potholes, guttering/kerbing, gravel etc.) and that this would be a good
focus for maximum loading design parameters.

Velomobiel.NL outlined two field experiments that they had performed, the first of which
invelved measuring G-forces experienced during cornering at maximum possible speed. The
second experiment was a stoppage test from a speed of 50km/h measuring the stopping
distance at full braking power. Data provided has been used to calculate the loading scenarios
that both experiments apply to the velomobile frame, the results of this will contribute to
goals for the prototype designed during this project to meet to satisfy similar requirements
to industry standard. For these experiments it is assumed that Velomobiel.NL has used
standard velomobile front wheels (405mm diameter (20™)) fitted with medium volume
tires, giving an overall wheel diameter of 465mm (Schwalbe, 2014).
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the velomobile and rider moving in the horizontal direction (im,) as shown in Equation 1
which describes the gravitational potential and kinetic energy balance that is maintained
during the scenario. m,, is the total mass of the velomobile and rider, while m, at the front
wheel is only 2/3 of the total mass with the rest being supported by the rear wheel.

Using the input parameters from Table 4-2 and the Equations’ 2 and 3, solutions for the E,
and F, direction forces acting on the wheel during this scenario were found. These forces are
caused by the energy input to the system which is in turn equal to the change in gravitational
potential energy caused by the step in the road. This produces the energy balance shown by
Equation 1 where the energy changes in the vertical direction translate to change in velocity
in the horizontal direction via a change in the kinetic energy. Combining functions for linear
acceleration and change in velocity during contact yields equation X, which was used to
calculate the force F, that acts in the x direction on the wheel.

(1)

1 2
myghh = -z—mxliw1

B 2my,gh
mx

rcos~1 (T ; h)

The resultant force F, that acts on the wheel in the y direction was then calculated using

. . 2
2emy vy | Y1

equation 3, which incorporates the angle which the axle of the wheel makes with the vertical
plane at the point where the change in acceleration is a maximum — presumed to be half of
the angle @ that the wheel makes with the vertical plane at initial contact with the step.
(3)
B 2my,gh

mx

cm. - 2
2omy vl vy

y = r—

an () o (50

Because of the deformation in the wheel and frame components during impact, the

application of the resultant force actually causes a changing acceleration (called a jerk), this
means that the force is also changing over the course of the impact as the frame and wheel
absorb force and the induced stresses in these components ramps up. The point at which the
change in acceleration reverses is and the induced stresses in the frame start to release has
been assumed to be halfway up the step (i.e. halfway through the time period of contact,
where the contact angle is 8/2). This infers that the contact patch of the wheel does not
actually leave the surface of the road after passing over the step, and constitutes to the
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FOS = Ftest,total (12)

F resuiltant,cornering

Therefore the minimum value associated with the bamboo sections of the prototype frame is

FOS =

4.43. This is much higher than the <1 value that the simulation results suggested.

5.5 PROTOTYPE PERFORMANCE ANALYSIS

The variation in performance between the Solidworks modelled and loaded prototype and
the actual constructed and tested version is substantially different to produce a large variance

in load tolerance and stress distribution. There are a number of reasons why this variation is
likely to have occurred, some of which are explainable using the knowledge gained from this

report. The following points outline the key variations between the Solidworks prototype
model and the constructed prototype that have been identified.

Specimen properties variation — During the investigation and testing of the
Himalayacalamus mechanical properties for this project, a large variation in stress
tolerance was discovered in the specimens testied. in order to maximise the FOS values
and reduce the risk of unexpected failure, the lowest observed stress tolerance values
from each experiment were treated as the minimum to be used during the design
stage. The specimens used in the prototype construction could have had properties
which easily exceeded this assumed minimum, meaning that their ability to tolerate
loads and distribute stresses could have been much more substantial than the
Solidworks model suggested. Other properties used in the Solidworks simulaticn were
sourced from researched values that related different bamboo species; these could
have provided a source of variation in the calculated force and stress distribution.
Culm dimensional variation — The modelled prototype weldment used fixed cross
sectional hamboo dimensions so that Solidworks could calculate the stress
distribution in the frame. Culms used in the prototype construction were selected at
random from the remaining population and not measured prior to use. Their
diameter, wall thickness, and fibre density dimensions could easily have been
different to those that were used by the Solidworks model. This would have
contributed to their ability to tolerate loads and distribute stresses in the constructed
prototype.

Joint construction — The utilisation of a composite resin and flax fibre joining method
that was unfamiliar and had little available technical data to inform the construction
process with provided a large potential source of variation. Since little was known
about the required size and shape of joints it was difficult to guarantee that they
would provide load tolerance and stress distribution to the frame members. To
counter this unknown entity the size of the joints was increased until they were bulky
and very rigid. The main consequence of increasing the bulk of the joints was that they
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were then likely to have a significant impact on the effective length of the frame
members. In some of the shorter members the joint wrapping covered more than haif
of the total length of the member. This reduction in the ‘free’ length of the frame
members would have reduced the amount of deflection that the frame sustained
under loading and also increased the ability of the frame to distribute stresses over
more of the frame members when loaded.
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sourced bamboo and would be able to provide the required performance which is expected
of available commercial models. Conservative weight estimates for the frame and
components required to make the velomobile rideable place it in the upper range of
acceptable weight considering the limited features (i.e. no heavy suspension etc.) that it
would possess. Without doubt this weight could be reduced by careful optimisation of the

design features, to the point where it would be able to compete with available lightweight
models,

Adapted mechanical testing methods used were verified by comparison with researched
results to ensure that the ranges obtained were reasonable. Values obtained for a range of
different stress tolerances in the material showed that the Himalayacalamus hookerianus
species provided less structural integrity per unit area than some of the other more popular
bamboo species used in construction elsewhere. However even with these properties the
space frame was still able to be designed and prototyped with successful test results,

Models of the designed space frame and prototyped frame section demonstrated a tendency
towards a lower factor of safety than was actually present in the prototyped version, meaning
that there is good scope for producing a very safe structure which can perform as required.
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Discussion

This literature review includes and references information, facts and opinions from a wide
range of sources including thesis papers, engineering reports, magazine and newspaper
articles, blog posts and various types of additional web-based content. Comprehensive cnline
content searches were performed using strings of key words to obtain details of relevant
literature, the majority of which was then sourced directly online. Numerous searches
returned few results that were of any relevance or that were backed up by any significant
data (particularly commercial product details). This lack of evidence and data could be caused
by two possible scenarios: either literature is not available because the knowledge has not
yet been discovered, or, literature is not available because the field of expertise is poorly
documented and/or too commercially sensitive to be released. Both of these potential
scenarios therefore provide confirmation that more well-documented evidence based
research is needed in the field of HPV development, particularly where non-commercial or
open source project applications are concerned. For the most part, commercial HPV
construction appears to be focused on high performance, high value materials and technology
for developments in frame and fairing design on velomobiles. Literature in this review displays
convincing evidence that developing technologies in the bicycle industry such as bamboo
frame construction could be suitable for use in the design of a light weight low cost velomobile.
Kerb weights and aerodynamic performance could be optimised by employing a light
stretched skin fairing structure, and possibly incorporating geodesic framing techniques to
form efficient fairing shapes.
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BD. TRIAL TREATMENT PROCEDURE

in order to ascertain the best possible time period for heat treatment, a test run was carried
out using the described apparatus and a small selection of four specimens. Specimens for this
test were selected to obtain the maximum variety in wall thickness, initial surface colour, and
mass so that the effect of prolonged heating on these variables could be observed
independently. The following steps were performed with the trial specimens:

i.  Woeighed, measured and marked specimens

ii.  Specimens placed upright in kiln with temp fluctuating between 150°C and 190°C

iii.  After 10 minutes elapsed time, specimens were removed from kiln and a 25mm
section was cut from top end of each specimen using a hacksaw. The removed section
was marked with time and orientation (noting the cut edge), these were air cooled.

iv.  Remaining sections of specimens were inverted and replaced to kiln.

v. At 10 minute intervals after this, specimens were removed and rearranged, with
repeated removal and cataloguing of 25mm sections from each specimen as in iii.

vi.  When visible browning could be seen on cut face of removed sections (smoothed with
fine grade sandpaper to identify), the heat treatment process was stopped and
specimens removed from kiln.

BE. " TRIAL TREATMENT RESULTS .

Figure 7-2 shows the rate at which the mass of the specimens reduced during heating; if this
heating process had been continued then the gradient of these plotted lines it could be
expected to reduce to almost horizontal at which point the moisture content would not be
changing any more. This was not necessary as it was known that once removed from the kiln
the samples would regain any moisture that was required to place them in equilibrium with
their surrounding environment.

Rather than mapping moisture content it was decided that the colour of the specimens would
be the guide for the extent of heating necessary. After 50 minutes of heating, samples from
specimens began to show visible browning in the polished wall cross section. This colour
change is an undesirable effect which reduces the integrity of the specimen by degrading the
fibre structure (Schott, 2006)(p.9); it was concluded that two constant heating periods of 20
minutes each would be sufficient to treat the majority of the specimens without incurring
significant discolouration and loss of structural integrity
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bicycle, impact with even a small step in the road surface at high speed would almost
definitely cause an accident where the rider loses control of the bike. Most riders
would be very lucky to come away from this unscathed regardless of how the bicycle
frame performed during impact. A value of 100mm has been used for these
calculations as a likely worst case scenario. This size also corresponds with the largest
step that the front end of the velomobile could clear in order for the wheels to reach
the step before the frame bottoms-out, the frame lowest point is lower than 100mm,
but this low point is located behind the front wheels.

Impact conditions — Assuming that the irregularity was large enough to contact both
wheels, the highest impact loading scenario would occur if both wheels contacted the
irregularity at the same time -~ meaning that the vehicle approached on a path
perpendicular to the edge of the irregularity. This has the effect of halving the impact
load across both wheels. The calculation process for one individual wheel impacting
an irregularity at speed has been deemed too complex for this report.
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Figure 7-29: Overlay of front wheel position on loading member of frame section showing alignment of wheel contact
patch with ground
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