Custom Bicycle Design and Build

Hans Cycles

PROBLEM STATEMENT

The purpose of this project is to design and manufacture a 2-3
seat bicycle frame integrating a lever-driven planetary gear
transmission created by The Rapid Center (TRC) at WCU. The
inclusion of this transmission necessitated a new frame to
ensure proper connection while maintaining functionality and
safe operation. The bicycle must accommodate 2-3 riders,
support 2 five-gallon jerry cans, and safely operate under
dynamic riding forces while remaining structurally sound. The
team will design the frame and lever-based crank arms, while
using standard off-the-shelf components for handlebars and

FINAL DESIGN, APPROACH, PLAN

Starting with hand drawing and progressing to a CAD design,
each member had the chance to produce an initial bike frame
design. Once the team reached a consensus on the design by
using a selection matrix, each member contributed to different
aspects of the design process to finalize the CAD model. Once
the frame model was completed and simulated with applied
loads, the team ran into loading and stress issues. The frame
was revised to account for those issues. Shown below are both
the initial and finalized frame designs.

seats.

REQUIREMENTS

Req # Requirement Description Motivation

1 The team will develop a frame | The sponsor wants to test the
that fits the new transmission |performance and feasibility of
designed by the Rapid Center. |this conceptual bicycle.

2 The team will The gearbox transmission
develop approximately 20- system eliminates the need for
inch-long pedal crank arms a chain, so lever-like pedals
connected directly to the rear |are required.
wheel hub gearbox.

3 A fixture that allows the bike |The sponsor wants this bike to
to carry 2 5-gallon water jugs. |be practical for commutes, and

the ability to carry water
provides hydration.

4 Seats that can fit 1-2 Multiple people can travel
additional passengers as well |together in city settings, which
as the driver. can be used for commuting to

work or school.

5 The bike must support 2, The sponsor and team want to
200lb passengers, 10 gallons |ensure that a large range of
of water, and 10lb of people can ride the bike safely.
additional cargo. 500lb Total.

CONCEPTS
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Figure Il. Secondary concept
provided by sponsor

Figure lll. Concept for crank
arm pulley system

Figure IV: Initial Frame design Figure V: Final Frame Design

For the crank arms, multiple design iterations were simulated in
FEA to ensure an appropriate factor of safety. Initially, the stress
levels were nearly triple the allowable stress for the specific
material. The initial crank arm design is shown below.

Figure VI: Initial lever arm design

Along with the frame and crank arms, the team had to
incorporate a pulley system and swiveling clevis to ensure the
arms do not hit the ground and potentially cause rider injury or
damage. The final product consists of a custom metal bicycle
frame designed using CAD software and fabricated through
machining and welding processes. The finalized CAD assembly
shown below served as the primary reference for dimensions,
alignment, and assembly during manufacturing.

Figures VII: Final CAD Assembly of the bike

Once the team had finalized the design of the bike, CAD was
again used to create multiple jigs to correctly position the tubes
to ensure proper alignment during the welding process.

Figure VIII: CAD models of welding jigs for the bike frame.

RESULTS

Once the team finalized the design for the frame and crank
arms, safe conditions were met leading to a factor of safety of
3.67 for the frame and 1.25 for the crank arms, however, our
target FEA was 1.5. Shown below is the final FEA analysis of
both the crank arms as well as the complete frame after
redesi
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Figure XI: FEA analysis of lever arms

Once the team was confident in the results of their loading
simulations, they proceeded with the welding and fabrication of
the frame.
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Figure XIlI & Xlll: Manufacturing processes
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SUMMARY AND CONCLUSIONS

The result of this project is a working bicycle prototype which
meets all requirements. Additional deliverables include all
appropriate files which could be used to replicate the
manufacturing process as well as to prove the bike can
withstand the stresses it is designhed to tolerate.

FUTURE WORK

Looking forward, the team has analyzed the frame finding
potential improvements that would lead to an ergonomic,
production ready bicycle. First, implementing pedal guides
that were designed to be a part of the frame would prevent
unwanted torsional motion of the crank arms. Next,
redesigning parts of the frame to be produced in
manufacturing methods not available to this project would
allow for a lighter overall weight and smaller frame.
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