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Many design factors will interact with other factors, and so you may have to juggle multiple issues at once to determine a good mix.  You may start the process with any one of several criteria, just be prepared to revisit things later in the process.  The topics presented below will not be in any particular order but I will try to deal with some of the “look at this early in the process” topics  first.





What type of use will the vehicle see?


I will presume a vehicle for use on paved roads, as I've yet to see an FF PTW design that looks to be of any use as a serious off-road vehicle.


Will the vehicle be used only on private roads (on the palatial estate owned by the typical FF enthusiast) or for track days/racing or will it be meant for use on the public roads/highways?


If used on private roads/tracks then the vehicle is probably exempt from regulatory issues.  However, a race vehicle will need to be built to satisfy the rule book of the organization(s) it will be raced with.


If used on public roads then you will need to consider all appropriate local/state/national laws and regulations as well as any insurance companies that may be involved.  Road vehicles are more complicated than those for racing, as they need approved lights, mirrors, etc.





If used on the public roads how will it be used?


Low speed/short hop/around town errands?


Commuting 10-50 miles with a mixture of low and high-speed roads?


Sport riding?


Touring?





What is the needed range? 10-30 miles per day may be met by a moderately compact battery pack on an e-FF.  100-150 mile between fuel stops may be more difficult to do with electric power than with gasoline.  200+ miles may preclude electricity and require large fuel tanks that are difficult to fit into the design.





Load capacity: one vs two people with/without luggage/cargo.





Gross vehicle weight:  load capacity-driven but also affected by target use – a solo sport vehicle/track vehicle may want to minimize weight in vehicle components to improve handling/acceleration compared to a solo intended for commuting/errands.





Powertrain: 


Internal combustion engine (ICE) or electric?  If the former is it an OEM engine from a PTW (or even automobile) or custom?  Provision will be needed for airboxes, exhaust, fuel tank, possibly an oil tank, possibly heat exchangers and plumbing as well as a starter battery.  If electric is there an existing battery pack that can be used or will a custom battery need to be commissioned?  There are fewer individual components for an e-FF which can simplify some of the design, but a battery pack sized for significant highway distances between charges will (with currently available batteries) occupy significant volume and can easily add 200-300 pounds which needs to be fitted into the vehicle without disrupting handling.


Transmission: standard from a donor vehicle or repurposed from a different type of vehicle?  Manual multi-gear, auto/DCT multi-gear, constantly variable transmission (CVT) as on many scooters, or none at all with a direct-drive electric motor?  


Final drive: chain or timing belt with sprockets or shaft?  Will the final drive position impact seat height?





Rear wheel drive or two-wheel drive?





Seat height:


high (25-30”) - possibly done on a lightly modified standard production chassis


medium (15-25”) - likely to need significant modifications/new construction


low (under 15”) - special construction





Engine position:


Probably mainly a question for ICE powertrains.  Rear engine (NSU, RSU, Slug), mid-engine/under passenger (Newall Gold Wing?) or front engine (Voyager, Quasar, Gurney).  The location is likely to impact the final drive with more forward positions needing extremely long chains/multiple chains, extended shafts.  The lower the seat the less room there is available to squeeze an engine or final drive (or fuel cell/battery pack) under the rider(s).


Electric power offers a possibility of a hub motor, which has drawbacks of adding unsprung weight/wheel complexity but could make 2WD easier.





Wheelbase:


Short – small scooter based, perhaps 56” maximum


Medium – Fryer VeloFF, Gurney, Voyager, Suzuki Burgman 650, up to about 66”


Long – Horn 2WD racer, NSU, RSU, Slug, Eco – 66” ->88”+


Wheelbase may be impacted by seat height, engine position, number of passengers/amount of cargo space needed.





Front suspension: you could use a fork (tele, leading/trailing link, girder) mounted to a conventional steering head or a funny front end (FFE) such as Difazio HCS, Foale, JBB, Saxon, Hossack, or Horn.  The FFEs may offer benefits in lower frontal area/less complex frame construction or better load paths, but require more parts to be fabricated instead of a set of OEM teleforks sourced from a used vehicle.





Chassis:


Largely unmodified production frame/swing arm.


Mild to moderately modified production frame/swing arm/


Purpose built frame/suspension.


The choice may depend on what is suitable for modification, what is available, and the end goal.  Is a modified production frame completed in 2 months time required or is there a year or more in which a “clean sheet” vehicle can be designed and built?





Bodywork:


None


Minimal (Gurney)


Large amounts but open cockpit (Voyager)


Full enclosure (Eco)


What material for the bodywork – Corriboard, shaped aluminum or composite?  Will a body buck/plug/mold need to be made to produce the bodywork?





Wheels, suspension and powertrain selection:


A heavyweight tourer will need different components from a local lowspeed errand vehicle.  Can you use a complete scooter rear suspension/engine/wheel package with 12” diameter wheels front and rear or will you need full-size 17” rims with wide tires and brakes to go with a 75-200 hp motor?  


Can you find an existing engine that will fit where you need it to fit?  From what I've seen there are few, if any, existing PTW I.C. engines that have the shape, size and performance that I'd want for the FFs I've considered building.  It is like the old joke about you can have it good, fast or cheap, but only 2 of the 3 at any one time.  


I had high hopes for an e-FF as the motor and controller are pretty compact and lightweight, but for electric power you need a battery pack, and the batteries that I could obtain (and afford) that would give the range and power I wanted ended up being much heavier and bulkier than I was willing to use.  Don't forget that a PTW will lean in corners, and many batteries from e-automobiles (or even things like the BMW C-evolution e-scooter) are prismatic (box-shaped).  If you are going to put a lot of batteries low in the vehicle (under the rider(s)) they need to fit into a V-shaped keel if you want them to not drag on the ground at extremes of lean and suspension travel.  If they are wide boxes you have to raise them so they don't drag, and there goes the low seat or maybe even any seat for the rider.





Level of construction in project:


If only meant to be a design exercise, then hand sketches/computer renderings may suffice as it is only vaporware.


If a one-off built entirely in a shed by an experienced constructor, then detailed hand sketches/classic chalk drawings on the floor


If intended to be built by different people (from plan sets) then detailed drawings and bills of material will be needed.  There may be some variance if the drawings are a rough guideline with various components being used by different constructors with the vehicle modified as needed vs plans for “build it exactly like this and you won't have any questions on what to do in the process” projects


For a production vehicle as above plus full 3D CAD models to enable CNC production of components





Budget:  It is better to start with a big fortune and turn it into a small fortune building a vehicle than to start with no fortune at all.  Yes, some amazing things have been built by people from scavenged parts and tools with little cash outlay, but the project quality and completion date are likely to be not helped by an extreme lack of money to put into the project.





Skills and infrastructure:


This will vary with the project.  Is it a “hack, grind and weld until it looks sort of like I envision” quick DIY project at home, something where friends have skills and machinery they can lend, or will work be farmed out to commercial fabricators/machine shops/body shops with no blood being dripped by the FF designer?


Drafting/drawing;  Good detailed/dimensioned hand sketches, manual 2D drafting on paper, or full 3D CAD models.  Something more than a vigorous waving of hands will probably be needed to convey information so things can be made.


Manual workshop skills: the ability to file/cut/grind/hammer/lay up composites/stitch upholstery.  


Machine tool use: lathes, milling machines, precision grinders, welding (gas, MIG, TIG), layout and inspection, designing and producing fixtures and jigs, making molds and laying up composite materials.  


Shop space: is this built on the kitchen table and everything needs to be put away each day so supper can be eaten on the table?  Will you need a winch or to remove a wall to get the completed vehicle out of a basement/crawl space?  Do you have existing working space or a friend(s) who does, or can you rent space at a “TechShop” type of facility, or will you need a small factory for going into production?  


Will you need to pay someone to do engineering design if you can't confidently specify materials/sizes/methods?  Will there need to be a professional engineer to certify a production vehicle and take responsibility for the design being sound.  Will the services of an inspection facility (such as for the German TuV) need to be obtained for testing (possibly to destruction) of components, along with sample components to be consumed in the testing?


In the same vein can you do a satisfactory job of designing a vehicle with good dynamics?  If the front brake locks the wheel with the slightest touch due to a poor selection of center of gravity, or an overly high center of pressure has the bodywork causing the front wheel to lift off the ground at high speeds, you are unlikely to be very pleased with how things are going.  A 30mph FF for running to the corner store may not need to be very sophisticated, but something with powerful brakes and engine and the capability of going at high speeds with a couple of fragile humans aboard needs some serious thought and research if it will be a success.


Possibly the most important skill is the ability to make a plan and stick to it until you are done.  I've had many grandiose projects, and there have been many that were never started or abandoned part way through the process.  That might have been because I came to my senses, or I came up with what I thought was a better plan and scrapped what I'd already done, or because it all took too damn long and I lost interest (or my interest was captured by a shiny new grandiose project that seemed more appealing). I did design and build chassis for three completed race bikes, and significantly modified the chassis on several others so I know it can be done.  But I doubt that I'm the only person who has run out of steam when a major stumbling block is encountered in a project.  That could be some design element of the specific project or seeing planned on time/energy/money no longer being available.


A one-off can be made in a way or with materials/skills that are not suitable for a production run.  “Design for manufacturing” is an important part of production, and if insufficient attention is paid to “how do we build this” or “what standard components can we use or where do we need a custom part” a project can die even if the design is otherwise good.  You may be able to slightly bodge something in your shed and have it come out OK, but that may not be possible if you need to to do the bodge 30-30,000 times on a production line.  Of course, running out of money to pay the weldor/machinist/panel beater can also bring things to a screeching halt.





It is likely that I've overlooked something worth mentioning, but this should be a good starting place.  Figure out what you want to achieve, and how you can afford to achieve it, and make sure you are generous with the safety factors in the design as you don't want someone to be hurt.  Don't forget to include good work practices and personal protective equipment in your safety planning.  It is difficult to go for a ride on your nifty custom FF if you've killed yourself in the workshop (and I knew one person with a lot of experience who managed to kill himself with a lathe).





I will be happy to consider adding to this document if someone comes up with some good additional material, just let me know.


