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ABSTRACT

The Strongmobile System is a family of automobiles or airplanes that are convertible from one mode to the other and the related subsystems.  They are intended to fill a wide variety of missions that need "door-to-door" transportation as well as providing mobile platforms.


As reported in the Civil Aeronautics Research and Development (CARD) study (confirmed in recent talks, between the author and representatives of the FAA, NASA, and DOT auto areas) the most difficult problems seem to be institutional restrictions.  These involve the legal aspects of: licensing; taxation; design criteria; and the operational requirements.


Operation and maintenance, design and construction of a prototype and the vehicles, are patterned along aeronautical lines, but there are also significant automotive inputs.  So they may be considered to "roadable airplanes", with a "flying car" flavor.


The unique features common to the Strongmobile are: 


- ducted fan propulsion with nose intake and side exhaust, to aid the road drive; 


- quadricycle landing gear, or automobile suspension system, with optional four- 


   wheel steering; 


- streamlining wheel covers ("slippers"); 


- Warp Action Spoiler Plate (WASP) ailerons and full-span flaperons; and 


- two-position swingwing that stows into the fuselage-body.


The vehicle design has been studied through preliminary design, some mock ups, and initial wind-tunnel testing, with some system analysis.  The basic Model A commuter-sport study has been expanded to a family of vehicles and an airpark.


The objective of the conceptual phase of the program is the synthesis of the overall system.  The next phase is aimed at a feasibility demonstration with prototype with prototype hardware, such as the Model A or Model C (STOL version).

STRONGMOBILE DEVELOPMENT REPORT

VOLUME ONE:  SUMMARY

I.
BACKGROUND and INTRODUCTION

The Strongmobile development program is aimed at a new family of autoplanes that have common technology and varying capabilities.  They may be operated as automobiles or as airplanes and are convertible from mode to the other with a minimum of effort and time.  The dual-mode capability may be a distinct advantage over other types of single-mode travel for jobs such as: 

(1) commuting; 

(2) liaison; 

(3) ambulance or emergency; 

(4) courier; 

(5) charter-taxi; 

(6) observation for photography or sensing; 

(7) patrol; 

(8) light cargo and mail; 

(9) touring;  and

(10) sport and recreation-camper.  

Certainly, many other jobs will appear to individual operators, so the base design is to be adaptable to various uses.  Generally, they are intended to fill the gaps between short-range automobiles and medium range airplanes for individual trips.  Mass-transit systems for city-dwellers and high-speed transport planes are seen as complementary to autoplanes, as are helicopters and other special-use vehicles.  The main trends seen in the forecasts for the future indicate that the growing interests in autoplanes will continue.


These trends will explain to a great degree why another attempt is now made to solve a problem that has, historically, seems to defy resolution.  Convergences appear in several aspects of the over-all situation: people will become more used to airplanes as a rather common means of getting around as the mystiques of the past fade; automobiles will soon, as regards time-saving, have reached the limits of performance; the needs and desires for travel are increasing; and, most importantly, classical problems of the roadable airplane may be resolved.  Looking at each aspect more specifically, it is seen that there is a very large number of the air-minded in the U.S. and the number is growing.  The military, commercial as well as private and sport pilots clearly demonstrate that there is a keen interest in flying.  However, most of these don't actually own the airplanes they fly.  There are numerous crew members, mechanics, and many, many others, even though pay scales are unimpressive for these jobs in some cases.  The engineers and executives are there, too, bearing out a great faith in aviation, which is further borne out by the growth in airplane sales.  The really tremendous growth in homebuilt airplanes is yet another indicator.  But does any of this say that roadable airplanes have growing interest?  Not directly, but it's very significant to notice that much development of roadable airplanes is unknown because of the usual reaction that "they're strange'; so, many design efforts are going on right now that are unknown.


Whenever roadable airplanes are mentioned, the first name that is brought up usually is, of course, Molt Taylor, for Aerocar.  Seldom seen or heard ar Dewey Bryan's  Ercoupe conversions, Halsmer's tandem, or Erwin Stockwell's Corvair conversions.  We were quite surprised to see that over thirty other similar patents were reviewed during the recent applications.  These efforts are not confined solely to individual inventor types, but are the subject of commercial interest, and so it is not surprising that neither Detroit nor Wichita nor Los Angeles are showing their cards early.  When such interest is suspected, there must be solid reasons for it.


Granted that the aviation community had grown, nurtured by the always helpful government interest, the attitudes of non-aviation people also are changing.  And, while some of it may be due to familiarity with aviation through travelling by turbo transports,it may be that the larger interest is due to the recognition that air travel is the best answer to the over-all problem.  The classical flexibility of airplanes for overflying natural boundaries such as rivers, mountains, and such, together with a virtually inexhaustible supply of road ways is a fundamental advantage, one that cannot be matched by any other form of transportation.  In future years when it becomes more critical, the fact that aircraft don't take a vast expanse of real estate for rights-of-way will also have an influence.  These factors underlie the current and near-future travel and transportation situation.


The availability of the automobile, always at the door, able to reach into any door via roadways, is an inherent plus that the private plane cannot compete with.  Whereas, autos are coming close in other areas, such as cruising speed, this fundamental difference remains.


Aircraft have usually been regarded as fairly high quality products as compared to mass-produced autos.  Consumer interests have been degrading this difference and it is expected that this aspect will be less important.  Training courses for drivers and mechanics will most likely resemble ground school and mechanic licenses are already commonly discussed.  Automobile designs are receiving more attention in the area of aerodynamics and moncocque structures.  Airplane designs emphasize automobile comfort features, even air conditioning.


The increasing size of cities automatically increases the demand for faster, or, more accurately, quicker travel.  More importantly, the inter-city trip has become more prevalent as people reach out more to the next town down the road and beyond.  While the trains that used to provide services for this job decrease and the airlines slowly expand into the short-trip market, huge amounts of time are lost everyday as people bore along the freeways and highways.  While this kind of trip is ideal for light personal aircraft, the costs of the current crop of lightplanes versus automobiles makes them, to most people, appear impractical.  The cost trends appear to be converging, however, as automobiles become more complex.  The more important factor then appears to be true utility.


The plain fact of the matter is that the tremendous shift in populations and life styles have emphasized the "mini-trip" and the basic American transportation form isn't efficient for many jobs.  The megalopolis of the big city complex creates so great a distance problem that the freeway networks cannot now provide adequate travel times.  Autos are limited by roads and, whereas a billion driver-hours are spent on the road each year, the speeds have crept up only about one mile per hour in each year.  Although many cars are mechanically capable of two mile a minute speeds, they are practically limited to half that.  The costs of building high-speed roads from city to city and within cities precludes much future gain for automobiles.  Yet the demands for travel are increasing


The relative safety of the automobile and airplane, together with the individual aspects, affects the picture in three distinct ways.  Firstly, potential airplane pilots who have been exposed to constant barrage of accidents in the media may have considerable misgivings about trying flying.  Likewise, automobile safety leaves much to be desired.  While some design features may enhance some safety aspects, such hazards as roadside obstacles cannot be resolved through the vehicle.  (The South Carolina Driver Education people reported almost 30,000 obstacle collisions in one year in that state).  The indirect apsects of public attitudes affect both in the facilities they use.  Both freeways and airports come under attack from the public, so both must take this into account.  Thirdly, the safety aspects account for the largest reasons for governmental regulations of all kinds.  It is this aspect that is really the most problematical for developmental of the three forms, autos, airplanes and autoplanes.


The severity of that aspect is exemplified in reports on the Aerocar's operation requiring nine separate licenses.  The operator must have: (1) a Federal pilot's license; (2) a State driver's license; (3) a Federal airplane registration; (4) a State airplane registration; (5) a State automobile ticket; (6) an FCC radio license; (7) a State trailer license; and, in order to produce the plane, (8) an Airworthiness Certificate and (9) state vehicle approval.  This could be further complicated by Environmental Protection Agency approval of exhaust and noise pollution.  To say nothing of the Medical Certificate required for flying.  The operator should also be familiar with Coast and Geodetic and National Weather Service and Motor Vehicle Safety Standards as well as Federal Air Regulations.  Several other institutional aspects are involved in overlapping authority.  One is reminded of remarks made by General Schreiver in an address to the American Institute of Aeronautics and Astronautics a few years ago.  He observed that it would be necessary, in order to lengthen the runways at one airport, to deal with over thirty separate government entities such as cities, counties, states, port authorities, etc., etc.  Similarily, it's reported that a west coast "think tank" group found that, in order to have an integrated traffic control in the L.A. basin one boulevard required agreements with twelve municipalities.  Naturally, any mass transit over state boundaries must also consider the Civil Aeronautics Board and the Interstate Commerce Commission.


Development-wise, research has always been on the Federal level, but apparently split between agencies.  Defense interest in utility aircraft has been largely an Army matter.  Army interest in helicopters has further diluted that area of support.  


The big switch from NACA to NASA and space emphasis leaves the U.S. in a position of borrowing foreign designs for short trips or what used to be called "bush planes".  So the skies over L.A. and other megalopoli are filled with Canadian DeHavillands, British Short Skyvans, German Dorniers, Japanese MU-2s, Swiss Pilatus Porters, and so on.  When a new American idea comes along, it's often bogged down in the cross-fire of bureaucratic overlaps.  For example, the Windecker Eagle plastic plane used a reported nine million dollars in certification, forcing its price out of the market.  It's ironic that the government, in the YE-5 version, may pick up its tab.


Reportedly, various forms of legislation are in the process for alleviating some of these problems.  Even the patent pooling of the aerospace industry is being examined, which may attract big venture capital into fresh approaches.  Technology assessment programs may point out more accurately the pros and cons of various transportation approaches.  Localized control by cities may resolve problems in one area that doesn't necessarily apply to others.  However, the continuing trend of various agencies to lay down detail design criteria for the vehicles is still headed the wrong way.  It is interesting to note that the stronghold of the government specification, the military, has swung the pendulum in the opposite direction, so that fresh ideas can be entertained.


It is accepted as a fact of life that institutions have a certain amount of inertia, and obeying Newton's law, will continue in a straight line until sufficient force deflects them.  Indeed, the words carved on the wall above the Congress exhort its members to "establish institutions", but they also mention the nation to "call forth powers, develop interests".  So it seems  that the initial scenario for autoplanes will be set in an independent, individual, local framework, with large-scle development following.  This allows flexibility in many aspects, not the least of which is the underlying reason for most reulatory aspects, that is safety. 


There is, however, considerable evidence that a new way of thinking about safety has a lot to offer for development and that is based on the simple principle that the values and the risks for any system must be related to that particular kind of system and its purpose.  Further, this way emphasizes the various actions that occur rather than the items involved.  Throughout the descriptions of the Strongmobiles that follow these principles have been applied to assure that the final system is safe in all of the various aspects, that is that all of the known hazardous risks have been reduced to some acceptable level.  The ways of reducing the risks may not always be the same as some detail design or operational kind of criteria for airplanes or automobiles, but the end result to the operator and the public are just as good, hopefully.  One might say that some models lack "twin-engine safety", but the chances are they'll still get the mail through.

II.  THE SYSTEM


Design of the Strongmobiles is aimed primarily at a definite range of operation.  Instead of sketching a fuselage for an engine on the hangar floor, the concepts will be laid out from the opposite end.  This is not to say that the actual development followed such a neat pattern, which was the usual "5% inspiration, 95% perspiration" pattern, but so that the reader may follow a logical line of reasoning.  Therefore, it appears best to begin with the situation and go to the specific design solutions for the situation.  The operating environment is considered first, that is, the airport.


Airparks are more feasible in a situation wherein the driver-pilots "break the fence barrier" and have the public more involved with aviation and vice versa.  A group of small airparks may be arranged in the suburbs around city cores and provide more benefits than a single, large airport out in the "boondocks" because they are easier to integrate into the community.  Due to their smaller size, also, (assuming that noise and safety problems are resolved) a community might be more inclined to have a small attractive airpark than a large factory-like complex that takes out a long run of land.  It's noted that Bill Piper compared the costs of Dulles International with 10,000 flight strips, and it's expected that the optimum airplane-airport-job system would favor the small, close-in airport for lowest system costs over the big, far-out complex.  We also note the drop in the number of airports in the L.A. basin from five dozen to one dozen as real estate values increased during the last generation.


This would seem to point at the small airpark as the solution and it emphasizes the community integration aspect of the operation.  This is not to say that the other airports are disfavored, but it does confirm that the vehicle design must fit into the airpark design that fits into the over-all situation.  The lay-out shown in Figure 1 is intended to be general in nature.  It's recognized that parking lots at factories, docks, shopping centers, or parks might be adapted for flightstrips.  The roadside or median flightstrip is seen as problematical due to the institutional problems mentioned earlier and safety conflicts.
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TYPICAL "MINI" SUBURBAN AIRPARK COMPLEX BASED ON THREE BLOCK SQUARE LAYOUT WITH FOUR 1200' DUAL RUNWAYS, EIGHT ENTRANCES.

The runways are lined with shrubbery quiet, crosswind reduction, and esthetics to blend in with the adjacent environment. West operations are illustrated with "Rise-Right, Land-Left" rules. 

Sunglare is reduced by orientation.


The airpark for roadable and conventional planes should also solve the problem of mixed aircraft types at large airports.  Providing small airparks for small airplanes so the big planes could use the big airports more, should be much more efficient and safe.  The airparks could also provide a link for better accesses to the big airports with shuttle services.


As shown, the multiple short runways are small enough so that quality may be emphasized rather than quantity.  Quiet STOL conversions of present aircraft as well as new STOL designs are foreseen as the primary user types.  So the airparks are intended to serve not only autoplanes but many others such as helicopters, autogyros, STOL, or towable conventional aircraft.  Fees for landing and take-offs may be used as a source of revenue, with emphasis on high numbers of operations and low charges per operation.


The new form of transportation may be viewed by the public as providing more direct routes for travel, less environmental impact as regards to roads and noise.  Exhaust pollution is expected to be greatly reduced through more efficient engines, but also from reduced fuel requirements due to such things as less idling is stalled traffic or at intersections.  And, of course, the vehicle requirements are reduced because of lower weights or inertial loads to accelerate and decelerate and less air drag.  So the autoplane should be safe, quiet, able to take-off and land in small runways and be reasonable economically, i.e., pay its way.


For vehicle design purposes, the nominal mission profile for general jobs may be based on a mix of air and ground trips using a daily frame of reference.  Typically, this could involve: a quarter-hour drive from or office to the airpark; a one-hour flight; two quarter-hour drives to a from destination; and one-hour flight; the final quarter-hour drive back home; and a local half-hour trip for miscellaneous purposes.  Annually, this would amount to about 700 flight hours at 100 knots for 80,000 air miles and 700 road hours at about 25 mph for 17,500 road miles.  This would lead to:  a seven year life of 5,000 flight hours with two overhauls at three-year intervals and a 120,000 road-miles life.


Various shades of gray generally exist in the area of cost of ownership over a give vehicle's lifetime.  The problem is complicated because of the current lack of definition of life-span, per se.  Years of operation might be used, noting that car manufacturers are required to stock replacement parts for about seven years.  Mileage could be considered, using the 50,000 mile warranty as a basis.  Available figures indicate that Americans average 12,000 miles of driving per year, which could probably be reduced considerable by flying.  Airplanes are often designed to figures of about 2,000 flight hours for Time Between Overhaul, or about 250,000 air miles.  But this doesn't address total life-span, per se.  Transport planes are designed for 30,000 flight hours, which for a typical Strongmobile user might take a half-century to accumulate.  A reasonable approach would necessarily consider all three parameters in such a way that the expected limits would occur at the same time, a la the Wonderful One-Horse Shay that ran perfectly for many years and then completely collapsed.



For a Model A commuter version, an initial cost by factory-dealer might be about $14,000.  This of course, would be dramatically reduced if the vehicle were "homebuilt", however, a conservative estimate that accounts for reasonable labor costs is preferred for preliminary planning.  This combination gives a straight-line depreciation cost of $2,000 per year.  Six per cent (6%) financing charges would bring it to $200 a month, as a "car payment", or about $2,400 annually.



Insurance costs and damage or injury costs are expected to be substantially lower than either car or plane insurance, as regards both liability and vehicle.  Assuming insurance at 8% of costs yields another $1,000 per year, estimating about $4.00 per flight hour for fuel and oil and half of that for road operation yields about $3,000 and $2,000 respectively, per year.  Maintenance and hangar-garage might be expected to run another $1,000 per year.  This results in figures of six cents per mile or three cents per seat-mile.  Again, the actual value of savings in time and trouble and the conveniences provided depend on the individual users.



For situations such as use by a pair of $10 an hour (plus overhead) executives, the Strongmobile would more than pay its way, as measured in business terms.  However, sportsmen using the autoplane for getting to and from their favorite spots are often reluctant to go through such calculations to determine values.  (A $100 fish?!)  These gross figures may be extrapolated for the other versions with a few rough figures on configuration and capacity.


III.  VEHICLE DESIGN



It is very difficult to quote precise numbers of concerning the design and performance of any vehicle in a meaningful manner.  How safe is safe enough?  How is comfort measured?  What units should be applied to psychic needs or irritants?  How about style or workmanship?  Handling qualities?  The qualitative aspects are best treated by simply observing that the Strongmobiles are designed primarily to improve these aspects -- how much they are improved is a matter of individual taste and preference.  Pilot reports and drive in trade magazines usually treat these areas with simple ratings such as Superior, Excellent, Good, Fair, Needs Improvement and other such terms.



It is apparent that the Strongmobile is primarily a workhorse.  No fine-tuned skills are required of those who don't fit the Superman image of the pilot, but who want a valuable, safe, efficient vehicle.  Every aspect of the design is pointed towards an easier-to-build-and-operate autoplane.  The main design parameters are safety, utility, dependable, and comfort, with a careful eye kept on over-all appearance.  It is doubtful that is will set any "pure" performance records, except for door-to-door time savings.


Since the operator uses the autoplane so much, seats are very important.  We borrowed from the autos and designed in terms of a contoured high-back seat.  This also improves safety, as Guy Lombardo points out in explaining how the seat is built around a speedboat driver, just as in race cars.


Airbags are unnecessary when absorptive steering wheels and shoulder harnesses are used.


Roominess can make a lot of difference on long days, so one can stretch without digging elbows into the other person. Minimum cabin width is based on 30"  from shoulder to hip.


Easy entrance and exit at door height, like a car, instead of steps and wing-walking, do make a difference.


A padded instrument panel, safety design, knobs and dials suitably lighted, with provisions for view charts as instruments.


A good cabin heater and windshield defrosters  that isn't hooked into the exhaust manifold. (Air conditioning is debatable considering altitude effects)


Windshield defrosters, wipers and washers would eliminate the mist and bug aggravations and hazards to visibility.  


A real safety glass windshield not only enhances crash survivability, it's a lot easier to see through on hazy days, and it could be tinted, too, as would be the sun visors.  (Since there will not be a propeller to intercept bird strikes, the safety glass is mandatory.)


A skylight above to see other planes or watch the moon.



The next advance in the design was to get the noise level down with adequate sound-proofing, including engine mufflers.  The penalty of a few pounds in weight, a few dollars in cost and a few horsepower will be well worth if for a plane that is used several hundred hours a year.  it is no longer fashionable for the old pilot to cup his ear and ask, "What'd ya say?".  Sure, it wouldn't pay for a Sunday-only airplane, but this is for every-day use.



The autoplane will have radio and improved instruments on the panel.  Such marginal items as de-icing equipment should be held off until the planned operations are viewed in light of a road mode option  because they might not be as valuable, either because of the area where the owner plans to operate doesn't require it or it's now easier to simply drive instead of fighting icing.



Wing slats have long been recognized as a means of delaying the sudden loss of lift resulting from stalling at high angles of attack.  Recently, this are has become more interesting because of better understandings of airport turbulence.  These devices are part of the design and are considered the cheapest "accident insurance" available.


How about the old bug-a-boo of slipstream "torque" that makes a plane turn left every time the throttle is opened?  For now, as with conventional aircraft,  we can tilt the engine, offset the fin, or even better, use a twin-tail.  Later on, we'll see how the ducted fan solves the problem.


The first approach to the Strongmobile was an advanced lightplane called the Road Runner.  It featured quadricycle landing gear like the Fulton Airphibian and folding wing that was swung back just as the present Strongmobiles.  The big difference was the ducted fan propulsor, borrowed from the "barrel plane" designs of Luigi Stipa in 1932.  The particular difference was in the bifurcated nozzle that shortened the exhaust duct, thereby reducing weight, drag and cost.  The Road Runner is still considered to be an improvement over most of the current crop of modern Cubs.  It could be hangared more cheaply, landed more safely in cross-winds, and one couldn't walk into the propeller.  However, no-one seemed keen about taxi-ing downtown in an airplane, even with the wings folded.


The problem was then worked from the other side, the car.  The car design effort resulted in a lightweight, streamlined, aircraft-engined, sportscar with a ducted-fan propulsor and a transaxle.  One is tempted to call it a Terra-Jet, however, that name has probably been trademarked, as have all of the other obvious names for autoplane, such as Terraplane, Skycoupe, Skysedan, Aerocar, etc.


With the trial-and-error method exhausted by numerous design studies, the current design is presented as a logical evolutionary approach, gradually modifying a conventional airplane in a step-by-step process to improving over-all utility by stepping from the conventional lightplane to a more comfortable, quieter plane, to the WASP ailerons, the full-span flaps, the quadricycle landing gear, the wide-body fuselage, the ducted fan propulsor, and finally, the automobile gear to make a sound advance in transportation and good sport.


The main ground rule for the new design is that is has be "natural", that is, it should all be in one piece, with no parts left at the garage or hangar (or on the road or in the air).  Nothing should be changed so radically that it takes a mechanic to convert the vehicle from car to plane or back.


The cockpit control set-up has always been a problem, not only from the standpoint of different individual preferences, but also because many of the problems simply haven't been solved.  For example, the vertical versus horizonal throttle problem.  It is well known that engine power control the rate of climb and descent and that the trim controls the speed.  (Except in some radically different birds as seaplanes with high thrust lines.)  Why do we insist on making the throttle go back-and-forth?  The throttle could be tilted back so that Forward also goes Up and Back also goes Down.  In sophisticated airplanes, the trim is marked off so that a certain trim can be set for various flight speeds to a faily precise degree.  The trim control will be mounted on the center console so that forward trim corresponds to faster speed and backward to slower.  A positive weight and balance situation is desired, compared to a "neutral" situation where the airplane oscillates all over the sky.  Simple and easy, but it has to be considered now and carried through in design.  Finally, the trim control can be designed to control the wing flap action, as was done on the Culver "V" series, for example.


The next item in the sequential development is the steering control.  First off, we have to bear in mind that we'll end up with a car that needs a fair amount of force to bend around, and sticks are very limited in side-force, as well as side-movement.  Wheels are more precise, and we recall one well-known raceplane designer who almost lost it all on the first flight because he simply couldn't determine where the stick should have been, due to a lack of a reference point.  From the comfort of ease of handling viewpoint, sticks are nuisance to get around and over, again thinking in terms of everyday use.  The shock absorbing wheels are definitely better in the (hopefully rare) case of a crash on the road or roadside.  Next, we'll look beyond the wheel at the steering action.


Over the years, ailerons have been designed in just about every conceivable form, and there's a large amount of experience that points to the spoiler-action aileron as the best of them.  Spoiler ailerons give relatively more co-ordinated flight automatically without the need for rudder to counteract the adverse yaw caused by induced drag.  They alleviate reverse-aileron-snap-stall conditions.  In this condition, when the airplane is slightly below the stall, the down aileron, instead of increasing the lift, will cause a stall and abrupt loss of lift.  They put less load on the wing for the design limiting rolling-pull-out-from-a-dive condition.  They permit the use of full-span flaps with attendant reductions in either landing speeds or wing area, or both.  The only trouble is that they're inherently tricky to build in a simple manner because of the "floating" effect.  This is the result of the simple application of Bernoulli's Laws -- when the spoiler is first raised up, it has the effect of increasing wing camber, hence lift, so that the end result is the opposite of the one desired.  The spoiler has a tendency to "float".  The Warp Action Spoiler Plate (WASP) aileron solves this by lifting only outboard end at first, keeping the inboard end strapped down.  Now, the first movement provides the desired effect without floating.
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The flaps, like ailerons, come in all shapes.  The simplest is the split flap and the most complex, seen in modern jet transports, is far beyond the reach of the average owner's pocketbook.  The main reason in selecting the plain, single-slotted flap over the split flap is that it will be easier to fold later on, since one flap can be swung over the other, providing a narrower width for driving on the road.  But there are other benefits to be gained in addition to smaller wing size and lower landing and take-off speeds.  The smaller wing will give a smoother ride in bumpy air due to its decreased sensitivity to gusts.  The whole character of the plane takes on a different aspect on flight attitudes.
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Consider those airplanes that do have relatively large flaps.  The Navy/Vought F4U fighter plane has a noticeable level-fuselage attitude when it takes off.  The USAF/Boeing B-52 bomber also does this and further takes advantage of it with quadricycle landing gear that brings many more benefits, particularly in redundancy for safety.  The pilot doesn't have to strain to see over the nose when the fuselage is level, for instance, and setting up a landing attitude is easier.  Groundloops are a thing of the past.  Four-wheel brakes and tires drastically reduce landing gear hazards.  The big difference is in the weight-and-balance areas of design.  Four wheels will probably weigh more than three, all things considered, but they eliminate the finagling, even ballasting in some cases, that goes on to bring the center-of-gravity to just the right point in front of or behind the main gear.  With the quadricycle arrangement, there's a lot more room to design in and to operate in.  It's a lot easier to make a fast landing and then brake, than to make a slow landing and then drift all over the runway.



The original patent also describes four-wheel steering so that the wheels themselves need not be turned more than ten degrees or so, and thereby require a minimum wheelwell space.  This conflicts with the required angles for cross-wind landings, so the four-wheel steering would have to be locked out during flight.  This could be accomplished simply by interlocking the steering with the wing-spreading.



Further refinements can be made to enhance performance with "slippers", fairings on the wheels that can be rotated around the wheels to cover them and seal the gaps in the fuselage.  Less weight is moved than would be required for actually retracting the wheels and the hazard is considerably reduced in the event of a "gear up" landing, since the friction of ground contact would probably snap the slippers back out of the way to the retracted position, leaving the wheels exposed for a normal landing.
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The ducted fan propulsor is the heart of the single-unit design because it permits the operation of the propeller on the road as well as in the air in a safe, protective manner without requiring any removal or assembly.  As in the Stipa planes, the big advantage is that ducting a propeller automatically governed its speed.  This is due to the reduction in induced drag from the "tip plate" effect of
the duct.  This is a significant design gain, since the weight, cost, and number of moving parts is reduced when compared to a constant speed prop.  The fan will probably have nine flades (fan blades) which will smooth out the vibrations and add safety (would you prefer losing one of two blades, or one of nine blades?).



Ducting the fan or propeller also tends to seal in the tip noises and some researchers have shown a fifty percent (50%) drop in propeller noise (without separated flow and with careful vane work).



The pilot will notice the absence of slipstream torque that makes the airplane turn left whenever power is applied, since the propwash is no longer twisting around the fuselage and hitting the vertical tail at an angle.



For the Strongmobile, the unique duct with the side outlets directs the propwash only along the sides of the fuselage, avoiding the canopy, wheels, and tail.  Instead of flying into its own headwind, the aircar has almost the same drag reduction benefits as a pusher-prop plane would have.  So the four wheels really would have less drag than three conventional wheels.  The propwash doesn't affect the horizontal tail directly, either, so trim isn't so much of a problem.



Added bonus -- the driver who finds himself stuck on ice or mud or snow will be able to taxi out with the fan.



As far as we know, the theory of ducted fans is still not completely developed from a scientifically rigorous viewpoint, but most researchers seem to agree that it is primarily of benefit in the low-speed or high loading range, and that high speeds tend to offset the duct's benefits by the skin friction drag of the duct itself.  In the low speed range, such as take-off and climb, the benefits are expressed in a rule-of-thumb manner by comparing the prop's three pounds of thrust per horsepower to the ducted fan's four pounds of thrust per horsepower for a net gain on the order of 25% thrust.  The gain can also be used in decreasing prop diameter while maintaining the same tip speed.  The action seems to stem from a combination of the reduced induced drag and the simple decrease in the static pressure experienced around the intake lip.  For example,  if the pressure were reduced only ten percent on a three-foot diameter fan having a two-inch lip, the thrust produced would be about 350 pounds.  (The Model A should produce about 600 pounds of thrust, for an acceleration of 6 mph per second.)



In the Strongmobile design concept, the ducted fan is blended in to fit the body-fuselage and quadricycle landing gear.  The body width is about five feet, providing first-class seat widths and adequate tread for the gear.  The wide-body design is expected to assist greatly in cushioning the ride both at cruise and (especially) for landing.  Easy access and generous baggage stowage are provided to make everyday use a more enjoyable experience.



The body's "airfoil section" is now of the reflexed type for good stability, as a result of the initial wind tunnel testing that revealed a tendency to pitch up.  Since the body is expected to lift quite a bit, consideration must be given to its lifting effects.



Firstly, the center of gravity is not located near the quarter-chord point of the wing as it in conventional aircraft.  The center of lift of the body is expected to be at is quarter-length which is approximately four feet ahead of the wing's quarter-chord point.  This shifts the overall center of life to a point near the leading edge of the wing.  This matches it with the pilot's laps for a nice ride.



The ride is expected to be less bumpy because of the interaction of the wing lift and the body lift.  The body, having a narrow "span", is much less susceptible to changes in the angle-of-attack due to updrafts and downdrafts.  Imagining an updraft, then, it follows that the wing will lift more than the fuselage, which then results in a nose-down action that reduces the angle-of-attack and the lift to cancel the net upward motion automatically.



Another interesting novelty is the expected boost in lift that should result from the effect of the fanwash on the wing root, especially with the flaps deflected.  This is almost impossible to calculate theoretically, but is expected to be quite noticeable, particularly for shortening the take-off roll.



It is the owner's decision whether or not they would rather have the roadability or the seat capacity, but our own experience has clearly shown that the added flexibility of the roadability is much more desirable.  Weight usually shows up in terms of performance lost and it's very easy to trade several hundred pounds of fuel that isn't needed for many short intercity hops and a couple of seats that are empty most of the time for assured transportation at destination and another way to get home when the weather socks in.


  Still, many potential builders may want to just have a trustworthy towable airplane and leave the driving for a pure automobile -- it's a matter of personal preference and system requirements, in the final analysis.


With the airplane improved to the last stage, the actual road requirements must be addressed.  Weight is the big factor here, for, even with lights, windshield glass, wipers, washers and so on for the airplane system, we still need to add rear lamps, bumpers, heavy-duty wheels, brakes, tires and road drive.  The road drive envisioned now is of the frictioncone transaxle type, made by V-Plex Clutch, in conjunction with a Dodge Flexidyne dry-fluid coupling.


The total weight of the road equipment is equivalent to two passengers, their baggage, and their two seats, about five hundred pounds altogether. Simply stated, we have a four-place airplane that uses only two places, with the omitted two places devoted to the automobile subsystem.


From the technical viewpoint, the Model A is now intended for design to the utility standards for strength.  The Model A is expected to weigh in at just about a ton, when loaded with two driver-pilots, bags and twenty gallons of fuel for a two-hour flight plus ground reserves.  Nominal dimensions are:


a.
wingspan, 24 feet;


b.
length, 20 feet;


c.
height, 7 feet;

d. width with wings folded, 8 feet at horizontal tail, 



and 7 feet at the duct nozzles and wings;


e.
wheelbase, 10 feet;


f.
wheel tread, 4 plus feet;


g.
wheel-tire diameter, 24 inches;


h.
turning radius, 42 feet;


i.
fan diameter, 3 feet;


j.
tire size, 6:00 x 12


Its design is based on using six-cylinder aircraft engine ( a Franklin 0-300 has been procured for the prototype) of about 130 horsepower.  (Rotary engines would fit nicely.)


These figures then give a span loading of about 82 pounds per foot.  The calculation of wing-loading by the standard methods gives about 28 pounds per square foot of pure wing and about 22 pounds per square foot by using the through-the-fuselage viewpoint.  However, the Strongmobile's body area is about the same as the wing area (approximately 90 v 92).  This would give a figure of about 11 pounds per square foot.


The Model B uses the larger engine and the larger wing for four-place capacity.


The Model C is essentially the same, but is intended for a smaller engine (100 h.p.) and fan (30 inch diameter).  The loss in power is partially compensated for with the use of a flip-and-swing wing arrangement.  The outboard panel flips over the inboard panel, providing a wingspan of thirty-six feet, or fifty percent more than the Model A.


This has about the same weight; however, the induced drag drops by 45% and the take-off-landing speeds are reduced by about 15%.  Thus over-all performance is much the same for either model as regards take-off, climb, and cruise; however, the Model C would cost less for parts (engine) and more for labor and material (wings).


Model D is a twin-engine Model B with more wingspan and twin fans.
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Model E is a styling/aerodynamics study with a V-tail.



The Model F (Airbus/Freighter) uses a larger fan for greater capacity.



Of these models, the Model A has been tentatively selected for prototyping, as a matter of minimum risk due to its smaller sizes and, hence, quicker fabrication schedule requirement.  The other models may then be done later, incorporating the design and test information of the Model A.



Subsystem tests are planned for the propulsion and flight surfaces.  This may involve a thrust rig for the ducted fan and then a road chassis for dynamic tests.  The flight surfaces will most likely involve testing of the wing design.  The chassis will then be tested with the tail on, and finally, the wings.  Flight tests will then be done.



Upon successful demonstration of the over-all vehicle, plans will be drawn up and offered for homebuilt or custom fabrication.  Ultimately, certification for production models will be sought.  Production for non-builders may be accomplished by either established aero-auto manufacturers or by individual custom shops.  This will allow the greatest flexibility for tailoring the particular vehicles to the owner-operator's needs and the builder's capabilities.



It is believed that this development approach will provide a gradual steady growth, and that the regulatory problems will be resolved as the program progresses.
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