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ABSTRACT 

With dwindling petroleum resources and 
concerns about global climate, it is imperative to 
find better suited modes of commute for the 
future. In the United States, studies have shown 
that 50% of the travel on automobiles is within a 
25 mile radius and a significant portion of the 
travel is made with a single passenger in the 
vehicle. Engineers across the globe are designing 
a variety of electrical/ solar powered bikes (ESB) 
and tri-cycles or trikes (EST). Although most of 
the designs are focused on fabrication of 
recreational vehicles, the trike is a significant 
advancement towards a perfect Zero Emission 
Vehicles (ZEVs).   Therefore we targeted in our 
current study the design and fabrication of a 
commuting trike powered by a combination of 
solar, electrical energy with linear pedaling. The 
goal of our design is to manufacture a commuting 
vehicle which will be operable when one or both 
electrical/solar power is unavailable and yet it 
will allow the commuter to reach safely any end 
of the commuting path, i.e. office or home. In our 
assessment the cost of $700-800 will make the 
trike an affordable transportation vehicle without 
compromising on the regulatory safety rules, 
comfort and speed levels as specified by the 
Federal regulations. Further work on the trike will 
be in the direction of optimizing the design and 
the creation of a commercial prototype. 

Keywords: Solar, Vehicle, Electric, Manual, 
Pedaling.

1 INTRODUCTION

Ten years ago, in interviews from June 1997 to 
January 1998, Mr. Lee Iacocca has been 
discussing one of his latest ventures into the 

world's transportation system - electric bicycles. 
Mr. Iacocca, former Chairman for Chrysler 
Corporation, has founded a company (Global 
Motors, Inc.) whose mission is to develop and 
market electric bicycles, scooters, and 
“neighborhood electric cars” [1].  Mr. Iacocca's 
approach is to introduce the average American to 
the concept of electric vehicles through “fun” 
vehicles.  However, electric vehicles have 
historically made up only a minute portion of the 
vehicle makeup of the American highways and 
by-ways.  The impact of this change may not be 
felt for some time, although there are already 
some positive findings.  In one interview, Mr. 
Iacocca estimated one million electric bicycles 
per year will be bought in the United States [2].  
If that estimate holds, and if an estimated one 
percent of these bicycles are solar powered, our 
nation's transportation infrastructure will be 
inundated.  Currently, less than five percent of 
commuters in a metropolitan environment utilize 
bicycles as a normal means of commuting [3].  
This number is also projected to increase.  How 
will these bicycles interface with the automobile, 
our existing infrastructure and the evolving 
Intelligent Transportation System (ITS) [4]. 

Neighborhood Electric Vehicles (NEVs) [5] 
are classified as automobiles which weigh less 
than 1800 pounds when empty and are able to run 
at no more than 35 miles per hour (mph). They 
can be run on most of the city routes for short 
range commuting. With studies [6] indicating that 
almost half of the travels using conventional 
vehicles is within a 25 mile radius, it is 
imperative to address the modes of transport for 
this short range travels. And since the travel is 
over a short range, the vehicle must be quick and 
easy to operate, carry a fair amount of payload for 
the average house errands. A low cost vehicle 
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satisfying the above conditions might have a 
significant market potential. Current design is 
focused on development of the commercial 
product because the proof of concept was already 
done by our group. 

One of the important considerations for 
successful manufacturing and marketing of solar-
electrical vehicles is related to the existence of 
road infrastructure, whether special bike passes or 
hybrid combination of bicycle and conventional 
cars passes. Existing planned infrastructure for 
dedicated bicycle/pedestrian pathways would be 
able to support two-wheeled electric bicycles.
The footprint of the two-wheeled electric bicycle 
is no larger than the standard two-wheeled 
bicycle.  However, solar panel equipped cycles 
(tricycle or four wheeled) have an approximate 
3.5' x 8' footprint.  This means that a minimum 
safe lane width is approximately 6.5 feet (this 
allows room for drifting and obstacle avoidance). 
So the dimensions of our vehicle would be 
practical on conventional city roads across most 
of the US.  Another important aspect to be taken 
into account is that many countries including the 
USA do not have fully dedicated routes for bikes 
or trikes in which case, the developed vehicle 
must be compliant with federal law and road 
worthy. Yet in some countries like Denmark, 
Holland, Germany and China do have the hybrid 
combination of passes for bikes and vehicles such 
as the EST together with conventional roads.

2 DESIGN CONCERNS 

The design of the EST did address the major 
necessities during a travel. The following were 
the major concerns. (a) The capacity to carry 
about 350 pounds of payload including the driver 
and battery. (b) Operate on batteries and drive the 
vehicle by an electric motor. (c) Ability to 
recharge the battery at any available outlet. (d) 
Ability to recharge the battery using the solar 
cells when the vehicle is in motion and at rest. (e) 
An operating range of about 50-60 miles. (f) 
Ability to manually pedal the vehicle without any 
loss of speed, safety or comfort. 

3  SYSTEM DESIGN 

3.1 Design of the EST 

Each of the above considerations is inter-
related and therefore the design was undergoing a 
few iterations. The stability of the vehicle while 
running on straight segments or turning corners is 
better with the three wheel design and relieves the 
rider of the efforts to keep the balance. This 
ensures that the driver is free to focus on the 
distances between vehicles, on various objects on 
the road surface and on moving pedestrians. For 
our vehicle to be light and capable of carrying a 
payload of 350 pounds, we designed the chassis 
of the trike to be hollow square sections. The load 
distribution was calculated on each part of the 
trike using standard methods [6]. The external 
dimensions of the vehicle are 2.1m in length, 
1.1m in width and 1.35m in height. The rider is 
seated at a height of 40cm from the ground. That 
ensures a low center of gravity and provides good 
stability.

The weather factor is rather important. In 
Wisconsin, for example, some cyclists use their 
bicycles all winter long, except in heavy 
snowstorms.  In order to become a practical 
alternative for the urban commuter in all parts of 
the United States, the EST is designed to shield 
the operator (and possible passengers) from 
rain/snow fall, road spray, and blustering wind.  
Unlike motorcycles where heavy Plexiglas 
material can be used as a windshield, whatever 
material used on an EST must be lightweight and 
durable. To provide good aerodynamic flow of 
air over the front of the vehicle, the windshield is 
made of Polyethylene Terephthalate – Glycol 
modified (PETG). It does not shatter like glass 
but has transmissivity for visible light on a 
comparable scale to glass and Poly Carbonate 
(PC). Moreover, the material can be easily 
formed without heating to fit the contour of the 
front of the trike.
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eleven-fold (45.1/4.19) decrease in the aspects 
that cause isometric forces (“wasted forces”) 
during pedaling.  The design of the bicycle was 
based on measurements that would allow for 
speed over 20 mph at a normal pedaling cadence. 
On usual bikes, the normal pedaling rate is about 
70 RPM. At that low rate, it is not possible to 
move as fast as with the electric drive. Pedaling 
the vehicle over slopes, the transmission system 
provides adequate torque. We designed the 
transmission system with chains, sprockets and 
internally geared hubs. An eight speed hub, 
Sturmey Archer XR-F8 with speed ratios of 0.67 
to 1.35 and a five speed hub, SRAM P5 with 
speed ratios from 0.75 to 1.2 were used to 
provide both high torque at the lowest gear and 
high speed at the highest gear. The transmission 
also has sprockets in series to produce a speed 
reduction of 1.3 and 1.2.

Figure 1: Assembly of the trike without the top 
canopy holding the solar panels.

3.2 Power Train 
The power train consists of manual pedaling 

part and electric motor. The design of the electric 
motor provides adequate starting torque. A 24V 
DC motor is used. The motor is connected to the 
rear axle of the trike through a chain sprocket 
arrangement. 

One of our primary concerns was not to lose 
mobility if the batteries are completely empty. 
Thus a manual pedaling system is put in place. 
The trike features linear pedaling over the 
conventional rotational pedaling. This new 
pedaling mechanism relieves the rider of 

fatiguing effects from conventional pedaling.  
This effect can be quantified by the estimate of an 

3.3 Electrical System 

A 24V Ni-MH battery of 32 Ah capacity is used.  

The battery is positioned at the rear of the 
vehicle, behind the rider to ensure a safe position 
of the center of gravity. It is connected to the 
motor through a controller that optimizes the use 
of the power. A Battery Condition Monitor 
(BMC) is connected to the battery and placed on 

a) b)

Figure 2: (a) Electrical circuit    (b) Solar panels and their specifications. 
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the handle bars to inform the rider of the status of 
the battery. The battery can be recharged from 
standard power outlets at homes, offices or even 
at a convenience store. 

Fig 2a, presents the electrical connections 
between the solar cells, batteries, controller and 
the motor. Fig 2b depicts the solar panels and 
their specifications. To charge the battery and to 
provide a dependable power source on sunny 
days, a Poly-Silicon solar panel is installed over 
the riderʼs head and forms the roof of the vehicle. 
To decrease the weight of the solar panel, a 
plastic substrate was used. The panel measures 
1.92m x 0.92m and at peak operation, it can 
produce 36 V with 6 A of current. The panel is 
connected to the battery through an electronic 
current controller. We did not install a Maximum 
Power Point Tracker (MPPT), however the use of 
an MPPT will definitely yield better efficiency. 

4 FEDERAL SAFETY STANDARDS 

Although a variety of electrical bikes are 
present on the roads, the Federal Motor Carrier 
Safety Administration has formulated a set of 
standards for NEVs [7]. The standards formulate 
the most common specifications and safety 
features like headlamps, tail-lights, brake lights, 
direction signals, windshield, upper speed limit, 
tire pressure, passenger capacity and their testing 
procedures.

5 COST OF MANUFACTURING 

Our prototype design is simplified and flexible 
what allows the manufacturing of the trike to be 
undertaken at sophisticated fabrication facilities 
of US and European countries as well as of 
developing countries. In our assessment the trike 
in commercial production, will cost about US $ 
400-600. This cost is affordable and should help 
market proliferation in developing countries. In 
future design there is room for improvement by 
using better batteries with higher power densities, 
lighter gear hubs and materials for the chassis.

6 REFERENCES 

 [1] W. Brown, “Lee Iacocca's Epiphany - 
Chrysler's Fabled Chief has seen the Future -
- and   It's Electric”, The Washington Post, 
G01, Jan. 3, 1998. 

[2]. A. Tergesen, “A Bet on Electric Bikes, or at 
Least on Lee Iacocca”, The New York 
Times, Bus. Sect, Sep. 21, 1997. 

[3] “Developing Successful Bicycle/Pedestrian 
Commuter Programs”, a Handbook for 
Employers, Florida Inst. for Market. Altern. 
Transport., FSU, Aug. 1996. 

[4] Under the 1995 Technical Correction Bill, the 
term Intelligent Transportation System was 
adopted to replace the term Intelligent 
Vehicle Highway System introduced under 
the 1991 Highway Transportation Bill, in the 
Intermodal Surface Transportation 
Efficiency Act of 1991. 

[5] Consumer Energy Center, California, 
“Guidelines on Neighborhood Electric 
Vehicles”, 2007 

[6] Registry of Motor Vehicles, Massachusetts, 
“Driving manual”, 2007.  

[7] Beer, Johnston and DeWolf, “Mechanics of 
Materials”, Mc Graw-Hill, ISBN 
0072980907, 2006.

[8] Federal Motor Carrier Safety Administration, “Standard 
No. 500 on Low-speed Vehicles.” 

127
Clean Technology 2008, www.ct-si.org, ISBN 978-1-4200-8502-0



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


