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Abstract—

 Internal combustion engines are the number one source of 
propulsion for vehicles today.  Currently these vehicles require 
electrical energy in order to perform a multitude of  tasks during 
operation such as firing spark plugs, powering computer systems 
and providing power for vehicle illumination.  Magneto style 
systems are most fundamental form of  capturing mechanical 
energy for electrical use, and are employed on the most 
rudimentary vehicles utilized in third world countries.  Such 
systems need to  have low maintenance, high durability and 
maximum longevity as primary design considerations while still 
maintaining efficiency and compact packaging.  The common 
moped is a hybrid two-wheeled vehicle consisting of  bicycle 
pedals and an accompanying 49 cc two-cycle automatic 
transmission-equipped engine.  With this simple design, electrical 
power is only needed to fire the engineʼs  spark plug and 
illuminate the headlight and taillight.  Electrical energy is 
captured via an externally rotating flywheel with a stationary 
internal stator.  Vehicle Ignition and lighting circuits are 
separated, while utilizing the same flywheel.  Analysis of a 
common Tomos moped generator system examines its design 
considerations in order to provide 80 watts of  power while 
maximizing durability and ease of  operation.  A proposal  is 
suggested to update the moped with a  higher performance, inner-
rotor CDI based ignition with LED lighting system. 

Index Terms— moped, stator, magneto, blast 

I. INTRODUCTION

DAILY transit each day via motor vehicle is something that 

so many people take for granted when considering the inner 
workings of their  vehicle.  From the internal combustion (and 
now, sometimes,  hybrid electric of full electric) power plant, 
to the vehicle’s suspension and safety features, to the charging 
and lighting system, the amount of technology,  engineering, 
and advancement in such vehicles is absolutely astounding to 
consider as a whole.  Even minute things such as the spark 
plugs had to be invented and designed at one point.

One of the most simplistic vehicles that allows freedom over 
medium to long range distances is the hybrid vehicle known as 
the moped.  A moped by definition is a combination of a 
bicycle and motorbike, having the capability to be ridden and 
powered by either human power transferred to the rear wheel 
via a pedaling device, or by a small, simple, internal 
combustion engine that is often smaller than 49 cc and two 
stroke16.  With such a simple vehicle, the design of the 

supporting technology is often based around similar ideas and 
design cues.  Mopeds in stock form have no reason to require 
a high performance generator, and as such the technology 
regarding the electrical systems on these vehicles date back to  
the early 20th century.1  While these rudimentary ignition 
systems are period correct and maintain strongpoints for 
reliability and cost reduction, advancements in technology and 
ignition design provide solutions today that were not even 
considered easily feasible at the turn of the century.

II. HISTORY

A. Before Spark Plugs
Spark plugs, while seen as commonplace today, available at 

any auto parts store for a mere dollar or two, first appeared in 
the mid 19th century.  “The first known spark plug” is 
generally accepted to have been invented by Edmond Berger 
in 1839. 15  Before the spark plug many methods of initiating 
internal combustion involved a hot-wire or heat device, 
similarly to a glow plug on a diesel engine of today.  Other 
methods also included the wipe-spark and low tension igniter, 
but the spark plug replaced virtually all of these other designs 
for spark-ignition gasoline and/or alcohol burning engines 
with the exception of small model engine and vintage classic 
restorers.15  

B.The Magneto Ignition & Breaker Points
Today’s common small engine and lawnmower equipment 

utilizes a system that has been around for most of the 20th 
century - The magneto ignition with breaker points14.  Such 
systems involve a traditional RLC circuit alongside a rotating 
magnetic field to induce current through windings through 
which power is created.  Breaker points serve as the switch to 
collapse the field by which the voltage increases dramatically 
through a transformer.13.  A capacitor in parallel prevents a 
voltage arc across the points when they open,  and as such a 
mechanical system like points, when working properly, is very 
reliable. Because of constant contact with each revolution of 
the engine’s operation, the points do wear, which causes 
regular maintenance intervals for near ideal performance 7. 
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Fig 1. Breaker points on a magneto

C.CDI ignition and the future
With batteries beginning to show up with points based 

ignitions, and better understanding of transistor and other 
semiconductor devices, capacitive discharge ignitions began 
appearing as commonplace on motorbikes and vehicles in the 
late 1970s to early 1980s 3.  Rather than utilizing a traditional 
inductor to produce the voltage jump with points collapsing, 
the capacitive discharge ignition uses a larger capacitor to be 
charged by a power source, and then discharged via a 
triggering device, usually a smaller magnetic pickup on the 
flywheel 7.  As the spark is usually initiated by a high 
capacitor value, the benefits of a CDI ignition usually involve 
more direct spark that is stronger and hotter than a points style 
ignition 3.  Many CDI’s also have become completely 
programmable by the end user, and as such there is a much 
greater tuning degree when utilizing a  programmable timing 
curve on the vehicle.  Some CDI’s are also part of a larger 
programmable box that also can control an engine’s fuel 
intake, such as programmable fuel injection systems.   As 
devices become more compact and integrated, these dual 
capability systems are almost always integrated into 21st 
century vehicles.

III. PROPOSAL - THE INNER ROTOR CDI  GENERATOR

A. Updating the Technology
 When dealing with a 30 year old moped, many of the items 

are worn down and not functioning anywhere near the 
potential the engineers designed them for.  Some of these 
items are simply replaceable with NOS (New Old Stock) 
components, while others are no longer manufactured or 
available anymore, so repairing or purchasing better condition 
used parts are the only options.  Still, with other parts of the 
moped, companies may be producing upgraded parts that 
utilize today’s technology to keep these small hybrid bicycle 
motorcycle anomalies on the road today.  With today’s parts 
and technology available, the feasibility of installing a newer, 
inner-rotor CDI ignition system with LED lighting technology 
is a viable alternative to New Old Stock points and 6-Volt 
lighting systems.

B.Inner Rotor CDI  
In many high performance racing applications for a two-

stroke engine, the traditional outer rotor / stator / generator 
combination is replaced with a high performance inner-rotor 
ignition.  This differs from the outer rotor ignition in that the 
the stator is mounted outside the flywheel,  along the outside of 
it’s circumference,  whereas the inner rotor generator setup 
mounts the stator underneath the flywheel 3.  Both systems and 
designs utilize permanent magnets fused to the flywheel to 
create a rotating magnetic field and change in flux to excite 
copper windings and induce current.

Fig 2.  Outer- Rotor CDI  

In the above figure, A illustrates to the flywheel(rotor) and 
stator with B demonstrating the CDI box.  The flywheel bolts  
to the engine crankshaft over the stator,  which is affixed 
stationary to the engine case.
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Fig. 3 - Inner Rotor ignition 

The inner rotor ignition mounts opposite that the outer rotor 
ignition, with the flywheel bolting to the crankshaft, and the 
stator sliding over that and bolting to the engine case.  The 
clearance between the flywheel and stator is within 1.25mm.

C. LED Lighting Power

Traditional incandescent lightbulbs have been the primary 
method of lighting since the original design by Thomas 
Edison.  These are the normal forms of lightbulbs on all 
vintage mopeds from the mid to late twentieth century 16 .  
Until recently the only vehicular lighting that has began to 
replace incandescent light bulbs have been High Intensity 
Discharge (HID) lighting circuits.  These require direct battery 
voltage sources, and large ballasts in order to excite a xenon 
bulb stage.  This ballast actually draws more power than a 
traditional incandescent lightbulb. 

Within the past two years automotive and motorcycle 
quality LED light bulbs have appeared on market,  and many 
manufacturers are supporting the technology.   An LED 
headlight is  watt for watt smaller, lighter and brighter than the 
equivalent incandescent lightbulb 8 .   Compared to the fragile 
nature of an incandescent lightbulb filament, the LED is more 
resistant to burning out and breakage vs incandescent 
lightbulbs as well. 

By switching to LED lighting the moped will not have to 
require as much power out of it’s charging circuit, which will 
allow a smaller internal rotor CDI ignition system to be used.

D.Horsepower through efficiency

Energy isn’t free 5.  While individuals of other disciplines 
may believe that energy is abundant and can be turned to heat 

for even the most basic of reasons, conservation of energy is 
something the Thermodynamics professors have been marking 
engineering students tests wrong because of this very law.  

A heavier, larger flywheel and stator system that produces 
more current and voltage to drive an out dated system is going 
to be outperformed by a lighter, more efficient internal rotor 
system on the racetrack and chassis dynamometer.  By 
switching to a lightweight internal rotor ignition the moped 
will be able to have more power transferred to the rear wheel 
as opposed to being lost in eddy current, sent through wires to 
power 40 watt headlights, and arc across points.  

Additionally, the decreased mass and diameter on the 
engines flywheel due to it’s inner rotor design will have 
benefits to the rotating assembly of the engine because of it’s 
lower moment of inertial,  less  mass, and less moment on the 
snout of the crankshaft.   These factors will increase engine 
longevity as the wear on the engine bearings will be 
decreased.   As an effect of these changes, the engine will be 
able to operate at a higher rpm with greater efficiency than 
before, which will in turn create more horsepower than before.  

Lastly, a properly tuned cdi ignition system, whether inner 
rotor or outer rotor, will have a tunable ignition curve which 
will give the engine optimum performing parameters for spark 
production at a higher rpm, without the threat of engine 
malfunction or catastrophic engine failure because of incorrect 
spark advance 3.  

E.Weight Reduction
 When an entire moped weighs approximately 75 lbs, even 

small weight savings will contribute to better fuel efficiency17 . 
All of the weight reductions in switching to a lighter, smaller, 
more compact and more technologically advanced electric 
system on a moped will contribute to these design goals of low 
weight and high fuel efficiency.  The moped will incorporate a 
better power to weight ratio.   The headlight,  taillight, turn 
signal and brake light housings will be of a much smaller type, 
reducing wind resistance.  The compact wiring will also be  
shorter, simpler, and easier to service in the event that repair is 
needed.

F.Longer Maintenance Intervals
 Although maintenance is expected with every motor 

vehicle, there are some components that can be chosen during 
vehicle design to minimize the amount of maintenance that 
must be performed, as well as lengthen the intervals between 
which these services must be scheduled.   While traditional 
magneto and breaker-points style systems are quite reliable in 
their operation when in excellent condition, they must be 
serviced in short duration intervals to keep them functioning 
properly and according to design.   A properly built CDI 
ignition system will not need the maintenance that an older 
points style system needs, and will provide trouble free power 
and ease of use for more operating hours before having to 
replace components.7
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IV. REFERENCE REPORT

The reference analysis subsequent will provide data and 
justification for the usage of references, both aforementioned 
and succeeding, which are utilized within this article.

A. Topic Selection

When considering all possible topics that would be valid for 
an undergraduate level course dealing with transferring energy 
from mechanical form to electrical form, choices became far 
too great to delve deeply into each,  in order to find an ideal 
subject on which to base research.  Accordingly, certain limits 
and topic areas of interest may be placed upon the field of 
possible report ideas in order to provide a timely protocol for 
choosing a valid article subject.  

The idea of a moped generator upgrade solution came 
directly from the author’s personal dealings with riding 
mopeds to and from university, which entails an approximate 
39-km round trip.  When riding a vehicle that is over thirty 
years old, malfunctioning parts becomes more than just an 
irritation or inconvenience; it becomes a lifestyle.  In order to 
efficiently provide a means of reliable transportation for the 
author, the idea of an upgraded moped generator system came 
to mind far previous that of a semester assignment.  The ease 
of understanding and the knowledge base of the electrical 
system was already at a high level, and the system and 
components directly identified with the author.  This is in stark 
contrast to that of a topic that the author does not directly 
relate with, such as alternative energy , or green power (wind, 
solar, wave, alternative etc).  

In addition, the idea of the generator and magneto provides 
details and information for power calculations directly out of 
the textbook assigned for the EGN 3375 course; that is, 
without all ‘real’ variables being accounted for, the power 
calculations provided in this text can closely model what an 
ideal moped generator would output, given the proper 
conditions.  In essence, this simple magneto design and 
upgrade path provides a proven field for which the author can 
directly use the techniques lectured in this course towards 
designing an improved and more reliable system on which to 
ride to USF each day.

Finding information regarding the detailed explanation and 
analysis of exactly what is going on inside a CDI ignition 
proved to be very difficult as well.  While finding diagrams 
was possible and simple, finding equations for modeling the 
circuit proved beyond the level of the author’s understanding 
of discrete semiconductors, with CDI ignitions containing 
components that have not yet been encountered in the author’s 
undergraduate degree path.

B. Source Justification

For choosing reference material that relates directly to the 
topic, the author worked towards utilizing some of the most 
valuable, yet often overlooked texts - textbooks.  By using the 
text books to model equations and calculations the author was 

able to re-engineer a product based off of calculations 
provided through courses taught at the University of South 
Florida.

Because of the ignition and charging system being quite old 
and basic in nature, the references used and research aimed 
after were those of older automotive books and SAE (Society 
of Automotive Engineers) papers from the early twentieth 
century.  These papers stated supporting reasons on proper 
operation of points as well as ideal operation of the magneto 
systems used on almost all motor vehicle engines for the 
majority of the 20th century. 

For technology and research regarding lighting, the author 
collaborated with another group in this class section that was 
researching LED lighting exclusively.  This provided more 
accurate data in an even shorter timeframe for research 
proving essential in time limited scenarios such as finals week 
at USF. 

V. COMPARATIVE ANALYSIS

Ideal comparisons presented below will provide data and 
illustrations providing detailed analysis of the original 
generator and ignition system installed on a moped, and the 
proposed generator and ignition system. 

A. Points Operation

Points operation can be closely modeled to that of an RLC 
circuit.

Fig 4.  - Points magneto RLC Diagram

 This circuit is very similar to that of an RLC circuit with 
a very low resistance and the points being the switch.  
Function is as follows
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1.  As the flywheel rotates around the magneto primary 
winding and the piston is just after top dead center, the 
points are closed, providing the following circuit. 

Fig. 5  -  Closed points and according circuit

2.  As the points remain closed, magnetic flux is generated 
by the pole sweeping over the coil magneto primary 
winding, generating current through the circuit.  

3. The magnets are placed in the flywheel at angle such 
that the current iL is at a maximum when the piston nears 
the time to properly ignite the fuel/air mixture with ideal  
compression.  At this time the points then open. 

Fig 6 - Open Breaker Points and resulting circuit

 4.  With the points now open the current flows through the 
capacitor C, also known as a condenser, and the primary 
winding in the ignition coil.  The capacitor C keeps the voltage 
low while the points open completely, preventing the current 
from jumping and arcing across points gap.

 5.  The current now travels through the ignition coil, which 
is modeled as an ideal transformer.  The current and voltage 
across the transformer are related as vL = L • d/dt [ d i(t) ].    
The ignition coil is a step up transformer, so a lower voltage 
induced by the current in the primary winding is transformed 
to a much greater current in the secondary winding.

Fig 7. - Ignition coil as step up transformer

 While the points system is very basic, it offers several 
distinct advantages which are the basis of it’s continual use 
today.   Points systems offer a gradual degradation of 
performance.  As a mechanical switch being opened and 
closed sometimes hundreds of times a second, the contacts on 
breaker points wear down.  As this affects the switch time, the 
circuit and model of behavior of circuit do not remain 
constant.  This means that the points behavior of an engine 
today will not be identical to that of the points behavior of that 
same engine two weeks from now. As the contact surfaces of 
breaker points begin to oxidize and loose luster, regular 
maintenance intervals are required.  This requires at a 
minimum weekly and monthly checks in order to set the 
points at optimum height and timing, as well as cleaning off 
the contacts from corrosion.  As the points wear down they 
will need to be replaced sometimes multiple times a year, 
depending on the application.   
 Aircraft still utilize points on many of the piston driven 
engine equipped aircraft, but these points are serviced between 
every flight, and replacements are always available 18.  For a 
30 year old moped the replacement parts are sometimes next 
to none depending on the manufacturer and age of the bike.  
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Finding replacement points that are new is often difficult or 
next to impossible.  Replacement points usually are in the 
form of either used points off of other elderly mopeds, or 
finding replacement New Old Stock points that have been 
sitting on a shelf since the 1970’s and are already completely 
corroded. 18

 Points are not the end all for performance.  The location of 
the points and timing of their opening and breaking the circuit 
is the complete determinant for ignition spark timing 2.  
Because there is no auto-advance on a moped points system, 
timing is therefore fixed 1.  Engines utilize a timing curve in 
order to get maximum performance at all ranges of RPM.  
With the points unable to do this moped engines are subject to 
being tuned for either low, mid, or high rpm operation, as 
different timing curves are required for each.  

Fig.  8  -  Fixed points timing is 20 degrees.

B. CDI Operation
A capacitive discharge ignition does not utilize any points 

or mechanical timing. Rather, it takes the pulse from a coil and 
uses a series of solid state semiconductor devices to charge a 
capacitor and then discharge it according to the proper ignition 
timing.1  As the input frequency changes because of engine 
rpm, the design of the CDI box also allows for a delay or 
advance in charge time, which can automatically advance and 
retard the timing for optimal engine behavior.

Fig. 9 - CDI ignition exposed

As seen, there is only one wire input on the cdi box.  The input 
goes through a series of diodes, resistors, zener diodes, 
capacitors, and a thyristor, in order to provide a proper timed 
ignition pulse to fire through the ignition coil, also modeled as 
an ideal transformer, in order to provide a powerful spark and 
ideal timing.  The current and ignition equations to calculate 
the voltage across all of the diodes and then capacitor to which 
is outputting power to the ignition coil is quite complex, 
something that is beyond the scope of this undergraduate level 
paper.   The general idea and experience behind the CDI 
ignition however, is that since the components do not have any 

mechanical contacting, they do not wear down the way the 
points style ignitions do 3.  In addition CDI components are 
still being manufactured today.  In the event that a failure 
would happen, finding a replacement part would be much 
easier. 

C. CDI 12V LED 
The CDI 12V lighting system will use a 5W headlight and a 

3W taillight utilizing common LED technology.  The 
traditional 6V 40 watt or  12V  80 watt points system 
(depending on the year of manufacture for many mopeds) is 
already much greater in terms of the power demands for the 
lighting circuit.  In either situation there is a net change of 
power requirements that ends with a power savings of either  
32 Watts when switching from a 6V system or 72 Watts when 
switching  from a 12V points system.  In both situations there 
is better lighting at both idle and high rpm operation.  This is 
due to the smaller ignition system still being capable of 
outputting up to 2 amps of current at idle conditions.  This 
provides for enough headroom to keep the LED illuminated at 
all speeds, compared to the incandescent older system having 
very dim lights at idle.  This will increase the safety of riding 
the vehicle at night.

LED lights are also not nearly as fragile when it comes to 
filament breakage.  Being a PN junction there is no filament to 
break when the light is in operation when compared to an 
incandescent lightbulb.  This will reduce the amount of times 
the bulbs will need to be replaced, and also provide additional 
safety from getting tickets for having a taillight out, and 
preventing the chances of getting into an accident without any 
taillight and visibility to drivers in vehicles approaching at a 
high rate of speed.  

VI. ANALYSIS & COMPUTATION

A. Spice
Analysis of the RLC circuit and switches that closely 

simulate the operation of a points based magneto.  
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Fig   10 .   Simplified Points Circuit.

B. Output Voltage
Output Voltage for the Points magneto can be viewed and 

simulated in Pspice.  

Fig 11.  Transformer Voltages - TXX:3 - Secondary Coil 
Spark Plug Voltage as points open ; TXX 1 - Primary Coil 
Voltage
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C. Maple RLC Simulation
Maple 13 was utilized in order to simulate RLC Circuit 

currents which would be traveling through the transformer.  

Fig 12.  - Setting up equations for use with Java Plot

Fig 13 - Plot of RLC Response for Magneto style Ignition

D. Evaluation using Engineering Assumption
The lack of voltage outputs and analysis data for a 

Capacitive Discharge Ignition proved difficult to find proper 
simulation software and equations for the Author.  However, it 
can be assumed that since virtually all newly manufactured 
small engine motorbikes and scooters come equipped with a 
CDI ignition, converting a moped to CDI ignition is a better, 
more reliable alternative to a points style system.4 With these 
vehicles being designed by proper Electrical and Mechanical 
Engineers, it can therefore be assumed proper that all 
considerations and different ignition systems have been 
calculated with their pros and cons when designing a vehicle 

to be sold throughout the world.
This information or lack thereof in terms of calculating and 

simulating such circuits has given the author many more 
points of interest to follow in terms of circuit design and 

ignition system design.  

 Comparative Reasoning
Regarding the lighting system, The same sinusoidal AC 

system will be used on a magneto or CDI style system.  
Simple power calculations illustrate the horsepower savings 
when switching to LED.  

P_80WHP :=   1HP / 746 W *  80W =  .107 HP Cost

P_8WHP :=  1HP / 746 W *  8 W = .0107 HP Cost

HP_REC:=  P_80WHP-P_8WHP = .107-0.0107= 0.0963HP

 Percent Saved :   0.0963HP / 0.107HP = .9

 90% horsepower recovered compared to Original System

While the actual numbers seem quite low in terms of power, 
When a moped only has 1.00HP rated at the flywheel, every 
small amount to increase efficiency and power helps 
tremendously.17

 

VII. RECOMMENDATION 

 The recommendation for a moped ignition and power 
system upgrade is to ensure proper reliability and operation for 
years to come, without requiring weekly maintenance of 
points sanding, condenser replacement, and dim at idle 
incandescent lightbulbs that have to be replaced often.
 Switching to an inner-rotor CDI ignition is an ideal 
solution that can offer benefits over a traditional system 
involving points.  Converting to a system that uses low 
wattage LED bulbs will provide the rider with increased bulb 
durability, increased horsepower to the rear wheel, and 
increased safety due to brighter lights at idle during stop light 
situations.  While a full simulation of an advanced CDI system 
is beyond the scope of the author’s current undergraduate level 
of Electrical Engineering analysis, the proof lies in the fact 
that these types of ignition systems are being used on all new 
model motorcycles and scooters today.  

APPENDIX

Further reading towards the performance enhancement of 
two-stroke engines  may be facilitated by reading the journal 
of the Society of Automotive Engineers, a society directly 
dealing with the advancement of automobile / motorcycle 
design and their power-plants and electrical systems.
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driver before returning to further his education in 2006.  Participating in the 
Formula Drift professional drifting series in 2004-2006, as well as driving and 
competing at multiple DG Trials sanctioned events in the Southeastern United 
States, he worked alongside his title sponsor, Kumho Tires, to design a high 
performance radial tire utilizing signal flare compound in portions of its 
carcass composition in place of tire carbon in order to create colored tire 
smoke for effect.  He also designed his own solid lash conversion kit for use 
with high performance DOHC Nissan cylinder heads in order to raise the 
effective safe RPM limit of the engine from 8000 to 11000.   Much of his 
design basis comes from working with internal combustion engines, and 
working towards reducing their carbon footprint while still maintaining 
absolute performance from their operation.  Currently he is an engineering 
design intern for Las Vegas based Team Retaks Racing, a professional race 
team participating in Drifting, Time Attack, and Motorcycle motorsports.  
Matthew is attending the 2009 Performance Racing Industry trade show in 
Orlando, FL, to keep up to date with advancements in motorsport technology.  
His senior design project for USF’s College of Engineering is a micro-
controller operated continuously variable transmission system adapted for use 
on a moped, and deals closely with his racing and tuning of high performance 
two stroke mopeds and motorcycles.  

 Mr. Vassallo has participated with the University’s Society of Automotive 
Engineers since graduating with his AA degree from St Petersburg College, 
and has been a standing member since.  Mr Vassallo has attended USF 
robotics team meetings in 2009, and is set to join student IEEE in 2010.
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