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Abstra
tA

ording to the U.S. Energy Information Administration, transportation a

ounts for 28 per
ent ofenergy used in the United States. Hybrid vehi
les 
an be up to twi
e as e�
ient as traditional gasolinevehi
les, with only minimal 
ompromise. Ele
tri
 vehi
les are even more e�
ient and more e
onomi
al,and o�er the potential of personal transportation with near-zero environmental impa
t. Despite theadvantages of hybrid and ele
tri
 vehi
les, surveys indi
ate that publi
 knowledge about both vehi
lesis very low. The goal of this proje
t is to develop a parallel hybrid RC hobby 
ar that will eventuallyaid in edu
ating 
hildren and future generations about hybrid and ele
tri
 vehi
les. Our team sele
tedLosi Ten-T as the base 
ar for the 
onversion. First, I analyzed the me
hani
al and ele
tri
al systems ofthe 
ar to determine how the 
ar's systems fun
tion. Then, our team sele
ted properly sized ele
tri
 
ar
omponents, and I 
onverted the 
ar to an all-ele
tri
 drivetrain. I next developed a parallel hybrid usingboth the 
ombustion engine and the ele
tri
 motor. I made some progress in employing a mi
ro
ontrollerto 
ontrol the engine and motor in the hybrid and to in
orporate regenerative braking in the 
ar. Theall ele
tri
 
ar operated su

essfully, and the parallel operated su

essfully using either the motor or theengine. Future plans for the parallel hybrid 
ar in
lude operating the motor and engine in tandem, andemploying regenerative braking using the mi
ro
ontroller.
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1 Statement of Obje
tiveThe goal of the work des
ribed in this thesis is to develop a parallel hybrid RC (radio 
ontrolled) hobby
ar, powered by both liquid nitromethane fuel (emulating gasoline) and an ele
tri
 lithium-ion battery pa
k.This work is part of a larger e�ort that in
ludes several proje
ts aimed at improving the publi
's knowledgeof hybrid and ele
tri
 vehi
les. The proje
t related to this work is to develop a 
hildren's edu
ational toy
ar kit that 
an be easily assembled into a gasoline, ele
tri
, or a hybrid RC 
ar. The development of aparallel hybrid RC 
ar provides proof of 
on
ept, and a
ts as a major stepping stone in the development ofthe 
hildren's kit.The development of the parallel hybrid RC 
ar in
ludes the following goals:1. Sele
t an appropriate RC hobby 
ar to a
t as the base for the parallel hybrid 
ar.2. Analyze the systems of the 
ar to determine how the 
ar fun
tions.3. Determine an appropriately-sized ele
tri
 motor and nitro engine for the RC 
ar.4. Design the 
omponent pla
ement in the 
ar, and determine ne
essary methods for mounting and
onne
ting the 
omponents.5. In
orporate a mi
ro
ontroller 
ir
uit in the 
ar to e�e
tively 
ontrol the nitro engine and ele
tri
 motor.6. Optimize the engine and motor 
ontrol for fuel e
onomy.This thesis provides relevant ba
kground information on hybrid vehi
les and 
urrent hybrid edu
ationalresour
es available, and des
ribes the 
ompletion of tasks 1 through 4 above.2 MotivationIn re
ent de
ades in the United States, demand for larger and safer 
ars has led to in
reases in 
ar weight,and thus lower fuel e
onomy. Hybridization has been an e�e
tive method, not only to maintain the fuele
onomy previously available in the 80s and 90s, but to a
hieve even higher gas mileage. Most notably,hybrid vehi
les ar
hive signi�
antly higher gas mileage in rural driving, whi
h provides substantial bene�tsto 
ity 
ommuters. For 
ity driving, hybrid vehi
les are approximately twi
e as e�
ient as traditional gasolinevehi
les [2℄.In 1999, the Honda Insight be
ame the �rst hybrid vehi
le available to the mass market in the UnitedStates [1℄. Sin
e then, the number of hybrid vehi
les available has in
reased exponentially (see Figure 1). Inthe last �ve years, hybrid vehi
les have a

ounted for 2 to 3 per
ent of all vehi
les sold [3℄. A small numberof mass market ele
tri
 vehi
le are now available in the United States, with several more being developed bymajor auto makers.However, even with the in
rease in popularity of hybrid and ele
tri
 vehi
les, a signi�
ant per
entage ofthe publi
 appears to be largely uninformed about hybrid and ele
tri
 vehi
les. In a 2010 survey of almost2000 intended buyers of new vehi
les, only half of the respondents indi
ated that hybrid vehi
les 
ontainbatteries, and only 64 per
ent indi
ated that hybrid vehi
les use both a 
ombustion engine and an ele
tri
motor [4℄. The 
omplete results of the survey are presented in Table 1.Be
ause transportation is the se
ond largest area of 
onsumer spending (higher than food and health
are)[5℄, Ameri
ans must be able to make well-informed de
isions regarding their vehi
les. The edu
ational toy1



Figure 1: Growth of U.S. hybrid vehi
le development in re
ent years [3℄.Table 1: Per
ent of responders who believe the statement applies to the vehi
le type [4℄.Statement Ele
tri
 Plug-in Hybrid HybridContains ele
tri
 batteries 77 59 50Has zero tailpipe emissions 66 40 28Needs to be plugged in to 
harge the batteries 67 65 28Needs a spe
ial 
ord that goes from the vehi
le to the ele
tri
also
ket 56 69 29Takes more than 15 minutes to re-fuel 49 51 28Should be plugged into a 220 volt 
harging outlet 58 62 26Can run on the ele
tri
 motor only 65 42 35Has a maximum range of around 150 miles 59 44 27Can use an extension 
ord of no more than 20 feet in length withthe plug 52 64 25Uses both gasoline to power an internal-
ombustion engine andbatteries to power an ele
tri
 motor 15 39 64Uses gasoline as a fuel sour
e 11 33 58Uses hydrogen as a fuel sour
e 13 16 23
ar kit will provide an intera
tive, hands-on learning experien
e to 
hildren, thus e�e
tively edu
ating futuregenerations about how gasoline, hybrid, and ele
tri
 vehi
les fun
tion, and the advantages and disadvantagesof ea
h.3 Ba
kgroundBy de�nition, hybrid vehi
les are 
ars that utilize two or more fuel sour
es for propulsion. Nearly all vehi
lehybridization has involved 
ombining gasoline engines and ele
tri
 motors. The engine and motor 
an be
ombined in three di�erent stru
tures: parallel, series, and power-split. Some hybrids, known as plug-ins,2



o�er the option of re
harging the battery from a wall outlet, though they still utilize one of the threeaforementioned stru
tures. All three o�er di�erent advantages, but ea
h allows for the following primarybene�ts of hybridization:1. Regenerative braking - With the in
lusion of an ele
tri
 motor, during braking the motor 
an beoperated in reverse to a
t as a generator, re
harging the battery. This allows hybrid vehi
les to savesome of the kineti
 energy of the vehi
le that would typi
ally be lost during traditional heat-dissipativebraking.2. Optimal engine operation - Most hybrids, either inherently or through the use of a spe
ial transmission,allow the engine to operate at its most e�
ient speed (RPM). This not only redu
es gas 
onsumption,but de
reases engine wear, too.3. Engine downsizing - Be
ause the propulsion of the vehi
le is shared between two power sour
es (ele
tri
motor and gasoline engine), the engines in hybrid vehi
les 
an typi
ally be signi�
antly smaller thanthose in gasoline-only vehi
les. Smaller engines are inherently more e�
ient than larger engines.3.1 Types of Hybrid Vehi
lesThe addition of a se
ond power sour
e allows for some �exibility in the path of power from the two fuelsour
es to the 
ar. The following se
tions des
ribe the di�erent types of hybrid drivetrains, and 
ompareand 
ontrast the advantages and disadvantages of ea
h.3.1.1 Parallel HybridIn the parallel hybrid, the paths of ea
h power sour
e (ele
tri
 and gasoline) are parallel to ea
h other.Typi
ally this means that the gasoline and ele
tri
al systems are separated, but 
onne
t at the drive shaft(see Figure 2). However, for 
onversions, the systems may be 
ompletely separate in the 
ar. In this 
ase,the engine may provide power to the front wheels, and the motor may provide power to the rear wheels.This is referred to as a �through-the-ground� hybrid. During regenerative braking in a parallel hybrid, theengine is disengaged from the drive shaft, and the ele
tri
 motor a
ts as a generator to re
harge the battery.

Figure 2: S
hemati
 of a parallel hybrid.3



Parallel hybrids 
an be 
onsidered the simplest hybrid 
on�guration in terms of 
omponents and 
ontrolsrequired. Gasoline 
ars 
an be most easily 
onverted to parallel hybrids, espe
ially if they are through-the-road. Parallel 
on�gurations also allow for signi�
ant engine downsizing. However, parallel hybrids havedisadvantages due to their simpli
ity. In parallel hybrids the engine does not always operate in its optimalspeed range. Continuously variable transmissions (CVTs) 
an be employed to noti
eably in
rease e�
ien
y,but there will still be variation in engine speed and performan
e. The engine is also unable to provide powerdire
tly to the motor in order to re
harge the battery.3.1.2 Series HybridIn the series hybrid, the path of the power is in a straight line, from 
omponent to 
omponent (see Figure 3).First, the engine produ
es me
hani
al power from gasoline. That me
hani
al power is fed into a generator,whi
h 
harges the battery. The ele
tri
 motor that drives the 
ar pulls power from the battery. Note that forthis 
on�guration, only an ele
tri
 motor drives the 
ar, though a 
ombustion engine produ
es the ele
tri
alpower. Typi
ally, the engine will be in one of two states: o� (even while the 
ar is still in transit) or runningat a 
onstant, optimal speed to generate ele
tri
ity.

Figure 3: S
hemati
 of a series hybrid.Series hybrids require an additional generator (motor) 
ompared to parallel hybrids, but have severaladvantages. First, the engine is always able to operate at its most e�
ient speed. Additionally, serieshybrids are more e�e
tive as plug-in hybrids, be
ause they 
an run o� of ele
tri
ity alone. However, be
ausethe 
ar is propelled just by the ele
tri
 motor, the motor has to be more powerful. Additionally, the engine
an only be minimally downsized, be
ause it still has to provide the entire energy required to move the 
ar.3.1.3 Power-split HybridThe power-split hybrid uses a planetary gear box (referred to as a power-split devi
e) to allow the 
ar tofun
tion as a parallel, a series, or a mix of the two. This power split devi
e allows for power to be distributedbetween the wheels, the engine, and the motor in any possible fra
tion (see Figure 4). For example, theengine 
an be running at a 
onstant speed, with some power dire
ted to the wheels, and some power dire
tedto the motor to re
harge the battery. The 
ar 
an also be powered by the ele
tri
 motor alone, but generally4



only at lower speeds and lower a

eleration rates. During regenerative braking, power from the wheels isdire
ted to the motor, and the battery re
harges.

Figure 4: S
hemati
 of a power-split hybrid.Power-split hybrids have advantages of both parallel and series hybrids. The engine 
an be downsizedsigni�
antly, but is also able to run at its most e�
ient speeds. Additionally, the power from the engine
an be dire
ted through the power-split devi
e to re
harge the battery. However, power-split hybrids require
omplex 
ontrol systems.3.1.4 Plug-in HybridPlug-in hybrids are simply any hybrid (one of the three previously mentioned types) that 
an be plugged intoan ele
tri
al outlet in order to re
harge the battery. The advantage to this is that the vehi
le 
an temporarilyuse more ele
tri
al power from the battery and less gasoline. For this to be signi�
antly advantageous, thehybrid should have a larger battery, though plugging-in provides some bene�t in any hybrid. In hybrids thathave a large enough ele
tri
 motor to propel the 
ar 
ompletely, the hybrid 
an travel for up to 100 miles(depending on the battery size) using only the outlet-
harged battery. These are known as extended-rangeele
tri
 vehi
les, be
ause for typi
al daily driving they 
an operate without using any gasoline.3.2 Current Edu
ational Resour
esEdu
ational toys work on the prin
iple that the physi
al assembly of the toy should be easy, but determininghow to assemble it in order to a
hieve a spe
i�
 goal should be 
hallenging. An example of this is the LEGOMindstorms NXT kit (Figure 5). The robots are relatively easy to 
onstru
t and simple to program, butbuilding a robot to perform a 
ertain task is more di�
ult. Children have to determine how they will bothassemble and program the robot in order to have it 
omplete the task. Children learn from 
onsidering howpreviously 
onstru
ted robots fun
tion, thinking ahead to how their robot may work, and trial and error.This environment allowing open-ended development is ex
iting and rewarding for 
hildren, and in turn highlyedu
ational.By their nature, RC hobby 
ars generate a very similar learning environment to the LEGO MindstormsNXT kits. Although some RC 
ars 
an be bought pre-assembled, many 
an be bought unassembled, or5



Figure 5: Toy robots built from the LEGO Mindstorms NXT kit [Image from mindstorms.lego.
om℄.individual 
omponents 
an be bought to be assembled. The 
omponents are typi
ally standardized through-out the industry, whi
h makes assembly easy. Additionally, some manufa
turers make simpler (and lessexpensive) RC 
ar kits. For example, Elen
o makes a simple RC 
ar kit that 
osts between 20 and 30 dollars[Amazon.
om℄. The 
hallenge to 
onstru
ting typi
al RC hobby 
ars is in determining whi
h 
omponents tobuy. The builder has to determine what the 
ar should be able to do, and how to sele
t the right 
omponentsto meet that goal.RC 
ar kits are available for ele
tri
 and 
ombustion-powered 
ars, as well as hydrogen fuel 
ell andsolar 
ars. However, no kits are available for hybrid 
ars, despite the popularity of hybrids. Additionally,the standards for RC hobby 
ars do not allow for hybrid vehi
les to be easily 
onstru
ted. Despite theseobsta
les, some people and organizations have 
onstru
ted hybrid (nitromethane and ele
tri
) RC 
ars. Themost notable is the hybrid 
ar 
onstru
ted by E
oHawks team at the University of Kansas (Figure 6) [6℄.The hybrid RC 
ar developed by the E
oHawks is a mix between a parallel hybrid and a power-splithybrid. The RC 
ar uses a planetary gear system to distribute power between the ele
tri
 motor, the nitroengine, and the wheels of the 
ar. However, the motor is never used as a generator to re
harge the battery.Essentially, the two power sour
es only operate in parallel. A notable short
oming of this vehi
le is thatno on-board 
omputer exists to 
ontrol the engine and the motor. Instead, the driver manually adjusts thethrottle of the engine and the motor individually.4 Design Pro
essThe design of the parallel hybrid RC 
ar was sequential with respe
t to the 
omplexity of the systems.In other words, I employed simpler systems �rst, and then added on to or revised existing systems to add
omplexity. Though this involved some redundant design, it was bene�
ial for two reasons. First, it provideda valuable learning experien
e for my partner and me. Se
ond, it allowed for a working produ
t to be availableat several stages throughout the design pro
ess.As part of the edu
ational toy 
ar kit proje
t, the design of the parallel hybrid vehi
le was 
on
urrentwith the design of a series hybrid vehi
le. Be
ause some tasks, su
h as the sele
tion of the base RC 
ar, alsodepended on the design of the series hybrid, de
isions were weighted on fa
tors from both designs.
6



Figure 6: Hybrid nitro/ele
tri
 RC 
ar 
onstru
ted at the University of Kansas [6℄.4.1 Sele
tion of Base RC CarSele
ting a 
omplete RC 
ar (or RC 
ar kit) as a starting point, rather than sele
ting individual 
omponents,provides several advantages. First, individually sele
ting 
omponents 
ould result in some required partsbeing overlooked. Se
ond, the 
omplete RC 
ar 
ontains parts that are known to be 
ompatible. Third,ordering a 
omplete RC 
ar requires mu
h less time than individually sele
ting 
omponents. Fourth, the
omponents in the 
omplete RC 
ar have been sized 
orre
tly.My partner and I used the following 
riteria (followed by their explanation) to sele
t the base 
ar.� Has a nitro (gas) drivetrain - Be
ause nitro drivetrains are mu
h more 
omplex than ele
tri
 drivetrains,determining 
ompatible nitro 
omponents to add to an ele
tri
 
ar is di�
ult. Starting with a nitrobase 
ar ensures that all ne
essary nitro parts will be in
luded, sized 
orre
tly, and 
ompatible.� Small enough for one 
hild to 
arry - This in
ludes dimensions and weight of the 
ar, and is also helpfulfor transporting the 
ar during design and 
onstru
tion.� Large enough to work on easily - The 
omponents should be large enough so that the 
ar 
an be easilyassembled and disassembled with adult-sized hands. Additionally, large, easily-identi�able 
omponentsprovide a more wel
oming learning environment.� In
ludes a self-starting engine - One bene�t to most hybridization s
hemes is that during 
ertain driving7




onditions the engine 
an be turned o�, instead of left idling. In
luding this feature in our hybrid 
arwould require the use of a self-starting nitro engine, rather than the traditional hand-started engine.� Is available unassembled - An unassembled kit is preferable, be
ause 
onstru
ting the 
ar from s
rat
hprovides an ex
ellent experien
e for gaining familiarity with the 
omponents and how they fun
tiontogether.� Has spa
e for additional 
omponents - Constru
ting the hybrid 
ars will require adding several partsin
luding at least a battery, a motor, and a motor 
ontrol.The RC 
ar that best meets these 
riteria is the Losi Ten-T Truggy, shown in Figure 7. The Ten-T is afour-wheel-drive 1/10 s
ale nitro RC 
ar. It is 17.75 in
hes long and weighs 6.2 lbs, whi
h meets the 
riteriaregarding size. The extended front and rear axles provide additional spa
e where 
omponents 
an be pla
ed,while still remaining between the tires. The Ten-T is also one of the few RC 
ars that in
ludes a self-startingengine. However, it is only available as a fully assembled 
ar.

Figure 7: The Losi Ten-T Truggy with the body 
over removed.The sele
tion of unassembled RC 
ars was very limited, and �nding unassembled nitro 
ars that met mostof the 
riteria was very di�
ult. Be
ause of this, the Ten-T was the best 
hoi
e. To be
ome familiar with8



the 
ar's 
omponents, I disassembled the 
ar to a point where I was able to determine the purpose of ea
h
omponent. The 
ar remained unassembled until I added the ele
tri
 drivetrain 
omponents. (Note thatnitro engines require a break-in period, so I ran the 
ar through multiple tanks of fuel before disassemblingit.)4.2 Systems AnalysisRC hobby 
ars have several dis
rete 
omponents, with me
hani
al or ele
tri
al 
onne
tions that are frequentlystandardized. For the analysis I divide the 
ar into six major systems:� Ele
tri
al� Steering� Engine� Starter� Drivetrain� BrakesTable 2 lists the major 
omponents required for any given drivetrain, and Table 3 lists the major 
omponentsunique to the nitro drivetrain.4.2.1 Ele
tri
al AnalysisThe ele
tri
al systems of the 
ar are used to transmit signals and power. The radio re
eiver is the 
entral hubof the system. It re
eives signals from the radio 
ontroller and redire
ts them to the other 
omponents, andit re
eives signals from sensors and redire
ts them to the radio 
ontroller. Note that the battery 
onne
tsdire
tly to the starter 
ontroller, so ele
tri
al power routes through both the starter 
ontroller and the radiore
eiver.I used an os
illos
ope, a multimeter, and a mi
ro
ontroller to determine the signals that the 
ar's 
om-ponents use to 
ommuni
ate. Table 4 lists the ele
tri
al power and ele
tri
al signals (and their respe
tivewires) that the 
omponents use. The mi
ro
ontroller 
an reprodu
e the steering servo, starter 
ontroller, andthrottle servo signals, and 
an read the RPM sensor and temperature sensor using the Basi
 
ode providedin Appendix A.The RPM sensor uses a photosensor to dete
t a metalli
 target atta
hed to the rear drive shaft. TheRPM sensor sends a pulse ea
h time the target is dete
ted, whi
h is on
e per drive shaft revolution. The
ombination of pulses e�e
tively a
ts as a PWM signal, whi
h 
an be read to determine engine RPM or 
arspeed (if the gear ratio of the rear di�erential and the rollout are known). Note that the RPM 
orrelationprovided in Table 4 is for the drive shaft RPM.The temperature sensor is a simple thermo
ouple. The resistan
e of the thermo
ouple is dependenton the temperature of the jun
tion. The radio re
eiver measures the resistan
e through the thermo
oupleand sends that information to the radio 
ontroller, whi
h determines temperature from the resistan
e. The
orrelation is provided in Table 4.
9



Table 2: Purposes of the major 
omponents required for all RC 
ars.Component Purpose SystemRadio Re
eiver Handles (sends and re
eives) all signals, in
ludingthose to and from the radio 
ontroller, those fromsensors, and those to servos and other
omponents. Re
eives power from the batterythrough the starter 
ontroller, and distributesthis power to the steering servo, throttle servo,and sensors.
Ele
tri
al

Steering Servo Re
eives ele
tri
al power and a PWM signal fromthe radio re
eiver and assigns a rotationalposition to its pinion, thus angling the frontwheels of the 
ar Steering/Ele
tri
alLithium-ion Battery Provides power to the steering servo, throttleservo, radio re
eiver, and starter 
ontroller(in
luding glow plug and starter motor). Must be
harged manually at an ele
tri
al outlet. Ele
tri
alRPM Sensor Re
eives ele
tri
al power from the radio re
eiver.Emits a pulse ea
h time the rear drive shaftrotates. Uses a small re�e
tive sti
ker to �
ount�rotations. Ele
tri
alTemperature Sensor A thermo
ouple that 
hanges ele
tri
al resistan
eas temperature 
hanges. The 
hange in resistan
eis measured by the radio re
eiver. Ele
tri
alDi�erential One di�erential at the 
enter distributes powerbetween the front and rear wheels. Twoadditional di�erentials (one in front, one in rear)distribute power between the left and rightwheels. Drivetrain
4.2.2 Steering AnalysisThe steering system 
onsists of a high-torque servo that rotates an arm to turn the front wheels. The steeringsignal from the radio 
ontroller is sent to the radio re
eiver. The radio re
eiver then sends a PWM signalto the steering servo, whi
h the servo 
onverts into a rotational position of the steering arm. The trim isadjusted digitally within the radio 
ontroller.4.2.3 Engine AnalysisThe purpose of the engine system is to 
onvert nitromethane fuel into me
hani
al power. This involvesstoring nitromethane, delivering nitromethane to the engine, delivering air (for 
ombustion) to the engine,and removing the exhaust gases from the engine. The starting system for the engine and the system to transferthe me
hani
al power from the engine to the wheels are 
onsidered separate systems for this analysis.The fuel tank stores the nitromethane fuel. The fuel line 
onne
ts the fuel tank to the 
arburetor, andanother line (the pressure line) 
onne
ts the fuel tank to the exhaust system. Air pressure from the exhaustsystems pushes fuel out of the fuel tank and into the 
arburetor. The fuel line inside of the fuel tank has aweight on the end, so that as the vehi
le shifts the end of the fuel line moves with the fuel.The throttle servo re
eives a PWM signal from the radio re
eiver, whi
h the servo 
onverts into arotational position of the throttle arm. This throttle arm 
ontrols a pin within the 
arburetor that 
ontrols10



Table 3: Purposes of the major 
omponents unique to the nitro drivetrain.Component Purpose SystemStarter Controller Re
eives power dire
tly from the battery anddistributes power to the radio re
eiver. Turns onthe starter motor and the glow plug when itre
eives the �start engine� signal from the radiore
eiver. Starter/Ele
tri
al
Starter Motor Re
eives power from the starter 
ontroller andrevolves the nitro engine at a 
onstant speed asthe engine is being started. Can only engage theengine in one dire
tion. Starter/Ele
tri
alNitro Engine Re
eives a fuel/air mixture from the 
arburetor,
ompresses the mixture above its autoignitiontemperature, 
ausing 
ombustion, and expels theused fuel/air mixture into the exhaust system.This pro
ess generates me
hani
al power that theengine sends through the 
rankshaft to the
lut
h.

Engine
Glow Plug Powered by the starter 
ontroller to ele
tri
allyheat the 
ylinder head so that the fuel/airmixture rea
hes the autoignition temperatureduring a 
old start. StarterExhaust System Re
eives the exhaust gases from the nitro engine.Mu�es the noise from 
ombustion, and re
eives asigni�
ant portion of the heat generated by
ombustion. Redire
ts some of the air pressurefrom the exhaust gases into the fuel tank. Engine
Fuel Tank Holds the nitromethane fuel. Re
eives airpressure from the exhaust system, whi
h pushesfuel to the 
arburetor. EngineAir Filter During intake (piston expanding), air is drawnthrough the air �lter and into the 
arburetor. EngineCarburetor Re
eives air passing through the air �lter andfuel from the fuel tank, and 
ombines the two.During intake (piston expanding) the nitro enginepulls the air/fuel mixture from the 
arburetor. EngineClut
h Disengages the nitro engine from the drivetrainwhen the 
ar is still to allow the engine to idle,rather than stall. DrivetrainThrottle Servo Adjusts an a
tuator in the 
arburetor to 
ontrolthe amount of fuel that is fed into the nitroengine, e�e
tively 
hanging the fuel/air ratio inthe mixture. Engine/Brakes

the amount of fuel that 
an enter the 
arburetor. The 
arburetor re
eives fuel from the fuel line and airfrom the air �lter. The pin 
ontrolled by the throttle arm e�e
tively adjusts the ratio of fuel to air that is
olle
ted in the 
arburetor. When the piston in the engine expands, the fuel-air mixture in the 
arburetor ispulled into the engine.The nitro engine uses a two-stroke 
y
le for 
ombustion. After the piston motion pulls the fuel-airmixture into the 
ylinder, the mixture is 
ompressed and heated above its autoignition temperature. On
e11



Table 4: Ele
tri
al signals to and from the 
omponents in the 
ar, relative to the radio re
eiver.Component Orange Wire Red Wire Brown WireSteering servo Provide PWM: 1.1ms to 1.9ms Provide +5V DC neutralRPM sensor Re
eive PWM: RPM = 29033554PW
−0.9304 Provide +5V DC neutralTemperature sensor Resistan
e a
ross orange/brown measured: ºF: T = 121−

R

32Starter 
ontroller Provide PWM at 2.044ms to engage Re
eive +5V DC neutralThrottle servo Provide PWM: 1.32ms to 1.84ms Provide +5V DC neutralthat o

urs, the fuel spontaneously 
ombusts, releasing heat and pressure. The pressure pushes the pistondownward and provides me
hani
al power through the 
rankshaft. Immediately after the piston begins tore
ede, the high-pressure gas �ows out of the engine into the exhaust system. The exhaust system divertssome of that air pressure from the engine exhaust into the fuel tank to push fuel down the fuel line intothe 
arburetor. As the piston 
ontinues to re
ede, the ba
k pressure of the exhaust gases push more fuel-airmixture into the 
ylinder. The piston 
ompresses the mixture again, and the pro
ess repeats.4.2.4 Starter AnalysisThe starter system, 
omprised of the starter 
ontroller, starter motor, and glow plug, is used to start thenitro engine (from room temperature in most 
ases). The starter 
ontroller re
eives the signal to startfrom the radio re
eiver. The starter 
ontroller then provides power to the starter motor, whi
h begins toturn the nitro engine. (Note that the starter motor 
an only engage the engine in one dire
tion, so duringnormal operation the engine does not a�e
t the starter.) As the engine turns, it pulls in fuel and air fromthe 
arburetor, but this mixture is not able to spontaneously 
ombust at �rst. This is be
ause the heatgenerated when the piston 
ompresses the fuel is qui
kly lost to the 
old engine blo
k. The result is that thefuel-air mixture does not rea
h the autoignition temperature. To remedy this, the starter 
ontroller providespower to a glow plug on the 
ylinder head. The heat provided by the glow plug redu
es the heat lost fromthe fuel mixture, and spontaneous 
ombustion 
an o

ur. After only a few revolutions, 
ombustion warmsthe engine to a point where the glow plug is no longer needed. The user must manually disengage the startersystem by releasing the �start� button on the radio 
ontroller.4.2.5 Drivetrain AnalysisThe drivetrain system re
eives the me
hani
al power from the engine 
rankshaft and redire
ts it to thewheels. The 
lut
h operates by utilizing a me
hanism that engages only when the engine is running aboveidling speeds. Inside the 
lut
h bell, two plasti
 shoes are 
onne
ted to the 
rankshaft via a spring. As the
rankshaft rotates at faster speeds, the 
entripetal for
e 
auses the shoes to move away from the 
rankshaftand 
ome in 
onta
t with the 
lut
h.The power from the engine is transferred through several gears and di�erentials before rea
hing thewheels. First, a pinion on the 
lut
h bell transfers power to a di�erential spur gear that 
onne
ts to thefront and rear drive shafts. The di�erential distributes power between the front and rear drive shaft. Bothdrive shafts also 
onne
t to a di�erential between two wheels: the front di�erential between the two frontwheels, and the rear di�erential between the two rear wheels. These three di�erentials allow for power to bedistributed not only left to right, but also front to rear.
12



4.2.6 Brakes AnalysisBe
ause the nitro engine 
annot be run in reverse to brake the 
ar (like an ele
tri
 motor 
an), two dis
brakes are used: one on the front drive shaft and one on the rear drive shaft. The throttle servo engagesthe brakes when the throttle arm is rotated in the ba
kward dire
tion (opposite the dire
tion to throttle theengine). This simpli�
ation allows for only one servo to be needed for both braking and a

elerating, whi
halso redu
es the number of signals that the ele
tri
al system has to handle.When the throttle servo rotates to engage the brakes, two 
alipers squeeze ea
h dis
, whi
h are 
oupledto the drive shafts. This 
auses the 
ar to slow. Note that by applying the brakes, the throttle servo alsoredu
es the engine to an idle, thus disengaging the 
lut
h. This prevents the brakes from stalling the engine(as 
an happen in a 
ar with a manual transmission).4.3 Ele
tri
 ConversionI de
ided to �rst 
onvert the RC 
ar to a pure ele
tri
 
ar, rather than a hybrid, for a few reasons. First,my partner and I had not previously worked with an ele
tri
 drivetrain, so building a full ele
tri
 
ar �rst,rather than a hybrid, would allow for easier troubleshooting of any issues. Se
ond, the edu
ational toy 
arkit should be able to be 
onstru
ted into an ele
tri
 
ar, so 
onstru
ting an ele
tri
 
ar serves as a proof of
on
ept, providing eviden
e that the sele
ted ele
tri
al 
omponents will allow the 
ar to operate 
orre
tly.4.3.1 Component Sizing and Sele
tionThe 
ar requires three additional 
omponents in order to be operated as a full ele
tri
: an ele
tri
 motor, anele
troni
 speed 
ontrol (ESC), and a battery. Although a battery for the nitro 
ar already exists, a largerbattery is ne
essary for extended runtimes (longer than 5 minutes). The motor should be sized properly tothe weight of the vehi
le, in
luding the weight of the nitro 
omponents when it is a hybrid.I sele
ted the 21.5 turn Novak Havo
 Spe
 brushless motor for the 
ar (shown in Figure 8). The Havo
Spe
 is a 540 size motor, whi
h is typi
ally used on 1/10 s
ale 
ars. This motor o�ers several turn 
ountsfrom 10.5 to 21.5. Typi
ally, fewer turns allow for higher power, but provide less torque; more turns providemore torque, but allow for less power. The reasons for this have to do with the ele
tri
al resistan
e and thestrength of the magneti
 �eld in the motor. More turns will generate a stronger magneti
 �eld, thus providinghigher torque. However, more turns requires more wire, resulting in a higher resistan
e. This generates heatfaster than a motor with fewer turns, so the power must be limited in order to prevent overheating.I sele
ted a high torque (high turn 
ount) motor in order to 
ompensate for the extra weight on the 
ar.In this 
ase, high power is not essential for the operation of the 
ar. Typi
al RC hobby 
ars have a top speedof over 30 or 40 mph. Not only are 
ars di�
ult to 
ontrol at this speed, but they 
an be dangerous. Forthe edu
ational toy 
ar kit the top speed of the vehi
le will be limited to no more than 20 mph, so using aless powerful motor is not an issue.Novak in
ludes an ESC with the Havo
 Spe
 motor (shown in Figure 8), whi
h is what I used for theinitial build. This ESC does not allow for regenerative braking (the energy is simply dissipated as heat),but regeneration is a key feature of hybrid vehi
les. After 
onta
ting several RC 
ompanies, I learned thatregenerative braking is no longer in
luded in ESCs (from any manufa
turer), be
ause the energy saved isvery small. For edu
ational purposes, my partner and I de
ided that later in the proje
t we would build anESC with regenerative braking. 13



Figure 8: Components of the ele
tri
 drivetrain, from left to right: battery, ESC, motor.I sele
ted a 7.4 Volt, 5300 mAh (milliamp-hour) battery for the 
ar (shown in Figure 8). This batteryhas a slightly larger 
apa
ity than typi
al batteries on 1/10 s
ale vehi
les, whi
h may be bene�
ial for thehybrid 
ar, as it has extra weight.4.3.2 Component Design and Pla
ementThe three 
omponents des
ribed in Se
tion 4.3.1 all require a me
hanism to be held se
urely in pla
e onthe 
ar. This is espe
ially important for the ele
tri
 motor, be
ause it 
an generate signi�
ant amounts oftorque. I de
ided to build a mounting bra
ket for the ele
tri
 motor and to use Vel
ro to mount the batteryand ESC to the 
ar.For the motor I ma
hined an aluminum mounting bra
ket (see Figure 9) that 
onne
ts to the 
hassis ofthe 
ar. The bra
ket for the motor mounts in a similar fashion to the mounting bra
kets for the nitro engine.Channel holes in the 
hassis (see Figure 10) allow the motor to slide left to right on the 
ar, but prevent anyrotation. This provides two advantages. First, the motor 
an slide to align the pinion and spur gears so thatthey mesh 
orre
tly. Se
ond, pinion gears of di�erent sizes 
an be used without any additional ma
hining.One signi�
ant obsta
le I en
ountered is that the size of the 
enter di�erential makes pla
ing the motordi�
ult, be
ause there is no 
lear orientation that allows the pinion to 
onta
t the spur gear. As a work-around, for the ele
tri
 
onversion the nitro engine was left in the 
ar. This way the motor pinion 
ould bein 
onta
t with the engine pinion, and provide power to the spur gear indire
tly as shown in Figure 11. Forthe edu
ational toy 
ar kit, the ele
tri
 version should not have the engine on-board. To a

omplish this, a
hain and spro
ket 
onne
tion 
ould be used, the di�erential mounts 
ould be modi�ed, or a free gear 
ouldbe added on a mounting plate in pla
e of the engine.14



Figure 9: Computer model of the motor bra
ket (left) and ma
hined motor bra
ket (right).

Figure 10: Two 
hannel holes on the 
ar 
hassis for mounting the ele
tri
 motor.After removing the nitro 
omponents and mounting the motor in pla
e, the room left by the exhaustsystem �t the battery and the ESC well. Vel
ro, both on the side and the bottom of the plasti
 
hassisextension, holds the battery and the ESC in pla
e. Note that during intense runs (high a

eleration andde
eleration) the motor 
ould heat up signi�
antly and possibly damage the battery.4.3.3 Assembly and ResultsI 
ompletely assembled the 
ar using an ele
tri
 drivetrain as shown in Figure 12. I kept the engine in pla
ein order to provide a 
onne
tion from motor pinion to spur. The 
ar tested su

essfully with regard to thefollowing: Using a gear ratio (spur to pinion) of 3.2, the 
ar was able to a

elerate equally as well as with15



Figure 11: Gear arrangement on parallel hybrid 
ar. Left: spur gear and 
enter di�erential. Center: engine
lut
h bell and pinion. Right: motor pinion.the nitro drivetrain. Additionally, the motor did not exhibit any signi�
ant temperature in
rease above theambient temperature. Even after intense runs with maximum a

eleration, the motor had not noti
eablyheated up. The 
ar was also able to a
hieve a top speed of 15 mph, whi
h is signi�
antly slower than thenitro version, but satisfa
tory for the edu
ational toy 
ar kit.I also noted two areas for improvement from the test runs. First, the 
ar appeared to not be able tobrake. The ESC supports braking (just heat-dissipative braking, not regenerative), but even with it turnedon I was not able to get the 
ar to brake well. Se
ond, the pit
h of the motor pinion was slightly di�erentthan that of the spur and engine pinion. During the testing, this resulted in the gears grinding together.Eventually this resulted in visible points of wear on the teeth of the engine pinion, where the surfa
e wassigni�
antly worn down. A more detailed explanation of how I sele
ted appropriate gears for the hybridversion is explained in Se
tion 4.5.4.4 Parallel Hybrid ConversionAfter 
onverting the 
ar to a full ele
tri
 drivetrain, I next de
ided to build a parallel hybrid, rather than aseries, for several reasons. First, be
ause the ESC does not allow for regenerative braking, building a seriesrequires building a motor 
ontrol that 
an e�e
tively regenerate. The parallel is less restri
tive be
ausemotor regeneration is not ne
essary in order for the 
ar to work. Se
ond, I had already mounted the motorin parallel with the nitro engine in order for the motor pinion to be able to transfer power to the drivetrain,so building a hybrid would require less modi�
ation.The hybrid does not require any additional 
omponents beyond what is already in
luded in the nitro 
arand the ele
tri
 
ar. However, �tting all the parts on the 
hassis and pla
ing them so that they fun
tionproperly is mu
h more di�
ult on a hybrid 
ompared to a full nitro 
ar or a full ele
tri
 
ar.4.4.1 Component Design and Pla
ementThe following 
onsiderations regarding 
omponent pla
ement 
an signi�
antly a�e
t vehi
le performan
e:16



Figure 12: RC 
ar 
onverted to an all-ele
tri
 drivetrain.� The 
ar should be balan
ed left to right, and front to ba
k so that the weight is evenly distributedbetween the four wheels.� The 
enter of gravity of the 
ar should be low to the ground to avoid rollovers.� Components that generate signi�
ant amounts of heat should be separate from ea
h other and separatefrom heat-sensitive 
omponents (su
h as the battery).� Components should be kept as 
lose to the 
enter of the 
ar as possible to redu
e rotational inertia.� Components should remain between the wheels and above the 
hassis, so that they re
eive little or nodamage in 
ollisions.As mentioned in se
tion 4.3.2, for the ele
tri
 
ar the motor already was in parallel with the engine, butthe engine was left unengaged. For the parallel hybrid, the motor and engine remain in the same pla
e.However, the remaining nitro 
omponents must be added to the 
ar. To meet the above requirements, Imade the following pla
ement de
isions.I mounted the fuel tank on top of the ele
tri
 motor, as shown in Figure 13. I designed and 
reated analuminum plate on whi
h to mount the fuel tank (see Figure 14). Note that the a
tual 
omponent di�ersfrom the 
omputer model, but 
ontains the same fun
tional features. Be
ause the fuel tank is on two smallplasti
 stilts, only a small portion of the heat from the ele
tri
 motor should be transferred to the fuel tank.Although this does raise the 
enter of mass of the 
ar, it is not very signi�
ant be
ause the ele
tri
 motor is17



smaller than most of the other 
omponents. Pla
ing the fuel tank on top of the motor also helps to balan
ethe 
ar left to right, based on where I 
hose to pla
e the battery.

Figure 13: Computer model (left) and a
tually assembly (right) of fuel tank and motor bra
ket.

Figure 14: Computer model of fuel tank mounting plate (left), and a
tual ma
hined part (right).I 
reated two aluminum 
lips (see Figure 15) to hold the battery on the right side of the 
ar, and Iremoved a portion of the plasti
 
hassis extensions so that the battery remains in pla
e. This pla
ement
reates the most imbalan
e in the 
ar, but it should be noted that the majority of the weight is on the leftside of the 
ar, though not as far from the 
enter. For example, the nitro engine, the fuel tank, and themotor are all on the left side.I remounted the exhaust system into its original position on the all-nitro 
ar. I found this to be signi�-
antly simpler than the alternative, whi
h would have been to rotate the exhaust system 
onne
tion at thenitro engine to lift the exhaust system above the 
hassis. This, however, does not provide enough spa
e forother 
omponents to be pla
ed underneath the exhaust system, so there would be little bene�t from doingso. I mounted the air �lter in its original lo
ation on the all-nitro 
ar, sin
e this did not 
on�i
t with anyof the other 
omponents. This was bene�
ial be
ause the original mounts were able to hold the air �lter inpla
e, and the original tubing from the air �lter to the 
arburetor 
ould be used.18



Figure 15: Computer model of the battery mounting 
lip (left), and the a
tual ma
hined part (right). Two
lips hold the battery in pla
e.I mounted the ESC above the steering 
olumn, using an aluminum plate shown in Figure 16. The ESCwas glued to the mounting plate using glue pads that were sold with the motor and ESC. Then, the mountedplate was s
rewed against the supports that previously held the plasti
 body 
over.

Figure 16: Computer model of ESC mount (left), and a
tual ma
hined part (right).4.4.2 Assembly and ResultsI 
ompletely assembled the parallel hybrid 
ar (shown in Figure 17), and was able to partially operate it.Be
ause I did not have appropriately-meshing gears, I did not operate the vehi
le using both power sour
es.However, I did operate the 
ar using ea
h of the power sour
es individually. Both performed well duringthe brief operation despite the extra weight on the 
ar. Using only the ele
tri
 motor, the 
ar exhibited fasta

eleration and was able to rea
h 
omparable top speeds to the all-ele
tri
 
ar. Due to the gears grinding,19



I only operated the 
ar in this manner brie�y. I also operated the 
ar using just the nitro engine. Again,the 
ar performed well. It a

elerated qui
kly and rea
hed speeds above 30 mph.

Figure 17: Assembled parallel hybrid 
ar.4.5 Gear Sele
tionA signi�
ant obsta
le to performing both the ele
tri
 and hybrid 
onversions was obtaining spur and piniongears that mesh. This was be
ause I re
eived misinformation about the sto
k gears on the Ten-T frommany resour
es. The sto
k gears on the Ten-T have a mod 0.9 pit
h, but nearly all the distributors andmanufa
turers (in
luding Losi) 
laimed that the Ten-T uses mod 1.0 gears. A few thought that the gearswere mod 0.8 (almost exa
tly the same as 32 pit
h). Only one distributor agreed that the gears were neithermod 0.8 nor mod 1.0.The mod 0.9 gears that Losi uses in the Ten-T are proprietary in the RC 
ar/boat/airplane industry.Mod 0.8 and mod 1.0 gears are readily available in a large variety of sizes. However, I was unable to �ndmod 0.9 gears. Instead, I de
ided to 
hange the spur gear and the engine pinion gear to be mod 1.0, whi
his a 
ommon gear pit
h used in the both ele
tri
 and nitro RC 
ars.The mod 1.0 spur gear for the Losi Ten-SCTE (part number LOSB3436) is inter
hangeable with the onefrom the Ten-T. For the engine pinion, I plan to ream the hole of a mod 1.0 pinion intended for an ele
tri
motor so that the pinion 
an be thermally �t on the 
lut
h bell. This way, all three gears (spur, motorpinion, engine pinion) will be mod 1.0. This will also allow for easier modi�
ations to gear sizes later on.
20



5 Dis
ussionThis proje
t proved to be su

essful in produ
ing an ele
tri
 
ar and a partial parallel hybrid 
onversion ofa nitro RC 
ar. Additionally, I developed signi�
antly as an engineer throughout the 
ourse of the work.In this dis
ussion, I will �rst 
onsider the su

ess of the produ
t, and then provide re�e
tion on the overallproje
t and experien
e that I gained.5.1 Produ
t CritiqueI am very satis�ed with both the ele
tri
 and parallel hybrid 
ars. In both 
ases I was able to in
lude all thene
essary 
omponents with minimal alterations to the original 
ar. This redu
ed the work needed to modifythe 
ar, but also provided a more realisti
 prototype for the edu
ational toy 
ar kit for the following reasons:� The 
ar was relatively well-balan
ed left to right and front to ba
k.� The 
enter of mass of the 
ar remained low to the ground.� The ele
tri
 
ar was smaller than the original nitro 
ar, and the parallel hybrid was only slightly largerthan the original nitro 
ar.� The all-ele
tri
 
ar was able to run with a

eptable a

eleration and top speed (15 mph).� Using only the ele
tri
 motor, the parallel hybrid 
ar was able to run with a

eptable a

eleration andtop speed.� Using only the nitro engine, the parallel hybrid 
ar was able to run with a

eptable a

eleration andtop speed.� The 
omponents were �rmly mounted to the 
ar.5.2 Re�e
tionThis proje
t provided me with ex
ellent opportunities for learning and for self-development as an engineer.In terms of general engineering knowledge, I be
ame familiar with the following:� Gasoline, ele
tri
, and hybrid vehi
le systems and e�
ien
y� Power ele
troni
s, in
luding brushless motor 
ontrol� Internal 
ombustion engine operation� Brushed and brushless ele
tri
 motor operation� Mi
ropro
essor 
ontrol, spe
i�
ally with the Basi
 Stamp� PWM signals and servo 
ontrolAs an engineer, I further developed the following skills:� Approa
hing new and unfamiliar problems� Non-destru
tively analyzing unfamiliar systems21



� Designing and produ
ing pre
ise parts� Designing 
omponents to �t together and fun
tion as a wholeI am pleased with both the ele
tri
 prototype and the parallel hybrid prototype, and I enjoyed developingboth. However, there are a sele
t number of de
isions that, with hindsight, I 
ould have handled better.� I would have sele
ted an ele
tri
 motor with spe
i�
ations similar to those of the nitro engine. Althoughthe motor that I 
hose is powerful enough for the 
ar, it is signi�
antly less powerful than the engine.For the series hybrid and the eventual power-split hybrid, the motor should be at least as powerful asthe nitro engine when operating at its optimal speed.� I would have tried to mount the battery 
loser to the 
enter of the 
ar to provide better weight balan
eleft to right.5.3 Future Plans and Future WorkAs mentioned in Se
tion 1, the work that this thesis des
ribes is part of a larger proje
t to develop anedu
ational toy 
ar kit for 
hildren. A 
hild should be able to 
onstru
t the kit into a nitro (representinggasoline) 
ar, ele
tri
 
ar, or one of three hybrid 
ars: parallel, series, or power-split. Regarding the parallelhybrid prototype, I plan on 
ompleting the following work:� Utilizing the mi
ro
ontroller for regenerative braking� Utilizing the mi
ro
ontroller for 
ontrolling the ele
tri
 motor and nitro engine together� Mounting the mi
ro
ontroller to the 
ar� Running the 
ar with power from both the ele
tri
 motor and nitro engine simultaneously� Optimizing the power distribution between the ele
tri
 motor and nitro engine� Testing the 
ar to determine if it is fun
tioning properlyFuture work for the edu
ational toy 
ar kit 
ould in
lude the following:� Continuing to develop the series and parallel hybrids� Optimizing all 
ar drivetrains� Developing a power-split hybrid� Developing me
hanisms to atta
h and deta
h 
omponents from the 
hassis without requiring the useof tools� Developing software for the Basi
 Stamp to 
ontrol the di�erent drivetrains� Developing 
hild-safety features for the kit
22
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 Stamp A mi
ro
ontroller developed by Parallax. It uses Basi
 as the programming language.Brushed Motor A motor that me
hani
ally alternates the �ow of ele
tri
al 
urrent to properly rotate theshaft. Similar to alternating pedaling on a bi
y
le.Brushless Motor A motor that ele
troni
ally alternates the �ow of ele
tri
al 
urrent to properly rotatethe shaft. Similar to alternating pedaling on a bi
y
le.Clut
h Shoes Plasti
 pie
es that are intended to generate signi�
ant fri
tion against a spe
i�
 surfa
e.Cold Start The pro
ess of starting an engine after it has been o� for a long enough period of time to 
oolto near room temperature.Continuously Variable Transmission (CVT) A type of transmission (similar to a manual or automati
transmission in a 
ar) that 
an be adjusted to produ
e any gear ratio from the input to the output.Drivetrain The group of 
omponents in a vehi
le that generate power and deliver it to the wheels.Ele
troni
 Speed Control (ESC) A simple 
omputer that 
ontrols the operation of an ele
tri
 motor.Glow Plug An ele
tri
 heating devi
e that in
reases the temperature of the 
ylinder head in diesel enginesso that the fuel 
ombusts spontaneously. The glow plug is used while the engine is started. It issomewhat analogous to spark plugs in gasoline engines, though it only operates during ignition.ICE A
ronym for �internal 
ombustion engine.�Mi
ro
ontroller Essentially a s
aled-down 
omputer, both in size and power, that 
an be programmedto interfa
e with a large variety of devi
es, su
h as sensors, motors, and servos. The mi
ro
ontrollerin
ludes a pro
essor, RAM, �ash storage, and several pins used to interfa
e with di�erent devi
es.Nitromethane (Nitro) A liquid fuel used in small internal 
ombustion engines on RC 
ars. Often abbre-viated to �nitro.� 23



Planetary Gearbox A gearbox that distributes power and torque between the three 
onne
ted 
ompo-nents.Pulse Width Modulation (PWM) An ele
troni
 signal 
onsisting of pulses. The length of the pulse,typi
ally in mi
rose
onds or millise
onds, is varied to a
t as an analog signal.Rollout The distan
e a 
ar travels during one 
omplete rotation of the wheels.Servo An ele
tri
 motor designed to have very pre
ise position 
ontrol. Servos 
an be 
ontrolled by PWM.Trim The balan
e in a system between two 
onditions. In the RC 
ar, the trim refers to the default 
onditionof the steering (left to right balan
e) and the throttle (a

eleration to brake balan
e).B Basi
 Stamp Component Interfa
ing CodeThe following 
ode snippets show how to interfa
e the Basi
 Stamp 2 (BS2) with individual 
omponents inthe 
ar. Note that the 
ommands assume that the 
omponent is 
onne
ted to pin 0. That number 
an be
hanged to 
orrespond to any pin to whi
h the 
omponent may be 
onne
ted. For most 
omponents, onewire 
onne
ts to the +5 V sour
e, one wire 
onne
ts to the ground, and one 
onne
ts to an input/outputpin. Refer to the Basi
 Stamp manual for more information.B.1 Temperature SensorThe follow 
ode measures the resistan
e of the temperature sensor and determines the temperature in degreeFahrenheit. Note that the temperature only has two wires: one should be 
onne
ted to a pin, one should be
onne
ted to the ground.HIGH 0PAUSE 1RCTIME 0 , 1 , r e s i s ttempF = 121 − ( r e s i s t / 32)B.2 RPM SensorThe following 
ode re
ieves the signal from the RPM sensor and determines the RPM of the rear drive shaft.Note that the Basi
 Stamp does not allow exponents in 
al
ulations, so the 
orrelation presented in Table 4
annot be used. The 
orrelation presented below provides an estimate of the a
tual 
orrelation. The largestdeviations o

ur at very low (roughly less than 1000) and very high (roughly greater than 15,000) RPM.PULSIN 0 , s i g n a l I npul sewidth = 2* s i g n a l I nRPM = 2814*(10000/ s i g n a l I n )B.3 Throttle/Steering ServoThe following 
ode sends a PWM 
ontrol signal to either the throttle servo or the steering servo. The signalranges are given in Table 4. 24



PULSOUT 0 , ( 0 . 5* pulsewidth )B.4 Radio Re
eiverThe following 
ode re
eives the steering or throttle signal from the radio re
eiver.PULSIN 0 , s i g n a l I npul sewidth = 2* s i g n a l I nB.5 Starter ControllerThe following 
ode makes the starter 
ontroller initiate the starting sequen
e for the nitro engine. The �rstline initiates the starter 
omponents (starter motor and glow plug). The se
ond line is the default pulse sentwhen the starter is o�.PULSIN 0 , 1022PULSIN 0 , 506
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C Engineering Drawings of Ma
hined ComponentsThe following drawings show how to dimension the various 
omponents that I ma
hined for the ele
tri

ar and the parallel hybrid 
ar. Note that the exa
t dimensions may vary based upon their a
tual matinglo
ation on the 
ar.C.1 Ele
tri
 Motor Mounting Plate

26



C.2 Fuel Tank Mounting PlateNote that the fuel tank that I ma
hined for the 
ar had a signi�
antly di�erent geometry. However, thefun
tional features were in the same relative lo
ations.
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C.3 Battery ClipThe lo
ation of the holes in the battery 
lip vary depending upon the lo
ation of the 
orresponding holes inthe plasti
 
hassis extension.
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C.4 ESC Mounting Plate
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D Additional PhotographsD.1 Ele
tri
 CarD.1.1 Alternative Angle of Ele
tri
 Car
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D.1.2 Close-up of Ele
tri
 Motor Mounted on Chassis
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D.2 Parallel HybridD.2.1 Alternative Angle of Parallel Hybrid
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D.2.2 Comparison of All-Nitro and Parallel Hybrid Cars
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D.2.3 Fuel Tank Mounted in Car
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D.2.4 Close-up of Battery Clips
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D.2.5 ESC Mounted in Car
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