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GENERAL SOLAR CAR DESIGN

INTRODUCTION: ( “Roadmap to success)

Firstly obtain a copy of the current regulations, iead and understand them, then design
and construct your car to conform to the regulatiors. In the past many non-conforming
cars have been presented for scrutineering. Everormion-conformities slow up the
scrutineering process, delaying everyone and reduitie practice time available while the
car is modified to conform and passed through swating again.

NOTE: The Victorian regulations are based on théddal Regulations which are changed
every year. Your car must conform to the Natiomegulations if you wish to compete at that
level for details go tavww.modelsolaraustralia.orfgr the latest National regulations.

The key point to remember in designing a modelrsoda is that you have very little power
available from your solar panel. For the shortestertime you must use all the power
available at the highest efficiency possible topetoyour car.

Following is a listing and brief description of thasic elements that make up a “good car”
and successful project.

PROJECT MANAGEMENT

This item is not at the top of the list by accidefiu can have the best resources and car
design in the world but poor or no management efoitoject will assure failure.
Following are some critical items to consider.

Define the project: Exactly what is involved in tto¢al project?

Feasibility study: Have you got or can you get wekat is required to successfully
complete the project? Some of the things to consicelisted below.

Time
Funding
Equiprhen
Skills
Suffintgpersonnel
Matesdibr construction

If you cannot say yes to the above then it is timstop.

Time line: Produce a timetable detailing the sdate, finish date and duration of every
section of the project. Work backwards from thengwdate to ensure completion in
time. Note that in many instances activities caerlap. For example, car construction
can already be underway before all materials aaéahle. Some of the things to
consider are listed below.

Car design
Material & equient procurement
Manufacturecaf
Testing & madéitions as required
Poster



Detail car design: This area is critically impottdhis imperative you know exactly
what you are going to build and what materials yead.

Produce drawings and sketchesf components and an overall assembly drawing of
the car and draw it to scale. Many hours of worlt aruch material is wasted remaking
components that did not initially fit into the s intended all because it was not clear
exactly what the components were to look like dradactual dimensions required to
assemble into the complete car.

It is suggested that photographs and videos offoams previous events be examined
and investigated and the various State solar chrsites consulted for additional data
and ideas

Some of the sub assemblies/design areas to comsilésted below.

Overall dimensions
Wheel detailsmber and placement, drive wheel?
Motor
Electronics
Solar panel
Guiding, placarh& dimensions of guides
Gears
Track clearances
General confonoa to regulations
Body shape (agramics) & material

Materials & equipment procurement: Be certain teorand obtain any materials or
items needed for your construction in plenty ofdiso they will be available for use
when you need them. As an example, Faulhaber maters limited production in

only one factory in Europe. Quantities held herAurstralia are also limited. Should
local stocks become exhausted in about May theouitd be late August or early
September before more motors become availablerddssn for this is simple as the
factory in Europe closes down for summer vacatiegr the June/July period and so
there will be a waiting period for the next runb® scheduled down the production line
if there are no stocks of this motor on the shethie factory.

Decisions & action: Regularly review your positiand make decisions and take action
as required to maintain progress.

HELP!!I Remember the Model Solar Vehicle Commitieé/ictoria runs workshops
from time to time and technical advice and othexlleimge help is always available
through contacting any of the state or national @atees at the details listed in the
regulations or on any of the challenge websites.

Box Hill High School in Victoria have an active MeldSolar Car programme and are
willing to provide assistance to other schoolstadsnts. They have a test track which
is erected from time to time particularly near évent date. Any students are welcome
to come and make use of the track at these times.



CAR WEIGHT & WEIGHT TO POWER RATIO

Weight to power ratios of about 160 grams per watte been typical for light weight
cars in the past few years. The new ballasting itesfor 2011 as well as no longer
having egg drivers will allow for even lower ratithexn this to be possible on well
designed and built cars. Only time will tell whaihapetitors are able to achieve in
2011. (The test car Photon Cruncher MK |V (seegteguide for details of this car)
has a weight to power ratio of about 220 gm/watk amtperforms many cars with
better ratios only because it is accurately built).

While weight is not the only or most important paeder that controls car
performance, it does have a significant effect.rizegfort should be made to keep
chassis weight to a minimum. This not only improgeseleration and allows the car to
reach full speed more quickly but also reducesn@liesistance and loads on other
components such as axles, wheels and guides.

Any ballast required should be carried as low dawthe car as possible to increase
stability. The best location for any ballast wid mfluenced by the number of wheels
and their position. For example, a 3 wheel car Withsingle wheel offset from the
center line will tend to roll over more easily ineodirection than the other. Good
placement of ballast can help reduce this effect.

BUILD QUALITY

It is important to manufacture your car with itical components correctly aligned
and with the required clearances. Your car mustitmng and stiff enough in critical
areas to maintain these clearances.

Poor build accuracy can easily cost 5 secondscia tieme. (Axles 3mm out of parallel
has about the same effect as adding around 700 ¢ime tar weight on a 4 wheel car
without steering).

Ensure axles are parallel and steering, if fittiediree to move but does not shimmy.
Test to ensure your car is not “crabbing” downttiaek or pushing hard on the guide
rail. The car must run smoothly with no wheel wabbl bouncing.

Correct clearances in bearings and gears, bedthgsated with light oil. The
chassis must be strong and stiff enough to maintasrances and alignment if good
performance is to be achieved.



AERODYNAMICS

Good aerodynamics, by which is meant a car withderodynamic drag, is critical if

your car is to have the best performance possibtal( with excellent aerodynamics

can be 22 metres ahead of an identical car with @emdynamics at end of 2 laps in
high sun level).

Aerodynamic drag is the largest retarding forcéengabn an average car by the time it
exits the first corner in a race.

Aerodynamic drag varies with velocity squared shigh for the entire second lap of
a 2 lap race.

Car aerodynamic drag is typically about twicethiéng resistance as the car crosses
the finish line.

As a general rule the rear of the car is ofterlewgd but is quite important as a poor
shape here will lead to high wake drag.

Significant aerodynamically generated lift or doferce is unlikely unless you
deliberately design for it. Even then there willdbsignificant unwanted drag force
generated which probably negates any advantage.

TESTING & RELIABILITY

Testing is critical to obtain a car that runs wilshows up any bad design and poor
build quality, allowing you to rectify any faultefore the event.

Reliability is critical if you hope to win. Your canust function correctly every time
it is placed on the track. Adequate testing antfiea&tion of any problems revealed
during that testing will result in a car that isiable.

Attention to detail is also critical to success amahy cars have been seen to either
fail to complete a race or run poorly due to owgrs and unnecessary failures (ie
cars have lost wheels during races or not beeedunn at the start line and just roll
down the hill).

Have a pre-planned race strategy and stick toatn@t just change gears etc. just
because you think you must do something.

ENERGY UTILISATION

It is important to use as much of the energy ctdlédy your panel as possible to drive the
car. The use of electronics is strongly advisechfew starters as it will assist in this. Ensure
you have selected the best gear ratio (use of #tkematical simulation as outlined in the
Design Guide will give a starting point).
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By knowing where the energy is used you can tadgessto use it effectively.
Energy is used in the following areas (the facioiisiencing energy use are in brackets).

Overcoming air drag (shape and frontal area)
Giving the car Kinetic Energy (car mass and veyci
Electronics (unit efficiency and correct adjustment
Motor (motor characteristics and operating point)

Rolling resistance (use of tyres, bearings fitnaemt lubrication, axle alignment
and use of steering)

Driving of car (tyre on drive wheel if required agdar reduction. Is the
reduction ratio correct? Are the gears correctlgimeel and in alignment)

SOLAR PANEL

Only silicon based solar cells are allowed.

Provided that panel power is between 6 and 10 wthttsballasting formula in use
this year means that there is little or no advamtargdisadvantage given to a
particular power over the length of a race (foredlwesigned and constructed car).

It is more important to use a good quality solargdaSolar cells have both series and
parallel internal resistances in varying ratios #raratio of these resistances (within
the cells and externally when assembled) can uléilpa@ive a panel a ballasting
advantage or disadvantage.

Low quality panels are more likely to have an gidble ratio of resistances if
power measured at 50% Sun. See the section onpaolals in the Design Guide for
detalils.

Solar panel output varies with temperature. Paoedgp drops by nearly 0.5% per
Deg C temperature rise. (Caution: beware of elaatsoset point if playing around
with panel temperatures as the maximum power paihshift)

Voltage suitable for both the motor and electronicd. Most electronics units will
not operate below 11 Volts. In general, as a rilaaemb for best results the panel
voltage at maximum power output should be betweand?3 times the motor’s rated
voltage.

Able to be configured to suitable voltage and auirikit is intended to run without
electronics.

Panel should be light enough so that it is not legdkian the required panel plus
ballast weight. Otherwise your car will be carrym@pandicap.
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STEERING
The use of steering reduces drag while cornering timproving performance.

Steering, if used, must be stable. Cases havereccwhere the steering mechanism
goes into a wobbling mode shaking the car from gidg@de wasting a lot of energy.

MOTOR
Voltage, power, torque constant and voltage cohstast suit solar panel selected.
Should be high efficiency & preferably lightweigftypically 85% and 80 grams)
Not worn or damaged

The majority of cars now use the Faulhaber 22326 Motor. However Maxon also
have some excellent motors worth considering.

GEARS:
Good quality with properly formed teeth.
Adjusted for correct mesh.
Correct ratio chosen for the car.

The main gear is best if manufactured from plaastid this allows satisfactory
operation without lubrication even if the pinionagés metal. The use of lubrication
on open gears holds dirt and consequently incremsasand power losses.

BEARINGS:
Clean and undamaged
Correctly installed with no preload.

Lubricated with light oil (INOX has been found te the best). Running bearings
without lubrication has been found to have 250%earfaction than when lubricated.

ELECTRONICS:
High efficiency at operating point

Correctly set to panel power point. Caution: theximaim power point voltage drops
rapidly with increasing panel temperature.



WHEELS:

Must run freely and true especially radially.
Be in correct alignment particularly if steeringnist used.

A tyre on the drive wheel(s) can improve performeahy reducing wheel spin on take
off, but will increase rolling resistance. Theraisutoff point where a tyre will not
improve performance but in fact reduce performa(e90% sun on the test car
Photon Cruncher MK 1V a tyre reduced race time I&<®conds.)

The number of wheels and their position has a fogmit effect on car stability.

WHEEL SLIP:

When using an electronics system it is possibleiafact common to experience
wheel spin on takeoff in high Sun and this will trEce time (0.2 seconds has been
measured in testing). Either increasing the wedaghthe drive wheel or fitting a tyre
which, unfortunately, also increases rolling resise can improve this situation.

The track surface has an effect on wheel grip. Vic®rian track is painted with a
flat acrylic paint and has moderate to good grigpprties. The New South Wales
track on the other hand has a plastic coating whashthe frictional properties of a
sheet of glass.

GUIDES:

Guides are subjected to high forces when the aaorisering at speed. The side forces
acting on the guides when cornering at speed ceseexthe weight of the car.
Consequently, the guide anchor points and the goiters and their bearings
deserve as much attention as the wheels.

Must be properly aligned and positioned.

Should be as low to the track as possible withouthing.

STABILITY:

At speeds in excess of 6.5 m/sec calculations ateithat on the Victorian track a car
will take off over the crest of the hill. If the rcis not stable and running straight it
will probably not land with the guides engaged lom guide rail and consequently
crash. (Photographic evidence exists of a car ad@wm off the track with the
guide rollers clearly visible above the guide jail.

Similarly, calculations indicate that for a carlwé center of gravity 80 mm above the
track surface, roll over (or at least roll far egbuo disengage the guides) will occur
when cornering at a speed above about 9 m/secisTbased on a smooth and level
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corner section of track and bumps or a slight otdviack slope will cause roll over
at a lower speed than this. The actual crash mé&rhas not likely to be a complete
roll over, but lifting of wheels on the inside otarner will be sufficient to disengage
the guides and allow the car to spear off the tradkof control.

BALLAST:
If the solar array and its support structure wééegs than the total minimum required
by the appropriate formula in the regulations, ddal weight in the form of ballast
is required to be carried in order to bring thegheéiup to the required minimum
level.
Ballast will not be supplied by the scrutineersuYoust bring your own to the
competition.

WIRING:

To keep electrical losses within the wiring lowsere that it is as short as reasonably
possible and in a reasonably large diameter wire.

Use multi strand wire to minimise the possibilifyf@cture.
Colour code wiring to make trouble shooting easier.

Solder all joints if possible.
Insulate all joints.

Check wiring regularly for damage and repair asimeql

REGULATIONS & IMPLICATIONS FOR PERFORMANCE:

The regulations are changed every year primarifpitoe teams to build a new car. The
changes are carefully chosen to ensure cars bailtqusly are easily identified as “old
design” and, if possible, disadvantaged in perfarcesby the new regulations.

The regulation changes for 2011 are extensive.ifteat was to significantly simplify the
regulations as they had gradually become more caagler time.

The 2011 regulations allow much simpler cars tadrestructed. In the simplest format they
could be a ladder type frame chassis with a saaelpon top and the 200 square cm drag
plate. This type of car is very simple to build amtl have good performance due to its light
weight. However a more complex heavier car emplpwrbody with a good low drag
aerodynamic shape would be expected to have evtsr performance.



What power solar panel should be chosen? Signifiefiort has been expended by members
of the National committee in evaluating differeatlasting formulas and computer modelling
has indicated that there was no significant diffieeeor advantage for any one power from 5
Watts upwards (provided that the car is of goodgmesigh build quality and correctly set

up).

Electronics or not? The new ballasting formulagseyous for cars not using electronics.
Computer modelling has indicated that a slight atlvge exists for a car without electronics
when considering the 2011 ballasting formulas ¢ilze of the advantage varies with sun
intensity) although it must be remembered thatithiowever only true for a top car that has
been correctly set up. If incorrectly set up, canfgrmance can be seriously affected and may
in some cases even lead to a car failing to completice. ldentifying the correct setup for a
non electronics car is significantly more difficalid the car will need constant adjustment if
Sun levels vary by more than about 5 or 10%.

Overall, the secret to designing and building anivig car is to simply design a car
considering all of the areas outlined throughoig ttocument and then construct it to the
highest possible build quality and accuracy. Orarapleted, plenty of practice will help
identify and eliminate any bugs as well as allowdther car improvements to be made
before an event. Finally, paying attention to detaring preparation and racing will help get
the best possible performance out of the car aant.

WARNING!!! A top car built to the current regulations will henning very fast in high Sun
conditions. On the Victorian track take off ovee thill will occur ** and roll over or
dislodgment of guides around the corners is vessjbe. To remain on the track and finish a
race you may need to consider slowing the car davwigh Sun conditions.

There are many options for slowing the car, ineclgdadding a plate or similar to form an air
brake, changing gear ratios or partly shading titer panel. Which is best for your car?

** Calculations indicate take off will occur at sgms over about 6.5 metres per second, do
not fall for the trap of thinking adding extra witgwill hold the car down as it will not.
Check the Physics texts. The only way extra weightthelp is mainly by slowing the car
down due to increasing its rolling resistance.

10



2011 MODEL SOLAR CAR CHALLENGE
SYNOPSIS OF CAR SPECIFICATIONS

The following is intended to be used as a quicknezice guide only. It contains the
important basics but does not cover all the deY&lU MUST REFER TO THE
COMPLETE REGULATIONS FOR FULL DETAILS.

Maximum body dimensions:550 mm long, 320 mm wide, 180 mm high and less
than 190 mm from centre line of guide rail at aids.

Wheels: minimum width 1mm or 0.6 mm radius at contact peiith track.

Guiding: must be on the outside of the guide rail

Side panels:one each side, minimum 100 mm long by 50 mm wide.

Drag Plate: a fixed, flat, rigid, transverse, vertical rectalay plate of minimum area
200 sg. cm. and 2 mm thickness. Plate to be easitpvable for scrutineering.
School & Car name:visible when racing, letters minimum 10 mm high oo the
side panels.

Solar array: fully removable from car, silicon technology onllydano devices
mounted on panel.

Wiring: all wiring and electronics must be visible, othisevcircuit diagram
required.

ON-OFF switch: commercial switch required easily visible to tierter, on and off
clearly marked.

Energy storage:not allowed, except capacitors up to 0.2 faradiped they are
discharged immediately prior to race starting. ktdes up to 1 mH allowed.

Panel power:maximum allowed power is 10 watts. Panels prodygnmeater than 10
watts will be masked by scrutineers to produce tikas 10 watts. There is no lower
power limit.

Electronics: teams must elect to either use or not use eldct@ystems before each
round of knockout races and then stick by thissleniduring that round. The total
required minimum weight of the solar array, itson structure and ballast will be
reduced significantly for cars not using electranic

Array and array support structure weight: will be calculated using the formulas:

Total weight with Electronics = 250P - 900 [grams]

or

Total weight without Electronics = 150P - 650 [grams]
Where P is the panel power in Watts
Ballast: If the solar array and its support structure weégs than the total minimum

required by the appropriate formula above, additioveight in the form of ballast is
required to be carried in order to bring the weigihto the required level.
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BIOGRAPHY OF A WINNING CAR
Syndal South Primary School car “SCORPION” (2009)

This article was written to show just how easitd build a good competitive car for the
Model Solar Vehicle Challengelt describes a car designed and constructed taG6e
regulations. This year (2011) it will be signifitgneasier to build a car due to the greatly
simplified regulations.

The car is pictured below on the track and sunpgigi managed first place at the Victorian
event by beating the car that eventually finishexbad at the Australian-International Model
Solar Challenge.

Syndal South Primary Schbeoar “SCORPION” (right)

The car “SCORPION” was one of the 2 cars constdibtethe students at Syndal South in
2009. In practice and previous races there wagipadlg no difference between these cars
and they had incredibly similar performance. Theosel Syndal South car “Lean Green
Speed Machine” finished in third place.

Both Syndal South cars were very basic. There wastimer option as they had to be
constructed on a table top using only the mostchafshand tools. Consequently the simplest
of construction techniques and off the shelf congoms were used.

The big question is why was this team so succeadinére is no simple answer but the
following points all contributed to the success.
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The School has been very supportive of this prodgarthe past 12 years. This
includes financially and by releasing students freormal classes for about 1.5 hours
each week from the start of term 2 to participatehis program. The teacher and
parents have also made themselves available tdhak&#udents to the Museum Event
** and to Box Hill High School to both work on thiaiar in the technology area as well
as to test the car on the test track.

There is a long history within the school of cammuiacture and many sample cars from
previous years.

A succession program is in place where each ydanst one year 5 student is included
in the team to gain experience and expertise aodnbe a team leader in year 6.

The first few weeks of the project are spent inkgbop type sessions where the
students learn about the basic components andduairay of model solar cars.
Particularly important is the discussion and unideding of the regulations governing
the car design. Emphasis is placed on build acgwachis is critical for good car
performance.

The students produce a timetable to allow for cangletion before the Museum event.
This gives plenty of time for producing their posted testing their car before the
Victorian event in October.

A car design sketch is produced and this is useadatoufacture a cardboard model of
the car which, in turn, is used as a guide for rferturing the actual car.

The one thing that has the most influence on sgdsgsractice. The cars from Syndal
South are always completed to the stage that thearticipate in the Museum event
and are brought to Box Hill High School in the Sapber holidays for another 2 full
day’s practice and tuning on the practice trackehk cannot be stressed enough how
important practice and tuning can be in improviag gerformance. Improvements in
race time in the order of 5 seconds after onlyaHteurs of practice have regularly
been seen in the past. Practice also improvesait®reliability while giving the
students the skills and confidence to operate tiaieffectively and autonomously.

** Museum Event: this is an event run by the ViaorModel Solar Vehicle Committee at
the Melbourne Museum each year about 4 weeks b#feractual event. It is conducted as a
pursuit race on a single lane track and the maipgae of this event is to give students an
aiming point to finish cars before the last minyeis provide an opportunity to practice in a
race type environment

THE CAR:

Because of the limited manufacturing facilitiesitatde at Syndal South Primary, the car
construction had to be simple and utilise as mdhthe shelf components as possible.

Body construction used is high density polystyréoean, hot wire cut and glued to a 0.8 mm
thick plywood base. Axles are arrow shafts sectwatie body with standard ¥ inch pipe
saddles. Wheels, gears, motor mount and guidesdaie all off the shelf components from
R & I Instrument and Gear co. and steering is 1setddu The motor is a Faulhaber 2232 6 Volt
unit which is in almost universal use in Victoriadaall over Australia for model solar cars.
The solar panel is from Scorpio Technology beidunber 6 Solar Panels connected in
series and mounted on an aluminium base platesdlae panel is secured to the car body
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with Velcro. An electronics unit is used to contiieé panel power. There are several
electronics units commercially available but thé& used in this car was assembled by
students in a previous year. Required ballast wadenup of lead sheet wrapped in tape and
laying on the car floor.

The car was designed to meet the 2009 regulatimhs aynopsis of these requirements is
given in appendix A.

BASIC CAR DIMENSIONS:

Body dimensions, length 520 mm maximum width 155 height 100 mm.
Body weight 525 gm with electronics but no egg.

Solar panel 173 mm wide by 500 mm long

Solar panel power 12.16 Watts (At Vic. 100% DatushAM 1.5 as now required)
Axle length 320 mm.

Distance between axles 250 mm.

Forward body overhang ie. distance from front aaléront of body 80 mm.
Rear body overhang ie. distance from rear axleao of body 185 mm.
Distance between guide roller centers 60 mm.

Guide roller clearance to track 3 mm.

Wheel diameter 64 mm. Guide roller diameter 25 mm.

Gear ratio, main gear 100 tooth pinion gear 14hoot

NOTE: The Design Guide contains full details of R @omponents and assembly details
used in the construction of Photon Cruncher MKTWe same components and construction
techniques, except for the body construction aeel us the Syndal South cars.

Detailed photographs of the car Scorpion follow:

yndal South Primarv. School
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APPENDIX A: The specifications this car was desiged to meet.

MODEL SOLAR VEHICLE 2009
SYNOPSIS OF CAR SPECIFICATIONS

MAXIMUM OVERALL DIMENSIONS:

DRIVERS CABIN:

WHEELS:

GUIDING:

CARGO SPACE:

SIDE PANELS:

550mm long

320mm wideskghan 200mm from centre line of guide
rail. At tione may any part extend more than 250mm
from the trerline of the guide rail.

180mm high

Must be dyenclosed and sealed compartment at the front
of the vekicl

Have room &60 g egg driver.

The top 25mfithe egg must be visible from straight ahead
to 90 degreash side.

The windsarerust be transparent and have minimum
10mm clearanc the egg over the 180 degree visibility arc
3mm minimutearance is required over the top of the egg.
Two 4mm willames are allowed in the visibility arc.

Minimum widtimin or 0.6mm radius at contact point with
track.

Must be on théside of the guide rail.

An enclosed@phaehind the driver and beneath the Solar
Panel large @gio to hold 1 standard 2 litre plastic fresh

Milk bottle. (& orientation is allowed.)

The floor mibst capable of supporting the full 2 litre plastic
milk bottle sting vertically anywhere on your designated
cargo area #relcar capable of rolling without the panel
attached. Obdflast is allowed to be in this designated space.

One each sd&imum 75mm high by 120mm long..
Allowed curveel20mm vertically, 15mm horizontally.\
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SCHOOL & CAR NAME:
In letters 10rhigh visible when racing. Not on the side
panel.
SOLAR ARRAY:
Must be fullymevable from the car.
Maximum power \MALtts.
Only commergyadivailable silicon cells are allowed.
For power measyiat scrutineering a positive and negative
lead with 10mifrbare wire must be provided.
Must not have any devices mounted on it includimey t
ON/OFF switch.
Panel power mead will be standardized to 25 Deg C.
WIRING:
All wiring andegttronics must be reasonably visible.
If wiring entegsaled areas a circuit diagram and explanation
will be required.
ON—OFF SWITCH:
An on off switetsible to the starter (ie. Left hand side or top)
iS required.
Switch must hareand off positions clearly marked.
ENERGY STORAGE:
No batteries alél.
Capacitors u®td Farad allowed but must be discharged
before the raoeluctors to 1mH allowed.
BALLAST:
The required weighthe solar array and support structure
plus ballast (TROTWEIGHT) is given by the formula.

TOTAL WEIGHT = 175(P-6) + 600 gm.
Where P is Panel power (standardized)Vatts

Ballast weightjuired can be calculated simply by

BALLAST WEIGHT = TOTAL WEIGHT — SOLAR ARRAY & SUPP@T
STRUCTURE WEIGHT

Any ballast végd can be carried anywhere in the car.
Bring the ballgou require to scrutineering NO ballast
will be providi®y the scrutineers.

USE OF ELECTRONICS:
If teams elazuse electronics the total
BALLAST + SOLARRRAY WEIGHT required will
be INCREASED B9 % over the value as calculated
above.

TEST CRITERIA:
All references to car behaviour and measuremestsas
the car is ofted level section of track in full racing
configuration.
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