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Formula SAE

For those that require a refresher, the Formula SAE
Competition demonstrates the largest engineering com-
petition in the worl d.
almost 500 universities around the world building and
competing with a small open -wheel race car, designed
and manufactured from scratch each year. Vehicles are
evaluated in international competition as real race cars
based on their track performance in acceleration, skid-
pad, autocross and endurance events. In addition, teams
are evaluated by industry
engineering design and
every detail critiqued and evaluated, but students are
given direct feedback and suggestions on their designs,
underlying the true utility in the Formula SAE competi-
tion.
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With the end of the 2011 season at Formula SAE West
in California came a strong inspiration to demonstrate to
the competition the true
sity. The inspiration to develop a vehicle that would
match weight reductions with strength increases. A ve-
hicle that would mark vast performance increases with-
out making compromises in safety or drivability. A vehi-
cle that we, as a team, university and sponsors, could
truly be proud of.

Engineering involves a continuous learning process;
have found this to be particularly true in designing a
race car. Entering into
focus on understanding the fundamentals, bringing the
vehicle back to basics and requiring students to truly
grasp the role they are playing with the team. Instead
of building up ancillary vehicle components, the 2012
vehicle makes major improvements upon the fundamental
vehicle design, with aims to improve reliability, adjusta-
bility and drivability. This focus brought with it a major
goal; a 10% overall weight reduction to 450 pounds while
increasing vehicle performance, with every system re-
sponsible for providing a piece of the puzzle. With a
first drive date planned in early March, an augmented
focus on driver and vehicle development on the track
has been made, truly integrating man and machine for
competition. Watch for some of the highlights that will
keep Queends competitive i
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Suspension
For our 2012 entry the Queen V.%"‘“””}{
team has made major improvements to our understand- o~ —
ing of vehicle dynamics and the suspension system as a J
whole. Through in depth analysis of test data from our A "N, j
range of racing slicks we have been able to highlight a \‘\eﬁf@' \«5‘/
number of possible areas to improve performance of our v wq’}ff"‘\

car. We have also incorporated these advanced tire
models into our vehicle dynamics simulation programs to
allow for more accurate predictions of vehicle behav-

T Above: Suspension simulation model of the 2012 vehicle.

Below: Rendered model of the front suspension

Some specific areas which have seen major improve-
ment this year include the steering system, tire perfor-
mance and vehicle balance. By investigating the specific
operational range of our vehicle we have been able to
identify a more optimal steering geometry which allows
the tires to work harder for more of the lap. An overall
increase in rim width from
creases in total grip production of the tires. As a re-
sult of our extensive testing program last season in
combination with driver feedback the balance and driva-
bility has also been improved.

Considering the results of our testing and simulation, a

new testing plan for the upcoming season has been de- Frame

veloped. The goals of early season testing will be to

close in on a baseline suspension setup as well as more With a change in mindset and design objectives, the role
specific vehicle settings to maximize acceleration and  played by the frame was updated for the 2012 season.
cornering g -forces. Producing a stable platform that is ~ Similar to the 2011 vehicle, the team elected to con-
easy to control as well as a robust and reliable setup for ~ struct a steel spaceframe; a skeleton of steel tubing

future development are the thatdosns te hackieone totthe wehiges However, thia is y
goals. where the similarities end; working hard with the sus-

pension team, the frame designers set goals to design
the lightest, stiffest and most ergonomic spaceframe
the Queends team has ever produ

Taking full advantage of computer software and theo-
retical knowl edge | earned from
frame has been developed that not only marks a 50%
increase in stiffness compared to 2011, but will pair it
with a reduction of over 10 pounds. A fully adjustable
mock-cockpit was also created, allowing the team to
make changes in driver and control positions to maximize
drivability and comfort across a size range. These im-
provements were realized through hundreds of work
hours and iterations, and are being brought to life effi-
ciently and quickly thanks to the tube notching services
offered by Cartesian Tube Profiling.

Rendering of the 2012 Queen6s Fr ame



Engine

A Honda F4 engine wild/| form ¢t
2012 Engine package. A big focus on the use of comput-

er simulation in the design process, coupled with exten-

sive physical testing and the use of lightweight materi-

al s, promi se to make this year |
forming yet. Highlights include all new student -
developed intake, exhaust, and lubrication systems

which are predicted to offer a combined weight savings

of 15% and power gains of over 10%.

Computational Fluid Dynamics simulation of the 2012 throttle
and restrictor, at part - and full -throttle

System execution for this year has been one of simula-

tion, testing, and validation. Simulation has allowed the

group to determine the best places to focus design ef-

forts and is a great way to predict trends within sys-

tems. This will be matched with physical testing, which
remains a big part of the grou
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6000 7(;00 8600 9(;00 10(;00 11600 12(;00 13(;00 14(;00 conducted using our in -house dynamometer for all com-
e ponents. Special attention will be paid to testing intake,
Simulation of proposed 2012 engine power curve, compared exhaust, and plenum geometry. This testing will serve to
to the 2011 design. validate the simulation results, confirming and allowing

refinement of the simulation model to improve accuracy
in the future.

The geometry of the rules -mandated 20 mm air restric-
Solidworks rendering tor was optimized using computational fluid dynamics
of the proposed 2012 and will be combined with shorter intake runners and an
engine package all-new throttle design to form the intake manifold. The
exhaust system will see a weight savings of over 60%
coupled with an increase in performance due to the use
of a full titanium design with improved geometry. The
new 3™ generation dry sump system features an all new
student designed pump, reducing mass and lowering the
engine a further 0.75 inches reducing center of gravity
height of the car. With these improvements, the new
The engine dynamometer engine package looks to propel the 2012 vehicle to a suc-
set-up at McLaughlin cessful year.

Hall, used to tune the
Honda F4 engine for
optimal performance.




Drivetrain

In line with the objective of the vehicle, some of the
major goals on the 2012 driveline were to increase sim-
plicity and reliability, while pushing for a large weight
reduction. The 2012 vehicle will feature a Salisbury
type limited -slip differential with an entirely brand new,
custom designed driveline from the engine output to the
rear wheels. Uniformity in parts and fasteners has been
emphasized across the system, simplifying the manufac-
turing and maintenance process, and reducing the num-
ber of spare parts required.

Thanks in part to a donation of ultra -strength steel
from Carpenter Technology, and improvements in design,
a reduction in weight of 7 pounds has been realized,;
roughly 25% less than the 2011 driveline while meeting
the same strength standards. Physical testing in the
spring will serve to improve drivability, fine  -tuning dif-
ferential settings and final drive ratios to validate theo-
retical results. The driveline is currently being machined
both in -house and at the Transformix machine shop.

Computational Fluid Dynamics simulation of the 2012 undertray
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Above: Exploded assembly view of the 2012 differential and stub
-axles. All components shown are new for the 2012 season.
Below: Finite Element Analysis of the Differential Housing

Aerodynamics

So far the aerodynamics team has been focusing on the
aerodynamic design of the undertray for the new car.
As a team and with feedback gained from the wings in-
stalled on the 2011 vehicle, the choice to switch to an
undertray was made early in design. ANSYS Fluent 13
(Computational Fluid Dynamics or CFD software) has
been used extensively to run simulations of airflow un-
der the car in order to determine the optimum shape
for the undertray. This will produce the highest amount
of downforce with a minimum drag penalty to maximize
vehicle performance. Our next steps are designing and
fabricating the carbon fibre parts for the undertray.
The number of layers, the orientation of the layers and
the core material are currently being chosen based on
the attachment points and expected loading cases. Our
aerodynamic and bodywork package is being manufac-
tured in conjunction with NP Aerospace, our composites

Qu eRaHNSTs to fabricate ap indgriray mgsting strength and

stiffness specifications with the lightest weight.



Electrical

Improving upon the lessons learned in 2011, the team
has designed a new electrical system that aims to be
reliable and simple to troubleshoot. The team is accom-
plishing this with increased thought and system design,
new connectors, and by using various wire colours. In-
creasing system simplicity and driver ergonomics, the
dash of this yeards car wi
simple LCD alerting system will be incorporated on the
steering wheel of the car, in plain sight of the driver.
This will be conducted with an Arduino to maximize ad-
justability and simplicity. The next step for the electri-

cal team will be to start harness manufacturing once the
frame has been constructed, as well as construction of
the dash and steering wheel. For the first time ever,
the wiring harness, data acquisition and telemetry will
be tested on the engine dynamometer before installa-
tion in the car to expose issues early in the season. The-
se improvements are aimed at improving reliability of
the electrical system while keeping costs and complexity
at a minimum.

Brakes

This year the main goal for the brakes system is to have
them as reliable and efficient as possible. The new 2012
brake system saves more space and weight than the
2011 design. Incorporating a new pedal and master cylin-

der design has allowed a more compact and ergonomic

design in the cockpit, saving weight and lowering the
centre of gravity through the elimination of unused
space underneath the
and increase simplicity, both the front and rear rotors
will use two -piston callipers applying enough force to
lock the wheels. The front and rear rotors use a floating
rotor design with aluminum inserts to save weight. Both
front and rear rotors will be made from cast iron be-
cause of its thermal properties, with the new design
significantly reducing manufacture time. On  -track test-
ing will be conducted on two different sets of brake
rotors, one solid and one drilled, in order to determine
the optimal rotor temperature.

driver 0s

2012 Steering Wheel interface

Wheels and Uprights

This year the wheel packages are undergoing a complete
redesign, with new uprights and spindles on the front
and rear. The design goals for the system are to in-
crease stiffness with a negligible weight penalty. Thanks
to the assistance of Transformix Engineering, the manu-
facturing of the uprights is to be outsourced, and com-
plex geometry creating new design possibilities is at-
tainable. Working with the steering system, adjustable
Ackermann steering geometry has been incorporated,;
this adjustability allows us to test different Ackermann
amounts to determine the ideal value for the vehicle.
Wor king with the vehicleds
must be designed to incorporate mounting points for the
un-sprung aerodynamic underbody system.

i ght

Rendering of the rear upright and brakes package
on the 2012 vehicle




I n C|OfSrioﬁIg)éeenﬁs this year, dondt expect
-features multi -function display or world -class traction

control system. Don6t {iwegwhgeBur hopes on carbo
or a variable -geometry intake; Instead, expecta no -

nonsense, lightweight, well designed and engineered race

car. Expect a professional team that knows its vehicle in-

side and out, and is willing to make the sacrifices necessary

to make its mark in competition in Michigan and Nebraska.

To meet our goals, the 2012 car will not feature a single
borrowed custom component from previous generation vehi-
cles, demonstrating advancements in every system. Making
these improvements possible, the team has expanded & dou-
bled its size in fact & to 30 members this season and grow-
ing. The team has also gained over $15,000 in additional
sponsorship for the 2012 vehicle, with sponsorship ranging
from cash to tools to manufacturing. With the assistance
from these great supporters, featured on the final page,
the team will be bringing its theory and designs to reality,
and putting them to the test over the next few months.

However, as always, the team is seeking additional funding
to improve the upcoming team and allow us to keep providing
this no -cost opportunity to a growing community of stu-
dents. The team is currently $5000 short of its fundraising
goals for 2012, and is seeking assistance to attend the For-
mula SAE West competition in Lincoln, Nebraska this June.
Increased funding will allow more students to attend this
competition, exposing a larger group to this highly motiva-
tional and educational event. If you are interested in sup-
porting the team through a sponsorship or donation, please
get in contact with us as , or visit
our online donation page at
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Thank You to our Sponsors!
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