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WHAT IS FORMULA STUDENT?
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IONRACING 2017 . -




THE TEAM

The Board

Qa

Olaf Nornes Kvamsgy Helge Vassbakk Joakim Sandanger Pettersen  Truls Mentzoni Skoglund Philip Lundberg Jamissen Joakim Sandanger Pettersen Kaja Sofie Lamvik Karoline Kverneland
Team leader Chief Electrical Engineer Chief Mechanical Engineer Supply Chain Manager Group Leader Monocoque Design/SES Inserts Ergonomics

. . . . Marius Aasen Trgygve Pollen Olaf Nornes Kvamsgy Eivind Vinnes
Magnus Ljostveit Magne Ardal Olav Risa Main and Front hoop Assembly Monocoque production/SES Sidepod Design
Head of Finance Head of Marketing HMS

Marketing uspenasion

Q

2

Jan Alexander Bjerke Nora Fotland Trym Ullestad Truls Mentzoni Skoglund Kristoffer Nielsen Maren Lodden Mia Katrin Risan
Head of Marketing Media Manager Sponsor Relations Blog and Magazine Group Leader Drivetrain Dampers and ARB Brakes and Pedalbox

Magne Ardal

Audun Brgnseth Thea Emilie Finn Erik Benjamin Bruns Tor Inge Berge
Suspension Rims Wheel Hub Coach
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Olav Risa Helge Vassbakk Benjamin Kristoffer Risa Vik Nicolas Flgysvik Alexander Lyon Stian Trondsen Fredrik Wigsnes Jensen
Group Leader BMS Accumulator Design Group Leader/Analytics Frontend Developer Analytics Software pC programming/Sensor

. Software analytics
High Voltage

Anders Helle Sebastian Stokholm Ravndal  Aleksander Ferkingstad @ION_Racing_UIS . . .
Big Boss High Voltage System Motorcontroller g lonracinguis

e

Svein Grgtta Ree Tellef Goderstad Sunne Stian Sagen Fredrik Wigsnes Jensen
Group leader/ECU/Wire ECU/Wire Harness/ Misc. TSAL/Shutdown Circuit pC programming/Sensor ion racinguis ION Racing UiS
Harness/Misc. electronics Electronics analytics

e WWW.ionracing.no
post@ionracing.no
Aleksander Ferkingstad

@IONRACING

Note - we do recommend following us on Facebook especially, as it is our most

active and informative channel .
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PARTNERSHIP




INTERVIEW WITH ARILD NETLAND

Regional director at Norsk Scania AS, Stavanger
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GARAGE The Mean Engineering Machine i
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UNVEILING
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FENRIR

2017
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- Main & front hoop ~_Dampers & ARB
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Inverter
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Accumulator Ergonomics Pedalbox

Gearbox & motor
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The monocoque was chosen as the chassis
construction mainly depending on the chassis
stiffness and the load distributing qualities of such
a construction. In previous years the production

of the monocoque has given difficulties in both
total weight and in the precision of the attachment
points. Correct placements of the suspension
fasteners and the tractive system was a high
priority through the design phase, as the team has
realized the importance through previous errors.
The packaging of the internal components was
designed as tight as possible in order to achieve
smaller area while still complying to every rule,
and the reclined seating position combined with
an angled accumulator helped with reducing the
overall length and moving the driver into a better
suited position.

The materials used are epoxy resin reinforced
with both biased and unidirectional carbon fibre
sheets in different high quality ranging from 12K
and up, and the sandwich laminate with PVC
foam core build moment of inertia to achieve the
desired stiffness. The torsional stiffness of the
monocoque is simulated to be 3496,4 N-m/deg
through simulation in Abaqus CAE. To achieve the
most correct results possible the simulation was
based on lamina properties retrieved from physical
testing, which gives properties of the unique
combination between the epoxy resin and the
different carbon fibre types.
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The suspension setup utilises double wishbones.

The suspension geometry were chosen based upon
calculations and simulation in optimum kinematics.
Load cases were found using optimum lap-time and
optimum-tire. The a-arms consists of carbon fibre
rods for weight reduction and connected by machined
aluminium parts to ensure accurate placement and
geometry. The double wishbones is a short-/long-arm
setup to stabilize the roll center.

The 2017 upright is constructed of aluminium 7075
T6. To statically adjust the camber, shims are added
to the top fastening bracket of the upright. Lap time
simulation and tire data were used for calculating the
reaction forces on the upright.

For the anti-roll bar system the bell crank is situated
vertically on the top side of the car, with a push-rod
connected to the lower wishbone in the front, and
connected to the upper wishbone in the rear. Dampers
are situated in lateral direction on top of the car,
alongside with a z-bar anti-roll system. For every

rod used for the suspension and anti-roll system, we
have chosen the previously used concept of filament
winded carbon fiber tubes. Inserts for these tubes
have been threaded with regular threads and links
threads to simplify adjustability of the rods.

Regarding the motion ratio for wheel travel/
displacement in dampers, the bell crank will provide
a motion ratio of 1.03:1 in the front, and 1.04t:1 in the
rear. We have chosen Ohlins TTX 25 MKII dampers,
with several coil springs in storage for the possibility
of adjustment. The torsion bar for the anti-roll system
is made from titanium grade 5.
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This year’s car has a hydraulic braking system

that consists of two single master cylinders — one
controlling the front wheels, the other controlling
the rear wheels. The front master cylinder has a
5/8" bore size, while the rear master cylinder has a
7/10" bore size. They are connected with a balance
bar. The master cylinders are, through brake lines,
connected to fixed brake callipers at each wheel.
The brake callipers at the front wheels have four
pistons, each piston with a diameter of 25 mm.

The brake callipers at the rear wheels have two
pistons each, also with a diameter of 25 mm. The
brake callipers clamp on brake discs at each wheel.
These brake discs are machined from S355J2+N
carbon steel with 220 mm diameter, and are
mounted to the hub. They are ventilated with drilled
holes throughout.

To improve the ergonomics, 3D scanning
technology were used for designing the steering
wheel handle and seat. They were then imported
into CAD-software for final adjustments for
machining purposes and to fit the car. For individual
fit to each of the drivers foam inserts are used in
the seat.

\ 1]

\i‘\

The seat is molded in carbon fiber using a
machined form. The steering wheel frame is
molded in carbon fiber and a ultem 3d-printed
handle is glued on.
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This year’s gearbox takes the motor torque of 240 Nm

and puts out 945 Nm at the wheels. This gives 4.1 Nm/kg
excluding the weight of the driver. It does this using a gear
ratio of 3,9375 that is carefully selected through calculations
and the utilization of lap time simulation software. With these
parameters, the Enstroj motor operates in its most effective
RPM range while providing the 2017 race car with adequate
acceleration and top speed.

Inside the gearbox there are 4 spur gears placed on 3 shafts,
working together to decrease the number of revolutions and
increase the torque. Spline connections are used throughout
the system to make assembly and disassembly less time
consuming and damaging to the components.

Spur gears were selected due to the fact that they transfer
forces solely in one direction, thus lowering the required
complexity of the gearbox itself. The following noise was
considered a non-issue. The casings are crafted in aluminium
6082 T6 and proved through simulations to have sufficient
strength in their respective load cases.

The gears are made of a high grade tool steel with extreme
properties. This allows for thinner gears while still resisting
the applied loads. The enclosure containing the gears is filled
with a performance gearbox oil and is sealed using radial
shaft seals as well as an o-ring. The shafts are constructed
of the martensitic steel, S165M, recommended by a steel
supplier for this application.

The limited slip differential from Drexler receives the torque
and speed from the 4th gear and supplies it to the two
driveshafts. It is designed to withstand 1200 Nm of torque.
Being a limited slip differential, the Drexler component
controls the torque difference of the rear wheels and keeps
it below a set value. The component has different settings
which can be used to adjust the performance of the vehicle
directly.
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The drivetrain are powered by the Enstroj Emrax
228 MV, a three-phase AC permanent magnet,
synchronous motor. The motor is controlled by a
in-house designed Voltage Source Inverter (VSI).
The VSl is designed for a 400V input, to deliver
peak power surges of 84.21kW and a continuous
power consumption of 20.1 kW. Insulated gate
bipolar transistor technology are used for the
switching transistors because of the low collector
to emitter voltage drop and low gate current. The
gate-driver card is in-house designed utilising a
TED020112-B2 gate driver IC from Infineon which
are current boosted using a bipolar transistor
totem-pole configuration. The VSI protects against
over-current, short circuit in legs, over-voltage,
under-voltage, over-temperature inside the
enclosure, over-temperature in IGBT's and over-
temperature in the motor.

The control system consists of a self designed
Electronic Control Unit (ECU) which collects data
from the sensors in the vehicle. The sensor data
is logged for later analysis in the team-designed
analysis software. The ECU uses the speed
sensors mounted on the upright to run a anti-slip
algorithm before sending the torque request over
CAN-bus to the VSI. To ease assembly and create
better documentation the entire wire harness was
modeled in CAD. To increase robustness the entire
wire harness is fully heat shrunken .
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The Accumulator container is a 400V system with
288 High-density Lithium Polymer battery cells. With
3P96S configuration the Accumulator provides the
car with 7,46KWh. The design separates the cells in 8
equal sections with 3P12S configuration and energy
at 3,78MJ. Lithium-Polymer battery cells has been
chosen on behalf of their high power to weight ratio
173.8Wh/Kg and high discharge rates.

Our self designed battery management system (BMS)
uses linear technology’s LTC 6804-2 IC to provide
constantly monitoring of the battery cell conditions.
The BMS controls an air-cooling system consisting

of four fans. This system is dependent on the cell
temperature to ensures the accumulator from
overheating. The BMS communicates with the ECU via
CAN-Bus and battery system status can be monitored
in pit via telemetry.

The accumulator casing consists of aluminium and
provides both thermal conductivity and reliable
structure. Accumulator High voltage connector
provides an integrated interlock which ensures a
reliable and safe system.

The motor and Voltage Source Inverter (VSI) is water
cooled using one loop. It consists of one pump, one
radiator and are connected using silicone hoses. The
VSI cooling-block is in-house designed and produced
which were simulated in Autodesk CFD for pressure
drop and cooling. The accumulator is air cooled.

Two fans are mounted in the back of the monocoque
blowing out the hot air from the accumulator.
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The last part of any Formula Student schoolyear is always
the competition itself. ION Racing have competed at
Silverstone this year, like all the years before. We arrived
Tuesday 18th July and came back Monday 24th July.

The weather was mostly rain, which made the camp
muddy. The opportunity for having fun in the sun was, in
other words, quite lessened from the year before. This
however only made it easier for the members to focus on
the tasks that had to be done, and everyone contributed to
the workload.

Here is a short summary of the different parts of the
competition:

1 — Scrutineering

When it opened on Thursday ION Racing were fist in line.
Most of the stickers were earned without much problem;
Tech, Chassis, Tilt and Brake. The delays came from
Electrical; were there were several small problems we had
to attend to, Noise; were we had to change our RTDS to
make sure it was loud enough to be allowed, and safety;
were we had to argue to get some of our bolts accepted.
All of this did unfortunately claim more time than we

had wished, and it is the part of FSUK 2017 that is most
disappointing to us.

2 — Static events

Friday was the day for static events, and while half the
team continued work with the car the rest went face to
face with the judges — expert in their fields. It's difficult
to say exactly what the judges though, but we feel we

did well in general. Cost and design were well planned
ahead, and we ended with a score we are quite pleased
with. Business was not as well planned as we would have
liked, partly because the business team were changed up
a few weeks before the competition. We still feel we did
acceptable considering the circumstances.
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3 — Dynamic events

The dynamic events started on Friday and lasted through
the weekend. Unfortunately, due to the time requirements
of scrutineering, we were not able to participate in the
dynamic events on Friday and Saturday. However, on
Sunday morning the car got it's final coveted sticker and
we were cleared for the last and most important dynamic
event.

And so ION Racing’s 2017 team got the great pleasure of
seeing Fenrir accelerate out on the Silverstone tracks —
the first of our electric car to do so. The cheers were loud
from the team, and the compliments of the commentators
were gold to our ears.

Our total results stand as follows:
43rd place on Business Presentation
19th place on Cost
13th place on Design
32rd place in total

1 out of just 7 electric cars that were awarded points
at endurance.

Prize from Mercedes AMG for “Best High Voltage
Powertrain Implementation”

The last point is the one we are most proud of this year.
When former engineers from Mercedes AMG's Formula
1 team, Patronas, say they are impressed by the drive
system in our car, it's about the best compliment an
engineering student can get.

All of this gave ION Racing the best results in our history,
and even though we feel that we were extremely close to
doing even better we are pleased because we overcame
ourselves and grew — which is our number one goal.
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