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Student Formula Japan

A student design competition

» Organizer: Society of Automotive Engineering
» Sponsor :Toyota, Nissan, Honda ...

» The number of teams: 78 (EV: 8)

We design, build and test a car on our own

Not only performance, but marketing, planning
design, production and cost aspects are judged




Outline of Events

Events (Points)

» Static : Cost (100)
Presentation ( 75)
Design (150)
» Dynamic: Acceleration ( 75)
Skidpad ( 50)

Autocross (150)
Endurance  (300)
http://www.daido-news.jp/ F u eI ECO NnNo my ( 100)




Boeing Higher Education Program

Part Unit Price(Yen) [ Number | Price(Yen)

| ImpactAttenuator | _20000] 1 [ 20000
_ _SwelPlte _ | 5000] 10 [ 50000
| SteelPipe | 8000| 28 | 224000
| Insulating Material | _1000| 14 | 14000
st [ 16000[ 1 [ 16000]
| seatBet | 13000] 1 _[ 13000
| CoatiigMaterial | 1000 5 | _ 5000
| _ SteeringWheel | 52000 1 [ 52000
| _Universaldoit | 3000 2 | 6000
__RackandPinion _ [ 5000] 6 | 30000
| Brake Master Cylinder [ 8000 1 | 8000
| BrakePedal | 58000[ 1 | 58000
_ BrakeCalper _ | 2000[ 4 [ 8000
| _ BrakeRotor | 6000 4 | _ 24000
| Damper | 30000] 4 [ 120000
| _Sping | 4000| 4 [ 16000
| Bot [ 2000 4 | 8000
_ _Beaing | 1000 36 | 36000
| sliekTie | 35000 4 | 140000
| Wheelfor Siick Tire | 38000 4 _| 152000
__ _RanTre | 35000[ 4 [ 140000]
| WheelforRainTire | 38000] 4 _ | 152000
| sprocketAduster | 1000 1 | _ 1000
| Sprocket | _ 6000[ 2 [ 12000]
| Chan | 10000/ 2 | _ 20000
Limited-Siip Differential | 8000 1 | 8000
| Hosing | 500 1 [ 50]
| _Supportlink _ |~ s00[ 1 | 50
__shaft [ 1800 2 | 36000
Electric Motor 130,000 1 130,000

Total Price 1,500,000

We get support from Boeing to buy

main components of EV
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Objective

To win the EV total performance award at Student Formula
Japan in 2013, we plan, design and build an EV car

http://www.jsae.or.jp/formula/jp/

— |
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Direction of Design

Merits of EV

» The battery can be placed near the center

v Good weight balance and mass
concentration will be achieved

» The electric motor does not need big space

v The driving position can be put close to C.G.

Rival Car: The frame designed for CV is used
x Cannot take full advantage of electrification

http://www.sist.ac.jp/club/f-sae/

By designing a car tailored for the electric powertrain,
excellent dynamic performance will be gained
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Concept

Concept: Human-Centric

Short wheelbase (1530 mm)
Short overhang (600 mm)
50:50 front/rear weight balance

v Vv

v Vv

Mass concentration

v

<+
Quick and Neutral Handling

Good performance in the autocross and
endurance event will be expected

The driving position close to C.G.
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Comparison with Rival Car

TF13
C.G.
!/',,. s A3 i \
http://www.kumikomi.net/
Specification (Not Firm) Specification (2012)
Frame Steel Frame Steel
Body-work GFRP Body-work CFRP
Overall Length 2300 mm Overall Length 2815 mm
Wheelbase 1530 mm Wheelbase 1600 mm
Track Front: 1175 mm Track Front: 1150 mm
Rear : 1175 mm Rear : 1150 mm
Height 1050 mm Height 1074 mm
Ground Clearance 37.5mm Ground Clearance 36 mm
Wheel 10 inch Wheel 13 inch
Weight 270 kg Weight 270 kg
Weight Dist. 50 : 50 Weight Dist. 30:70
Rated Power 12 kW Rated Power 15 kW
Max. Power 30 kKW Max. Power 37 KW
Battery Li-ion, 5.9 kwh, 96 V Battery Li-ion, 380 V
. Front: Pushrod . Front: Pushrod
Suspension Suspension
Rear : Pushrod Rear : Pullrod




Photo of completed car
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Results

Overall Standing (EV): 4" / 8 teams
(All): 69t / 78 teams

____Event | Points | Time | Ranking(EV) | Ranking (All)
4.12 1 61°
52.50 1 13
25.00 3¢ 67t
0 (DNA) 0.00 (DNF) — —
0 (DNA) 0.00 (DNF) — —
B YTTETEE 0 (DNA) 0.00 (DNF) — —
BN ETTETS 0 (DNA) 0.00 (DNF) — —
0 (DNA) — —

2012-13 Boeing Higher Education Student
Project Presentation  October 18, 2013 15
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Design Event

25 points / 150, 379/ 8 (EV), 67t / 78 (All)

X Accuracy of design report
X Preparation for Q&A

‘ | Early confirmation of design is important
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Cost Event

4.12 points / 100, 1t/ 8 (EV), 615t/ 78 (All)

v Real case scenario based on measurement
X Accuracy of cost report
x Addendum reflecting changes or corrections

DNTEZAIN

TF13 - Ff@ x Consensus for real case scenario
S ERATR e o X Drawing of manufacturing processes

. Frame & Body,

Sleering Sysiem. FATO4. 98 183 )

whind X Preparation for Q&A

B [ERA:S00 205 | Early confirmation of design is important
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Presentation Event

BEREHHELTOPE
ot

WL — 2B~ ORE

; P TF-13
g L g W 180kg

. Max Powar £ 3DKW
Max Speed < 110 kinh

Range 0k

- T HEL— 2P i TF- 130 RS

hEICETHE—4—RAK—Y
oift

52.5 points / 75, 15t/ 8 (EV), 137/ 78 (All)

v Marketing making use of merits of EV
X Misunderstanding of rule
X Not enough rehearsal

19
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Electrical

) n @lsolation in high voltage system
@Wiring

®Motherboard

@Illumination of brake lamp

@ and @ are due to
lack of sufficient test

Improvement Approaches
v Tagging wire for easy identification of the cause of failure
v The motherboard in a dust-free / protection case

v Operation test in the early stage

21



Mechanical

(D Center nut for tire hub

Double nut is prohibited
Lock nut and split pin should be used

e

. ”I .--.:.
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- — M
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1 | i .
| q"*
g
S
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Mechanical

Not Okay

Okay

(@Clearance around front tire
Tire and frame surrounding battery are close
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Mechanical

77 kg (170 lbs)
Driver seated in normal

driving position \
In this example:

Upper Frame Member

not considered part of
Side Impact Structure _
Diagonal Side \ "/
Impact Member ‘
A | 1T Side Impact Mej |
N —— 17"~
300-350mm

(11.8-138in.)
Lower Side Impact Meniper Entire Tube in zone

(@Height of Side Impact Structure
Result of ensuring suspension stroke

24



Mechanical

@”1” marks and torque control at bolt and nut

25



Mechanical

(®Knuckle arm and frame are in contact
Stopper at rack and pinion is required
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Mechanical

=
I 1™ RBracing 18 om
| 6.3 imeh) Ia.
y
Front Roll Hoop 5 Main Rall Hoop
151 Ic::w;nr ‘th“_a!n T \\ |Branes fone oF
of stearing whasl WY afton rgitand
_i______ o \\'Iﬁl‘.ls’n‘dﬂ-‘.ﬂ.
________ %, & INTiminmorm wf 30°
4 K‘{\g@ludmﬂ angle
A Bracing 50 mim i
Fromt Fail Hoom amal Braess
ek Tae inteqeated o M. | | 20" RN
Troamme amel SUFFGUTIRIND SnEares

®Height of steering wheel
Failure in arrangement of steering shaft
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Mechanical

@Screws without securing strength are used
in suspension and steering system

Strengthened screws should be used
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Mechanical

®Interference of seat and belt
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Mechanical

@Protection for steering shaft

o
o




Mechanical

A0Fixation of Roll Bar Pad

—
o




Mechanical

ADDriver’s foot space

N
o




Mechanical

@Gearbox and driven sprocket are misaligned
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Mechanical

120

t2. a8 AR{EA
2-N8

|

g
==4
=3

|

200

@Rigidity for brake pedal
Direction of return spring




Mechanical

@Interference of brake caliper and wheel
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Mechanical

@©Steering gear ratio
Failure in arrangement of rack and pinion
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Investigation of Cause

(@Height of Side Impact Structure -

...suspension
®Knuckle arm and frame

...Frame

@Driver’s foot space caused these problems

...Steering
@>Steering gear ratio

...Steering

Improvement Approaches

v Reuse main components for early production and improvement
v Arrangement of components prior to designing frame structure
v Design having additional margin for flexibility

Determination delay of specs of
F suspension and steering system

37
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Summary

» Our objective was to win the EV total performance award
at Student Formula Japan in 2013

» We could not pass the technical inspection and fail to
proceed to the dynamic events

» We challenge again next year and take the following
improvement approaches to pass the technical inspection

— 39



Summary

For Electrical Inspection

v Tagging wire for easy identification of the cause of failure
v The motherboard in a dust-free / protection case

v Operation test in the early stage

For Mechanical Inspection

v Reuse main components for early production and improvement
v Arrangement of components prior to designing frame structure
v Design having additional margin for flexibility

40



TF14

41




Thank you for your attention.

42


プレゼンター
プレゼンテーションのノート
Wheel-tire:5mm


57248001

777777777
nnnnnnnnnn

::::::::
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Human-Centric

» 50:50 front/rear weight balance
» Mass concentration

» Ergonomic driving position

Easy to Manufacture
» Steel pipe space frame
» Reduction of the number of welded point

Extensibility
» Simple constitution

43



Suspension

front rear

Rear-Upper

Rear-Upper

Rear-Lower

&8 Front-Upper

= 22075 =

Front-Upper _, \y

.= Front-Lower
Front-Lower °

Human-Centric
» Conventional geometry

Easy to Manufacture
» Simple constitution

Extensibility
» Wide Adjustable Range

44



Drivetrain

Human-Centric
» Abolishment of the gearbox

Easy to Manufacture
» Single-reduction system

Extensibility
» Chain drive

45



P Human-Centric
- [[FEEL /iy | .
o =8| & » PMS Axial Gap Motor (30 kW / 5000 rpm)




Battery

40000
35000
30000

Z 25000

E 20000

£ 15000
10000

5000

0

/ =—Running
/ Resistance

Capacity on 3C

0

50 100 150
Velocity (km/h)

800

700

600

Z 500

2 400
£
]
= 300

Driving Force

200

/ \ = Running

/ \ Resistance

100 ——

50 100 150
Velocity (km/h)

Design based on performance curves
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9. Outline of Events

Static Events

Cost

The validity/competitiveness of cost calculation are examined. (100P)

Design

Appropriateness, the reformation, the processability, and the repair, etc.
of the design are examined. (150P)

Presentation

The presentation technology for the manufacturing sales is examined.
(75P)

Dynamic Events

Acceleration

The acceleration performance from 0 to 75m . (75P)

The vehicle's cornering performance is evaluated in steady state turns

Skid—pad . .
1ap over a figure—of—eight course.(50P)
AUtOCross Vehicles are driven over an approximately 800 m course comprised of a
combination of straights, turns, and slaloms. (150P)
Vehicles are driven over an approximately 20 km course comprised of a
Endurance

combination of straights, turns, and slaloms.(300P)

Fuel economy

Fuel economy is evaluated in terms of the amount of fuel consumed in
the endurance .(100P)
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10. Work Environment

» Funding
S 28,000 (from club budget, Univ. and Co.)
->We don’t have enough money yet
» Design
2D CAD: Jw_cad, 3D CAD: SolidWorks2010
» Manufacturing
Tools, Welder (manual, semiautomatic), etc.

* We don’t have the surface plate
->Made a small surface plate by steel scrap

We need to use these extremely limited resources
much effectively

49



11. Team Objective

The Ultimate Formula Student Car

» Overwhelming Dynamic Performance
» Universal Stability and Controllability
» Extremely High Energy Efficiency

Gasoline cars cannot achieve them at the same time

Electric Motor, Battery and Electronic Control..., only EV'S can achieve them

Tohoku University will make
the ultimate formula student car

50



12. Team Plan

TF13 (2013) Objective
Approach

: Realize of entry and victory

: Basic of Car Design

TF14 (2014) Objective
Approach

TF15 (2015) Objective
Approach

TF16 (2016) Objective
Approach

: Challenge to TF13’s limits

: Improvement Based on Data and Simulation
Traction Control

. Exceed the gasoline cars

: Twin Front Motor

Front-Rear Wheel Control

: The ultimate formula student car

: Twin Rear Motor

All Wheel Independent Control

51
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SEOL — XA TEELMERE | TRIVF—H=R
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TF13
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TF14
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TF15
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13. Background

The autocross and endurance course mainly
consist of less than 10 m radius turns,
so the ability to turn in a small radius is needed

->Trend: Short Wheelbase (1525 mm ~)

Because of the engine behind the driver,
the driving position is apart from the C.G.
x Difficult to understand the vehicle behavior

http://ynfp.jp/

To improve maneuverability, departure from the internal
combustion engine and the alternative is needed

56



14. Objective

To win the total performance award, we design and build
the formula student car tailored for the electric powertrain
and realize “Jinba-Ittai”*

* Japanese word for unity of horse and rider
57
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