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Establishing Vehicle Concepts and
a Benchmark




) Ay
VIYANANBDITIVIIN

FSAE rules

PORANANITUIUU AN

YOYAVDITDA D

Table 1-1 Benchmark Roviow Table [Example) (Aiming for 10th Place with an Overall Score of 70 Paints)
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Creating a Vehicle Plan
and Vehicle
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Flan view

Front view Side view

Vehicle /O Drawings (Three-View Drawings) ¢




Creating a Vehicle
Development Schedule
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Implementation ilem | Sep. | Ocl | Now. c. | Jan. T Feb. [ Mar.
0. Organize team —vegq | | o r""‘"““"_'ﬁ'
1. Sort out previous ]_’“_\2'_"_‘:3'“ s Forful SAE ana A ?:lu.‘uln
vear s data Irgganize ‘E“i - Spring Break ; =
2 Develop concepts, create —

ets (what position? N (I

3. Set vehicle goals Gather d:mlrump-lilr-rs
Benchmark (entire vehicle
4. Set be, rks for crmmine b for parts
parts and un
5. Develop vehicle plans |
:p?)pl-mnu}az charts | Pregare sehicle phining Gharjs] |

- Lhesign large parls - ——-
7. Fabricate units and parts Designarge partsT 1,
8. First evaluation of L
units and parts Build units ahd parts
9, Feedback design \
from the first | SR, M
evaluation, secondary Evaluate parts J

i

s vacatio

fabrication Large uni:s and parts include: H

10. Second evaluation engine, T/M, suspension, frame, e

of units and parts brakes, steering system, drive Secondary
1. Assemble - system, axle, tires, exhaust pipes \ 1 -

11. Assemble vehicle including a muffler, and Evaluate

12, Driving skills training electronic/electrical circuits 5 » vehicle

13, Vehicle evaluation .

Feedhack design A—
abricatign of parts ¥ T Aim for 100
' “ ! completion of engine

ake first class second class

14. Vehicle tuneup
15. Prepare for
Formula SAE Japan: Vehicle tune-up
Transportation
16. Participate i L
anu!::%ﬁ;nn Prepa rticipation if :-gnul.'.
17. Review performance, Formuls SAE Japan Competitior
and or, data for next | FEIE Y (i
}i'arsgl'm‘hmurks | Organize data
S Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. | May | Jun. ul. | Aug. | Sep. | Oct

Evaluate vehicle

Fig. 3-1 Major Schedule for Vehicle Development (Sample)

Tmplementation item | Sep. OctL.

— .
1. Sori out previous  |Previous year s Formula SAE Japan
vear data

Set goals
2. Develop concepts, create | (rganize data ——
target (what place? i

———el - 3 S
3. Set wehicle goals Gather data on competitors .ljl:_:i\.:hd |:Td!x7$'l:‘l1ut‘: e
v stire vehicke I 5 [ = are to be
e e ; determined hased on the minor schedule

1
4. Set benchmarks for A
parts and units

Jx;':rn'nim- benchmarks for parts

Revise |

TFeedback from all groups

N

=T

anning drawings 'I

6. Design large parts |r__,_,_l

Develop vehicle

1Drive system engine, exhaust system, engine control, T/M ) : : T
. | 1 | 1 |
7Suspension, steering, steering wheel, tires T T T
i &Nl N
gt bt t8yy gyt
3 Brakes, axels, road wheels T T = v e A L
. : . FEE R A b SR B
1Frame, seat, cowl top, drive system mounting i ﬂ'hn T —
1 B
e ; FHHE H ¥
5Fuel tank/pipes HTEEE B I~
1
- :‘ it Feedback to all groups

‘6 Instrumentation, pedals, electrical systen

T Design [styling) —

(B0verall vehicle management, vehicle evaluation
inspection items), public affairs

Fig. 32 Medium Schedule (Group-Specific Feedback) [Design Phase]




Understanding Frame Structure
Bodies and Wire Models

Performance/characteristics

Principal roles of body Performance and characteristics

Regulatory compliance:

Mass/inertial efficiency

Loading capacity

Visibility
Outer balance
Aerodynamic characteristics

Heat tolerance capabilities

Steering stability

Short-radius turning, ease of
parking

Running performance
on rough road

(DFormation of car frame and outer shape;
strength, durability, and anti-rust assurance

@Improved vehicle performance through weight
reduction

nhance performance and functions by

arranging and supporting various components Vibration and noise |

\
N TE e
Air conditioning capabilities

Reliability and durability

1-1 Formation of passenger space for each
occupant, ensuring adequate visibility for
driver and occupants

Ease of servicing and

2 Formation of a cargo space,/surface for payload maintenance

[ Ease of recycling
5'0ccupant protection during collision, pedestrian R —

rotection - " -
praechan Ease of manufacturing

and assembly

p )
tImproved body performance related to |
aerodynamic characteristics }

ig. 8-1

Role of Body and Required Modes and Characteristics
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Typical load- Symmetric vertical load

X

-
Wy

A
i

P,

191 2.5¢

Bending moment diagram

Fig.

A4

rd
A lig

# . Load multiplier
8-2 Bending Load Exerted on Body

LFINTENINDAITO

Typical load Asymmetric vertical load

aaugs 200-300 mm

Twisting moment

One wheel off the road surface

Fig. 8-3 Twisting Load Exerted on Body
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Typical load— | During braking | Symmetric backward load

{ Center of gravity

|

D

G
=

i

o

M

.«'; émw-&: A B et

e s ——

Load shifting

[

| ™ Shearing force

Bending moment diagram ||

Fig. 8-4 Load During Braking

LFINTENINDAITO

Typical load— [During cornering ] Uniform lateral load

Roll moment Comering force Distributed mass

A

(]

Plan view

Bending moment diagram
y

v

Shearing force

<

Fig.8-5 Load Exerted on Body (During Cornering)
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Typical load— L During jack-up

Lifting force Tying force

Fig. 8-6 Load Exerted on Body

Concept of Body Structure

Bending stiffness of a box

If the passenger compartment is viewed as a box, it is clear that
it has a greater bending stiffness compared with the floor
structure.

Therefore, the box structure provides most of strength. (The
load is carried by the structure that has high stiffness. J

Fig. 8-7 Approximating the Passenger Compartment as
a Box
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Concept of Body Structure

Twisting deformation and the
stiffness of box

Integration of the shearing stiffness deformation of
various faces of the box

[ Twisting angle of box ] [

[rwisting stiffness of bux] [ Serial springs of shearing stiffness of the various faces of the box

)
)

[ . The face with a low shearing stiffness governs the twisting stiffness of the box

Fig. 8-8 Twisting Deformation and Stiffness of Box

Concept of Body Structure

[l"wistin g load and deformation|for the entire body

The passenger compartment
constitutes a box

Shearing force

ln\':

E Dashboard
|

Expansion diagram

with the passenger E>
compartment of body

in the center

Front winc

\

NRear window

Window glass bonded
to the body frame

-—

['lhv shearing deformation of the body side frame governs the twisting deformation of the body J

Fig. 8-9 Twisting Load and Deformation of Body
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Concept of Body Structure

[ Asses load fluctuations J

4

Predict stress fluctuations
(stress calculation)

{Pre(lict IiI'el‘ime]-{ Eva]uale]

Fatigue strength characteristics
of the material

Automobile load calculation standards
(reference)
Symmetric vertical load : 1 g+05¢

Fig. 8-10 Concept of strength design of components
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MIIVIATUAIN

Clearly identify the path that transmits the force exerted from component mounting
sites, such as the suspension, to the overall structure (box structure .

Note the balancing of forces of the transversal face structure of the body passing
through the input unit.

Clearly identify the structure that bears and transmits the bending moment and the
shearing force of the transversal face.

Clearly define your design philosophy.

T

Shearing force diagram Bending moment diagram

N

Fig.8-11 Force Transmission Paths from Attachment Sites
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Energy of deformation

Reaction force

Here, deformation = displacement

[SI“""J] [[Jispl.m-mvnt] [[Jucrlrr.l;jun]

Impulse

Amount of deformation x

Energy of deformation

Speed

Reaction force

LT

Amount of deformation x

Time ¢

Fig. 8-12 Deformation Characteristics, and Deceleration and Displacement

During Collision

80ms a'fter“defonnaﬁen
Front face collision analysis of vehicle

Dynamic characteristics
(high distortion factor)
Static
characteristics

Rong, i,

Distortion factor

Fig. 8-13 Concept of Collision Structural Design
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Material

Steel sheet

High tensile
strength steel sheet

Aluminum alloy

Magnesium alloy

PAG
PA6 + GF

=
(kg/mm?)

21,000
21,000

7,100

4,400

250
700

Y

NSAAHINUNTD

Strength
(kg/mm2)

28
100

18-

23
7.4

Specific
gravity

7.85
7.85

2.71

1.8

Elongation
(%)

27-40

Wire Model

Specific
stiffness
(kg/mm?)

0.27
0.27

0.26

0.24

0.02
0.05

Specific
strength
(kg/mm?)

3.6
12.7

6.6-10.5

12.8

6.5
11.76

Fig.8-14 Wire Model (Reproduction of Model Built
in 1960)

Equal
stiffness
thickness

1.00
1.00

1.44

1.68

4.38
3.11

15



Wire Model

Fig. 8-15 Wire Model that Takes Coupling Stiffness
into Consideration

Similarity Law

Items Dimensions  Similarity ratio
Length

Radius of
Curvature

Curvature

Deflection angle
Deflection L
Bending stiffness M*T-2*.3
Twisting stiffness M*T-2*.3

Force M*T-2*%L
Moment M*T-2
Mass M

Vibration ur
frequency

Spring constant




Bending stiffness

Bending load

Calculation 1910 kN/m 1.5¢ brace

Experimental 500 kN/m used as a compressing material

(Difference due to inadequate experimental apparatus)

[ Both indicate high stiffness values)

Bending load
+

Bending stiffness

1.5¢ brace
Calculation 217 kN/m

used as a compressing material

Experimental 5kN/m

{ Sigmificant difference between empirical and calculated values)

[ Caleulated values cannot be used asis

Bending load
[}

Bending stiffness
Calculation 196 kN,/m

0L5¢ brace

used as a stretching material

Experimental 150 kN/m

Bending load
1

Bending stiffness

Calculation 5.24 kN/m No braces

Experimental 4.8 kN/m

Fig.8-18 Stiffness Improvement Effect of Triangle Truss Structure (Including Differences between

Stretched and Compressed Materials)
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