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Abstract

This report is to highlight the fabrication of Chassis for our Formula Student Car with minimum
deformation as being designed and worked on by the team.

The team represented here has taken an initiative to design and build a vehicle which is safe and
functional based on a rigid and torsion free frame, an appropriate power train to achieve finer
aspects of vehicle design and vehicle dynamics. Secondary objective of the team was to
participate in competition National Formula Car Racing Championship which has given us a way.
The structure of the car is tubular and compact. It is Tough and light weight.

The frame was assembled using clamps and cardboards and wooden block as fixtures to avoid
the distortion in the members during welding.

The thesis includes our work on the project which basically focused on the fabrication of the
frame and it also comprises of chassis components.

A few broad outcomes of such a project included overcoming design difficulties, expansion of

knowledge in respective designing, and interpersonal group management.
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1 Executive Summary

The goal of this design project is to design, analyze, and manufacture a chassis for the
Galgotias University FSAE team. Through extensive research and design changes, the
chassis has been optimized to its furthest potential within the given scope of time and other
team’s designs. Critical features that are essential to the performance of the chassis and
overall performance of the vehicle are enough torsional rigidity, a low weight, and its
optimization to contain other components within the chassis itself.

One factor that drives the initial design of the chassis remains to be the suspension node
points. The suspension node points determine the structure of the lower half of the chassis
given the chassis can be designed around this and is more critical to the handling of the
vehicle. Once the points were frozen, the group then needed to check the rulebook to ensure
that the chassis would be fit for competition. This would require designing the different
sections, such as the roll hoops and side impact zone, in a manner that takes in these rules
in addition to the metric values determined before the initial design phase and the overall
manufacturability of the chassis.

During the manufacturing stage of the chassis, it was essential that the concept designed
through our CAD software (SolidWorks) would be the same without any guess work. Todo
this, an extensive process was performed where each component of the chassis was extruded
and manufactured to the exact specification of the model. This was later verified through
dimensions and the component’s 3-Dimensional placement in SolidWorks.

Finally, after the completion of the chassis all the design metrics, and tests required by the
FSAE where preformed to ensure it was fit for competition. The chassis design and
manufacturing were a complete success. The report below includes all details of the design
process and the manufacturing of the entire design. At the end of the report the design group

has included a section of recommendations for future chassis design groups.



2
2.1

2.2

Introduction

Project Scope

The scope of this project is to design and manufacture a new FSAE chassis for the 2020 racing
season. The team has been given the task of iterating on the successful FSAE 2019 car that went
to competition. Major goals include:

+ Conform to all FSAE chassis rules

» Improve on previous year senior designs

» Manufacture the final design

» Document manufacturing process for future senior designs

Along with these major goals, the chassis design plays a large role in impacting the other systems of
the car. The group aims to be as flexible as possible and consider the needs of the subsystems of the
car.

Requirements & Constraints

The requirements and constraints for this project were determined after reviewing the rules and by
doing research on chassis design. The wants are listed in order of highest priority to lowest priority.
The constraints are listed in no order since they are all equally important. For all rules referenced
in the constraints, please refer to Appendix |I.

2.2.1 Constraints

+ Tubing specifications - The dimensions of the tubing to be used for the frame are specified from
rule T3.4 of the FSAE Rules.

+ Roll hoop dimensioning - The main and front roll hoop are to comply with rules T3.11 and
T3.12 stating required hoop characteristics such as max angle from vertical, bend requirements,
and minimum dimensions.

+ Bracing - The bracing for the main and front roll hoops are explicitly stated in rules T3.13 and
T3.14 describing the requirements for bracing angle and dimensions.

+ Clearance - The minimum requirements for helmet clearance from the frame is given in rule T3.10
describing the need to fit a 95th percentile male template (Refer to Appendix ).

+ Side impact structure - The side structure of the car must comply with rule T3.24 which places
restrictions on tubing size used along with tubing placement.

+ Cockpit - The dimensions of the cockpit must comply with rule T4.1 and is required to pass the
test at the competition. The cockpit must also meet rule T4.2 which gives a predefined cross
section that must remain clear inside the vehicle. The driver must also be able to exit the cockpit
safely and quickly by rule T4.8.

2.2.2 Requirements

+ High Stiffness — The stiffness of frame must be enough to bear load of suspensions along with other
vibrating loads & loads acting on it.

+ Light Weight — Lower the weight leads to more power to Weight ratio along with better acceleration.

+ Control/Handling — Properly distributed weight helps in providing more stable roll condition during
cornering along with under/over steer problems must be take into consideration.

+ Manufacturability - The more cost effective the more affordable this car.

15



2.3 Design Metrics

The chassis design metrices are set up by following the Global Design matrices for designing a
chassis. These metrics where set by the 2020 FSAE design team and impact each group. Each

design decision made needs to consider these metrics.

Table 1: The following table contains the global design metrics for the entire 2020 FSAE design team.

Rank Metric wW/C Units Target Accept
able

1 Weight Distribution Control/Handling % 40F 60R 45F 55R
2 Weight Light Weight kgs <300 <350
3 Vertical Location of CG Control/Handling in <10.0 <12

The following metrics in Table 2 have been generated to reflect the prioritized list of constrains in
the Section 2.2. The metrics priorities where determined after researching the impact of each on the
final design. The degree of success of the final design will be evaluated based on how well it meets
the targets values associated with each metric.

Table 2: The following table contains the design metrics, the corresponding want or constraint, a description of the
metric and target values. Please refer to Appendix A for detailed justifications of each metric and target value.

Rank Metric W/C Units Target Accepta
ble

1 Torsional Rigidity Stiffness N- >2372.68 >2500
mm/deg

2 Bending Stiffness Stiffness N- >2372.68 >2500
mm/deg

3 Weight Light Weight N/m >451.93 >500

4 Weight Distribution Control/Handling N/m >451.93 >500

5 Vertical Location of CG | Control/Handling N <280 -

6 Ease of Egress Cockpit Constraint % 40/60 45F 55R

To determine the ranking of each metric, the design group prioritized the structural integrity  of
the frame, reflected by both torsional rigidity and bending stiffness, to ensure the safety of the driver,
allow for optimal handling, and provide a strong structure for all other components to be mounted
onto. The weight of the chassis is considered the third most important metric largely because as
mentioned in Table 1, reducing the weight of the car is an important objective for the car for all
groups. Front rear weight distribution was ranked fourth important, this may appear odd considering
this is ranked the most important global metric. The reason behind thisisthat the weight distribution
is largely controlled by the suspension geometry, not by the structure of the chassis due to the restriction
of large component placement such as the engine, driver, differential, etc. Thus, in just the scope of a
good chassis, weight distribution is less important. The same can be said for the vertical location of
the center of gravity, although the chassis group has taken the task of calculating it, the final value is
ultimately left up to suspension, power train, and ergonomics groups. The cost was ranked second to
last since the performance of vehicle accounts for 90% of the FSAE competition score while cost only
accounts for the remaining 10%. Finally, although ease of egress is a constraint by the rules, this
metric is largely dependent of the ergonomic group.
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3 literature
The literature reviews are considered because of keywords like FSAE, Chassis, Analysis, Optimization,

Solidworks, Ansys, Workbench, Loads, AlSI-4130, Forces etc. required for designing & fabricating a
FSAE chassis.

Each paper is dedicated for the designing & fabrication of chassis using various methods & results.

3.1 International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 7 Issue 06, June-2018

Design and Analysis of Space Frame Chassis for Formula Student Race Car
Bhande Akshay S., Bhagat R. V., Anwer D.,
Anand A., Nitnaware P. T

Abstract - The conventional chassis is made of AISI1018 steel. It is important to study the different
aspects to improve the overall performance of an automobile. As the chassis forms the base mount
all the automotive components such as engine, transmission, braking and steering systems, it must
be able to efficiently bear the whole weight of the components. Given that the car to be
manufactured is a sport car, the factors that may hinder the performance of a car need to be
eliminated. Therefore, one of the essential alternatives is to adjust the material and it must be
chosen in such a way that it imparts the requisite strengths and holds the total weight below the
mark. The main purpose of this project is to test AISI4130 steel for a space frame chassis to

withstand all forces encountered under realistic conditions.

Conclusion - The chassis function is to protect the vehicle's driver and support front and rear
suspension systems, engine, drive train, steering system, and other vehicle systems. The aim of the
chassis design was to fulfil these functions while complying with the Formula Student regulations
with considerations given to driver safety, quality, weight, ergonomics, and aesthetics. The purpose
of this project is not only to design the Formula Student Competition roll cage, but also to provide
an in-depth study of the process taken to reach the final design. We must reach a compromise
between cost, manufacturing, performance, and design time during the design process so that the
car is competitive in all aspects of the FS competition. Nonetheless, we should realize that to agree

on a suitable model, it will take several iterations.
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3.2 International Journal of Scientific & Engineering Research

ISSN: 2278-0181
Vol. 7 Issue 06,
June-2018

Design and Analysis of Space Frame Chasis for Formula Student Race Car

Bhande Akshay S., Bhagat R. V., Anwer D.,
Anand A., Nitnaware P. T

Abstract - This paper is related to the analysis, simulation and designing of the Single Seater Race
Car Chassis which is made according to the rules and restriction provided in the FSAE Rulebook
2018. Making a lightweight chassis without any compromise for safety of the driver, and
considering various rules and regulation given in the SAE rulebook while designing of the chassis
and understanding various specific cross section for the chassis fabrication is very important. In
this various software like ANSYS and SOLIDWORKS have been used for the process of doing

modelling and Analysis of the car frame.

Conclusion - The chassis function is to protect the vehicle's driver and support front and rear
suspension systems, engine, drive train, steering system, and other vehicle systems. The aim of the
chassis design was to fulfil these functions while complying with the Formula Student regulations
with considerations given to driver safety, quality, weight, ergonomics, and aesthetics. The purpose
of this project is not only to design the Formula Student Competition roll cage, but also to provide
an in-depth study of the process taken to reach the final design. We must reach a compromise
between cost, manufacturing, performance, and design time during the design process so that the
car is competitive in all aspects of the FS competition. Nonetheless, we should realize that to agree

on a suitable model, it will take several iterations.
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3.3 JETIR
(ISSN-2349-5162)
October 2015,
Volume 2, Issue 10

Design and Analysis of a Tubular Space Frame Chassis for FSAE Application

Ifeanyichukwu U. Onyenanu,
O.N.K. Swift, P. N. Atanmo

Abstract— In this work, a skeleton outline with accentuation on FSAE application was created
by using PC Aided Engineering (CAE) instruments, for example, SOLIDWORKS CAD,
SOLIDWORKS Simulation, Ansys was used. The plan and investigation of the Chassis outline
was led with a parametric methodology received from Prof. Subside Wright (F1 Innovation). The
essential objective of expanding the torsional unbending nature and solidness to be above 2000N-
m/deg. was accomplished from our Finite Element Analysis (FEA) additionally accomplishing a
load of 56kg keeping the mounting for the suspension and motor as a top priority. This will help
to encourage simpler suspension tuning and furthermore to oppose bowing and torsional
redirection. The Chassis was designed according to the FSAE 2019 standards. It works as a manual

for building up an elite race vehicle for the FSAE rivalry.

Conclusion - The execution of the chassis design done by the proposed top-down development
technique. The proposed technique handles the plan challenge through three significant stages;
they are shape of chassis, orientation of brace and cross section of structural element. With nitty
gritty and top to bottom parametric examination, every part of the suspension model is completely
researched, dissected, and planned. During the last period of the plan and investigation of the
Chassis, different examinations are performed. One significant element that the proposed
methodical and fundamental methodology has exhibited is its structure adaptability and flexibility.
In the undertaking, the skeleton was created with the point of accomplishing the most noteworthy
conceivable explicit basic torsional firmness. The advancement of the undercarriage pursues a top-
down approach, in which all parameters that impact the presentation of the frame are sorted into

major and minor bunches and handled in an orderly and foundational way.
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3.4 IJEDR
IJEDR
Volume 5, Issue 2
ISSN: 2321-9939

Optimization and Prediction of MIG Welding Process Parameters

Jigar Shah, Gaurav Patel, Jatin Makwana

Abstract - Welding is widely used by manufacturing engineers and production personnel to set up
manufacturing processes quickly and effectively for new products. The MIG welding parameters
are the most important factors affecting the quality, productivity, and cost of welding. This paper
presents the influence of welding parameters like welding current, welding voltage, Gas flow rate,
wire feed rate, etc. on weld strength, ultimate tensile strength, and hardness of weld joint, weld
pool geometry of various metal material during welding. By using DOE method, the parameters
can be optimized and having the best parameters combination for target quality. The analysis from
DOE method can give the significance of the parameters as it gives effect to change of the quality

and strength of product.

Conclusion - Post Processing In the course of this dissertation, many different networks were tried
and examined. This phase focused on network architectures that produced reasonable and
consistent results for the problem. ANN model is trained by changing and storing proper weights
in inter connection links between neurons lying in various layers. These weights values are the

responsible parameters which gives prediction capability to trained ANN models.
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4 Preliminary Design Decisions

Before the concept generation process, some critical design decisions that govern the overall direction
and design of the entire chassis need to be made. The intention of this section is to address these
choices in advance and explain why the respective decision was made.

4.1 Spaceframe vs. Monocoque

When designing a FSAE chassis there are two very different approaches, namely, spaceframe or
monocoque. The space frame approach is the more common design methodology for a chassis which
can be thought as a skeleton connecting the essential parts of the car through a series of metal tubes
that are often welded together. Monocoques on the other hand are an entire body or shell that serves
as a rigid structure which often are constructed out of composites that can be lighter and stiffer than
metals. Originally developed for the aerospace industry, composite monocoques are now the select
choice for professional formula one cars for their competitive strength to metal and low weight [1].
Often FSAE chassis use a semi-monocogue in which the front part of the chassis is a composite or
metal shell and the back section that holds the motor and suspension is a space frame.

Spaceframes and monocoques both have their own advantages and disadvantages. A space- frame
is arguably the easier option from both a design and fabrication aspect. Additionally, the FSAE team
at the Galgotias University has used spaceframes for their most recent cars. Space frames are also
cheaper in terms of raw material and fabrication compared to a monocoque. Chromoly steel tubing is
significantly cheaper than most high strength composites and fabrication re- quires a method of cutting
tubes (whether by mill, lathe, laser cutter, etc.) and welding capabilities (welding jig, MIG welder and
supplies). As previously mentioned monocoques, if made correctly, can be lighter and just at
structurally sound as metals. Furthermore, a monocoque can be designed to be more aerodynamic.
However, composites are much costlier than steel tubing and fabrication of a monocoque requires a
full size mold for the composite to be placed and cured on [1]. An- other drawback of a monocoque
is that repairs are much more difficult compared to a space frame, composite monocoques will often
need to be replaced entirely if a critical fracture occurs. Base off the numerous difficulties and
disadvantages of a monocoque along with the lack of composite experience, the design group assesses
that a spaceframe would be the better approach.

4.2 Standard vs. Alternate Frame Design

The FSAE rules specify a standard tubing size, thickness and applicable locations that teams can
use, see rule T3.4. However, the rules also provide alternate frame design rules that allow for
more control overall tubing in the system. The alternative frame design guidelines state that all
alternative tubing geometry may be used for all tubes besides that the main roll hoop and main
roll hoop bracing, which must still be made from steel. The main advantage of using an alternate
design is to allow the use of composite materials, and light weight substitutes such as aluminum
or titanium. If a non-standard material is used the team must submit a “Structural Equivalency
Spreadsheet” to prove that the used material demonstrates an equivalent strength to the use of
standard tubing.

The alternate design allows for much more flexibility with the cost of more engineering analysis on
the overall design. The group would like to focus on the overall design and ensuring all components
of the car are compatible with the chassis design instead of focusing on structural equivalence
analysis to comply with the FSAE rules. Thus, the group has selected to not use any alternate
frame rules to simplify the workload and allow for a greater depth of engineering to be spent on
functionality.
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4.3 Vehicle Wheelbase

FSAE regulations require that the car have a minimum track length of 12250mm from centers of
ground contact while the steering wheels are straight per rule T2.3. Important characteristics to
consider for car wheelbase include weight, turn radius, and ease of transportation. A shorter car
is lighter due to the shorter tubing lengths in the chassis.
Studying the hairpin turns used in the endurance trials for the vehicle, as this will be the tightest turns
the vehicle needs to take, the turn radius is an important factor when considering a wheelbase. The
hairpin turn consists of 3.25 and 14.75 feet for the inside and outside turn radius respectively. The
assumption provided by the rules is that the track has a minimum width of 11.5 feet. During a hairpin
turn the radius of the “race” path, or the path that allows for maximum speed through a turn, is the
outside radius of the turn, described in Appendix F.1. Knowing the radius, we can look at the trend of
what wheel angle is needed to make it around a 14.75-foot radius turn. It is shown, see Appendix F.1,
that the smaller the wheelbase the smaller the wheel angle is needed achieve the hairpin turn. The
group cares about how much the wheel turns as it is possible that the insides of the wheel can hit
suspension geometry. Thus, the chassis group wants to minimize the angle that the wheel must turn.
Less important but still something to consider is ease of transportation. Both the track and
wheelbase will determine how the team can get the vehicle to driving courses and competition. For
example, the Galgotias University 2019 car could fit in the bed of a truck for transportation. Having
the smallest wheelbase will allow for optimal transportation. Thus, to help reduce the weight of the
chassis, avoid wheel interference with the suspension during sharp turns, and to allow easier vehicle
transportation to and from driving sites, the design group decides to design the car with a small
wheelbase between 1550 mm to 1600 mm. Although the final wheelbase will be determined through
the suspension, this length range should provide optimal node points while ensuring FSAE rule
compliance.

4.4 Front Bulkhead Size

The size of front bulk head of the chassis should allow the impact attenuator to be properly
mounted and supported to comply with all relevant FSAE rules T3.20. While the chassis group
does not design and test the impact attenuator itself, the front bulkhead governs the base size of
the anti-intrusion plate and the impact attenuator. To ensure that the front bulkhead is a size that
will allow for an impact attenuator that complies with all the rules. The design group uses the
standard impact attenuator design provided by the FSAE rules (see Appendix T-3 in FSAE rules)
to provide a guideline for the size of the front bulkhead. While undocumented, this appears to be
the approach taken by previous Galgotias University teams.

The base size of the standard impact attenuator is 12 inches by 14 inches; however, the orientation
direction is up to the discretion of the design group. For the 2019 Galgotias University chassis the
impact attenuator was orientated vertically, i.e. the front bulkhead was approximately 14 inches
tall and 12 inches wide. However, in the 2018 Galgotias University the chassis was designed to
orientate the impact attenuator the horizontally such that the front bulk head’s width was 14 inches
and the height was 12 inches. For this year’s chassis, the design group decided to keep the impact
attenuator horizontal for several reasons. First having a wider front bulkhead shortens the height
of the front of the chassis, thus potentially lowering the vertical location of the center of gravity
which is ideal.
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4.5 Material Selection

The FSAE car is generally designed and constructed out of a material that is machinable, weldable
and can withstand forces that will not fail while under load. In previous years, the FSAE team
used a grade of steel of 4130, which is more commonly referred to as chromoly steel. This grade of
steel has a low carbon content (0.30% [2]) which provides for a better fusion when welding. Also, by
having an annealed metal, the material becomes more ductile benefiting the manufacturing process
by reducing the amount of time to bend/form the metal to the desired specifications. The benefits
to 4130 alloy steel are it can be treated by any manufacturing method except for aging, providing
more possibilities depending on the application the metal will be used for. Rule T3.4.1 states that
steel tubing must have a minimum of 0.1% carbon, thus chromoly steel is an acceptable choice.
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5 Concept Generation and Selection

5.1

Benchmarking

While the FSAE rules lay out concise requirements that the chassis must meet, which in term
provides a foundation on how the chassis should be constructed, many aspects of the design such as
the configuration of the front bulk head supports and much of the structural design behind the main
hoop is left to the design team’s discretion. To get a much clearer idea of the key characteristics
of a well-designed chassis the design team completed thorough benchmarking of not only previous
cars built at the Galgotias University, but also chassis built by other universities. While a more
complete list of benchmarks can be referenced in Appendix D, more detail will be focused on 2019
and 2016 chassis from Galgotias University.

The 2019 vehicle is considered the primary benchmark for this year’s chassis. The primary goals
of this chassis were like all other years: reduce weight and make it as stiff as possible with respect to
torsional rigidity. Although this frame will be used as a starting point for this year’s chassis, the design
team believes several aspects of this year’s design should be changed. One of the most important
aspects that the design team believes should be changed is how the 2019 chassis consists of two
separate parts. While this lends itself to easy maintenance and modularity, a design judge brought up
a critical point that the connection between these two parts changes for every  run, thus effectively
constantly changing the handling of the car. Additionally, the chassis was largely over designed and
could be improved for weight reduction.

The 2018 chassis team’s goal was to reduce the overall weight of the frame. This was accomplished
two ways: the rear box in which the differential is normally mounted in was removed and the stiffness
of the frame was compromised for a reduction in weight. The design team agrees that past year’s
target for torsional rigidity are larger than necessary resulting in over designed frames. However, the
design team believes that a rear box has more advantages that disadvantages

to justify its removal for weight reduction. For example, a rear box gives the rear suspension much
more freedom for the rear suspension geometry.

5.2 Concept Generation

521

To construct the chassis the design team took a “bottom up” approach. This approach allows for
flexibility in the final design. As described in Section 3, the initial plan is to design a space frame
car with the standard FSAE tubing rules, minimum wheelbase, 14” wide impact attenuator, and
constructed from chromoly steel. The team created possible concepts in SolidWorks, and used finite
model analysis (FEA) to accurately assess the designs stiffness, weight, etc. This allowed the team
can easily compare different iterations for positive and negative metric gains.

Preliminary Concepts

By the “bottom up” design approach, chassis design starts with the location of the suspension node
points to define the front and rear suspension boxes. For the initial concept stages, node points
from the Galgotias University 2019 car were used listed below in Table 3. Based off these points the
design team developed two individual chassis based off past benchmarks. Isometric views of these
two concepts can be seen below in Figure 1. The main difference between the two chassis is the
front cockpit area between the front bulkhead and front roll hoop. While the support structure of
each concept varies slightly, the key difference between the two are the pickup points for the
suspension. In concept A, the upper pickup points are farther from the chassis center, as depicted
in Figure 2, to allow for easier suspension design. Concept B follows more closely to the Galgotias
University 2019 chassis with both being the same distance from the chassis center line resulting a
cuboid shape. While concept B would be easier to manufacture, the significant advantage of
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concept A is that it makes the suspension significantly easier to design. Having a shorter upper
A-arm in a double wishbone suspension encourages a slightly negative chamber, which is ideal for
all types of cars. The design team was not concerned regarding the measurements of the metrics,
as these initial concepts are only a starting point to be then iterated off. As aresult, the design team
concluded to develop concept A to provide better pick up points for the suspension.

Table 3: The following table lists the desired positions of the node points, which gives the frame a foundation to work around. The values
of the node points were chosen based on previous years’ node locations. These where later changed once the suspension grou

Node ID | x-position (in) | y-position (in) | z-position (in)
1 10.00 0.50 -14.00
2 7.00 -6.00 -14.00
3 10.00 0.50 -29.00
4 7.00 -6.00 -29.00
5 11.00 0.50 -79.00
6 7.00 -6.00 -79.00
7 11.00 0.50 -90.00
8 7.00 -6.00 -90.00

Figure 2: Node ID layout of the chassis frame. Also note that the origin is
defined at the centre of the front impact attenuator
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4.2.2

Iteration 1

The first design iteration aimed to simply satisfy all rules and provide the groundwork for future
iterations. To assess the performance of each iteration the design team completed a series of tests
mainly through SolidWorks to provide reasonable metric estimates. To approximate the torsional
rigidity and bending stiffness of each iteration the design team used SolidWorks’ FEA. Additional
details on how the FEA tests were conducted can be referenced in Appendix F.3. The weight of
the chassis was approximated using SolidWorks as well with all piping being made from 4130 alloy
steel. The front rear weight distribution along with the vertical location of the center of gravity of
the chassis was approximated using weighted volumes to account for the placement of the driver,
engine, gas tank, etc. Details on how the weight distribution is calculated can be found in Appendix
iterative process, as they

F.2. The cost and ease of egress were not considered relevant during the
would be addresses later in the design process.

Figure 3: Iteration 1 isometric (left) and side view (right).

Table 4: Calculated metric values for iteration 1.

Rank Metric Target Theoretical

1 Torsional Rigidity >2372.68 N- 776.88 N-
m/deg m/deg

2 Bending Stiffness >451.93 N/m 285.85 N/m
3 Weight <280N 330N
4 Weight Distribution(F/R) 40/60 40.2/59.8
5 Vertical Location of CG <10in 10.71in
6 Ease of Egress <2.0s -

Figure 4:Iteration 1 centre of mass calculation, based on approximate weights, volumes, and positions, see Appendix

F.2 for details.

26




4.2.3

Iteration 2

After the first design iteration the team knew that the key area that needed attention is the torsional
rigidity. Thus, for the next iteration, the primary goal was to increase the chassis’ stiffness. The
following key changes were made for this iteration:

+ Increased the height of the side impact support structure to comply with rule T3.24.
- Raised the front bulkhead to reduce weight and provide a slight increase in torsional rigidity. However,

too steep of an angle will cause opposite effects.

+ Reduced the height of the main roll hoop to reduce some unnecessary weight. This also ensured rule

T3.14 was satisfied.

- Raised the height of the cross bar inside the main roll hoop to increase torsional rigidity. By increasing

the height of this bar, the braces for the main roll hoop also increase providing more structural support
in the scenario of an accident.

+ Added a front roll hoop support beam to increase the torsional rigidity. The idea was to stiffen the

front area to provide more resistance to the theoretical torque being applied.

It is important to note that most of the changes were made to ensure the frame met all the rules
and still performed as intended. After the changes were made, the team performed the tests
necessary to determine whether the iteration meets the metrics. The results can be seen below in
Table 5.

—

Figure 5: Iteration 2 isometric (left) and side view (right).

Table 5: Calculated metric values for iteration 2

Rank Metric Target Theoretical
1 Torsional Rigidity >2372.68 N- 1231.08 N-
m/deg m/deg
2 Bending Stiffness >451.93 N/m 276.7 N/m
3 Weight <280N 330N
4 Weight Distribution(F/R) 40/60 50/50
5 Vertical Location of CG <10in 13.05in
6 Ease of Egress <2.0s -

27



Figure 6: Iteration 1 chassis with iteration 2 chassis
(Red) overlaid on top

4.2.4 lteration 3
For the third iteration the design team continued to focus on increasing the torsional rigidity of the vehicle. It
was found through iteration 2 that the largest factors in increasing the torsional rigidity was increasing the
amount of resistance the front cockpit sustained while under torsional loads. The biggest change that had the
largest impact on the design was changing the direction of the hoop bracing. In iteration 2, the bracing was
supporting the main roll hoop from the left. By changing the direction, the bracing was supporting the front roll
hoop, the torsional rigidity increased by about 2557.07 N-m/deg.
Another significant change that was applied to the second iteration was the addition of a cross
section on the top of the cockpit as seen in Figure 8. This increased the torsional rigidity even further
without increasing the weight by a large amount. The following changes were also made for this

iteration:

+ Increased the height of the back box to correct the location of the rear suspension node points. This
also increased the angle between the main roll hoop and main hoop supports, allowing the hoop
height to be decreased.

+ Increased the back-box area to provide a larger foundation for the rear suspension of the car.

+ Increased the distance from the front bulkhead to the front suspension nodes to provide more room
for the pedal box.

- Decreased the cockpit opening area to maintain the same rear dimensioning between the main roll
hoop and the back end of the chassis while compensating for the changes in the front bulkhead.

+ Removed the front roll hoop support beam. This was no longer necessary since the bracing was
now directly going from the front roll hoop to the main roll hoop.

Figure 7: Iteration 3 isometric (left) and side view (right).

28



4.2.5

Table 6: Calculated metric values for iteration 3

Rank Metric Target Theoretical

1 Torsional Rigidity >2372.68 N- 2557.07 N-
m/deg m/deg

2 Bending Stiffness >451.93 N/m 433.63 N/m

3 Weight <280 N 310N

4 Weight Distribution(F/R) 40/60 52/47

5 Vertical Location of CG <10in 13.19in

6 Ease of Egress <2.0s -

Figure 8: Iteration 2 chassis with iteration 3 chassis (red) overlaid on top.

Iteration 4

For iteration 4 the team attempted to solve the problem of the front rear weight distribution. This
was not addressed early because it relied on multiple different groups’ designs. Specifically, the
decisions of suspension and powertrain. The design team coordinated with these groups to come
to the following decisions:

. Corrected the location of the front suspension node points to comply with the change in the side
impact support.

+ “Sweep” the A-arms forward to allow for the wheelbase to be more forward relative to the center
of mass

- Mount the differential directly to the same tubes as the engine to allow for the differential to be
as close to the engine as possible, allowing the rear tires to be shifted forward with the axle.

With these key changes, the group was able to:
+ Adjusted location of head rest bars to allow the reuse of the 2019 head rest.
+ Added gussets above the front suspension box for mounting the front rockers.

+ Reduced the width of the rear box by two inches.
+ Added middle support in the rear box for rear rocker and shocks.
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Figure 9: Iteration 4 isometric (left) and side view (right).

Table 7: Calculated metric values for iteration 4

Rank Metric Target Theoretical
1 Torsional Rigidity (Front) >2372.68 N- 2390.30 N-
m/deg m/deg
Torsional Rigidity (Back) >2372.68 N- 2607.23 N-
m/deg m/deg
2 Bending Stiffness (Front) >451.93 N/m 505.94 N/m
Bending Stiffness (Back) >451.93 N/m 766.26 N/m
3 Weight <280N 322N
4 Weight Distribution(F/R) 40/60 45/55
5 Vertical Location of CG <10in 10.75
6 Ease of Egress <2.0s -
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Figure 11: All Dimension sketch, see Appendix F.2 for details.
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5.3 Concept Selection

The design group has iterated forward multiple times. When we look at how the design progresses
more and more metrics have continued to be satisfied. With our current iteration all metrics are within
the acceptable range. The group has considered iteration 4 as the final iteration as it complies with
all other FSAE senior design groups, and additionally satisfies all metrics. For the metrics that are
not to their target value, it is likely that without going to alternate frame rules, or a radical
suspension design they are unrealistic. We leave this for the future FSAE senior designs to
investigate how this could be achieved from the onset. Throughout the iterations some of the key
things that the design group has found are as follows:

» Changing the direction of the bracing above the side impact structure nearly doubled the
estimated torsional rigidity for initial iterations. This change to the design, made the torsional
rigidity target value achievable

+ Testing both the torsional rigidity and bending stiffness of the front and rear of the chassis proved
to be critical considerations. Design changes were made to evaluate for these metrics in the rear
of the chassis. This is due to inherent FEA assumption that there are fixed node points.

» The rules layout what tubes can be used in different locations. Due to this constraint, the group
focused on optimizing how the different components (front suspension box, front hoop, main
hoop, back suspension box) are connected.

* Itis necessary to know the suspension node points beforehand, as the chassis design cannot
be finalized without it. For future teams it is recommended to have suspension finish their
suspension location (node points / A-arm attachment) before the chassis design.

As seen in Table 8, the metrics trended towards a passing value. In the later iterations, the group
has considered the wants and needs of other FSAE senior design groups. This caused the design
to fluctuate repeatedly as they finalized their integration with the chassis frame. The largest amount
of changes came from suspension with minimal changes from ergonomics and powertrain.

Table 8: Comparison of all metric values for each iteration. Red is failing metric, blue is passing acceptable constraint,
and green is passing the target constraint. The design has progressed towards passing.

Rank Metric Iteration Iteration | lteration | lteration
#1 #H2 #3 H4
1 Torsional Rigidity Front (N- 776.88 1231.08 2557.07 2390.30
m/deq)
Torsional Rigidity Back (N-m/deg) - - - 2607.23
2 Bending Stiffness Front (N/in) 285.85 276.7 433.63 505.94
Bending Stiffness Back (N/in) - - - 766.26
3 Weight (N) 310 330 310 322
4 Weight Distribution (F/R) 40.2/59.8 50/50 52/47 45/55
5 Vertical Location of CG (in) 10.71 13.05 13.19 10.75
6 Ease of Egress - - - -
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6 Final Design

Overview

The chassis group is extremely pleased with the final design (iteration 4). The team knew that it
was time to stop due to both time constraints and the finalization of other sub-groups. As the
suspension, ergonomics, and powertrain groups finalize their designs, the chassis group has less
room to change things on a large scale. If we did, this would impact other teams and affect their
final designs. In addition to other groups’ finalization, the chassis group needs to move into
production based on the Gantt chart created in the beginning of the semester. The reason for this
is because all teams need the chassis to be manufactured before sub-systems can be mounted on
the vehicle. The final metric table with theoretical values can be seen below.

Table 9: Final Data calculated & compared

Rank Metric Units Target Acceptable Theoretical

1 Torsional Rigidity (front) | N-mm/deg | >2372.68 >2500 2390.30
Torsional Rigidity (back) | N-mm/deg | >2372.68 >2500 2607.23

2 Bending Stiffness (front) N/m >451.93 >500 505.94
Bending Stiffness (back) N/m >451.93 >500 766.26

3 Weight N <280 - 322

4 Weight Distribution % 40/60 45F 55R 45/55

5 Vertical Location of CG In <10 - 10.75

7 Ease of Egress sec 0.2 <3.0 -

6.2 Design Details

The focus of the chassis design group, as seen by the metrics, is to create a structurally stiff chassis

with high rigidity. The overall 51 key attributes of this year design are in the bulleted list below
 Standard frame rules

Chromoly steel frame

Trapezoidal suspension blocks

No floating differential

« Single piece frame

It was pointed out in a design review presentation that we were not doing “evolutionary” design
changes instead of doing iterations. Our design group did this in our preliminary engineering in Section
3. We want to urge the future design teams to do the evolutionary design decisions in the beginning of
the design process. This is because as later teams are trying to finalize designs, the chassis is limited
in flexibility. For this year’s design, the key “evolution” changes were made back in the very beginning
of the design process. The seven design iterations allowed the team to create a design that would pass
all the specified metrics.
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6.3 FSAE Rules Verification

Toensure that the final design met all FSAE rules, the team walked through each rule provided by the
FSAE rulebook. This has been summarized in the section below to show that the design passes all the
standard FSAE tests and rules.
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Figure 12: Rule T3.10 states that the top of the person’s helmet must be no closer than 2 inches, and the back of the
head no closer than two inches to the specified lines.

Figure 13: Rules T4.1 and T4.2 state that specified templates must be passed through the chassis to ensure that there is
ample room for the driver to get in and out.

6.4 Suspension Mounting Analysis

Upon the completion of the suspension geometry and the finalization of rocker and shock mounting
locations seen in Figurel3, FEA tests were completed for each mounting location to ensure failure of
the chassis would not occur at any of these points. For each rocker mount location, a force of

3336N was applied to represent a 5G cornering force. Considering the maximum acceleration
experienced for a small SAE car is at most 2Gs, this load accounts for a factor of safety of 2.  For
each shock mount, a 3113.75 N. force was applied reflecting the extreme condition of 2 inches of
compression (twice the travel the suspension is designed for). For the rear shock test, a load 6227.5 N
was applied since both shocks are on the same node. As seen in both Figures 14 , all mounting
locations have a factor of safety above one for these extreme loads suggesting that failure will not
occur under normal operating conditions.
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Figure 14: : Locations of suspension mounting locations, the Golden dots indicate the A-arm mounting locations, the
pink dots indicate the shock mounting locations.

Additionally, with the completion of the suspension geometry, torsional rigidity tests were completed by
loading the rocker points in the plane of action with the 5G corning force of 3336N which again accounts
for a factor of safety of 2 The calculated torsional rigidity of the chassis, with the moment arm being the
distance to the roll center of the suspension, was calculated to be 2390.30 N-m/deg for the front
suspension box. This is extremely close to our previously calculated value of 2390.30 N-m/deg by loading
at the A-arm nodes. As a result we can firmly say our previous method of loading the chassis at the A-
arm nodes for torsion rigidity in Appendix F.3 is adequate.
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=~ Tools Used

The fabrication department of Automantra Racing use various tools for the fabrication of this year chassis.
This year team used jigs & fixture method for more perfection, along with this all the power tools used with
proper safety equipment & professional users only.

7.1 Jigs & Fixture

Jigs and fixtures are special purpose tool which are used to facilitate production (machining, assembling and
inspection operations), when work piece is based on the concept of interchangeability according to which every
part will be produced within an established tolerance. Jigs and fixtures provide on means of manufacturing
interchangeable parts since they establish a relation with predetermined to tolerance between the work and
cutting tool.

The key difference between Jigs and Fixtures is that a jig is a type of tool used to control the location or
motion of another tool. On the other hand, a fixture is a support or work holding device used to hold work in
place. i.e. during welding various elements of chassis, the changes occur due to changes in temperature can be
prevented which help us in making a more symmetric chassis with more balanced load.

SRRV e N ERG i)
Figure 15: Fixture Design for AR-20.
7.2 Cutting & Grinding
The most important part for manufacturing a tubular chassis are chromoly pipes, we get pipes in
a fixed length, we used hand cutting machines for cutting pipes in desired length along with that

we use grinding machines from making grooves on the cut edges of pipes to securely attach two
different pipes at various angles.

Figure 16: Cutting & Grinding of Chassis Tube,
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7.3 Bending Machine
Manual hydraulic pipe bending machine, it is versatile manually operated equipment that is
exclusively designed for bending pipes, especially thick-walled ones. It is provided with different pipe
bending molds or dies that work out for multiple dimensional curving requirements. We need bending
machine for MRH & FRH bending.

Figure 17: Manual Bending Machine.

7.4 Welding Machine
Gas metal arc welding (GMAW), also known as MIG (metal inert gas) welding or MAG (metal active
gas) welding, is a process in which an electric arc forms between an electrode and a metal workpiece,
heating the metals and causing them to melt, and be joined.

WIRE FEEDER
G-MAG 250 ANP

Figure 18:MIG Welding machine & Co, cylinder used for AR-20.
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8 Conclusion

8.1 Design Evaluation

The design group considers this year’s chassis design a complete success. It surpassed all our
metrics, and previous year’s designs. Overall, we think that this is a chassis that will both enable
the GU FSAE team to remain competitive and participate in the coming competition. In doing so,
we have learned from all the iterations, and hope that future groups will iterate on top of what we
have done here.

8.2 Path Forward

Moving forward after designing this frame, the chassis group would like to give recommendations to
future groups about how to design, and how to go about making such a chassis. Overall, we feel that
the current design can be tweaked to future optimize the manufacturing and make it compatible with
future year’s components. Our key points are as follows:

We cannot stress enough to get as much as the suspension a-arm node points finalized before
finishing the chassis design. We went through a lot of iterations just to consider the changes
that suspension needed in their design. We recommend doing the “wheels in” approach, but
this requires that the suspension finishes their design in the summer.

Doing the system level planning and estimating the volumes of components that are going in the
car was a huge help. Besides allowing us to calculate the COM, it also allowed us to constrain
others design (within reason of course) and jump start their design process.

It is important to perform the preliminary engineering analysis and decide on the big items first
and then critique the minor things. This worked well and allowed us to get past jumping between
different concepts, and instead iterate on our overall design.

We would still NOT recommend creating a monocoque without the support of the people over
in the Center for Composite Materials (CCM). We are very glad that we did not make a
monocoque and instead focused on a steel spaceframe. This allowed us to go into greater detail
on the design work, elimination a lot of the guesswork that we would likely have to do otherwise.
If the team wants to do a monocoque in the future years, it will have to be done in the summer,
with suspension being done in the spring, and do the rest of the steel frame in the normal session
time.

We would recommend just using our frame design and iterating over it. We feel like it has
been one of the most compact frames made, and really has a lot of good features. If the
frame was just manufacture by the club, the additional time could be spent optimizing other
systems that need the work.

When designing the chassis, we want to stress that using bent tubes was a huge help with
welding, and the actual manufacturing time. While use of bent tubes is limited by what tubes
are required by the FSAE rules, we recommend using more bent tubes in a future design.

Looking at it after the fact, using a square tube on the front of the chassis did allow for easy
welding, but suspension could have easily come up with a different mounting point, and the
square tube could be replaced with a bent tube to reduce the amount of welds in the most
complicated joint on the chassis.
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Appendix A: Design Metrics

A.1: Metric 1 - Torsional Rigidity

Torsional rigidity is arguably one of the most important considerations when designing a chassis.
During the suspension design process, the chassis is almost always considered perfectly rigid to make
the calculations significantly simpler. However, the fundamentals of material science tell us that no
material is perfectly rigid let alone an entire chassis. Thus, one should always expect a chassis to have
some sort of displacement or compliance.

To better understand the impact of the chassis’ compliance, we can use the simplified torsion spring
model proposed by Riley and George [5]. In this model, seen below in Figure 42, the compliance of
the chassis is represented at a torsional spring connected in series with two sets of parallel springs
representing the compliance of the front a rear suspension which are controlled through the
suspension’s spring rate. Thus, the overall stiffness of the chassis directly affects the response of the
suspension and handling of the vehicle.

Figure 19:The simplified compliant spring and frame model presented by Riley and George
[5]. Here the horizontal spring from node 13 to 14 represents the compliance of the frame
while the remaining represent the spring rate of the suspension.

From Riley and George’s work and discussed in Milliken’s [6] Chapter 18 on chassis design,
ensuring that the car has a high stiffness ensures that all the design calculations that use the “rigid”
chassis assumption stay valid. Furthermore, the suspension compliance “may be increased or
decreased by bending or twisting of the chassis”. The goal is to make a chassis rigid enough such that
its compliance compared to the suspension is negligible. Milliken recommends that for “small formula
cars” their torsional stiffness would be approximately 3000Ib-ft/deg.

In reality the design team views a target goal 30001b-ft/deg, specified in Milliken’s book [6] as an
ideal target for professional tier SAE race cars. While the Galgotias University wants to be as
competitive as possible, torsional rigidity comes at a cost, namely weight. Based on benchmarks, seen
in Appendix D, the design team estimates that a reasonable target value for the torsional rigidity of
the chassis should be greater than 2372.68 N-m/deg with an acceptable value being above 1600 ft-
Ib/deg. While this is almost half the target proposed by Milliken, the design team carried out a simple
theoretical analysis in Appendix B which determined that the increasing the torsional rigidity above
the current target would be very unlikely to yield results worth the resulting weight gain from
additional support structures.
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A.2: Metric 2 - Bending Stiffness

The bending stiffness of the chassis refers to the amount of force required to deflect the chassis from
the side of the vehicle. The bending stiffness affects the amount of energy lost through the structure
when accelerating. Thus, having a stiffer chassis will result in more energy being transferred to the
wheels and the forward motion of the car.

Referenced from Milliken’s book [6], Platt’s book [7] shows that a chassis that has a good torsional
stiffness also has adequate bending stiffness. This eludes to the group that if adequate torsional
stiffness is achieved then the bending stiffness is “not likely to cause a problem”. When the group
looked at the collected benchmarks, see Appendix D, most of the past Galgotias University cars
bending stiffness goal is 4000 Ibs/inch. Thus, the group set the target goal to arbitrarily be 4000
Ibs/inch and an acceptable value of 3750 Ibs/inch.

A.3: Metric 3 - Weight

The weight of the chassis impacts the performance of the car when referring to the power to weight
ratio. From Newton’s second law, F = ma, its common knowledge that for a constant force reducing
the mass means an increased acceleration. In addition, a reduction in mass also produces a smaller
roll moment when cornering which allows for improved handling. Weight reduction can have negative
impacts such as loss of traction due to a reduction in friction forces experienced by the tires. However,
the design team argues that weight reduction in the design process is always ideal because one, a
lighter weight car will require less traction than the heavier version and two, if the tire size is constant
(thus the contact patch is constant) the tire to weight ratio will increase which will help compensate
for loss of traction from the smaller normal force. If additional traction is needed, aerodynamic devices
would ideally be used. Using the benchmarked chassis in Appendix D as a guideline, the design group
sets a weight target of below 60 Ibs and an acceptable weight value of below 70 Ibs.

A.4: Metric 4 - Weight Distribution

The weight distribution between a vehicle drive and forward wheels (assuming rear wheel drive)
impacts a number a factor including the cars potential acceleration and handling. Shifting the weight
of the car towards the drive wheels allows for better traction for both linear and out of corner
acceleration [6]. Additionally, when breaking, the weight of the car tends to shift forward, thus having
a slight reward bias can help more evenly distribute the weight between all wheels during the breaking
process. As previous discussed above it is ideal for cars with uniform tire size to have an even
distribution of weight. However, when shifting weight off the forward wheels too much can cause
them to lose the traction needed to properly maneuver the vehicle, also known  as under-steer [8].
We illustrate this point through a force analysis in Appendix C.1 with a force analysis. From this
theoretical work, the design team concludes that 50F 50R is far from ideal since this will cause
significant weight shift toward the front wheels during braking. However too much rearward bias, such
as the case of 35F 65R can result in a significant loss in normal force during acceleration. Thus, a
target of 40F 60R with an acceptable value of 45F 55R was selected, which is in line with
recommendations from past years.
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A.5: Metric 5 - Vertical Placement of the Center of Gravity

The vertical position of the center of gravity (CG) from the ground is another very important factor
that directly influences the vehicles handling. It should be noted that this metric is not just the
center of gravity of just the chassis, but rather the center of gravity of the entire car measured by
placing weighted volumes with in the chassis itself as described in Appendix F.2. We also assume
the car will ride approximately two inches off the ground at rest.

Fora SAE car, generally the lower the CG the better the vehicles performance. For example, a lower
CG also improves handling of the vehicle while cornering. When completing a turn the body of the
vehicle rotates about its roll center, which is defined as the point in which the chassis rotates relative
to the ground [3]. The roll center is commonly found geometrically once the suspension’s geometry is
known. When the CG is displaced from the roll center, during a turn this induces a moment that rolls
the weight of the vehicle outwards causing the outer wheels to be more heavily loaded than the inside.
Such uneven loading isn’t ideal for the handling of the vehicle; more equal loading allows better
traction from both wheels resulting in better traction for the turning or drive wheels. Reducing the
distance between the CG and roll center reduces this roll moment which allows the car to handle better
in general [6, 3]. While the location of the roll center can vary depending on suspension geometry, it
is reasonable to assume that the roll center is at or very close to the ground for a well-designed double
wish bone suspension design to minimize jacking forces [6]. Thus, the CG should be as low as
possible to minimize the roll experienced while turning.

For straight line acceleration or breaking the weight of the car is shifted to the rear or front of the
vehicle respectively. The reason this weight shift occurs is simply due to the moment created from the
CG being above the ground that causes the car to squat or dive. Lowering the CG closer to the ground
effectively reduces this moment and reduces the overall weight shift of the vehicle during acceleration
or deceleration. However, in some cases this weight transfer can be beneficial, such as the case when
the static weight distribution of the is not evenly distributed, because this could allow weight to be
more evenly distributed between the wheels during braking. This is ideal for vehicles with even sized
tires, such as the current FSAE car, since the breaking force for each tire is identical [6]. Analyzed in
detail in Appendix C.2, for a deceleration of 1G, the ideal height of the center of gravity is
approximately 6 inches from the ground. However, benchmarks in Appendix D generally indicated
that the vertical center of gravity is generally higher up.

The final reason why generally a lower center of gravity is ideal is the required 60-degree tipping
test stated in rule T6.7. While tipping stability of the vehicle also depends largely on the track- width,
a lower center of gravity also reduces the tipping moment experience by the car when it’s on an incline
plane. In conclusion, the vertical location of the center of gravity should be as close to the ground as
possible, ideally around 6 inches for ideal breaking weight transfer. Since past benchmarks indicate
that the center of gravity tends to be slightly higher, the design team selects a target value of 10
inches above the ground with an acceptable value of 12 inches

A.6: Metric 6 - Ease of Egress

Based off the 2020 preliminary FSAE rules, according to rule T4.8 the driver must be able to exit the
cockpit of the vehicle in less than five seconds. This test ensures the driver can quickly and easily exit
the vehicle in case of an on-board fire or other dangerous situation. While this is metric is heavily
dependent on the ergonomics of the car, the chassis must also be designed to allow an easy exit from
the cockpit. Given that 5 seconds is the maximum limit; the target exit time should be significantly
below this limit. The design team chooses a target egress time from the chassis of 2 seconds with an
acceptable exit time of 3 seconds. This time should allow enough of a gap to accommodate the
additional ergonomic complications of the finished vehicle such as unbuckling the seat belt, removing
the steering wheel, and maneuvering out of the seat itself.
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Appendix B: Torsional Rigidity Analysis

Torsional rigidity is one of the most important metrics for the chassis, thus a more in-depth analysis
was completed to help gain a better understanding of an appropriate target value. This theoretical
approach is largely based off the work Riley and George [5]. First, consider the simple model of a
vehicles wheel rates on a perfectly rigid chassis in Figure 43a. If a force is applied to one of the
springs (physically representing a bump) all four springs act in series to resist the motion. The fact
that the springs act in series may be difficult to see at first glance, however if we represent each
wheel rate as a torsional spring attached to the chassis, as in Figure 43Db, the series configuration
becomes much clearer. A simple force and moment analysis can tell us that if all wheel rates are
equal, the force felt by each is identical in magnitude.

Figure 20: Simplified model of a car’s wheel rates attached to a rigid chassis. (a) represents the wheel rates as a set of
translational springs and (b) represents the wheel rates as torsional springs directly attached to the chassis.

For considering the stiffness of the vehicle, torsional springs are often more useful since the chassis is
characterized by torsional rigidity or torsional stiffness. Translational and torsional springs cannot
be combined, which raises the question of how to convert the wheel rates in Figure 22ato a torsional
equivalent in Figure 22b. Consider the spring system below in Figure 23 in which the force exerted
by a translation spring is converted into a torsional spring representation.

T 3

d

1F

Figure 21: Torsional spring representation
from a translational spring

If thetainthe figure above is assumed to be relatively small, we can obtain a very simple relationship
between the translational spring and its torsional representation.
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in which k; is the torsional string constant and ki being the translational spring constant. This a
torsional representation of a specific wheel rate can be represented by k; = ki - n? where n can be
interpreted as the horizontal distance from the wheel to the chassis. To characterize the total
stiffness of the entire vehicle, we can use the principle of super-position to obtain a global spring
constant.
1 1 s 1
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With the wheel rates represented accurately in torsion, comphance of specific components such as
the chassis (/) seen in Figure 42 and compliance of the suspension () can be added to the
super-position which influences the vehicle’s overall stiffness.
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Finally, to make this expression more applicable the wheel rale is converied to the spring rate of

the suspension with the relation k; = k, - (mr)? where (my) is the motion ratio and &, is the spring
rale.
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To get an assessment of the impact of the chassis’ stiffness on the overall stiffness of the vehicle, the
suspension of the 2019 car was used. First the compliance of the suspension was assumed to be
negligible. The distance of the wheels from the chassis was measured to be approximately 10 inches
in the front and rear. Due to the rocker design seen in Figure 45 the motion ratio was assumed to be
1, i.e. the spring rate is approximately the wheel rate.

With these parameters, the overall stiffness of the vehicle was plotted as a function of the chassis’
stiffness for several different spring rates with the design teams’ metric targets. Its seen that the effects
of increasing the chassis stiffness decreases exponentially, which is consistent with [5], suggesting that
the gains from an exceptionally stiff chassis is not worth the additional weight.
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Figure 22: The overall car stiffness as a function of the chassis’ stiffness for several different spring rates.
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On the 2019 car, a spring rate of 350 Ib/in was used. If an infinitely rigid chassis is assumed, the
ideal stiffness of the vehicle is found to be about 729 Ib-ft/deg. At the design teams current target
with a chassis stiffness of 1750 Ib-ft/deg the overall vehicle’s stiffness is 70% of the ideal stiffness. If
this target was increased to 3000 Ib-ft/deg as recommended by [6], the overall vehicle’s stiffness is
only 80% the ideal stiffness at a spring rate of 350 Ib/in. For almost doubling the torsional rigidity
and yielding a vehicle stiffness increase of only 10%, this would clearly not be worth the weight
increase.

In conclusion, while this model is very simplified and makes large assumptions, it’s clear that the
gains of increasing the chassis’ rigidity decreases rapidly. The design team believes their current target
yields a reasonable overall vehicle stiffness at 70% of the “ideal” since this should allow for enough
control of the cars handling without requiring significant weight gain for torsional rigidity.

45



Appendix C: Acceleration Weight Transfer Analysis

When a vehicle accelerates or decelerates its weight is shifted towards the rear or the front respectively
due to the forward momentum of the center of gravity. This weight shift is directly related to the front-
rear weight distribution along with the vertical location of the center of gravity. During deceleration or
breaking an even front to rear weight distribution is ideal for this allows for greater breaking forces.
During acceleration a weight shift towards the drive wheels, in this case the rear, is ideal since this
creates additional friction allowing for greater acceleration [6]. To assess the weight transfer
experienced by the vehicle during deceleration the following free-body diagram in Figure 25 following
the process outlined in [10].

AV A
~~ T

Figure 23: Wheel load schematic under the braking
process.

When the car is decelerating the normal forces experienced by each wheel is found by summing
the moments about the contact point of each wheel to the ground.

N My =0=-l-(mg) +h-(ma)+1-Fs
Y My=0=1l3-(mg)+h-(ma} - L.F,

Here we are assuming other effects such as rotational inertial are negligible compared the magnitude
of the breaking force [10]. The moment equations can be rearranged to solve for F1 and F» explicitly.

{ { {

o Ep[;rny]f—(mu}-h _ (11 -yl—mh)mz (51 —;‘S-h)m

R = Iy - (mg) + (ma)-h _ (Iz~g+a-h)m= (Iz+f}-h) mg

in which tt is defined as the acceleration of the car divided by the acceleration of gravity. Ideally as
mentioned previously, ideally F: and F; are equal for braking and F: is slightly larger than F; during
acceleration, however this depends greatly on the acceleration the vehicle is experiencing. Instead of
comparing the two normal forces directly, the ratio of the two simply defined as

| = _ l,+tt-h

F,  h-tt-h
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C.1: Front-Rear Weight Distribution

The lengths 11 and |, are directly determined from this weight distribution. A simple static force analysis
can be used to determine the length of I; and I, with respect to I. Given the designed wheelbase of 62
inches, Figure 26 plots the front to rear weight distribution as a function of deceleration. It is very
clear that a 50F 50R weight distribution has very poor breaking performance since the normal force
weight ratio is significantly larger than one. This indicates that the normal force on the front wheels
is significantly larger than the rear during breaking.
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Figure 24: The impact of the front rear weight distribution on the normal force ratio during deceleration.
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Figure 25: The impact of the front rear weight distribution on the normal force ratio during acceleration.

Figure 25 depicts the impact of the weight distribution during acceleration. While 35F 65R has the

greatest weight on the rear wheels which is ideal, the impact of the reduced normal force on the
front wheel needs to also be considered. Most clearly seen in the 35F 65R weight distribution, an

acceleration above 1G could result in below 20% of the cars weight on the front wheels. The severe

drop in the front normal force could lead to significant understeer.
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C.2: Vertical Location of the Center of Gravity

We will consider our target front rear weight distribution of 40F 60R with a wheelbase of | = 62
inches. The weight distribution ratio is plotted as a function of the vertical placement of the center
of gravity, h, in Figure 28. A height of approximately 6 inches above the ground appears to be an
ideal height for a deceleration of 1G. This is significantly lower than the benchmarked vertical
placements of the center of gravity of approximately 10 inches indicating that the lower the center
of gravity the better.
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Figure 26: The weight distribution ratio plotted as a function of the center of gravity’s vertical height. The black
horizontal line indicated the ideal ratio of 1.

Figure 27: The ideal height of the center of gravity for even front rear weight distribution as a function of deceleration.

In Figure 27, the ideal height of the center of gravity to obtain Fi/F, = 1 as a function of deceleration
for a front rear weight distribution of 40F 60R. As we should expect, the greater the acceleration the
lower the ideal height, once again confirming that lowering the CG is ideal for SAE cars in which rapid
acceleration and deceleration occurs.
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Appendix D: Benchmarks

This appendix includes tables listing different chassis benchmarks that were analyzed during the
design process. Due to the difficulty in obtaining other universities’ chassis specifications, most of the
benchmarks used are from the Galgotias University. The 2016 chassis torsional rigidity was

additionally experimentally validated as shown in Appendix E.

Table 10: A list of several past year chassis designs from the Galgotias University. For some attributes the final value
was never explicitly stated thus the target value was used instead.

University/Year

Photo

Key Attributes

Galgotias University
2017

+ Material: Steel Tubing

+ Torsional Rigidity: 2101N-m /deg
+ Flexural Rigidity: 700 N/m

- Weight: 350N

Galgotias University
2018

+ Material: Chromoly Steel

+ Torsional Rigidity: 1769N-m /deg
+ Flexural Rigidity: 280.24 N/m

+ Weight: 375 Kg

+ Weight Distribution: 45-55

Galgotias University
2019

Separate front and rear
chassis

+ Material: Chromoly Steel

+ Torsional Rigidity: 2455 N-m /deg
+ Flexural Rigidity: 520 N/m

+ Weight: 310 Kg

Galgotias University
2020

Floating Differential

+ Material: Chromoly Steel

+ Torsional Rigidity: 2254 N-m /deg
+ Flexural Rigidity: 338 N/m

+ Weight: 330N

+ Weight Distribution: 46-54
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Appendix E: Preliminary Engineering
E.1: Vehicle Wheelbase

— 7 _—>
Figure 28: Diagram of the outer, inner, and race radii ro, ri,
and rr respectively.

We assume we need to turn around a turn of inner radius r; and outer radius ro. As seen in figure 28 the
race path for the vehicle allows for maximum travel velocity through a turn and is the optimal path for
a vehicle to maintain max velocity. Using the formulas provided by [11] we can look at how the race
radius changes as a function of the steer angle a.

X+ ro=Trr (7)
0 0
X+ FjCcos 5= rrCos 5 (8)

Simplifying we can get the following: Using the above formulation, we can look at how the race
radius changes as a function of the turn angle (note this is not the angle the front wheels will be at,
rather it is the physical angle that the car needs to go around in a turn):
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Figure 29: The race radius as a function of the turn angle 0

We can see that as the angle of a turn increased towards a hairpin turn (180 degrees) the radius
converges to the outside radius of the turn. In this case the smallest hairpin specified in the rules is
14.75 feet (29.50 feet diameter). Now, knowing the race turn radius around a hairpin turn we can
look at how the wheelbase changes as a function of the turn radius. Following the procedure of [12],
we look to find the wheelbase was a function of the wheel angle «.

We can use the following geometric properties assuming the back wheels are fixed.
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Figure 30: Geometry of a fixed back wheel and a front wheel turning at angle a (left), and a photo of the angle on the
2019 chassis at max steer angle of 33 degrees (right).

w = rxtan(a) (20)
Using the above equation, we can vary the turn angle and see how the wheelbase size changes as a
function. We can see that as the wheelbase size increases, the wheel angle the front wheels need to
achieve to make the hairpin turn increases. Thus, the team knows that having the minimum wheelbase
length specified in the rules, will allow for a smaller steering angle to make the same turn angle. To
achieve a hair pin turn with the minimum wheelbase of 60” only a 19-degree change in the front steer
angle is needed. When a 70” wheelbase is used, a steep angle of 22 degrees is needed. By having a
smaller turn angle, the team aims to prevent collisions of the wheel with the suspension geometry.
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Figure 31: Diagram of the geometry of a fixed back wheel and the steering angle a.

E.2: Weight Distribution

To understand the dynamics of the car the team looks to create a floor plan of all parts that will be
used in the car. First the team gathers data on the weight of each component that will be put into the
chassis. Along with the weights the team determined the center of masses for each object so that the

total center of mass (COM) of the car can be calculated. If the position of all COM is known, then
the total can be calculated as follows:

%lemj Yoo — 2 g DMk

Ym0 M T N m
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Using the following tables, the team can quickly prototype the layout of components in the car by
moving the volumes around in SolidWorks. These volumetric areas can be given to each sub-
component team for use in their design metrics.

Table 11: Weight Distribution table

Part Type Total Weight (Kg)
Radiator System 1.2
Exhaust 1.6
Fuel Tank 0.8
Differential 2.5
Engine 35
Driver 72
Driver Seat 1.2
Pedal Box 1.6
Steering Assembly 3
Battery 5

Table 12: Location of Each part to find COM.

Part Type x-axis (in) | y-axis (in) | z-axis (in)
Radiator System 11 16 10
Exhaust 6 9 27
Fuel Tank 10 9 6.5
Differential 10 12 8
Engine 17 20 1
Driver 18 33 45
Pedal Box 11 13 11
Battery 5.5 6 3.25

To find the center of mass for each object the team used both a combination approximations
and actual measuring of the COM. For most smaller parts the team assumed that the COM was in
the center of the volume, but for the engine it was important to exactly find the COM because of
its large mass. To do so, the team used two scales and suspended the engine between them. By
making the scales read equal, the COM is known to be placed exactly between the two scales.
This can be repeated for the three different axes to find the total COM.

To find the COM of the human rider, the team consulted [13] for the location of the center of mass.
They find that the mean distance of the COM from the top of the head is 28 inches with a standard
deviation of 0.94 inches. The team used this and a team member in the 95 percentiles to create a model.
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Table 13: The volumes were then inserted in their approximate location in the model and set fixed relative to the
frame. Using the built-in mass property functionality of Solidworks the COM of the entire vehicle can be quickly

Figure 32: collection of example volumes created in Solidworks.

found.

Part Type x-com (in) | y-com (in) | z-com (in)
Radiator System 5.50 8.00 5.00
Exhaust 3.00 4.50 13.50
Fuel Tank 5.00 4.50 3.25
Differential 5.00 6.00 4.00
Engine 7.50 7.50 9.50
Driver 9.00 10.72 19.00
Pedal Box 5.50 3.00 5.50
Battery 2.75 3.00 2.63

E.3: Finite Element Analysis with SolidWorks

To provide design estimates on both the chassis torsional rigidity and bending stiffness, SolidWorks’
finite element analysis (FEA) was used to test each iteration of the frame. Using the weldments tool
in SolidWorks allows the entire frame to be tested as a single part which makes the simulation
relatively easy to set up. For both the torsional rigidity and bending stiffness the following simulation
set up was used:

i. First a new static simulation was created. Thanks to the weldment’s functionality
SolidWorks joints of the frame are automatically detected as seen in Figure 33. These joints
are by default considered perfectly rigid, in other words compliance is only produced by the
yielding of the bars not the joints. It should be noted that trims do not impact the performance
of the FEA test, thus all tubes are left untrimmed to save time.
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Figure 33: Frame joints, indicated by the pink dots, auto created by SolidWorks).

The material of all bodies in the simulation are then then set to 4130 alloy steel so that the relevant
material properties are correct.

ii. The front anti-intrusion plate, which is welded directly onto the front bulkhead, is fixed to
the four front bulkhead bars with a component contact.

iii. A mesh for the entire frame is then generated. Solidworks essentially treats the frame as a series
of individual beams all interconnected which allows the mesh and the simulation to remain
relatively simple.

iv. Fixtures are then applied to the desired node points. In the case of both the torsional rigidity
and bending stiffness tests, the joints on the rear box are fixed as seen in Figure 34.

Figure 34: Fixtures applied to the rear box.
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v. Finally, the loads are applied to the frame. For both the torsional rigidity and bending stiffness
tests the 8 equal loads are applied at the four front suspension joints seen in Figure
37. Forces on both sides are applied in the same direction for the bending stiffness analysis.
For the torsional rigidity test, a moment is created by applying forces on each side in opposite
directions.

Figure 35: Various loads applied in the FEA tests.

With the simulation completed, the values needed to estimate the design metrics can now be
obtained. Torsional rigidity is defined in units of (Ib*ft)/deg and can be defined multiple ways. The
design team chose the method that appeared most frequently during benchmarking. Given the load
applied at each node point, F, the applied moment about the center line of the chassis (roll center
location) is calculated. This moment is then divided by the angular rotation of the chassis provided by
the SolidWorks simulation to find the torsional rigidity. This process is summarized below.

o MEG)+A(FeF)  2F (dl +d2)
i a

K = Torsional Rigidity (Ib*ft/deg),
F' = Force (1b), d1,d2 = Chassis width (ft),

f! = Chassis rotation (deg)

% dl

1

To ealculate the bending stiffness of the chassis the force applied to the front suspension nodes
is divided by the vertical displacement of the mid-way point between front suspension nodes or
where the front wheel would be positioned. This process is summarized in the schematic below,

2F
Kpy==—
T
Ky = Torsional Rigidity (Ib/in),

F = Force (Ib),
§ = Verlical displacement (in)
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Appendix F: Metric Test Plans

F.1: Torsional Rigidity

To test the torsional rigidity the design group follows the work done by Riley and George in their
technical report on the testing of FSAE chassis frames [5]. As seen in Appendix E the team has already
used the method to describe to find the torsional rigidity of the 2016 frame. The group plans on using
the following procedure.
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f = tan ! (M) (12)
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K= g (13)
P(Ly + 2L3)
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Rigidity attach the back to a large object so that it does not move when forces are applied

K=

Suspend the front section of the chassis with a right-angle iron at the center line of the chassis

Attach a rigid beam, such as some 80-20 bar, to the front section of the chassis

> 0 DpoE

Add two dial gauges equal distance from the centerline measuring the displacement of the rigid
beam.

ol

Apply known weights at one side of the beam, record displacements

6. Repeat multiple times for the same and different load amounts
7. For clarification see Appendix E and the figure above. Note that all equations are taken from
Riley and George’s work [5].

F.2: Bending Stiffness
Totest the bending stiffness, the chassis needs to be flexed in the front and the rear. However, to be
compared to the results found via SolidWorks, the front and rear cannot be pulled due to

insufficient measuring devices. Thus, the group plans rotate the chassis 180° about the z axis to have
a compressive force instead of a tensile force applied to the chassis. To do this, the group plans on
using the following procedure.

1. Position the chassis on a level surface, where the back end can be fixed to prevent movement.

2. Before securing the chassis in the rear, flip it 180° about the z axis to ensure compressive forces
are used.

3. Fix the rear of the chassis.

4. Apply dial indicators in approximate location where the middle of the wheel will be located
on both the left and the right of the chassis.

5. Zero the dial indicators.
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Apply weights to the center of the cross section under the front suspension box.
Record displacements and weight applied

Repeat multiple times for different loads

© o N o

Rotate the chassis so the front is fixed, and the back can be under load. (may need to apply a
beam across the back box for weight to be applied)

10. Repeat steps 4-8.

It should be noted that this test is very hard to do in practice. Thus, the team will rely on the fact
that if the chassis has a high torsional rigidity having a high bending stiffness comes proportionally.
Thus, if the group is unable to construct the proper mounting attire for this test at the Galgotias
University we will consider it enough to just test the torsional rigidity.

F.3: Weight

To verify the weight of the chassis, the group will use the fully assembled chassis with no additional
components attached (aside from the anti-intrusion plate). The design group will then place it over
two scales and note their readings. This will be repeated multiple times to create a distribution
that the average and deviation can be found. The total weight of the frame is the sum of these two
scale weights.

F.4: Weight Distribution

This weight distribution describes the front to rear weight ratio on the front and rear wheels. To
measure this the whole car needs to be assembled. This metric will need to be tested after all other
groups have completed their manufacturing and have mounted their components on the chassis.

E
Figure 36: Free-body diagram of the force on a car as viewed from the side.

This will likely be untested until the final report. To measure this, the car can be positioned on four
scales and can be reloaded with the chassis multiple times to measure an average value and standard
deviation.
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As seen in the derivations provided by The Car Tech [14] we can calculate the location of the
horizontal location of the center of mass. Given the wheelbase L the following can be said:
L=a+bh (15)
a=L-b (16)

Next, we can sum the statics problem, knowing that the sum of the forces is equal to zero, we have the
following:
0=Fw—(Ri+Ry) (17)
Fw=(Rf+Ry)

(18)
where Rr and R, are the weight of the two front scales summed, and the two back scales summed. Note
that the value Fw is the calculated total weight of the car. Next, we can sum the moment about point E
to get the following:

0=RixL—Fw=xb (19)
Fw*b=RgL (20)
b:R*L (21)

Fw

Knowing these, we can repeat the experiment multiple times to find the value of b given the
distribution of weights. This can then be used to calculate the weight distribution by preforming b/L
to find the back-weight percentage. Inversely using equation 16 the value for a can be found.
Thus, using a L will get the front weight distribution percentage.

F.5: Vertical Location of CG

To verify the vertical location of the center of gravity the team will use a method very similar to
that of finding the horizontal.

Knowing where the center of gravity is horizontally, b and the wheelbase L, we can find the static forces
as follows:

0=Ru+Rn—Fw (22)
Ri1 = Fw—Rn (23)

Next, we can sum the moment forces about point A to provide more constraints to the system of
equations. Additionally, all lengths are known and can be found through the geometry of the problem.

{]=RI1*L*{XJ$(H}—FW*{E£¢{.] E-Z"‘]

Ry # L # cos(f) = Fy # (dgs) (25)
dap = dac — dbe (26)

dap = b * cos(B) — (h — 1) * sin(6) (27)

Using the equations above and equation 25 we can then rearrange to get the following value for h.
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Rp1 # L x cos(f) = Fiy # (b* cos(8) — (h — r) * 5in(@)) (28)

Ry # L * cos(f) = Fiy # b+ cos(f) — Fiy + (h —r) * sin(0) (29)

Fw *(h—r) * sin(f) = Fi s b= cos() — Ry * L * cos(ff) (30)
_ fig

{h—r]—(b—m*iﬂ)twf:{ﬂ} (31)

h=(b—-§—$—x[;)tmﬁ{ﬂ}+r (32)

where we know the angle to be defined as # = sin *(H/L). From this we can see that the value of the CG
h is in respect to the ground, and thus is the value that the team is measuring. Using the same data
collection used to find the horizontal location of the CG the team can repeat the tests by raising either
the back or front tires from the ground.

F.6: Ease of Egress

The ease of egress is the measure of the time the driver needs to leave the chassis and get out onto the
ground. This can be measured by having a driver sit in the chassis frame, and then exit. Using a
stopwatch this can be timed and the time needed to exit can be measured. Multiple trials can be repeated
such that an average value and deviation can be collected.
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Appendix G: FSAE Rules

The design team has compiled the rules that directly or could potentially affect the chassis design.
Werecommend that the reader references the official documentation [9], as it will be more complete
then what we have stated below. We aim to provide brief overview of the key rules that must be
satisfies and point the reader to the official FSAE rules [9] for documentation.

T2.1 Vehicle Configuration

« Car must be open cockpit

.+ Car must have four wheels that are not in a straight line

+ Top 180 must be unobstructed

+ No part may enter the 75mm buffer zone around the wheels

+ There must be no openings (except suspension and cockpit opening) in the body work from
the front of the car to the main hoop/firewall.

Figure 37: FSAE T2.1

2.3 Wheelbase
+ Wheelbase must be at least 1525mm or 60 inches
T3.3 Definitions

« Primary Structure is comprised of the following components
— Main Hoop
Front Hoop

— Roll Hoop Braces and Supports
— Side Impact Structure
— Front Bulkhead

— Front Bulkhead Support System
+ Node-to-node triangulation
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Not OK

Properly Triangulated

Figure 39: Node to Node Triangulation.
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Figure 38: T3.3FSAE.
Minimum Material Requirements
Table 14: Material Requirements
ITEM or APPLICATION OUTSIDE DIMENSION

X WALL THICKNESS

Main & Front Hoops,

Shoulder Harness Mounting Bar

Round 1.0 inch (25.4 mm) x 0.095 inch (2.4 mm)

or Round 25.0 mm x 2.50 mm metric

Side Impact Structure, Front Bulkhead,
Roll Hoop Bracing,
Driver’s Restraint Harness Attachment

(except as noted above)
EV: Accumulator Protection Structure

Round 1.0 inch (25.4 mm) x 0.065 inch (1.65 mm)
or Round 25.0 mm x 1.75 mm metric
or Round 25.4 mm x 1.60 mm metric

or Square 1.00 inch x 1.00 inch x 0.047 inch
or Square 25.0 mm x 25.0 mm x 1.20 mm metric

Front Bulkhead Support, Main Hoop
Bracing Supports

EV: Tractive System Components Protection

Round 1.0 inch (25.4 mm) x 0.047 inch (1.20 mm)
or Round 25.0 mm x 1.5 mm metric

or Round 26.0 mm x 1.2 mm metric

Bent Upper Side-Impact Member (T3.24.3a)

Round 1.375 inch (35.0mm) x 0.047 inch (1.20mm)
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T3.4.1 Minimum Material Requirements

+ Round, mild or alloy, steel tubing (minimum 0.1 % carbon) or based on the alternate framing
rules.

T3.10 Main and Front Roll Hoops - General Requirements
- The driver head and hands must not contact the ground at any rollover attitude

. The frame must include both Main and Front hoops

+ When seated normally and restrained, the helmet of the 95th percentile male and all team’s
drivers must

— Be a minimum of 50.8 mm (2 inches) from the straight line drawn from the top of the main
hoop to the top of the front hoop.

— Be a minimum of 50.8 mm (2 inches) from the straight line drawn from the top of the
main hoop to the lower end of the main hoop bracing if the bracing extends rearwards.

— Be no further rearwards than the rear surface of the main hoop if the main hoop bracing
extends forwards.

- 95th percentile male is defined as the following

— A circle of diameter 200 mm (7.87 inch) will represent the hips and buttocks.
— A circle of diameter 200 mm (7.87 inch) will represent the shoulder/cervical region.
— A circle of diameter 300 mm (11.81 inch) will represent the head (with helmet).

— A straight line measuring 490 mm (19.29 inch) will connect the centers of the two 200 mm
circles.

T3.11 Main Hoop

- The Main hoop must be constructed of a single piece of uncut, continuous, closed section
steel tubing

+ The Main Hoop must extend from the lowest Frame Member on one side of the Frame, up, over
and down the lowest Frame Member on the other side of the Frame.

+ he portions of the Main Roll Hoop that lies above its attachment point to the upper Side
Impact Tube, must be within ten degrees (10) of the vertical.

+ In the side view of the vehicle, any bends in the Main Roll Hoop above its attachment point
to the Major Structure of the Frame must be braced to a node of the Main Hoop Bracing
Support structure. Same tube rules apply to the supports.

+ In the front view of the vehicle, the vertical members of the Main Hoop must be at least 380mm
(15 inch) apart (inside dimension) at the location where the Main Hoop is attached  to the
bottom tubes of the Major Structure of the Frame.
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T3.12 Front Hoop
+ The Front Hoop must extend from the lowest Frame Member on one side of the Frame, up, over,
and down to the lowest Frame Member on the other side of the Frame.

+ With proper triangulation, it is permissible to fabricate the Front Hoop from more than one
piece of tubing.

+ The top-most surface of the Front Hoop must be no lower than the top of the steering wheel in
any angular position.

+ The Front Hoop must be no more than 250 mm (9.8 inches) forward of the steering wheel.
+ Max incline of the front hoop is 20 degrees.

T3.13 Main Hoop Bracing
+ The Main Hoop must be supported by two braces extending in the forward or rearward
direction.

+ If the Main Hoop leans forward, the braces must be forward of the Main Hoop, and if the
Main Hoop leans rearward, the braces must be rearward of the Main Hoop.

+ The Main Hoop braces must be straight, i.e. without any bends

+ The lower end of the Main Hoop Braces must be supported back to the Main Hoop by a minimum
of two Frame Members on each side of the vehicle. (Node points of the side impact attenuators.)

s

T Bracing 16 cm
(6.3 inch) Max
Front Roll Hoop ~.—' Main Roll Hoop
no lower than top ,,"‘ b Braces fore or
of steering wheel N\ afton right and
v N N left sides
DY o T A O / A\, \ Minimum of 30°
s \, Wicluded angle
Bracing 50 mm S/ wih
(2 inch) Max / I\rb_! joop
Front Roll Hoop and Braces
must be integrated into 307 Min. 30° Min

frame and surrounding structure

Figure 40: Main Roll Hoop Rules

T3.13.7 Main Hoop Bracing

+ The lower end of the Main Hoop Braces must be supported back to the Main Hoop by a minimum
of two Frame Members on each side of the vehicle: an upper member and a lower member in a
properly triangulated configuration.

+ The upper support member must attach to the node where the upper Side Impact Member
attaches to the Main Hoop.

+ The lower support member must attach to the node where the lower Side Impact Member
attaches to the Main Hoop.

+ NOTE: Each of the above members can be multiple or bent tubes provided the requirements
of T3.5.5 are met.

+ NOTE: Examples of acceptable configurations of members can be found in Appendix T-4.
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Figure 41: MRH Bracing Configuration

T3.14 Front Hoop Bracing

+ The Front Hoop must be supported by two braces extending in the forward direction on both
sides.

+ The Front Hoop braces must be constructed such that they protect the driver’s legs and
should extend to the structure in front of the driver’s feet.

+ The Front Hoop braces must be attached as near as possible to the top but not more than
50.8 mm (2 in) below the top-most surface of the Front Hoop.

+ The Front Hoop braces must be straight

T3.20 Impact Attenuator
+ Forward of the Front Bulkhead there must be an Impact Attenuator Assembly, consisting of
an Impact Attenuator and an Anti-Intrusion Plate.

+ The Impact Attenuator must be at least 200 mm (7.8 in) long, at least 100 mm (3.9 in) high
and 200 mm (7.8 in) wide for a minimum distance of 200 mm (7.8 in) forward of the Front
Bulkhead and attached securely to the anti-intrusion plate or directly to the front bulkhead.

+ The anti-intrusion plate must be a 1.5 mm (0.060 in) solid steel or 4.0 mm (0.157 in) solid
aluminum plate or approved alternative and attach securely and directly to the front bulkhead.

+ For welded joints the profile of the anti-intrusion plate must extend at least to the centerline
of the Front Bulkhead tubes on all sides.
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T3.24 Side ImpactStructure

+ The Side Impact Structure for tube frame cars must be comprised of at least three tubular
members

+ The upper Side Impact Structural member must connect the Main Hoop and the Front Hoop.
With a 77kg (170 pound) driver seated in the normal driving position all the member must be
at a height between 300 mm (11.8 inches) and 350 mm (13.8 inches) above the ground.

+ The lower Side Impact Structural member must connect the bottom of the Main Hoop and
the bottom of the Front Hoop.

+ The diagonal member must connect the upper and lower members forward of the Main Hoop
and rearward of the Front Hoop.
T4.1 Cockpit Opening
-+ To ensure that the opening giving access to the cockpit is of adequate size, a template shown
below will be inserted.
« It will be held horizontally and inserted vertically until it has passed below the top bar of the
Side Impact Structure
T4.2 Cockpit Internal Cross Section

+ A free vertical cross section, which allows the template show below to be passed horizontally
through the cockpit to a point 200mm (4 inches) rearward of the face of the rearmost pedal when
in the inoperative position.

- If the pedals are adjustable, they will be put in their most forward position.

D l-_ R 5D+mm
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l | 500 mm ]I 150 mm

50 my

) !
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f

for steering
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clearance
only
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l—— 325mm ——]

— *
e =

Figure 42: Cockpit Template (Left), Foot well template (Right).

T4.4 Floor Close-out

« All vehicles must have a floor closeout made of one or more panels, which separate the driver
from the pavement. If multiple panels are used, gaps between panels are not to exceed 3 mm
(1/8 inch).

- The closeout must extend from the foot area to the firewall and prevent track debris from
entering the car.

+ The panels must be made of a solid, non-brittle material.
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T4.5 Firewall
A firewall must separate the driver compartment from all components of the fuel supply, the
engine oil, the liquid cooling systems, and any high voltage system.

« The firewall must be a non-permeable surface made from a rigid, fire resistant material.

+ The vehicle must have a solid, rigid, non-permeable, and fire-resistant surface to separate the
driver from all components of the fuel supply, the engine oil and liquid cooling system. It must
extend high enough such that any point less that 100mm (4) below the driver’s helmet of the
tallest driver is not in a direct line of any of these components.

T4.7 Driver Visibility

+ In the normal seating position, the driver must have at least 200 degrees of visibility.
+ The driver may turn their head or use mirrors to achieve this

« Mirrors must remain in place, and can be adjusted to enable the required visibility throughout
all dynamic’s events

T4.8 Driver Egress
- All drivers must be able to exit the vehicle under 5 seconds.

.+ The egress time begins when the driver is in the fully seated, driving position and ends when
the driver’s feet touch the pavement.

T5.6 Head Restraint

- Head rest restrain must be vertical or near vertical inside view.
+ Have a minimum width of 6 inches.
+ Have a minimum area of 36 sg. inches.

+ Must have a minimum height adjustment of at least 7 inches or have a minimum height of
11 inches.

- Be located so that for each driver:

— The restraint is no more than 25 mm (1 inch) away from the back of the driver’s helmet,
with the driver in their normal driving position.

— The contact point of the back of the drivers helmet on the head restraint is no less than 50
mm (2 inch) from any edge of the head restraint.

+ The restraint, its attachment and mounting must be strong enough to withstand a force of 890
Newtons (200 Ibs. force) applied in a rearward direction.
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T6.6 Jacking Points
+ A jacking point, which can support the cars weight and of engaging the organizers “quick
jacks”, must be provided at the rear of the car.
+ The jacking point is required to be:
— Visible to a person standing 1 meter (3 feet) behind the car.
— Painted orange

Oriented horizontally and perpendicular to the centerline of the car
Made from round, 25 - 29 mm (1 - 1 1/8 inch) O.D. aluminum or steel tube

A minimum of 300 mm (12 inches) long

— Exposed around the lower 180 degrees (180°) of its circumference over a minimum length
of 280 mm (11 in)

The height of the tube is required to be such that:

* There is a minimum of 75 mm (3 in) clearance from the bottom of the tube to the
ground measured at tech inspection.

* With the bottom of the tube 200 mm (7.9 in) above ground, the wheels do not touch
the ground when they are in full rebound.

- Access from the rear of the tube must be unobstructed for at least 300mm of its length.

T6.7 Rollover Stability

- The track and center of gravity of the car must combine to provide adequate rollover stability

+ The vehicle must not roll when tilted at an angle of 60 to the horizontal in either direction,
corresponding to 1.7 G’s.

T11 Fasteners

+ All threaded fasteners utilized in the drivers’ cell structure, steering, breaking, harness, and
suspension must meet or exceed SAE Grade 5, Metric Grade 8.8, and/or AN/MS specifications

- The use of button head, countersunk, pan, flat, or round heads is prohibited in the following

— Primary structure attachments
— Impact Attenuator
— Driver’s Harness

Steering System
— Brake System
— suspension

+ Any bolt joint in the primary structure using either tabs or brackets, must have an edge
distance e/D of 2 or greater.
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