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ABSTRACT

Senior Mechanical Engineering Technology and 
Mechanical Engineering students at the 
University of Cincinnati participate in Baja SAE, 
an intercollegiate engineering design competition 
organized by the Society of Automotive 
Engineers (SAE), as a senior capstone project. 
Included in this report are the specifications of 
design and manufacturing of the 2014 chassis. 
 
 

INTRODUCTION 

The collegiate mini baja competition was 
establish by the Society of Automotive Engineers 
in 1976 at the University of South Carolina.  At 
this competition there were ten teams that 
registered for the events with a total of ninety 
students who participated. This event would 
become an annual event held in three different 
locations within the United States, with the 
purpose of challenging engineering students 
throughout the world to design, manufacture and 
compete a small off-road vehicle. Today the 
competition data have recorded one-hundred 
teams registered, with a total of 989 students that 
have taken part in this competition [5].  For the 
2014 year the University of Cincinnati’s Bearcats 
Baja Design Team is made up of seven 
individuals: Joe Kobs, lead chassis and team 
captain; Dakota Kirtland, lead drivetrain; Zack 
Freije, lead rear suspension; Randy Knepp, lead 
front suspension; Marcus Schmidt, lead gearbox 
design; Anne Schweitzer, lead steering. 
 
 

DESIGN 
 

OBJECTIVES-The primary objectives of this 

year were to first ensure the safety of the driver in 
a worst-case-scenario collision. Second, reduce 

the overall weight of the chassis to 74lbs without 
any mounting tabs installed on the vehicle. Third, 
allow easy engine access to increase service 
efficiency. Fourth, comply with the Society of 
Automotive Engineering Baja rules and 
regulations. Last, to improve overall driver 
ergonomics to allow for a quicker vehicle exit time 
if an emergency were to occur. 
By designing to these specifications, the 2014 
University of Cincinnati Baja race team would 
make another progressive step forward in 
engineering achievements. 
 
 

MATERIAL SELECTION- Baja SAE rules 

state that the primary members of the roll cage 
(which include the Rear Roll Hoop (RRH), Roll 
Hoop Overhead Members (RHO), Front Bracing 
Members (FBM), Lateral Cross Members (LC), 
and Front Lateral Cross Members (FLC)) must 
meet the requirements set forth in Section 
B8.3.12, which state, 
 

“The material used for the Primary Roll 
Cage Members must be:   
  
(A) Circular steel tubing with an 

outside diameter of 25mm (1 in) and a 
wall thickness of 3 mm (0.120 in) and 
a carbon content of at least 0.18%.  

 
OR 
  
(B) A steel shape with bending 

stiffness and bending strength 
exceeding that of circular steel tubing 
with an outside diameter of 25mm 
(1.000 in.) and a wall thickness of 3 
mm (0.120 in.) and a carbon content 
of 0.18%. The wall thickness must be 



 

at least 1.57mm (0.062in.), regardless 
of material or section size. 
Documentation of the equivalency 
must include: 1. Calculations must be 
presented at Technical Inspection 
which proves sufficient bending 
stiffness and bending strength. All 
calculations must be in SI units, to 
three significant figures to the nominal 
tube sizes as specified by the invoice.  
2. Invoices of the roll cage materials 
3. Material tests or certifications, 
which specify the carbon content and 
yield strength. (C) The bending 
stiffness and bending strength must 
be calculated about a neutral axis that 
gives the minimum values.  Bending 
stiffness is considered to be 
proportional to the product EI where: 
E Modulus of elasticity (205 GPa for 
all steels), I Second moment of area 
for the structural cross section 
 
Bending strength is given by:   where: 
S Yield strength (365 MPa for 1018 
steel) c Distance from neutral axis to 
extreme fiber [6]” 

 
Baja SAE rules also have additional requirements 
for the other members of the chassis. While these 
secondary members are not the primary structure 
of the vehicle, they still play a vital role in 
supplying bracing to the primary tubes stating:   
 

“The secondary members: Later 
Diagonal Bracing (LBD), Lower 
Frame Side (LFS), Side Impact 
Member (SIM), For/Aft Bracing (FAB), 
Under Seat Member (USM) must be. 
While secondary members must be 
constructed of steel tubes having a 
minimum wall thickness of 0.035in 
(0.89mm) and a minimum outside 
diameter of 1.0in (25.4mm). To meet 
and exceed this requirement the 
primary tubes were made from 1.250” 
x 0.065” wall and the secondary tubes 
were manufactured using 1.000” OD x 
0.035” wall tube. Both the Primary and 
secondary tube material is 4130 steel 
having a carbon content greater than 
0.18% [6]” 

 
To meet these requirements a table was 
developed with bending stress being the deciding 

factor (Table 1). The material must have a carbon 
content greater than 0.18%. 
 
(Table1) 

 
 
From the chart 4130 chromoly steel tube was 
chosen, not solely based on weight and strength 
but manufacturability as well. The yield stength of 
the material chosen was 111.2 ksi with a carbon 
content of 0.310%. Having a yield strength of this 
amount allowed for a much higher bending stress 
resistance. When calculated, the bending stress 
of the chosen material was 7,577.7 in-lb. which 
would ultimately decrease the amount of 
secondary members needed.  
 

 
 
The primary members of the vehical are made out 
of 1.250” OD x 0.065” wall thickness while the 
secondary members were made from 1.000” OD 
x 0.035” wall thickness.  
 
Because overall weight reduction is such an 

important factor to the design of an SAE baja car, 

the design approach was to select the lightest 

material, then try to design a chassis structure to 

meet sufficient stength levels along with 

complying with the requirements of SAE. If an 

acceptible strength in the worst-case scenario 

could not be reached, then the material’s wall 

thickness would be increased.   

SAE 

Rules 

Datum  

4130 Normalized 

Alloy Steel

Out Side Diameter  (in.) 1.000 1.250

Wall Thickness   (in.) 0.120 0.065

Inside Diameter      (in.) 0.760 1.120

Weight  (lb/ft) 1.120 0.833

Carbon Content   (%) 0.180 0.310

Ultimate Strength  (psi) 97200 118,810

Yield Stregth (Sy)   (psi) 63100 111,170

I (Second Moment of Inertia)   (in.4) 0.033 0.0426

C (Distance from the Neutral axis) (in.) 0.500 0.625

Bending Strength (in-lb) 4128.10 7577.76

Primary Members and Cross Members



 

DESIGN ANALYSIS-The structural layout 

began within Solidworks by placing nodes in 

model space for which the tube center lines would 

connect. By laying the chassis out in this fashion, 

revisions would be an easier process than the 

traditional coordinate layout. In this scenario, 

each node could be manipulated to the exact 

postion needed to achieve an optimal design. 

(Figure 1 ). 

 

 
(Figure 1) 

 

A concept chassis was then developed (Figure 

2). 

 

 
(Figure 2)  

At this point a design review was conducted 

comparing the concept to SAE rules. The chassis 

being evaluated  turned out to have several points 

that were out of specifiction; specifically, driver 

clearance with the side members.  

“The driver’s helmet shall have 152 

mm (6 in.) clearance to the side 

surfaces. The driver’s shoulders, 

torso, hips, thighs, knees, arms, 

elbows, and hands shall have 76 mm 

(3 in.) clearance to the side surfaces. 

[6]”  

These dimensions were checked by configuring a 

model of an individual which would represent the 

largest driver of the car.   

While continuing to revise the model, care was 

continuously taken to ensure that all subsystems 

pick-up points or point of connection were able to 

be met. Then the final model was established 

meeting all driver spacial requirements and tube 

placement rules (Figure 4).  

 

 

 
(Figure 4) 

 

Both the left and right rear members of the frame 

were brought to a much narrower gap in the rear 

than in previous years, with a dimension of 4.00 

in. from center line to center line of each vertical 

portion of the tubes. Doing this allowed for a more 

optimized rear suspension. Another feature was 

the increased length of 4.00 in. in the rear, 



 

allowing the drivetrain to be mounted much closer 

to the bottom tube members, thereby lowering the 

center of gravity[7].  

 The cross member that would support the 

steering column was placed 4.00 in. up from the 

lower end of the FBM members. This placement 

enabled the driver to escape from the vehicle in a 

much easier fashion. The high placement of this 

bar also allowed the driver to be more 

comfortable while driving. In the previous frame 

models, this member was placed lower, causing 

fatigue in the driver’s lower legs. 

The side members had bend incorporated in 

them. This bend radius was lower and more 

forward than in previous years, again increasing 

leg room. Having the side member radii points 

lower and more toward the nose of the vehicle 

also enables the driver to escape more quickly, 

giving him the ablity to exit the vehicle without 

raising his feet as high as or knees as close to 

their chest in an emergency exit. The side 

secondary members were also kept in a parallel 

line with the rear bracing, with the anticipation 

that this would help distribute any force from a 

front or side impact.  

FORCE CALCULATIONS- The overall weight of 

the vehicle was used in the calculations to 

determine the impact force. The overall weight  

chosen was 600 lbs., which converts to a mass of 

18.633 slug. This number was based on a target 

vehicle weight of 350 lbs. plus the weight of a 250 

lb. driver.  

The 9 g’s were selected based on knowledge 

collected from the previous years results, which 

were relative to the University of Cincinnati Baja 

chassis. The 2013 vehicle endured multiple 

collisions. Throughout these collisions the 

chassis did not receive any material deformation. 

The front impacts were calculated based on the 

assumption of the vehicle hitting a tree or 

immovable object at a rate of 32 MPH. The side 

impacts were also calculated in the same 

manner, assuming a vehicle of the same weight 

and speed hitting the side bend radius of the 

frame member. The same scenario applies for a 

rear impact to the vertical members of the rear roll 

hoops.  

 

 

 

 

 

 

The top impact equation was developed on the 

assumption that the vehicle would undergo a free 

fall from a height of 13 ft. (3.96 m) and land on 

only one of the front FBM corners. The mass of 



 

the vehicle in these calculations would remain the 

same. However, since the vehicle is a free falling 

object, an impact velocity equation is used to find 

speed of the chassis at impact.    

 

 

 

OPTIMIZATION 
 

FINITE ELEMENT ANALYSIS-The impact 

forces determined through calculations were 

placed into Finite Element Analysis software 

embedded in SolidWorks. The subprogram, 

Cosmos, allowed a virtual simulation of stresses 

and deformations within the chassis if the frame 

where to encounter a collision during competition 

or testing. The tests conducted were: front, side, 

rear, and top impact, with the goal of finding the 

worst-case scenario. (Figure 5-12) 

 

 

 

 

 

 

Front Impact Stresses 

 32 MPH 

 Stress: 35.7 Ksi 

 

(Figure 5) 

 

Front Displacement 

 0.236 in 

 

(Figure 6) 

 

 

 

 

 



 

 

 

Rear Impact Stresses 

 Vehicle same weight and speed colliding  

(32 MPH) 

 Stress: 73.9 Ksi 

 

 

 

 

 

 

 

 

(Figure 7) 

 

 

Rear Displacement 

 0.600 in 

 

(Figure 8) 

 

 

 

 

 

 

 

 

 

Side Impact Stresses 

 Vehicle same weight and speed colliding 

(32 MPH) 

 Stress: 81.7 Ksi 

 

(Figure 9) 

 

 

Side Displacement 

 0.299 in 

 

(Figure 10) 

 

 

 

 

 

 



 

Top Impact Stress 

 Worst-case scenario 

 Free fall landing on one corner from 13 ft 

in the air 

 Stress: 88.7 ksi 

 FOS 1.2 

 

(Figure 11) 

 

 

Top Displacement 

 0.815 in 

 

(Figure 12) 

 

After identifying the worst-case scenario (top 

impact), the chassis from the previous year 

(modeled as ran in competition) was subjected to 

the same load forces, constraint points, and 

design parameters (material specifications) 

within Solidworks to evaluate a comparison 

between stresses (Figures 13 and14).  

 

2013 Chassis Top Impact Upper Point 

 Free fall from 13 ft 

 Land on one corner 

 Modeled as ran in competition 

 Stress: 101.2 Ksi 

 Displacement: 0.372 in 

 

(Figure 13) 

 

Top Impact Stresses Lower Point 

 Free fall from 13 ft 

 Land on one corner 

 Modeled as ran in competition 

 Stress: 54.9 Ksi 

 Displacement: 0.336 in 

 

 

(Figure 14) 

 

 
 
 



 

MANUFACTURING 
 
BENDING AND PROFILING-Once the tube 

members were laid out with the final dimensions 

and all finite element analysis was finalized, the 

drawings were sent to VR3 Engineering located 

in Ontario, Canada. There the tubes were bent 

and laser coped. Having the tubes bent and 

coped by a company not only allowed for a more 

precise assembly, but also decreased 

manufacture time. The time requirement to 

machine the copes at the team’s own facilities 

was too large.  

WELDING-The tubes were joined together by 

the method of Tungsten Inert Gas Welding (TIG 

welding). TIG welding is a form of welding where 

a tungsten electrode passes an electrical current 

through a piece of metal, heating the surface until 

it turns molten. As the metal is heated, a puddle 

will form, joining two pieces of metal together. 

Because of the high temperatures inflicted on the 

metal, the puddle may leave a concave 

depression, causing a ridge to form on either side 

of the weld. This depression is called undercut. 

Undercut is a source for cracks to start. To 

counter this phenomenon, E70RS-2 filler rod was 

use to fill the voids left from the fusion of the 

welding process.  As the welding process takes 

place, impurities within the atmosphere can 

cause imperfection within the weld, leading to 

porosity. These deficiencies are gas pockets or 

pieces of slag and scale that have entered the 

weld, causing a decrease in weld strength. This 

reduction in strength ultimately leads to weld 

failure. To prevent porosity from happening, 

shielding gas is used to flow over the weld while 

the molten puddle is solidifying. In this case, 

argon was used.  

While being welded, the tubes were set in place 

with digital levels and angle finders to ensure 

proper placement.  

WELD TEST- Baja SAE judges check for weld 

quality throughout the frame. In addition to a 

visual inspection, a weld sample piece must be 

presented to the judges of the competition, 

ensuring welder competence. The requirements 

for the weld test are set in Section B8.3.11: 

 

“B8.3.11 Welding Process Check 
Each person who makes any welded 
joint on any of the vehicle’s roll cage 
elements must personally make two 
welding samples, using the same 
materials and processes as used in 
the roll cage element welds.  All 
welding samples must be submitted 
at Technical Inspection.  Vehicles for 
which complete sets of welding 
samples are not submitted, or for 
which any of the welding samples 
are judged inadequate, will not be 
allowed to compete in dynamic or 
endurance events.  
 
Welding samples must be made from 
the same tube material, diameter, 
and thickness as the welds made by 
each person on the roll cage 
elements. 
 
(A)Sample 1 – Destructive 
Testing: 
 A 90 degree joint, the leg length free 
(Fig 3). This joint must be 
destructively tested causing the joint 
to fail in the base material (as 
opposed to the weld metal). The 
testing method is free-either tensile 
or bending failure may be induced; 
however the peak stress must be 
located at the weld.  In the case of 
bending failure, take care that the 
largest bending moment is located at 
the weld. 
 
(B)Sample 2 – Destructive 
Inspection: 
Two tubes joined at a 30 degree 
angle with a length of at least 150 
mm (5.9 in.) from the center of the 
joint.   
 
The sample must be sectioned along 
the length of tube to reveal adequate 
and uniform weld penetration.[6]” 

 

SUB-COMPONENTS 
 

 Seat Belt  

 Fire extinguisher bracket 

 Belly pan 

 Fire wall 



 

 Body panels 

The seat belt was purchased through Summit 

Racing and contained a certified marked date for 

safety.  

 

The fire extinguisher was donated by Grainger 

Product Distributing.  

 

The belly pan of the vehicle was constructed out 

of T6061-T6 aluminum, with a thickness of 0.050 

in. 

 

The firewall of the vehicle was plasma cam cut 

from T6061-T6 aluminum, having a thickness of 

0.030 in. 

 

The body panels were constructed from 0.020 in. 

sheet plastic and attached to the chassis by Dzus 

fasteners. 

 

Testing 
 

Members of the University of Cincinnati team took 

turns sitting in the vehicle to verify that the driver 

clearance requirements for the driver were 

properly met according to Baja SAE rule 

requirements.   Further testing of the chassis will 

be conducted in the future on the dates of May 

22, 2014 in Pittsburg, Kansas and June 7, 2014 

in Peoria, Illinois. Further testing will also be done 

at Haspin Acres Off-Road & Motocross Park in 

Laurel, Indiana 

 

CONCLUSION 
 

Many changes were made to the chassis this 

year with regards to user ability and engine 

space. The weight of the chassis was decreased 

to 73 lbs. while also maintaining a sound 

structure. Solidworks allowed the optimization of 

these changes to be made, further advancing the 

University of Cincinnati’s SAE Baja team  
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Appendix B 
 

VR3 MATERIAL CUT LIST 

VR3 Engineering 
Cutting Summary       

       

Customer : 
University of 
Cincinnati     

Project: Chassis     

Description: 

Tube Set: SAE 
2014 Baja Tube 
Frame     

Customer dwg file number      

Date: 1/27/2014     

Material: 4130 Steel      

       

Item No Qty Dim 1 Type Dim 2 Dim 3 Additional  

(assy dwg)   Outside Dia 
Wall 
Thickness 

Approx 
Length Features 

  (in.)  (in.) (in.)  

1 1 1.250 rd 0.065 125.86 4 bends 

2 1 1.250 rd 0.065 41.87  

3 1 1.250 rd 0.065 32.74  

4 1 1.250 rd 0.065 33.92  

5 1 1.000 rd 0.035 22.17  

6 1 1.000 rd 0.035 9.16  

7 2 1.000 rd 0.035 11.05  

8 2 1.250 rd 0.065 27  

9 1 1.250 rd 0.065 15.79  

10 1 1.250 rd 0.065 15.79  

11 1 1.250 rd 0.065 14  

12 1 1.250 rd 0.065 14  

13 1 1.250 rd 0.065 21.87  

14 1 1.250 rd 0.065 21.87  

15 1 1.250 rd 0.065 61.02 1 bend 

16 1 1.250 rd 0.065 61.02 1 bend 

17 1 1.250 rd 0.065 20.68  

18 1 1.250 rd 0.065 54.15 1 bend  

19 1 1.250 rd 0.065 54.15 1 bend 

20 1 1.000 rd 0.035 29.79  

21 1 1.000 rd 0.035 29.81  

22 1 1.000 rd 0.035 14.49  



 

23 1 1.000 rd 0.035 14.45  

24 1 1.000 rd 0.035 13.19  

25 1 1.000 rd 0.035 23.63  

26 1 1.000 rd 0.035 23.63  

27 1 1.250 rd 0.065 28.6  

28 1 1.250 rd 0.065 5.5  

29 1 1.250 rd 0.065 12.04  

30 1 1.250 rd 0.065 4.09  

31 1 1.250 rd 0.065 13  

32 1 1.250 rd 0.065 13  

33 1 1.250 rd 0.065 13.5  

34 1 1.250 rd 0.065 14.5  

35 2 1.000 rd 0.035 6.55  

36 1 1.000 rd 0.035 10.24  

37 1 1.000 rd 0.035 10.24  

38 1 1.250 rd 0.065 65.46 3 bends 

39 1 1.250 rd 0.065 44.8 1 bend 

40 1 1.250 rd 0.065 44.8 1 bend 

41 1 1.250 rd 0.065 65.46 3 bends 

42 1 1.000 rd 0.035 11.75  

43 1 1.000 rd 0.035 11.75  

 



 

Appendix C 

CHASSIS BILL OF MATERIAL  
  



 

 

 

 

 

  



 

Appendix D 
 
RESEARCH 
 

 

Isometric view of University of Louisville’s Chassis Cockpit View of University Louisville Frame 

   

Rear View of University of Cornell’s Frame  Isometric view of the 2013 University of Cincinnati Frame 

 

 

  



 

Appendix E 
 

SAE ROLL CAGE RULES 
 

 

B8.1 Objective 
The purpose of the roll cage is to maintain a minimum space surrounding the driver. The cage must be designed and fabricated to 

prevent any failure of the cage’s integrity.  

  
B8.2 Lateral Space  
Minimum space is based on clearances between the driver and a straight edge applied to any two points on the roll cage; an 

example is shown.  The driver’s helmet shall have 152 mm (6 in.) clearance, while the driver’s shoulders, torso, hips, thighs, 

knees, arms, elbows, and hands shall have 76 mm (3 in.) clearance.   Clearances are relative to any driver selected at technical 

inspection, seated in a normal driving position, and wearing all required equipment.  

 

For any member to be a part of the roll cage, that member must conform to B8.3.1, otherwise it is assumed to have no 

contribution (a-arms are an example of members which do not conform to B8.3.1) If there are any triangulating members joining 

the RHO to the vertical members of the Rear Roll Hoop (RRH-B8.3.2), and these triangulating members conform to B8.3.12, 

then the virtual side surfaces may be extended by an outboard crease over the triangulating members. 

 

The driver’s helmet shall have 152 mm (6 in.) clearance to the side surfaces. 

 

The driver’s shoulders, torso, hips, thighs, knees, arms, elbows, and hands shall have 76 mm (3 in.) clearance to the side surfaces. 

 

  
B8.2.1 Vertical Space  
The driver’s helmet shall have 152 mm (6 in.) clearance from any two points among those members that make up to top of the 

roll cage. These members are: the RHO members (exclusive of any covering or padding); the RRH upper, LC; and the LC 

between points C. In an elevation (side) view, no part of the driver's body, shoes, and clothing may extend beyond the envelop of 

the roll cage. 

 

B8.3 Roll Cage Structure 

  

B8.3.1 Elements of the Roll Cage  
The roll cage must be a space frame of tubular steel.  The required members of the roll cage are illustrated in Figs.RC2 and RC4.  

Primary members must conform to B8.3.12.  Primary members are: 

  

Rear Roll Hoop (RRH) 

Roll Hoop Overhead Members (RHO) 

Front Bracing Members (FBM) 

Lateral Cross Member (LC) in Rule B8.3.3 

Front Lateral Cross Member (FLC) in Rule B8.3.4  

  

Secondary members must be steel tubes having a minimum wall thickness of 0.89 mm (.035 in) and a minimum outside diameter 

of 25.4 mm (1.0 in):  Secondary members are: 

 

Lateral Diagonal Bracing (LBD) 

Lower Frame Side (LFS) 

Side Impact Member (SIM) 

Fore/Aft Bracing (FAB) 

Under Seat Member (USM) 

All Other Required Cross Members 

Any tube that is used to mount the safety belts 

  

Roll cage members which are not straight must not extend longer than 711 mm (28 in.) between supports.  Small bend radii 

(<152 mm, 6 in.) at a supported end of a member are expected, and are not considered to make a member not straight. 

 

The minor angle between the two ends of a not-straight tube must not exceed 30°. 

 



 

 

 

Note: Required dimensions between roll cage members are defined by measurements between member center lines, except where 

noted. 

 
B8.3.1.1 Lateral Cross member Requirements  
© 2014 SAE International. All Rights Reserved. Printed in USA 2014 Baja SAE Rules  
                                                                                                       
Lateral cross members cannot be less than 203.5 mm (8 in) long.  They cannot have a bend; however they can be a part of a 

larger, bent tube system, between bends.  The LC’s which connect the left and right points of AF, SF, and C must be made of 

primary materials. 

 

B8.3.2 Rear Roll Hoop (RRH)  
The RRH is a structural panel behind the driver’s back, and defines the back side of the roll cage.  The driver and seat must be 

entirely forward of this panel.  The RRH is substantially vertical, but may incline by up to 20° from vertical.  The minimum 

width of the RRH, measured at a point 686 mm (27 in.) above the inside seat bottom, is 736 mm (29 in.).  The vertical members 

of the RRH may be straight or bent, and are defined as beginning and ending where they intersect the top and bottom horizontal 

planes (points AR and AL, and BR and B in Fig.RC1).  The vertical members must be continuous tubes (i.e., not multiple 

segments joined by welding).  The vertical members must be joined by LC members at the top and bottom.  The LC members 

must be continuous tubes. 

 

 
B8.3.2.1 Rear Roll Hoop Lateral Diagonal Bracing (LDB) 
The RRH must be diagonally braced.  The diagonal brace(s) must extend from one RRH vertical member to the other.  

The top and bottom intersections of the LDB members and the RRH vertical members must be no more than 127 mm  

(5in.) from the RRH top and bottom horizontal planes, respectively.  The angle between the LDB members and the RRH vertical 

members must be greater than or equal to 20°.  Lateral bracing may consist of more than one member. 

 

 

B8.3.3 Roll Hoop Overhead Members (RHO) 

 

The forward ends of the RHO members (intersection with the LC) define points CR and CL (Fig.RC3). Points CR and  
CL must be at least 305 mm (12 in.) forward of a point, in the vehicle’s elevation view, defined by the intersection of the 

RHO members and a vertical line rising from the after end of the seat bottom. This point on the seat is defined by the seat bottom 

intersection with a 101 mm (4 in.) radius circle which touches the seat bottom and the seat back.  The top edge of the template is 

exactly horizontal with respect to gravity. Points CR and CL must also be no lower than the top edge of the template, 1041.4 mm 

(41 in) above the seat.  

    

 Note:  the top edge of the template is exactly horizontal with respect to gravity. 

 

 

B8.3.4 Lower Frame Side Members (LFS) 
The two Lower Frame Side members define the lower right and left edges of the roll cage.  These members are joined to the 

bottom of the RRH and extend generally forward, at least as far as a point forward of every driver’s heels, when seated in normal 

driving position.  The forward ends of the LFS members are joined by an LC, the Front Lateral Cross 

(FLC – Fig. RC4).  The intersection of the LFS members and the FLC define the points AFR and AFL. 

 

B8.3.5 Side Impact Members (SIM) 
The two Side Impact Members define a horizontal mid-plane within the roll cage.  These members are joined to the  
RRH and extend generally forward, at least as far as a point forward of every driver’s toes, when seated in normal driving 

position.  The forward ends of the SIM members are joined by an LC.  The intersection of the SIM members with this LC define 

the points SFR and SFL.  The SIM members must be between 203 mm (8 in.) and 356 mm (14 in.) above the inside seat bottom 

(Fig.RC3).  
 

NOTE: Every driver’s feet must be entirely behind the plane defined by points AFR, and SF is below the driver’s toes then an 

additional LC must run between the FBM members above the driver’s toes.  

 

B8.3.6 Under Seat Member (USM) 

The two LFS members must be joined by the Under Seat Members. The USM must and pass directly below the driver R, L where 

the template in RC3 intersects the seat bottom. The USM must be positioned in such a way to prevent the driver from passing 

through the plane of the LFS in the event of seat failure.  



 

  

 

B8.3.7 Front Bracing Members (FBM)  
 Front bracing members must join the RHO, the SIM and the LFS (Fig. RC5). The upper Front Bracing Members 

(FBM) must join points C on the RHO to the SIM at or behind points SF. The lower Front Bracing Members 

(FBMUPLOW) must join points AF to points SF. The FBM must be continuous tubes. The angle between the FBM. If the LC 

between SF and the vertical must be less than or equal to 45 degrees UP R,L 

 

B8.3.8 Fore/Aft Bracing (FAB) 
 The RRH must be restrained from rotation and bending in the elevation plane by a system of triangulated bracing.   
Bracing must either: 1) Rear Bracing - directly restrain both points B from longitudinal displacement in the event of failure of the 

joints at points C;or 2) Front Bracing - restrain both points C from longitudinal and vertical displacement, thus supporting points 

B through the RHO members.  Better design will result if both front and rear bracing are incorporated.  
 

 Members used in the FAB systems must not exceed 1016 mm (40 in.) in unsupported length.  Triangulation angles  
(projected to the elevation view) must be at least 20°. 

 

B8.3.8.1 Front Bracing  
Front systems of FAB must connect the FBM members to the SIM members (on the same sides).  The intersection with the 

FBMUP 

UP members must be within 127 mm (5 in.) of points C.  The intersection with the SIM members must be vertically supported by 

further members connecting the SIM members to the LFS members.  
 

B8.3.8.2 Rear Bracing  
Rear systems of FAB must create a structural triangle, in the elevation view, on each side of the vehicle.  Each triangle must be 

aft of the RRH, include the RRH vertical side as a member, and have one vertex near Point B and one vertex near either Point S 

or Point A.  
 

The third (after) vertex of each rear bracing triangle must additionally be structurally connected to whichever point, S or  
A, is not part of the structural triangle. This additional connection is considered part of the FAB system, and is subject to 

B8.3.1, but may be formed using multiple joined members, and this assembly of tubes, from endpoint to endpoint, may 

encompass a bend of greater than 30 degrees.  
 

Attachment of rear system FAB must be within 127 mm (5in.) of Point B, and must be within 51 mm (2 in.) of points S and A.  

In the plan view, the rear bracing structural triangles must not be angled more than 20 degrees from the vehicle centerline.  The 

after vertices (right/left) of the FAB structural triangles must be joined by an LC.  
  

 

B8.3.9 RHO/FBM Gusseting 
If the RHO and FBM on one side of the vehicle are not comprised jointly of one tube, bent near point C, then a gusset is required 

at point C to support the joint between the RHO and the FBM.  

The total weld length of the gusset must be 2 times the tubing circumference (of the primary material) Thus, if a tube is 

used to brace the FBM and RHO, it must be a primary tube. 

 

 

 

B8.3.10 Tube Joints 

 

B8.3.10.1 Roll cage element members which are made of multiple tubes, joined by welding, must be reinforced with a welding 

sleeve.  Many roll cage elements are required to be continuous tubes, and may not be made of multiple pieces.  Tubes which are 

joined at an angle need not be sleeved.  
 

B8.3.10.2 Sleeves must be designed to fit tightly on the inside on the joint being reinforced. External sleeves are not allowed.  
Sleeves must extend into each side of the sleeved joint, a length of at least two times the diameter of the tubes being reinforced, 

and be made from steel at least as thick as the tubes being reinforced.   
 

B8.3.10.3 The general arrangement of an acceptable sleeved joint is shown in Fig.RC9.  A butt weld and four rosette welds (two 

on each tube piece, on holes of a minimum diameter of 16 mm (0.625 in.) are required.    

 

B8.3.10.4 A minimum of 4 linear inches of weld is required to secure the sleeve inside the joint, including the butt joint and the 

rosette welds.     

 



 

 

 

B8.3.11 Welding Process Check 

Each person who makes any welded joint on any of the vehicle’s roll cage elements must personally make two welding samples, 

using the same materials and processes as used in the roll cage element welds.  All welding samples must be submitted at 

Technical Inspection.  Vehicles for which complete sets of welding samples are not submitted, or for which any of the welding 

samples are judged inadequate, will not be allowed to compete in dynamic or endurance events.  
 

Welding samples must be made from the same tube material, diameter, and thickness as the welds made by each person on the 

roll cage elements. 

 

 (A)Sample 1 – Destructive Testing: 

 A 90 degree joint, the leg length free (Fig 3). This joint must be destructively tested causing the joint to fail in the base material 

(as opposed to the weld metal). The testing method is free-either tensile or bending failure may be induced; however the peak 

stress must be located at the weld.  In the case of bending failure, take care that the largest bending moment is located at the weld.   

 

(B)Sample 2 – Destructive Inspection: 

Two tubes joined at a 30 degree angle with a length of at least 150 mm (5.9 in.) from the center of the joint( Fig 4 ).   
The sample must be sectioned along the length of tube to reveal adequate and uniform weld penetration (Fig 5). 

 

 

B8.3.12 Roll Cage & Bracing Materials  
The material used for the Primary Roll Cage Members must be:   

  
(A) Circular steel tubing with an outside diameter of 25mm (1 in) and a wall thickness of 3 mm (0.120 in) and a carbon content 

of at least 0.18%.  

 

OR 

  
(B) A steel shape with bending stiffness and bending strength exceeding that of circular steel tubing with an outside diameter of 

25mm (1 in.) and a wall thickness of 3 mm (0.120 in.) and a carbon content of 0.18%. The wall thickness must be at least 1.57 

mm (0.062 in.), regardless of material or section size.   Documentation of the equivalency must include:  
1. Calculations must be presented at Technical Inspection which proves sufficient bending stiffness and bending strength. All 

calculations must be in SI units, to three significant figures to the nominal tube sizes as specified by the invoice.   
2. Invoices of the roll cage materials 

3. Material tests or certifications, which specify the carbon content and yield strength.  
 

(C) The bending stiffness and bending strength must be calculated about a neutral axis that gives the minimum values.   
Bending stiffness is considered to be proportional to the product EI where: 

   

 E Modulus of elasticity (205 GPa for all steels) 

 I Second moment of area for the structural cross section 

 

 

 

 

 

where: 

S Yield strength (365 MPa for 1018 steel) 
c Distance from neutral axis to extreme fiber 

 

B9.2 Driver Exit Time 

All drivers must be able to exit on either side of the vehicle within five (5) seconds.  Exit time begins with the driver in the fully 

seated position, hands in driving position on the connected steering wheel, and wearing the required driver equipment.  Exit time 

will stop when the driver has both feet on the ground.  Driver’s exit time must be demonstrated by a team driver, as selected at 

technical inspection 

 

B9.7 Body Panels 

The cockpit must be fitted with body panels that cover the area between the lower frame side member and the side impact 

member.  No gaps can exist that are larger than 6.35 mm (0.25 in). These panels must be made of plastic, fiberglass, metal or 



 

similar material.  They must be designed to prevent debris and foreign object intrusion into the driver compartment.  The panels 

must be mounted securely to the frame using sound engineering practices (zip ties and Velcro are not acceptable).  
 

B9.8 Belly Pan 

The cockpit must be fitted with a belly pan over the entire length of the cockpit, so that the driver cannot contact the ground and 

is protected from debris while seated normally. Belly pan material must be metal, fiberglass, plastic, or similar material. They 

must be designed to prevent debris and foreign object intrusion into the driver compartment. Expanded metal, fabric, or 

perforated panels are not allowed.  
 

 

 

B9.9 Leg and Foot Shielding 

All steering or suspension links exposed in the cockpit must be shielded with metal. The shielding must prevent the driver’s legs 

and feet from coming in contact, or becoming entangled during operation or a failure. No gaps can exist that are larger than 6.35 

mm (0.25 in) are allowed. The driver’s feet must be completely within the roll cage. 

 

B9.11 Head Restraint 

A head restraint must be provided to limit rearward motion of the driver’s head. The head restraint must be mechanically fastened 

(NO Velcro or adhesive) to the vehicle, preferably the vehicle frame. Head restraints may also be mechanically fastened or 

integral to the driver’s seat   
 

  



 

Appendix F 
 

ROLL CAGE ABBREVIATIONS   



 

 

Appendix G 
 
TOP VIEW  



 

Appendix H 
 

SIDE VIEW   



 

Appendix I 
 

REAR VIEW  
 
  



 

Appendix J 
 

ISOMETIC VIEW  

 

  



 

Appendix K 
 

BUDGET 

 

Amount allowed:$2,500.00 

Amount spent:  $2,543.00 

  



 

Appendix L 
 

SCHEDULE 

 

October       

Date 29                     

All initial dimensions with locations                       

                        

November       

Date 1 3 6 7 8 9 14 16 22 23 28 

All members fitted and trimmed in 
Solidworks                       

Start FEA                        

Change members as needed                       

Continue FEA                       

Confirm pick-up points for steering and 
brakes                       

Place tabs                       

Finalize suspension points                       

Run FEA on suspension placement                       

Adjust members if necessary                       

December         

Date 2 7 8 10 11 12 13         

Finalize rear of car                        

Have all sub-components modeled                       

Run FEA on finalized frame                       

Adjust members if necessary                        

Check dimensions with rules                       

Order frame                       

                        

Date Jan March          

Construction              


