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Abstract---The proper pedal design work also determines the size of
the master cylinder to be adopted for the vehicle. Depending on the
pedal ratio the work can be extended for the study of pedal travel.
Brake performance is evaluated by the varying pedal ratios and pedal
force other than the standard ratio a slight variation which resulted in
the ratio gives more sustainable results under respective load
conditions. As described in the above work a very slight variation in
the pedal ratios show a large variation in the braking forces.
Therefore by maintaining proper pedal ratios, the length of the pedal
can be made compact and with effective braking effects. This
phenomenon is useful in the case of racing vehicles as it reduces the
effort of the driver.
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Introduction

A brake is a Mechanical element utilizing which artificial frictional resistance is
applied to the moving elements, to stop the motion of the machine, the present
work aims in optimizing the Brake performance by changing the Pedal ratios and
applied Pedal force. In this paper, a Brake disc is designed in Solid Works and the
analysis of the disc is done in ANSYS by varying pedal ratios and pedal forces.
Therefore the main aim of this paper is to evaluate the brake performance by
determining an optimum pedal ratio for easiness and flexibility of the driver.
Generally, the Disc used in the brake system is made of grey cast iron casting
after proper design. Most of the automobile shops will not respond for disc
problems often they used to replace the brake system, this is done where the
service cost is more than the replacement cost but as per mechanical design,
Most of the brake discs are made of gray cast iron, so discs are damaged in one of
three ways Scoring, cracking, Warping or excessive rusting and the type of forces
acting on the brake disc. The deformation or any sorts of stress are developed on
the disc after the application of the forces. There are two types of forces are acting
on the brake pedal, the general tangential force is defined as the force which is
acting on a moving body in the perpendicular direction to the motion of the body,
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with this effect the velocity may increase or decrease. Tangential force (T.F) is
used to determine the stress developed in discs. The tangential force is the
product of the frictional coefficient and caliper force.

Another force is clamping force which is defined as the force pressing each brake
pad against the disc and is the product of brake pressure; area of caliper piston
and the number of pistons, the brake pressure is the ratio of the force on the
brake pedal and the area of the master cylinder. Different forces acting on a disc
brake is shown in figurel. The braking pressure is the tangential friction force
acting between the brake pads and disc, which is calculated by the product of the
force applied by the driver and pedal ratio. The Braking torque is the moment of a
braking force about the center of rotation, which is calculated by the product of
tangential force and radius of the disc. Another parameter is stopping distance
which is the distance moved between the instant when the rider decides to retard
the vehicle moving, and the instant when the vehicle comes to rest. In general, the
stopping distance is depending on factors, like road conditions i.e. rough or
smooth (coefficient of friction), and the driving skills of the driver. As the work
done by the brake is equal to the kinetic energy loosed by the vehicle during that
time the heat dissipated to the surroundings all are equal, means the vehicle loses
the kinetic energy and work done on the brake by equating the work done by the
brake and lose of kinetic energy the stopping distance can be calculated.

1
Tangential force x Distance travelled = Emvz (Kinetic energy)

The factors which are responsible for brake performance are change in pedal
ratio, change of driver applied force on the pedal, change in dimensions i.e.,
diameter of the disc brake, change in velocity of the vehicle, change in material
properties. From these reasons we have considered the variations in the pedal
ratio and relatively the changes in the driver applied force on pedal to determine
the deformations occurring and thus the brake performance.
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Figure 1: Forces acting on a braking system
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Figure 2: Different pedal alignments
About Pedal Ratio

In this work three different conditions are tested for go-kart vehicle based on the
different leverage principles mainly first or second lever principles are adopted in
designing the brake pedal. Brake pedal multiplies the force exerted by the driver
on pedal. Brake pedal alignments are done based on first or second lever
principles. Pedal ratio is the ratio of leverage your clutch pedal applies to the
master cylinder. To determine the pedal ratio you need to measure the height of
the pedal to the pivot point then divided the measurement of the pivot point to the
lower arm that controls your rod to the master cylinder. When a brake pedal gets
modified to “fit” in a vehicle or a booster/master cylinder gets installed where it
“fits” in the car, the pedal ratio is rarely taken into consideration. Proper pedal
ratio is a must when installing and operating a brake system. Below in fig3 shows
how to properly figure pedal ratio:
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Figure 3: Brake pedal ratio

In a manual brake system, the pedal ratio will be between 5:1 and 6:1 and a
power brake system it will be between 4:1 and 5:1. An excellent example is our
Mustang kits for the 1967-1970 years. We include a brake pedal to adjust the
ratio from the manual ratio to the desired power ratio. The new pedal raises the
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upper mounting pivot point about 2 %2”. If the correct pedal ratio is not achieved,
the pedal will be extremely sensitive due to too much pressure being applied too
quickly.

How to Measure Brake Pedal Ratio

When the brake pedal (or clutch pedal) is too hard to push, driving your car
becomes not only difficult, but downright dangerous. Disc brake conversions are
great, but even converting to a power-assist braking system can alter the feel of
the brake pedal, and not all vehicles are capable of using power brakes, so
ensuring that the pedal ratio is correct is paramount to practical and safe
operation of the vehicle. This is a common theme for customized cars, one that is
too often ignored.

A common misunderstanding with master cylinders is selecting the right one. The
main issue with manual brake master cylinders is that the larger the cylinder
bore, the harder it is to press. This is due to the fact that there is more fluid in
front it. The rule of thumb for manual brakes is no larger than 1”7, with 7/8” being
optimum for factory-type master cylinders. Power-assist master cylinders have a
lot of help to move that piston, so they use a larger cylinder bore. Do not use a
power master cylinder in a manual application.

The master cylinder bore size is a key component to getting functional brakes.
Even with the correct master cylinder, the brake pedal ratio is the biggest factor
in pedal effort. Pedal ratio difference in length between the pivot (fulcrum) of the
pedal to the pushrod hole (Y) and the fulcrum to the center of the brake pedal (X).
A power system should have a ratio between 4 and 5:1, where a manual system
should be between 5 and 7:1. Master cylinder with a 1-inch bore and a brake
pedal ratio of 6:1 with 100 pounds of pedal pressure yields 600 pounds of
pressure at the master cylinder. Cut that brake pedal ratio to 4:1, and the
pressure at the master drops to just 400 pounds with the same effort, that is a
significant difference.

Testing and Analysis

In this work different cases are considered based on the literature and overall
length(A+B) (“A” represents distance between pivot to master cylinder and B
indicates the distance between pivot rod to push rod as shown in fig 2) is
considered as 18 cm as most of the go karts will use this pedal ratio. The
following parameters are considered for the pedal force calculation; these values
are taken from the go-kart system developed in our institution. The pedal force
calculations are done by assuming no slip occurs in the brake and the frictional
coefficient as 0.4 as the pedal contains rubber pad, with this anyone can alter the
value of Frictional coefficient.
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Parameters Values
Frictional coefficient 0.4
Master cylinder diameter 10mm
Caliper piston diameter 25.4mm
No. of calipers used 02
Velocity 45km/hr
Pedal length 18cm
Theoretical Output
No | Total length of Length (A) | Length (B) | Pedal Pedal Force
brake pedal(A+B) ratio(A+B/B) | N
1 18 15.5 2.5 7.2 1042
2 18 15 3 6.0 1200
3 18 14.5 3.5 5.1 1345
4 18 14 4 4.5 1500
S 18 13.5 4.5 4.0 1658
6 18 13 S 3.6 1810
No Pedal ratio | Pedal force Driver applied force
1 7.2 1042 168.1
2 6.0 1200 240.0
3 5.1 1345 324.7
4 4.5 1500 428.6
5 4.0 1658 552.7
6 3.6 1810 696.2
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Graph 1: Variation of driver applied force with pedal force
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Modeling Analysis of Disc

From the above graphs it is clear that a slight variation in the pedal ratio resulted
in large variation in the clamping forces and stopping distances a 200 mm
diameter disc is used for the design and analysis of brakes performance. For the
above mentioned diameter the deformations and stress conditions are
determined. Along with dimensions the material properties are important to verify
its performance. The material of disc being used is GREY CAST IRON Grey cast
iron is the traditional material used for brake disc applications for the majority of
the vehicles. Grey cast iron offers superior properties and advantages, and is
more suited to break disc manufacture when compared to other irons such as
ductile (SG) iron and compacted graphite cast iron. The primary advantage of this
grey cast iron is its high thermal conductivity, arising from continuous flake
graphite structure, giving the brake disc the ability to dissipate heat efficiently,
which is essential for the intended applications.

Grey Cast Iron Disc Material Properties

PROPERTIES VALUES
Density 7200kg/m3
Young’s Modulus 110Gpa
Poisson’s ratio 0.28
Thermal conductivity 53.3-54

Based on the above theoretical conclusions and material properties, a brake disc
has been designed for go-kart

Analysis of the Disc

Final considerations which are made for the analysis of the disc Since the
material used is grey cast iron, we have it’s Material Properties and it’s respective
values as- Ultimate tensile strength of grey cast iron as 140-145Mpa and Yield
Strength as 98-276Mpa. Factor of Safety (FOS): In a static structural analysis,
FOS value ranges between 2 to 3. If the FOS value is below or above the range,
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the disc cannot sustain for the given pedal force and pedal ratio. The braking
force which is obtained for different pedal ratios and pedal forces applied is
tabulated as given below. The disc is analyzed for the following pedal forces and
pedal ratios based on that the tangential force is calculated.

Based on the above values and calculations, the results obtained in ANSYS are
CASE 1: Pedal force=1200N, pedal ratio=6:1, Braking Force=35996.72N; FOS=2. 1

CASE 2: Pedal force=1200N, pedal ratio=4.5:1, Braking Force=26336.06N;
FOS=2.8

CASE 3: Pedal force=1200N, Pedal ratio=4.5:0.625, Braking Force=46175.89N;
FOS=1.75



59

CASE 4: Pedal force=1500N, Pedal ratio=6:1, Braking Force=44996.04N;
FOS=1.68

§EEEEESE

CASE 5: Pedal force=1500N, Pedal ratio=4.5:1, Braking Force=33747.84N;
FOS=2.2

CASE 6: Pedal force=1500N, Pedal ratio=4.5:0.625, Braking Force=53996.223N
FOS-1.40
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Comparing the FOS obtained for different Pedal forces and Pedal Ratios FOS
obtained for different cases

Pedal forces Pedal ratios Factor Of Safety(FOS)
1200N 7.2 2.1

1200N 4.5 2.8

1200N 3.6 1.75

1500N 7.2 1.68

1500N 4.5 2.2

1500N 3.6 1.40

Conclusion

The brake disc having a factor of safety (FOS) within the range of 2 to 3 is
sustainable. The disc with a FOS less than 2 or greater than 3 undergoes
distortion and are less sustainable. Theoretically it has been proven using graphs
and calculations that a slight variation in the pedal ratio leads to a large variation
in the clamping forces and stopping distance. As per the analysis, factor of safety
is the basic criteria that determine the sustainability of the disc.

When the structure is said to be steady, the Factor of Safety (FOS) ranges
between 2 — 3.As per the comparisons made from the FOS and as per result from
ANSYS , when the pedal force is 1200N and the pedal ratios are 7.2and 4.5, the
FOS are 2.1 and 2.8 respectively. Hence the disc is sustainable. When the pedal
force is 1500N, and the pedal ratio is 4.5, the FOS is 2.2. Hence in this case too,
the disc is sustainable.

Hence, as the Brake performance is evaluated by the varying pedal ratios and
pedal force other than standard ratio a slight variation which resulted in the ratio
gives more sustainable results under respective load conditions. As described in
the above work a very slight variation in the pedal ratios show a large variation in
the braking forces. Therefore by maintaining proper pedal ratios, the length of
the pedal can be made compact and with effective braking effects. This
phenomenon is useful in case of racing vehicles as it reduces the effort of driver.
The proper pedal design work also determines the size of master cylinder to be
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adopted for the vehicle. Depending on pedal ratio the work can be extended for
study of pedal travel.
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