Everything

You Always

Wanted to Know

About

Racing Disc Brakes

(But Were Afraid to Ask)

Introduction

To be competitive in modern motor racing you have to have good brakes.  With few exceptions, having better brakes than your competitor is as important as having a more powerful engine or a better handling chassis.  The importance of good brakes is often underrated, with the chassis getting the credit when one vehicle is faster through a turn.  Actually, it is better brakes that allow the vehicle to drive deeper into the turn before slowing.  Speed is what racing is all about and good brakes make it possible to go faster.

Disc brake technology used in today’s racing has evolved over the years into the most sophisticated systems ever seen.  Twenty years ago most race cars used drum brakes.  Today, Winston Cup stock cars, to the extent that the rules allow, have more technically advanced brake systems than Formula One cars.  Drum brakes are rarely seen even on Street Stocks.  Today, most Oval Track, Road Race, and Drag Race cars come equipped with lightweight, high performance, aftermarket disc brakes.

Theory and Definitions

Kinetic Energy:

Basic physics tells us that the energy stored in any moving object (kinetic energy), is equal to its mass (weight), multiplied times the square of its velocity (speed).


Kinetic Energy = Mass(weight) x Velocity(Speed) x Velocity(Speed)

A disc brake’s function is to convert that energy of motion, into heat energy by causing friction.  The motion energy that has to be converted to heat energy necessary to stop a vehicle is equal to our formula above.

The amount of energy goes up rapidly with speed making brake performance a critical factor in many forms of motor racing as the following example shows:

A vehicle going 100 mph has four times as much motion energy as a vehicle traveling at 50 mph.  At 200 mph it would have four times the motion energy of the 100 mph vehicle or sixteen times as much as the 50 mph vehicle.

Given identical situations, you would generate the same amount of heat stopping a 3400 pound stock car at Daytona Super Speedway coming into the pits at 200 mph as making sixteen repeated stops from 50 mph in your 3400 pound street car.

Don’t try this at home with your factory installed brakes or you’ll find yourself without brakes after just a few repeated stops.

Coefficient of Friction:

A frequent term you hear when people discuss brake pads is “Coefficient of Friction”(cf)”.  The cf of a material is how “sticky” it is… how much force it takes to drag it across a surface.  Cf is expressed as a decimal fraction, cf = .36 for example.  Cf is the force it takes to drag one material over another divided by the force holding them together.

Example:

If it takes a four pound force to drag a ten pound weight across a table, then the cf between the weight and the table is .4 (4 divided by 10).
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The higher the cf that a brake pad material has the “stickier” or “more bite” it has.  Your vehicle will stop quicker for a given amount of pedal force, if all other things remain unchanged.

The cf of brake pad materials vary with temperature.  Most typical materials used as friction pads in racing have a low cf at low temperatures, then the cf will rise with temperature until it drops off to a low value at a temperature referred to as “fade point.”

The amount of braking you get is proportional to the amount of heat generated despite pad material, rotor size or caliper design.

DISC BRAKE CALIPERS

General Design:

Automotive racing calipers are very specialized hydraulic clamps.  They are usually made from two aluminum housings bolted together for their combination of minimal weight and rigidity.

The major design criteria for high performance calipers are lightness in weight, stiffness, ability to resist heating, ease of pad change, zero drag when not applied, even wear of brake pads and the ability to withstand prolonged high temperature use.

Installation of brake pads occurs by placing them into the middle of the caliper and then retaining the pads by a quick release bail, cotter pin or bridge bolt.

Multi-piston calipers are designed with an external tube connecting the two caliper halves allowing the brake fluid to flow from the inboard housing to the outboard housing.  This method of brake fluid transfer is popular with calipers which operate in the upper temperature ranges as the cooling process is aided by permitting cooler air to flow over the crossover tube.

Smaller housing, multi-piston calipers which are designed for lightweight vehicle applications and/or use in lower operating temperatures my have similar outside fluid transfer tubes.  The more advanced calipers will incorporate internal fluid passages built into the caliper housing elimination the external crossover tube.  This greatly reduces the chance of catastrophic brake failure caused by debris hitting the outside tube puncturing a hole or breaking it off.

GM style, single piston, sliding calipers remain popular with late model stock cars and street stocks.  Due to the fact that they are self aligning, brackets do not need to be perfectly parallel to the rotor, they adjust to pad wear, and inexpensive stock GM style pads, although not racing quality, can be purchased from any local auto parts store.

Racing calipers with two, four or six pistons are typically a fixed mount design which bolts the two mounting ears on the inboard caliper housing directly to a bracket.  The construction and rigidity of the spindle and bracket have a major effect on the stiffness and response of the brake pedal.

Indycar and road racing utilize a radial mount design.  This is when the spindle incorporates two vertically mounted studs that locate through the inboard caliper housing and are then nutted on the top of the caliper housing.  The inboard half of the caliper essentially becomes part of the vehicle’s suspension reducing caliper flex and increasing the driver’s pedal feel and pedal response.

All brake pads, when heated, emit gasses that build up between the face of the brake pad and the face of the rotor creating a cushion of air (gas), at the trailing end of the pad.  Over time, calipers with four pistons of the same size will experience uneven wear of the brake pads leaving a substantial amount of unused pad material at the trailing end of the pad.

The more sophisticated racing brake calipers have differential piston bores.  That is, they are designed with a smaller piston on the rotor entry of the caliper, when the car is moving forward, and a larger piston at the exit end of the caliper.

What occurs is a slight reduction of clamping force at the entrance of the caliper and an increase in the clamping force at the exit end, thus compensating for the gas build-up and providing even pad wear.

The net result is a caliper that will wear the pads evenly giving the driver longer pad life and more pad surface contact with the rotor increasing total braking force.

Caliper Pistons:

In order to reduce the heat transfer from the brake pad backing plate to the brake fluid, the pathway along the caliper piston should be as narrow and long as possible.

Caliper pistons should be a thin wall, deep cut design and constructed from low thermal conductivity metals.  Common materials used for caliper pistons are aluminum, mild steel, stainless steel or titanium, depending upon the temperature range the caliper will be operating within.

Due to the rapid rate of thermal heat transfer, aluminum and mild steels have become less popular within the automotive racing industry.  Stainless steel has become the material of choice with a very low thermal heat transfer status and its cost is fairly inexpensive.

Titanium is the best choice of piston materials with virtually no thermal heat transfer, but the high cost of materials and machining has left titanium for the larger budget teams.

Cross holes, drilled near the opening of the piston, permit cool air to flow through the piston cavity promoting heat evacuation of any hot air trapped inside of the piston behind the pad backing plate.

Heat Shielding of Calipers:

With the advent of high friction pads and carbon-carbon brake systems, higher operating temperatures have required the development of internally shielding the brake caliper with stainless steel shields.  Installed inside the rotor area of the caliper, the stainless steel shields reflect back radiant heat and retard thermal heat absorption into the caliper housing reducing the chance of fluid boiling.

Shielding, used in conjunction with stainless steel pistons, have become popular in the efforts to manage these extreme temperatures that racing calipers experience in today’s racing environments.

Piston Seals and Location:

Racing calipers are available with two different piston seal designs and two different seal locations, all of which produce dramatically different results after the release of the brake pedal.

1.  The most common seal location design is placing the seal groove in the caliper housing approximately .100( in from the opening of the piston bore.  Installing the seal in this location will draw the piston back a measured amount into the housing after release of the brake pedal.  Although this reduces brake drag, it places the seal close to the heat sources increasing the chance of seal damage under severe temperature applications.

2.  Location the seal groove on the piston itself, approximately .100( from the bottom end of the piston, will push the piston out towards the rotor a measured amount after release of the brake pedal.  This location keeps the seal far from the heat source eliminating chances of damage from heat and reduces excessive pedal travel.

3.  Square cut seals, placed in either location, reduces the amount of retraction or push of the piston after release of the brake pedal.  The square cut design is intended to keep the piston out close to the brake pad an rotor reducing overall pedal travel.

4.  Traditional, round style o-rings will increase the amount of piston retraction or push of the piston when placed in either seal groove location.

Choosing Large or Small Piston Sizes:

All aluminum racing disc brake calipers have some amount of flex when pressure is applied, making a caliper design as stiff as possible an important consideration.  A stiffer caliper will result in a firmer more responsive pedal feel and allow greater mechanical advantage in the brake system with less pedal effort.  This becomes especially important in a brake system that must operate at high temperatures.  As temperatures increase, calipers become more flexible and brake fluids become more compressible resulting in a spongy pedal feel.

Racers demand light weight and stiff in their caliper requirements and that creates a compromise in caliper design.

The current design trend is to use calipers with smaller piston diameters that allows lighter weight housings to be used and run them at higher pressures.  Large piston diameter calipers, (2” or larger), are mechanically weak because the bulk of the housing has been machined out to make room for the large pistons forcing the designer to beef up the housing for strength greatly increasing the caliper weight.

By the use of smaller pistons and smaller master cylinder bore sizes with higher coefficient of friction brake pads, greater brake forces can be generated at higher temperatures while reducing sprung and unsprung weight simultaneously.

ROTORS

Function:

The brake rotor, or disc, is where the action is in a disc brake system.  The Kinetic Energy stored in a moving object, (race car), must be converted into heat energy.  This heat required to stop a moving vehicle is created by friction between the brake pads and the rotor surface.  The heat is absorbed into the rotor and then disbursed into the atmosphere through radiation and conduction after it exits the caliper getting ready to absorb more heat as it enters the caliper again.

Vented Rotor… Curved Vane vs. Straight Vane Design:

There is a great deal of diversity in vented rotor designs.  Vented rotors are usually designed and cast hollow with internal vanes for cooling.  The vanes aid in rotor cooling by drawing cooler air from the center and pumping it through the rotor internally to the outside.  The greater the number of vanes, the more surface area available for the heat to dissipate from.

Vented rotors are available with straight or curved shaped vanes.  The curved vane is typically longer than a straight vane thus increasing the rotor strength and surface area given the number of vanes are equal.  The increased surface area allows curved vane rotors to run much cooler than the straight vane rotors.  Curved vane requires the use of right and left handed rotors and are more difficult to manufacture increasing their cost.

Rotor Choice:

Choosing a particular size rotor that is right for you varies greatly with the characteristics of the race car.  Weight of the vehicle, wheel diameter, tire adhesion along with many other factors play an important role in this selection process.  Basic rules to follow, are to select a standard rotor with as large a diameter as can fit in the wheel.  This will aid in gaining mechanical leverage.  Rotor width will be determined by the amount of heat generated during a race.  Normally, a 1.25” wide rotor is sufficient for general applications.

Cross Drilling:

Cross drilling cast iron, vented rotors has advantages and disadvantages.  On the plus side a significant amount of rotating weight has been removed, typically about two pounds per rotor, reducing rotating, unsprung weight.  Other features include increased cooling, relief of gasses and increased “bite” from all the edges of the holes.

On the negative side, rotor life will be significantly reduced as the holes create stress points and the risk of serious cracking increases dramatically.

Grooved Rotors:

Grooved face rotors are a standard feature on most high end, high performance rotors where extreme temperatures are maintained.  The grooves improve the cleaning of the brake pad keeping a fresh surface in contact with the rotor face helping to eliminate glazing.  In addition, the grooves provide an escape route for the brake pad gasses generated by those high temperatures.

Bedding Rotors In:

All cast iron rotors require a “bedding in” to stabilize the rotor and improve resistance to cracking.

Always bed-in new rotors with a used set of pads, preferably ones which will not create heat rapidly.  Generating heat too quickly will thermal shock the rotors and accelerate cracking.

Rotor surfaces should always be free from oils, grease and brake fluid to ensure proper contact between the two surfaces.

Close down 75% of the air ducts to expedite the bedding-in process.  Out on the track make several medium deceleration stops to heat up the disc slowly reducing the chance of thermal shock.

Accelerate to a high speed (100-120 mph) and apply the brakes bringing the race car down to a slow speed (30-60 mph) and repeat this process until the rotors start to turn an orange color.  (approximately 1000 degrees F.)  Do not apply brakes during acceleration.

Once you have reached approximately 1000 degrees, pull into the pits and allow the rotors to cool to ambient air temperature.  The bedding-in procedure has now been completed.

Rotor Runout:

Most high quality rotors are blanchard ground to ensure the rotor surfaces are flat and parallel.  Hubs, bearings and other components have machining tolerances causing rotor runout.  An allowable amount of runout is .005-.008.  You can adjust the runout by placing shims between the rotor and hub or hat and checking it weekly.

Fixed Mount or Floating Rotor:

There are two different styles of mounting the rotor.  Most common is the fixed mount, where the rotor is bolted directly to the hub or hat.  The fixed mount provides strength, rigidity and security making any change over a quick and simple procedure.

The floating style allows a small amount of axial float which permits the rotor to take an ideal position inside the caliper.  This can reduce pedal travel in the case of piston knock back and allow for differential thermal expansion of the rotor and hat.

Cast Iron Rotors:

Cast iron is the most common material used for automotive racing rotors.  It has excellent strength at high temperatures and does not warp after severe thermal cycling.  In some cases, during heavy thermal cycling, iron rotors have shown a tendency to heat check and even crack.  The cracking problems have become accelerated in the last few years due to the introduction of new non-asbestos pad materials.  These new materials have considerably higher coefficient of friction and higher temperature fade point.  Research has been ongoing to improve the cast iron composition, heat treating and refining the designs to eliminate these problems.  Cast iron cannot be described as a high tech material, but it is still the best practical material around despite all attempts to find lighter weight replacements.

Steel Rotors:

Steel rotors are widely used in motor racing applications where rapid thermal cycling tends to crack a cast iron rotor or low rotating weight is desired.  The steel rotor provides excellent strength, characteristics, can be cross drilled for reduced rotating weight and is resistant to cracking.  Under extreme temperature cycling steel rotors will experience some form of warp and/ or shrink.

Carbon Carbon Rotors:

Carbon fiber rotors (carbon rotors) are by far the most technologically sophisticated rotors currently available.  Carbon carbon fiber is a composite material made of carbon fibers in a carbon matrix.  It is extremely light, has a very high coefficient of friction (cf = .5 to .8) and can withstand incredibly high temperatures without warping or cracking.  The main appeal of carbon fiber rotors is the weight factor.  They are approximately half the unsprung rotating weight of iron rotors and are used successfully in NHRA drag racing, Late Model Oval Track and some forms of Road Racing.

On the down side, carbon fiber rotors tend to increase fluid boiling problems in the caliper, which necessitates the use of heat shielded calipers, and the cost if prohibitive for most racers although prices continue to drop as volume increases.

The brake pads in a carbon fiber system are required to be constructed from the same materials as the rotor itself.  Any attempt to operate a conventional semi-metallic brake pad with carbon rotor will turn the carbon rotor to dust in a matter of seconds.

Because the pads in carbon brakes are as good at conducting heat as the rotor itself, the pads actually get hotter than the rotor.  Having the hottest part of the brake inside of the caliper makes it difficult to keep the brakes from boiling.  (See section on caliper heat shielding).

Carbon fiber itself is very expensive, (usually about $100 per pound), and the process required to manufacture it into a brake rotor is exotic and time consuming.  Typical prices for carbon carbon rotors vary from $1000 to $3000 each, which has led carbon fiber rotors being outlawed in most forms of motor racing.

Ceramics and Rotors:

The latest technology has come from the aerospace industry and the use of ceramics.

Specific ceramic coatings, whether applied to a traditional cast iron rotor or applied onto an exotic material such as titanium has properties which will increase coefficient of friction as much as 35%.

A completely different form of ceramic coating is applied to the inside of the rotor’s vane area which accelerates heat dissipation as much as 50%.

When the two ceramics are applied onto one rotor a performance transformation occurs changing the vehicles braking capabilities completely.

The temperature between the pad and ceramic coating #1 increases dramatically resulting is higher coefficient of friction and a 35% increase in stopping power.  The increased braking is felt immediately with no lag time or warm up required.

While the surface temperature increases, tremendous amounts of heat are forced into the rotor.  Ceramic coating #2 rapidly draws the heat through the rotor into the vane area accelerating the heat dissipation by over 50%.

Net result is 35% increase in stopping power, 50% increase in heat dissipation brake pad life and rotor life is extended.

BRAKE PADS

Semi-Metallic Lining Materials:

There has been a tremendous amount of technological advances in brake pad materials in the last few years.  In addition to the advances, governmental constraints on asbestos based materials have forced the development of non-asbestos materials which has changed the way racers stop their vehicles.

These new compounds generally do not fade, they have a higher coefficient of friction than asbestos based pads, which means increased rotor temperatures and allows the driver to use the brakes more, causing all new problems to arise.

With asbestos pads, at certain temperatures the pads would start to fade alerting the driver to back off the brakes permitting them to cool down before heavy braking again.  Today, the pads will not fade, removing that early warning system, so the driver uses the brakes more until the fluid boils and/ or seals melt resulting in a total brake system failure.

Solutions to these new problems has been the development of 1) heat shielded calipers, 2) improved brake fluids and 3) brake fluid recirculators.

Pad Selection:

Proper selection of friction pads is a critical part of a high performance disc brake system.  It is important to analyze your vehicles braking requirements based upon track demands and driver braking tendencies and then select a pad compound which satisfies these needs.  The proper compound  for you can only be found through trial and error process and/ or contacting the technical department at the brake pad or caliper manufacturer for their recommendations.

Without being confused by pad manufacturer’s terminology using high tech sounding words such as carbon, kevlar, high metallic, etc., look for pads that have high levels of coefficient of friction (lots of bite), in the temperature range that is most common for your type of racing.

Temperature paint is readily available for rotors so you can determine what temperature range your brake system is operating within.  Then the proper pad compound can be selected.

Low Temperature Compound Pads:

Low temperature applications are generally used in applications such as street cars, drag racing, street rods, and some forms of dirt racing where brake temperatures remain low or the races are very short and high temperatures are not experienced.

Low temperature, semi metallic brake pads will provide excellent stopping at cold to medium temperatures.  At higher temperatures they will not fade, but will experience accelerated wear.

BRAKE PEDAL SELECTION

Mechanical Leverage/Pedal Ratio:

Mechanical leverage or pedal ratio, is the ratio calculated from the length from the pivot point of the pedal to the center of the foot pad (A), divided by the length from the pivot point to the master cylinder pushrod (B).  (See diagram below).
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Mechanical leverage is simply a means of increasing the PSI without increasing your leg effort.

As “A” gets longer and “B” gets shorter, the mechanical leverage increases.  Without pushing harder on the pedal your PSI will increase.  The disadvantage is that the pedal stroke also increases, requiring you to push the pedal further.

With a 1” master cylinder stroke, a 100 pound push on the pedal and the pedal has a 4:1 ratio the pressure is 4 x 100 = 400, and the stroke is 4 x 1 = 4 inches.  With a 100 pound push on the pedal and the pedal has a 6:1 ratio the pressure is 6 x 100 = 600, and the stroke is 6 x 1 = 6 inches.

If you are uncertain about which pedal ratio is right for your application, usually a 6:1 ratio is an excellent starting point.


BRAKE BALANCING

Different  Methods of Balancing:

Brake balance is an important part of any racing brake system.  All forms of motor racing utilize some form of brake balance system to help their vehicles stop straight or set it to enter the corners.

Brake balance can be adjusted by using one or more of three different methods.  Brake pedals with adjustable balance bars are the most often used, adjustable proportioning valves and calipers with different piston diameters (front to rear).  Each one of these methods are widely used and each has their advantages.

The Balance Bar:

The balance bar is an adjustable lever, (usually a threaded rod), that pivots on a spherical bearing and uses two separate master cylinders for the front and rear brakes.  Most balance bars are part of a pedal assembly that also provides a mounting for the master cylinders.  When the balance bar is centered, it pushes equally on both master cylinders creating equal pressure, given that the master cylinders are the same size bore.  When adjusted as far as possible toward one master cylinder it will push approximately twice as hard on that cylinder as the other.

The advantages of an adjustable balance bar and dual master cylinders are, brake proportioning can be adjusted by use of different size master cylinder bores for front and rear brakes; front to rear brake balance can be fine tuned by adjusting the balance bar, and with two independent hydraulic systems if one master cylinder should fail the other system will remain functional.

With the brake pedal depressed, the balance bar must be perpendicular to the master cylinder pushrods.  (See figure A).  Thread the master cylinder pushrods through their respective clevises to obtain this position.  Threading one pushrod into its respective clevis means threading the other one out the same amount.  Sometimes this will lead to a cocked balance bar when the pedal is in its relaxed position.  (See figure B).  This is perfectly acceptable as long as each master cylinder pushrod is completely returned against the back of the master cylinder when the pedal is relaxed and the balance bar is perpendicular to the master cylinder when the pedal is depressed.

[image: image3.jpg]



If your system looks like figure “C” re-read the above paragraph.

In dirt and short track stock car racing, pedals with balance bars are a very important part of the vehicle.  As track conditions and vehicle handling changes, it becomes necessary to alter the balance quickly.  Cables attached from the balance bar to knobs or cranks, similar to a drill auger, are two popular methods of adjusting the balance bar during racing conditions.

Adjustable Proportioning valves:

The adjustable proportioning valve is basically a device which reduces pressure that is conducted through by approximately 50%.  When the knob is screwed in, (closest to housing), the valve has no effect.  With the knob completely out, the valve reduces 50 to 60% at pressures above 100 to 300 psi, depending on the brand being used.  Adjustable proportioning valves are recommended for reducing the amount of rear brake pressure, preventing lock up during hard braking on drag race and street vehicles.

Caliper Piston Area:

Setting the brake balance can be accomplished by combining calipers of two different piston areas to achieve the proper front to rear ratio required.

To calculate the piston area of a caliper:

3.1417 x radius of the piston x radius of the piston x half the number of pistons.

(If only one piston, multiply by 1)

If you want the ratio front to rear to be 2:1, the front caliper piston area must be twice that of the rear caliper piston area.

This is an expensive solution requiring an inventory of custom calipers with various piston sizes, but it keeps the brake system simple and reliable as possible.

MASTER CYLINDERS

Choosing the Correct Bore Size:

Selecting the proper size mater cylinder is critical to putting together a good braking system for your vehicle.

Master cylinder requirements are linked to pedal ratios.  (See brake pedal section).

The pedal ratios are based upon 150 pounds of maximum force on the lever/pedal to attain the maximum rated pressure for the master cylinder.

If the master cylinder bore size is decreased and the pedal ratio and push on the pedal remain the same, the fluid pressure (PSI) and the stroke will both increase.

Example:

A.  With a 4:1 pedal ratio and a 100 pound push on the pedal, 400 pounds of push will be produced on the master cylinder.  With a 1” bore master cylinder, the piston area is .78 square inches and the pressure developed is 400/.78 = 513 PSI.

B.  To move .60 cubic inches of fluid, the stroke is .60/.78 = .77”.

C.  With a ¾” bore master cylinder, the piston area is .44 square inches and with the pedal ratio and push remaining the same as example (A), the pressure developed is 400/.44 = 909 PSI.

D.  To move .60 cubic inches of fluid the stroke is .60/.44 = 1.4”.

In examples (A) and (C), the pressure was increased in (C) by decreasing the master cylinder bore size.  In examples (B) and (D), the stroke increased in (D) by decreasing the bore size.

If you experience too much pedal travel, you will have to either increase the master cylinder bore size (increasing volume), or decrease the pedal ratio.  Both of these options will have a net effect of decreasing PSI while also decreasing pedal travel.

BRAKE FLUID:

Dry/Wet Boiling Point:

Due to the extreme temperatures that racing brake systems operate at, standard off the shelf brake fluids will not meet these high temperature demands.  Of critical importance is the dry boiling point rating that indicates the fluid’s ability to handle these high temperatures after fresh fluid has just been bled into the system.

The dry boiling point is the temperature a brake fluid will boil at in its virgin, non-contaminated state.  The highest temperature dry boiling point available to date is 570 degrees F. in a DOT 3 or DOT 4 brake fluid.

The wet boiling point is the temperature a brake fluid will boil at after it has been fully saturated with moisture.  The DOT requirement for wet boiling point is a minimum temperature of 284 degrees F.

Obviously, when you add fresh fluid to your existing system the new brake fluid is mixed with contaminated fluid lowering the boiling point of your fresh fluid, further stressing the importance of starting with the highest temperature fluid available.

Moisture:

There are many ways for moisture to enter your brake system.  Condensation, washing your vehicle and humidity are the most common, with little hope of prevention.

All glycol based fluids, DOT 3 and DOT 4, will absorb unwanted moisture over time and lower the boiling point of the fluid.  Changing your fluid before every race will maintain that optimal higher boiling point critical to fluid boiling prevention.

DOT 5 vs. DOT3/DOT 4:

Although DOT 5 fluid possesses a dry boiling point of 650 degrees F., the use of DOT 5 fluids should be discussed before using it in your high performance vehicle.

To its advantage, DOT 5 fluid has a higher boiling point temperature than DOT 3 and DOT 4 brake fluids and DOT 5 will not absorb water.

As previously discussed, moisture gets into your brake system.  In a DOT 5 system water won’t mix with the brake fluid, so the beads of water travel through the brake line and collect behind the pistons in the caliper.

Since it is not uncommon under racing conditions for the brake calipers to reach temperatures higher than 350 degrees Fahrenheit, those tiny beads of water that have collected behind the caliper pistons will boil at 212 degrees F.  The water boils creating a gas, the gasses expand pushing the pistons out against the pad and rotor and you have just created vapor lock.

BRAKE FLUID RECIRCULATORS

Since the development of the high friction, semi-metallic brake pads, fluid boiling has become an increasing problem in motor racing.  Caliper temperatures are up, rotor temperatures are up and the heat is not being dissipated fast enough through the rotor to keep the brake system cool where you can race a 100 lapper without losing your pedal.

A brake fluid recirculator is a simple valve which opens and closes with the pump of the brake pedal permitting fresh, cool brake fluid to circulate through the brake caliper.  (See basic plumbing diagram below).
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Given that you have recently flushed the system with new brake fluid, the contaminated fluid is returned to the master cylinder and replaced with fresh maintaining the integrity of the fluid in the caliper.

In some forms of motor racing the recirculator has become the necessity due to rule restrictions on rotor size, wheel size, and even a limit on air ducting.

Classes where these restrictions are not enforced the majority of problems could be solved with less expensive alternatives such as air ducts, larger diameter rotors, and the simplest solution of all, flushing the brake fluid prior to each race.

RESIDUAL PRESSURE VALVES

Fluid Flow Back:

Street rods an in many forms of motor racing the master cylinder is installed in a location equal to or below the level of the brake calipers.   As the vehicle sits, or during periods without braking, gravity causes the brake fluid to evacuate the calipers and drain back into the master cylinder reservoir.  This creates a vacuum effect in the caliper and draws the caliper pistons back into the caliper housing.  The first time you step on the brake pedal it travels to the floor and the driver must pump the pedal several times in order to bring it back up to the top pushing all of the caliper pistons out to a point where they press against the pad backing plates.

2 Pound Residual Pressure Valve:

For disc brake applications, the installation of a 2 pound residual pressure valve is required.

Mounted just outside the master cylinder, this valve will maintain 2 pounds of line pressure on the system at all times eliminating the flow back of the brake fluid and pedal pumping.

The constant 2 pound line pressure will not create any form of brake drag, but will significantly improve the feel of the pedal.

10 Pound Residual Pressure Valve:

For drum brake applications, the installation of a 10 pound residual pressure valve is required.

Again, mounted just outside the master cylinder, this valve maintains 10 pounds of line pressure on the system at all times compensating for any residual fluid flow back as well as the return spring in the drum housing.

Caution:  Do not install 10 pound residual valve on a disc brake system or brake line as severe brake drag will occur.

Disc/Drum Brake Systems:

In applications where disc brakes are installed on the front of the vehicle and drum brakes are in the rear of the vehicle the proper method would be to install a 2 pound valve in the front brake line and a 10 pound valve installed in the rear line just outside of the master cylinder.

BLEEDING THE BRAKE SYSTEM

Fresh Brake Fluid:

Always start a race with fresh, high temperature racing brake fluid!!
This will assure high performance usage from the brake system.  Never reuse old fluid as it is contaminated from contact from foreign materials and after going through a few thermal cycling probably has started to chemically breakdown.

Bleed Master Cylinder:

After filling the reservoir with high temperature, racing brake fluid, mount it lightly in a bench vise with the outlet hole pointing upward.  Open the outlet hole and begin to gently stroke the pushrod allowing trapped air to escape.  Place your finger over the outlet hole each time you retract the pushrod so as to not such in new air.

Repeat procedure until air no longer comes out of the master cylinder, plug outlet hole and install in the vehicle.

Caliper Bleed Screws Pointing Straight Up:

During the bleeding procedure it is critical that the caliper bleed screws are in the vertical position in order to let all of the trapped air escape.  If necessary, unbolt one mounting ear of the caliper and swing it to the vertical position installing a spacer between the pistons of pads eliminating piston over travel.

Bleeding Procedure:

Before starting you will require the proper size bleed screw wrench, a clear soda bottle, and 18” of clear aquarium tubing to fit over the bleed screw.

Fill the bottle with approximately 2” of brake fluid and insert one end of the tubing below the level of the brake fluid.  Attach the other end to the bleed screw to be bled.

Start with the outside bleed screw of the caliper furthest from the master cylinder and then move to the inside bleed screw, each time stroking the pedal gently until no evidence of air remains.  (Remember to close the bleed screw each time before the return stroke of the pedal).

Move to the next caliper furthest from the master cylinder and repeat procedure until all calipers have been bled.

Caution:  Frequently check the level of fluid in the reservoir so air will not be pumped into the system.

CONCLUSION

Every driver has braking habits that are different from the next driver, and every track has braking demands different than other tracks.  Therefore, not one standard set-up is correct for the masses or even for a particular track.

This information is meant to be a guideline for you to make a knowledgeable choice of components when purchasing your initial brake system.  Component choices should be based around your particular driving habits and track demands.

A fine tuned brake system is as important as dialing in your chassis set-up and will make your race car get around the track faster.

