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ABSTRACT 

This paper examines the wear li fe limitations of conventional disc brake pads, how annular 
brake pads can extend pad longevity and improve performance and NVH effects, the 
impediments to utili zing annular pads in automotive applications using existing actuation 
methodologies, and demonstrates that a circular caliper employing a coaxial helical pad 
advance mechanism is a superior method of advancing annular brake pads into rotor contact, 
providing uniform pad to rotor engagement and ampli fied actuation force.  
 
 
1. INTRODUCTION 
 
Although it is generally acknowledged that disc brakes offer improved braking performance 
over equivalently sized drum brakes, conventional caliper disc brake pads typically provide 
significantly less friction material volume than drum brake linings. This often results in 
limited brake pad li fe with consequent additional vehicle downtime and increased 
replacement and service costs. This is of particular interest to operators of heavy vehicles such 
as trucks and trailers, especially in the USA, where drum brakes predominate. 
  
While disc brakes provide increased brake torque and fade resisting characteristics over drum 
brakes, conventional calipers and brake pads leave room for improvement in cost related 
areas, particularly brake pad and rotor wear. These issues can be addressed by employing 
annular brake pads, which due to their large surface area and uniform pad to rotor contact 
offer opportunities for increased friction material volume and extended pad and rotor li fe. 
 
Advancing annular pads into uniform rotor contact reliably, eff iciently and affordably have 
been the fundamental design challenges to annular pad usage in automotive applications. Past 
and current approaches tried with varying degrees of success include annular pistons, 
diaphragms and glands, and aircraft-style multiple piston arrays. Such solutions are often 
complex, costly or necessitate problematic technologies. 



 
2. DISC PAD AND DRUM LINING COMPARISON 
 
Disc brakes have become the predominant automotive braking system due to their superior 
brake torque and fade resistant properties when compared to alternative braking methods 
employed since the early days of the automobile, most commonly the drum brake.  
 
Disc brake pad volume can be increased by making the pads thicker and/or increasing the 
length of the pad. Thicker pads necessitate a stronger, stiffer caliper structure to resist the 
greater leverage forces that a wider caliper creates; thicker pads also require increased wear 
adjustment travel. Longer brake pads require that uniform force be applied along the length of 
the pad to prevent pad taper, necessitating a stiffer caliper structure that incorporates 
additional actuation devices. Therefore, any significant increase in brake pad thickness or 
length requires a larger, stiffer, more complex caliper mechanism, with accompanying 
increases in weight and cost. 
 
An optimum solution would offer the fade resisting properties of a disc brake with the large 
friction material volume of a drum brake, embodied in a stiff caliper structure providing 
uniform engagement force over the entire friction surface with a minimum of actuators.  
 
 
3. ANNULAR BRAKE PAD ADVANTAGES 
 
While disc brakes provide superior performance to drum brakes, conventional caliper disc 
brakes leave room for improvements in the following areas: 
 
3.1 Pad li fe and wear  
Pad li fe is directly proportional to the volume of pad material available to be worn away. For 
equivalent wear li fe, the volume of a conventional pad may be redistributed over the surface 
of the annular brake pad and the resulting in a significantly thinner pad having equivalent 
wear volume. The annular pad's large surface area, about seven times that of conventional 
brake pads, enables a relatively small i ncrease in pad depth to significantly increase the wear 
volume and extend pad li fe.  
 
The greater wear volume provides the brake designer with more options, including offering 
slightly thicker pads having significantly greater wear li fe, a narrower radial pad sweep 
resulting in a larger effective radius for increased brake torque, or thicker pads of faster 
wearing materials of lower material cost.  
 
 
 
 
 
 
 
 
 
 

Fig. 1  Annular brake pads are significantly thinner than conventional  
pads yet can provide equivalent or greater  fr iction mater ial volume 



 
Annular pads prevent the occurrence of pad taper [1] as they are in constant contact during 
actuation and do not have leading and traili ng edges which can result in non-uniform loading 
on conventional pads. 
 
3.2 Thermal management 
Uneven heating of brake rotors can temporarily cause, or increase, thickness variation, and 
sometimes can produce a primary thermal buckling that warps the rotor into a washboard with 
three (sometimes five) high spots per revolution [2], [3]. 
 
Uneven rotor cooling in the case of a vehicle parked immediately following strenuous braking 
can cause the area of rotor under the brake pads to cool more slowly than the portion of the 
rotor open to the atmosphere, resulting in uneven thermal stresses in the rotor and leading to 
pad imprinting, residual internal stresses, and potentially catastrophic material failure. 
 
Annular friction contact results in uniform generation and distribution of heat at the pad and 
rotor interface and dissipates the heat over a significantly larger surface area. This results in 
lower pad temperatures which promote uniform evacuation of heat from the rotor and pads. 
 
3.3 Noise, vibration and harshness 
3.3.1 Brake disc hot spots and resultant thermal judder 
Variations in the thermal distribution of friction created energy are minimized due to 
continual contact between the brake rotor and annular pads.  Further minimizing effects occur 
due to the partial heat transfer to the caliper housing through the pad itself, thereby reducing 
the total heat entering the rotor. 
 
3.3.2 Rotor wear and thickness variation  
Rotor high spots are in constant contact with the pad during braking.  The constant contact 
avoids the phenomenon of a singularity event of a thick or thin zone on the rotor encountering 
and then exiting the pad zone.  When the singularity events are eliminated, the reactive torque 
from the caliper structure is avoided which leads to minimal excitation or pulsation 
transmitted into the brake support structure.  
 
Continual contact of the rotor also creates a bridging effect whereby the structure of the pad 
maintains a high degree of planarity which avoids the effect of a pad segment to conform or 
follow the contour of the rotor [4]. Uniform rotor wear eliminates the harshness related to 
excessive rotor runout. 
 
3.3.3 Rotor deflection and oscill ation  
Uniform pressure at engagement of the annular pads reduce sensitivity to rotor deflection and 
oscill ation; annular pads promote system stabili ty by reducing frictional excitation (1), (2). 
 
 
4. IMPEDIMENTS TO ANNULAR PADS IN AUTOMOTIVE APPLICATIONS 
 
Disc brakes with annular pads or friction surfaces are not new. They have been fitted to large 
commercial, transport and military aircraft for many years, and are used in a wide range of 
industrial braking applications in construction, industrial, marine and mining equipment. The 
friction clutch, a torque transmission device closely related to the disc brake, is a good 
example of the accepted usage of annular friction surfaces. Although the automotive industry 



understands the potential performance benefits adoption has been hindered by technical or 
cost penalties associated with the methods of applying clamping force developed thus far. 
 
4.1 The following annular  pad engagement mechanisms have met with varying degrees 
of success with respect to automotive applications: 
 
4.1.1 Annular diaphragms or glands, hydraulically or pneumatically actuated 
Possible reliabili ty issues; the diaphragm material can be susceptible to heat deterioration and 
operational fatigue; hydraulic fluid vulnerable to overheating; sensitive to thermal expansion 
variations; not compatible with full electric actuation. 
 
4.1.2 A radial array of hydraulic cylinders, as used in current aircraft brakes 
Requires a complex, multiple cylinder pressure plate housing structure; expensive to 
manufacture and maintain.  
 
 
 
 
 
 
 
 
 

 
 
 

            Fig. 2  Annular diaphragm disc brake          Fig. 3  Multiple Piston Aircr aft Brake          
 

4.1.3 Annular pistons, hydraulically or pneumatically actuated 
Expensive to manufacture; large piston seals are prone to damage and wear; hydraulic fluid 
vulnerable to overheating; sensitive to thermal expansion variations.  
 
4.2 The major impediments to annular  pad usage in automotive brakes have been: 
The lack of a suitable means of brake pad engagement. The design challenge is to advance 
annular pads into uniform rotor contact simply, economically and reliably.  
 
The manufacturing cost of annular brakes have typically been higher than equivalent 
conventional caliper brakes, and while the benefits derived are longer pad li fe and minimized 
NVH and thermal issues, the overriding factor for automotive brake manufacture is cost. 
 
4.3 Annular  pad actuation mechanisms for automotive applications must therefore 
satisfy the following criteria: 
·  Comparable or reduced manufacture and operational cost 
·  Comparable or reduced size and weight 
·  Industry-standard reliability 
·  Comparable or improved ease of service and repair 
·  Comparable or improved performance in brake torque and NVH 
 
 



5. A PRACTICAL SOLUTION 
 
Braking Technologies Ltd. has created an annular brake pad caliper mechanism, named the 
CirCal™ brake, that is able to meet the abovementioned criteria. The brake, which has patents 
issued and pending, is based on proven mechanical principles with no dependence on exotic 
or breakthrough materials or technologies.  
 
 
 
              
 
 
 
 
 
 
 
 
 
 
 
 
 
The CirCal brake's properties derive from its coaxial helical pad advance motion and its 
annular brake pads. These allow for fewer actuators, increased brake torque, improved heat 
dissipation, reduced complexity and size. Because the design increases the number of 
geometric variables, the CirCal brake can be configured in a variety of ways to optimize 
performance, pad wear, rotor size, brake envelope and thermal dissipation. 
 
5.1 The CirCal brake helical action:  
·  Enables uniform actuation force over the full friction contact area, providing even wear 

and homogenous heat generation, dispersion, and dissipation. 
·  Is compatible with direct mechanical, hydraulic-over-mechanical, pneumatic-over-

mechanical or electric-over-mechanical configurations.  
·  Is compatible with Antilock Braking Systems (ABS), Brake-by-Wire (EBS), Electronic 

Stabili ty Control (ESC), Automatic Brake Assist Systems, and Traction Control Systems. 
·  Requires a single actuator to apply uniform pad to rotor engagement; additional actuators 

can be employed for redundancy, fail -safe functionali ty or for applying higher forces. 
·  Allows the actuator to be thermally isolated from the active friction surfaces to avoid 

excessive thermal effects on fluids or related components. 
·  Enables the actuator to be a separate component for replacement and service without the 

cost of replacing the rest of the caliper assembly. 
·  Ampli fies actuation force as a result of its inherent mechanical advantage enabling higher 

brake torque from a given rotor or equivalent brake torque from a smaller diameter rotor. 
·  Provides higher performance brakes in the same dimensional envelope as a conventional 

caliper disc brake, or a more compact brake of equal or better performance than 
conventional caliper disc brakes. In heavy duty applications the CirCal brake can provide 
the performance of disc brakes with the long lining li fe of drum brakes.  

 

Fig. 3  CirCal brake design for 
automotive applications 

 

Fig. 4  CirCal caliper support housing and 
pressure plate showing helical elements  



5.2 The Helical Mechanism: 
The helical mechanism can comprise helical “screw-thread” segments or rolli ng elements 
such as track rollers in helical tracks or ball bearings in helical races. 
 
Protection of the helical mechanism is effected by protective seals at the inner and outer 
boundaries of the helical section to prevent contaminants from compromising the helical 
features and reducing its wear li fe or altering its actuation eff iciency. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 5  Transparent and cutaway views showing the CirCal brake  
employing coaxial helical thread segments and protective seals 

 
 
5.3 CirCal Brake Design Advantages and Benefits: 
5.3.1 Increased brake pad li fe 
Since pad volume equals pad li fe, the CirCal brake's large pad surface area - about 8 to 10 
times that of conventional brake pads - enables a relatively small i ncrease in pad depth to 
significantly increase pad volume and pad longevity.  
 
5.3.2 Improved performance 
The CirCal system is compatible with multiple rotors and stators as commonly configured for 
aircraft brakes. The brake can be configured to increase the brake factor through the 
mechanical advantage of the helical advance mechanism by altering the helical advance ratio. 
 
5.3.3 NVH improvements 
The helical advance mechanism assures a uniform application of the clamping force between 
pad and rotor surface.  This uniformity minimizes any eccentric effects of the brake torque 
and the attendant oscill ations that occur. 
 
Conventional caliper disc brakes can encounter a singularity event on each rotation that 
occurs when a discrete location of rotor thickness variation, surface friction change, hardness 
difference, sudden thermal gradient, or other rotor characteristic encounters a leading or 
traili ng edge of a brake pad. Such encounters can initiate displacements or reactive forces 
which are then transmitted through the brake structure and are identified as NVH issues. The 
uniformly applied annular brake pads maintain full contact with the rotor during application 
and such singularity events do not occur. This characteristic can inhibit noise inducing 
vibrations and oscill ations, reduce hot-spot judder, and decrease rotor deflection.  
 
Continuous circular contact of the pad also maintains uniform rotor wear which eliminates the 
harshness associated with caliper system runout and extends the life of friction materials and 



rotors. Increased brake torque due to ampli fied clamping forces permit pad materials having a 
lower friction coeff icient with equivalent stopping power. Lower coeff icient of friction pad 
materials tend to inhibit noise creation and can reduce pad and rotor wear. 
 
5.3.4 Improved thermal management: 
The distribution of material volume in annular pads results in significantly thinner pads which 
allows eff icient heat conduction through the pad material into the pad backing plates and 
brake structure for improved dissipation. Heat conducted into the backing plates and 
subsequently dispersed via and dissipated from the brake structure means less heat absorbed 
by the pad material and rotor. Furthermore, since heat is uniformly distributed over the large 
surface area of the annular brake pads the overall pad temperature is reduced.  Alternate pad 
materials with higher thermal conductivity can be further utili zed to change the balance of 
heat transfer and dissipation. 
 
The CirCal system's actuator is typically located behind the pressure plate and so is isolated 
from the pads and rotor heat generation source, thus preventing overheating of hydraulic fluid, 
or electric linear actuators in brake-by-wire systems. 
 
The isolated location of the actuator/s permits the CirCal brake design to conduct heat through 
the pads into the pad backing plates and into the brake housing structure for maximized 
dissipation. The housing structure can be optimally designed and shaped to maximize heat 
flux and dissipation. Ribs and vents can be incorporated to increase the external surface area 
and to assist cooling airflow. 
 
The annular pad's significantly larger surface area allows the rotor's swept depth to be reduced 
in order to optimize airflow through the rotor's internal vents. If the swept depth was reduced 
by 50% there would still be 5 to 6 times more pad contact area than conventional pads. This 
reduction in rotor swept depth may be implemented to achieve a larger effective radius, or 
used to reduce the rotor diameter, thereby reducing the size of the whole brake structure. 
 
5.3.5 Improved rotor design 
As described earlier, the annular pad structure redistributes the wear volume of a conventional 
pad. At the discretion of the designer, the radial distance of rotor contact can be varied with a 
corresponding change in pad thickness to maintain wear li fe. As the radial distance of contact 
is reduced, the effective brake radius is increased, improving brake torque. With the reduced 
radial contact distance, the designer has the option of altering the rotor structure such that the 
inside radius of a vented rotor is larger while maintaining the same outside radius as the 
original. This leads to shorter air paths along the rotor vanes and permits optimization of the 
vanes over a wider range of rotation speeds. 
 
The CirCal brake design permits the use of wider vented rotors. The thinner pads that result 
from distributing the conventional pad wear volume around annular pads also yield a 
reduction in the overall width of the brake structure. Correspondingly, the brake structure can 
be maintained at the original width with the thinner pads permitting the use of wider rotors. 
This increase in rotor width can be further exploited to optimize the thermal performance of 
the rotor with larger, more eff icient air paths between the vanes, even to the point of 
incorporating additional dissipating surfaces inside the air passages of the rotor.  
 
 
 



5.3.6 Size, weight and packaging  
Permits narrower caliper width due to thinner pad material and lack of axial pistons. Increased 
brake torque due to amplified clamping forces permits smaller diameter rotors with equivalent 
braking performance.  
 
5.3.7 Simplicity of actuator design and location 
The CirCal system requires a single actuator, allowing ease of assembly and service. A single 
hydraulic cylinder permits shorter piston seal length, leading to improved reliabili ty. The 
operation of the actuator does not require it to be separate from the housing and decisions 
regarding implementation are entirely at the discretion of the designer for strategic business or 
service purposes.  In the case of pneumatic actuation the CirCal system permits the pneumatic 
chamber to be located on or near the caliper mechanism, or in the conventional pneumatic 
drum brake location so as to util ize the S-cam mechanism to actuate the CirCal caliper. 
 
5.3.8 System advantages 
Increased brake torque due to ampli fied clamping forces permit smaller diameter, lighter 
weight rotors which enable smaller wheels and tires, and corresponding  reduced unsprung 
weight. Ampli fied actuation force permits the use of smaller vacuum boosters. 
 
5.3.9 Manufacturing options and opportunities 
The circular configuration of the brake structure in conjunction with the actuator location 
flexibil ity permits a variety of manufacturing designs, processes and materials beyond those 
common to conventional calipers to achieve cost and weight savings.  
 
 
6. PROOF OF CONCEPT AND PREDICTED PERFORMANCE 
 
6.1 Proof of Concept:  
A prototype CirCal rear brake for a road racing kart (many racing karts employ a single rear 
disc brake and no front brakes) functioned as intended in 12 consecutive stops from 70mph. 
To test the helical mechanism’s ampli fied clamping force a 160mm rotor was used in place of 
the standard 200mm rotor. Although the CirCal caliper structure was not optimized for heat 
dissipation, and the smaller rotor not designed for such use, and did overheat, the stopping 
power was nonetheless impressive and demonstrated the potential of the CirCal design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6  CirCal prototype 160mm disc 
brake mounted on a road racing kar t 

Fig. 7  Prototype kar t rear brake 
showing helical guide tracks and 

single hydraulic actuator  



 
6.2 Predicted Performance: 
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6.3 CirCal Brake Factor : 
Brake Factor is the ratio of Force Input divided by Force Output and reflects the mechanical 
advantage created by a particular brake mechanism. The Brake Factor for drum brakes is 
typically around 4.  The calculation for conventional caliper disc brakes results in a Brake 
Factor equal to 2 x the mu of the brake pad material, and ranges typically between .72 and .8.  
The predicted typical CirCal Brake Factor of between 2.4 and 3.4 is mainly dependant on the 
helix advance ratio and is indicative of the net mechanical advantage created by the helical 
pad advance mechanism; this helical ampli fication permits a smaller input force to achieve 
equivalent or greater brake torque for a given rotor diameter. 
 
 
7. CONCLUSION 
 
This paper presented the brake pad wear li fe and performance advantages that annular brake 
pads can offer in automotive disc brake applications, and proposes that these benefits can be 
economically and reliably achieved using a mechanical coaxial helical mechanism such as the 
CirCal brake system to advance the annular pads into rotor contact. 
 
As with all engineering solutions, choices and tradeoffs between cost, weight, size, 
performance and reliabil ity must be made. The CirCal brake’s coaxial helical mechanism with 
its annular pad configuration offers the automotive brake designer a broader range of choices 
than traditional caliper designs, allowing a more refined decision process to configure a brake 
with appropriate feature, function, and cost benefits.  
 
Because full circle pad brakes thus far have not been successfully adopted for motor vehicle 
use, there is a dearth of data and information on NVH issues with regard to the moderating 
effect that full circle pads can provide. This needs to receive much greater scrutiny in the 
future to validate the potential full circle pads represent for the automotive brake industry. 
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