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Abstract 

Most road vehicles are equipped with ventilated disc brakes to prevent overheating that causes 

increased disc wear and potential failure. Heavy vehicle disc brakes operate under severe 

conditions, due to their heavy loading and can, therefore, generate significant heat even at low 

vehicle speeds. We introduce a new class of ventilated disc brake - the highly porous ventilated 

brake disc - that significantly improves the cooling performance of the disc brake beyond 

currently commercially available disc brake designs. To demonstrate the superior performance 

of this new disc brake concept, field tests were conducted on a heavy vehicle at the Gerotek 

oval test track facility. Under controlled conditions, the new brake concept achieves a dramatic 

30% reduction in operating surface temperature in comparison to a conventional OEM disc 

brake. In addition, this new disc brake concept is substantially lighter than current brake discs, 

with a 10% reduction in disc mass, which has significant benefits for vehicle emissions. In this 

presentation, a brief review on the evolution of the design development and field test results are 

discussed. 

 

Keywords: Ventilated brake disc, porous media, thermal performance and characterisation, 

heavy vehicle safety. 
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1. Introduction 

The braking system converts the kinetic energy of the vehicle into heat [1-2], which raises the 

temperature of the brake disc (or rotor) and pads (Fig. 1). Heat build-up occurs at the friction 

interface during braking. While a certain amount of the heat generated is absorbed by brake 

components such as the caliper by conduction, the majority of heat is absorbed by the disc [3-

6]. This heat generation causes elevated operating surface temperatures on the brake disc and 

pads. 

 

 

Figure 1: Conventional brake system showing brake disc with the pin finned ventilated 

disc configuration, pads and caliper 

 

Brake maintenance and safety concerns are associated with heat generation and increased 

braking system operating temperatures. Some of these issues are (a) elevated surface 

temperatures (e.g., 550 °C) that have a detrimental effect on disc and pad wear [7-10], (b) brake 

fade (reduction of brake torque due to a temperature increase) [11-12], and (c) thermal 

distortion and cracking [13-15]. Mew et al. [1] demonstrated that the brake disc structure 

significantly affects the operating disc surface temperature, which in turn affects the wear rate 

of the brake components (i.e., disc and pads) [7-10]. In addition, brake fade poses a significant 

safety concern as it can potentially reduce brake torque by up to 25% [12]. The factors 

leading to brake fade, thermal distortion of the brake geometry, and boiling of the brake 

fluid, are directly caused by excessive disc operating temperatures. Thermal distortion and 

cracking are typically due to circumferential and radial thermal gradients developing within 

the disc during a braking event [13]. Thermal cracking is associated with a low cycle thermo-

mechanical fatigue, which can be mitigated with decreased brake temperature [14]. 

 

The brake temperature is dependent on the individual brake design and the braking mode 

(continuous, repeated, or single stop) [15-17]. For a short single brake application, the 

temperature rise at the friction interface is dominated by the thermal capacity of the disc, 

because the rate of heat application exceeds the rate of heat dissipation. For this reason, a 

solid disc is expected to operate at a lower temperature during a short brake application in 

comparison to a ventilated disc (Fig. 1) as a typical solid disc has approximately 30% more 

mass than a ventilated disc. For longer brake applications, as the temperature of the disc 

increases, the gradient between the disc surfaces and the cooling airflow is increased, resulting 

in a higher rate of heat dissipation via forced convection. For continuous braking (or extended 



HVTT15: A new class of ventilated brake disc  3 

 

braking), the rate of heat dissipation from the disc will ultimately determine the disc 

temperature. As a ventilated disc has larger surface area and increased convective cooling 

in the ventilated channel compared to a solid disc, more heat is dissipated during continuous 

braking, and thus the operating temperature is lower. 

 

Mew et al.[1] introduced a new class of lightweight ventilated brake discs, utilising a highly 

porous metallic open cellular core to further improve the cooling performance of ventilated disc 

brake systems (Fig. 2). The new ventilated brake disc is constructed by integrating a wire-

woven bulk diamond (WBD) core into the ventilated channel of the brake disc. The prototype 

disc is 5% lighter than its OEM counterpart (enhancing lightweighting to reduce emissions) and 

operated at a 15% lower surface temperature when tested on a laboratory rig. The laboratory 

results systematically compared the two brake disc configurations under idealised conditions 

where (1) the discs operated in quiescent air and (2) with no obstructions from the wheel or 

wheel house.  In this study a field test comparison of the WBD disc and OEM counterpart were 

conducted, which aims to confirm the improved performance of the WBD disc under more 

realistic operating conditions, with cross-flow and the obstructions from the wheel and wheel 

house are present. 

 

  

Figure 2: Custom made brake disc with Wire-woven bulk diamond (WBD) core used in 

the ventilated channel 

 

2. Research approach 

2.1 A highly porous ventilated brake disc 

The construction of the new ventilated brake disc is made possible by integrating a wire-woven 

bulk diamond (WBD) core into the ventilated channel of the brake disc. Various periodic 

cellular materials with tetrahedral, pyramidal, and Kagome unit cells have been recently 

developed [18-20]. Studies have shown that such materials have excellent specific strength and 

stiffness as well as heat dissipation capability [21-23], making them a good candidate material 

for lightweight ventilated brake discs where simultaneous thermal and mechanical load bearing 

capabilities are required. Among these cellular materials, the WBD core has shown the most 

potential for this ventilated brake disc application as it has the highest strength. 

 

The WBD disc brake was manufactured by first fabricating the annular WBD core using cold-

rolled mild steel helical wires (SAE1006B) with the wire diameter of 1.5 mm and the helical 

pitch of 19.0 mm. Afterwards, the assembly is sprayed with copper paste (CubondTM grade 

17LR, from SCM Metal Products, Inc.) and brazed at 1120 °C in a de-oxidation atmosphere of 

H2-N2 mixture. The bonding significantly improves the thermo-mechanical performance of the 

WBD compared with un-brazed WBD cores [23]. The single-layered WBD block is 

subsequently cut into an annular shape. After which, the WBD is sandwiched by and brazed 

onto two mild steel rubbing discs. The porosity and surface area density of the WBD core were 

respectively estimated to be ~0.9 and ~255 m2/m3. The equivalent yield strength, maximum 
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strength, and Young’s modulus of the core were measured to be 3.2 MPa, 4.8 MPa, and 

1.08GPa, respectively. The porosity and area density of the conventional pin- finned ventilated 

brake disc is approximately 0.7 and 81 m2/m3. Other dimensions of the WBD brake discs are 

identical to those of the pin-finned brake disc to facilitate a direct comparison of the respective 

cooling performances. 

 

2.2 Field testing details 

A test vehicle (Iveco Eurocargo 120e21 truck) weighing approximately 4310 kg was pulled 

continuously with a towing vehicle (Toyota Corolla 1.8) around the Gerotek’s high speed 

oval track (Pretoria, South Africa), as shown in Fig. 3. The towing vehicle maintained a 

constant speed of approximately 40 km/h using the cruise control function and front brake 

pressure was applied to the test vehicle, for duration of approximately 2 hours, so that the 

front brake disc temperatures can reach steady state condition. The test conditions were 

representative of a constant speed descent of a 5.6% gradient in the extended braking mode. 

 

 

Figure 3: A test vehicle (Iveco Eurocargo 120e21 truck) is towed at constant velocity, 

while the front brake pressure is applied to the test vehicle 

 

Purpose built instrumentation was installed on the test vehicle as shown in Fig. 4. The 

instrumentation controlled the pneumatic front brake line pressure and recorded (1) towing 

force, (2) brake line pressure (front wheels), (3) front wheel speed, and (4) front disc surface 

temperatures. 

 

 
(a)       (b)         (c) 

Figure 4: Instrumentation is installed on the test vehicle, (a) Data acquisition and 

brake control unit, (b) Non- contact IR high temperature sensors and proximity sensor 

fitted to the right wheel, (c) 10 kN load cell with a tow-bar 

 

The braking power can be determined from the product of the towing force and vehicle 

velocity which was held constant by varying the braking pressure using the brake control unit 

inside the cab of the test vehicle. This test was carried out on the pin-finned brake discs 
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provided by the conventional original equipment manufacturer (OEM) (Fig. 5(a)) that were 

fitted to the test vehicle. Subsequently, the WBD ventilated brake discs (Fig. 5(b)) were fitted 

onto the test vehicle and the disc temperatures were recorded over an extended period of 

braking as described previously. 

 

 
(a)       (b)      (c) 

Figure 5: Front brake disc and caliper assembly, (a) OEM ventilated brake disc with 

pin fins, (b) highly porous WBD brake disc, (c) Right front wheel hub assembly with a 

WBD brake disc fitted 

 

3. Field testing results and discussion 

Figure 6(a) shows the variation the braking power over the duration of the field test for the two 

test cases (i.e., the OEM brake disc and the WBD brake discs). To determine the braking force 

(Fb) contribution that is measured from the total towing force (FT) using the load cell, the 

contributions of the mean aerodynamic (Fa) and rolling resistance (Fr) of the test vehicle were 

measured at the test velocity (i.e., 40 km/h) without brake pressure. (i.e., Fa + Fr = 800 N). This 

value was then subtracted from the total measured towing force (i.e., Fb = FT - (Fa + Fr)). During 

the tests, there was a prevailing northerly crosswind blowing across the track with a velocity of 

approximately 3-4 m/s. This cross wind resulted in a periodic fluctuation of the total towing 

force relating to a certain location on the test track. When the OEM disc was tested, the applied 

brake pressure was varied continuously to keep the mean braking power at approximately 

10.8kW. However, in testing the WBD disc the brake pressure was constant and the braking 

power was maintained at approximately 12.4 kW. 

 

Figure 6(b) shows the temporal variation of the left front disc surface temperature that was 

obtained using the non-contact infrared temperature sensor. The results of the field test indicate 

that the steady-state temperature of the WBD disc was approximately 29% lower than the OEM 

ventilated pin-finned disc steady state temperature. Similarly to Fig. 6(a), there was a periodic 

fluctuation of the disc surface temperature, due to the prevailing cross wind. During extended 

braking, as experimentally demonstrated through field testing, the porous core improves the 

internal cooling in the ventilated channel, resulting in reduced operating disc temperature 

compared to the OEM pin-finned brake disc (~29%). The improved cooling is from the 

increased surface area of the WBD core as well as the promoted flow mixing by the three-

dimensional WBD ligaments, which increases heat transfer from the disc to the cooling flow. 

Ultimately the reduced temperatures during extended braking are important because they 

reduce the likelihood of brake fade which can cause a catastrophic accident when a heavy 

vehicle descends a hill. 
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Figure 6: Temporal variation of (a) braking power and (b) disc surface temperature 

using IR temperature sensor 

 

4. Conclusions 

The conducted field test results demonstrated that: 

 The WBD core achieves approximately 29% reduction of surface temperature in 

the extended braking mode in comparison to the conventional OEM pin-finned 

ventilated brake disc for a similar braking power (approximately 10-12 kW). 

 Cooling down tests further confirmed that the WBD core achieves a higher rate of 

cooling with a reduced time constant, indicating that there is enhanced heat transfer in 

comparison to the conventional OEM pin- finned ventilated brake disc. 

 

5. Future work 

Future work will implement: 

 Closed loop control of the applied brake pressure should be implemented to 

maintain constant brake force, and deliver a more stable input brake power. 

 More tests should be conducted under the present test conditions to confirm these results. 

 The effect of velocity and brake power on the cooling performance of the ventilated 

brake disc concepts should also be investigated. 

 Laboratory tests using the brake discs used in current field tests should be conducted 

to confirm the findings of present testing activities. 
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