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ABSTRACT 
Brakes can be considered the most important safety feature on a vehicle and must be maintained to ensure optimal performance. 
Brake testing machines provide a rapid method of investigating the performance of a vehicle’s brakes and assessing whether 
they meet roadworthiness criteria. However, it is important for vehicle owners and roads authorities to understand the differences 
between brake testing methods, their advantages, their limitations, and to have confidence in the results they provide. This study 
presents an investigation of the ability of four brake testing methods to detect mechanical or hydraulic faults on light vehicles. A 
test vehicle, representative of a common passenger vehicle, was professionally fitted with equipment to enable the control and 
measurement of the brake pressure applied to individual wheels. A brake pedal robot that could supply a repeatable and consistent 
brake application force was also installed. Data was collected during a series of tests performed over two days at a private airstrip. 
In each test, a brake fault condition in the test vehicle was simulated by reducing the maximum brake pressures at individual 
wheels. The vehicle was then tested three times with a plate brake tester, a roller brake tester, a portable decelerometer, and 
during a high-speed stopping distance test (from 80 km/h). 

KEYWORDS 
Brake testing; Roller brake tester; Plate brake tester; Decelerometer; Brake fault; Brake testing; Stopping distance; SafeTstop 
 

 

 



 

CASR Road Safety Research Report | Brake testing: what faults can be found? 
iii 

Summary 
The objective of this study was to investigate the ability of four brake testing methods to recognise 
mechanical or hydraulic brake faults on light vehicles. Brakes can be considered the most important 
safety feature on a vehicle and must be maintained to ensure optimal performance. Even for modern 
vehicles with advanced electronic systems, the mechanical operation of brakes has changed little over 
the last decades. That is, a pair of friction pads mounted to calipers, and activated through a hydraulic 
system, which clamp onto a rotor attached to the wheels of the vehicle. A mechanical or hydraulic fault 
is unlikely to be identified by an electronic system and, as such, brake testing today is just as relevant 
as ever. 

Brake testing machines provide a rapid method of investigating the performance of a vehicle’s brakes 
and measuring them against roadworthiness criteria. However, it is important for vehicle owners and 
roads authorities to understand the differences between brake testing methods, their advantages and 
their limitations. It is also vital that all those involved are able to understand and interpret results, and to 
have confidence in them. 

A test vehicle, representative of a common passenger vehicle, was professionally fitted with equipment 
enabling the control and measurement of the brake pressure applied to individual wheels. A brake pedal 
robot that could supply a repeatable and consistent brake application force was also installed. Four 
examples of commonly used brake testing equipment were acquired for the study: 

• A SafeTstop plate brake tester, 

• A Vehicle Inspection Systems roller brake tester,  

• A Circuitlink Brake-Testa portable decelerometer, and  

• A Racelogic Vbox 3iSL GPS data logger for use in high-speed stopping distance tests. 

Data was collected during a series of test sets performed over two days at a private airstrip. In each test 
set, a brake fault condition in the test vehicle was simulated by adjusting the maximum brake pressures 
at individual wheels. The vehicle was then tested three times with each piece of brake testing equipment. 

The implemented brake fault conditions all resulted in an increase to the test vehicle’s stopping distance. 
The largest increase in stopping distance was over 75%, equating to an extra 20 metres for a vehicle 
travelling at 80 km/h. 

During each of the brake fault conditions, the reported deceleration values from each of the brake testing 
methods were investigated and compared to the reported baseline deceleration (no brake fault). Despite 
differences in reported baseline decelerations, the results of all the testing methods were affected in 
similar ways with respect to the severity of the implemented brake fault conditions.  

Both the plate brake tester and the roller brake tester were able to report left to right imbalance in brake 
forces. Additionally, the plate brake tester was able to provide a measurement of front to rear brake 
force balance. 

The minimum brake performance criteria from the NSW Authorised Inspection Scheme were used to 
explore how the results from each brake testing method would have been assessed. Similar brake 
performance criteria are also used in New Zealand and most other Australian jurisdictions. Alarmingly, 
there were instances where severe brake faults would have passed the brake performance criteria. 
These included faults where both rear brakes were completely disabled, both front brakes were limited 
to 66% of maximum brake pressure, and both front brakes were limited to 54% of maximum brake 
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pressure, leading to increases in stopping distances of 30.0%, 45.8%, and 73.5% respectively. Based 
on the results of this study, it is suggested that a review of brake performance criteria is warranted. 

The results reported by each of the brake testing methods were reviewed individually, and their ability 
to detect mechanical or hydraulic faults was summarised. 

The high-speed stopping distance test reported the highest level of deceleration and the largest change 
in deceleration over the set of brake fault conditions tested. As such, this testing method was considered 
to have the best ability to measure deceleration. However, a measure of deceleration (in isolation) is 
not sufficient to detect faulty brakes, unless a vehicle’s stopping power was severely compromised. In 
addition, the testing method is unable to detect any kind of imbalance in a vehicle’s brakes. This means 
that faults which affect just a single wheel would not be identified. 

The plate brake tester measures brake forces at each individual wheel and offered the most information 
about the performance of the test vehicle’s brakes, including peak and average deceleration, left to right 
brake force imbalance, and front to rear brake force balance. During this study, the plate brake tester 
reported results that were consistent with all the adjustments to brake pressure implemented. As such, 
the plate brake tester was considered to offer the most comprehensive report on a vehicle’s brakes and 
identified brake faults that reduced stopping power as well as left to right imbalance on either axle. By 
measuring the front to rear brake force balance, the plate brake tester identified when the rear brakes 
were severely compromised, but the vehicle still provided a relatively high overall deceleration.  

The roller brake tester was able to report on peak deceleration and the left to right brake force imbalance 
on the front and rear axle. The results reported by the roller brake tester were inconsistent with those of 
the other brake testing methods as well as the implemented brake fault conditions. The peak 
deceleration measurements reported by the roller brake tester were consistently low. The reported peak 
deceleration values were reduced for fault conditions that affected the rear wheels, but not conditions 
that affected the front wheels. Similarly, the roller brake tester was able to accurately identify left to right 
brake force imbalance on the rear axle, but not for the front axle.  

The decelerometer produced results that were comparable to the high-speed stopping distance test. As 
such, the decelerometer was considered capable of providing a reasonable understanding of a vehicle’s 
deceleration. This was not sufficient to identify faulty brakes, apart from situations where a vehicle’s 
stopping power was severely compromised. Additionally, the decelerometer was not able to measure 
left to right brake force imbalance and would therefore be unable to identify faults affecting individual 
wheels. 
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1 Introduction 
The ability of a vehicle to brake effectively in an emergency situation is crucial for the safety of the 
occupants and other road users. Indeed, brakes could be considered the most important crash 
avoidance system on a motor vehicle. Small reductions in brake performance can lead to large changes 
in impact speed, and increased risk of serious injury or death. 

The brakes on modern vehicles feature numerous advanced electronic systems that assist with the 
braking task by monitoring, boosting, or regulating the brake forces. However, the mechanism that 
generates the braking force remains essentially the same as it was several decades ago; a pair of friction 
pads mounted to calipers, and activated through a hydraulic system, which clamp onto a rotor attached 
to the wheels of the vehicle. A mechanical or hydraulic fault is unlikely to be identified by an electronic 
system and, as such, brake testing today is just as relevant as ever. 

At market introduction, the performance of vehicle braking systems are regulated in Australia though 
Australian Design Rule (ADR) 31. This standard prescribes minimum braking performance for 
passenger cars and assesses this by measuring the stopping distance in relation to the initial speed of 
the vehicle, or by measuring the average deceleration over the stopping distance, in a suite of tests.  

Once a vehicle has been purchased, it becomes the owner’s responsibility to ensure the brakes are 
operating to an adequate standard. This requires regular maintenance during which components, like 
worn brake pads, will be replaced. However, while maintenance will keep a brake system performing 
well, many common mechanical and hydraulic brake faults can reduce the braking efficiency of a vehicle. 
These faults can result in conditions such as under braking, brake drag, brake pull, brake grab and over 
braking, or brake shudder. These can range from mild and unnoticeable, to severe, where braking is 
severely compromised. Faults can develop over time and may be imperceptible to a driver. 

To screen for faults, it is common for brakes to be inspected on a regular basis (often at the same time 
as other maintenance is being performed). In some Australian jurisdictions, and in New Zealand, the 
details and regularity of light vehicle inspections are mandated by law. Other jurisdictions allow vehicle 
owners to determine their own safety inspection schedule, but do conduct audits to review compliance 
with safety criteria.  

While manual mechanical investigations still occur, it is common for brakes to be inspected using 
specialised brake testing equipment. This equipment quantifies brake performance rapidly without any 
requirement for labour intensive component disassembly and visual inspection. There is an expectation 
from vehicle owners and authorities that brake testing will detect deficient brakes and identify 
mechanical or hydraulic faults. 

The objective of this study was to investigate the ability of various brake testing methods to identify 
mechanical and hydraulic faults on light vehicles. Furthermore, the study sought to explore the 
appropriateness of the brake performance criteria for roadworthiness in Australian and New Zealand. 

In Section 2 a review of literature on relevant background topics is presented, including the prevalence 
of brake faults in the general fleet and their effects on safety, the effectiveness of vehicle inspection 
schemes, and a review of brake testing equipment. Then, Section 3 describes the methodology of the 
current study exploring how well four brake testing methods can detect faults in a vehicle’s braking 
system. This is followed by a presentation of the results from each brake testing method in Section 4, 
and an exploration of these results against the NSW roadworthiness criteria in Section 5. A discussion 
of the study outcomes is provided in Section 6. 
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2 Background 
This section provides some background on the topics relevant to this study. A brief literature review was 
conducted to assist with informing this background discussion. The focus of this literature review was 
light vehicles, but heavy vehicle literature was also reviewed where relevant. It was notable that there 
was generally only a small amount of published literature regarding the topics below. Furthermore, the 
literature that was found tended to have been published several decades ago. Significant advancements 
in vehicle systems and brake testing equipment (including improved computational power and 
diagnostics) are likely to have occurred in the intervening years, which may mean some of the findings 
are outdated. 

2.1 Prevalence of brake faults in the general fleet and their effect on safety 

Obtaining accurate and detailed data on the prevalence of vehicle defects in the general vehicle fleet is 
notoriously difficult. The most available data comes from crash incident reports submitted by traffic 
police. Based on this type of data, the prevalence of vehicle defects noted as the cause of a collision is 
consistently reported to be around 2 – 3% (Vaughan, 1993; Keatsdale, 1999; van Schoor et al., 2001; 
Das et al., 2019a).  

Of these police-reported vehicle defects, issues with tyres and brakes were by far the most common. 
Das et al. (2019a) explored a national vehicle defects database in the US, along with police reported 
defect data for crashes that occurred in Louisiana. The most commonly reported defects were brakes, 
tyre failure, worn tyres, defective suspension, and engine failure. Similarly, van Schoor et al. (2001), 
who investigated crash data from South Africa, found that a large proportion of vehicle defects were 
noted to be underperforming brake systems. 

It could be argued that the relatively small proportion of police-reported vehicle defects indicates that 
the issue is fairly minor, and more attention should be paid to other road safety issues. However, 
Vaughan (1993) points out that there is evidence to show that there is a tendency for vehicle faults to 
be under-reported, depending on the stringency of investigation. When crash causation factors are 
investigated to a high level, by experts in assessing vehicle condition, the proportion that involve some 
kind of vehicle fault can be as high as 18%. Furthermore, the faults reported by more thorough 
investigations are more complex than the easily identifiable faults noted in more basic investigations, 
such as tyre tread depth. 

Indeed, van Schoor et al. (2001) conducted a random roadside mechanical assessment survey of light 
vehicles and found that over 10% had brake system issues related to inadequate brake fluid or leaks in 
the brake lines. This was despite not being able to comprehensively assess the brake systems of the 
selected vehicles due to time constraints. Although, it was acknowledged that South Africa has a 
second-hand car market that is larger than most developed countries and that the country’s economic 
situation results in many vehicle owners conducing their own maintenance, or disregarding maintenance 
completely, to save money. 

A rather comprehensive review of the prevalence of vehicle defects in Australia was commissioned by 
the Federal Office of Road Safety and conducted by Keatsdale (1999). Data was collated from most 
Australian states and territories, then combined to estimate a national average. While making a number 
of assumptions to account for unknown effects and under-reporting, it was estimated that the national 
average proportion of crashes caused by vehicle defects was somewhere between 2.3% and 7.7%.  
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Keatsdale (1999) also conducted a review of reports from several Australian state and territory vehicle 
inspection authorities. After again making some adjustments for assumptions about unknown effects, it 
was estimated that somewhere between 20 and 40 percent of the general Australian vehicle fleet may 
have some kind of defect.  

2.2 Periodic vehicle inspection schemes 

Vehicle inspection schemes are predicated on the theory that the review of a vehicle’s condition by an 
expert will reduce the likelihood of a fault occurring that leads to (or contributes to) a crash. The 
assumption is that the probability of a fault-induced crash will be lowest immediately after an inspection 
but then increase over time, leading to a requirement for inspections to be repeated periodically to 
maintain effectiveness. 

There is evidence that periodic inspections improve the mechanical condition of vehicles and lead to 
the identification of faults. Freund et al. (2002) reviewed the effectiveness of heavy vehicle inspections 
in the US and found that, over time, there had been a clear reduction in heavy vehicle brake fault 
detection as a result of regular inspections. Similarly, Keall and Newstead (2013) found that an increase 
in the regularity of a periodic inspection scheme from 12-monthly to 6-monthly would be likely to result 
in a 13.5% reduction in the prevalence of safety-related faults. 

Despite the noted improvement in vehicle condition, there is some contradiction regarding the 
effectiveness of vehicle inspection schemes in preventing crashes within the literature. Das et al. 
(2019b) compared consumer complaints data regarding vehicle defects for states with and without a 
periodic inspection scheme in the US. Their analysis concluded that there was some indication that 
states with an inspection scheme would receive less complaints. However, this finding could not be 
correlated with fatal crash data from the same states.  

A comparison of the crash rate in New Zealand for vehicles that had an up to date inspection record 
with vehicles that did not have a current inspection record was carried out by Blows et al. (2003). After 
accounting for a number of potentially confounding factors, such as driver age and average hours of 
weekly driving, it was found that vehicles without an up to date inspection record were more likely to be 
involved in an injury crash. 

Conversely, a study by Fosser (1991) found no effect from a periodic inspection scheme in Norway. The 
study consisted of dividing a pool of 204,000 vehicles into three groups. One group had 46,000 vehicles 
that were inspected annually over three years, another group had 46,000 vehicles that were inspected 
only in the first year of a three year period, and the final group had 112,000 vehicles that were never 
inspected. The crash rates of the vehicles in each of the three groups was investigated over the three-
year period and no significant difference was found. 

Schroer & Peyton (1978) explored the crash rate of vehicles that did and did not participate in a voluntary 
inspection scheme in the US state of Alabama. It was found that vehicles which did participate had a 
crash rate that was 9.1% lower than vehicles that did not participate. However, the applicability of this 
finding to the present-day is questionable given the age of the study. 

Another older study from New Zealand by White (1986) investigated the frequency of defect-related 
crashes in relation to the time since a vehicle was last inspected. It was found that the crash rate did 
increase slightly over time since the last inspection. However, it was also found that the defect-related 
crash rate was high even in the first weeks after an inspection. This was suggested to be an indication 
that the inspection process may not be able to capture all relevant faults and/or that the role of defects 
as a crash-related factors is over-represented. 
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A further aspect to consider when reviewing periodic vehicle inspection schemes is the cost. Even if a 
periodic inspection scheme is assumed to be effective in preventing crashes there are significant costs 
involved in the operation and studies usually do not find them to be cost effective. For example, Keall 
and Newstead (2013) investigated the expected impact of increasing the frequency of periodic vehicle 
inspections in New Zealand from every 12 months to every 6 months and found that, while crashes may 
be reduced by around 8%, the costs in fees and regulation would far outweigh the benefits. 

Similarly, the Australian Federal Office of Road Safety commissioned study into periodic vehicle 
inspections by Keatsdale (1999) conducted an analysis that indicated the benefit-cost ratio of a national 
scheme would be between 0.22 and 0.38. However, despite this finding, it was acknowledged that a 
vehicle inspection capability and random screening process should be maintained across the states and 
territories. 

In the context of the above, most jurisdictions in Australia and New Zealand provide criteria for brake 
performance. Police and other authorities have the power to require owners to have their vehicle 
assessed if they have some suspicion of a fault. Some jurisdictions require all vehicles to undergo a 
safety inspection on a regular basis or when there is a transfer of ownership.  

The brake performance criteria for each jurisdiction was obtained by reviewing the relevant sections of 
government websites. These criteria are presented in Table 2.1 below. All jurisdictions also list other 
less quantitative criteria that must be met (e.g. that the vehicle does not vibrate or swerve while braking) 
and sometimes require a visual inspection to confirm the condition of elements such as brake pads, 
brake lines, and calipers.  

An in-depth investigation of the rationale for the criteria in each jurisdiction was beyond the scope of this 
study but it is clear that some common levels of minimum performance have been identified and 
adopted. 

Table 2.1 
Performance criteria for light vehicle brakes in Australia and New Zealand 

Jurisdiction 
Minimum peak 
deceleration 

required 

Minimum average 
deceleration 

required 

Maximum left to 
right imbalance 

allowable 
Australia    
    ACT 60% g 39% g 30% 
    NSW 60% g 47% g 30% 
    NT 60% g 39% g 30% 
    QLD 60% g 39% g - 
    SA 60% g 39% g - 
    VIC 60% g - 30% 
New Zealand - 50% g 20% 

 

2.3 Brake testing methods 

There are several methods, utilising various pieces of equipment or technology, that have been 
developed to assess brake performance on light vehicles. The usefulness of these methods depends 
on their accuracy, the ease with which an assessment can be performed, the time required to perform 
an assessment, the safety of the assessment (e.g. any requirement for the test vehicle to be moving at 
various speeds), and the ease of interpretation of the results that are produced.  

As described above, brake inspection schemes exist in many jurisdictions around Australia and 
internationally – both for heavy vehicles and light vehicles. These brake inspection schemes each 
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specify approved brake testing methods that can be utilised during the inspection. In most cases, there 
are four commonly accepted brake testing methods: 

• Plate brake testing machine, 

• Roller brake testing machine, 

• Portable brake testing decelerometer, and a 

• High-speed stopping distance test. 

Each of these brake testing methods are described in further detail below. 

In addition to these generally approved brake testing methods, others also exist. These include ‘torque 
testers’ and thermal diagnosis of heat generation during braking. A torque tester consists of a 
mechanism which grips a wheel between two friction pads and, with the vehicle’s brakes applied, applies 
a torque while measuring the force required to rotate the wheel. An evaluation of a torque tester for the 
testing of heavy vehicle brakes, described by Flick (1996), found that it was reasonably accurate and 
able to identify significant faults. However, it is assumed that the torque tester method was not embraced 
extensively by the industry, possibly due to the complexity of the mechanism and the time requirement 
to conduct an assessment one wheel at a time. 

A method of measuring braking force by monitoring the heat build-up during brake application was 
described by Segal (1999). An experiment to investigate the ability of this heat generation diagnosis 
method found that it was able to successfully predict brake forces. However, it was not clear how this 
predictive capability would be affected by brake faults and no further literature was found regarding the 
thermal diagnosis method. 

2.3.1 Plate brake testing machine 

A plate brake testing machine (plate brake tester) consists of one or two pairs of plates that are arranged 
in line with the wheels of the vehicle path, either as an above ground installation or seated flush with the 
floor surface. All plates are instrumented with load cells that measure forces in the direction of travel. 
Weight scales, just prior to the brake test plates, are sometimes also utilised to measure the vertical 
force (mass) of a vehicle during a test. Alternatively, the mass of a vehicle can be manually entered into 
the test machine by an operator. 

As a vehicle is driven onto the plates at low speed (around walking pace), the brakes are applied rapidly 
and firmly, and the load cells quantify the individual brake forces at each of the four wheels. Importantly, 
this process occurs dynamically, as it would on the road, and measures the brake forces while 
accounting for the forward pitch (and weight shift) of the vehicle. For a light vehicle an experienced 
operator can perform a brake test in less than 10 seconds. 

Using the measured brake forces and vehicle mass, a plate brake tester can provide results regarding 
the overall capability of a vehicle’s braking system (i.e. deceleration), the imbalance between the left 
and right wheels of each axle, and the front to rear brake force balance. 

An early evaluation of the suitability of a plate brake tester to assess brakes during inspections of heavy 
vehicles in the US was performed by Flick (1995). The results provided by the plate brake tester during 
a series of assessments of two heavy vehicles, that were affected by various levels of brake deficiencies 
(achieved by altering the heavy vehicle’s brake slack adjuster to inappropriate positions), were 
compared to the results of an in-ground roller brake tester. The study observed that, while there was a 
slightly greater variability in the plate brake tester results, there was reasonable agreement between the 
results of the two brake testing methods. The plate brake tester was also said to be able to successfully 
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detect deficiencies in the brake system, provided the applied braking pressure was sufficient. A further 
analysis compared the results reported by the plate brake tester to stopping distance from an initial 
speed of 60 mph. Compared to the correctly adjusted brake condition, the study concluded there was 
generally good agreement between the change in stopping distance and the change in deceleration 
reported by the plate brake tester for each of the various levels of deficiency in the brakes. Finally, the 
ability of the plate brake tester to detect imbalance between the brake forces generated by the left and 
right wheels of a single axle was investigated by instigating a deficiency to just one wheel. The plate 
brake tester was found to be capable of detecting this type of situation, again provided the braking input 
was sufficient, and it was noted by Flick (1995) that a 30% imbalance was a suitable threshold for the 
identification of an issue. 

In summary, Flick (1995) concluded that the plate brake tester was able to provide a quick assessment 
of heavy vehicle brake performance and enable the rapid screening of a great number of vehicles. It 
was noted that some minor brake faults may not be detected, but severe faults (which are the most likely 
to result in dangerous situations) could be identified readily. 

Another brief investigation into the capability of plate brake testers to assess heavy vehicles during 
inspections in the US was performed by Hodgson et al. (2005). They found that the plate brake tester 
had the capability to determine the weight and brake forces generated by each individual wheel during 
a single pass. Through this capability, the plate brake tester was able to highlight individual wheels that 
may be underperforming and require further, more thorough, investigation.  

An assessment of the accuracy of the results produced by a plate brake tester for testing with heavy 
vehicles was performed by Shaffer and Loy (2005). Various calibrated masses and forces were applied 
to the plate brake tester and compared to the reported results. The study found that the plate brake 
tester had a good level of accuracy with a maximum error of only 0.93%. 

No literature could be found which investigated the use of plate brake testers in the analysis of light 
vehicle braking systems. 

2.3.2 Roller brake testing machine 

A roller brake testing machine (roller brake tester), sometimes referred to as a roller dynamometer, 
consists of a pair of high friction cylinders that are set some distance apart, such that the wheel of a 
vehicle can rest on top. Motors are used to rotate the roller cylinders at low speed, which then rotate the 
wheels of a vehicle’s front or rear axle. Load cells within the roller brake tester are able to measure the 
weight of the vehicle’s axle and the horizontal reaction force that is generated as the brakes are applied. 
Each axle of the vehicle is measured separately, and the results are combined to provide an overall 
assessment of braking performance. For a light vehicle this test takes around 60 seconds per axle. 

With the data collected during the test, the roller brake tester is able to provide a measure of a vehicle’s 
deceleration and identify any imbalance between the left and right brake forces of each axle. 

Shaffer and Loy (2005) explored the accuracy of a roller brake tester for use in assessing heavy vehicles 
by applying various calibrated weights and forces to the machine and analysing the reported results. 
They suggested the roller brake tester had a good accuracy, with a maximum error of 1.85%. The 
repeatability of the roller brake tester’s results were also investigated by performing ten repeated brake 
tests on the same heavy vehicle. The variability in the test result was found to be 5.3%. 

A study of roller brake testers in the assessment of light vehicles was performed by Orynycz et al. 
(2019). The goal of the study was to determine whether differences in tyre pressure and tyre wear had 
an effect on the roller brake tester results. As a part of this testing, a set of 15 baseline tests were 
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performed while the vehicle was in optimal condition, with various time intervals between each test 
(either two minutes, four minutes, or six minutes). The overall variability in the results of the 15 tests 
was calculated to be 8%, but there was no indication that the period of time between each test affected 
the result. The main analysis consisted of conducting a series of tests while varying both tyre pressures 
using a worn tyre on one wheel and an optimal tyre on the other. This series of tests was repeated for 
two different vehicles, and with the vehicles loaded with additional mass and unloaded. Based on the 
results, Orynycz et al. (2019) concluded that none of the differences in tyre pressure, tyre wear, or 
vehicle mass had any significant effect on the brake efficiency reported by the roller brake tester. 

In their concluding remarks Orynycz et al. (2019) suggested that the roller brake tester is more suited 
to evaluating the entire braking system of a vehicle as a whole, rather than individual tyres (wheels). 
This sentiment was supported by Li et al. (2011) who described the theory behind the operation of a 
roller brake tester and developed a mathematical model to explore what factors are important to 
obtaining a valid test result. Three main factors were described as important. First, it was shown that 
the geometry of the roller brake tester machine, including the diameter of the roller cylinders and the 
distance between them, define the maximum amount of brake force that the system is able to measure. 
In circumstances where a vehicle’s brakes are able to generate a force beyond this maximum, the 
vehicle will be ejected from (lifted out of) the roller machine and the greater force will not be measured. 
The second factor described as important was the coefficient of friction between the roller brake tester 
and the wheels of the vehicle. If the friction cylinders of the roller become worn over time, then the 
capability of the machine to detect higher amounts of brake force was likely to be diminished. The final 
factor was the coefficient of friction between the untested wheels and the floor. The untested wheels 
contribute to preventing the tested wheels from being ejected, so a reduced friction force will result in a 
degraded ability to measure higher amounts of brake force. As such, the condition of the brakes on the 
untested axle, and their ability to generate a sufficient amount of friction with the floor, will contribute to 
the measured result for the axle under test. 

Another study exploring the use of a roller brake tester with light vehicles was conducted by Firdaus et 
al. (2020). This study focussed on investigating how the results of the roller brake tester are affected by 
the type of brake pedal activation. Three types of brake application were applied during a series of roller 
brake tests (presumably with an optimally operating light vehicle); a rapid firm application, a gradually 
increasing application, and a sustained cyclical press and release application. The findings of the testing 
showed that the sudden application and the gradual application both resulted in the same amount of 
maximum brake force being measured. The press and release application resulted in a lower amount 
of maximum brake force being measured. No mention was made in the study of whether the brake 
application type affected the roller brake tester’s ability to detect left to right force imbalance, or whether 
the findings were still relevant when testing a vehicle with a faulty braking system. 

2.3.3 Portable brake testing decelerometer 

A portable brake testing decelerometer (decelerometer) consists of a set of accelerometers within a 
battery powered device, that is placed into a vehicle being tested. Some decelerometers are mounted 
rigidly (with some kind of locking device), semi-rigidly (e.g. with suction caps to the windscreen), or 
simply placed in an appropriate location (like the passenger seat or footwell). The decelerometer is 
switched on and an initial calibration is performed while stationary. A test is then conducted by driving 
the test vehicle up to a specific speed (usually between 30-50 km/h) and then braking heavily to a stop. 
An area of flat bitumen is required where the test can be completed safely, away from other road users. 
Once within the safe area, the test takes approximately 30 seconds to complete. 

The sensors within the decelerometer device measure and record the motion of the vehicle as it 
decelerates. Using these measurements, the decelerometer is able to report the peak and average 



 

CASR Road Safety Research Report | Brake testing: what faults can be found? 
8 

deceleration achieved by the vehicle during the braking event. Because these measurements are taken 
during a real-world braking event the vehicle will pitch forward and the braking system will experience 
the effects of sustained heat/pressure build-up. These effects mean the results should have a strong 
correlation to what would be experienced in an emergency braking manoeuvre. 

However, the decelerometer is unable to measure individual brake forces and will not detect any kind 
of left to right brake force imbalance or front to rear brake force balance. Furthermore, mild reductions 
in brake performance (particularly in the rear wheels) may not be identified.  

A study by Luker (2008) provided an overview of how decelerometers operate and compared the 
performance of several devices. All the devices tested were able to measure deceleration to a 
reasonably good level of accuracy. 

2.3.4 High-speed stopping distance test 

A high-speed stopping distance test is considered to be one of the authoritative tests that certify the 
stopping ability of a braking system. The test involves bringing a vehicle up to a certain speed and 
applying the brakes at a certain level. The stopping distance is measured from the point the driver begins 
to apply the brake until the vehicle stops. Accelerometers inside the car (preferably mounted rigidly at 
the vehicle centre of mass) measure the deceleration of the braking event. This data can then be used 
to calculate the mean fully developed deceleration (dm) according to the following formula: 

 

Where:  

vo = initial vehicle speed in km/h, 

vb = vehicle speed at 0.8 vo in km/h, 

ve = vehicle speed at 0.1 vo in km/h, 

sb = distance travelled between vo and vb in metres, 

se = distance travelled between vo and ve in metres. 

As the test is conducted at high speed, more energy is dissipated during the braking event. This results 
in greater, and more sustained, heat/pressure build-up which can lead to conditions such as component 
expansion and brake fade. As such, the high-speed stopping distance test delivers a more 
comprehensive assessment that is representative of what would occur during a real-world emergency 
braking situation. 

For these reasons, a high-speed stopping distance test is utilised within Australian Design Rule (ADR) 
31, and equivalent regulations in Europe (UNECE R13-H) and the US (FMVSS 135), to assess the 
braking performance of new vehicle designs. 

However, due to the requirement of a significant stretch of flat bitumen, that is free of other traffic, the 
test is prohibitive to perform unless a dedicated test track is available. Additionally, repeatability of 
results can be affected by variations in surface friction, wind, and drivers. 

A study by Johnston et al. (1999) investigated the effect that various factors, such as drivers, vehicles, 
surfaces, and use of ABS had on stopping distances during high-speed tests (from 100 km/h). It was 

!" =
$%2 − $(2
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found that tests performed in the same conditions did provide relatively consistent stopping distance 
results, but there was a variability of approximately 8.9% in the stopping distances attributed to 
differences in driver’s braking applications. Given the drivers in the study were professionals, with many 
years of experience, it would be expected that untrained drivers would display an even greater variability 
in results. A repeatable method of applying a specific braking force would therefore be advisable if a 
consistent result was desired. 
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3 Methodology 
The objective of this study was to investigate the ability of various brake testing methods to detect 
mechanical or hydraulic brake faults on light vehicles. In order to achieve this, a test vehicle was fitted 
with equipment to enable the adjustment of the maximum brake pressure at each wheel. A brake pedal 
robot was then fitted into the vehicle to enable a specific and repeatable brake application. Several 
different brake faults were simulated by reducing the maximum brake pressure on various wheels of the 
test vehicle. For each fault condition the vehicle was tested using three common brake testing methods 
as well as undergoing a high-speed stopping distance test. Details regarding the various aspects of the 
study methodology are presented below. The methodology was reviewed by the National Measurement 
Institute (NMI) to ensure the independence and validity of the data that was collected. 

While the methodology used in this study endeavours to implement a consistent braking application 
during each of the brake testing methods and the various brake fault conditions, there will always be 
differences. Each of the brake testing methods use different mechanisms or sensors to measure and 
compute a level of performance for different aspects of a vehicle’s braking system. For example, the 
plate brake tester and roller brake tester do not “measure” a vehicle’s deceleration directly but, rather, 
use formulas to calculate deceleration based on measurements of the braking forces generated by each 
wheel and the mass of the vehicle. Furthermore, the environment for each brake testing method is 
different and this will create inconsistencies. For example, the decelerometer will experience natural 
variations in the coefficient of friction along the test track, while the plate brake tester and roller brake 
tester generally exhibit a very consistent friction during all tests. Further sources of inconsistencies 
include temperature, wind, roadway surface undulations, or differences in signal filtering. 

Every practicable effort was made to control for the factors that may produce inconsistences in the 
results. Nevertheless, some will inevitably remain and so the methodology in this study, as well as the 
analysis, will focus on exploring how well each brake testing method is able to detect faulty brakes 
individually, rather than directly comparing reported measurements between testing methods. 

3.1 Test vehicle 

The test vehicle used during the study was a 2011 Kia Cerato SLi hatchback (shown in Figure 3.1), 
representative of a common passenger vehicle. The test vehicle was supplied for use in the study by 
SafeTstop. 

The Kia Cerato had an automatic transmission, all wheel disc brakes, a front-wheel-drive, and was 
equipped with antilock brakes (ABS), electronic stability control (ESC), emergency brake assist (EBA) 
and traction control.  

The test vehicle was fitted with standard tyres and brakes, which were in good condition, and equipped 
with a cable-operated handbrake that was independent of the main braking system. A NRMA safety 
check prior to the study found it to be in a good, roadworthy condition (see Appendix A).  
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Figure 3.1  

Test vehicle: 2011 Kia Cerato hatchback 

3.2 Brake pressure adjustment and logging equipment 

Prior to the study the test vehicle was professionally fitted with equipment to enable control of the brake 
pressure at each wheel. With this equipment installed it was possible to reduce the maximum brake 
pressure that was provided to individual wheels and simulate common mechanical or hydraulic brake 
fault conditions. Additionally, pressure sensors were fitted and connected to a logging system that 
recorded the brake pressure being applied at the brake of each wheel. 

The layout of a typical light vehicle brake system, along with the arrangement of the pressure adjustment 
and logging equipment is shown in Figure 3.2. Force on the brake pedal pushes a piston in the brake 
master cylinder that results in fluid pressure being created in the brake line and the brakes being applied. 
The higher the pressure the higher the braking effort. Most modern vehicles utilise a vacuum assistance 
module (not shown in the diagram) between the pedal and the master cylinder to increase the force 
pushing on the piston in the master brake cylinder. Typically, the master cylinder will have two outputs: 
one to the front brakes and one to the rear brakes. If a vehicle is fitted with ABS (as is the case for the 
test vehicle) then the pressure created on the front and rear brake lines is directed through an ABS 
module. This module splits the front and rear pressure lines further to left and right wheels and can 
modulate the pressure going to each wheel based on information from the ABS computer modules. 

For this study, pressure sensors were installed to measure the pressures being generated on the front 
and rear brake lines coming from the master cylinder, as well as the pressures being generated on the 
brake line to each individual wheel. Pressure reducing valves and cut-off valves were placed in the 
brake lines of each individual wheel, after the ABS module but before the pressure sensors. Flexible 
braided brake line (ADR approved) was used between the ABS module and the valve setup to allow the 
pressure reduction valves and cut-off valves to be accessible for adjustment during the study as shown 
in Figure 3.2. Details of the valves and sensors equipment that were used is provided below. 
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Figure 3.2  

Brake system layout and arrangement of pressure sensors, pressure reduction valves, and cut-off valves 

3.2.1 Pressure reduction valves 

The pressure reduction valves (also known as brake proportioning valves) allow control over the 
maximum amount of pressure delivered to each wheel. The valves used in this study were Aeroflow 
Performance branded pressure reduction valves (part number AF64-3042). The brake pressure 
reductions were adjusted by rotating knobs on top of the pressure reduction valves. These could be 
rotated from zero (completely open, resulting in no pressure reduction) to a maximum of 12 turns which 
resulted in an approximate 50% reduction in the brake line pressure to the corresponding wheel. The 
graph in Figure 3.3 shows an example of the approximate relationship between the inlet and outlet 
pressures of the valve for the minimum (0 turns), middle (6 turns), and maximum (12 turns) settings. 
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Figure 3.3 

Example of inlet and outlet pressure relationship for pressure reduction valves 

3.2.2 Cut-off valves 

The cut-off valves allowed a brake line to be isolated from all pressure generated when applying the 
brake pedal. Speedflow branded cut-off valves were used (part number 650-02-BLK) which featured a 
lever on top that could be rotated 90 degrees to close the valve. The cut-off valves had two settings: 
fully open or fully closed. 

3.2.3 Pressure sensors 

Honeywell pressure sensors were used (part number H-PS2000G) to enable accurate pressure 
measurements of the brake lines up to 2,000 psi. The pressure sensors were connected to a MoTeC 
C125 data logger (see below) that was positioned in the cabin of the vehicle. Performance details about 
the pressure sensors can be found in Appendix B. 

3.2.4 Data logger 

Brake line pressure was logged continuously by a MoTeC C125 data logger at 100 Hz whenever the 
ignition was switched on. The MoTeC C125 included a screen to display data in real time which was 
mounted to the centre console of the test vehicle (see Figure 3.4). The pressure data for the front and 
rear brake lines between the master cylinder and ABS unit and the brake lines going to each individual 
wheel was recorded internally on the MoTeC C125 unit and downloaded at the end of each day of 
testing.  
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Figure 3.4 

MoTeC C125 for displaying and logging the brake line pressures at each wheel 

3.3 Brake pedal robot system 

As found by Johnston et al. (1999), it was unlikely to be possible to deliver specific and repeatable brake 
applications via human operation. To ensure repeatable brake applications, a custom mountable braking 
robot was used to apply a specific force on the brake pedal of the test vehicle. The braking robot was 
attached to the driver seat-mounts for stability and allowed for manual override of braking at any time if 
required for safety. Photographs of the braking robot in the driver footwell, connected to a brake pedal, 
are shown in Figure 3.5. Also shown is the control interface used to tune the force applied by the robot 
as well as the brake robot triggering controller (attached to the steering wheel). A pushrod incorporating 
a load cell (to collect data on the force being applied) and a slip-joint (to allow for a manual braking 
override) connects the robot to the brake pedal via a rotating arm. The robot arm is rotated by a high-
power brushless motor that is controlled by custom software which allows a specific brake application 
profile to be requested. A remote control is used to trigger the pre-programmed brake application.  

During this study the brake robot was set to apply (and maintain) a constant force upon the brake pedal 
immediately when activated. The level of force applied by the robot was adjusted to a level at which the 
test vehicle’s ABS was just being activated. This level was found during a series of brake tests on the 
test track. It was decided that there was little to gain by applying a higher force than that needed to 
activate ABS.  

The load applied to the brake pedal was measured by a Dacell 1 kN load cell (model number UU-K100) 
integrated into the pushrod. The voltage measured by the load cell passed through an amplifier and 
recorded by the brake robot system. The load cell was appropriately calibrated by a NATA accredited 
laboratory (see Appendix C). Note that a separate pedal load sensor for the CircuitLink decelerometer 
(see Section 3.4.3) was also integrated into the pushrod, in-line with the Dacell load cell.  
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Figure 3.5 

Brake pedal robot showing the pushrod connection to the brake pedal, the attachment point to the driver 
seat-mounts, as well as the control interface and triggering controller (attached to steering wheel) 

3.4 Brake testing equipment 

As noted above, three commonly used pieces of equipment are used to test for faulty brakes on light 
vehicles: plate brake testers, roller brake testers, and decelerometers. An example of each was obtained 
for use in this study. Additionally, the equipment required to accurately record the performance of the 
test vehicle during a high-speed stopping distance test was also obtained. The details of all testing 
equipment utilised are described below.  

3.4.1 SafeTstop plate brake tester 

A SafeTstop plate brake tester (shown in Figure 3.6) was supplied by SafeTstop and installed by the 
manufacturer, including the use of two Dynabolts to secure the system to the concrete floor. Calibration 
certificates for the plate brake tester can be found in Appendix D. The SafeTstop unit was a 4-plate 
system that uses high-sensitivity load cells in the plates that determine the braking force at each 
individual wheel during the braking process. An additional, separate pair of integrated weight scales 
measure the mass of a vehicle as a test is being conducted. 

A test is conducted by driving a vehicle onto the plate brake tester at a speed of between 3-6 km/h, 
putting the vehicle into neutral gear, and then applying the brakes firmly when advised by the system. 
A secondary test is then conducted by driving forward slowly and applying the handbrake firmly when 
advised by the system. 
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Results are provided immediately on screen and saved onto the system for later retrieval if required. An 
immediate print-out of the results is also supplied. An example of the results from a test with the 
SafeTstop plate brake tester is shown in Figure 3.7. Note that in this test there was a fault at the front 
right wheel. 

The results present the following details, along with graphs which display the measured brake forces 
over the duration of the test: 

• Test and system details: 
• Photo proof to identify correct vehicle, 
• Date/ time, 
• Vehicle details, 
• Examiners number, 
• Inspection station number, 
• Next calibration due date, 
• Serial number, and 
• Adjustable PASS/FAIL criteria according to local roadworthiness requirements. 

• Footbrake results: 
• Maximum brake force on each wheel in newtons, 
• Weight on each wheel in kilograms, 
• Difference of brake force on each axle in %, 
• Front to rear brake force difference in %, 
• Front versus rear brake force application in milliseconds, 
• Peak deceleration in %g, 
• Average deceleration in %g, 
• Brake pedal force in newtons, and 
• Vehicle test speed in kilometres per hour. 

• Handbrake results: 
• Maximum brake force on each wheel in newtons, 
• Difference of brake force in %, 
• Peak deceleration in %g, and 
• Average deceleration in %g. 

 

  
Figure 3.6 

SafeTstop plate brake tester equipment 
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Figure 3.7 

SafeTstop plate brake tester example results (indicating a fault at the front right wheel) 

3.4.2 Vehicle Inspection System roller brake tester 

The roller brake test system used in this study was a portable roller brake tester manufactured by Vehicle 
Inspection System (VIS) as shown in Figure 3.8. The portable roller brake tester was supplied and 
operated by the South Australian Department of Infrastructure and Transport (DIT) and sees extensive 
use in heavy vehicle brake testing. The roller was set up by an experienced operator from the 
department and a certificate of calibration was provided (see Appendix E). The roller brake test system 
had four rotating cylinders, two rotating each wheel of a single axle. The front and rear axles are tested 
separately, and the results combined to obtain the overall brake performance of the vehicle.  

The testing process for the roller brake tester consisted of driving a vehicle up the ramps and positioning 
the front axle wheels within the slot between the two rollers. The vehicle is put into neutral gear and the 
operator then activates the roller brake tester which begins to rotate the wheels of the vehicle at slow 
speed (around 0.5 km\h). When instructed by the operator, the driver applies the brakes. Load cells 
within the roller brake tester measure the maximum amount of brake force provided by each wheel of 
the axle being tested. This procedure is then repeated for the rear axle of the vehicle. 
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During testing it is common for the vehicle to be ejected from the roller brake tester. This situation is 
detected by the roller brake tester (via the red cylinders between the rollers) at which point the test is 
halted. 

Results of the test are printed immediately in the form of a docket that lists all the measurements (see 
example in Figure 3.9). Because the VIS roller brake tester was designed as a mobile unit it did not 
have any capability to save results into any kind of digital format.  

The results present the following details: 
• Test and system details: 

• Serial number, 
• Test number, 
• Date / time, 
• Software version, 
• Vehicle details, 
• Next calibration due date, 
• Adjustable PASS/FAIL criteria according to local roadworthiness requirements, and 
• Examiners ID. 

• Footbrake results: 
• Maximum brake force on each wheel in newtons, 
• Difference of brake force on each axle in %, 
• Deceleration generated on each wheel in metres per second per second, 
• Weight on each wheel in kilograms, 
• Net rolling resistance at wheel in newtons, and 
• Peak deceleration in %g. 

 

   
Figure 3.8 

VIS roller brake tester 
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Figure 3.9 

VIS roller brake tester example results 

3.4.3 Circuitlink Brake-Testa portable decelerometer 

An industry standard portable brake testing decelerometer, the Circuitlink Brake-Testa RxG (see Figure 
3.10) was supplied, in-kind, for the duration of the study by SafeTstop. The device was provided to 
CASR in the original packaging and had been recently calibrated (see certificate in Appendix F). 

Prior to performing a brake test, details of the test vehicle and the operator are entered into the device 
via the front keypad. The main device is then placed onto the passenger seat or passenger footwell. A 
force sensor, attached to the device via a cable, is then placed over the vehicle’s brake pedal. While 
stationary, a new test is then initiated on the Brake-Testa. The driver then accelerates the test vehicle 
up to a speed of approximately 30 km/h and applies the brakes firmly until the vehicle comes to a stop. 
The decelerometer then immediately prints the test results onto a docket (see example in Figure 3.11) 
and saves a copy internally. The location of the test (latitude and longitude) is also reported as the 
roadworthiness criteria in some Australian jurisdictions require decelerometer tests to be performed on 
specific roads where the coefficient of friction is known. 

The results present the following details along with a graph showing the force on the brake pedal and 
the deceleration over the duration of the test: 

• Test and system details: 
• Serial number, 
• Test number, 
• Date / time, 
• Software version, 
• Vehicle details, 
• Next calibration due date, 
• Adjustable PASS/FAIL criteria according to local roadworthiness requirements, and 
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• Examiners ID. 
• Footbrake results: 

• Maximum force on brake pedal in newtons, 
• Deceleration time in seconds, 
• Peak deceleration in metres per second per second,  
• Average deceleration in metres per second per second, 
• Deceleration distance in metres, and 
• Speed of test in kilometres per hour. 

  
Figure 3.10 

Circuitlink Brake-Testa portable decelerometer 

 
Figure 3.11 

Circuitlink Brake-Testa portable decelerometer example results 
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3.4.4 Racelogic Vbox 3iSL GPS data logger 

To accurately record the position and dynamics of a vehicle during a high-speed stopping distance test, 
a high-accuracy Global Positioning System (GPS) with Real-Time Kinematic (RTK) correction and 
Inertial Measurement Unit (IMU) integration was utilised. The Racelogic VBOX 3i RTK +IMU system is 
able to capture the position (to an accuracy of ±1.8 cm for a typical brake stop) and acceleration (to a 
resolution of 0.01 g) of a vehicle while undergoing a high-speed stopping manoeuvre. Certifications for 
the Racelogic system can be found in Appendix G. 

The Vbox 3iSL has two GPS antennas that are mounted to the roof of a vehicle (see Figure 3.12). One 
of the antennas is also integrated with an IMU. The GPS antennas and IMU feed their signals into a 
GPS engine within the data logger which calculates and records the dynamics of the vehicle at a 
frequency of 100 Hz. The vehicle dynamics calculations are improved further by GPS correction signals 
from a base station that is set up nearby. 

The data recorded by the Vbox 3iSL can be downloaded easily and processed to determine the stopping 
distance or average deceleration during a high-speed braking event. 

  
Figure 3.12 

Racelogic Vbox 3iSL data logging equipment and roof-mounted GPS antennas with IMU integration 

3.5 Data collection procedure 

Data collection occurred over four days in late May 2020, with the first days dedicated to setup and 
preparation, while testing occurred on the final two days. 

3.5.1 Setup 

On the first day, the test vehicle was delivered to a CASR lab in Adelaide where the brake robot was 
installed. This involved fitting the robot to the driver seat-mounts and constructing a custom bracket to 
attach the pushrod to the brake pedal. Additionally, the Circuitlink Brake-Testa was inspected, and a 
modification was made to the pushrod of the brake pedal robot to integrate the decelerometer’s brake 
pedal force sensor. 

On the second day, the test vehicle was delivered to Goolwa Airport (a private airstrip in regional South 
Australia). The main bitumen runway was relatively flat, around 1.8 km long, and made available for 
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testing over the duration of data collection phase. A large hangar was also available for use with low 
speed testing and for overnight storage.  

The second day was reserved for preparation which included the setup of the plate brake tester by 
SafeTstop within the hangar as well as the installation of the Vbox data logger and Circuitlink 
decelerometer into the test vehicle. The decelerometer was installed into the passenger footwell, facing 
the appropriate direction, as per the manufacturer instructions (see Figure 3.13). CASR researchers 
also conducted familiarisation activities with the plate brake tester, the decelerometer, and the pressure 
adjustment valves to gain an understanding of how they work and how to operate them safely. A video 
conference was also held with experts from the National Measurement Institution (NMI) to review the 
equipment set up and usage (see Section 3.7).  

At the beginning of the third day the VIS roller brake tester was delivered by DPTI vehicle inspection 
officers. The officers set up the roller brake tester within the hangar. 

 
Figure 3.13 

Installation of decelerometer in passenger footwell 

3.5.2 Testing 

For the remainder of the third day (which ended early due to poor weather) and the fourth day, data 
collection was conducted for multiple test series with each of the brake testing methods. 

A test series was initiated by first adjusting the pressure reduction valves and cut-off valves to simulate 
the desired brake fault condition. This was either a baseline condition where all the valves were set to 
be fully open, so there was no limitation to the test vehicle’s braking system, or a fault condition. The 
set of test conditions that were implemented during data collection is shown in Table 3.1 below, with 
details regarding the positions of the pressure reduction valves and cut-off valves. A description of the 
test condition is also provided, along with a pictogram that diagrammatically shows the effect of the 
valve settings on the maximum brake pressures at each wheel. These pictograms are used frequently 
in presentation of the results in Section 4. 

After adjusting the pressure reduction and cut-off valves, each test series was conducted in the 
sequence described below. This sequence was guided by the checklist in Appendix H and conducted 
by three CASR researchers: one driving the test vehicle, one managing the checklist sequence, and 
one managing the data collection from the various pieces of testing equipment. 
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First, the weight of the vehicle was measured and compared to the weight recorded at the start of testing. 
Any difference, most likely due to fuel losses, was corrected by adding the appropriate amount of extra 
mass in the form of weight bags. 

The temperature of the brakes was then measured with a contactless thermometer. At the start of each 
test period (i.e. the start of the day or after a break such as lunch) the test vehicle’s brakes were warmed 
by performing four brake-to-stop manoeuvres from 80 km/h on the airstrip. The measurements taken 
during testing were then used to ensure the rear brakes were within 20-50 degrees Celsius and the front 
brakes were within 30-60 degrees Celsius. If the temperatures were outside these ranges, the brakes 
were either warmed again or left to cool as required. 

A wireless tyre pressure and temperature monitor was fitted to the tyre valves on each wheel of the test 
vehicle. This device was used to check the pressures and temperatures of each tyre remained 
consistent during each test series. 

The brake pedal was then applied to check the measured readings from the brake line pressure sensors 
via the MoTeC C125 screen within the test vehicle. This was done to ensure that consistent pressures 
on the brake lines were being measured throughout the test series and test sets. It also enabled the 
researchers to ensure that any fault condition was being implemented properly, and that the correct 
brake line pressures were being reduced by an appropriate amount. 

Next, the test vehicle was driven onto the airstrip and three tests with the decelerometer were performed. 
These tests consisted of the test driver activating the Circuitlink device, executing the initialisation 
process, accelerating the vehicle to a speed of around 35 km/h, and then triggering the brake pedal 
robot. All tests were performed in sequence and in the same direction along the airstrip. 

Three high-speed stopping distance tests (referred to hereafter as stopping distance tests) were then 
performed. These tests consisted of the test driver activating the Vbox equipment, accelerating to high 
speed, setting the cruise control for 80 km/h, allowing the vehicle speed to settle, and then triggering 
the brake pedal robot. All tests were performed in sequence and in the same direction along the airstrip. 

The test vehicle was then returned to the hangar where the brake temperatures were checked again, in 
the same way as above. 

Next, three tests on the plate brake tester were performed. The test driver positioned the test vehicle in 
line with the plate brake tester, then released the brake to allow the vehicle to reach a speed of about 
3-6 km/h. Once the vehicle was on the plate brake tester the driver would change the transmission of 
the vehicle to neutral and wait for the signal from the plate brake tester to trigger the brake pedal robot. 
The plate system then alerted the driver to continue and complete a handbrake test.  

Three tests on the roller brake tester were performed last. The test driver would manoeuvre the test 
vehicle up the ramps of the roller brake tester such that the front axle was within the rollers. The roller 
brake tester was operated by DIT inspection officers who advised when the test driver should trigger 
the brake pedal robot. The same process was repeated to perform a test on the rear axle of the test 
vehicle. 

At the conclusion of a test series, all printed results from the various testing equipment were collected 
and collated. A new test condition was then implemented, and the test sequence was repeated. 
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3.5.3 Experiences with the roller brake tester 

While testing using the roller brake tester, it was noteworthy that on all tests of the front axle, the test 
vehicle was ejected from the machine rather quickly. This did not occur on any tests of the rear axle. 
After the first few sets of brake testing, it was clear that the roller brake tester was reporting peak 
deceleration values that were significantly lower than the other brake testing methods. 

The brake robot was programmed to apply the brakes rapidly and to a force that was at the point of 
triggering the ABS. After discussion, the DIT vehicle inspection officers suggested that a slower, or more 
gradual, brake application may allow the roller brake tester more time to thoroughly assess the brakes 
before the vehicle was ejected. 

To maintain the consistency of the brake pedal applications in the study, the brake robot was still used 
for the main data collection tests (as described above). However, for many of the brake fault conditions, 
an additional two tests were performed on the front axle with roller brake tester: a gradually increasing 
manual brake application, and a second gradually increasing manual brake application with the 
handbrake applied constantly from the beginning of the test. The test vehicle was still ejected from the 
machine during these manual brake applications. 

Based on the additional data collected during the manual brake applications, a number of observations 
were made. Noting that these observations are based on a very small amount of data, they should be 
treated as anecdotal. However, they are presented here to provide some potential explanation for some 
of the findings that are presented in the Results section.  

The first observation was that, as suggested by Firdaus et al. (2020), there was generally little difference 
in the reported peak deceleration regardless of whether the brake were applied in a rapid, strong manner 
by the brake robot or in a gradually increasing manner by the test driver. Although, there were a few 
cases in which the manual application did result in greater amount of peak deceleration.  

Secondly, it was far more likely for the roller brake tester to correctly detect left to right imbalance on 
the front axle during a manual brake application compared to a robotic application. It is suggested that 
the sharp brake application by the brake robot may have masked left to right imbalance by ejecting the 
test vehicle too quickly. 

Manual brake applications with the handbrake applied resulted in a consistently higher level of peak 
deceleration being reported, compared to the brake robot applications (and the manual application 
without handbrake). Using the handbrake during a footbrake test is clearly not a valid procedure, but it 
does provide some clues as to why the peak deceleration values reported by the roller brake tester were 
so low. 

Based on the study of roller brake tester limitations by Li et al. (2011), and the experiences during data 
collection in this study, several potential explanations for the low reported peak deceleration are 
suggested. 

The friction between the roller cylinders and the test vehicle’s tyres may be low. This was considered 
unlikely, given the machine is used for inspections and maintained/calibrated frequently, but included 
here for completeness. 

As the roller brake tester was a mobile unit, rather than an in-ground unit, the test vehicle was noted to 
be tilted slightly during testing of the front axle (rear wheels lower the front wheels – see Figure 3.14) 
and this may have reduced the amount of force required for the machine to eject the vehicle. 
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The test vehicle’s rear wheels were on the metal ramps of the mobile unit during testing, rather than 
concrete or bitumen as would be the case with an in-ground unit, and this may have reduced the amount 
of force required for the machine to eject the vehicle. 

Finally, it was suspected that the geometry of the VIS machine’s rollers may not be suitable for 
measuring higher levels of peak deceleration. 

The experiences described here are likely to have affected the results presented in Section 4 and 
Section 5 below.  

  
Figure 3.14 

Test vehicle on the roller brake tester 
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Table 3.1 
Brake pressure reductions for each test condition 

Test condition Pictogram 
Pressure reduction valve 

position Cut-off valve position 
Description 

FL FR RL RR FL FR RL RR 

Baseline 

 

0 0 0 0 - - - - All wheels at maximum 
brake pressure 

Fault condition A 

 

0 0 4 4 - - - - 
Rear wheels limited to 
83% of maximum brake 
pressure 

Fault condition B 

 

0 0 8 0 - - - - 
Rear left wheel limited 
to 66% of maximum 
brake pressure 

Fault condition C 

 

0 0 0 12 - - - - 
Rear right wheel limited 
to 50% of maximum 
brake pressure 

Fault condition D 

 

0 0 12 12 - - - - 
Rear wheels limited to 
50% of maximum brake 
pressure 

Fault condition E 

 

0 0 - - - - X X Rear wheels disabled 

Fault condition F 

 

0 8 0 0 - - - - 

Front right wheel 
limited to 66% of 
maximum brake 
pressure 

Fault condition G 

 

0 11 0 0 - - - - 

Front right wheel 
limited to 54% of 
maximum brake 
pressure 

Fault condition H 

 

8 8 0 0 - - - - 
Front wheels limited to 
66% of maximum brake 
pressure 

Fault condition I 

 

11 11 0 0 - - - - 
Front wheels limited to 
54% of maximum brake 
pressure 

Fault condition J 

 

8 8 - - - - X X 

Rear wheels disabled 
and front wheels limited 
to 66% of maximum 
brake pressure 
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3.6 Data processing 

As a result of the testing described above, a number of data sets were generated. Data regarding the 
braking performance of the test vehicle was generated by each of the brake testing methods; the plate 
brake tester, the roller brake tester, and the decelerometer. Brake performance data during the stopping 
distance test was also collected by the Vbox positioning equipment. 

Furthermore, during each test, data regarding the force applied to the brake pedal and the induced 
brake pressures at each wheel was recorded by the brake robot system and the MoTeC system 
respectively. 

Each of these sets of data was processed, and associated with one another (where appropriate), as 
described below. 

3.6.1 Plate brake tester data 

Each test conducted with the plate brake tester produced a .PDF file with the results of that test. This 
.PDF file was printed automatically at the conclusion of each test. 

During the testing process all printed results were collected and collated in a file folder that indicated 
the conditions of the test being conducted. At the conclusion of the testing phase, a digital version of all 
the generated .PDF files were transferred to the researchers via Dropbox and catalogued into a digital 
folder system. 

The plate brake tester data contained the following details of relevance for each test: 

• Date, 

• Time, 

• Brake forces generated at each of the four wheels, 

• Left to right brake force imbalance on both the front and rear axle, 

• Front to rear brake force balance, 

• Peak deceleration, and 

• Average deceleration. 

The plate brake tester also provided a graphical output showing the increase in brake force over the 
test period. However, this data was not utilised in this study. 

All relevant data from the plate brake tester .PDF results were transcribed into a .CSV file format, where 
each row contained the details for a single test, for ease of analysis. 

3.6.2 Roller brake tester data 

Each test conducted on the roller brake tester produced a paper docket with the results of that test. No 
digital version of the test results was recorded by the roller brake tester. 

During testing all paper dockets were collected and collated in a file folder that indicated the conditions 
of the test being conducted (i.e. the brake fault condition). The roller brake tester results docket 
contained the following details of relevance for each test: 

• Date, 

• Time, 
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• Brake forces generated at each of the four wheels, 

• Left to right brake force imbalance on both the front and rear axle, and 

• Peak deceleration. 

At the end of the testing phase the results of the paper dockets were transcribed by hand into a digital 
.CSV format, where each row contained the details for a single test, and catalogued into a digital folder 
system. 

3.6.3 Decelerometer data 

Each test conducted with the decelerometer produced a paper docket with the results of that test. The 
data contained on this docket was also saved on the CircuitLink device in .CSV format and as an image 
file. 

During testing all paper dockets were collected and collated in a file folder that indicated the conditions 
of the test being conducted. At the conclusion of the testing phase, all .CSV files and image files were 
downloaded from the CircuitLink device and catalogued into a digital folder system. 

The decelerometer data contained the following details of relevance for each test: 

• Date, 

• Time, 

• Peak deceleration, 

• Average deceleration, 

• Deceleration distance, and 

• Vehicle test speed. 

The .CSV files downloaded from the CircuitLink device were combined into a single file and then 
rearranged such that each row contained the details for a single test. 

3.6.4 Stopping distance test data 

During the stopping distance tests, data was collected using the Vbox 3i dual antenna GPS system with 
corrections from a base station. Prior to the commencement of each test (or a sequential set of tests) 
the Vbox was activated to record and the file number was noted along with the conditions of the test 
being conducted. Recording was halted at the end of each test (or set of tests). 

At the end of the testing phase, all data files were downloaded from the Vbox device and catalogued 
into a digital folder system. 

The recorded files consisted of data, recorded at 100 Hz, arranged in sequential rows similar to that 
within a .CSV file. The following relevant details were recorded during each test: 

• Date, 

• Time, 

• Latitude, 

• Longitude, and 

• Velocity. 
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Each file was then processed in the follow way. First the data relevant to each individual test was isolated 
by finding periods where the velocity increased to approximately 75 km/h (the typical stopping distance 
test speed), held steady, and then suddenly decelerated to stationary. The point within these periods 
where the deceleration of the vehicle began to increase was then identified. The speed of the vehicle at 
this point was recorded as the ‘initial test velocity’. The ADR 31 mean deceleration formula (Section 
1.3.4) was then used to calculate the average deceleration of the vehicle between 80% of the initial 
velocity and 10% of the initial velocity. 

The initial velocity and average deceleration details for each test were then saved into a .CSV file where 
each row contained the details for a single test. 

While processing the Vbox data, several random checks were made to ensure that the device was 
reporting zero velocity at appropriate points (e.g. at the start and end of a test) to confirm that there was 
no wander in the positioning system.  

3.6.5 Brake force data 

Each time the brake pedal robot was activated, the system automatically logged all data. Prior to the 
commencement of each test (or a sequential set of tests) the brake robot system was set to generate a 
new file. This process closed the currently open file (with the data logged to that point), opened a new 
file, and began logging once more. The name of the currently open file was noted at the end of each 
test (or set of tests), along with the brake testing method being applied and the conditions of the test 
being conducted. 

During the course of the testing phase, the brake robot data files were progressively downloaded and 
catalogued into a digital folder system. 

The recorded data files were in .CSV format and contained the following relevant details for each test, 
recorded at a dynamic frequency that ranged between 50 and 100 Hz: 

• Date, 

• Time, and 

• Brake pedal force. 

The files were then processed to identify where each individual test was occurring by finding periods 
where the brake pedal force increased to a certain level, maintained that level, and then reduced to 
zero. The maximum brake pedal force achieved within these periods was then recorded. This maximum 
brake pedal force was then associated with the corresponding test data recorded for each of the brake 
testing methods. As such, the test details recorded on individual rows of .CSV files for the plate brake 
tester, roller brake tester, decelerometer, and stopping distance test were appended with the maximum 
brake pedal force applied during that test. 

3.6.6 Brake pressure data 

Whenever the engine on the test vehicles was running, the MoTeC system was automatically logging 
all data regarding the brake pressures applied to each wheel into a proprietary file format. There was 
no simple interface with the MoTeC system, so a single large data file was downloaded at the end of 
each test day and catalogued into a digital folder system. 
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The proprietary files were opened using the commercial MoTeC software, which allowed the data to be 
exported into a .CSV format. This was done for all the test files which contained the following relevant 
details recorded at 100 Hz: 

• Date, 

• Time, 

• Brake pressure at front left wheel, 

• Brake pressure at front right wheel, 

• Brake pressure at rear left wheel, and 

• Brake pressure at rear right wheel. 

Each file was processed to identify where relevant braking applications had occurred during testing. 
Because the brakes of the test vehicle were frequently applied manually during manoeuvring between 
tests, this was a time-consuming process. First, all individual braking applications were identified by 
finding where the brake pressures increased and then decreased back to zero. The timing of these 
brake applications was then used to isolate only those that occurred while a test was being conducted. 

The maximum amount of brake pressure at each wheel during the relevant brake application sequences 
was then recorded. These maximum brake pressures were then associated with the corresponding test 
data recorded for each of the brake testing methods. As such, the test details recorded on individual 
rows of .CSV files for the plate brake tester, roller brake tester, decelerometer, and stopping distance 
test were appended with the maximum brake pressures that were achieved for each wheel during that 
test. 

3.7 National Measurement Institute review 

To ensure the independence and validity of the study, the methodology described above was reviewed 
by metrology specialists from the National Measurement Institute (NMI). The NMI specialists provided 
guidance on suitable measures to avoid uncertainty or inaccuracy in the data being collected and 
reviewed the calibration certificates of all the equipment that was used to identify any potential technical 
limitations. A report by the NMI specialists is attached in Appendix I. The concluding statement from that 
report is provided below. 

The National Measurement Institute of Australia (NMI) conducted an assessment 
of the equipment and measurement methodology used by CASR to perform a 
series of experiments comparing the capability of three different types of brake 
testers to detect deliberately introduced faults in vehicle braking systems. 

The assessment concluded that the measurements that CASR conducted were 
appropriate to give confidence in the validity of the comparative testing. 
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4 Results – Reported brake performance 
Over the two days of data collection, a robotic system was used to apply a total of 156 braking events. 
During these braking events the available brake pressure at individual wheels of the test vehicle’s 
braking system were limited in various ways through the use of pressure reduction and cut-off valves to 
simulate brake faults of various severity. The effects of these fault conditions were evaluated by four 
brake testing methods: a plate brake tester, a roller brake tester, a decelerometer, and a stopping 
distance test. The data collected during these brake tests was collated, processed, and the results are 
presented below. 

First, the robotically applied brake pedal forces, and the elicited individual wheel brake pressures, are 
reviewed in order to determine the level of consistency between the brake testing methods. Next, the 
effects of the brake fault conditions are examined to determine how they alter the test vehicle’s stopping 
distance. The levels of peak deceleration and average deceleration reported by each brake testing 
method are then presented. Finally, the levels of left to right wheel imbalance and front to rear brake 
force balance, reported by those brake testing methods that are able to provide a measurement, are 
explored.  

A summary of all the results presented in this section is provided in Appendix J. 

4.1 Consistency of brake applications 

It is important to consider whether the brake applications during the tests performed during each of the 
brake fault conditions were consistent. Systematic differences in the application of the brake pedal, and 
the induced brake pressures, would mean the various brake testing methods were not presented with 
the same conditions and, thus, their ability to identify faults may be misinterpreted. 

The subsections below present and explore the consistency of the robotic brake pedal forces, the 
consistency of the induced brake pressures, and the consistency of the limitations elicited through the 
pressure reduction and cut-off valves during each of the brake testing methods. 

4.1.1 Brake pedal force 

The brake pedal forces recorded during the robotic brake applications with the four brake testing 
methods, during all test conditions, are summarised in Figure 4.1 as box plots. The roller brake tester 
required an individual brake application for the front and rear axles, and these are shown separately.  

Apart from the stopping distance test, the brake pedal forces recorded during testing were rather 
consistent. The median brake pedal force ranged from a minimum of 215.4 N for the roller brake tester 
(front axle) to a maximum of 236.3 N for the plate brake tester. Additionally, the interquartile ranges of 
the results for the plate brake tester, roller brake tester, and decelerometer were similar in size, and 
showed a large amount of overlap. 

The median brake pedal force for the stopping distance testing method was higher at 270.0 N, and the 
interquartile range was greater. 
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Figure 4.1 

Brake pedal forces recorded with each of the brake testing methods 

The greater brake pedal forces recorded during the stopping distance tests (and the decelerometer to 
a lesser degree) are suspected to be the result of a ‘reaction force’ acting on the brake pedal at higher 
levels of deceleration. That is, when the vehicle is decelerating more strongly the mass of the brake 
pedal robot is pitched/rotated forward and this applies an additional force onto the brake pedal. To 
investigate this further, the brake pedal force was compared to the average deceleration developed 
during each stopping distance test, as shown in Figure 4.2. As suspected, at greater amounts of average 
deceleration there was a tendency for increased brake pedal forces. 

 
Figure 4.2  

Brake pedal force vs average deceleration during stopping distance tests 
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4.1.2 Brake pedal force vs brake pressure 

It was important to establish whether the increase in brake pedal force for the stopping distance tests 
(and potentially the decelerometer tests) had resulted in a greater amount of brake pressure being 
generated at the test vehicle’s wheels. Figure 4.3 shows the braking pressures at each wheel of the test 
vehicle for given amounts of brake pedal force during baseline tests with all four brake testing methods. 
While the stopping distance tests generally result in slightly higher amounts of brake pressure, there 
was no indication that brake pressure increased further for greater amounts of brake pedal force. The 
brake pedal force applied by the pedal robot was set at the point where the ABS would be triggered. 
The ABS triggered for many of the stopping distance tests and it is suspected that the ABS system 
prevented the brake pressures rising further with the increased pedal forces. 

Overall, all of the brake testing methods produced similar amounts of brake pressure at each wheel 
during the baseline tests; usually between 1,200 and 1,400 psi. 

 
Figure 4.3 

Brake pressure elicited at each wheel for a given amount of brake pedal force 
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4.1.3 Effect of brake pressure adjustment valves 

After establishing that the brake pressures during the baseline condition tests were consistent between 
the four brake testing methods, it was important to consider how the brake pressures were affected by 
adjustments to the pressure reduction valves. Figure 4.4 shows the brake pressures at each wheel 
generated with the pressure reduction valves set to various positions on the test vehicle. A box plot is 
depicted where there was sufficient data for a given valve position (five tests or more), while individual 
points are provided where smaller amounts of data were available.  

There was relatively good consistency between the valve position and the brake pressure developed at 
each wheel for each brake testing method. Furthermore, there appears to be a generally linear trend 
between the valve position and the amount of brake pressure (noting that the pressure reduction valve 
could only limit brake pressure down to about 50% of maximum).  

 
Figure 4.4 

Brake pressure produced at each wheel for a given pressure reduction valve position 
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4.2 Effect of fault conditions on stopping distance 

In order to explore each brake testing method’s ability to detect brake faults, a number of adjustments 
were made to the amount of available brake pressure at each of the four wheels of the test vehicle. 
These adjustments were made to simulate the conditions that would result from common mechanical 
and hydraulic brake faults. 

Each brake adjustment is likely to affect the test vehicle in different ways. The results of the stopping 
distance brake tests were used to provide an objective, real-world measurement of the severity of the 
brake pressure reductions. Table 4.1 shows the average deceleration recorded during each of the brake 
fault conditions as well as with no faults (baseline conditions) using the ADR 31 formula for mean fully 
developed deceleration (dm). The calculated equivalent stopping distance from an initial speed of 80 
km/h is also shown. 

Figure 4.5 displays the average stopping distance for each of the baseline condition tests that were 
performed. The Figure shows a pictorial representation of the brake fault condition (all wheels set to 
100% in the case of the baseline conditions), as well as the average stopping distance for an initial 
speed of 80 km/h. Additionally, the average stopping distance for an initial speed of 80 km/h for all the 
baseline conditions combined (baseline average) is shown, along with error bars that display two 
standard deviations in either direction. 

In Figure 4.6 the stopping distance for an initial speed of 80 km/h during each of the brake fault 
conditions is shown. Again, a pictorial representation of the fault condition is provided. The baseline 
average stopping distance are overlaid onto the stopping distance results for each fault conditions, to 
provide context. A T-test was used to investigate which fault conditions resulted in a stopping distance 
that was greater than the baseline stopping distance. Fault conditions where the T-test resulted in a p-
value of less than 0.05 are indicated with an asterisk. 

All the brake fault conditions resulted in an increased stopping distance. These increases ranged from 
minor, and not significantly different to the baseline average, to extreme. The greatest increase in 
stopping distance was over 75%, which occurred when both rear brakes were disabled and the front 
brakes were limited to 66% of maximum brake pressure. 

It is also worth noting that some of the brake fault conditions resulted in varying levels of brake 
imbalance, where one side of the vehicle brakes more severely than the other. However, the effect of 
this imbalance, in vehicle handling was not measured in this study. 
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Table 4.1 
Average deceleration and stopping distance as a result of each test condition 

Test condition 
Average deceleration 

during stopping distance 
test (m/s/s) 

Average stopping distance 
from an initial speed of 

80 km/h (m) 
Baseline 1 9.16 27.0 
Baseline 2 8.84 27.9 
Baseline 3 9.55 25.9 
Fault condition A 9.03 27.3 
Fault condition B 8.64 28.6 
Fault condition C 8.57 28.8 
Fault condition D 8.38 29.5 
Fault condition E 7.05 35.0 
Fault condition F 7.54 32.7 
Fault condition G 7.54 32.7 
Fault condition H 6.31 39.1 
Fault condition I 5.28 46.8 
Fault condition J 5.26 46.9 

 

 
Figure 4.5 

Average stopping distances during baseline tests 
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Figure 4.6 

Average stopping distances during each brake fault condition 
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4.3 Reported deceleration 

During a brake to stop sequence, the deceleration experienced by a vehicle builds quickly to a peak 
value before it then plateaus to a slightly lower value for the remainder of the braking sequence (Luker, 
2008). In some cases, increased deceleration also occurs towards the end of the braking sequence. 
This peak deceleration value represents the maximal amount of braking friction that was achieved by 
the vehicle. Outside of the peak deceleration period(s), the deceleration over the course of a braking 
sequence typically occurs at a steady level until the vehicle comes to a stop. Average deceleration is a 
measure of this steady state value and represents the average deceleration over the entire braking 
sequence. 

The peak and the average deceleration reported by the plate brake tester and the decelerometer is 
shown in Figure 4.7, along with the peak and average deceleration calculated during the stopping 
distance test. The roller brake tester used in this study only reported a peak deceleration (which is shown 
in Figure 4.7) but did not report an average deceleration. 

Figure 4.7 is divided into columns which depict the peak and average deceleration measured during 
tests performed with the various brake fault conditions that were elicited through the pressure reduction 
and/or cut-off valves (shown diagrammatically at the bottom of the Figure). The first column in the Figure 
depicts the decelerations measured during all baseline tests for each brake testing method. A T-test 
was used to compare the measured decelerations during each fault condition to the baseline 
measurements. A bold indicator is shown for reported values where this T-test comparison resulted in 
a p-value less than 0.05, indicating a statistically significant difference. Reported values that were not 
found to be significantly different to the baseline are shown with a faded indicator. 

In general, the decelerations reported by the decelerometer were highest, followed by those reported 
by the plate brake tester and then the peak decelerations reported by roller brake tester. It is worth 
noting that the decelerometer directly measures deceleration through accelerometers within the device, 
while the plate brake tester and roller brake tester calculate a deceleration using a measurements of 
brake force and vehicle mass over a short time period. 

In addition to the observations regarding the results of the roller brake tester in Section 3.5.3, a few 
further observations can be made from Figure 4.7. The first is that the peak decelerations reported by 
the roller brake tester are indeed much lower than those reported by the other brake testing methods. 
Second, it can be seen that where the rear brake pressures have been reduced, the roller brake tester 
has a tendency to report drastically lowered peak decelerations. 

Despite the differences in the magnitude of the peak decelerations reported by each brake testing 
method, they are all affected by the brake fault conditions in generally similar ways (although, with some 
minor differences). That is: 

a) Minor brake pressure reductions to the rear wheels resulted in little change in peak 
deceleration 
There was no significant change in either the peak or average deceleration reported by the plate 
brake tester during fault conditions A to D. This was also for the case for the stopping distance test, 
apart for fault condition D which resulted in a significant reduction in both peak and average 
deceleration. For the decelerometer, there was no significant change in the reported peak 
deceleration, but average deceleration was found to be reduced slightly in fault conditions A and C. 
The roller brake tester reported a significant reduction in peak deceleration for all the fault 
conditions. 
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b) Disabling both rear wheels resulted in a reduction in peak deceleration 
During fault condition E, decelerations were found to have reduced significantly by almost all the 
brake testing methods. Only peak deceleration reported by the decelerometer was found to have 
not reduced to a statistically significant level. 
 

c) Very minor brake pressure reductions to one or both of the front wheels resulted in little 
significant change in peak deceleration 
In fault conditions F and G, where brake pressure reductions were made to just one of the front 
wheels, the results were mixed. The plate brake tester found significant reductions in deceleration 
during fault condition G, but not for fault condition F. On the other hand, all decelerations were found 
to have significantly reduced during the stopping distance test. This was also true for the 
decelerometer results, apart from the reported peak deceleration during fault condition G. The roller 
brake tester measured a significant increase in peak deceleration for fault condition G, but not for 
fault condition F. 
 

d) Greater brake pressure reductions to the front wheels resulted in decreasing levels of peak 
deceleration 
Larger brake pressure reductions in fault conditions H and I resulted in significant reductions in 
deceleration reported by the plate brake tester, decelerometer, and the stopping distance test. The 
roller brake tester reported a significant increase in peak deceleration for fault condition I but not for 
fault condition H. 
 

e) Disabling both rear wheels in combination with brake pressure reductions to the front wheels 
resulted in a drastic reduction in peak deceleration 
Brake fault condition J resulted in very significant reductions to the decelerations reported by all the 
brake testing methods. 
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Figure 4.7 
Decelerations reported by the testing methods during each brake fault condition 

(statistically significant differences [p < 0.05] between fault conditions and 
the baseline average are shown with bolded indicators) 

4.4 Reported left to right brake force imbalance 

A braking system that is operating satisfactorily will provide the same level of brake force on the left and 
right wheels of each axle. If this does not occur, then there is a risk that the vehicle will be dragged to 
the left or right during an emergency stop.  

The amount of left to right brake force imbalance, at both the front and rear axle, for the plate brake 
tester and roller brake tester is shown in Figure 4.8. The Figure shows the amount of imbalance, 
reported by the brake testing methods, plotted against the measured amount of imbalance in brake 
pressure. A dashed line is drawn to depict the ideal correlation between the brake pressure imbalance 
and the imbalance reported by the brake testing methods. 
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During testing there were four fault conditions in which there was a left to right imbalance generated in 
the brake pressures of a single axle. In brake fault conditions F and G, there was an imbalance 
generated in the front axle brake pressures of around 43% and 54% respectively. The plate brake tester 
was able to accurately detect these imbalances, while the roller brake tester was not. 

Brake pressure imbalances of around 42% and 54% in the rear axle were generated during brake fault 
conditions B and C respectively. Both the plate brake tester and roller brake tester were able to detect 
these rear axle imbalances to a good degree of accuracy. 

For the remainder of the fault conditions the brake pressure imbalance was practically zero (less than 
8% in all cases). However, in some tests performed with the plate brake tester an imbalance of around 
50% was reported for the rear axle. Investigation of these tests found that they were conducted during 
brake fault conditions where the rear brake pressures had been reduced to zero through the application 
of the cut-off valve. In these situations, some small amount of rolling resistance was still detected, to 
varying degrees, on each of the rear wheels, leading to a reported imbalance. 

This residual rolling resistance, when both rear brakes were disabled, also caused the roller brake tester 
to mistakenly report large amounts of left to right imbalance. Additionally, this situation also resulted in 
the roller brake tester incorrectly reporting a large imbalance on the front axle. 

 

 
Figure 4.8 

Reported left to right brake force imbalance compared to the brake pressure imbalance 
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4.5 Reported front to rear brake force balance 

An optimally operating braking system will generate a suitably balanced amount of braking at the front 
and rear axles of a vehicle. The appropriate level of balance (the amount of brake force at the front 
wheels versus the rear wheels) is unique to each vehicle and depends on factors such as the mass 
distribution and suspension geometry. During braking a vehicle will pitch forward, and this results in a 
greater amount of weight being applied to the front wheels while the rear wheels become unloaded. As 
such, the front wheels are typically able to provide a greater amount of brake force relative to the rear 
wheels. When a vehicle’s braking system does not meet the designed front to rear brake force balance, 
then it may indicate there is a fault. It is not possible to know exactly what the designed front to rear 
balance should be (other than asking the manufacturer), but for typical modern vehicles the front wheels 
usually provide more than half of the braking force. 

The plate brake tester was the only testing method to report the front to rear brake balance. The front 
to rear brake force balance reported by the plate brake tester, compared to the front to rear brake 
pressure balance, is shown in Figure 4.9. A vertical line is drawn at 50% front to rear brake pressure 
which depicts where the braking at the front and rear axles was equal. To the left of this line represents 
fault conditions where the front axles brake pressures were lower than on the rear axle. To the right of 
the line represents fault conditions where the rear axle brake pressures were lower than on the front 
axle. 

In conditions where the brake pressures were equal on the front and rear axles (on the line), the plate 
brake tester reported a front to rear brake force balance of 80%-20%. As the front to rear brake pressure 
balance decreased (to the left of the line) so did the reported front to rear brake force balance. Similarly, 
as the pressure balance increased (to the right of the line), so did the reported brake force balance. 
Where the rear brakes were disabled completely, the plate brake tester was able to correctly report a 
front to rear brake force balance of almost 100%-0%. 

 
Figure 4.9 

Front to rear brake force balance reported by the plate brake tester 
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5 Results – Brake performance assessment 
Presented below are the test results for each of the brake fault conditions assessed by the three 
recognised brake testing methods. These results are compared to the minimum brake performance 
criteria from the NSW Authorised Inspection Scheme and a pass or fail is indicated in the tables below. 
The tables also show the increase in stopping distance that was measured for each fault condition. The 
brake fault conditions are grouped into similar categories for discussion. 

To meet a roadworthy standard, the NSW brake performance criteria requires an average deceleration 
of greater than 47% g, a peak deceleration of greater than 60% g, and a left to right brake force 
imbalance (on both axles) of less than 30%. Other jurisdictions in Australia and New Zealand also 
mandate similar brake performance criteria, as was shown in Table 2.1. 

The decelerometer is not able to measure left to right braking imbalance. As such, the limit of 30% in 
left to right brake force imbalance cannot be assessed when a decelerometer is used to measure brake 
performance. 

The roller brake tester does not provide an average deceleration. Only the maximum deceleration is 
provided in the tables below for the roller brake testing method.  

The plate brake tester is able to measure all assessed elements of brake performance criteria. In 
addition, while not a measure of performance that is recognised by the NSW roadworthy standard, the 
plate brake tester measures information on front to rear brake balance and this was also included in the 
tables below. 

A summary of all the assessment outcomes presented in this section is provided in Appendix J. 
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5.1 Baseline condition (no brake fault) 

No faults were present in the brake system during the baseline condition which is representative of an 
optimally operating vehicle. The results reported by each of the brake testing methods are shown in 
Table 5.1. 

The plate brake tester and the decelerometer both passed all the criteria comfortably. However, the 
roller brake tester reported a peak deceleration of 59% g and incorrectly failed the vehicle. 

Table 5.1 
Brake performance results during baseline condition 

Brake force pressure reduction fault 
condition 

 

Baseline – No pressure reductions 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 6.5 m/s2 | 65% g Not measured 8.0 m/s2 | 82% g 

Peak deceleration > 60% g 8.4 m/s2 | 86% g 5.8 m/s2 | 59% g 9.7 m/s2 | 99% g 

Left to right imbalance (front) < 30% 2% 11% Not measured 

Left to right imbalance (rear) < 30% 10% 10% Not measured 

Front to rear brake balance None 81% Not measured Not measured 

Overall All above Pass Fail Pass 
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5.2 Brake force pressure reduction to both front wheels 

Reductions to the brake pressures on both front wheels, as might be expected to occur during a master 
cylinder by-pass fault, were assessed during brake fault conditions H and I. Both fault conditions resulted 
in substantial increases in stopping distance (45.8% and 73.5% respectively), indicating that the 
stopping performance of the vehicle had been drastically compromised.  

The results reported by each of the brake testing methods are shown in Tables 5.2 and 5.3. 

Despite the dangerous increases to the stopping distances, the results from the plate brake tester and 
the decelerometer passed the brake performance criteria. 

The peak deceleration reported by the roller brake tester during fault condition H failed the brake 
performance criteria. Curiously, during brake fault condition I, where there was a greater pressure 
reduction than in fault condition H, the roller brake tester recorded a peak deceleration result that passed 
the performance criteria. 

The plate brake tester was able to identify the change in front to rear balance compared with the baseline 
condition. While the front to rear brake force balance on all vehicles is different, the result of 65% - 35% 
for fault condition I is suggestive of a brake fault. 
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Table 5.2  
Brake performance results during brake fault condition H 

Brake force pressure reduction fault 
condition 

 

Front wheels limited to 66% of maximum brake 
pressure  

(e.g. master cylinder by-pass) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 5.6 m/s2 | 57% g Not measured 5.9 m/s2 | 60% g 

Peak deceleration > 60% g 6.6 m/s2 | 67% g 5.3 m/s2 | 54% g 6.9 m/s2 | 70% g 

Left to right imbalance (front) < 30% 0% 6% Not measured 

Left to right imbalance (rear) < 30% 5% 5% Not measured 

Front to rear brake balance None 70% Not measured Not measured 

Overall All above Pass Fail Pass 

 

Table 5.3  
Brake performance results during brake fault condition I 

Brake force pressure reduction fault 
condition 

 

Front wheels limited to 54% of maximum brake 
pressure 

(e.g. master cylinder by-pass) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 5.2 m/s2 | 53% g Not measured 5.3 m/s2 | 54% g 

Peak deceleration > 60% g 6.2 m/s2 | 63% g 6.0 m/s2 | 61% g 6.3 m/s2 | 64% g 

Left to right imbalance (front) < 30% 12% 14% Not measured 

Left to right imbalance (rear) < 30% 5% 10% Not measured 

Front to rear brake balance None 65% Not measured Not measured 

Overall All above Pass Pass Pass 
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5.3 Brake force pressure reduction to single front wheel 

Reductions to the brake pressures on just a single front wheel, as might be expected to occur with a 
seized caliper slide, were assessed during brake fault conditions F and G. These fault conditions 
resulted in increases in stopping distance of 21.6% which could make the difference between a crash 
occurring or affect the severity of a collision. In addition, the offset in the brake forces could result in the 
vehicle swerving dangerously under heavy braking.  

The results reported by each of the brake testing methods are shown in Tables 5.4 and 5.5. 

All of the brake testing methods produced results that passed the mean and peak deceleration criteria. 
Only the plate brake tester was able to identify the left to right brake force imbalance and reported an 
imbalance over 30% which resulted in a fail under the brake performance criteria. 

The decelerometer does not provide a measure of left to right brake force imbalance, and the roller 
brake tester failed to detect any significant imbalance. 
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Table 5.4  
Brake performance results during brake fault condition F 

Brake force pressure reduction fault 
condition 

 

Front right wheel limited to 66% of maximum brake 
pressure 

(e.g. seized caliper slide) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 6.4 m/s2 | 65% g Not measured 7.1 m/s2 | 72% g 

Peak deceleration > 60% g 8.2 m/s2 | 84% g 5.9 m/s2 | 60% g 8.6 m/s2 | 88% g 

Left to right imbalance (front) < 30% 37% 4% Not measured 

Left to right imbalance (rear) < 30% 6% 6% Not measured 

Front to rear brake balance None 77% Not measured Not measured 

Overall All above Fail Pass Pass 

 

Table 5.5  
Brake performance results during brake fault condition G 

Brake force pressure reduction fault 
condition 

 

Front right wheel limited to 54% of maximum brake 
pressure 

(e.g. seized caliper slide) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 6.0 m/s2 | 61% g Not measured 7.1 m/s2 | 72% g 

Peak deceleration > 60% g 7.7 m/s2 | 78% g 6.1 m/s2 | 62% g 9.1 m/s2 | 93% g 

Left to right imbalance (front) < 30% 46% 8% Not measured 

Left to right imbalance (rear) < 30% 13% 6% Not measured 

Front to rear brake balance None 77% Not measured Not measured 

Overall All above Fail Pass Pass 
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5.4 Brake force pressure reduction to both rear wheels 

Reductions to the brake pressures on both rear wheels, as might be expected with a faulty proportioning 
valve, were assessed during brake fault conditions A, D, and E. As a result, the test vehicle’s stopping 
distance was affected to varying amounts. During fault conditions A and D, the stopping distance was 
only increased a small amount and was not found to be significantly different to the baseline stopping 
distance. This indicates the difficulty in identifying such conditions. For brake fault condition E, where 
the rear brakes were disabled, the stopping distance was increased by 30.0% compared to baseline – 
a potentially dangerous situation. 

The results reported by each of the brake testing methods are shown in Tables 5.6 to 5.8. 

Peak and average decelerations well above the minimum performance criteria were reported by both 
the plate brake tester and decelerometer. This was not true for the roller brake tester, which reported 
peak decelerations below the minimum performance criteria.  

The plate brake tester correctly reported low values of left to right imbalance for all the fault conditions. 
The roller brake tester also reported low values for left to right imbalance during fault condition A. But 
this was not the case during brake fault conditions D and E. For fault condition D, the roller brake tester 
incorrectly reported a left to right imbalance on the front axle of 30%, failing the brake performance 
criteria. For fault condition E, the roller brake tester reported an excessive amount of left to right 
imbalance on the rear axle.  

The plate brake tester was able to identify progressive changes in the front to rear brake force balance. 
Notably, for brake fault condition E, the plate brake tester reported a front to rear balance of 99% - 1%. 
While the deceleration values were within the brake performance criteria, this extreme level of front to 
rear balance would have showed clearly that the rear brakes were faulty. 
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Table 5.6  
Brake performance results during brake fault condition A 

Brake force pressure reduction fault 
condition 

 

Rear wheels limited to 83% of maximum brake 
pressure 

(e.g. fault proportioning valve) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 6.6 m/s2 | 67% g Not measured 8.0 m/s2 | 82% g 

Peak deceleration > 60% g 8.5 m/s2 | 87% g 5.2 m/s2 | 53% g 8.7 m/s2 | 89% g 

Left to right imbalance (front) < 30% 3% 5% Not measured 

Left to right imbalance (rear) < 30% 11% 17% Not measured 

Front to rear brake balance None 84% Not measured Not measured 

Overall All above Pass Fail Pass 

 

Table 5.7  
Brake performance results during brake fault condition D 

Brake force pressure reduction fault 
condition 

 

Rear wheels limited to 50% of maximum brake 
pressure 

(e.g. fault proportioning valve) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 6.1 m/s2 | 62% g Not measured 7.5 m/s2 | 76% g 

Peak deceleration > 60% g 8.0 m/s2 | 82% g 3.8 m/s2 | 39% g 9.3 m/s2 | 95% g 

Left to right imbalance (front) < 30% 2% 30% Not measured 

Left to right imbalance (rear) < 30% 7% 10% Not measured 

Front to rear brake balance None 89% Not measured Not measured 

Overall All above Pass Fail Pass 
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Table 5.8  
Brake performance results during brake fault condition E 

Brake force pressure reduction fault 
condition 

 

Rear wheels disabled 
(e.g. fault proportioning valve) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 5.6 m/s2 | 57% g Not measured 7.2 m/s2 | 73% g 

Peak deceleration > 60% g 7.3 m/s2 | 74% g 2.7 m/s2 | 28% g 8.7 m/s2 | 89% g 

Left to right imbalance (front) < 30% 1% 25% Not measured 

Left to right imbalance (rear) < 30% 9% 86% Not measured 

Front to rear brake balance None 99% Not measured Not measured 

Overall All above Pass Fail Pass 

 

 



 

CASR Road Safety Research Report | Brake testing: what faults can be found? 
52 

5.5 Brake force pressure reduction to single rear wheel  

Brake pressure reductions to just a single rear wheel, as might be expected in a situation where there 
was air in the hydraulic system, were assessed during brake fault conditions B and C. Only fault 
condition C resulted in a stopping distance that was significantly greater than the baseline. However, an 
imbalance in the left to right brake forces of a vehicle can pose a dangerous situation when braking 
heavily, particularly if applied during cornering. 

The results reported by each of the brake testing methods are shown in Tables 5.9 and 5.10. 

The plate brake tester and decelerometer reported mean and peak decelerations well above the brake 
performance criteria. However, for both fault conditions, the roller brake tester reported a peak 
deceleration that was well below the brake performance criteria.  

While the decelerometer is not able to measure left to right brake force imbalance, both the plate brake 
tester and the roller brake tester were able to accurately identify the imbalance in the rear axle (resulting 
in a failure of the brake performance criteria).  
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Table 5.9  
Brake performance results during brake fault condition B 

Brake force pressure reduction fault 
condition 

 

Rear left wheel limited to 66% of maximum brake 
pressure 

(e.g. air in the hydraulic system) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 6.2 m/s2 | 63% g Not measured 7.7 m/s2 | 78% g 

Peak deceleration > 60% g 8.0 m/s2 | 82% g 5.2 m/s2 | 53% g 9.1 m/s2 | 93% g 

Left to right imbalance (front) < 30% 3% 5% Not measured 

Left to right imbalance (rear) < 30% 44% 46% Not measured 

Front to rear brake balance None 84% Not measured Not measured 

Overall All above Fail Fail Pass 

 

Table 5.10  
Brake performance results during brake fault condition C 

Brake force pressure reduction fault 
condition 

 

Rear right wheel limited to 50% of maximum brake 
pressure 

(e.g. air in the hydraulic system) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

 Brake assessment method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 6.4 m/s2 | 65% g Not measured 7.4 m/s2 | 75% g 

Peak deceleration > 60% g 8.3 m/s2 | 85% g 4.5 m/s2 | 46% g 9.1 m/s2 | 93% g 

Left to right imbalance (front) < 30% 2% 22% Not measured 

Left to right imbalance (rear) < 30% 49% 47% Not measured 

Front to rear brake balance None 85% Not measured Not measured 

Overall All above Fail Fail Pass 
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5.6 Brake force pressure reduction affecting all wheels 

A reduction to the brake pressures in all four wheels of the test vehicle, as might occur in the event of a 
brake booster failure, was assessed in brake fault condition J. The effect of this condition, in terms of 
increased stopping distance, was an extreme 75.9%. This was the most severe fault condition 
implemented during the study. A vehicle with this type of fault would be extremely dangerous. 

The results reported by each of the brake testing methods are shown in Table 5.11. 

Reassuringly, all the brake assessment methods reported deceleration results that failed the brake 
performance criteria. It was noteworthy that this was the only fault that resulted in a fail for the 
decelerometer.  

A large left to right brake force imbalance was reported for the rear axle by both the plate brake tester 
and the roller brake tester. As the rear brakes were disabled this was likely to be because the measured 
brake forces were so low that even a small difference resulted in a large reported imbalance.  

The plate brake tester was also able to identify a front to rear balance of 98% - 2%, which provided even 
more evidence that the rear brakes were not performing adequately. 

 

 

  



 

CASR Road Safety Research Report | Brake testing: what faults can be found? 
55 

Table 5.11  
Brake performance results during brake fault condition J 

Brake force pressure reduction fault 
condition 

 

Rear wheels disabled and front wheels limited to 
66% of maximum brake pressure 

(e.g. brake booster failure) 

Stopping distance increase 

 

Factor 
Pass 

criteria 
(NSW) 

Brake testing method 

Plate brake tester Roller brake tester Decelerometer 

Average deceleration > 47% g 4.5 m/s2 | 46% g Not measured 4.3 m/s2 | 44% g 

Peak deceleration > 60% g 5.1 m/s2 | 52% g 2.6 m/s2 | 27% g 5.0 m/s2 | 51% g 

Left to right imbalance (front) < 30% 1% 14% Not measured 

Left to right imbalance (rear) < 30% 34% 81% Not measured 

Front to rear brake balance None 98% Not measured Not measured 

Overall All above Fail Fail Fail 
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6 Discussion 
The objective of this study was to investigate the ability of four brake testing methods to recognise 
mechanical or hydraulic brake faults on light vehicles. Brakes can be considered the most important 
safety feature on a vehicle and must be maintained to ensure optimal performance. Even for modern 
vehicles with advanced electronic systems, the mechanical operation of brakes has changed little over 
the last decades. That is, a pair of friction pads mounted to calipers, and activated through a hydraulic 
system, which clamp onto a rotor attached to the wheels of the vehicle. A mechanical or hydraulic fault 
is unlikely to be identified by an electronic system and, as such, brake testing today is just as relevant 
as ever. 

The literature review presented in Section 2 explored the prevalence of brake faults in the general fleet 
and their effect on safety. Much of the data regarding the prevalence of crashes resulting from vehicle 
faults comes from police reports and indicates that they are rare (2-3%). However, it was acknowledged 
that police do not necessarily have the time, nor the training, to identify all vehicle faults. The small 
number of studies that explored data based on more in-depth investigations of vehicle faults found that 
they may actually be responsible for closer to 10% of crashes (or even higher). Furthermore, a study 
that looked at the prevalence of vehicle faults in the general vehicle fleet found that up to 40% of vehicles 
may be affected by some kind of defect. Regardless of the data source, all studies indicated that brake 
faults were one of the most commonly reported vehicle faults.  

Fortunately, the literature also indicated that periodic vehicle inspection schemes are an effective 
method of improving the mechanical condition of vehicle in the general fleet and reducing the prevalence 
of vehicle faults. However, the effectiveness of inspection schemes in reduced fault-related crashes was 
less clear with contradictory findings within the literature. On top of this, the high cost of facilitating 
periodic inspection schemes means many jurisdictions in Australia find them difficult to justify. Even so, 
all jurisdictions in Australia and New Zealand dictate performance criteria that light vehicles must meet 
to be considered roadworthy. These criteria include performance standards for brakes such as a 
minimum required peak deceleration and a maximum allowable amount of left to right imbalance in 
brake forces. 

Brake testing machines provide a rapid method of investigating the performance of a vehicle’s brakes 
and checking whether they meet the roadworthiness performance criteria. However, it is important for 
vehicle owners and roads authorities to understand the differences between brake testing methods, 
their advantages, their limitations, and to have confidence in the results they provide. The operation of 
three brake testing methods (generally accepted by industry and authorities) were described and 
relevant literature was reviewed. These were plate brake testing machines, roller brake testing 
machines, and portable brake testing decelerometers. In addition, an outline of the high-speed stopping 
distance test was provided. 

Section 3 described the methodology for the study, which involved professionally fitting equipment to a 
common passenger vehicle to enable the control of the brake pressure applied to the individual wheels 
to simulate common brake faults. The installed equipment consisted of pressure reduction valves, cut-
off valves, and pressure sensors at each wheel. The pressure sensors were connected to a data logger 
to record the brake pressures achieved during testing.  

A brake pedal robot, capable of supplying specific and repeatable brake applications, was also installed. 
This brake pedal robot provided a consistent force upon the brake pedal when activated, which was 
logged by a load cell integrated into the robot system. The robot was programmed to provide a force 
that was just strong enough to trigger the test vehicle’s ABS. 
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Four examples of brake testing equipment were acquired for use in the study: 

• A SafeTstop plate brake tester, 

• A Vehicle Inspection Systems roller brake tester,  

• A Circuitlink Brake-Testa portable decelerometer, and  

• A Racelogic Vbox 3iSL GPS data logger for use in high-speed stopping distance tests. 

Data collection then occurred during a series of test sets performed over two days at a private airstrip. 
During each test set, a brake fault condition was simulated using the equipment installed onto the test 
vehicle to adjust the maximum brake pressures at individual wheels. The vehicle was then tested three 
times on each piece of brake testing equipment. During the data collection process, checks were made 
to monitor and regulate the consistency of the test vehicle’s weight, tyre pressures, tyre temperatures, 
and brake pad temperatures. Checks were also made to monitor the consistency of the readings from 
the brake pressures and the accuracy of the Racelogic Vbox GPS equipment. A test set with the vehicle 
in a baseline condition (no adjustments to maximum brake pressure) was performed at the beginning, 
at a midpoint, and at the end of the data collection activities to check for any possible changes in the 
test vehicle over time. 

The data collected from the four brake testing methods, the brake pedal robot, and the brake pressure 
sensors was collated, combined where necessary, and processed into a format suitable for analysis. 

The equipment and methodology used in the study was reviewed by metrology specialists from the 
National Measurement Institute. They produced a report which concluded that the measurements 
conducted were appropriate to give confidence in the validity of the comparative testing. 

During data collection (and the processing/analysis of the test data) it became clear that the results of 
the roller brake tester were, in many cases, considerably different to the results reported by the other 
brake testing methods. More precisely, the roller brake tester reported peak decelerations that were 
consistently low (exacerbated even further when brake pressures on the rear wheels of the test vehicle 
were reduced), failed to recognise brake pressure imbalances on the front axle, and incorrectly reported 
an imbalance on the front axle when none existed. 

It is not clear whether this is a common issue when using roller brake testers with light vehicles, as the 
small amount of literature on the subject that could be found was focussed on heavy vehicles.  

In Section 4, it was shown that the methodology used in this study was successful in implementing 
relatively consistent brake pedal applications during the testing. During the high-speed stopping 
distance tests, there was some tendency for an increased force to be applied to the brake pedal, but 
this did not result in a large corresponding increase in brake pressure. The recorded brake pressures, 
elicited through adjustments to the pressure reduction and cut-off valves, were also relatively consistent 
during testing of the various brake fault conditions and with the four brake testing methods. 

The implemented brake fault conditions all resulted in an increase to the test vehicle’s stopping distance. 
This increase ranged from minor, and not significantly different to the stopping distance in the baseline 
condition, to extreme. The largest increase in stopping distance was over 75%, which equates to an 
extra 20 metres for a vehicle travelling at 80 km/h. 

In terms of reported peak and average deceleration, each testing method reported different values for 
the baseline condition. The high-speed stopping distance test reported the highest decelerations, 
followed by the decelerometer, the plate brake tester, and finally the roller brake tester (which was 
drastically lower than the other testing methods). 
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As the severity of the fault conditions increased (leading to greater stopping distances), the reported 
decelerations decreased correspondingly with respect to the baseline decelerations for all testing 
methods (apart from the roller brake tester.) 

Reductions to the brake pressures in the rear wheels did not affect the reported decelerations 
significantly, until the rear wheels were completely disabled. Brake pressure reductions to just a single 
front wheel also did not result in any significant reduction to the reported decelerations. When brake 
pressure reductions were applied to both front wheels, then a clear reduction to the reported 
decelerations was observed. This effect was even greater when the front wheel pressure reductions 
were combined with disabling the rear brakes. 

Both the plate brake tester and the roller brake tester were able to report on the left to right imbalance 
in brake forces. This was not a capability of the decelerometer, or indeed the high-speed stopping 
distance test. The left to right brake pressure imbalance for each fault condition was clearly measured 
by the plate brake tester on both the front and rear axles. The roller brake tester was able to correctly 
identify left to right imbalance on the rear axle but not on the front axle. 

Only the plate brake tester was able to provide a measurement for the front to rear brake force balance. 
The front to rear brake force balance reported by the plate brake tester was compared to the front to 
rear brake pressure adjustment for each fault condition. The reported values were consistent with the 
adjustments in the front to rear pressure balance. Notably, the plate brake tester was able to correctly 
identify when the rear brakes of the test vehicle had been disabled by reporting a front to rear brake 
force balance of almost 100% - 0%. 

In Section 5, minimum brake performance criteria from the NSW Authorised Inspection Scheme was 
applied to the reported results from each brake testing method, during each of the brake fault conditions. 
The increase in stopping distance, brought about by each brake fault condition, was used as a measure 
of severity to provide some context. 

Setting aside the results of the roller brake tester (which were inconsistent with the implemented fault 
conditions), the effectiveness of the brake performance criteria in identifying brake faults, based on the 
results of the approved brake testing methods, was mixed. For brake fault conditions where there was 
an implemented imbalance in the left to right brake pressures (on the front or rear axle), the plate brake 
tester was able to identify this imbalance and the vehicle would have failed the brake performance 
criteria. For these same brake fault conditions, the decelerometer (which was not able to measure left 
to right imbalance) would have deemed that the vehicle had passed the brake performance criteria.  

In the remaining brake fault conditions, where there was no left to right imbalance, the only criteria on 
which to assess the performance of the brakes was the peak and average decelerations. It was only for 
the most severe brake fault condition, where the stopping distance was increased by 75.9%, that the 
plate brake tester and decelerometer reported peak and average deceleration values that fell below the 
brake performance criteria. Alarmingly, there were instances where severe brake faults would have 
passed the brake performance criteria. These included faults where both rear brakes were completely 
disabled, both front brakes were limited to 66% of maximum brake pressure, and both front brakes were 
limited to 54% of maximum brake pressure, leading to increases in stopping distances of 30.0%, 45.8%, 
and 73.5% respectively. 

Conclusions  

This was the first study, to the authors’ best knowledge, that investigated the use of plate brake testers 
with light vehicles and the first to conduct back to back investigations of multiple brake testing methods 
on light vehicles. 
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In general, all the brake testing methods were easy to perform and relatively quick. Each took less than 
a few minutes, although the decelerometer and the high-speed stopping distance test did require a clear 
roadway which required extra “travel time” (and additional safety implications that needed to be 
considered).  

The results reported by each of the brake testing methods were reviewed individually, and their ability 
to detect mechanical or hydraulic faults was summarised. 

The high-speed stopping distance test is recognised as an objective test of a vehicle brakes. It reported 
the highest level of deceleration and produced the largest change in reported deceleration over the set 
of brake fault conditions that were tested. As such, this testing method was considered to have the best 
ability to measure deceleration. However, a measure of deceleration (in isolation) is not sufficient to 
detect faulty brakes, unless a vehicle’s stopping power was severely compromised. In addition, the 
testing method is unable to detect any kind of imbalance in a vehicle’s brakes. This means that faults 
which affect just a single wheel would not be identified. 

The plate brake tester measures brake forces at each individual wheel and offered the most information 
about the performance of the test vehicle’s braking system, including peak and average deceleration, 
left to right brake force imbalance, and front to rear brake force balance. During this study, the plate 
brake tester reported results that were consistent with all the brake fault conditions that had been 
implemented. As such, the testing method was considered to be able to offer the most comprehensive 
report on a vehicle’s brakes and identify brake faults that result in reduced stopping power as well as 
left to right imbalance on either axle. By measuring the front to rear brake force balance, the plate brake 
tester was also able identify when the rear brakes were seriously compromised in situations where the 
vehicle was still providing a relatively high level of overall deceleration. The plate brake tester was the 
only brake testing method to provide this information. 

The roller brake tester was able to report on peak deceleration and the left to right brake force imbalance 
on the front and rear axle. The results reported by the roller brake tester were inconsistent with those of 
the other brake testing methods and with the implemented brake fault conditions. It is unknown whether 
this was representative of roller brake testers in general, or unique to the machine that was used in this 
study. The peak deceleration reported by the roller brake tester were consistently low. The reported 
peak deceleration values reduced for fault conditions that affected the rear wheels, but not conditions 
that affected the front wheels. Similarly, the roller brake tester was able to accurately identify left to right 
brake force imbalance on the rear axle, but not for the front axle.  

The decelerometer was found to produce results that were comparable to the high-speed stopping 
distance test. As such, the decelerometer was considered to be able to provide a reasonable 
understanding of a vehicle’s deceleration. This would not be sufficient to identify brake faults, apart from 
situations where a vehicle’s stopping power was severely compromised. Additionally, the decelerometer 
was not able to measure left to right brake force imbalance and would therefore be unable to identify a 
range of faults that result in diminished braking to just a single wheel. 

The minimum brake performance criteria from the NSW Authorised Inspection Scheme were used to 
explore how the reported results from each brake testing method would have been assessed. It was 
found that significant and severe faults, resulting in extreme increases in stopping distance, would still 
pass the minimum required levels of peak and average deceleration. Most other Australian states and 
territories, as well as New Zealand, define brake performance criteria that are similar to the criteria used 
in NSW. 

Most modern vehicles are able to generate greater amounts of deceleration compared with vehicles 
from the past when the brake performance criteria were originally formulated. Based on the results of 
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this study, it is suggested that a review of the brake performance criteria used in all Australian and New 
Zealand jurisdictions is warranted in order to keep pace with the capabilities of modern vehicles and 
improve the overall safety of the general vehicle fleet. 
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Appendix A – Vehicle inspection 

 

Requires Attention

S'Cover/Flr mat/Radio offPRE ROAD TEST Noteworthy Damage Warning Lights

Steering centralisedPowertrain Driveline Brake/Bearings Steering/Suspension

Bonnet Struts

HOIST MIDWAY

Engine Air Filter

Tyre Placard Details

Size Fitted _________________

Brand _____________________

Inflated tyre pressure to
Rear

Spare

N/AOK X

Load

PASS          MARG         FAIL

Suggested repairs

Parts Used Qty Qty

Ensure vehicle is free of grease, oil and hand marks before making it ready for collection

Tick

Parts Used

 Quote

DCG-7490

Final Road Test
signature & initials signature & initials

TYPE/ BRANDALT CHARGE RATE

V

Tread Depth Remaining
Front

PSIPSI

PSI

Wheel Alignment Visual
Tyre Condition
Correct tyres fitted

Repairs and consumables

Team Member Completing the job 
Confirm all works completed as required and inspection satisfactory

Inspection Type Service Other

Key/Remote
Service Due

km

ROAD TEST Service provider

_______/______

GENERAL
Handbrake operation

Seatbelt cond/operation

Bonnet/boot release 

A/C & fan operation 

Scan check (if applicable)

Fuel flap/cap release

Wiper arm/blade cond

Cabin filter

Horn/Lights/Pedal Pads
Wipers/Washer aim

Bounce Test Check Spare Lock nut cond
Speed F.PSI R.PSI

UNDER BONNET

Throttle/Intake
Drive belts

Power Steer level/leaksAuto Trans Fluid (if applicable)

T/belt within date/km

Upper Mountings

Brake/Clutch lines/components 

Brake/Clutch fluid cond/test

Cooling system
Coolant level

Rust/Limescale Contamination

Coolant cond/age/strip test

Pressure Test 
Required?
NO YES

Test Result

System Test
CCA

Terminal Condition
Caliper/Slides
Dustboots/Rubbers

Wheel Cylinders
Spring/clips

Flexible hose/fittings

CV Boot

Rack boots
Other

Brake Pads Brake Discs/Drums
Good Low

Recommend Replacement 
Material Remaining(mm)

LHF

RHF

RHR

LHR

>6mm

>6mm

>6mm

>6mm

5-4mm

5-4mm

5-4mm

5-4mm

<3mm

<3mm

<3mm

<3mm

Differential(s) leaks/level

General underbody cond

Grease joints( if applicable )

Wheel nut/studs/bolts

Manufactures Min 
Specs

Front

Rear

LHF

RHF

RHR

LHR

mm

mm

mm

mm

Actual
Fit for 
Use

TYRES

Other

Outer Mid Inner Inner Mid Outer

LHR

LHF RHF

RHR

Spare

HOIST FULLY RAISED
Engine leaks/condition

Exhaust System condition
Lower brake line/clutch lines/slave cylinder

Fuel line condition/leaks

Suspension Condition

Gearbox leaks/level

Driveline/universal joints
SERVICE OPERATIONS FINALISED

Under Vehicle Levels & adjustments Sump plug tight & clean
Oil filter tight & clean

Under bonnet Levels & adj
Rotate & Balance( if applicable ) Service Indicator reset

Logbook / Service Sticker

Plus Service Cost

Customer approved

$

$

$

Wheel bearings

Steering rack ends
Suspension leaks

Steering System condition

Current Odometer

km

________,_______

Safety check

 Parts Labour

Not applicable



 

CASR Road Safety Research Report | Brake testing: what faults can be found? 
65 

 

  



 

CASR Road Safety Research Report | Brake testing: what faults can be found? 
66 

Appendix B – Honeywell pressure sensor details 

 

DATASHEET PART 58043

© MoTeC Published 30 April 2015 11

HONEYWELL 2000 PSI PRESSURE SENSOR

COMPATIBILITY

Suitable for use with:

• M84 ECU

• Hundred series ECUs

• M1 series ECUs

• All MoTeC data loggers

The 2000 PSI (13785 kPa) Honeywell MLH pressure Connector
sensor is a 0 to 2000 PSI gauge pressure sensor

MoTeC connector part number: 65013suitable for use with fluids in applications such as
fuel, oil or coolant pressure.

SPECIFICATIONS CALIBRATION

Manual Calibration

0.5 V = 0 PSI (0 kPa)

4.5 V = 2000 PSI (13789 kPa)

Using the ECUManager

For M84, M400, M600, M800 and M880.

The Honeywell pressure sensor is an analogue sensor with 0 to 5
Use predefined calibrations:

V output (working range generally 0.5 V - 4.5 V). The sensor signal

wire can be used with any Analogue Voltage (AV) input on #100 Pres(PSI) Ti 2000PSI Abs

compatible devices, see the signal pin table below.
kPa: no predefined calibration available, use a custom table with

manual calibration.

Using M1 Tune

For M130, M150, M170, M190, M141, M142, M181 and M182.

Use manual calibration for the sensor calibration table.

Using the Display/Logger Manager

For SDL3, ADL3, CDL3, C125, C185, C127 and C187.Connection is to a regulated 5 V supply and 0 V sensor ground,

and should be to the same device that is reading the signal. See
Use the predefined calibration: Honeywell MLH 0-2000PSIG.

the relevant MoTeC device documentation for pin numbers.

ECU AVAILABLE SIGNAL PINS

M84 M400, M600, M800 M880 M130* M150* M170* M190* M141/M142* M181/M182*

A15, A14, A15, A16, A17, A25, 6, 7, 12, A14, A15, A16, C14, C15, C16, A6, A7, A12, C42, C36, C35, C14, C15, C16, C42, C36, C35,

A17, B20, B21, B22 18, 26, 35, A17, A 25, B20, C17, C25, D20, A18, A26, A35, C28, C29, C11, C17, C25, D20, C28, C29, C11,

A25, 36, 44 B21, B22 D21, D22, B10, A36, A44 C12, C6, C13, D21, D22, B10, C12, C6, C13,

B22 B11, B12, B16, C7, A13 A35, B11, B12, B16, C7, A13 A35,

B17, B18, A3, A34, A41, A27, B17, B18, A3, A34, A41, A27,

A4, A5 A28, A29, A38 A4, A5 A28, A29, A38

* Availability of some M1 series ECU pins may be limited depending on channel assignments for specific firmware packages.

Check for latest version at www.motec.com
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Appendix C – Calibration records: Brake robot load cell 
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Appendix D – Calibration records: SafeTstop plate brake tester 
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Appendix E – Calibration records: VIS roller brake tester 

 

 

 
 
 

certificate of calibration 
 

This is to certify that VIS Check equipment listed herein was calibrated in accordance with the VIS Check 

calibration procedure to manufactures standards in accordance with AS/NZS 4613:1999 Automotive 

brake testing equipment - Roller brake tester. 

 

All weights and measures used are certified by a registered testing Authority. 
 
 
Serial Number 
 

 

 
Next Calibration Due 
 

 

Date  

Location  

Procedure (Version No) 1.23 

Calibration Tooling Traceability 

Weight Calibration ID 39831 
Weight Jig Due Date 26/7/20 
Registered Authority Precision Calibrations 
Force Calibration Jig ID 69660 
Force Jig Due Date 30/7/20 
Registered Authority Precision Calibrations 

 
 

Performed By:  R Hamilton___________________ 

Signature:  ____________________________ 

Date:   ____________________________ 
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Appendix F – Calibration records: Circuitlink decelerometer 
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Appendix G – Calibration records: Racelogic Vbox 3iSL 
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Appendix H – Data collection checklist 

 

  

Standard Operating Checklist 
 
 
   
  Document no.: 
BTC  Page: 1/1 
 
Title: Brake Test Checklist    Date printed: 28/7/20 
 

 

Vehicle  
Test condition 
LF RF LR RR 
Test date  Time  
Test driver    
CabinTemperature  (ºC)   
External temperature (ºC)   

    
ACTIONS CHECK 
Record weight of vehicle, adjust with ballast if required (kg)  
LF RF LR RR 
Tyre pressures (PSI) 
LF RF LR RR 
Tyre temperature (ºC) 
LF RF LR RR 
Brake temperature (ºC) 
LF RF LR RR 
Brake robot set load (N)  
Brake robot set speed (rpm)  
Brake robot maximum displacement (mm)  
Settle and measure brake line pressures (kPa) Front Rear 
LF RF LR RR 
Roller brake test number  
Roller data file  
Plate brake test number  
Plate data file  
Clear to enter roadway  
Decelerometer test number  
Decelerometer data file  
Decelerometer vbox file  
Confirm 100-0 km/h manual brake stop  
Brake temperature (ºC)  
LF RF LR RR 
100-0 km/h data file  
100-0 km/h vbox file  
Brake line pressures post test (kPa) Front Rear 
LF RF LR RR 
Roller brake test number  
Roller data file  

Notes: 
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Appendix I – National Measurement Institute review 

 

Review of measurement 
methods and instrumentation 
used to assess vehicle brake 
testing systems

Laurence Dickinson and Simon Dignan 
6 October 2020 
www.measurement.gov.au 

Report related to NMI contract reference 20/010/255, 19 May 2020.  
Version 1, dated 9 September 2020 
Version 2, dated 6 October 2020 
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Appendix J – Study results summary 
Figure J.1 provides a summary of the results for each brake testing method during each of the tested 
brake faut conditions. 

The figure contains seven axes showing various results for the ten fault conditions as well as the 
baseline average condition. 

The first axis shows the details of the specific brake pressure limitations applied for each fault condition. 
The available brake pressure at each wheel is shown as a percentage of the maximum. This was set 
via adjusting the pressure reducing and cut-off valves attached to the corresponding wheels of the test 
vehicle. A pictogram of a vehicle is provided with a colour coded indication of the maximum available 
brake pressure at each wheel (green being 100%, then transitioning through yellow, orange, and finally 
red representing 0%). 

The second axis shows the percentage increase in stopping distance compared to baseline, for an initial 
speed of 80 km/h, elicited by each brake fault condition.  

The third axis shows the front to rear brake force balance reported by the plate brake tester during each 
fault condition. The roller brake tester and decelerometer do not measure this factor. 

The fourth and fifth axes show the amount of left to right brake force imbalance reported for the front 
and rear axle respectively. This data was reported by the plate brake tester and roller brake tester, but 
not by the decelerometer. An imbalance of 30% or greater is deemed a fail according to the NSW brake 
performance criteria. Results that pass the criteria are shown in green, while those that fail are shown 
in red. 

The sixth axis shows the peak deceleration (in m/s2) reported during each brake fault condition by the 
different brake testing methods. Results that are different to the baseline average, to a statistical 
significance level of 95%, are shown will a filled marker. Those that are not significantly different to the 
baseline average are shown with an empty marker. A peak deceleration below 60% g (5.89 m/s2) is 
deemed a fail according to the NSW brake performance criteria. This pass/fail limit is shown as an 
orange line. 

The seventh axis shows the average deceleration (in m/s2) reported during each brake test setup for all 
four brake testing methods. Results that are different to the baseline average, to a statistical significance 
level of 95%, are shown will a filled marker. Those that are not significantly different to the baseline 
average are shown with an empty marker. An average deceleration below 47% g (4.61 m/s2) is deemed 
a fail according to the NSW brake performance criteria. This pass/fail limit is shown as an orange line. 
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Figure J.1  
Summary of study test results 

 


