
Environmental regulations and the demand for improved 
braking systems continue to drive new formulations for 
brake pad materials. Research into how different materials 
influence strength, integrity, and durability is an integral 
part of brake pad design and improvement. This research 
is usually done through a tedious, back-and-forth period of 
testing and detailed metrology analysis. Promising brake 
materials are typically evaluated prior to on-vehicle stopping 
tests by dynamometer tests, which allow testing of a real 
pad or rotor under protocols simulating the conditions 
necessary to stop a vehicle. However, dynamometer testing 
is a complex and cost-intensive method that requires the 
brake pads and rotor be in their final form. Bruker has 
developed a more rapid and cost-effective means to both 
test and fully analyze potential materials for automotive 
brake applications, reducing the extent of dynamometer 
testing required. This application note discusses how 
combining benchtop testing of smaller samples with rapid 
and accurate 3D surface metrology makes it possible 
to perform many, pre- and post-test non-destructive 
analyses more quickly than ever before. While the data 
presented here are specifically related to brake pad 
materials, the method can be used for any material used in 
high-friction environments.

Testing Brake Materials

Bruker’s Brake Material Screening Tester for the 
UMT TriboLab™ utilizes small sample coupons made of 
friction materials, and tests them in real time under real 
brake operating conditions against industry-standard 
dynamometer protocols and standards. To scale down 
and properly simulate the brake system, it is necessary 
to consistently match critical physical parameters used by 
dynamometers for protocols like the SAE J2522, which 
regulates the contact pressure between the pad and rotor, 
sliding speed, deceleration, and initial temperature.
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Figure 1. UMT TriboLab Brake Material Screening Tester.
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Figure 3. Comparison of the TriboLab test versus a dynanometer test 
(the SAE J2522 – 6.6 cold application) shows good correlation.

LightSpeed Focus Variation Technology

However, physical testing is only one part of the 
characterization process for brake pad materials. Full 
analysis by a reliable metrology system provides additional 
necessary information. Bruker’s Contour LS-K 3D optical 
profiler with LightSpeed™ Focus Variation technology 
enables both between easy-to-acquire high-resolution 
images and reliable metrology data (see Figure 4). 
The system rapidly captures surface data with a large 
field of view (FOV) at vertical scanning speeds up to 5 
millimeters per second. Data-rich images are displayed 
in high-resolution and in real color within seconds. Unlike 
comparable solutions, Contour LS-K also provides access to 
raw measurement data, allowing the operator to see exactly 
what is on the surface without filtering or data modification.

Contour LS-K continuously captures intensity images as 
the objective is moved toward the sample. When the scan 
is complete, the software looks at the data for each pixel 
from every frame to select the frame in which that pixel 
shows the optimum focus. Knowing the frame this pixel is 
in, and how far the objective was from the surface when 
that frame was taken, indicates the surface feature height 
at that pixel. This process is conducted for each of the 
pixels in the image (over 1,000,000 points) to build a 3D 
map, as well as an all-in-focus color image (see Figure 5). 
Once captured, the data can be fully analyzed with industry-
standard Vision64® software.

Figure 4. Bruker Contour LS-K 3D Optical Profiler.

Since benchtop systems typically have small inertia in 
comparison with a vehicle or dynamometer, deceleration 
is simulated by controlling the velocity of the motor as 
a function of time. Key parameters monitored during 
the different steps of the simulation include torque, CoF, 
temperature of the rotor, temperature of the pad, and 
sliding speed.

Another key advantage of performing the tests at a 
smaller scale is not only the possibility to easily control 
environmental parameters, such as relative humidity and 
temperature, but also the capability to collect the debris 
ejected from the sliding contact interfaces during the 
test. Such brake wear particles can then be subjected to 
post-test chemical and physical characterization.

The minimum contact size of the coupons is very important 
in benchtop friction material testing. While the contact 
pressure and sliding speed can be selected from the real 
application or test protocol, there is a minimum sample size 
that can represent the non-homogeneous morphology and 
composition of the brake pad.

Bruker conducted a series of experiments using the new 
tester and small coupons and compared the results to 
full-scale dynanometer tests. The data collected during the 
tests show good correlation between the full-scale and 
benchtop tests, not only from the calculated average CoF, 
but also in the behavior of the torque with similar trend and 
shape (see Figure 3). The outstanding correlation between 
methods proves that the Brake Material Screening Tester is 
indeed an effective and reliable system for the evaluation 
and screening of friction materials for brake applications 
(see Bruker Application Note #1013 for more information).

Figure 2. Samples that simulate the brake pad (with smaller coupons) 
and rotor for testing with the TriboLab Brake Material Screening Tester.
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Figure 5 shows an image of a brake test pad after testing. 
The image surface texture clearly indicates the sliding 
direction, and damage can easily be observed. The color 
image also reveals metallic debris from the brake pad 
composite material, which can help establish a correlation 
between material properties and the damage.

Perhaps more importantly, the accuracy of the brake test 
can be further improved by comparing the pad surface 
before and after the test (see Figure 6). 3D surface 
metrology provides clear evidence on whether theoretical 
assumptions of flat-on-flat conformation match reality. For 
instance, potential curvature of a new part can potentially 
lead to an underestimation of the contact area and 
pressure, which would interfere with accurate calculation of 
wear rate or brake efficiency. Likewise, 3D metrology can 
assess the need for longer run-ins prior to the collection 
of tribology data to ensure flat-on-flat geometry and the 

removal of matter peaks (see Figure 6 left). In addition to 
this qualitative observation, the software can quickly and 
easily calculate high-level analyses, such as the Abbot-
Firestone curve (see Figure 7). This powerful bearing ratio 
analysis nicely emphasizes the difference between pre- 
and post-test topographies, and quantifies the drop of the 
highest protrusion points together with the increase of 
contact area.

Figure 5. 3D view of used test pad after tribology test, with color map 
overlay. The color overlay reveals differences of reflectivity linked to 
the material components.

Figure 6.  Comparison of brake pad before (left) and after (right) wear testing utilizing exact same lateral and vertical scale reveals 
measurable effects of tribology.
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Figure 7. Comparison of Aboot curves from pad topography before 
(blue) and after (red) the tribology brake test.

Finally, the quantification of damage due to tearing and 
galling on used brake test pads is readily available through 
default advanced islands analysis (see figure 8). This 
method automatically acquires key information, such as 
number of pits, average and maximum depth, to rank 
severity of damages for different materials under test.

Figure 8. Automatic characterization of parameters such as average diameter, area, deepest point (Rv%), and volume can be calculated for 
each pit with summary results for complete assessment of galling/tearing damages. Data are ranked from lowest to highest volume.

Conclusion

These are just a few of the many analyses that engineers 
and manufacturers can utilize for brake pad material 
applications, or other materials in high-friction applications. 
The metrology capability, simplicity, speed, and ease of 
use of the Contour LS-K, combined with the UMT TriboLab 
Brake Material Screening Tester enables brake pad 
manufacturers to more completely research and test brake 
material performance. Ultimately, the complementary 
nature of these technologies helps engineers improve pad 
quality at lower cost, while decreasing final new product 
time to market.

Authors

Roger Posusta  
roger.posusta@bruker.com 

Samuel Lesko  
samuel.lesko@bruker.com


