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Automotive Disc Brake Pad Natural Frequency and Damping Test

Foreword

Natural frequencies and damping are important characteristics of a brake pad~assembly. There are
currently nojrecognized standards for measuring these quantities.

1. Scopé¢

This procedure is applicable to brake pad modes between 500,Hz! and 16 kHz. The|parameters
measured With this procedure are defined as the first three natural\frequencies, f (n=1, 2| 3), and the
corresponding loss factors, 1.

1.1 Purpgse

This recommended test practice is intended to establish a standardized and repeatable| method for
performing natural frequency and damping measurements on a disc brake pad.

1.2 Rationale

Not applicaljle.
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3.

3.1

Glossary and Terminology

Natural Frequency

One of the frequencies at which the pad naturally vibrates at when excited in a free-free condition.

3.2 Loss Factor

The energy Voo fcu.;tul, I|, vvh;uh ID thc PUIUUI It Ul |t|ua: dalllp;l IH dl\lldcd by 50.

3.3 Damping

Generally expressed as the percentage of critical damping.

4. Organization of this Document

This document separates the measurement procedures to obtain the brake pad natural frgquency and
that required to obtain the loss factor. The reason for this separation is that in the develogment of this
procedure significant differences were found in the repeatability of the results for| these two
measurements between different testers. The result is that highly accurate and consigtent natural
frequency dpta can be obtained with less rigorous measurement system and procedure requirements.

This measu

The more ri
although thg

loss factor r¢sults. The magnitude of this variability will be discussed in some detail in Part B.

The first steg
parts A and
5. Meas

Excitation:

ement procedure is presented in Part A.
jorous loss factor measurement procedure is presented in Part B. It is important

requirements for this measurement:are more stringent there is still greater var

p is to define the basic measurement configuration and the requirements com
B.

lirement Requirements

Typic
vibro

| tipped impact hammer with force transducer is the preferred method of exci

to note that
ability in the

mon to both

ation. Other

e point laser

eter can O De used. ucer e

comparison test shall be run to show equivalence.

accelerometer is one with an integrated amplifier or a charge type.

defined in these sections.

coherenc

Frequency response from 500 Hz to 16 000 Hz +3 dB.
Dual-channel FFT analyzer capable of calculating a frequency response function (FRF) and simple

e.

er is used, a

The recommended microphone is a 0.5 in free-field condenser type. The recommended

The recommended accelerometer is different for parts A and B. The specific requirements will be
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6. Test Configuration

The preferred measurement setup is shown in Figure 1. This configuration shows the use of a
microphone for the response measurement and an impact hammer for excitation. The same setup can be
used with an accelerometer. One may use equivalent non contacting measurements such as Laser

Doppler Vibrometer, if the results can be shown to be equivalent.

Figures 2 to|4 show three suggested measurement configurations. Using all three of\these g
of force inpyt and response locations, one can be confident of that the lowest three natural

will be meadured.

easured, it is
may then be

ombinations

frequencies

Oven
: Impact
Microphone Hammer
Analyzer @:'(]]]]ID‘\
[
|
Brake pad
NN
Foam

FIGURE 1—BLOCK DIAGRAM OF A BRAKE PAD LOSS FACTOR MEASUREMENT 9

The Figure 2 setup‘will be prone to the excitation of the bending modes of the brake pad.

ETUP

To assure that torsional modes are excited and measured, the configurations shown in Figures 3 and 4
can be used. In this arrangement, it is important to excite and measure at the farthest edges of the pad

(even if it means exciting on chamfers).
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Measurement Impact

Measufement Impact

Measur¢ment Impact

\

CONFIGURATION NUMBER 1
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Measurement Impact

Measurement Impact

Measurement Impact

FIGURE 3—BRAKE PAD NATURAL FREQUENCY AND LOSS FACTOR MEASUREMENT
CONFIGURATION NUMBER 2
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Measurement

Meagurement Impact

surement

Meas uremc%{) Impact

FIGURE 4—BRAKE PAD NATURAL FREQUENCY AND LOSS FACTOR MEASUREMENT
CONFIGURATION NUMBER 3
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7. Operation

In an effort to minimize the effect of environmental conditions, the measurement should be conducted
between 18 °C and 24 °C and 30% to 80% relative humidity. Record the ambient temperature and
humidity.

Place the brake pad on a foam pad as indicated on Figure 1. For Part A any soft closed cell foam pad can
be used. For Part B, a specific foam pad must be used. Other equivalent means of simulating free-free
mounting ¢ tgn of the pad
at antinodes]

ractralnino

Locate the microphone or accelerometer on top of the pad, as indicated on Figure1:-The ¢
the microphpne and the pad should be around 5 mm. If an accelerometer is used, bond it
using Loctite adhesive

ap between
to the pad

The measur celerometer

and hamme

ement can be done with or without a brake insulator. Record.the microphone/ad
positions used for this test.
Connect the hel 2 of the
analyzer.

impact hammer to channel 1 and the microphone~or accelerometer to chan

Prepare the Janalyzer for data acquisition and analysis according to the following:

e Analyzerffrequency range from 500 Hz to 16 000.Hz.

Pretrigger delay properly set to ensure that the ehtire force pulse is captured.

Trigger lgvel adjusted such that the data acquisition system properly captures the impact
response|.
The maximum value of frequency resolution should be 5 Hz.

A force wiindow shall be used for the excitation data acquisition.

. hnd acoustic

Absolute
complete
decay to

y no windowing should be required on the response channel. Should the respons
y in the sampling window, the analyzer parameters must be adjusted to allow t
be captured. This~ddjustment may be done by increasing the number of sa

5e not decay
he complete
mple points,

adjusting|the period, or the frequency range.

Record the analyzer setup.

It is important te,adjust the analyzer so that the FRF between the microphone/acceleromgter and the

impact hammeriand the coherence function are both displayed as shown in Figure 5.

Hit the pad with the hammer a minimum of 5 times at the same location. These hits must occur preferably
on the backing plate (hitting the friction material is an option). The analyzer should be configured to
compute a linear average the results of these impacts to obtain a high quality signal. The quality of the
signal will be judged by computed coherence. Reject the measurement if the coherence is below 0.9 for
the resonant peaks. Avoid double hits. Data obtained with double hits shall be rejected. When using a
microphone, reduce the gap between the microphone and the pad if the quality of the FRF needs to be
improved.
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8.

Part A: Measurement of Pad Natural Frequencies

Response:

o Typically a microphone or an accelerometer will be used to measure response. A single point laser
vibrometer can also be used. If a transducer other than a microphone or accelerometer is used, a
comparison test shall be run to show equivalence.

The recommended microphone is a 0.5 in free-field condenser type.

e The recommended accelerometer is one with an integrated amplifier or a charge type with a mass
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ify the resonance frequencies on the FRF (Figure 5).

on:
Ident:.i/ the resonance frequencies on the FRF (Figure 5).

+l 4
tialt ryrailti.

t the measurements for configuration 2 (Figure 3) and configuration 3((Figure
report the natural frequencies computed for each configuration. Fhe repd
ncies are the average of the lowest three natural frequencies found{(Table 1).

riation expected from this measurement is natural frequency: £5%from the aver

3: Measurement of Pad Loss Factor

ely difficult to measure damping consistently. In order to achieve a reasong
the following steps have to be followed:

an accelerometer with a weight less than\one gram. Examples of accelerome
ed are: PCB 357C10 (0.45 gram), PE€B 357A09 (0.6 gram), PCB 357A08
co 2222C (0.5 gram), Endevco 2250A/AM1-10 (0.4 gram), Endevco 22 (0.1
lent.

am rubber used to simulate.the free-free conditions is GM251M (Type | or Ty
mer Corporation, Livonia,"\MI 48150, Tel: 734-464-0700 or equivalent. The foam

t the measurements for configuration 2 (Figure 3) and configuration 3 (Figure
eport the _natural frequencies and loss factors computed for each configuratio
natural frequencies are the averages of the equivalent lowest natural frequenci
ss faetor for each natural frequency is the lowest computed value (Table 1).

). The user
rted natural

hge.

ble level of

ers that can
0.14 gram),
4 gram) or

pe IA) from
thickness is

1). The user
n. The first
bs detected.

The loss fad

torfor each natural frequency shall be measured using the half-power or 3dB fnethod. The

Af
loss factor is defined by m ZT where Af is the frequency bandwidth at 3dB below the resonant peak

and f is the resonant peak frequency (Figure 6).

Many modern analyzers will have this calculation built in as an automated function. Whether this is done
automatically by the analyzer or is done manually by the user, this calculation must be done using a
linear interpolation between discrete points in the frequency response function. If only the discrete points
of the FRF spectrum are used, significant errors in the loss factor estimate are possible.
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Some analyzers have a function which gives you the damping ratio & in %, by placing the screen cursor

on the peak. The loss factor is then defined byn =

100

§*2_

<
50

The measurement variation is estimated at +10% or typically +0.5% of critical damping.

FIGURE 5—EXAMRLE-OF AN FRF (TOP) AND COHERENCE FUNCTION (BOTTd

N\

OF A DISC BRAKE PAD
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