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Brake Insulator Damping Measurement Procedure

RATIONALE

Brake pad insulators are a primary device used in the control of brake squeal for passenger cars throughout the world.
Each insulator damping is tuned for a specific application. Because there is currently no recognized standard for
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3. GLOSSARY AND TERMINOLOGY

3.1 RESONANCE (NATURAL) FREQUENCY

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

3.2 LOSS FACTOR

The energy loss factor, 1, which is the percent critical damping divided by 50.

3.3 DAMPING

It is generally expredsed as a percentage of critical damping. The damping ratio in % is given by: f =(50x7.

4. ORGANIZATION OF THIS DOCUMENT
The first step is to dgfine the basic measurement configuration and the measurement requirements.

5. MEASUREMEN|I REQUIREMENTS
e Excitation:

¢ An electro-njagnetic non-contact exciter is the preferred method.of excitation. Other methods
a hammer njay be used with proper care and documentation.of equivalent results.

e Response:

o Typically an|accelerometer will be used to measutre the response. A single point laser vibrom
can also be|used. If a transducer other than.an accelerometer is used, a comparison test
equivalence| The weight of the accelerometér should be less than 1 g.

e The recommended accelerometer is one’'with an integrated amplifier or a charge type.
e Frequency response from 500 to 16 000 Hz + 3 dB.

e Dual-channel FRT analyzer capable of calculating a frequency response function (FRF) and simpl

of excitation such as

bter or a microphone
bhall be run to show

e coherence.
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6. TEST CONFIGURATION

The preferred measurement setup is shown in Figure 1. This configuration shows the use of an accelerometer for the
response measurement and a non-contact exciter for the excitation.

Figure 1 shows the suggested measurement configuration.
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7. OPERATION

The measurement V
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FIGURE 1 - BRAKE PAD INSULATOR DAMPING MEASUREMENT SETUP

vill be on a standardized steel beam, (O-1 Oil Hardening Cold Work Tool Stee
10), 130*38*6 mm. The 1% 3 bending modes will be located around 1900, 5100, @nd 9900 Hz.

ill be bonded to the steel beam according to the insulator manufacturer’'s bondin

vill be bonded to thetsteel beam using a thin layer of Loctite 4203 adhesive.
s cable are indicatedvon Figures 1 and 2.

ated on siliconé.rubber mounts.
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FIGURE 2 - LOCATION OF EXCITER, ACCELEROMETER AND RUBBER MOUNTS
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Connect the exciter to channel 1 and the accelerometer to channel 2 of the analyzer.

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

Analyzer frequency range from 1500 to 15 000 Hz
Excitation will be “Chirp” (1500 to 15 000 Hz, 1/Af duration)
24 averages minimum, free run

The maximum value of frequency resolution should be 1 Hz

Hanning window
Setup the excite

e Record the anal

It is important to ag
function are both dis|

The analyzer shoulg
quality of the signal
the resonances.
Identify the 3 resong

using the half-power

below the resonant

Some analyzers hay
peak. A more sophig

shall be used for the exciter and the accelerometer
r level to get good FRF, with minimum noise and clear peaks (Figure 3)

zer setup

just the analyzer so that the FRF between the accelerometer and the exciten
played as shown in Figure 3.

be configured to average the results of the multiple/acquisitions to obtain a hig
will be judged by the computed coherence. Reject.the measurement if the cohere

nce frequencies on the FRF (Figure 3).The'oss factor for each natural frequend

or 3 dB method. The loss factor is defined by n where Af is the frequend

eak and f is the resonant peak frequency. The damping ratio in % is then given b

e a function which gives you the damping ratio & in %, by placing the screen curg
ticated technique can also be used; single degree of freedom identification methg

and the coherence

h quality signal. The
nce is below 0.95 for

y shall be measured

y bandwidth at 3 dB
y £ =50x7.

or on the resonance
d.
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8. SUMMARY OF
There are different W

- For each tempera
- For each tempera
- Summarize on or
- Generate a 3D ¢
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RESULTS

ays to summarize the data:

ture, plot the FRF curve from 1500.t6*15 000 Hz as shown in Figure 3.
ture and each mode, tabulate thé\frequency and damping (Table 1).

e Excel graph the frequency. and damping values with temperature for the 3 beam modes (Figure 4).
olour plot, temperature, frequency and damping, using commercially available

GURE 3 - EXAMPLE OF AN FRF (TOP) AND COHERENCE FUNCTION (BOTTQM)

software like Matlab

(Figure 5).
TABLE 1 - SUMMARY OF DAMPING WITH TEMPERATURE AND MODE N°
Test Date: | Test Conducted By:
Insulator Code/Type
Sample n°:
Pad ID Mode+ Mode2 ModeS3 Notes
Temperature | Nat. Freq., | Damping | Nat. Freq., | Damping | Nat. Freq., | Damping
(°C) Hz (%) Hz (%) Hz (%)
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