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Noise abatement measurements

o

ICPfi free eld array microphones from PCB Piezotronics installed in a custom conformal array microphone stand, manufactured by SenSound LLC for noise abatement measurements

N Michigan-based PCB Piezotronics
customer SenSound specializes in 3D sound
mapping software, which is used to visualize
where and how noise originates and travels
through space and time. As a longtime
PCBfi customer, SenSound, has traditionally
used PCB Model T130D21 0.25in free eld
response ICPfi array microphones in their
custom conformal microphone array
systems. These systems are typically used
for automotive industry noise abatement
measurement applications of disc brakes,
interiors, door panels, and passhy
applications, and to ensure that quieter

cars, engines and interior mechanisms are
designed and manufactured to be noise and
vibration free.

SenSound was recently contacted by one
of the Big Three automotive assembly plants,
when an internal quality inspection audit
revealed that noise and vibration levels
generated by door modules during window
engagement were unacceptable. Immediately
following the audit, SenSound was contracted
by the manufacturer to diagnose the source
of the problem, with the goal of helping the
assembly plant produce quieter automobile
door assemblies.

To determine the exact source of the
noise and vibration, it was necessary for
SenSound to provide the customer with a
noise diagnostic test on a vehicle door

assembly. This test was conducted in order
to better understand the system level
interaction between window motor and door
module, while a motor powers the window
up and down, and to complement continued
efforts to re ne window motor manufacturing
and door module assembly. It was known by
the manufacturer that the electric motor was
the energy source and was also assumed to
be the noise source accounting for these
levels. Accordingly, effort had always been
focused on electric motor design improve-
ment to help make the component quieter in
operation. Yet after spending signi cant
resources to design and manufacture a
quieter motor, unwanted noise persisted.

To identify the root cause of the noise,
SenSound used a custom ICP array
microphone system, consisting of sixty-three
0.25in free eld array microphones installed
into a grid. This setup was used for analysis
of the front door module, with and without
trim. In order to capture the noise source,
analysis occurred while the door module
was engaged, to both raise and lower the
window. SenSound chose PCB microphones
for this application because they have
several advantages, including high sensitivity
(45mV/Pa), frequency range to 20kHz (+/-
3dB typical), TEDS capability, and a 0.25in
housing, which provides the least disturbance
of the sound eld.

Electret ICP array microphones are cost-
effective for multi-channel measurements,
and designed with internal integral
preampli ers. Units operate from ICP sensor
power, making them interchangeable with
ICP accelerometer setups, for ease of use
and reduced system setup time. Each
microphone also includes TEDS capabilities,
which allows for storage of calibration data,
serial number, and sensitivity for individual
microphones within a system, for ease of use
in a large channel count setup, and for the
added ability to read sensor information
without having to dismantle a system.

The automotive door panel was tested
using the SenSound custom conformal 63
PCB ICP microphone array system, both
with and without door module trim. The
conformal array system was used to ensure
accuracy in the reconstruction of surface
acoustic quantities.

During the course of testing, various
window motors were tested, including
known good motors and bad motors, all
with different noise performance factors.
The custom microphone array that covered
the entire door surface was used to measure
acoustic pressure, which were then used as
input to SenSounds software to reconstruct
3D surface acoustic maps.

PCB array grid microphones were
positioned as close to the surface as possible,
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