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Abstract

In automotive NVH road testing and extreme environments such as engine-bay and exhaust near-
field applications, measurement microphones must satisfy not only acoustic requirements such as
frequency response, dynamic range, and traceability, but also engineering-grade robustness,
including resistance to liquid ingress, contamination, shock and vibration, thermal drift, and the
practical demands of multi-channel deployment and maintenance. This white paper first outlines
the environmental challenges typical of automotive NVH applications, then summarizes the
common failure modes and data risks associated with conventional measurement microphones in
road tests and other harsh conditions. It then proposes a selection framework, validation matrix,
and evaluation criteria tailored to these scenarios, providing an actionable methodology based on
threshold screening, combined-condition validation, and criteria convergence. The paper also
presents solution comparisons, scenario-based selection recommendations, and key points for
deployment, calibration, and on-site quality control, supported by a practical selection checklist
that helps close the loop from product selection to field implementation. Using the CRYSOUND
CRY3213 measurement microphone as a case study, the paper further illustrates the design

philosophy and engineering implementation path for automotive NVH testing environments.

Keywords: automotive NVH; road test; measurement microphone; extreme operating

conditions; selection index system; validation matrix; evaluation criteria; traceability.
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1. Why Automotive NVH Scenarios Are More Demanding

During automotive R&D and validation, NVH (noise, vibration, and harshness) testing must
address a wide range of challenges, including road noise, wind noise, squeak-and-rattle
localization, powertrain and exhaust noise, structural vibration, and acoustic roughness. Unlike
controlled laboratory environments, real-vehicle testing involves not only extreme single-factor
conditions but also rapidly changing combinations of adverse factors. Within minutes, a single
measurement chain may be exposed to thermal fluctuations, mud splash, severe vibration,
thermal radiation, oil contamination, and condensation. As a result, measurement microphones
must meet not only acoustic metrology requirements but also demanding standards for

environmental adaptability and long-term stability.

1.1 Ingress and Impact Risks Outside the Vehicle During Road Testing

Road testing is one of the most common scenarios for NVH data acquisition, yet its environmental

loads are highly complex.

® High risk of particle and liquid ingress: Dust, sand, and mud can repeatedly splash onto or
strike the front of the microphone, easily contaminating the acoustic inlet, causing
frequency-response drift, and raising background noise. In severe cases, this may damage

the diaphragm or lead to temporary or permanent failure.

® Additional disturbance caused by complex airflow: Components such as wheel housings, the
chassis, side windows, and rearview mirrors are often located within boundary-layer or flow-
separation regions. These aerodynamic disturbances can introduce extra low-frequency
pressure fluctuations, masking the true acoustic signal and reducing the reliability of feature

extraction and comparative analysis.

® Random impacts and abrasion must also be considered: The closer the measurement point is
to high-energy source regions such as the tire-road interface, chassis, or braking system, the
greater the likelihood of stone impacts and friction events. This places stricter requirements

on mechanical strength, mounting reliability, and connector pull resistance.

1.2 High-Temperature and Contamination Risks in the Powertrain and Exhaust
Near Field

The engine compartment and exhaust area represent a typical multiphysics-coupled

measurement environment.
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® Significant thermal radiation and thermal shock: When the microphone is positioned close to
the engine, turbine, or exhaust pipe, it may be exposed for extended periods to steep
temperature gradients and hot airflow, which can cause sensitivity drift and changes in
structural-part performance, ultimately affecting data comparability across operating

conditions and test batches.

® Chronic degradation caused by oil mist and exhaust deposits: Oil contamination and
particulate deposition can gradually alter the effective characteristics of acoustic paths and
protective structures, creating a slowly developing source of error. These effects may not
trigger immediate faults, but they can cause amplitude and frequency-response deviations

over hourly or daily timescales, increasing the cost of retesting and troubleshooting.

® Structural-coupling risks introduced by sustained vibration: Powertrain vibration can be
transmitted to the microphone through brackets, fixtures, and cables, leading to loose
connections, poor contact, or superimposed mechanical noise. In some cases, structural

issues may even be misinterpreted as acoustic anomalies.

1.3 Condensation and Drift Under Temperature and Humidity Cycling

Automotive NVH testing is often conducted across seasons and regions, where changing

environmental conditions place higher demands on measurement robustness.

Low temperatures and temperature cycling affect material reliability and connection stability:
Cable flexibility, seal elasticity, and connector preload may all change at low temperatures,

increasing the probability of field failures and reducing long-term reliability.

Transient distortion caused by condensation or frosting: During rapid temperature changes,
condensation may form at acoustic inlets or structural gaps, leading to fluctuations in floor noise,
sensitivity anomalies, or inter-channel inconsistencies. These intermittent issues can irreversibly

contaminate data collected during critical test segments.

1.4 Installation and Layout Constraints

Vehicle architecture is constrained by structural components, thermal zones, moving parts, and

wiring-harness routing, making it difficult to place measurement points in truly ideal locations.

Installation orientation and positioning are difficult to reproduce consistently: Restrictions at the
measurement point reduce installation repeatability, and that repeatability directly affects the

credibility of comparative tests and iterative validation.
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Wiring, interfaces, and maintenance access are also constrained: In multi-channel testing,
repeated connection cycles, cable drag, and vehicle vibration act simultaneously, so any weak link

can evolve into a system-level failure point.

High deployment efficiency is essential: Road-test schedules are tight, and field teams need rapid
installation, rapid verification, and rapid removal. As a result, the design of microphones and
accessories for fast deployment, inspection, and maintenance directly affects overall project

efficiency and data continuity.

1.5 Data Quality and Traceability Management

NVH engineering conclusions are typically derived from multi-channel, multi-condition, and
multi-round comparative analyses, which impose higher management and consistency

requirements on measurement systems.

Multi-channel systems demand higher consistency and traceability: With numerous channels and
dispersed deployment locations, any single-channel anomaly may compromise the credibility of
the entire test. The standardization of microphone identification, calibration records, and

configuration management directly impacts data reproducibility.

Total Cost of Ownership (TCO) is more sensitive: Under high-load conditions, microphone wear,
maintenance frequency, and repair cycles significantly impact test progress and costs. Selecting
microphones based solely on acoustic parameters often results in higher costs for downtime,

rework, and retesting later.

In summary, the demanding nature of automotive NVH scenarios lies in the dynamic interaction of
multiple factors: liquid and particle ingress, contamination, random impacts, strong vibration,
temperature-humidity cycling, condensation, installation constraints, and the need for multi-
channel consistency and traceability. Microphone selection should therefore not be based solely
on acoustic metrics such as sensitivity, frequency response, or dynamic range. Instead, it should
rely on a comprehensive evaluation framework that also considers environmental adaptability,
mechanical reliability, long-term stability, deployment efficiency, and lifecycle cost, so that data

quality and engineering reproducibility can be assured.
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Figure 1 NVH Road-Test Deployment Environment

2. Typical Pain Points of Conventional Measurement
Microphones

Conventional measurement microphones encounter several recurring challenges during road
testing and other extreme operating conditions. Their protective structures, operating
assumptions, and maintenance approaches are typically optimized for laboratory or semi-
controlled outdoor environments. When they are deployed directly in high-load automotive
scenarios such as road tests (wheel housings, chassis, or exterior arrays), engine compartments,
and exhaust near-field locations, they often reveal common engineering weaknesses. The core
problem is not simply whether the microphone can function at all, but whether its long-term
stability, data consistency, and traceability can satisfy the iterative validation requirements of

vehicle NVH development.

The following sections summarize these pain points from two perspectives: failure mechanisms

and their impact on testing.

2.1 Intermittent Failure Caused by Water Spraying and Condensation
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During road tests and under conditions of high humidity and rapid temperature change,
rainwater, mud splash, and condensation can easily enter the microphone acoustic inlet, housing

gaps, or connection interfaces, creating two categories of risk:

System availability risk (short-term failure): Manifests as transient channel output anomalies,
disconnections, sudden noise spikes, or signal distortion. These failures exhibit strong sporadicity
and scenario-dependent characteristics (installation orientation, splash paths, local temperature
variations), typically occurring in critical test sections with poor reproducibility. Such incidents

directly result in data segment failure or necessitate retesting.

Measurement consistency risk (latent drift): Even without complete failure, condensation films or
moisture contamination may cause "soft degradation” such as sensitivity shifts, amplified low-
frequency pressure fluctuations, and subtle frequency response variations. These deviations are
particularly detrimental for cross-condition comparisons, cross-day retests, and
vehicle/model/implementation variant evaluations, as their manifestations closely resemble actual

NVH changes, which can easily lead to misjudgments.

2.2 Progressive Drift Caused by Dust Pollution

Exterior measurement points are continuously exposed to dust, gravel, and debris. Without
dedicated protection, conventional microphones typically accumulate contamination

progressively, leading to the following issues:

Rising background noise and reduced dynamic range: Contamination changes the effective
impedance of the acoustic path and the incident conditions, increasing background noise and
broadband noise so that weak signals, such as subtle abnormal noises or low-level cabin noise,

are more easily masked.

Frequency-response drift and reduced inter-channel consistency: The level of contamination is
difficult to keep consistent across channels and installation positions, which degrades amplitude-
and phase-matching between channels and in turn affects array analysis, comparative evaluation,

and feature extraction.

High investigation and maintenance costs: Abnormalities caused by pollution often do not
manifest as explicit 'failures,’ but rather as gradual deterioration of performance metrics. In road
tests with tight testing schedules, the absence of clear status recognition and verification
mechanisms typically results in issues being exposed only during data analysis, leading to

significantly higher traceability costs.

2.3 Structural Noise Introduced by Vibration and Shock
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A common characteristic of both road-test and powertrain environments is the combination of
continuous strong vibration with occasional impact events, such as stone strikes, friction, or
bracket resonance. When a conventional solution lacks sufficient margin in structural strength,

anti-loosening design, and connection reliability, the following consequences are common:

Micro-loosening of the mounting system leads to unstable output: Slight loosening of fixtures,
supports, or adapters can cause intermittent poor contact or signal fluctuation, resulting in non-
stationary behavior and reducing the reliability of order analysis, comparative evaluation, and

statistical conclusions.

Additional mechanical noise can be superimposed on the signal: Microscopic vibration, friction, or
collision of the housing or accessories can introduce extra components, especially in the low- and
mid-frequency ranges, creating false peaks or pseudo-broadband noise that interferes with

road-noise diagnosis and source localization.

Post-shock potential nonlinearity and consistency degradation: Even if the device does not fail
immediately, the micro-damage caused by the shock may introduce nonlinear responses or
changes in sensitivity/frequency response, reducing the comparability of subsequent data and

increasing the need for retesting.

2.4 Configuration and Traceability Challenges in Multi-Channel Deployment

Vehicle NVH testing typically involves multi-point, multi-channel parallel data acquisition.
Traditional microphones often face engineering management challenges during large-scale

deployment.

Channel mapping and position recording are prone to errors: If microphone numbering, channel
correspondence, installation position/direction, and other information rely on manual recording,
the probability of errors increases with the number of channels. Once a mapping error occurs,
subsequent data backtracking is almost irreversible, directly affecting the experimental

conclusions.

The calibration and verification process struggles to achieve efficient closed-loop: The time
window for road tests is limited, and on-site operations often prioritize rapid deployment and
validation. Without standardized methods for calibration execution, record archiving, and data

binding, the traceability and external credibility of test reports will be compromised.

Low fault localization efficiency: When a single-channel anomaly occurs, the lack of rapid
identification and localization mechanisms significantly prolongs downtime, thereby affecting the

overall test schedule and resource utilization.
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2.5 Maintenance of Fragile Parts and TCO

Under extreme operating conditions, the microphone's front-end protection, interfaces, and
cables are more prone to wear and tear. If these components cannot be replaced or require repair

and recalibration, the following consequences may occur:

Long maintenance cycles: Repair, calibration, and logistics lead times directly increase resource

occupancy and planning uncertainty.

Rising spare parts and inventory costs: To mitigate downtime risks, companies often need to

stock more spare parts, which further increases project costs and management complexity.

Hidden costs are often more significant: Indirect costs such as downtime, reinstallation, retesting,
data loss, and schedule delays often exceed the cost of replacing a single component, yet they
are easy to underestimate during the initial selection stage.

SIGNAL
M FAILURE MODES MANIFESTATION TEST RESULT IMPACT

® Dust Ingress Acoustic Path Noise Floor Rise
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\ J
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Acoustic Path Noise Floor Rise / :
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Figure 2 Failure Mechanism Chain in Harsh NVH Conditions

3. Key Selection Criteria and Evaluation Framework

When selecting measurement microphones for automotive NVH applications, the focus should
shift from simply meeting acoustic specifications to ensuring data stability, channel consistency,
and traceability under extreme and dynamic operating conditions while still achieving the
required acoustic performance. In engineering practice, failures and measurement errors rarely
result from the deficiency of a single indicator; more often, they arise from the combined effects

of fluid ingress, mechanical loading, thermal loading, and large-scale deployment complexity.
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This chapter therefore proposes a framework in which the indicator system defines the
mandatory capability boundaries, the validation matrix links those indicators to typical installation
configurations and exposure conditions, and the evaluation criteria quantify drift, baseline-noise
changes, frequency-response variation, and abnormal events. The objective is to prevent
solutions that perform well only in laboratory conditions from being compromised by accessories
or field operating conditions, and to ensure that selection conclusions can be reproduced reliably
in vehicle tests.

To support engineering implementation and establish an executable evaluation cycle, this paper
classifies key indicators into three categories:

Threshold criteria determine whether a candidate is fundamentally suitable for automotive NVH

scenarios. If these criteria are not met, further validation is not recommended.

Discriminating indicators are used to characterize the differences in suitability among candidate

solutions for road testing and other harsh operating conditions.

Operations and maintenance indicators are used to evaluate the impact of large-scale

deployment, traceability, and lifecycle cost on project delivery.
This classification is intended only to organize the selection and validation process; the specific

criteria remain subject to the provisions of this chapter and the validation matrix in Section 3.7.

NVH Measurement Sensor Selection Criteria
for Automobiles

Gateway Criteria Acoustic indicators
Anti-resonance indicators
Temperature range stability

Interface power supply compatibility

LT Y

Reliability and durability

Segmentation Criteria Vibration resistance

<

<

Dirt/moisture/temperature resistance

<

General consistency-control

Maintenance Criteria Cost efficiency

Maintainability
TCO

Figure 3 NVH Measurement Sensor Selection Framework
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3.1 Acoustic Performance and Metrological Consistency

NVH scenarios often require acoustic performance across several orders of magnitude: from quiet
cabin sections to high-sound-pressure near-field zones, and from low-frequency structure-borne
road noise to mid- and high-frequency wind noise and abnormal-sound features. Acoustic
performance should therefore be evaluated under installation conditions consistent with actual
use, so that laboratory results can be translated meaningfully into real measurement capability

after field accessories and operating conditions are taken into account.
Key points for evaluation include:

® Frequency range and flatness: Define the target frequency band and tolerance range, with

particular attention to low-frequency stability and effective high-frequency response.

® Dynamic range and linearity: Verify that high-level signals do not saturate the microphone
and that low-level signals are not masked by background noise; harmonic distortion and

linearity retention should also be assessed.

® Impact of accessories: Windscreens, protective covers, and installation orientation can
significantly affect directivity and high-frequency response. Frequency-response and
consistency verification should therefore be completed under the proposed installation

configuration.

® Calibration traceability and traceability chain: Calibration frequency points, calibration
records, and microphone identifiers should be stably linked to the acquired data so that

reports remain traceable and reproducible.

In multi-channel applications, inter-channel consistency should be regarded as an indicator of
equal importance to single-channel precision. It is recommended to conduct consistency sampling
or full testing on batch samples to establish statistical boundaries for sensitivity differences and
frequency response consistency, which can be utilized for subsequent data interpretation and

quality control.

3.2 Temperature Boundary and Temperature Drift Control

The thermal boundaries of automotive NVH testing stem from three typical scenarios: elevated
cabin temperatures under solar loading, thermal radiation and heat-flux exposure in engine-bay
or exhaust near-field locations, and low-temperature operation in cold regions. Thermal
conditions affect not only functional operability but also cross-condition comparison through

sensitivity drift and subtle frequency-response variation.

The assessment recommends breaking down the temperature capacity into three layers:
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® Steady-state temperature suitability: Functional and metrological stability after exposure to

high or low temperatures for a defined dwell period.

® Suitability under dynamic temperature variation: Continuous output stability during
temperature cycling and rapid temperature transitions, with particular attention to start-up

and temperature-transition phases.

® Coupled thermal and contamination effects: Oil mist and exhaust residues are more likely to
accumulate and solidify at high temperature, so long-term drift trends and maintenance

feasibility should also be evaluated.

During validation, dwell and cycling tests should be conducted in critical temperature zones to
establish a statistical distribution of drift, together with explicit acceptance criteria such as upper
limits for sensitivity drift, floor-noise variation, and frequency-response offset. For hot-zone
near-field applications, additional structural and sealing verification under thermal-radiation or
thermal-shock conditions is recommended to prevent thermal loads from causing seal failure or

connection loosening.

3.3 Intrusion Prevention Capability and Environmental Adaptability

The core challenge in road testing and exterior vehicle deployment is the high probability of fluid
or particle ingress and contamination, including rainwater, mud splash, atomized moisture, dust,
gravel, oil contamination, and exhaust deposition. For microphones, these loads typically create

two categories of risk:
® Dominant faults, such as short-term failure, abnormal output, or disconnection;

® Latent degradation, such as increased background noise, sensitivity drift, frequency-

response drift, and reduced inter-channel consistency.

® The latter is often more disruptive to comparative NVH testing because, at the data level, it is

more likely to be misinterpreted as a change in vehicle condition.

Evaluation should therefore not be limited to a nominal protection rating. Instead, it should focus
on the recoverability and metrological stability of the complete protection chain, including the
microphone body, acoustic entry point, connectors, cables, and sealing interfaces, after

representative exposure. Two validation principles are recommended:

® Protection-capability verification: Based on the proposed installation location and exposure
intensity, the system should be validated through spray, splash, mud, and dust exposure
testing, or by reference to the IP protection system (IEC 60529 / GB/T 4208) and relevant

road-vehicle environmental specifications.
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® Stability-criterion validation: Perform calibration checks and baseline-noise verification
before and after each exposure cycle, paying particular attention to whether sensitivity drift,
low-frequency fluctuation, and frequency-response shift remain within predefined tolerances.
Intermittent abnormalities, such as sudden spikes, transient distortion, or channel instability,
should also be recorded so that continued data acquisition is not treated as the sole pass

criterion.

For condensation risk caused by rapid temperature and humidity changes, validation should
include temperature-humidity cycling and rapid temperature-transition scenarios. Evaluation
should be based on abnormal events observed during the process, together with statistical
analysis of drift before and after testing. Post-event recovery alone is not sufficient to

demonstrate data reliability during the test process.

3.4 Vibration and Shock Resistance and Structural Reliability

The mechanical loads in road-test and powertrain areas are typically characterized by the
combination of sustained vibration and occasional impact. If the structure lacks adequate impact
resistance, anti-loosening capability, and interface reliability, three categories of engineering

consequences commonly follow:

® |oose connections and poor contact can cause intermittent output fluctuation, undermining

time stability and statistical consistency.

® Mechanical-coupling noise, caused by micro-friction, resonance, or collision, can create false
spectral peaks or broadband uplift, interfering with road-noise diagnosis and mechanism

identification.

® Potential damage after impact can lead to nonlinearity or degraded consistency, reducing

comparability in subsequent tests and increasing the probability of retesting.

Evaluation should cover the complete system level: the microphone body, installation interface,

accessories, cables, and connectors. The recommended validation logic is as follows:

® Impact resistance and effectiveness of the protective structure: For high-risk areas such as
wheel housings and chassis locations, validation should be conducted under representative
impact conditions or equivalent stone-strike scenarios. In addition to checking appearance
and sealing performance, core metrological performance should be confirmed through
calibration verification and frequency-response testing to ensure that no irreversible change

has occurred.
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® Vibration resistance and anti-loosening capability: Define vibration spectra (random or swept)
and impact conditions according to the installation position, monitor events such as signal
dropouts, intermittent abnormalities, and sudden increases in background noise during the
test, and use calibration drift and channel consistency after the test as quantitative

convergence indicators.

® |dentification of structurally coupled noise: Under controlled acoustic input or silent
conditions, introduce mechanical vibration to evaluate its effect on the acoustic output,

thereby reducing the risk of misinterpreting structural coupling as a true acoustic signal.

Cables and connectors are typical weak points. Verification of electrical continuity and output
stability under repeated mating cycles, bending or tugging, and superimposed vibration is

recommended to reduce the risk of unexpected field downtime.

3.5 Deployment Efficiency and Traceability Management

When channel counts reach 16, 32, 64, or more, performance is no longer the only bottleneck.
Configuration management and traceability chains directly determine test efficiency and the
reliability of conclusions. Selection criteria should therefore make clear that a microphone is not

merely a device, but part of the overall data-governance chain.
The recommended evaluation dimensions include:

® Status visualization and rapid inspection capability: The system should support quick on-site
confirmation of power supply, operational status, and abnormal conditions so that

troubleshooting time can be reduced.

® Automatic microphone identification and parameter handling: Support for TEDS (Transducer
Electronic Data Sheet, compliant with IEEE 1451.4), for example, can significantly reduce

manual entry errors in compatible systems.

® Data-to-configuration binding capability: Microphone ID, channel mapping, installation
position or orientation, and calibration records should form a closed loop to reduce

retrospective investigation costs.

As part of validation, a full-scale deployment exercise is recommended to quantify installation,
configuration, calibration, and troubleshooting time. Introducing configuration-error scenarios,
such as channel swapping or microphone replacement, can also be useful for testing the system’s
ability to detect and correct errors, thereby turning traceability requirements into executable

procedures.

3.6 System Compatibility and TCO
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Under extreme operating conditions, the costs of wear, repair, and retesting often exceed the
procurement cost difference between components. TCO evaluation should include at least the

following:

® Compatibility with existing fixtures, mounting bases, windscreens, and calibration accessories,

which determines replacement thresholds and deployment efficiency;

® Power-supply method and interface universality, which determine system integration

complexity and failure probability;

® Replacement strategy and maintenance cycle for wear parts, which determine downtime

probability, repair turnaround time, and spare-parts inventory requirements;

® Indirect costs caused by downtime, retesting, and data loss, ideally modeled from the

perspective of a test cycle or annual operations and maintenance budget.

Joint-debugging verification should be completed within the target acquisition chain, and
measurement drift and stability should be rechecked after the combined operating conditions are

applied, thereby providing a quantitative basis for comparing reliability and cost.

3.7 Validation Matrix and Output Metrics

To improve decision-making efficiency and reduce rework risk, the indicator system should be
organized into a validation matrix built around installation form, exposure conditions, and output
metrics, with conclusions converged through unified review and recording rules. The core
objective is to elevate evaluation from simply determining whether data can be acquired to

determining whether the data is credible, comparable, and traceable.
Validation Matrix Structure

It is recommended to divide the validation domain by typical installation configuration and to

cover the main combined load cases within each domain:

® Exterior and road-test domain (wheel housings, chassis, exterior arrays): mud or water splash,

dust or sand, random impact, random vibration, and aerodynamic disturbance;

® Hot-zone near field (engine compartment, near exhaust): high-temperature dwell, thermal

shock, oil or fuel deposition, and strong vibration;

® Cold and transition-temperature domain (low-temperature roads, cross-season testing):
low-temperature start-up, temperature-humidity cycling, condensation or frosting, and

changes in cable flexibility at low temperature;
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® In-vehicle and multi-channel domain (arrays, headrests, multi-point cabin testing): multi-

channel consistency, cable insertion and removal, configuration integrity, and traceability.

For execution of the matrix, the recommended strategy is single-factor probing plus combined-
condition validation: first identify sensitive items and risk boundaries for each type of load, then
complete the verification loop under conditions that closely resemble real vehicle environments.
Calibration checks and baseline-noise or frequency-response comparisons should also be
performed before and after each exposure cycle to preserve comparability and support anomaly

source localization.

Output metrics may be grouped into three categories:

® Measurement-stability metrics: sensitivity drift, frequency-response shift, phase variation,

and changes in multi-channel consistency.

® Noise and dynamic-performance metrics: changes in floor noise, low-frequency fluctuation,

wind-induced disturbance, linearity, and distortion.

® Reliability-event metrics: disconnection events, intermittent abnormalities (spikes, distortion,

instability), poor contact, loosening events, recoverability, and retest risk.

Validation matrix template:

Validation Domain

(Installation

Configuration)

Combined Load /

Exposure Conditions

Validation Method

Output Metrics

Exterior / road test
(wheel housings,
chassis, exterior

arrays)

Hot-zone near field
(engine
compartment /

exhaust area)

Cold region and

temperature

Web: www.crysound.com

Mud splash; dust and

gravel; impact and

vibration; aerodynamic

disturbance

High-temperature
dwell; thermal shock;
oil-contaminated
exhaust deposition;

strong vibration

Low-temperature

start-up; temperature-

Spray, splash, and dust
exposure; calibration
verification before and

after exposure

Thermal shock / high-
temperature dwell;
contamination exposure;
superimposed vibration;

in-process monitoring

Temperature-humidity

cycling; rapid

E-mail: info@crysound.com

Sensitivity drift;
frequency-response shift;
floor-noise variation;
disconnection and
intermittent abnormal

events

Sensitivity drift;
frequency-response shift;
floor-noise variation;
linearity retention;
distortion; abnormal

events

In-process abnormal

events; sensitivity-drift
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transition humidity cycling; temperature transition;  statistics; changes in
(low-temperature condensation and continuous in-process multi-channel
roads / cross-season  frosting sampling consistency
testing)
) ) ) Channel-consistency
In-vehicle multi- Multi-channel . o ) .
o ) Deployment drills; statistics; configuration
channel applications  consistency; plug-and- ] )
o configuration error- accuracy;

(arrays / headrests /  play wiring; i )

) o ] i proofing checks; troubleshooting
cabin multi-point configuration . o - N

) - traceability verification efficiency; traceability
testing) traceability

integrity

Process standardization:

Once the validation matrix and criteria have converged, the corresponding operational elements
should be standardized at the same time, including channel-mapping and record templates,
calibration-archiving rules, accessory and installation specifications, routine inspection and
maintenance strategies, spare-parts strategies, and turnover mechanisms. This creates reusable
acceptance and operating guidelines and improves the reproducibility and traceability of data

across projects, batches, and operating conditions.

4. Solution Comparison and Scenario-Based Selection
Recommendations

Based on the threshold criteria and combined-condition validation logic presented in Chapter 3,
this paper compares conventional general-purpose measurement microphones with automotive
NVH measurement-microphone solutions. The comparison focuses on failure risk and latent-drift
risk under conditions such as fluid ingress, impact, vibration, and temperature-humidity cycling,

as well as differences in traceability and TCO in multi-channel deployment.

4.1 Comparison of Typical Solution Capabilities

Conventional Measurement .
NVH Measurement Microphone

Evaluation Dimension Microphone .
(Automotive NVH)

(General-Purpose Type)

Road-test ingress Usually requires additional protection Structurally reinforced for splash and

protection because the risk of damage is high dust resistance in road-test conditions

Web: www.crysound.com  E-mail: info@crysound.com Page 19 of 30
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Water resistance

Foreign-object / impact

resistance

Vibration reliability

High temperature / oil-
contaminated exhaust

Low-temperature stability

On-site identification

Automatic identification
and configuration (TEDS)

Maintenance cost

System compatibility

Not waterproof; relies on external

protection

More vulnerable to sand and gravel

impact

Higher failure risk under strong

vibration

More susceptible to contamination and
permanent thermal drift

Greater low-temperature drift and
reliability risk

Usually provides no status indication
Depends on model and system support;
manual entry is often required
Contamination or damage may require

full repair or replacement of the device

Uses industry-standard formats and can

be integrated into existing systems

Structural reinforcement improves full-

body water resistance

Enhanced protective-cover strength

reduces the probability of damage

Optimized for vehicle vibration loads to

reduce loosening and additional noise

Better resistance to high temperature

and contamination

Better low-temperature reliability

Indicator lights support inspection and

troubleshooting

Supports TEDS

Replaceable protective cover helps

reduce overall TCO

Compatible with conventional
measurement microphones in size,

interface, and power supply

Note: Conventional measurement microphones are general-purpose products, and the level of

protection and reliability design varies by brand and model. The table above illustrates typical

differences in suitability under NVH conditions; final specifications should always be confirmed

against the technical datasheet and validation results.

4.2 Recommended Configuration for Scenarios

To prevent a laboratory-optimized solution from being undermined by field accessories, wiring,

and operating conditions, acoustic performance should be evaluated together with the

installation configuration and protective measures as one integrated system. Actionable

inspection and verification procedures before and after deployment are also essential.

Test

Main Risk

Scenario

Recommended Strategy

Critical Control /

Remarks

Verification Point

Web: www.crysound.com
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Outside the Before testing, run a short
vehicle Use an NVH measurement  drive and check the data;
during road Mud, sand, strong  microphone with an IP67-  verify cable clearance from Use the
testing vibration, and rated cable, reinforced moving parts; inspect the standard
(wWheel impact mounting, and secure protective cover and protective cover
housings / cable routing connection points
chassis) afterward
Use multi-channel NVH Standardize channel
) High and low measurement mapping, location
In-vehicle . . . o
- temperatures, microphones for rapid identification, and
estin
( < ; human contact, deployment; inspect status calibration records; apply —
arrays
4 and complex with indicator lights; pay anti-pull and anti-friction-
headrests) - ) o ) )
wiring attention to acoustic-field  noise treatment in
consistency accessible areas
Prioritize verification of
) Add thermal
mounting strength and ) )
i ) insulation,
. Use an NVH measurement  thermal-insulation .
] High temperature ) o ] protective
Engine-bay microphone; minimize strategy in hot zones;
) and strong ) brackets, or
near field ) } exposure time; clean the recheck appearance and
vibration . . non-contact
protective cover regularly ~ connections after thermal )
) testing where
exposure, and recalibrate
necessary
when necessary
Establish a clear safety
Exhaust Use an NVH measurement  distance; monitor output .
. . . o . . Pay attention to
Near the deposition, high microphone; minimize stability and deposit ]
) ) ) safety distance
exhaust temperature, oil exposure time; clean or buildup after thermal .
) ) ) and mounting
outlet mist, and thermal replace the protective shock; inspect and address
. . . strength
shock cover after testing protective-cover condition
immediately after testing
Inspect cable flexibility
Use an NVH measurement . .
] before testing; define a
Cold / Low-temperature  microphone and focus on

extreme-cold

road testing

operation and

frost condensation

installation position plus
anti-condensation

strategy

mechanism for marking
and verifying abnormal
segments during rapid

temperature transitions

5. Case: Reference Implementation of CRY3213

The CRY3213 is designed for automotive NVH road testing in complex and harsh environments.

While meeting the acoustic and metrological requirements of engineering measurements, it

Web: www.crysound.com
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emphasizes environmental adaptability, structural reliability, field usability, and maintainability in

order to reduce the impact of both short-term failures and latent drift on test results. This chapter

follows a structured logic of scenario risk, design consideration, and recommended verification or

use, and explains the key capabilities of the product in a systematic manner.

5.1 Risk Design Verification Overview

Typical Scenario /
Risk Load

Common Failure Mode /

Engineering Perspective

CRY3213/
Key Design Points

Recommended Verification /

On-Site Focus

Road-test exterior
locations: water and
mud splash, dust and
gravel, random impact,

strong vibration

Hot-zone near field:
engine compartment or
exhaust area, with high
temperature, oil mist or
exhaust deposition,

and vibration coupling

Cold-region / low-
temperature scenarios:
low-temperature start-
up, temperature-
humidity cycling,
condensation or

frosting

Multi-channel
deployment:
distributed positions
and complex

configuration

Intermittent dropout or
distortion, elevated floor
noise, frequency-
response drift, and extra
noise caused by

structural looseness

Increased thermal
embrittlement, chronic
contamination-related
degradation, and longer

maintenance cycles

Intermittent
abnormalities, inter-
channel inconsistency,
and low-temperature

reliability risk

Channel-mapping errors,
slow on-site
troubleshooting, and a

broken traceability chain

Ingress resistance,
waterproof and
dustproof design,
foreign-object
protection, structural
strength, and vibration

reliability

High-temperature
resistance, stable output,
contamination
resistance, and easy
maintenance through

cleaning or replacement

Low-temperature
usability plus
condensation-
prevention strategy to

reduce risk

Status indication, TEDS-
assisted identification,
and rapid configuration

Conduct combined validation
of spray, splash, dust, and
vibration using the full unit
plus cable and installation
configuration; verify calibration
and baseline noise before and
after testing; record abnormal-

event frequency

After thermal exposure and
contamination, analyze drift
statistics and compare
frequency response; establish
an exposure-duration versus
maintenance-frequency

strategy

Carry out continuous
monitoring during temperature
cycling and low-temperature
start-up, focusing on in-
process abnormalities rather
than only on post-test

recovery

Run a scale-up deployment
exercise covering
identification, calibration,
recording, and fault-location
time statistics

5.2 High-Risk Protection and Vibration Resistance Outside the Vehicle

Web: www.crysound.com
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During road tests, locations such as wheel housings, the chassis, and exterior arrays are exposed
to complex loads including mud splash, dust or sand ingress, occasional impact, and strong
vibration. To reduce failures caused by environmental and mechanical loads, the CRY3213 system
incorporates three key enhancements: (1) ingress-resistant structures and protective design for
splash and dust exposure, (2) reinforced protective components and structural strength to reduce
sand and stone damage, and (3) optimized connection design and structural reliability to improve

vibration resistance and reduce signal interference caused by looseness or mechanical coupling.

5.3 Waterproofing and Protection of the Whole Machine

In environments involving moisture, water splash, and mud splash, the weakest points of a
measurement system are typically interfaces, gaps, indicator components, and sealing surfaces.
The CRY3213 establishes a continuous protection chain through an integrated waterproofing
process and sealing at critical structural points. When paired with cables of matching protection

ratings, it can further enhance environmental adaptability in outdoor deployment scenarios.

Equalizing Holes Waterprorfing
— Front equalizing holes employ dual
microhole design + IP67 dustproof mesh
to prevent water ingress.

Tupe 3213 rens
No.207371

Built-in Acoustic
Dustproof Mesh

) ) . LED Indicator Light Custom BNC Connector
Protects internal mic assemlly with ) -
high permeability acoustic dustproof Uses laser-sealed waterpoof process, Compatible with standard
mesh. Covered by IP67-grade protect lyer integrated design to indicate operating BNC while meeting IP67
. state. waterproof performance.

effectively blocking water, oil, and dust ingress.

Figure 4 Structural Design of the CRY3213 Microphone

5.4 Stability and Maintenance of the Near Field in the Hot Zone

The engine compartment and exhaust area are typical near-field thermal environments.
Prolonged exposure may cause sensitivity drift, frequency-response variation, and chronic
degradation due to contaminant deposition. The CRY3213 is designed to maintain output stability
under thermal loading, while its protective structures help reduce the impact of oil mist and
exhaust deposition on acoustic interfaces and critical components. Maintenance-friendly design

features also improve post-test service efficiency.
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5.5 Low Temperature Condensation Verification

Low-temperature environments affect not only device stability, but also cable flexibility, sealing
reliability, and connector stress state. Rapid changes in temperature and humidity may lead to
condensation or frosting, resulting in intermittent faults or inter-channel inconsistency. For cold-
region roads and other low-temperature applications, the CRY3213 is designed to support
continuous usability during both low-temperature dwell and temperature-transition phases, while
appropriate installation positioning and anti-condensation measures are recommended to further

reduce risk.

5.6 Condition Visualization and On-site Troubleshooting

In multi-channel road tests and full-vehicle NVH testing, the high number of channels and
dispersed measurement points often make on-site troubleshooting a key bottleneck. The solution
provides status indication to support rapid identification of power, operating state, and abnormal

conditions, thereby shortening fault-location time and reducing downtime risk.

5.7 TEDS and Traceability Management

TEDS (Transducer Electronic Data Sheet) stores microphone identification information and key
parameters. In front-end and acquisition systems that support TEDS, it enables automatic
recognition and parameter reading, reducing the risk of manual entry errors and channel-
mapping mistakes in multi-channel deployment. It also helps bind calibration records to test data,

thereby improving traceability and consistency-management efficiency.
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Figure 5 TEDS-Based Automatic Microphone Identification

5.8 Replaceable Protective Cover Design

In high-risk environments, protective components are often the first parts to wear or be damaged.
The solution therefore adopts replaceable titanium-alloy protective covers: their high strength
improves resistance to impact and deformation, while the detachable replacement mechanism
allows rapid restoration when deformation or contamination occurs, reducing turnaround time
and cost pressure associated with repair or scrapping of the full device. In effect, this design
localizes and contains damage or contamination, reducing the likelihood of harm to the core

components.

5.9 System Compatibility and Quick Replacement

Vehicle test sites typically use standardized fixtures, brackets, cables, and data-acquisition
systems. The CRY3213 is therefore designed for compatibility and quick replacement: its
protective cover can be converted to a standard measurement-microphone cap with a 13.2 mm
diameter, and its 12.7 mm preamplifier allows reuse of existing fixtures and mounting brackets.
The system supports universal IEPE (CCP/ICP/CCLD) constant-current power supply and a BNC

interface, while standard calibrators can be used with custom adapters.

5.10 Acoustic Key Performance Parameters
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Protection and structural reinforcement should not come at the expense of measurement
capability. This solution is intended to preserve the acoustic performance and usable output
range of the microphone while providing reliable protection and field availability, so that it can
satisfy engineering test and reporting requirements. The following key parameters may be used

for engineering alignment:

® Sensitivity: 50 mV/Pa

® Dynamicrange: 17 dBA to 136 dB
® Frequency range: 3.15 Hz to 20 kHz

® Temperature coefficient: -0.008 dB/°C

CRY3213NVH Directivity /Polar Pattern

Acoustic
A , 845° 0" 15° )
— 330 30
ST 315° 45 °
Frequency(Hz)
300 ° 60 °
v ” e 400
1 285 ° 75 °
j — 3150
270 ° 90 °
5000
255 ° 105 °
] 240 ° 120 °
225 ° 135 °
The sound source 210°° 150 °

195 °1g0 °165 °

is incident at 0°

Figure 6 CRY3213 Directivity Polar Pattern

5.11 Key Points of TCO

Under extreme operating conditions, differences between solutions often appear in
the form of downtime, rework, retesting, and turnover costs. From a TCO perspective,
this solution emphasizes the following: replaceable protective components reduce
consumable and turnover pressure; dimensional and interface compatibility lowers
system-retrofit cost; and support for standard calibration and traceability workflows

helps reduce quality risk and traceability cost.
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6. Deployment, Calibration and Maintenance

6.1 On-site Work Procedures

1. Verify the test conditions and installation locations: exterior, interior, engine compartment, or
exhaust area; then evaluate temperature, splash, and vibration severity.

2. Select the protective configuration: Choose the titanium-alloy NVH microphone protective
cover according to the risk assessment, and prepare sufficient spare parts.

3. Installation and routing: Secure the preamplifier and NVH measurement microphone using
existing fixtures, leave adequate cable slack to prevent tension, and avoid direct contact with
high-temperature components.

4. Channel identification and calibration: Enable TEDS-based automatic recognition where
supported by the system, or complete calibration with a calibrator and maintain proper
records.

5. On-site inspection: Use the status indicators to quickly verify the operating condition at each
location, and complete a short trial run plus data check before road testing begins.

6. Minimum QC closed loop: pre-installation calibration, post-installation verification, pre-test

trial data self-check, post-test verification, and archived drift records.

6.2 Maintenance Strategy and Turnover

e After testing, inspect the protective cover. If deformation, contamination, or abnormal
performance is observed, replace the cover and conduct a retest.

e Cleaning recommendations: Clean the exterior surface according to the company’s
maintenance specifications, and avoid damaging sensitive components through improper
solvents or tools.

e Spare-parts strategy: For high-risk locations, replaceable protective covers should be stocked

in advance to minimize project delays caused by repair lead times.

Pre-Inspection *> Installati Identification Formal Data Archive &
g bl & Calibration Collection Follow-Up

o Site and Location e Setup and Wiring | | e Channel o Low-Noise Check e Actual Vehicle o Calibration and

Verification Identification Data Collection Anomaly Record
) £ & TED e Channel
e Accessories and e Sealing and Consistency e Process e Data File Archiving
Cable Preparation Protection e Calibration Check Monitoring

Record

Figure 7 Standard NVH Test Deployment Workflow
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7. Selection Checklist

Items to review during project planning and procurement communication:

e Test environments and risk sources: road tests, engine compartments, exhaust systems, in-
vehicle arrays, cold-region testing, and similar scenarios; possible exposure to mud splash,
gravel impact, oil-contaminated exhaust, and other hazards.

e Temperature range: maximum and minimum temperatures, temperature change rate,
presence of thermal shock or condensation.

e Vibration and impact loads: the vibration severity at the installation location.

o Compatibility: Whether existing fixtures, cables, power supplies, and interfaces can be reused;
replacement costs and downtime.

e Multi-channel efficiency: whether automatic TEDS recognition is required, and whether
calibration and documentation workflows are traceable.

¢ On-site maintenance capability: whether status indicators are required, and whether spare
parts and quick-replacement strategies are available.

e Acoustic and measurement requirements: whether a given measurable output range is
required, and whether compatibility with existing data or standards is necessary.

e Total Cost of Ownership (TCO): Vulnerable parts replaceability, repair cycles, spare parts

inventory, and project risks.

8. Conclusion and Next Steps

8.1 Conclusion

Automotive NVH testing scenarios involve complex load conditions, including moderate
environmental ingress (water splash, dust, oil contamination, and tailpipe deposits), severe
vibration and shock, temperature—humidity cycling, and installation constraints. Unlike laboratory
or controlled acoustic environments, microphone selection for such conditions should not rely
solely on acoustic metrics (frequency range, dynamic range, floor noise, etc.). Instead, engineering
factors like environmental adaptability, structural reliability, thermal stability, multi-channel
consistency, traceability, and total cost of ownership (TCO) must be integrated to ensure test
results demonstrate stability and reproducibility across multiple conditions and repeated

evaluations.

To improve the practicality and verifiability of selection decisions, this paper proposes a
methodology built around an indicator system, a validation matrix, and evaluation criteria. First,

threshold criteria are used for initial screening; second, representative combined-condition
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validation is carried out under conditions consistent with actual installation scenarios; and finally,
conclusions are reached by converging criteria such as calibration-verification deviation, floor-
noise variation, frequency-response shift, abnormal-event rate, and channel consistency.
Deployment, calibration, on-site QC, and maintenance records are then formalized as traceable
deliverables. In this way, the question shifts from whether data can be acquired at all to whether

the data is credible, comparable, and traceable within a closed engineering loop.

Within this framework, the CRYSOUND CRY3213 measurement microphone is used as a case
study for automotive NVH applications. It demonstrates how risks related to short-term failure
and latent drift can be mitigated through ingress-resistant yet maintainable protection, status
visualization, configuration and traceability functions such as TEDS support in compatible systems,
and compatibility with existing acquisition chains. These capabilities are particularly valuable in
road tests and other extreme conditions, where they help improve both the stability and
operational efficiency of large-scale deployments. Even so, each project should still be validated
and finalized according to the validation matrix and criteria proposed in this paper, taking into

account the actual test location, exposure level, and installation configuration.

8.2 Next Steps

1. Scenario-based pilot validation by tier: Select one or two representative scenarios from each
category, such as high-risk exterior locations, near-field hot zones, and cold or temperature-
transition conditions. Then carry out combined-condition validation based on the validation

matrix in order to establish project-level criteria and baseline data.

2. Standardized SOP and QC closed loop: Establish standardized procedures for channel
identification, calibration records, trial-run self-checks, post-critical-condition verification,
archiving, and traceability, while also implementing anomaly-event logging and channel-

consistency sampling in multi-channel deployment.

3. Spare-parts and maintenance-turnover strategy: Deploy replaceable protective components
and essential spare parts at high-risk locations, and define clear replacement triggers and

verification requirements to reduce downtime and turnaround cycles.

4. Refine delivery and traceability templates: Standardize templates for channel mapping,
installation records, calibration verification, anomaly handling, and data archiving, so that future

comparative testing and report generation can rely on reproducible references.

8.3 Access to Information and Technical Support
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For the latest specifications, recommended configurations, system-integration advice, or
assistance with selection and validation for specific test scenarios, please contact CRYSOUND
Technical Support at info@crysound.com or visit the official website at www.crysound.com for the

latest materials.

Appendix: Frequently Asked Questions (FAQ)

Q1: Does enhanced protection affect acoustic measurements?

A well-designed protection solution should preserve an effective acoustic path while protecting
the microphone. In practical applications, calibration and verification should still be carried out in
accordance with the relevant test standards, with product specifications and calibration results

used as the basis for evaluation.
Q2: How often should the protective cover be replaced?

Replacement frequency is strongly dependent on the operating conditions. If significant
deformation occurs, abnormal performance remains after cleaning, or test data deviates from
calibration results, the protective cover should be replaced promptly and the microphone should

be rechecked.
Q3: How often should a microphone be calibrated?

CRYSOUND recommends annual calibration of microphones. Additional calibration is also

recommended after prolonged operation in extreme environments.
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