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Lab Overview




Technical Areas in Acoustics & Vibration Laboratory

Acoustics & Vibration Laboratory

Air-Borne Acoustics Underwater Acoustics Linear Vibration
: & Ultrasound
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Airborne Acoustics




Primary Acoustic Standard

» Primary Microphone Calibration System according to IEC
61094-2: 2009

®» Phase calibration enabled

®» Less sensitive to environment changes based on steady state
response

®» Improved correction factors on heat conductions

¥

Chamber air pressure stabilisation enabled

Uncertainty: <0.06 dB from 32 Hz to 16 kHz, 0.09 dB for 20 kHz, 0.15
dB for 25 kHz X
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Secondary Acoustic Standard

» Established since 1998 to support factory noise control and
boundary noise regulations in Singapore

® Calibration services:
»Sound level meters
®Acoustic calibrators

»\Working standard
microphones

» 20 Hz to 20 kHz

» Uncertainty <0.8
dB

»MEMS microphone
characterization
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New Development
Secondary Free-Field Acoustic Standard

®» Established since Jun 2018 for free field calibration of
microphones and sound level meters

®» New capabilities in
free field:

»Sound level meters

»\Working standard
microphones

» 125 Hz to 20 kHz

» Uncertainty < 0.5
dB

» Aerosp, EnvCon,
workplace safety and
health, acoustic NDT
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Peer Review in Airborne Acoustics

» 1stRound: 19-21 Aug 2014
®» Peereviewer: Dr Ryuzo Horiuchi of NMIJ
®» 11 CMCs under inter-RMO review

®» 2"d Round: Jan 2020 with 31 CMCs more
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Comparisons Participated in Airborne Acoustics

Laboratory standard microphone calibration using reciprocity
method

» APMP.AUV.A-K3
» Frequency range: 31.5 Hz to 25 kHz
®» CMCs supported: 11
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Underwater Acoustics & Ultrasound




Underwater Acoustics Metrology

« Verify and validate MEMS hydrophone performance
— For Marine geographics, seismic surveys, subsurface imaging

— Fit for purpose, low cost & better scalability

MEMS: Traditional:
sensing below 100 Hz sensing up to 120 kHz
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Ultrasonic NDT Equipment Calibration

®» Ultrasonic NDT Equipment Calibration
®» Using 5-step ultrasonic block in accordance with ASTM E797
®» Thickness and linearity calibration
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Linear Vibration




Broad Frequency Range Primary Vibration Standard

« Sine-approximation method

0.1 Hz to 350 kHz: one of the
widest frequency range

e Phase measurement
enabled

 Laser vibrometer calibration
up to 350 kHz and nm scale
for semiconductor and HDD
industry

e Seismic accelerometer
calibration from 0.1 Hz to 160
Hz

e Accelerometer calibration
and MEMS characterization
from 0.1 Hz to 20 kHz
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New Development
Geophone Calibration

» Since Jun 2018, as an upgrade to the existing system

® Calibration services:

» heavy payload
geophone and
seismic sensor
calibration

» Payload up to 50
kg
» 0.1 Hz to 400 Hz

®» Constr, EnvCon,
CalTest
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Linear Vibration Peer Review

®» Conducted on 26-28 Sep 2016
» Pee reviewer: Dr Hideaki NOZATO
®» NMC'’s 15t peer review in linear vibration area
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Comparisons Participated in Linear Vibration

Complex sensitivity of accelerometers:
» CCAUV.V-K3

®» Frequency range: 0.1 to 40 Hz

®» CMCs supported: 23
» CCAUV.V-K5

» Frequency range: 10 Hz to 20 kHz

» CMCs supported: 29
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Activities In Measurement Assurance
Programme (MAP)
of NMC




Measurement Assurance Programme (MAP) 2018 - 2019

» Training
®» Airborne acoustic measurement and calibration (09 Sep 2019)
®» Consultancy

» 2 projects to help local labs to establish seismic vibration
calibration capabilities

» Proficiency Test

®» 3 on vibration calibration

®» 1 on sound level meter calibration
®» Technical Assessment

» 4, in 2019

» 3,in 2018
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Applications




Leakage Detection for Natural Gas Transmission Pipeline
Acoustic method to localise leakage + mass balance method to reduce false
alarm & measure leakage rate

SAFETY!

= Funded by Energy Market Authority of Singapore

= To enable real-time monitoring of leak(s) along the gas
transmission pipeline (high pressure)

= To enable timely response to leak events




Outcome & achievements

Acoustic sensor Acoustic sensor

Minlet

Applicable to

very noisy environment A Leakage rate: <1%

SENSITIVE

e Maximum operating pressure: 35 bar

e Length: > 600m

e Main pipe diameter: 50.8 mm

o Leak locations: 8

e Leak sizes: 0.8 mm, 1.6mm, 3.2mm, and 9.5 mm
e Bypass points: 3

Integrated methods, Localization error: <1%

&

| RELIABLE ACCURATE
less false alarm :

e|lnvention Disclosures: 3
eConference presentations: 6
eJournal publications: 1 published, 2 submitted & 2 under review.
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Outcome

& achievements

1. Able to detect small leaks less than 1% of the operating gas flow rate.

« Acoustic-based method with the proposed characterization sSUmETDP (detectable
leak flow rate at 0.62 % for air and 0.89% for natural gas pipes)
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The invented method is being applied for intellectual property protection.
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*Meng, Lingya, et al. "Experimental study on leak detection and location for gas pipeline based on acoustic method." Journal of Loss Prevention in

the Process Industries 25.

1(2012): 90-102.
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Outcome & achievements

2. False alarm rate less than 5% with lab experimental verification.

Characterization Detection
Success rate

Existing

sumAD 46.875 %
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PD 56.250 %
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The false and missing alarm rates are both 0 % using the proposed method.
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Outcome & achievements

2. False alarm rate less than 5% with lab experimental verification.

Accumulative energy for day A
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RESULTS AND FINDINGS

. An accurate leak localization with error less than 1 % of the pipeline length.

A proposed new technigue for gas leak localization in pipelines

Based on cross-correlation —e— Proposed method x Failed
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RESULTS AND FINDINGS

4. A speedy leakage report system that is able to report aleak in 1 min

I 10 ,000/(347-20)=30.6 s (Temperature at 26 °C, :
Leak occurs l maximum flow velocity 20 m/s) I

\ 4

Propagation of leak-induced negative
pressure waves to the sensors

4

Data collection +—+ 6.0s +—

\ 4

Leak detection

Response time
| 04s +— p

Leak localization ‘

Profile Summary
Generated 24-Apr-2019 15:13:40 wsing performance time.

v Function Name Calls  Total Time

Trigger the Ieak alarm Main_function 0.362 s

1
" I QG) Made Leak_detection 1 0.135 s
ational .
Metrology Centre Possible i 3 0.101 s
1

STAR importdata 29

Leak_localization 0.077 s
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