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About Efterklang®

We have provided advice on acoustics, noise and vibration
control since 1956 when Ingemansson Technology was
founded in Sweden. In 2006 AFRY acquired Ingemansson

and today Efterklang is a leading acoustic consultancy.

We are represented in Denmark, Norway, Sweden and
Switzerland. Our team consists of 130+ dedicated

acousticians and sound designers.
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Vibration Measurement Pitfalls 2021-803 | (energiforsk.se)

Objective

The objective is to assemble knowledge and experience in the area of vibration
measurement pitfalls.

Summarized experience are collected by interviews from the Nordic nuclear
power plants together with Efterklang’s own experiences within the field.

The assembled information can be used to increase awareness of which pitfalls
one might encounter doing vibration measurements and how to best avoid them
when working with maintenance and quality assurance in a LTO perspective
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https://energiforsk.se/en/programmes/vibrations-in-nuclear-applications/reports/vibration-measurment-pitfalls-2021-803/
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2. NPP Vibration measurement
pitfalls — Some shared experience
in short
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3. NPP Vibration Measurement Pitfalls

Questionnaire

1.
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9.

Measure response vibrations on a
machine/pipe/foundation etc.

Measure reference signals (s) from force input.

Preparation of measurements

Validation of measurement chain — Transducers

Validation of measurement chain — Signal

Validation of measurement chain — Connections

and cables between transducers

Validation of measurement chain — Frontend and

intermediate boxes

Validation of measurement chain — Applied

software and firmware

Validation of measurement chain — Book keeping

10. Selection of measurement points
11. Validation of results

Interviews

Performed with each NPP via digital meeting

2 Measure reference signal (s) from force
input

6 Validation of measurement chain -
Connections and cables between
transducers

3 Preparation of measurements

10 Selection of measurement points




3.1 NPP Vibration measurement pitfalls fields - Some shared experiences in short
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* Cables, connectors and sensor pitfalls

* Pitfalls due to inexperience and lack of training of personnel

» Pitfalls due to selection of measurement positions and insufficient preparation of measurements
* Pitfalls using ICP sensors on steam turbines

* Pitfalls due to communication/documentation mistakes. Eg structural changes of a rebuild/modification affecting not communicated with vibration specialists --> longer
investigation time of problem, making wrong conclusions etc.

* Boundary condition issues when doing steam turbine modal measurements. The BC are never the same as during operation.
* Turbine testing with eddy current sensors

* Pitfalls due to lack of bookkeeping/documentation eg. Previous measurement positions, sensors used, levels measured that results in comparison of non-comparative
results
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EXAMPLE PITFALL 1: TURBINE ROLL-UP WHEN THROTTLED WET STEAM FLOW

10

10
o ;I':'t\la Iniva | 8 Totalniva b
% of 2N - 2 of o |
E ar ) é 4t R
2t y ) |
% 500 1000 1500 2000 2500 3000 %00 1000 1500 2000 2500 3000 3500
350 F T T T T T B 350F T T T T =
300 - ’ . 3001 .
— 1xN
o 2T ‘ —— 2N . _2s0f |
%200— ‘ | H g 1.:200— 1
g 150 . 8 150 1
100 ‘ l e 100+ 4
00 5(IJO 1 0'0() 1 5Ioo 20I(]o 25Ioo 3000 gOO 1 (;00 1500 2(;00 25‘00 ;300 3500
rpm rpm
Accelerometers Velocity sensors
- 250 . . .
g ass - /\ * Wet steam excites high frequency tones i.e. above f=10 kHz.
E oo |
E 175 - f; \‘
E 150 f

PART OF AFRY

L R e efterklang:

Fraquency (Hz)




EXAMPLE PITFALL 2: LOW-FREQUENCY SKI-SLOPE
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Accelerometer ICP

Transients from the pump
The vibration must be “quicker” than the relaxation of the
signal.

:

Laser Doppler Vibrdmeter, LDV
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Example Pitfall 3: Unexpected phase shift from peripherical devices measuring current | and voltage V

AmpFlex current sensors

After a complementary verification of the current
sensor, the phase shift ended up to be 24° @ 2.4 A
instead of the specified at data sheet 20° @ 10 A
at =50 Hz.

Analog isolation amplifier used to transform
voltage 110.0 V on terminal to 5.47 V range
suitable for measurement system

Upon phase verification it was verified that each input module of the isolator

amplifier add a phase shift of approximately 17° @ 50 Hz during the prevailing
circumstances
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Example Pitfall 4: Unexpected amplitude of motor component
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Example Pitfall 5: Missed and non-synchronized project information

Design of new pump foundation.

* Lack of communication between project experts
pipe engineers and foundation design engineer.

* Missed the dynamic influence of strong
constraints had on the discharge and suction
pipes to the pump
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Summary

When you work in a group

with a mixture of

different project disciplines,
suppliers and/or change of
instrumentation nothing should
be taken for granted.

Often a tight timetable and/or
lack of resources requires

a longer and extensive pre-
investigation before

project start-up to

achieve reliable measurement
information

when the project is running.
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Found fault

Unexpected DC
component/ski-
slope

Unexpected 50 Hz
component or
other disturbances

Unexpected
vibration
magnitude/
frequency

Unexpected phase
shift

Missing project
information

Malfunctioning
Equipment or
poor signal
quality

Something breaks
but root cause is
hard to find.

Possible pitfall 1

ICP
accelerometer,
section 3.1.5-
3.1.6

Impact testing,
section3.1.4

Sensor
malfunctioning,
section 3.2.1

Disturbance of

high frequency

vibration,
section5.1

No rotor-dynamic
model available,

section 4.2
Sensitivity

to radiation sectio
n2.1.1and 2.3
and 6.3

Section 2.1.1 Not
enough
measurement

time to find actual
issue

Possible pitfall 2

High frequency
overload,
section 3.2.2

Interfering potent
ials, Section5.2

Selection of
measurement
points,
Section 4.3

Amplifiers,
section 6.2 and 2.
3and 2.6

Preparation, se
ction 7.1, Section
2.1.2

Using

wrong Filters

and sensors, eg se
ction 2.3

Possible pifall 3

Steam pipe meas
urement Section
5.1and 2.3

2.2 impact
testing during
parallel work

Inconsistent
alignment,
Section 4.4

Operating over
long cables (
>30m) with ICP
sensors,

Section 6.3

Section 2.1.1and
2.1.2 Unable to
access before or
during meas.

Poor/wrong
attachment
section 2.3

Possible pifall 4

Section 2.1.2, 2.3.

Eg. Faulty cables, wrong
sensors,

temperature and
radiation sensitivity

2.3 and 5.2 Grounding
issues. Transients due to
cabling section 2.3

Section 2.1 Standards and
Vibration criteria's, alarm
levels

Bookkeeping and
selection of points
sections 2.8 and 2.9

Underestimation of
construction changes
Section 2.1.2

Cabling and connection,
section 2.3

Possible pifall 5

Integrationissues
section2.4and 3.1.5

Not galvanically sepa
rated channels
section 2.6

Section 2.1.1 Fixture
points and
resonances of
fixtures

Bookkeeping
section 2.8

Possible pifall 6

2.1.1and 2.3 using
filters and
amplifiers. And
attachment of
sensors

Possible pifall 7

Sensor sensitivity,
section 2.3
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Thank you!
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