The official journal of the Vibrations Association of New Zealand

Spectr 1

Ui

Winter 2022 | Issue 104
A

‘CEINDITII:IN MDNITEIRING ‘IN A DHANEINB WCIR’LD’

COnferenc 022 is here'

Taupo 16m, 17“‘and18“‘AugusJ ‘i|+

By

3 fect of Vlbratlon and
Noise Measuring Points
» strlbutlon on the,

. ensntnvntg
‘of Pump
Cavntatlon
3 Dlagnosw

'
4 +Soft Foot on Belt
Drive ‘Motors...

o
VIBRATIONS ASSOCIATION of NEW ZEALAND @ ﬂ




® .

/7

PRESENTS... s ¢

Y P

VIBRATIONS ASSOCIATION of NEW ZEALAND

v

CONFERENCE'22

‘CONDITION MONITORING INA CHANGING WORLD’

Wairakei Resort, Taupo
16th, 17th and 18th August 2022

Tuesday 16th offers FREE attendance for apprentices!

Registration has never been easier!

Registration for the 2022 VANZ Conference is easy. Simply click on or visit
www.vanz.org.nz and fill in the details online, or scan* the QR code below,

and it will take you directly to the online registration form.

* QR Code scanner app required for
mobile device to enable scanning.
Available from all app
stores.




Did you know you might be eligible
to receive 157 off!

If you registered for the 2021 Conference last year, you will be receiving
a unique code sent to your business address. Grab the code,

visit www.vanz.org.nz/conference-2022, register

for the 2022 Conference and enter your
unique code when prompted.

Success!

John van Zwienen d’
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0 Here is a little background on some of the key presenters you’ll hear

N at the upcoming VANZ Conference in Taupo.
Dr lain Epps

— 1.John van Zwienen

v ¥ Sales Manager with 40+ years hands-on experience in all aspects of Rotating Machinery Vibration
TR = business. Category IV Vibration Analyst. Skilled in Gas Turbine & Steam Turbine driven Power
\ Plants, Refineries, and General Manager Sales & Service at BK Vibro.
% J |
’ 2. Dr lain Epps

Recognised around the world for his research into the origins of machine vibrations and the holder
of several patents on condition monitoring.

DL 4

Dare Petreski

3. Dare Petreski

Asset Management, Maintenance & Reliability Improvement Professional [CMRP] An accomplished
speaker and training facilitator. Twenty-five years of progressive experience in Physical Asset
Management, and Risk Mitigation and more.

4. Mike Davis F L)
An Electrical Engineer, “I coach users of electrical machinery to iR
understand failure processes and run equipment at optimum levels ‘J, ~
to prevent costly break downs.” el :

Share knowledge, passion and successes. Network and totally immerse yourself in this 3-day event!

Mike Davis

Principal sponsor: CSEW Arthur Fisher @ Briiel & Kjaer Vibro

a division of CSE New Zealand
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PRESIDENTS" REPORT

By Rodney Bell, VANZ President

reetings to you all once again, the VANZ
G committee has been working hard and we

are all now getting excited with the planning
progress and looking forward to the execution of the
annual VANZ Reliability Conference being held at the
Wairakei Resort Taupo on August 16th 17th & 18th
themed “Condition Monitoring In A Changing World”.

We have confirmed Key-Note speaker John Van
Zwienen who is General Manager Sales and
Service (Asian & Oceania) for CSE-W ‘ ‘
Arthur Fisher. John has 40+ years

Day 2 & Day 3 are already
packed full with split streams
running, other than when there is live streaming
or Key-Note presentations. A full mixture of
presentations, covering Vibration, Laser Shaft
Alignment, Ultra Sonics, Thermal Imaging, Safety
& Reliability, Plant Reliability in general, Wireless
Monitoring and a paper presented by Chris Pullen

from Westland Milk Products about
their sitewide journey to equipment
reliability over an approx. 8-year
period.

hands-on experience in all aspects | look forward to

of Rotating Machinery Vibration WElCOI‘I’IiI‘Ig all exhihbitors VANZ is an engineering

business, a Category IV Vibration . . technical platform for New

Analyst, skilled in Gas Turbine & and attendees to Walrakel Zealand and Australian

Steam Turbine driven machines for Resort and spending time engineering industry

Power Generation, Oil & Gas and . . engaged in the technical

Petrochemical Industries. encouraging grgat leammg disciplines of Predictive Asset
throughout this event.. Management, if your company

The Guest speaker lineup is also

looking great with Dr lain Epps, Daré
Petreski and Mike Davis, all of whom have
presented at VANZ on multiple occasions
with excellent feedback from attendees. Bios for all
are available at www.vanz.org.nz/conference-2022

Day 1 on the 16th is a split stream with the Asset
Management/Reliability Day and the Practical
Hands-on Awareness Day, the latter being free to all
apprentices. In 2021 this day was a huge success,
until Covid-19 put us all into lockdown again. This
year is planned to be bigger & better, so | encourage
all that are considering registering for VANZ 2022 to
include this day in their package.

is looking to begin or progress
your plant’s reliability program, |
strongly encourage all to consider
attending this year’s annual conference.
Importantly during the networking events the
exhibitors have their Condition Monitoring equipment
on display ready to give demonstrations and to
answer any questions. | personally believe 100% that

for equipment reliability, this is the place to be and
it's not too late to register.

| look forward to welcoming all exhibitors and
attendees to the Wairakei Resort on the 16th 17th &
18th August 2022 and spending time encouraging
great learning throughout this event. &

Winter 2022 | Issue 104 5



- CONFERENCE 22

Wairakei Resort, Taupo: 16th - 18th August

Australasia’s Premier Annual 3-Day Predictive Asset
Management and Reliability Condition Monitoring Event.

‘CONDITION MONITORING INACHANGING WORLD’

DID YOU REGISTER FOR THE CONFERENCE LAST YEAR?
15% discount on 2022 prices.

Book online: www.vanz.org.nz

Tuesday, August 16th Wednesday, August 17th Thursday, August 18th

3 Technology visit 20+ world-leading condition monitoring and reliability providers showcasing their latest
DAY Exhibition technologies all under one roof over all-three days of the conference.

3 Three-Day VANZ Conference Pass (Early Bird Pass*)

)i\ Get the full conference experience... See next page for full package pricing and details.

Two-Day VANZ Conference Pass

Practical

Hands-on See next page for full package pricing and details.
Awareness : :

See next page for full + Networking and + Networking and

SRS I I L Main Conference Dinner Social Event

Reliability/ .

Asset N Membership up to date?
Management W Full year for 2022/23 is only $100/pp

See next page for full s easy to renew! Visit www.vanz.org.nz

package pricing and details.

.
If you purchase a Main Conference attendee pass, your membership =~ ===

. for the next 12 months is automatically included and updated in that price.
+ Networking and

Informal Welcome Evening

pp = per person. * Early bird pass available until July 31st, 2022.

ACCOMMODATION

For the conferepce, we've secured rooms at Wajrakei Resort, Taupo First in first served|
for a great rate if you need to book accommodation separately,

butit's only for a limited time and availability will
reduce closer to the conference date.

To reserve your room(s), phone Wairakei Resort
on 07-374 8021, visit

or scan the QR code to link directly to their
booking site.

For further info or to secure your position Principal Sponsor: W Arthur Fisher
please contact our conference team:

EI Special rates for VANZ
conference attendees!

email us at conference@vanz.org.nz
www.vanz.org.nz




CONFERENCE EVENING EVENTS

Tuesday, 16th August Wednesday, 17th August

Informal Welcome Evening Main Conference Dinner Event
Book online: www.vanz.org.nz for additional tickets. Book online: www.vanz.org.nz for additional tickets.
Please advise attendance numbers for catering. This is a special event in planning!

Additional tickets: $25/pp Additional tickets: $125/pp

PRICING/ PACKAGE DETAILS

* All prices exclude GST.
1 DAY Tue 16th August 2022 Option 1

Practical Hands-on Awareness Day $200/pp
Full day entry to the Practical Hands-on Awareness Day. See below for extra benefits (1).

Open to students/apprentices and trainees with ID.

Full day entry to the Practical Hands-on Awareness Day. See below for additional benefits (1). Student ID Required.

1 DAY Tue 16th August 2022 Option 2

Asset Management/ Reliability Implementation Day
Full day entry to the Asset Management/ Reliability Implementation Day. See below for extra benefits (1).

2 DAY Wed 17th - Thur 18th August 2022
Main Conference

$800/pp
Conference attendance for two days. See below for additional benefits (2). -

Open to students/apprentices and trainees with ID.

Full Day entry to the Practical Hands-on Awareness Day. See below for additional benefits (2). Student ID Required.

3 DAY Tue 16th - Thu 18th August 2022 Early Bird Pass!*

Full 3-Day Attendee
Full access to Predictive Asset Management and Reliability Condition Monitoring Conference & Technology Exhibition. sgso’pp
Conference attendance for three days. See below for additional benefits (2).

pp = per person. * Early bird pass available until July 31st, 2022.
Additional benefits

Entry to the Awareness Day afternoon networking session. Complimentary parking at the venue.
All Awareness Day papers will be available to download from www.vanz.org.nz. All conference papers will be available to download from www.vanz.org.nz.
One day complimentary parking at the venue. One year membership of VANZ included with attendance.

For further info or to secure your position Principal Sponsor: W Arthur Fisher
please contact our conference team:

www.vanz.org.nz

email us at conference@vanz.org.nz @




CONFERENCE 22

Wairakei Resort, Taupo: 16th - 18th August

Australasia’s Premier Annual 3-Day Predictive Asset
Management and Reliability Condition Monitoring Event.

‘CONDITION MONITORING INACHANGING WORLD’

EXHIBITOR OPTIONS

Gold Silver Bronze
Naming rights of conference
Primary sponsorship on key online & offline promotional material before and during conference®
Official role at the opening of the conference and five minute speaking opportunity
Trade stand that offers sponsors the opportunity to showcase products, services and ideas Premium Standard Table
Signage opportunities at conference & dinner
Pre conference Spectrum advertising opportunities (early registrations only) o
Acknowledgement as sponsor & vendor ® [
Company literature in delegates goodie bags ° o
Brand on conference programme (early registrations 1 month before event) o o o
Sponsorship on key online & offline promotional material before and during conference** o ° o
Logo on VANZ conference publications & website*** ° [ °
Post conference Spectrum advertising opportunities ° o
Conference entry for staff x2 x1 x1

Booth size (Platinum and Gold) 1.8 x 3.0 metres Website* Animated landscape panels @ 460px wide x 200px high

Website** Animated landscape panels @ 460px wide x 200px high - x1
Booth size (Silver) 1.2x 2.4 metres Logo file***  To be supplied as either a vector eps or hi res tif/png/jpeg
Table top size (Bronze) 1.8 x 0.6 metres

Files to be supplied to specifications.

ADDITIONAL SPONSOR OPTIONS AND INFORMATION

Lanyard sponsor $500 + lanyards e

) ot Need assistance?
ag sponsor *hags For any enquiries, email

Dinner sponsor POA conference@vanz.org.nz,

Informal Welcome Event (Tues night) $2,000 or visit our website: www.vanz.org.nz

For further info or to secure your position Principal Sponsor: W Arthur Fisher
please contact our conference team:

email us at conference @vanz.org.nz
www.vanz.org.nz
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VIBRATIONS ASSOCIATION of NEW ZEALAND

Notice of AGM

Thursday 18th August 2022
9:30 to 10:10am

Wairakei Resort Hotel - Stream Room 1

Please attend if you can,
this association is run by you for you.

Interested in joining

VANZ

Anyone with an interest in the area of
mechanical and electrical machine condition
monitoring, to facilitate predictive asset
management is eligible to join VANZ.

In-house technicians, consulting engineers,
suppliers and distributors of specialised
equipment, engineering students can all
contribute and gain from membership.

For more information about membership
please contact the VANZ secretary
by emailing secretary@vanz.org.nz

Winter 2022 | Issue 104 9
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VIBRATIONS ASSOCIATION of NEW ZEALAND

: CbNFE 2ENCE TIMETABLE

\Wairakei Resort, Taupo: 16th, 17th and 18th August 2022

‘CONDITION MONITORING INACHANGING WORLD?

Tuesday 16th August - Day 1
Condition Monitoring Awareness stream plus Reliability Improvement stream

Start Duration End

7:45 AM 0:45 8:30 AM Registration and Exhibition / Trade Stand area is open for viewing, with Tea and Coffee available
8:30 AM 0:10 8:40 AM Welcome to Conference 2022: VANZ President.

8:40 AM 0:10 8:50 AM Overview of Conference Timetable for the Day and the next 2 days: Vice President.

8:50 AM 0:40 9:30 AM Key Note Address: The 'Big picture' an Introduction into Condition Monitoring in a Changing World

10:00 AM

2 Streams; in Conference
Rooms 1 and 2

Morning Tea in the Exhibition room / Trade Stand area (With Exhibitor introductions)

The Tradesmans Tools' and installation
specifications, to enable Predictive Asset
Management

2 Hour - Asset Management and Reliability
Program Implementation

12:00 PM

1:00 PM

2 Streams; in Exhibition and

Lunch in the Exhibition room / Trade Stand area

Electrical Machine Knowledge Exchange

10:00 AM | 0:15 10:15 AM | An ‘overview’ of today’s sessions.
How a correctly implemented Asset Management
Install alignment -motor-coupling-gearbox- and Reliability program can achieve and sustain
1015 AM | 0:30 10:45 AM | couplingpump hot and cold alignment. higher yields from the same asset base, with greater
Commisioning new / refurbished installs to a bottom line results!
specification.
Tribology Oil and Grease usage and practice. Understanding criticality to guide your Relliability
10:45 AM | 0:30 11:15 AM | Commissioning new/ refurbished installs to a program and break out of the reactive maintenance
specification. cycle of doom... - A very brief overview of the
benefits of Reliability and Condition Monitoring -
1115 AM | 0:30 11-45 AM Basic Yibratif)n theory'and practice. - Hovy does CM and reliability help an organ?satiorj
Commissioning baseline data to a specification. achieve its goals * Why does the organisation exist
* What are the constraints * What are the risks *
What are the opportunities. - How we can perform
11:45 AM 0:15 12:00 PM Morning Sessions: Managed forum discussions. criticality analysis, and Pareto analysis to rank the
equipment and thus prioritise all further activities.

2 Hour - Asset Management and Reliability

3:30 PM

1:00

4:30 PM

application.

Room 2 ‘Hands-on’ Condition Monitoring “Tools” Program Implementation
, , i Practical tips for installing and operating electric How the information can be greatly enhanced

1:00 PM 0:45 1:45 PM motors. with accurate equipment health information. -
How to use the information to break out of the

1:45 PM 0:45 2:30 PM Infrared and ultrasound usage and practice. “reactive maintenance cycle of doom”? - Examples
will be provided from the Power and Dairy /

heetiere OF Manufacturing industries, but it will be relevant to
.30 PM 0:30 3:00 PM Lubrication: Oil and grease storage and

all service organisations and continuous/discreet
manufacturing.

Afternoon Tea in the Exhibition room / Trade Stand area

Managed Forum Discussion
Hands-On Demonstrations

Round Table Discussions - Your chance to ask
your questions from todays presenters, panel
experts and colleagues on a specific subject at an
assigned table.

4:30 PM

1:30

6:00 PM

‘Meet & Greet’ Networking

Refreshments and Canapés available in the Exhibition Area that we encourage all to attend.

10 | VANZ




Duration

Wednesday 17th August - Day 2 - Main Conference

End

7:30 AM 0:30 8:00 AM Registration and Exhibition / Trade Stand area is open for viewing, with Tea and Coffee available
8:00 AM 0:10 8:10 AM Welcome to Conference 2022 VANZ President.

8:10 AM 0:10 8:20 AM Official Conference Opening by the Conference sponsor -CSE W Arthur Fisher / Bruel & Kjaer Vibro.
8:20 AM 0:45 9:05 AM BK Vibro Key Note Address.

Morning Tea in the Exhibitor room / Trade Stand area (With trade stand introductions)

Two Streams of Presentations Stream 1: Room One Stream 2: Room Two
CM Technologies Reliability based case histories
9:50 AM 0:40 10:30 AM | Mike Davis TBC
1030 AM | 0:40 11:10 AM Dr Igln Epps - Defec’F Severity Measurement in TBC
Rolling Element Bearings
11:10 AM | 0:40 11:50 AM | Dare Petreski TBC
11:50 PM  0:50 12:40 PM  Lunch in Exhibitor room / Trade Stand area
. Stream 1: Room One Stream 2: Room Two
RS CM based case histories Reliability based case histories
12:40PM | 0:40 1:20PM TBC Colin Gracie - TBC
Mark Foster — Practical use cases for digital
1:20 PM 0:40 2:00 PM twin technology in asset reliability and condition Matthew Fallow — The data was good/ Case history
monitoring
200PM | 0:40 2.40PM | Stephen Reid/ GVS - Case History TRC Gzl Syl = Biieifive CempuiBnsee MiEintEna e

Management Systems

Afternoon Tea in the Exhibitor room / Trade Stand area

3:10 PM 0:40 3:50 PM James Neale — TBC Michael Xu — Reliability
3:50 PM 0:40 4:30 PM Bruce Shepherd - Case history TBC Qing Ou - TBC
4:30 PM 130 6:00 PM Complementary ‘Meet & Greet’ Networking

7:00 PM

Start

2:30

Duration

9:30 PM

Refreshments and Canapés available in the Exhibition Area that we encourage all to attend.

Conference dinner

Thursday 18th August - Day 3 - Main Conference
**VANZ AGM will be held at 10:00 - PLEASE ATTEND!**

End

7:30 AM 0:30 8:00 AM Exhibition room / Trade Stand area is open for viewing, with Tea and Coffee available
8:00 AM 0:40 8:40 AM John Van Zwienen: BK Vibro Key note Address
8:40 AM 0:50 9:30 AM Dare Petreski — TBC
10:10 AM  Morning Tea in Exhibitor area — VANZ AGM WILL BE HELD IN STREAM-1 ROOM -
Two Streams of Presentations Stream 1: Room One Stream 2: Room Two
10:10 AM | 0:40 10:50 AM | Simon Hurricks — Balancing Tips Chris Pullen - TBC
10:50 AM | 0:40 11:30 AM | Sven Fleisher — Alignment CTC Rep - TBC
11:30 AM | 0:40 12:10 PM Les Pepper — The hydrogen scene in NZ TBC

12:10 PM

Lunch in the Exhibitor room / Trade Stand area

1:00 PM 0:35 1:35 PM Michael Eschenbruch — New technologies
1:35 PM 0:35 2:10 PM Craig Caryle — How to stay out of jail (What people are being prosecuted for)
2:10 PM 0:35 2:45 PM Dr lain Epps - Influence of the Load Zone in Defect Severity Measurement
.45 PM 0:30 315 PM Q&A session: Panel Q&A Dl_scussmns
Your chance to ask any questions from all presenters, panel of experts and colleagues
315 PM 015 3:30 PM Awards Presentations, Vendor Prize Draws

You need to be there to claim the prizes & Conference closing address

Conference officially closed, we look forward to seeing you all again next year in 2023, at our 34th anniversary

Winter 2022 | Issue 104 n



EDITORS’ CORNER

onference time (take 3) is back! We're going Many thanks to our advertisers who continue to

to try to have the event at the Wairakei Resort support us these last couple years, not only through

again as they have been gracious enough to Spectrum but also with sponsorship at the conference
help guide us through the pandemic with planning and trade stands.

and regulations.

Happy Reading!
Our main sponsors for this year are CSE-W. Arthur
Fisher representing BK Vibro and we are gearing up
to put on the best possible conference we can for our
patient delegates.

In this issue you can get your brain-pan popping with
Carl’s Quiz, read the latest Skills and Practices or
muse over our President’s pearls of wisdom.

Registration for conference v3.0 is available online at:

) www.vanz.org.nz/conference-2022 X

MOTION & CONTROL"

The AIP Value Cycle NSK

Proving that improvement pays

" ,\‘__.'.--..;\_

[

< £ - 2
Partnering you towards machine optimisation E -E 4 @

e 2
Our AIP Added Value Programme is based around a simple prop 28 = V 4 i 7

o 4 A -

‘imp ment pays’. By working with you throughout the AIP Value E‘ E by Z
we will help you achi T machine reliability, productivity é % i =
and performance, angible and measurable E g _-"
benefit - and we have the tools to prove it! That's what we mean by EE _
improvement pays. gz x <~

g B

I

=% iy, ¢

R\

Step 1 - Evaluation: We make site visits to gather

A customized solution which identifies and data and understand the customers’ challenges.
quantifies the improvements and savings Step 2 - Recommendation: We use our learning,

R knowledge and experience to create a solution, including
you Il make. anticipated savings for the customer.

Step 3 - Implementation: We can assist, if required, with
the installation and testing of our recommended solution and,
if appropriate, we can also refine it for improved operation

Rolling Bearings, Linear Technology and Steering Systems o .
Step 4 - Validation: We monitor performance to ensure

NSK NEW ZEALAND the anticipated results are being delivered.
Add: Unit F, 70 Business Parade South, Highbrook Business Park, Auckland Step 5 - Extension: We collate data, share learning
Tel: +64 9 276 4992 and look to expand the service to new applications.
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People « Technology « Solutions
HVAC e Refrigeration e Electrical ¢ Measurement

Your number one destination for
thermal imaging products & services

Category 1 Thermography Certification Courses
15-19 August 2022, Auckland, New Plymouth & Christchurch

Learn how to use your thermal Who is the course for?

imaging camera to its full potential  goctricians, Insurance Reporters,

Make use of all camera features and Building Inspectors, Industrial
functions available for your specific Maintenance Inspectors,
application and gain a qualification Inspectors of solar energy/

at the same time! photovaltaic systems and more!

Scan to find
out more

www.eurotec.co.nz 09 579 1990 sales@eurotec.co.nz




SKILLS AND PRACTICES

l. l- L"
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SOFT FOOT

on Belt Drive Motors...

e have seen in an earlier Flyer that “soft
Wfoot” is a condition that occurs when a

machine or a component does not sit
squarely and evenly on its mounting. This condition
is bad for the machine because when you tighten
the hold down bolt for the foot that is soft, the frame

of the machine or component is distorted. This is a
defect that reduces the life of the machine.

Electric motors in belt drive applications are often
subject to soft foot.

The motor is mounted on slides that allow the motor
to be moved backwards and forwards to adjust belt
tension. It is essential that the faces of these two

slides are in the same plane. If they are not, soft foot

will result. This will cause high vibration levels and
will shorten the life of the motor.

To get the slides in the same plane, it is necessary
to shim the ends of the slides where they mount to
their fabricated base. Use stainless steel shims.
Bases are typically roughly fabricated and do not
offer precise mounting of the slides.

Perform checks as shown in the illustrations:

1. Both slides must be parallel in line with motor axis.

2. Both slides must be at the same height.

3. Both slides must be parallel at right angles to the
motor axis.

I Article prepared by Bluescope Steel.

1 VANZ

If these conditions are not met, then soft foot will
result. The severity of the soft foot will also vary
depending upon the position of the motor on the
slides. @
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Vibration based condition monitoring of
rotating part using spectrum analysis:

A case study on milling machine

n the last few decades, industry concentrated

on predictive maintenance rather than condition

based maintenance and is practised still for

the achievement of accurate fault diagnosis in
machines. Many diagnosis strategies are being still
explored by the researchers to diagnose and prognose
the remaining useful life of machines. Condition
Monitoring Sensor is a simple yet highly effective
extension of all predictive maintenance. The sensor
transmits all data into the software via Bluetooth, from
which trend profiles and graphs can be analyzed.
The industrial sector is in the midst of the biggest
disruption in decades, causing players to face major
pressures to become more reliable and productive
while reducing costs. With the rapid changes that are
happening in the market, organizations can no
longer afford to continue to operate in a reactive
environment, it’s critical for organizations to
reduce downtime, failure and production loss
while extending equipment life and predicting
expenditures — efficiencies that can transform
operational costs. The adoption of efficient
maintenance strategies is key to survival Condition-
Based Maintenance and Predictive Maintenance are
in almost every discussion that involves improving
performance and reducing costs.

The Fault detection and identification of the machines
are found by fault diagnosis method which plays a
vital role for the maintenance of rotating machines.
Also with the aid of vibration analysis the machine
condition can be monitored constantly. Detailed
analysis is used to find the machine health and fault
identification may exist or arise.

Laxman Yadu et al., [1], paper describes the
reliability analysis of cutting machine and also

the life cycle cost estimation is predicted by the
data collected from weibull software. After design
changes reliability results increased from 15.85% to
22.09% of different machine components such as

bearing, control panel, pad, oil seal which is helpful
for deciding interval maintenance. Mirghani N.
Ahmed et al., [2], paper investigated on outsourcing
of maintenance program with performance
management and measurement system presents
the risk of reliability of machines by the use of
performance contract. This type of starting the
program leads to the increase of financial benefit
for the company and also qualitative products were
achieved with the designed scheme.

Hooghoudt et al., [3], paper presents the effect
made on capability improvement of bearings life
and approaches towards the analysing of wear.

A simulation model was developed for the data
collection and monitoring from the signal analysis
methods. The focus of this paper is on many
evaluation procedures and to predict the remaining
useful life of roller bearings. Yuri Merizalde et al., [4],
paper reviews the online condition monitoring of
wind turbines for the failure detection and diagnosis
using signal analysis. The overall investigation

for maintenance of wind turbines is analyzed by
applying the current signature spectrum analysis.
This work limits to the maintenance and further
investigations on gearbox components.

Vibrometer is the first choice for non-permanent
condition monitoring systems and it makes the
process very simple and automated. It is ultra-
portable and wireless. Additionally, it includes
applications for mobile phones in case you want to
work more comfortably. Fig. 1(a) and Fig. 1(b) shows
of vibrometer cable and vibrometer instrument used
in the present study for the data collection from the
machines in three positions.

The specifications of Vibrometer are Measurement
range are 2 mm/s to 5 m/s, Measurement frequency
range is 1 Hz to 20 MHz, Velocity signal is + 2.5V
(At input impedance 100 kQ, output impedance 750,
Power supply is AC 100 V to 240 V (50/60 Hz), 40 VA
max.

B.K. Pavan Kumar, Yadavalli Basavaraj, N. Keerthi Kumar®, M.J. Sandeep. Materials Today: Proceedings 49 (2022) 744—747.
* Corresponding author: Department of Mechanical Engineering, BMS Institute of Technology and Management, Yelahanka, Bangalore,
560064 India. E-mail address: keerthikumarn@bmsit.in (N. Keerthi Kumar). 2021 Elsevier Ltd. All rights reserved.
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Fig.1 (Above left). (a) Measurement cables, (b) Vibrometer instrument. Fig.2 (Above right). Class Il level of Milling Machines.

4. Identification of critical part in Milling Machine
Milling machine major parameters include the depth
of cut, feed rate and speed of the shaft. The below
Fig. 2 represents the severity of critical machine
which has high level of vibration and designated as
Class Il machines.

The standard level of Class Il machines is decided
due to the range of 2.1 m/s to 7.1 m/s. The
specifications of the milling machine having table
size 260x1200mm, travels of 675x440x340mm,
power feed of 640 m/s, rotate parallel having 360,
motor power of 3 HP. Machine found to be having
higher level of vibration during operation.

5. Graphical analysis of Motor drive spectrums
Fig. 3 represents the peak value of 0.4 m/s and 0.38
m/s velocity at 100 Hz frequency before and after
replacement of components which are analyzed by
spectrums and proper diagnosis is suggested

for the machine to increase the production rate and
accuracy. The graph illustrations on the following
page are drawn using Origin tool and obtained
from vibrometer instrument directly by which data
collected and analyzed for the purpose of efficient
performance of machines leads to increase in
accuracy. Fig. 4 shows the vibration severity of

www.vanz.org.nz

machines as per ISO 10,816 and it indicates velocity.

6. Conclusion

This paper gives the brief of device fault detection,
diagnosis, and diagnosis of the rolling bearing and
also describes the liberation size of the wavelet thru
the machine factors. Paper presents the maximum
important technology or methodology of fault
detection, analysis, and diagnosis respectively.
Subsequently, segment five offers a few conclusions
and states new challenges. Data were collected
using Vibrometer instrument and readings are
analysed using signal processing techniques to
check the severity level of the rotating machines. As
shown in this paper spectrum analysis strategies for
fault detection and prognosis have been investigated
which will clear up this trouble.
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Fig.3 (Above). (a) Motor drive readings on Mar
2019; (b) Motor drive readings on Aug 2019;

(c) Motor drive readings on Mar 2020; (d) Motor
drive readings on Aug 2020. in/fs | mm/s
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Effect of Vibration and Noise Measuring
Points Distribution on the

Sensitivity of Pump

Cavitation Diagnosis

Cavitation is an essential factor in the deterioration of the hydraulic performance of centrifugal pumps. The
study of cavitation fault diagnosis can help prevent or reduce the damage it causes. The vibration and noise
analysis method can predict the incipient cavitation more accurately. In order to improve the accuracy of
cavitation fault diagnosis, this paper studied the sensitivity of measuring points distribution for centrifugal pump
cavitation diagnosis. The research object is a centrifugal pump with an inducer and splitter blades. Vibration
acceleration sensors and hydrophones were used to collect structural vibration and liquid-borne noise signals
at different positions of the pump unit. Root-mean-square (RMS) and fast Fourier transform (FFT) methods
were used to construct spectrums of vibration and noise signals with different NPSHa and compare the
sensitivity of different measuring points to the inception and development of cavitation. In addition, the SST
k-w turbulence model and Zwart cavitation model were used to study the cavitation volume distribution in

the pump under different cavitation stages. By setting monitoring points at the impeller outlet, the frequency
domain signal distribution of pressure pulsation was studied. The results show that the vibration measuring
points at the inlet flange and pump axial position (increased by about 0.6 % at NPSHr) and liquid-borne noise
measuring point at the inlet position (reduced by about 14 % at NPSHr) are more sensitive to the diagnosis of
cavitation fault. Motor current is also the basis for judging the inception of cavitation. When severe cavitation
occurs, the current drops sharply by approximately 12 %. Moreover, the pressure pulsation intensity at the
inlet decreases by 66.3 % and by increases 13.9 % at the outlet, respectively, with a 3 % drop in head. As the
cavitation intensifies, the dominant frequency of the pressure pulsation in the pump is partially shifted. The
presented results indicate the distribution of measuring points with good sensitivity, providing a reference for
improving the accuracy and efficiency of cavitation predictions for centrifugal pumps.

C avitation affects the operational
stability and efficiency of the
pump and is an essential
indicator of pump performance.
Generally, cavitation occurs when
the absolute static pressure

at the pump inlet is below the
saturation vapor pressure,
resulting in a disturbance and
disruption of the energy exchange
between the impeller and the
liquid, and a significant reduction
in the external characteristic curve. In
severe cases, the liquid flow in the pump
can be interrupted, causing the pump not to

cavitation completely. Therefore, to ensure
the reliability of pump operation, it
iS necessary to accurately detect
the onset and development
of cavitation, and control the
operating conditions to prevent
cavitation. The development of
cavitation is mainly divided into
the inception, development,
and degradation stages [2] to
[5]. During the different stages of
cavitation, there are variations in the
quantities of pressure, flow rate and
motor power. These features can be
used to diagnose the severity of cavitation.

Cavitation is an essential
factor in the deterioration of
the hydraulic performance of
centrifugal pumps.

operate properly. The bubbles are ransported to the The net positive suction head (NPSH) is commonly
high-pressure area and ruptured in a very short time, used in engineering to determine the operating
generating massive shock waves. conditions and suction performance. According to

the ISO 3555 standard [6], the NPSH value for a 3 %
The rupture of the bubbles causes severe damage to  drop in the total delivery head is defined as NPSH-
the impeller surface material in the form of by pitting required (NPSHTr), representing cavitation that has fully
and erosion, resulting in the pump producing developed.
vibration and noise [1]. It is not possible to suppress
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When the cavitation occurs, it causes a change in
pump load torque. The electric signal in the motor can
evaluate the impeller torque, which can detect the
beginning of cavitation. Meanwhile, cavitation can be
predicted by measuring the line voltage and phase
current on the power transformer [7] and [8].

The normalized amplitude at the third-order rotational
speed obtained by measuring the instantaneous
angular velocity of the pump and the order spectrum
analysis can also be used for characteristic monitoring
[9]. Vibration and noise are generated due to the
continuous rupture of the bubbles in the high-pressure
region accompanied by strong water shock during
vapourization inside the pump. There is a discrete
frequency or broadband peak in the audible noise
spectrum, which is closely related to the development
of cavitation. The discrete frequencies are consistent
with the NPSHr, and both can correspond to a 3 %
drop in the total delivery head. The characteristic
discrete frequency tones closely associated with
cavitation are the resonance caused by structural
vibrations or the rupture of bubbles on the inner

wall surface of the pump, so the discrete frequency
tones can detect the intensity of cavitation. The
measurement methods are mainly divided into

three types: sound pressure level in air, underwater
acoustics and structural vibration [10] to [12]. Cernetié
[13] and Cerneti¢ and Cudina [14] evaluated the
uncertainty of cavitation prediction for vibration

and noise signals from centrifugal pumps in broad
frequency range and at discrete frequencies, verifying
that vibration and noise in the audible frequency range
are capable of predicting and diagnosing cavitation.

Chini et al. [15] analysed the noise spectrum of
centrifugal pumps to find the feature of cavitation
initiation and found that sound pressure levels

at some frequencies can detect the inception of
cavitation and quantify the severity of cavitation.
Wang et al. [16] found that as cavitation intensifies,
the vibration acceleration and noise stabilize at first
and then increase apparently, which can determine
the NPSH-inception of the pump. Zhang et al. [17]
found that the cavitation critical point inferred from
the vibration level is higher than the NPSHr when the
head drops by 3 %, indicating the actual cavitation
time is earlier than that reflected by the head curve.
Dong et al. [18] found that with the decrease of
NPSH, the total sound pressure level of liquid-borne
noise first increase and then decreases, and the
sound pressure level of liquid-borne noise in the 2
kHz to 3 kHz frequency range can better predict

the initiation of cavitation, with a threshold value of 1
%. Al-Obaidi [19] to [22] used time-domain analysis
(TDA) and fast Fourier transform (FFT) techniques for
frequency domain analysis (FDA) based on vibration
and acoustic analysis methods.
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The ability of the different methods to diagnose
pump cavitation under different operating conditions
was compared and evaluated, proposing that peak
and peak-to-peak values are more sensitive to
cavitation detection in pumps than the RMS and
variance feature. Mousmoulis et al. [23] concluded
that the impeller’'s geometric parameters affect the
development of cavitation, and that acoustic and
vibration measurements can effectively predict
cavitation.

Many researchers have asserted that the signal
features of vibration, noise, and pressure pulsation
can effectively predict the initiation and development
of pump cavitation, and proposed signal processing
and analysis methods to detect cavitation. However,
there is a lack of studies on the sensitivity of
measuring point distribution for cavitation prediction.
In practice, the characteristics of the vibration signal
at different positions are dissimilar. And the liquid-
borne noise and pressure pulsation characteristics
of the inlet and outlet have different sensitivities to
cavitation prediction. Therefore, the location of the
measuring points has a crucial influence on the
accuracy of cavitation fault diagnosis. To improve
the prediction of cavitation and reduce the damage
to the pump, it is necessary to research the effect

of measuring point distribution on cavitation fault
diagnosis.

In the actual operation of the pump, the flow rate is
reduced due to the influence of cavitation. In some
special applications, there are high demands on

the stability of the pump flow rate, for example, fuel
pumps for the liquid rocket engine. The cavitation
test is usually carried out by keeping the flow rate at
a constant value [24], which can intuitively evaluate
the cavitation performance of the centrifugal pump.
However, it cannot restore the actual situation
properly. This paper took a small flow rate and high
head centrifugal pump with an inducer and splitter
blades as the research object. The valve opening
was constant during the cavitation test so that the
flow rate varied continuously with the development

of cavitation. In addition, hydrophones and high-
frequency pressure sensors were installed at the inlet
and outlet, and eight vibration sensors were installed
at the inlet and outlet flanges, the pump axial and
radial, the pump foot, and the bearing housing. The
signal characteristics at different locations under
different cavitation conditions were measured. The
sensitivity of different measuring points was analysed
to obtain the optimum method for detecting the

onset and development of cavitation in centrifugal
pumps and improving the accuracy of cavitation fault
diagnosis in centrifugal pumps.
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a)

Fig. 1. Centrifugal pump cavitation test bench; a) test bench (1. cavitation tank, 2. gate valve, 3. ball valve, 4. pressure
pulsation sensor,5. pressure transmitter, 6. hydrophone, 7. electromagnetic flowmeters, 8. pump set, 9. vacuum pump),

and b) vibration measuring points.
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Fig. 2. Two-dimensional structure of test pump.

1. Test and Simulation Methods

1.1 Research Object

The test bench comprises a vibration and noise high-
frequency signal test system, an external characteristic
test system and a data acquisition system.

Fig. 1a shows that the test equipment includes a
cavitation tank, a vacuum pump, pipelines, valves,

an electromagnetic flowmeter, test pumps, motors,
pressure transmitters, hydrophones, vibration
acceleration sensors, and pressure pulsation sensors.
The pressure transmitters are located at two times
the pipe diameter of the pump inlet and outlet flange.
The hydrophones and pressure pulsation sensors are
installed eight times the pipe diameter. Moreover, the
vibration acceleration sensors are installed in eight
positions: inlet flange vertical and horizontal, outlet
flange vertical and axial, pump body radial, axial and
foot, and the bearing house, as shown in Fig. 1b.

A small flow rate and high head centrifugal pump
with a specific speed of 25 was used as the research
object, and the equation for the specific speed is as
follows [1]:

3650

s H3/4 (1)
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The design parameters of the pump are flow rate Q,
=5 mé/h, head H,= 39 m, and rotational speed n =
2900 r/min. The centrifugal pump impeller has four
main blades and four splitter blades, the diameter
of the impeller D, = 160 mm, the outlet width of the
impeller b, = 6.5 mm, and the blade wrap angle ¢ =
80°. The inducer has a tapered hub with equal pitch
double blades. The axial length of the hub is

h, = 40 mm, the axial length of the rim hy =30 mm,
and the inlet sweep angle 6, = 140°. The structure of
the test pump is shown in Fig. 2.

1.2 Test Method

The centrifugal pump cavitation tests are usually
carried out at a constant flow rate [1], which means
that the outlet valve is controlled to keep the flow
rate unchanged. The pressure at the inlet is reduced
by a vacuum pump, causing the pump to cavitate.
This method can effectively obtain the cavitation
performance curve of the pump at a fixed flow

rate. However, in many practical applications, it is
impossible to adjust the valve in time to keep the
flow rate constant. The flow rate decreases with the
intensification of cavitation and even breaks down.
For example, the heavy drop in flow rate caused by
cavitation can result in the turbopump being unable
to supply oxidizer to the liquid rocket engine in time,



leading to severe operational failure of the rocket.

Very few cavitation tests with a fixed valve have been

carried out, specifically with the flow rate changes

as cavitation. Therefore, this paper used this method

to conduct cavitation tests and measured pressure

pulsation, vibration and noise signals.

The vibration and noise signal under cavitation is

significantly different from other mechanical faults

in terms of spectral distribution. The broadband

character of cavitation has an effect not only on low-

frequency signals but also on the higher frequency
bands [25]. According to the Nyquist-Shannon
sampling theorem, the sampling frequency is more
than twice the highest frequency in the signal, so that
the information in the original signal is not lost from the
acquired digital signal. In order to make the acquired
signal reflect the trend in the high-frequency band
and ensure the accuracy in the low-frequency band,

a sampling frequency of 10 kHz is used to acquire the

signal, considering the sensors’ operating range and

each sampling time is 3 s. And the test steps are as
follows.

1. Adjust the pump motor speed to 2900 rpm by
frequency converter.

2. Control the outlet valve to stabilise the initial flow
rate at 5 m3/h.

3. Turn on the vacuum pump and reduce the inlet
pressure of the centrifugal pump.

4. Obtain signals for flow rate, pressure pulsation,
liquid load noise and structural vibration at
different NPSHa.

The data were processed and analysed using

MATLAB software. The vibration and noise signals are

processed as follows:

(1) Vibration acceleration levels

The intensity of vibration (i.e. the energy of vibration),
is commonly expressed by physical quantities

such as velocity, acceleration and displacement. In
contrast, acceleration can better reflect the impact of
vibration on the structure. Therefore, the RMS value of
acceleration is generally used to express the intensity
of the vibration. In practice, the vibration is compound:
not a single frequency vibration but superimposed
vibrations of multiple frequencies. For evaluating
vibration energy, one of the commonly used evaluation
indicators is vibration acceleration level. The vibration
acceleration level VAL is defined as [26]:

VAL =201g(a, / a,), (2)

where a_is the RMS of acceleration, and a,, is the
reference acceleration, generally a, = 10-6 m/s®. The
unit of vibration acceleration level is decibel, [dB]. And
the RMS of vibration acceleration ar defined as follows
[26]:

a, ==\ a (t)d(t), 3)

where a(t) is the acceleration at some point, and Tis
the total number of samples.

(2) Sound pressure level

The hydrophone is affected by the hydroacoustic
sound pressure Pin the sound field, which generates
an open-circuit voltage U. The open-circuit voltage
U'is proportional to the sound pressure P. Therefore,
the hydrophone sensitivity M can be obtained as [271]:

M=U/P, “4)

where Uis usually defined as the open-circuit voltage
generated when the hydrophone is subjected to 1 Pa
liquid-borne sound pressure in the sound field. The
sensitivity is compared with the reference value and
then taken logarithmically to obtain its corresponding
decibel value. In hydroacoustics, 1 uPa is usually used
as the sensitivity reference. The output voltage signal
of the hydrophone is processed by the FFT method
to obtain the voltage spectrum and logarithmically
transform the voltage spectrum to obtain the voltage
decibel [27]:

Uy (f) = lOIg(UFFT (f))» 5)
where U

(1) is the amplitude of the hydrophone’s
voltage spectrum at some frequency. The sound
pressure level of the liquid-borne noise at this
frequency is obtained by subtracting the voltage
decibel from the sensitivity of the hydrophone [27]:

SPL=U,(f)-M(f). (6)

Similar to the total vibration level calculation, the
total sound pressure level of liquid-borne noise is
calculated as follows [27]:

SPL, =201g(p/ p,, ). ™

where p is the RMS of sound pressure, and p_, /s the
reference value of underwater sound pressure, 1 pPa.

1.3 Numerical Simulation Method

Creo 5.0 was used to build the 3D model of the

pump. The entire model was divided into five parts:
the inlet pipe, the inducer, the impeller, the volute

and the outlet pipe. ANSYS-ICEM 17.0 was adopted
to generate tetrahedral grids, as shown in Fig. 3. To
meet the requirements of numerical simulation on

grid quality, the grids around the volute tongue and
blades are improved and smoothed. The average y+
of the grid model is less than 80. Five sets of grids with
different cell numbers were generated to verify the
grid independence, as listed in Table 1. The judgment
basis was that head error of less than 1 % and the
time cost of the calculation is as short as possible. The
second grid set is closer to the actual parameters in
terms of head and has fewer cells than the other sets.
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Table 1. Grid independence verification.

Program Inlet and outlet section Volute Inducer Impeller Total Head [m] Error [%]
1 1.18x106 1.53x106 4.11%106 39.18 0.46
2 9.22x105 1.04x106 3.37x106 39.14 0.35
3 6.42x105 7.61x105 7.81%x105 9.43%x105 3.13%x 106 39.31 0.79
4 6.21x105 8.21x105 2.85%106 40.26 3.23
5 5.35%x105 7.43%x105 2.68x106 40.32 3.49

—=— Test result
49 —&— Test result 7 #— Simulation result
—e— Simulation result
a2
30

40
34 4 20
32

T T T T T 15 T T T T T

0.6 0.8 1.0 1.2 1.4 0.6 0.8 1.0 1.2 1.4

a) 10, b) 10,

Fig. 4. Comparison between simulation results and test results, a) Q-H curve, and b) Q-Efficiency curve. Fig. 3 (Below). Grid model.

Therefore, this paper used this grid for numerical
simulation. Fig. 4 compares the external characteristic
results of the numerical simulation with the test. The
trend of the numerical simulation and the test result is
the same. As the flow rate increases, the head of the
centrifugal pump trends to decrease, and the efficiency
increase significantly. The head and efficiency at each
operating point obtained by the numerical simulation
are consistent with the test results, and the maximum
error does not exceed 3 %. Therefore, the numerical
simulation results have good accuracy.

The ANSYS-CFX17.0 software was applied to
numerically simulate the cavitation of a centrifugal
pump at different inlet pressures. The pump’s inlet
and outlet boundary conditions were set according to
the inlet pressure and the flow rate results obtained
by the test at different NPSHa. The evolutions of the
internal flow field and vapour volume under different
cavitation stages were obtained through numerical
simulation. The turbulence model uses the shear
stress transport k — w (SST k — w). This model is widely
used in rotating machinery [28]. The SST k — w can
better calculate the adverse pressure gradient and
separation flow. It predicts the pump’s performance
more accurately [5]. The rotor-stator interfaces use the
transient rotor-stator. The pitch change is specified
pitch angles with a value of 360°, and the interface
between the impeller and the inducer is relatively
stationary. The grid connection between the interfaces
is set as the general grid interface (GGI). The fixed
wall adopts no-slip, and the rotating walls on the
impeller and inducer are moving walls. The advection
scheme adopts the high resolution, and the transient
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scheme adopts the second-order backward Euler.
The maximum number of inner iteration loops is set to
20. The residual accuracy was 10e-4. The rotational
speed is 2900 rpm. The time step is the time taken

for each 2° rotation of the impeller, i.e. 0.00011494 s.
The total time step is the time taken for five cycles of
the impeller. The steady-state results are taken as the
initial values for the unsteady-state calculations.

The fluid medium is water at 25 °C. The gas medium
is set to water vapour at 25 °C, the Saturation Pressure
of the fluid is 3169 Pa, the reference pressure is 0 Pa,
the volume fraction of the inlet vapour is set to 0, and
the volume fraction of the liquid is set to 1. The Zwart
cavitation model is used. The net positive suction head
available (NPSHa) of the pump is calculated as [1]:

2

NPSHa =28 Y

s, ®)
pg

2g

where P_is the pump inlet pressure; P is the saturated
vapour pressure of the fluid at operating temperature;
v, is the flow rate at the pump inlet.
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Fig. 5 shows the cavitation performance curves
obtained from the tests and numerical simulations.
The trends in the cavitation performance curves are
generally consistent, although there are some errors
between the simulation and test results. The inception
points of cavitation in test and simulation are almost
the same. The NPSHr measured by the test is 1.03
m, while the simulation result is 1.06 m, with an error
of about 3 %. When the head drops by 10 %, the
NPSHa values of both are also very close. Therefore,
the simulation results can more accurately reflect the
evolution of cavitation.

2. Analysis of Cavitation Prediction Methods

2.1 External Characteristics

Fig. 6 shows the flow rate and head variation curves
for different NPSHa obtained from cavitation test with
fixed valve. A slight drop in the head occurs as the
NPSHa decreases from 5 m to 2 m. At NPSHa = 3.83
m, the head drops by approximately 1 %. There is
some fluctuation in flow rate but no significant drop.
When NPSHa reduces from 2 m to 1.5 m, the head
and flow rate both decrease first and then rise. With
the decrease of NPSHa (1.5 m to 0.5 m), cavitation
in the pump begins to develop continuously, and the
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Fig. 7. Variation of motor current with NPSHa.

head and flow rate decrease again. When NPSHa
= 1.02 m, the head drops by 3 %, which is the net
positive suction head required (NPSHr), meaning
that full cavitation has occurred at this time [6].
Cavitation continues to intensify after the NPSHa
falls below 0.5 m. The flow rate and head drop
drastically, and the pump has a significant loss of
hydraulic performance.
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Fig. 8. Trends of the total VAL of each measuring point with NPSHa; a) inlet and outlet measuring points, and b) pump body measuring points.
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At the same time, with the decrease of inlet pressure,
the current affected by cavitation also changes
obviously, and it has regularity. As shown in Fig. 7,
during the process of NPSHa falling from 5 m to 2 m,
the overall current shows a downward trend. When
NPSHa = 2 m, the current decreases by 2 %, then
there is a rebound. After the NPSHa drops below 1.2
m, the current decreases continuously. And when
NPSHa is less than 0.5 m, the current drops sharply,
by about 12 %. Therefore, consistent with the method
proposed in [8], the onset of pump cavitation can be
detected by the motor phase currents.

2.2 Structural Vibration Signals

The variation curves of vibration acceleration levels
for each measuring point at different NPSHa as
shown in Fig. 8. The vibration acceleration level

at each measuring point fluctuates slightly during
the non-cavitation stage but remains low. As the
NPSHa reach the onset of cavitation, the vibration
acceleration levels increase significantly, and as
the degree of cavitation increases, the vibration
acceleration levels rise rapidly after reaching the
peak, and then decline. The results are close to
the trend of the vibration acceleration on the pump
casing in [10], and the rise rate of the vibration
acceleration level at NPSHr is also similar.
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Comparing the eight measuring points, the vibration
acceleration level at the Bearing house is the highest.
However, the overall curve change rate is relatively
small, while the vibration acceleration levels of the
other measuring points increase significantly during
the cavitation development phase. The point marked
by the star symbol in the figure is the head drop

of 3 %, that is, the vibration acceleration level of
each monitoring point at the NPSHr. The vibration
acceleration level at the outlet flange is higher than
that of the inlet flange. However, the amplitude
change at the inlet flange is more pronounced,
rising by approximately 0.6 % at NPSHr. In the
non-cavitation stage, the vibration acceleration of
the pump radially is larger than the pump axially.
With the intensification of cavitation, the vibration
acceleration level at the pump axial significantly
exceeds that at the pump radial, and increases by
about 0.5 % at NPSHr.

Fig. 9 shows the vibration acceleration levels
spectrum with cavitation development at different
measuring points. The trend of each measuring point
shows that as the cavitation continues to increase,
there is an evident broadband characteristic.
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Fig. 9. VAL frequency characteristics of each measuring point
with NPSHa; a) inlet flange horizontal, b) inlet flange vertical, c)
outlet flange radial, d) outlet flange axial, e) pump axial, f) pump
radial, g) pump foot, and h) bearing house.

The inlet flange horizontal and vertical measuring
points have a strong signal distribution in all
frequency bands during the non-cavitation phase,
but the overall distribution is dispersed. After the
onset of cavitation, the vibration signal in the 500 Hz
to 4500 Hz frequency band enhances significantly.
The outlet flange measuring point is mainly
concentrated below 1000 Hz and in the band of
2000 Hz to 3500 Hz. With the NPSHa decreasing, the
signal change in the range of 2000 Hz to 3500 Hz is
more obvious. In contrast, the inlet measuring point
is more sensitive to the onset of cavitation. The pump
body axial measuring point shows a strong vibration
signal appears in all frequency bands. The spectrum
distribution at the pump body radial is also broader,
and the vibration acceleration level signal in 3000 Hz
to 3500 Hz is intense. However, with the development
of cavitation, the variation of the vibration
acceleration level signal in the whole frequency
range is not as pronounced as that of pump body
axial. The bearing house measuring point has a
relatively strong amplitude in the high-frequency
band, while the overall vibration acceleration level

of the pump foot is small, and the signal distribution
is relatively sparse. Both spectral variations are not
sufficiently apparent and less sensitive to the onset of
cavitation.

2.3 Liquid-borne Noise Signals

With the decrease of inlet pressure, NPSHa
continuously decreases, and the frequency domain
of the peak signal of the inlet and outlet liquid-borne
noise gradually shrinks, as shown in Fig. 10. As the
cavitation effect intensifies, the signal above 120
dB inlet almost disappears. The sound pressure
level in 1000 Hz to 5000 Hz at the outlet drops
below 100 dB. The length of the vapour attached
to the blade’s working surface increases, and there
are large oscillations in the tail of the cavitation.
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It causes the bubbles to fall off, and the unstable
cavitation intensifies, thus leading to broad frequency
pulsations in the low-frequency band of the liquid-
borne noise. Moreover, because the cavitation in part
of the flow channel blocks the entry of the main flow,
the number of effective flow channels is reduced,
thereby changing the frequency distribution of the
liquid-borne noise.
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Fig. 10. Liquid-borne noise
frequency characteristics;
el a) at the inlet, and b) at he
outlet with NPSHa.
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Fig. 11. Trends of a) inlet and b) outlet liquid-borne noise SPL with NPSHa.

Although there is also a more pronounced change

in the outlet liquid-borne noise signal, the variation

is insignificant compared to the inlet. Fig. 11 shows
that with the decrease of the NPSHa, the inlet liquid-
borne noise presents a continuous decreasing trend,
which is similar to the trend in [10]. However, the
sound pressure level of the liquid-borne noise at the
outlet first decreased, then increased, and finally
decreased rapidly. At the net positive suction head
required point, the inlet liquid-borne noise decreases
by approximately 14 %, while the outlet liquid-

borne noise decreases by approximately 1 %. The
comparison shows that the inlet liquid-borne noise
measuring point is more sensitive to the outlet.

2.4 Pressure Pulsation Signals.

The power spectral density (PSD) method was

used to process the pressure pulsation signal to
determine the intensity of the pressure pulsation. Fig.
12 shows the pressure pulsation intensity coefficient
as the NPSHa decreases. It can be found that the
inlet pressure pulsation shows a decreasing trend
with the reduction of the NPSHa, while the outlet
pressure pulsation is maintained first and then rapidly
rising trend. When the head drops by 3 %, the inlet
pulsation intensity decreases by 66.3 %, while the
outlet pulsation intensity increases by 13.9 %. The
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inlet pulsation intensity shows an overall decreasing
trend as the NPSHa decreases. Although there are
some fluctuations, it can better reflect the pressure
pulsation intensity change with the development of
cavitation. The outlet pressure pulsation does not
change significantly before the onset of cavitation.
When it is close to complete cavitation, the sudden
rise occurs, and the rate of change is not as
apparent as the inlet measuring point. Therefore,
relative to the measuring point at the outlet position,
the pressure pulsation measuring point at the inlet
can better predict the inception and development of
cavitation.

3. Analysis of Numerical Simulation Results

3.1 Vapour Volume Evolution

Fig. 13 shows the evolution in the volume fraction
distribution of vapour under different NPSHa. As the
NPSHa decreases, the vapour volume in the impeller
continues to extend from the blade inlet to the outlet.
The development of vapor volume presented in the
results is consistent with [4]. When the NPSHa is
1.61m, it is the inception of cavitation. A lower level
of vapour has appeared on the suction surface of the
blade inlet, but there is no significant change in head
and flow rate. When the NPSHa is 1.34 m, the vapour
volume area expands. At this time, the head does not
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Fig. 13 (Above left). \/olume fraction distribution of vapor under different NPSHa. Fig. 14 (above right). Pressure pulsation measuring points.

decrease but instead increases slightly, which is due
to the bubbles generated on the blade surface, which
improve the flow state in the pump. When approaching
the NPSHTr, the vapour area begins to diffuse towards
the blade working surface, and the flow rate and head
drop by approximately 2.8 % and 3 %, respectively.
At NPSHa is 0.83, the vapour area spreads to the

root of the splitter blade, occupying about one half of
the flow channel, and the head drops by more than 5
%. While the flow rate drops slightly lags behind the
head, dropping by about 3 %. As NPSHa continues
to decline, the vapour area occupies the entire flow
channel of the impeller and flows into the diffusion
section of the volute, blocking the flow channel. The
flow rate and head drop by 27 % and 13.4 %, the
pump’s performance is seriously affected.

3.2 Pressure Pulsation Analysis

To investigate the characteristic changes of the
pressure pulsation signal in the pump under different
NPSHa, eight pressure pulsation monitoring points
were set up at the interface between the impeller and
the volute, and each monitoring point is separated
by 45°, as shown in Fig. 14. The stable results of the
last three cycles are ectracted from the unsteady
calculation. The fast Fourier transform (FFT) algorithm
was used to calculate the discrete Fourier transform
(DFT) of the pressure pulsation time-domain signal at
different cavitation stages at each measuring point.
The frequency-domain results are shown in Fig. 15.

The impeller rotational speed is n = 2900 rpm, so
the shaft frequency f = 48.3 Hz, the main blade
passing frequency f, .. = 193.3 Hz, and the total
blade passing frequency f,,. = 386.7 Hz. In the
non-cavitation phase, the main frequency of the
pressure pulsation at the monitoring points P2 to
P4 and P8 is the total blade passing frequency
fopr OF the impeller, which is eight times the shaft

frequency. The main frequency of P5 to P7 is the
main blade passing frequency f, ..., (i.e,, four times
the axis frequency). When cavitation causes a 3
% drop in head, the main frequency is at the main
blade passing frequency f, .. at all six monitoring
points except for P3 and P7, where the main
frequency is at the f_,. When the head drops by 5
%, the main frequency at P1 appears at two times
the shaft frequency. The main frequency P3 is at
the main blade passing frequency f, ... For other
monitoring points, the main frequency is at the
total blade passing frequency f,,.. When the head
drops sharply by 30 %, the main frequency of some
monitoring points shift. Except for P4, P5, and P6

at the £, the main frequencies appear at the 1/3
and 2/3 shaft frequency. As cavitation develops
and the amplitude of the pressure pulsation signal
increases, the interference at harmonic frequencies
becomes severe. The main frequency of some

monitoring points also has some changes.

4. Conclusions

This paper studied the influence of measuring point
distribution for pump cavitation diagnosis. The liquid-
borne noise, vibration acceleration and pressure
pulsation at different positions of the pump units were
measured through the fixed valve test. The RMS was
used to process the signal data of each cavitation
condition, which can better reflect the sensitivity of
monitoring points to cavitation than the data analysis
at the characteristic frequency in [10] and [13]. The
sensitivities of different measuring points to predict
cavitation were compared. Furthermore, the SST k—w
turbulence model and Zwart cavitation model were
used to numerically simulate the evolution of the
vapour’s volume distribution and pressure pulsation
characteristics inside the pump.
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With the development of cavitation, the flow rate
decreases more slowly than the head. When the head
drops by 3 %, the flow rate reduces by about 2.8 %.
The motor current also shows a certain decrease,
which can be used to predict the onset of cavitation
and agrees with the findings [8]. When NPSHa is less
than 0.5 m, the current drops sharply, about 12 %.
The vibration acceleration level of each measuring
point increases significantly. The measuring points

of the inlet flange and the pump body axial are more
sensitive to predicting cavitation, and both decreased
by 0.6 %.The frequency band of the liquid-borne noise
peak shrinks significantly. At the NPSHr operating
point, the sound pressure level of the inlet liquid-borne
noise decreases by 14 %, while the outlet decreases
by 1 %, so the inlet liquid-borne noise measuring point
is better for cavitation prediction. The inlet pressure
pulsation intensity shows a decreasing trend, while
the outlet is the opposite. The rate of change of inlet
pressure pulsation intensity is more pronounced than
the outlet. When the head drops by 3 %, the inlet
pulsation intensity decreases by 66.3 %, while the
outlet pulsation intensity increases by 13.9 %. The
main frequency of the pressure pulsation signal is
mainly distributed at the total blade passing frequency
fope However, with the development of cavitation,

the main frequency is influenced by the harmonic
frequency, and some of the main frequencies are
shifted. In summary, the inlet flange and pump casing
axial vibration measuring points, inlet liquid-borne
noise, and pressure pulsation measuring points have
superior sensitivity and are suitable for cavitation fault
diagnosis.

The arrangement of measuring points for cavitation
fault diagnosis proposed in this work can be effectively
applied to other pumps. The proposed method can be
extended to the diagnosis of other pump faults, such
as impeller damage, shaft misalignment, and shaft
imbalance. However, regarding the thresholds for
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fault signal prediction, since different types of pumps
have different performances and requirements, it is
necessary to make specific judgments according

to the actual situation. It can be further investigated
in subsequent studies to improve the accuracy of
cavitation fault diagnosis.
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TEST YOUR KNOWLEDGE - PART 68 OF A SERIES

1 An electric motor fitted with a 300 mm diameter
pulley runs at 1500 rpm. The belt length is
3500 mm. What is the belt-passing frequency
(approximately)?

3.7Hz

6.7 Hz

8.7 Hz

12.7 Hz

o O T o

N

As a general rule, what is the range either side
of running speed that should be free of natural
frequencies to avoid running in resonance?
+/- 2%

+/- 5%

+/- 10%

+/- 20%

o O T o

W

The P-F Curve is an important component of RCM.
Which era do you think it was first developed?
1950s

1960s

1970s

1080s

o O T o

4 A 4-pole motor is driven by a VSD at a speed of
1200 rpm. If the motor were to display vibration
at 2 x electrical line frequency, what would be the
approximate frequency of that vibration?

a 40Hz

b 50Hz

c 80Hz

d 100 Hz

5 Some hardware and software packages allow
the user to view their spectra with a logarithmic
amplitude scale. Where might you find this useful?
a If you wish to see lower amplitude data amongst
higher amplitude data
b If you are wanting to examine the phase of the signals
¢ If you want to improve the frequency resolution of the data
d Both Aand B

6 For a belt-driven fan installation, which of the
following mounting systems is likely to offer the
best isolation at low frequencies?

© O O O o ~N O 0 oo

O 0O T o

o O T o

a
b
c
d

Rubber mat.

Rubber-based resilient mount

Spring mounting system

Hard-bolted interface between fan frame and concrete

Which of the following might be considered when
investigating the onset of cavitation in a pumping
system?

NPSH

GST

VAT

APEC

Which of the following settings is likely (over time)
to influence the size of your vibration database?
The lines of resolution for spectral data

The amplitude of the vibrations being measured

The maximum frequency of the spectral data

Both A and B

You have been asked to “gap” some prox probes
for a steam turbine. In the absence of any other
information, which of the following gap voltages
would you aim for?

-1 volt

-2 volt

-10 volt

-100 volt

The 2022 VANZ conference will be held in which
location?

Whangarei

Hamilton

Queenstown

Wairakei

Answers on page 38

Further enquiries can be directed to: Carl Townsend at Carlton Technology Ltd.
Phone: 64-6-759 1134 | Email: ctownsend@xtra.co.nz | Address: P.O. Box 18046 Merrilands, New Plymouth 4360, NZ
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The next step in your digital
transformation just got easier!

Emerson’s AMS Wireless Vibration Monitor is based on
decades-proven technology that communicates using
modern, cybersecure protocols. This is the wireless
device that will extend your reliability program to an
unprecedented number of plant assets — including
those in hazardous or hard to reach areas - and deliver
maximum visibility to asset health.

The unit features complete data acquisition - triax
vibration with temperature and PeakVue measure-
ments - to provide a sophisticated look at asset health
on par with other online and portable monitoring
options.

Ideal for deployment across your plant or enterprise,
the AMS Wireless Vibration Monitor offers the follow-
ing benefits:

e Automated machine monitoring with a lower total
cost of ownership.

e Simpleinstallation in about 5 minutes.

* Fleet management tools for fast configuration in
the shop orin the field.

* Prescriptive analytics using patented PeakVue Plus
to accelerate your diagnosis.

AMS

Phone +64 9441 0800 | emersonprocess.newzealand@emerson.com
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* Reduced time in the field - more time to
recommend maintenance actions.

* Rapid ROl with lower installed cost and fast access
to actionable information.

* Long 3-5 year life with an off-the-shelf battery
collecting up to 4 waveforms per day.

e Battery replacement in the field - evenin
hazardous areas.

e Access asset health information on your mobile
phone anytime, anywhere.

For More Information

The AMS Wireless Vibration Monitor is an integral

part of the Emerson portfolio of portable and online
machinery monitoring technology. Make it an integral
part of your digital transformation journey today.

Visit our website at
www.emerson.com/AMSVibrationMonitor, or contact
your local Emerson representative.
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