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ABSTRACT

The maritime industry is in many aspects using maintenance strategies from the past.
Land based industry used to take influence from shipping to organise the maintenance in the
70:ties. Now industry isperusing new strategiesthat give better reliability and aremore profitable.
By focusing on reliability the indirect effects from doing the wrong maintenance can be reduced
considerably. Shipping industry has from a maintenance aspect been doing the wrong things
correct for many years. The opportunity is now to do the right thing correct instead.

The traditional economical tool of a cost budget for each individual part of the organisation
does not show the effect on the profit that maintenance has. The profit is there to take - but
invisible to the decision makers.

By maintaining the value of the assets the vessel can be used for a longer period even after the
investment iswritten off. Thisisa very profitable period for the ship and the return on investment
can be optimised. Concordia is one shipping company that have oil tankers. They put additional
professional maintenance staff onboard and save millions of dollars per ship by doing this. The
increased reliability improves the just-in-time docking, gives less spare part consumption and a
longer production life of the vessel. The labour cost is higher but the positive effect on the profit
is even bigger.

Condition monitoring has been introduced on several hundred vesselswith limited or no success.
In most of these cases the condition-monitoring tool has been purchased without considering the
necessary change of the organisation onboard and the need for an organi sed knowledge transfer
between crews.

The classification of the ship has also in the past been interpreted as a limitation to make the
necessary changes for successful implementation of the more modern condition monitoring
strategies. This obstacle is now being removed. DNV is introducing the new associated DNV
survey arrangement Machinery CM (condition monitoring) classification that will open up a
new opportunity for themaritimeindustry. Thiswill however require a complete change of culture
where the priority of the labour hours and the allocation of resources have to change focus.

Thispaper will cover the economical aspect of condition monitoring, the strategically important
considerations and the link to the new DNV classification. The paper intends to show that the
correct maintenance strategy creates both profit and better return rates, to a much larger degree
than shown by traditional economic models. Instead of simply regarding maintenance as a cost
factor, to be kept aslow as possible, modern management can treat it asa means of realizing the
profit potential inherent in each vessal.



1 THE CONDITION BASED MAINTENANCE
(CBM) OPPORTUNITY

DNV is now introducing the new associated DNV survey
arrangement Machinery CM (condition monitoring) classi-
fication. These statements are taken from the DNV home

page, Fig 1.

"DNV believe that condition based maintenance (CBM) is
the optimum strategy for ship maintenance.”

» Overall lower maintenance costs

* Flexible maintenance intervals

* Reduced equipment epening-up

* Fewar maintenance introduced damages

* Improved and decumented aquipment
candition, availability and performance

* Improved spare part control

* Improved crew motivation

Fig 1: Statements from DNV

Shipping has a number of opportunities when implementing
the condition monitoring activity on rotating machinery.
Thetraditional classification of the ship can require that the
machine should be opened according to operation hours, even
if it isin good condition. This unnecessary work can be
avoided by the new associated DNV survey arrangement
Machinery CM classification. DNV lists the machines
onboard and gives general guidelines how they should be
measured. The advantage is that the maintenance work can
be planned according to actual condition and the reliability
increases. DNV will alow for trending the readings and show
the results as bas for the survey. The unnecessary work of
opening good machines can be avoided, labor costsand spare
part consumption goesdown. Thelubricationintervals of the
bearings can be based on condition. Thiswill reduce bearing
failures prolong thelifetime and reduce power consumption.
The breakdowns, the unplanned and the unexpected mainte-
nance will be reduced to increase the safety. The quality of
the alignment of the shafts can be measured and the mis-
alignment corrected. This will increase the lifetime and re-
duce energy consumption.

The benefits are many and this opportunity can increase
the profitsin shipping substantially if the new modern prac-
tices are implemented.

2. WORLD CLASS PERFORMANCE

International competition forces companies in all branches
of industry towards an ever-higher standard of performance.
Today, it isnot sufficient to be among the leaderswithin your
own field. Investment capital looksfor maximum returns, so
you are competing with every company in the market. To

meet the challenge, management must use new toolsand strat-
egies.

Shipping is today regarded as one multi-linked process
where each aspect has to be fine-tuned to achieve maximum
results. The maintenance budget isasignificant cost and thus
very important for the overall economic result. The problem
with maintenance, from an economist point of view, is that
its costs are easily measured while its contributions to the
vessels revenues are not. “We can cut down on maintenance
to save money” is an argument that most often is wrong.
Cuts of maintenance costs lead to problems elsewhere, so
thiskind of saving can become very expensive. Low quality
machines and spare parts together with unskilled labor in-
evitably give higher overall costs. The machines break down
more often and unskilled crew creates new problems when
they open up for inspections or repair machines.

3. ASSET VALUE PER EMPLOYEE INCREASE
EVERY YEAR

The trend in maritime industry has been towards larger ves-
sels operated by less people. Machines have as far as possi-
ble replaced human labor. Operating large shipswith arela-
tively small crew must necessarily aso shift the focus of
management as it has done in land-based industry. The ap-
proach in industry is described by the term * Asset manage-
ment”. Maintaining the technical life of the vessel past its
economical life has a positive effect on the final economic
results of the asset.

Traditional management takes a fairly narrow view. It
works by departments, trying to make each part of the ongo-
ing activities as efficient as possible. Quite often, this does
not produce the optimal total result, because“improvements’
in one sector can have greater negative effects on other ac-
tivities. Incentivesfor the purchase department to lower pur-
chase prices can result in cheap products and spare partsthat
don't fit, break, give higher energy costs, hard to maintain,
reduced reliability etc. The savings in one department in-
creases the costs in others so the overall profit is reduced.

Fig 2: The indirect costsin maintenance



Budgeted maintenance costs are usually only the top of
theiceberg. Thereal costs, often intheform of indirect costs,
are hidden, or turn up in some other part of the organization,
fig2.

4. WHERE DOES CONDITION MONITORING
FIT IN?

Condition monitoring of rotating machines has been used
for more than 30 years. Thetechnical developmentsin form
of instrumentation and software have been significant dur-
ing this time. The handheld instruments have become small
and powerful analytical tools supported by user-friendly soft-
ware. The condition monitoring effort must however also fit
into an overall reliability commitment to work.

Reliability hasto be supported by a maintenance policy
so the entire organization can focus on the correct thing to
do. The benefits of the CM program are recognized when
the results from the measurements actually are used to sup-
port the correct maintenance activity.

The support of reliability and maintainability starts al-
ready with correct design and procurement. The purchase
department must work from the Life Cycle Cost (LCC) ap-
proach and the products they buy should be of such quality
and design that they are easy to maintain and do condition
monitoring on. The machines that are purchased can be fit-
ted with adapters or permanently installed transducers for
measurements with portable instruments or with online sys-
tems for even better protection. The condition monitoring
can then easily be made aready from the start. Retrofit often
takes longer and can sometimes be technically difficult to
do, fig3 & 4.

Fig 3: Adapter for shock pulse
measurement with electronic
ID tag

Fig 4: Four channel protection
system

5. TRADITIONAL STRATEGY FOR
MAINTENANCE

In atraditional maintenance strategy the resources are to a
large extent used to open up machines that are in good con-
dition, it is difficult to make changes. There is smply no
time; the resources are organized for, cleaning and lubrica-
tion:

5) Time based overhauls
6) Redundancies are designed into the process
7) Corrective work

Everybody is working hard driven by unnecessary
planned stops, breakdowns, and unplanned stops. The man-
agement is chasing ways to cut maintenance costs because
the company is not profitable enough. No one knows how to
calculate the contribution from maintenance. To introduce
condition monitoring in acompany with this culture always
fails. If the program startsit will normally be short lived, the
resources for doing condition monitoring is needed to do
“more important work - overhaul machines’.

6. RELIABILITY DRIVEN MAINTENANCE

The successful companies implement condition monitoring
as part of a maintenance strategy that supports the activity.
The management must alow for achange of prioritiesin the
maintenance work. The implementation is critical and it is
important that everybody realiseswhat the new prioritiesare
and why they are made. The maintenance resources in the
organisation must now be focused on the activitiesthat drive
the reliability of the ship:

Cleaning and lubrication

1) Design out the repetitive problems

2) Increase the lifetime of the machines

3) Condition monitoring during normal operation
4) Condition monitoring during planned stops

5) Time based

6) Redundancies

7) Corrective

The condition-monitoring program becomes necessary,
asthe pre-warning time of devel oping machine problemsare
vital for the strategy. The maintenance work is carried out
during planned stops and all unplanned activities are consid-
ered as a problem that has to be prevented from occurring
again. Theunnecessary overhaulsand breakdowns are elimi-
nated so the labour hours can be freed to work on improving
thequality of the machines. Condition monitoringisalso used
toidentify the route-cause of the problem so theright correc-
tions or design changes are made. |n aworld-class company
there must always be time for improvements in machine de-
sign and procedures. Always asking if you do theright thing
according to the strategy.

This strategy becomes a positive spiral that feeds on it-
self with, fewer breakdowns, less spare part consumption,
better planning of needed man hours, increased safety, better
environment and improved reliability.

When afull cultural change has been made only 20% of
thework isactually spent on thetraditional maintenancework.
The resources can be all ocated to maintain the asset val ue of
aship and thereliability improved at alower cost; the profits

go up.



7. USING CONDITION MONITORING TO ITS
POTENTIAL.

Themost difficult challengeisto create astructure were con-
dition monitoring is part of the maintenance strategy. Once
done the next challenge arises, to use CM to its potential.
Even companies that are considered successful very seldom
follow up the economical effect of the program or look for
ways to devel op the program to cover the entire vessel even
if the potential for earning more money is there. To become
successful it isimportant to evaluate the economical contri-
bution of condition monitoring on aregular base. Only then
will the foundation for the program be allowed to expand
and cover the entire ship.

These are some examples of key performanceindicators
that can be followed to measure the effect:

» Maintenance cost/Asset value

 Condition monitoring hours/ Total hours of work

» Time based hours/ Total hours of work

* Hired labor hours/ Total hours of work

 Total hours unplanned repair/ Total repair time

» Average shock pulse and vibration level

» Stock of spare parts/Asset value

* No. of purchase orders of spare parts

* No. of withdrawals from stock

» Docking time/waiting time

8. CASE STUDY FROM INDUSTRY

L et us compare with some other key performance indicators

from industry. This study was made at Hallsta paper mill in

Hallstavik, Sweden and an example how the contribution

fromthe program can be analyzed. Themill produces 785.000

tons of paper per year. The key performance indicators were

selected as:

1) No. of machinesincluded in CBM (condition based
mai ntenance)

2) No. of measuring points per inspector

3) Prewarningtime

Resullt:

1) Intotal there are 8 inspectors that cover 16.000 measur-
ing points at the mill. The applications consist of some
800 rolls and 4.000 auxiliary machines in the plant.

2) Intotal thismakesan average of 2.000 points/ inspector.

3) Inorder to evaluate the pre warning time from the first
detection of a damage to the time when the component
was changed the data bas covering 6200 measuring points
was analyzed. It consisted of 2300 machines and cov-
ered the period between 1993-1999. Some of the ma-
chines that were studied consisted of:
» 74 fans
+ 1070 el. motors
* 103 pumps

The average pre-warning time from detection to correc-
tive activity is 69 days and 95% were changed within
the period of 59 to 78 days. The differencesin pre warn-
ing time for the various applications can also be seenin
the enclosed graph fig 5. The pre-warning time on elec-
trical motors, pumps and fans are similar for ships ac-
cording to the experience from SPM.

Machines
{ no. ol incidents)

CPumps {101 eal
B EL motors (B3 eal
W Fans (26 ca.)

L] " "
Days
Variation with confidence level of85%.

Fig 5: Case study on pre warning time for bearings

During this period there were no catastrophic failureson
the equipment that was included in the program, so al inci-
dents could be detected and failures avoided.

The number of rotating machines can run close to 1000
units on alarge ship so it isimportant to set up the program
in a cost effective way where one person could handle the
entire ship.

9. SELECT A CBM STRATEGY THAT WORKS

The results from the condition-monitoring program must be
easily understood by a number of key persons that not are
experts in understanding what the data means. This is the
first important consideration to make. When the condition-
monitoring activity only involves complicated vibration
analysisthe program will never take off. It takes several years
of daily measurements to become an expert on your own
machines with this technique. Great care should instead be
made to see that the software and instrumentation could give
clear evaluated answersin easily understood form, like green-
yellow-red trends.

The study from industry shows that the vast mgjority of
the readings are good. 75% are in good condition 20% on
observation and only 5% actually show risk for damages. To
determine that a machine is good must be fast and accurate,
don't spend time to analyze good machines. Thissoundslike
an unnecessary statement becauseit is so obvious. Never the
lessmany companieshavefalleninto thetrap to do full analy-
sison everything.



9.1 WHAT DO WE NEED TO KNOW?

The way to avoid an overkill of analysisisto start with the
guestion; what do we need to know? By studying the inci-
dent reports from the past it is possible to see what kind of
incidents need to be detected. From previous studies by SPM
it is known that bearing failures, unbalance and misalign-
ment cause the big majority of incidents on electrical mo-
tors, fans and pumps. Realizing thisincident history the pro-
gram can be set up to focus on these problems on a large
number of auxiliary machines.

9.2 FRONT LINE CONDITION MONITORING!

The methods that can detect these most common problems
and present the results in green yellow red are preferably
selected. SPM recommends shock pulse measurements for
bearings and rms vibration based on the 1SO standard for
unbalance and misalignment for most of the machines.

9.3 SECOND LINE CONDITION MONITORING!

For specia machinesthat have more complex configurations,
specified by DNV, and other critical moving parts like gear-
boxes, vibration analysis in various forms can be used. It is
however also possible to use smart ways to convert compli-
cated vibration datainto green-yellow-red with for example
the EVAM method by SPM.

This dual approach for hand held measurements makes
it possible to run the program in a cost effective way on a
large number of machines. Little timeis spent on analyzing
unnecessary data and it is easy to report the results of the
readings.

9.4 CONTINUOUS MONITORING!

The critical machines where the effect of a breakdown ef-
fects safety or the costs becomes large are candidates for
continuous monitoring. There are also cases where the de-
veloping time damagesis short where protection systemswith
automatic shut down can be justified, fig 6.
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Fig 6: Condition monitoring strategy

10. THE SHOCK PULSE METHOD FOR
MEASURING ON BEARINGS

The Shock Pulse Method (SPM) isthe easiest and most reli-
ablemethod for front line monitoring of rolling element bear-
ings. It was developed by SPM Instrument AB in Sweden in
the 1960ties and has been used ever since. Shock pulses are
transient pressure wavesin the material, caused by mechani-
cal impacts. When ametal ball hits a metal bar, the first re-
sult of the impact isthe shock pulse. Its magnitude isafunc-
tion of impact vel ocity and independent of the massand shape
of the colliding objects.

preceny

__________ g

Fig 7: Shock pulses and vibration

Thenext result isavibration of the bar. The transducers are
constructed to measure only the shock. The shock wave ex-
cites the shock pulse transducer at its own resonance fre-
quency of = 32 kHz, thus amplifying the signal. The SPM
measuring circuit iselectrically and mechanically tunetofilter
out all other vibration. Consecutive shock waves are regis-
tered asarapid sequence of pulseswith different magnitudes.
All rotating bearings generate shocks. Their magnitude de-
pends on the state of the bearing surfaces and on the lubri-
cant film between rolling element and raceway.

A low level shock carpet indicates an undamaged, well
lubricated bearing. When the il filmistoo thin, thereis me-
tallic contact between the bearing surfaces and the level of
the shock carpet rises. Thetypical development of the shock
signal during abearing'slife timeis shown by this curve. If
the bearing isproperly installed and lubricated, its shock sig-
nal remains low and stable during most of its life. Installa-
tion faults are indicated by an abnormally high shock level
right from the start. Stressin the surfacesincreases the shock
level. Thisis followed by arapid, large increase when vis-
ible damage sets in. Surface damage and metallic particles
in the lubricant produce individual shocks which are much
stronger than the shock carpet.
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Fig 8: Bearing condition determines the shock value

The advantage of the SPM Method are few and easily ob-
tained input data (rpm and shaft diameter), allowing adirect
evaluation of the measuring result (green - yellow - red con-
dition display by the instrument). Bearing condition can be
monitored throughout the bearing’s life time (detection of
installation faults, poor Iubrication, misalignment).

11 VIBRATION SEVERITY

Vibration severity measurement is the 1SO recommended
method for general machine condition monitoring. To assess
general machine condition and detect out of balance and
misalignment, one can measure vibration severity according
to 1SO 10816. Vibration severity isdefined asthe RM S level
of vibration velocity, measured over afrequency range of 10
to 1000 Hz. This requires a different transducer type and a
different way of signal processing. Instead of measuring the
amplitude of atransient at asingle high frequency, thevibra-
tion severity reading represents an average of all vibration
componentswithin awide and comparatively low frequency
range.

Vibration severity is directly related to the energy level
of machine vibration, and thus a good indicator of the de-
structive forces acting on the machine.

\.-’ﬂ\/\f mimis AMS

10-1000 Hz

Fig 9: Vibration severity

12. INSTRUMENTATION FOR USE ONBOARD
THE VESSEL

The instruments for use onboard should preferable be
multifunctional and easy to use. This shows an example of
an instrument from SPM that is intended for both front and
second line use depending on how it is programmed.

SPM® Method
Vibration severity
EVAM® Method
SPM spectrum
FFT

Temperature
R.PM.

Alt. measuring systems
Recording

Check points
Comments

M easuring point
identification
Balancing

Fig 10: Leonova by SPM

13. SPECIAL CONSIDERATIONSFOR CBM ON
SHIPS

The big difference from land based industry is crew change
onregular basand that still some ship ownersinsist on using
unskilled personal in the machine room, in the belief that
thisis more cost effective. The shipping companies that are
using unskilled crew are not candidates for CBM.

Knowledge transfer: In afleet with skilled personal the
training should be made for one or two inspectors per ship
and offered every time before boarding the ship. The ship-
ping company can haveitsown specialist that doesthetrain-
ing or use the vendor of the equipment to set up the regular
training program. The inspector should from the start have a
good knowledge of machinery and know how to work on a
computer.

The bigger the turnover of the crew iswith new persons
coming in often the more difficult it is to keep the program
running. A general ruleisto focus on carrying out front line
condition monitoring when starting a program. The second
line analysisis unrealistic to do without having the samein-
spectors rotating in the same fleet.

Some ship owners with several shipsin the fleet have
solved the problem of transferring knowledge by having the
inspector onboard carry out front line measurements and one
or two specialists rotate in the fleet when deeper analysisis
needed.

Standardizethe program: Start with preparing the pickup
points by installing permanent adapters so that the same point
always is measured. In some cases transducers are used to



get access to the correct point. Set up the software so that it
is similar in the fleet, if the inspector comes to a new ship
this savestime and improvesthe quality of the program. Use
the same instruments and measuring techniques al to facili-
tate the knowledge transfer between crews.

Start by walking: Inthe DNV classification for CM some
machines require full vibration analysis. SPM recommends
that you start with the front line program that will cover the
large majority of the machines before you include the more
difficult machines.

14. OUTSOURCING VIBRATION ANALYSIS

Some navies and commercial ship owners have also been
contracting condition-monitoring specialists that do a few
regular inspections per year. This approach does not replace
the CBM program on most ships. Random tests cannot ex-
change routine measurements onboard where some machines
have to be followed daily if damage is developing. If the
specialist not can be available on short notice and spend the
required time from case to case, it is not condition based
maintenance but rather trouble shooting for special events.
This activity can on the other hand be good complementsto
afront line condition monitoring program onboard the ship.

15. TURBO CHARGER EXAMPLE

The turbo charger is agood example whereit is very profit-
able to go from time based to condition based maintenance.
The change of a bearing package for an ABB turbo charger
type 714 costs some 25.000 USD, a breakdown where the
shaft has to be changed costs up to 120.000 USD. Consider-
ing that the bearings always are changed at the wrong time
when going by running hoursthisis avery expensive main-
tenance strategy.

CBM will increase the safety against catastrophic fail-
ures and lower the maintenance costs as the bearings nor-

On-line system

Condmaster Pro

- 420 mA

Stand alone / Transmtler

- Bearing
- Vibration

Fig 11: Condition monitoring options for turbo charger

mally can operate alonger time, there areturbo chargersthat
runwell over 30.000 hours before having to change the bear-
ings.

The technical solution can consist of using a hand held
instrument and measure shock pulse and rmsvibration every
month aslong asthe bearing is OK. The measuring intervals
arethen shortened as damages devel op. Using an online pro-
tection system, can increase the safety; seefig 10.

Specially designed transducers and bulkhead unions are
installed to get access to the bearing housing, seefig 12.
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Fig 12: Accessories for measuring on turbo charger

16. SUMMARY

Maritime industry has a big opportunity to increase profits
when implementing the new associated DNV survey arrange-
ment Machinery CM (condition monitoring) classification.

Thereare however strategic considerationsto makewhen
introducing CM on a ship. Condition monitoring has in the
past been introduced on several hundred vessels with lim-
ited or no success. In most of these casesthe condition-moni-
toring tool has been purchased without considering the nec-
essary change of the organisation onboard and the need for
an organised knowledge transfer between crews.

The maintenance strategy has to support the CM activ-
ity and the resultsfrom the program must be utilized to change
the priority in the maintenance work. The instrumentation
and software should be selected to carry out front line CM
onboard the vessel and more complicated analyses should
be implemented as second line only.



