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Who’s That Dreamer?

Svetoslav (Sveto)
CBM Dreamer and Senior Advisor

§ Master of Science, Marine Mechanical 
Engineer

§ VA Category III certified
§ 25 years experience in the CM world
§ Advising “analog” companies how to survive 

in the digital world

// And still an SW developer…
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https://www.linkedin.com/in/svetoslav-staykov-35a7189/

https://www.linkedin.com/in/svetoslav-staykov-35a7189/


CBM CONNECT + RELIABILITY CONNECT CONFERENCE  |  MELBOURNE, AUS 2019

Observations

312 000 000
Results appear in Google when you look for 

condition-based maintenance

Slide 2
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Back to basics
Document Definition of the Condition-based maintenance (CBM)

ISO 13372 Maintenance performed as governed by condition monitoring 
programms

DNVGL-CG-0052 CBM is a predictive maintenance form, based on and utilizing the 
information of an established condition monitoring programme

ABS Rules for 
survey After 
construction

A maintenance plan, conducted on a frequent or real-time basis, 
which is based on the use of Condition Monitoring to determine 
when part replacement or other corrective action is required. 

Lloyd’s Register
Machinery 
Planned 
maintenance and 
Condition 
Monitoring

A systems approach to asset management which will include 
assessment of an asset’s criticality and probability of failure, 
assessment of the consequences of asset failure and 
development of a strategy to minimise the risks associated with 
asset failure. This may include, for example, the condition 
monitoring tools deployed, company policy for spares 
procurement. 

Slide 3
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Back to basics
Document Definition of the Condition Monitoring (CM) programme

ISO 13373-1 After selection of the equipment to be monitored, and 
determining the type of measurement system that is 
appropriate, it is recommended that a condition monitoring 
programme flowchart be developed. However, since each plant 
and each system is unique, the data flow should be customized
to provide the maximum benefits. 

DNVGL-CG-0052 A CM programme is the result of an evaluation of what and how 
machinery shall be monitored. It contains comprehensive
information about all relevant parameters, components and 
personnel, related to condition monitoring. 

ABS Rules for 
survey After 
construction

Preventative Maintenance Program (PMP) – A program that 
consists of Planned Maintenance and/or Condition Monitoring 
plans. CM - The use of various technologies to determine the 
condition of equipment, at a specific moment in time, using 
minimal or non-invasive means.
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Why Marine industry?

Slide 5

7 600 000
Rotating machines on board ships worldwide
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Why Marine industry?

The Marine Industry is one of 
the most very heavily regulated 

industries with very well 
defined and controlled 
maintenance practices.

Slide 6
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Why Marine industry?

The Marine Industry recognizes 
the CM techniques as a tool to 

define the maintenance 
intervals.
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CBM rules in the Marine industry

Slide 8

Ship (near to 76000 ships worldwide)

Classification society (Class)
(https://en.wikipedia.org/wiki/Classification_society )

(http://www.iacs.org.uk)

https://www.imo.org

Singapore, 2017

https://en.wikipedia.org/wiki/Classification_society
http://www.iacs.org.uk/
https://www.imo.org/
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CBM rules in the Marine industry

Slide 9

Maintenance intervals
…
ii) condition monitoring techniques (i.e. 
lube oil analysis, vibration analysis), 
where used as part of an approved 
condition monitoring or condition based 
maintenance scheme. 

Inspections
…
ii) vibration
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Why to have CM program?

According ISO 13373-1:2002:
Vibration condition monitoring can provide information for 
the following purposes: 
§ to increase equipment protection; 
§ to improve safety for personnel; 
§ to improve maintenance procedures; 
§ to detect problems early; 
§ to avoid catastrophic failures; 
§ to extend equipment life; 
§ to enhance operations. 

Slide 10
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The operational manager needs

Tell me:
§ Which machines are not OK?
§ What I need to do, and how urgent is it?

Slide 11

ACT ON TIME
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The maintenance manager needs

Tell me:
§ Which equipment does need to be 

repaired, the electric motor or the 
pump?

§ What is the reason this fault to appear?

Slide 12

REPAIR QUICKLY
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How many successful CBM 
implementations have you seen?

Slide 13

???
My experience is 1 out of 10 is truly successful, 3 out of 10 are relatively successful, 
and the rest pretend to have CBM.



CBM CONNECT + RELIABILITY CONNECT CONFERENCE  |  MELBOURNE, AUS 2019

Why did the CBM fail?

My top five reasons are:
§ Implementation
§ Factory Management
§ Maintenance culture
§ CM service and product companies
§ Complexity of the existing technology 

Slide 14
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Creating a company’s CBM standard 
(CBM Handbook)
Have you heard one of these questions:
§ What is the benefit of having CBM?
§ How much money do we spend on CM?
§ Should we continue to follow the CM schedule, all 

our machines are good?
§ Why did the machine in the CM scope fail?

Slide 15
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Why do we need a CBM Handbook?

The CBM Handbook:
§ Documents the CM program
§ Provides rules to control
§ Sustain the CM and CBM during the changes in the 

company

Slide 16
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The CBM Handbook – Starting point

Slide 17

DATA
• Collect
• Transfer
• Store

DATA ANALYSIS

• Machine Status
• Discovered Faults
• Recommendations to 

mitigate the risk of 
machine to fail.

MAINTENANCE
• Accept / Reject 

recommendations
• Create notifications in 

CMMS
• Plan and execute

FEEDBACK

• Recommendation’s 
status

• Findings
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How to create the CBM Handbook?

Lessons from experience:
§ The CBM Handbook is a set of documents.
§ It should give answers to all questions about CM 

program, and the link to CMSS.
§ Create responsibilities around roles, not around 

people.
§ Put yourself in the shoes of freshmen. Think, if you 

start a new job, what you want to find as 
information, what is going to help you.

§ Classification Societies rules are a good starting point

Slide 18
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The CBM Handbook

Slide 19
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The CBM Handbook
§ Document the scope
§ CM techniques
§ CM Points
§ Data collection 

(inspection) schedule
§ Connection to the 

CMMS
§ Responsibilities
§ KPIs

Slide 20

Example of Ship CBM Handbook
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The CBM Handbook - The Scope

Which machines do we need to monitor?
Criteria for including in the scope:
§ Criticality to the process
§ Criticality to safety
§ Probability of failing
§ Time for repair

Slide 21



CBM CONNECT + RELIABILITY CONNECT CONFERENCE  |  MELBOURNE, AUS 2019

The CBM Handbook - The Scope

Slide 22

40-60%
Between 40% to 60% of all rotating equipment 

should be in the scope of CM program.
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The CBM Handbook - The Scope

Example 1: Tanker fleet with an average of 120 rotating 
machines on board:
§ 18% High Critical – OEM & CBM
§ 47% Medium Critical – Only CBM
§ 35% Low Critical – Only Watchkeeping, no CM

Example 2: Site with an average of 465 rotating 
machines:
§ 44.5% (207) machines are in CBM scheme

Slide 23
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The CBM Handbook – Inspection Intervals

How often to collect data?
Advice about establishing aa data collection plan:
§ The data collection (vibration inspection) intervals need to be part 

of the PMS (planned maintenance system)
§ Recommended data collection intervals: 1M, 2M or 3M
§ Use the RoF index to define data collection intervals.
§ Start with monthly data collection and adjust after six months.
§ Data collection intervals can vary from the intervals in the PMS for 

the time being,  from the time when the fault appears to when it 
disappears.

§ Data collection intervals of 6M and above do not make sense for 
vibration data.

§ Calculate the time required for data collection to adjust the 
inspection plan and the necessary resources.

Slide 24
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The CBM Handbook - The Scope

Slide 25

Machine RoF Vibration data 
collection interval Note

Accommodation A/C Compressor Medium 2M

Aft Power Pack Pump Medium 2M

Air Conditioning Hot Water Reheat Pumps Low 6M Excluded from the 
CM program

Central Cooling FW Pumps High 1M

Machine Risk rank CoF rank PoF rank

No.1 ME Aux Blower 6 (3x2) 3 2

No.1 Bilge, Fire & GS Pump 4 (2x2) 2 2

CoF – Consequence of failure; PoF – probability of failure; RoF – Risk of Failure

RoF Low ( ≤3 ) Medium (3-6) High (≥ 6)
In the scope of CM program

Ex
am

pl
e

all
 

mac
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onito
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The CBM Handbook - CM techniques

Monitoring data sources:
§ Human Senses
§ Performance
§ Corrosion
§ Motor Current
§ Thermal
§ Tribology (Lubrication)
§ Acoustic Emission
§ Ultrasonic
§ Vibrations

Slide 26

Source: Appendix A, ISO 17359

Well known process available data, one scalar value 
(parameters), trend and limits, well define by OEMs.

Complex data computed from one source . The data 
require multi-parameter trend analysis, spectral 
analysis, time waveform analysis.
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The CBM Handbook - Inspection Plan

Example of an Inspection plan that must be part of the 
CBM Handbook and integrated in the maintenance 
management system (PMS, CMMS).

Slide 27

Machine RoF Watch 
Keeping Performance VIB LUB UT THERMAL

(IR) MCA AE

Accommodation A/C 
Compressor Medium 24H 1m 2M 6M 2M 6M 1Y N/A

Aft Power Pack Pump Medium 24H 12H 2M N/A 2M N/A 1Y N/A

Air Conditioning Hot 
Water Reheat Pumps Low 1W 1W 6M N/A N/A N/A N/A N/A

Central Cooling FW 
Pumps High 12H 1m 1M N/A 2M 6M 1Y N/A

measu
rement m

ethod(s)

measu
rement/s
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The CBM data - Sources

Process (DCS) 
points, 30000, 

88%

Watchkeeping 
points, 3000, 9%

Vibration CM 
points, 1000, 3%

Lub Analysis 
machines, 100, 0%

CM Data sources

Process (DCS) points Watchkeeping points

Vibration CM points Lub Analysis machines

Slide 28

Source: 
Site with 465 rotating machines (functional locations).
207 (44.5%) are in CM vibration program.

34 100
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The CBM data - Parameters

Slide 29

Process (DCS) 
parameters, 
30000, 55%

Watchkeeping 
parameters, 3000, 

5%

Vibration CM 
parameters, 
20000, 36%

Lub Analysis 
parameters, 2000, 

4%

CM Data parameters

Process (DCS) parameters Watchkeeping parameters

Vibration CM parameters Lub Analysis parameters
Source: 
Site with 465 rotating machines (functional locations).
207 (44.5%) are in CM vibration program.

55 000
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The CBM Handbook – Vibration part

The vibration monitoring is one of the most sophisticated 
techniques that require special attention due to:
§ Data collection must provide reliable data (from the right 

source, from the same location and secured sensor 
attachment to the CM Point)

§ Data analysis requires certified CM specialists (with valid 
certification according to ISO 18436-2 and understanding 
the machines and the maintenance)

§ 3% of the CM data sources generate 36% of data to be 
analyzed

Slide 30
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The CBM Handbook - Machine CM Data

Slide 31

It is going to take an enormous amount of time if you use 
some of the available “Machinery or Asset data sheet” and 
it will be challenging to analyze the machines CM data.

Vibration Monitoring and Analysis Handbook, BINDT SKF Condition monitoring Machinery Data Sheet Machinery Data Sheet modification for Marine Industry
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The CBM Handbook - Machine CM Data

Slide 32

Advice: Be agile
§ Collect first the machinery data that is easy to find 

and will allow configuring your CM database 
correctly. (Speed, Power and Machine type/arrangement).

§ Use machine templates to define the number of CM 
points and their locations on the machines.

§ During installation of the studs collect nameplate 
data

§ Systemize the machine CM data
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The CBM Handbook - Machine CM Data

Slide 33

First draft: Machine Name & Type, Speed, Power, CM Points. Equipment type and 
manufacturers, bearings, gear teeth, impeller vanes/blades etc.

Source: Relianeering AB form, Cruise vessel CM Handbook appendix, First Draft
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Building CM DB

§ Have a consistent 
and easy to navigate 
the site’s hierarchy.

§ Use the same 
taxonomy as CMMS.

§ Store your Inspection 
plan, as a data 
collection schedule.

§ CM Points names 
should bring 
information and 
match the machine 
CM scheme.

§ Store machinery data 
that are useful for 
the analysis process.

Slide 34

Building the CM DB follow the rules:

Source: ReSES.net, Functional location (machine) CM data setup
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Building CM DB – Initial Alarm levels

Slide 35

§ The purpose of the alarm levels is to trigger attention of the CM 
specialist. 

§ Prepare alarm sets based on OEM, ISO, or other organization 
standards.

§ Define deviation alarms from the Baseline readings and the 
previous readings. Over time the statistical alarms become most 
useful.

§ Describe the operating regimes for data collection and alarm sets. 
Example: Load above 75%, speed between 900-1100 rpm.

§ Adjust the alarm levels after a certain period and after repair of 
the machine.

§ The Baseline should be reset whenever a machine’s component or 
equipment is changed, or the normal operating regime is modified. 

Initial alarms and baseline setup rules:
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Building CM DB – Initial Alarm levels

Slide 36

ReliReSES.net, Propulsion thruster CM Point alarm set

Initial alarms and baselines must be documented in the CM SW

warning-
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The CBM Handbook - Machine CM Data

Using proper tools you will:
§ Know machine components.
§ Have fault frequencies.
§ Know the missing data.
§ Do more accurate analysis.
§

Slide 37

Components - all 2346

Unknown 505 (22%)

Rolling bearings 1015 (43%)

Unknow rolling bearings 96 (9.5%)

Source: ReSES.net, Components data export
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The CBM Handbook - CM Points

Slide 38

Advice: Use studs and CM point tagging  
Document the location of the CM Points. 
Have an instructions for studs installation and replacing. 

Source: Amaziograph Ltd, CM Handbook, CM Points location appendix

measu
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The CBM Handbook - CM Points

Slide 39

Document the location of the CM Points of your online system. 
Source: Amaziograph Ltd, TPP absorber recirculation pumps online vibration monitoring system drawings
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The CBM Handbook

§ all machinery/components to be monitored 
§ component information and CM contributing parameter(s) (e.g. forcing frequencies for 

vibration 
monitoring) 

§ measurement method(s) 
§ measurement points (drawings, sketches & unique marking) 
§ sampling points (drawings & unique marking) 
§ all applicable equipment used for monitoring purposes, including installation diagrams 
§ how and when baseline data is obtained 
§ reference conditions/values 
§ measurement/sampling intervals 
§ warning- and alarm levels 
§ work procedure(s) for all relevant CM tasks 
§ analysis responsibilities 
§ follow up of analysis results - responsibilities

Slide 40

Source: DNVGL-CG-0052, Survey arrangement for machinery condition monitoring 

Source: ReSES.net PDF export, Machine CM Points ID label
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The CBM Handbook – Work procedures

The minimum work instructions:
§ Data Collection
§ Data Transfer
§ Data Backup
§ CM Points installation
§ Tools and sensors calibration

Slide 41

Source: Amaziograph Ltd, Power plant CBM Handbook Work instructions

work 
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The CBM Handbook – Work procedures

Data collection Routes:
§ Static Routes – mostly for watchkeeping data

§ Fixed data collection schedule: Every shift, Every 
week etc.

Slide 42

Week Week Week Week Week Week Week Week Week

§ Dynamic Routes – suitable for vibration data
§ Driven by last data collection date and interval
§ List of CM tasks for the week
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The CBM Handbook – Dynamic Route

Process Unit FL Name Location Due in days Number of points

01 01ETP01AN002 L1 -35d 10

01 01HCC01AP001 L2 -2d 7

01 01HFC20AJ001 L3 -5d 6

01 01HFC20AJ002 L3 -5d 4

01 01HFC20AS001 L3 -5d 5

01 01HFC60AJ001 L3 1d 6

01 01HTF10AM001 L9 2d 4

01 01HTF10AM002 L9 2d 4

01 01HTF10AM003 L9 2d 4

01 01HTF10AM004 L9 3d 4

01 01HTF10AM005 L9 3d 4

01 01LCM10AP001 L1-1 -32d 7

Slide 43

Site: XYZ
Period: October,07 +7 days
Summary for the week:

You have to collect 70 Functional Locations
In total there are 391 CM Points
Estimated time for data collection 05:00 h

Source: ReSES.net, Data Collection Remainder e-mail
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The CBM Handbook – Work procedures

Providing information:
§ Less is More:

§ Machine Status
§ Discovered Faults
§ Recommendations

§ Consider:
§ Using catalogues for faults and 

recommendations
§ Always to provide 

recommendations for 
machines with bad status
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Source: ReSES.net, Automatically generated report
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The CBM Handbook - Responsibilities

One of the most important parts of the CM program.
It is very important to clarify the process from data, 
through information to maintenance actions and 
providing feedback:

§ Who does Data Collection?
§ Who does Data Analysis?
§ Who does a review of the Analysis?
§ Who does use the Analysis results?
§ Who does control execution of CBM triggered 

maintenance actions?

Slide 45
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The CBM Handbook - Responsibilities

Document in a simple way Roles and 
Responsibilities and connect to real people:

Slide 46

Activity Role in the Site Person / Company Contact

Watchkeeping Data Collection Operators Shift Leader Senior.operator@abcd.com
(+1 73737638) 

Vibration Data Collection Operators Team Leader Supervisor.operator@abcd.com 
(+1 73737638) 

Oil samples Maintenance technician Tech One Tech.one@abcd.com 
(+1 73737638) 

Vibration analysis CM Specialist Como One Como.one@abcd.com 
(+1 73737638) 

Lubrication Analysis External Lube Prediction support@lubepredict.com
(+1 12345678) 

Review results and issue CMMS 
notifications

Unit 1 Maintenance 
manger

Maint Man Maint.man@abcd.com 
(+1 73737638) 

Provide Feedback to CM Specialists Maintenance technician
Operators

resp
onsib

ilit
ies
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The CBM Handbook – Mission completed

Slide 47

DATA

DATA ANALYSIS

FEEDBACKMAINTENANCE

• Collect
• Send
• Store

• Machine Status
• Discovered Faults
• Recommendations to 

mitigate the risk of 
machine to fail.

• Accept / Reject 
recommendations

• Create notifications in 
CMMS

• Plan and execute • Recommendation’s 
status

• Findings

Ready t
o

ACT O
N TIM

E



CBM CONNECT + RELIABILITY CONNECT CONFERENCE  |  MELBOURNE, AUS 2019

CM program outsourcing

Why to outsource the CM program?
§ Better ROI
§ Flexibility

What to outsource from the CM program?
§ Data Analysis
§ Data Storage

Slide 48



CBM CONNECT + RELIABILITY CONNECT CONFERENCE  |  MELBOURNE, AUS 2019

Requirements to CM suppliers

Challenges when you outsource the CM program:
§ Select a CM platform: CM platform that will allow 

switching quickly from one to another CM Supplier 
§ Find a reliable CM Supplier: There is no certification 

process for CM Suppliers that work offshore.
§ Organize data collection: Technology that allows easy 

and reliable data collection from people with no 
experience.

§ Integrate the recommendations into CMMS: Create a 
culture and habits the responsible roles in turning 
recommendations into actions.

Slide 49
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Requirements to CM suppliers

Slide 50

Companies providing condition 
monitoring services of machinery 
and equipment, in order to offer an 
alternative to calendar based 
renewal surveys, shall be approved 
by the Society. 
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Requirements to CM suppliers

§ Quality System:
§ Work Procedures:

§ Monitoring methods (Vibration, lubrication, UT, etc.)
§ Data collection and analysis
§ Determine maintenance actions
§ Reporting

§ Audits: Internal and External
§ Training of the personnel 
§ Continues improvement
§ Customer support

§ CM Specialist Certification
§ Supervisor control

Slide 51
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Requirements to CM suppliers
Check list for CM suppliers:
§ QMS integration of CM process
§ Organizational chart
§ CM quality manual that describes the system
§ Code of conduct for the activity
§ Work procedures and instructions:
§ Internal Audits
§ Preparation, issuance, maintenance and control of documents
§ Maintenance and/or calibration of the equipment
§ Job preparation (check lists)
§ Periodic review of work process procedures
§ Corrective and preventive action
§ Feed back and continuous improvement (how it is done)
§ Handle customer complaints
§ Training and certification of condition monitoring personnel
§ Records for the CM personnel
§ Records for Equipment and Calibrations

Slide 52
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Requirements to CM suppliers
Check the supplier’s procedure for:
§ Setup Maintenance strategy
§ Monitoring methods per equipment type
§ Alarm criteria
§ Condition and acceptable criteria for applicable machinery and equipment
§ Collection of sensor data - identification, how to control quality data collection
§ Security mechanisms to assure data transfer and storage
§ Clearly defined prerequisites, sensibility and performance requirements of 

algorithms part of any predictive maintenance
§ Required Machinery information to perform CM
§ Documenting the installation - diagrams, points etc.
§ Obtain and use Baseline readings
§ Maintenance task in CMMS: measurement, sampling, recordings, 

recommendations
§ Continues improvement
§ Communication and reporting between supplier and owner of the machines
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Contract Management

Why is the contract management crucial for delivering 
long term Condition Monitoring services?
§ The root cause for cancelation of CM service 

contracts is a lack of contract management.
§ Detects on time deviation from the agreed scope of 

services.
§ Mitigate the risk of for both parties in case of 

employees and organizational changes

Slide 54
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Contract Management

The key factors for success are:
§ Proper documented contract management 

procedures (rules) in a Contract Management 
handbook.

§ Appointed Contract Managers in both companies
§ Regular Contract Management review meetings

§ At least every six months, preferably quarterly

Slide 55
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Contract Management Handbook

Contract management handbook:
§ Overview
§ Scope of the contract
§ Contract’s organization chart
§ Reporting and reporting schedule
§ Contract Review meetings
§ Failure and faults notification
§ Data exchange protocol
§ Contract invoicing schedule
§ Contract’s KPIs
§ Improvements plan

Slide 56

Source: Contract management Handbook
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CM Contract KPIs

§ Analysis completed on time - above 90%
(CM Supplier responsibility)

§ Machines in data collection overdue - below 10% 
(Owner responsibility)

§ Percentage of wrong diagnoses - below 2%
(CM Supplier responsibility)

§ Completeness of required technical data - above 80% 
(Owner responsibility)

§ Overall user satisfaction - above Satisfy

Slide 57
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Final Advice

§ Design the CBM scheme in a way to achieve 
“ACT on TIME”.

§ Initial efforts to create the CBM Handbook are 
foundations of your CBM scheme and success.

§ Without well-systemized data, you can’t apply 
Machine Learning afterward.

§ Consider CM technology or service supplier carefully.

Slide 58

Simplify the Complexity


