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The Unmatched Flexibility

W Powe Intarnatonsl s on ofthe st
European powe procucrs and pat o T
o e e e

Improving Turbine Efficiency
The steam turbine/generator s at the heart of electrcity
generation and the helh o this vl pceof equpment

e\eclv:(n\y. gas and water. It
operators, extensively and creatively applying

examination applications
ower International is a ollaboration between
supplies gas and electricity t0 6.2
millon customers in Britain - and RWE Power's consulting
il E G n sl on o ovss corsfancy

 a FLIR Systems’ ThermaCAM®.
Theplant b ula combination of high pressure,
intermediate pressure and low pressure rotors directly
o 8 e o T g s e

steel plates to prevent large circulating currents/core losses.
If sufficient accidental contacts between adjacent plates

B

IR is vital
For RWE Power International infrared

specialst

Assessing Pipework Systems

Atypical application would be the monitoring of a plant's
elaborate piping system in general and the high-energy
pipework systems in particular. These pipes carry the
superheated steam to the turbine. At typical wall thickness
0 6 109 cm, they have to withstand steam heated over
500°C at a pressure of 158 bar. Regular thermography
spectonsorspefome 1 check e nsiton o
ently xceshe temperature g

ulation ot only improves

occur in servie, Jow and this can
cause potentially dangerous local hot spots within the core.
Infrared technology is aso used to detect the integity
of the stator core plates. For this
purpose specialss have constructed
290° conical nfrared reflector from
polished stainless steel that is placed
on a plastic guide tube positioned
centrally within the stator core

captured jpegs are then fed o
the FLIR System ThermaCA!
Reseschr Processng e
analyss b the electrical engineering st

Reular fediack o Comparies ch as FE Poer
International have led FLIR Systems to develop i’ latest
range of thermal imaging cameras that incorporate a host of
new time-saving features.

Brand New Camera

‘The new ThermaCAM® T-Series camera is a robust
industrial instrument, it's design based on the latest digital
technology. But those looks are deceptive as this model
containseverying an sdanced frequent usrf fared

could ever wish for. It s easy to use and provides excellent
520 240 el reeuton, Excellent it
h annotation, manual

complemented by tex, voice and sketd
.
touch screen and a stylus provides comfortable fingertip

also b tied through 120°.

e integration of thermal and visual imaging has been
perfected in the ThermaCAM® T-Seris. It also introduces.
Therma Fusion for the seamless transition of images from.

based reporting suite with advanced image processing and
temperature calculation functions.

thermal msulmon

FLR i

says Richard Day.
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am more: visit us online at wwwlirthermography.co.uk
Contact us today: +44 (0) 1732 220011, sales@fliruk.com
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5-Is your reliability strategy grounded in a fundamental understanding of how
equipment fails?

RCM Blitz is the hub of Allied Reliability’s integrated approach to designing and implement-
ing a failure modes driven reliability strategy.

It's Practical. Effective. Efficient Sustainable and Flexible. returning results in a fraction of the
time of traditional RCM methods.

e e e @
6 - Leadership Tip
Support Risk Taking
“Behold the turtle. He makes progress only when he sticks his neck out.” ~ James B. Conant
Develop a common (shared) definition for “intelligent risk taking” to be used as a guideline
for future activities.
Identify specific behaviors that encourage risk taking and those that discourage it. Make a
commitment to adopt encouraging behaviors. and ask others to do the same.
Turn failures into developmental experiences by asking. “What's positive about this? What
have we learned that will help us do better in the future?” Bottom line: Make it okay to fail.
Recognize and celebrate intelligent risk taking no matter the outcome. Make it something to
brag about. Consider establishing an Intelligent Risk Taker of the Month Award.

Tip excerpted from “144 Ways to Walk the Talk”

by Eric Jarvey and Al Lucia

e e e @
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TIPS

1 - Predictive Maintenance (PdM) Management Tip
Cost avoidance: Monetary benefits of PAM can be expressed as the difference between the
total lost opportunity cost (Hours down) x (Cost of Loss Production) and the (Cost of
Maintenance) without PdM Participation and the cost of maintenance with PdM participation.
Tip excerpted from “Predictive Maintenance Management” by Jack Nicholas Jr. P.E. CMRP and
R Keith Young.
e e e @
2 - Optimize your maintenance strategy
An iPresentation from Lawson
Asset reliability has a significant effect on most organizations. Poor asset availability could
mean delayed customer orders. poor quality product delayed revenues. or even service level
penalties. Find out more about optimizing your maintenance strategy in this 14 minute iPres-
entation from Lawson.
e e e @
3 - Engineering Design Tip
Engineering Design -
1 easy access for maintenance. to prevent long downtime
2 on electronic equipment design “Hot Swappable Modules”
3 Implement and monitor sensors at risk equipment
4 RAM Analysis to determine Possible failure items (MTBF)
5 FRACAS - Practical History data- to be applied in current/future maintenance planning
6 Proper Job Card - with failure and repair detail
7 Planned maintenance and Skilled workers. correct tools
8 Quality Control and Quality Management
Success for maximum availability is:
-Attitude of workers: If they also want the system to be available
-Knowledge of workers: if they know how to maintain the system
-Tools of worker: if they have the correct tool for the specific task
Reader tip provided by Corrie Kruger
PM - System Control
Centurion South Africa
e e e e
4 - Alignment Tip
Check sheave run-out (what you don't know)
Frequently when aligning belt drives with taper-lok bushing-type sheaves. | find that the
sheaves does not run true as the shaft is rotated. This is caused by uneven tightening of the
bushing bolts (usually 3). The resultis- the belts will always be misaligned
Our corrected procedure is to monitor the sheave faces with a dial indicator while rotating
the shaft to show which bolt to take-up. Checking both sheaves avoids questions if you have
problems completing the job.
As a quality check with the laser alignment tool. we move the laser to a 2nd position (90 degrees)
on the sheave and also reverse the laser & buttons between the sheaves.
Dial indicators are such a valuable tool in everyday repair activities but are seldom used.
Reader tip provided by Wes Allen
Lead Analyst
Allied Reliability
Plainview Texas
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PREVENTIVE MAINTENANCE

Based on the schedule. routine preventive maintenance job orders print outs are released by

the work control centre to the concerned department. which in turn carryout the job by re-

questing and withdrawing the materials required from the store after due approval

Upon Completion of the job. the job order is returned back to the control centre after filling

up the details like start and completion date. manpower and materials used and the status of

the tasks requested. These data’s are entered in the program by the work control centre.

CONDITION BASED CORRECTIVE MAINTENANCE

Based on routine inspection by the inspector or upon receipt of complaints by the complaint

centre service requests are being given to the work control centre which in turn releases the

job order to the concerned department upon approval by the Maintenance manager.

Upon receipt of the job order. the concerned department checks for availability and requests

for materials and upon approval. withdraws materials from the store and completes the job.

Upon Completion of the job. the job order is returned back to the control centre after filling

up the details like start and completion date. manpower and materials used and the status of
the tasks requested. These data’s are entered in the program by the work control centre.

OTHER SERVICES

Any other services for modifications. alterations etc required are routed through

Maintenance Manager and upon approval by the Management service request forwarded to

work control centre for issuing job orders,

MATERIALS REQUESTS AND ISSUANCES

If any materials requested against job orders are not available in stock store will raise a materials

request and forward it to Purchasing department after due approval by the Maintenance

Manager.

If the materials requested against job orders are available on stock or upon receipt of materials,

it will be issued to the requester after due approval from the Maintenance manager.

Q11. How many work orders are you issuing every month?
In a month. 1800 Preventive job orders and about 500 Condition based corrective maintenance
job orders are being handled.

Q12. How many is in your maintenance staffing?

The facity being operated and maintained by 230 staffs categorized under Management Administrative.
Engineers supervisors. Technicians and Janitors. The staff covers the following crafts
Maintenance Manager - Mechanical Engineer - Electrical Engineer - Electronics Engineer
BMS and FCC operators - Supervisors in Mechanical. Electrical, Electronics. HVAC . Civil & land-
scaping - Technicians in Mechanical, Electrical. Electronics & HVAC

Elevator Technicians - Carpenters - Painters - Welders - Masons - Work control operators
Buyers - Janitorial Supervisors - Janitor and janitress - Gardeners

Administrative staffs like Purchase officer. Clerk Time keeper. Store keeper. Work control
operators. drivers

Q13. Are you arranging training programs for your staff?
The Staffs are being given periodical training on Health and Safety as well as on skill enhancement.

Q14. Are you auditing the maintenance system every year to improve the program?

The Maintenance program being reviewed periodically and changes are incorporated after
careful analysis to improve the methodology. and performance
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The CMMS system has the capability and facility to
of the pi schedules
- Auto Generation of Preventive Maintenance Job orders
Generation of Corrective Maintenance Job Orders
- Status of job orders
- Keep record of all maintenance jobs carried out
- Generate equipment Maintenance history i
- Keep record of maintenance time. labour and Material costs SECURITY CONTROL ROOM
- Keep record of Equipment manufacturer details. installation date. warranty period etc
- Generate Materials request based on required quantity and available stock
- Generate Purchase orders based on the quantity requested
_ Generate Materials receipts and issue slips
Keep record of prices. suppliers details
_ Keep record of Materials stock receipts and issuances
Keep track of fast moving and slow moving parts

Q9. Which reports are you getting from the computer?
The CMMS program can generate all required reports like <
Job Order Status report MECHANICALROOM
- Completed job order report with actual cost SOCSELBOME
- Pending job order report
- Equipment details with manufacturer details.installation date. warranty date. location etc
- Equipment Maintenance History
- Material request status report
~ Purchase order status report
Materials receipt and issuance reports
~Bin cards
Stock register reports

based on schedule and condition based being carried out.
‘The maintenance performance standard is being evaluated on monthly basis based on the following
- Operational availability of Systems Equipments

Down time of systems and equipments
- Number of Preventive Maintenance completed in time
- Number of Corrective Maintenance completed in time:
- Number of pending job orders

Q.10: Could you give us a short description of the maintenance process?
The maintenance process adopted is illustrated in the fllowing flow chart and as described
below
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6 Docklift
1 Bailer

3 Nos. Waste compactors

LPG storage and supply system
45 Elevators, T8 service Elevator 210 m/m Speed. T19 Elevator 150 M/m speed. Passenger Elevators
2100 300 m/m Speed

22 Escalators

96 Pumps of various capacity

3 Hot water Boilers

3RO plants each of 370 Cum/day capacity
1 bore well for water supply

13 Fountain

5 Facade Cleaning Manntec machine

Q4. Which are the Main Electrical and Electronic system? CHILLER AT
ELECTRICAL

Main Source of Power supply is from SCECO feeders

2Nos. each 2MW Capacity. Standby Emergency Generators to meet the emergency power requirements
in case of power outage

28 No. 13.8 kv/380220,127 V. MV/LV Transformers

The power supply system consists of 10 sub stations. 4 Ring main circuits, 8 Normal supply feeders and
10 Emergency feeders

ELECTRONICS

CCTV system with 125 security cameras, 33 Security Monitors
Telephone system

Public Address system

25 Traffic Counters

24 Automatic Gate Barriers

19 Sliding Glass doors

SATV System for 95 TV Channels

Building Management System

Fire command and control system

Access control system

EMERGENCY GENERATORS

Q5. Could you give s a short description of the building Management system?
The entire facility operation is monitored by a Building Management System and Safety and security
being monitored by a Fire command and control system and Security Monitoring access control
system.

The building management system is Johnson Control system on Metasys platform

Fire command and control system s by Gents system on supervisor S3 Platform.

Security monitoring and Access control system by Sensotronics system

Q6: Are you using a CMMS system and which program?
Ac d i

program developed by the in house IT
department of the contractor is being used for Maintenance Management.
The CMMS program uses Sybase data base and Power builder front end

Q7. Is the Building Management System integrated with the Maintenance Program?
The CMMs System is a stand alone system and not connected to BMS system

Q8 Are you using the whole potential of the program? For example. Job plan. Job execution time
(Estimated- Actuab Labour and material cost. Safety. Maintenance history. Condition Monitoring etc
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with the Assistant General Manager of the
Kingdom Centre Engr. Majid Ali Al Gandeel

Majid Al v\\fuvm\rz‘\l

‘The Kingdom Tower is one of the most beautiful projects n Riyadh. It represents a symbol of the archi-
tectural development in the Kingdom Of Saudi Arabia. How s it operated and Maintained? Dr. Abdul
Karim Hammani visited this prestigious project and made the following interview with the Asst
General Manager of the Kingdom Centre Engr. Majid Ali Al Gandeel

Q11: Do you have O&M contractor or you are maintaining the project by yourself?
‘The Operation and Maintenance of the facility is being carried out by M/s Safari Company Ltd. a spe-
cialized. professional O& M contactor

Q2. Could you describe the project?
The facility comprises of a Tower. a Shopping mall in East podium and a Wedding Hall in West podium
as described below.

FACILITY AREA

Total Land area 92300 Sq.m
Total build uparea 300000 Sqm
Build up area with AC 186,000 Sqm
3000 Vehicles

Height 300 Mtrs

No. Of Floors 30+ 4Tech + 2 Mez +1 OTL
Offices Levels 110 28
Four Seasons Hotel  Level 30 to 48 -249 Rooms
Res. Apartments Level 50to 58
Kingdom Holding Co  Level 66 & 66M

Restaurant Observation Transfer Level

Sky Bridge Length 60 Mtrs Width 4.5 mtrs. Level 99

AST PODIUM - SHOPPING MALL

Total mall area 53.800 Sq.m 3 Levels
Total Leasable area 40500 Sgm

Total Parking area  72600Sqm  3levels
WEST PODIUM - WEDDING HALL

Totalarea  42755qm. 3500 Persons
Q3. Which are the Main Mechanical system?
C

HV

1050 Ton Capacity Centrifugal type chiller 4 Nos and 1 No 460 Ton capacity Reciprocating type
1 Thermal Energy saving Tank 2.5 Million US gallons

73 Nos. Air handling units

625 Fan Coil Units

129 Ventilation / Exhaust/ Fresh air Fans

MECHANICAL

3 Garbage Compactors

5 Roll Up doors
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VSD Compressors that don’t cost the earth

and can attract interest free funding

Atlas Copco Compressors Ltd

Swallowdale Lane Hemel Hempstead Herts HP2 7HA

Phone: 01442 261201 Fax: 01442 234791
e-mail: gba.info@uk atlascopco.com
www.atlascopco.co.uk

Atlas Copco, world leader in compressed air systems, is committed to preserving
the environment and saving energy. We work directly with customers and through
our distributors to ensure this can be met cost effectively.

A south of England manufacturing company reaped the benefit of an
Atlas Copco Air Audit which showed that a reconfigured compressor
package not only saved energy, but could attract a Carbon Trust Interest
Free Energy-Efficiency Loan towards the £26,000 capital investment.
Working closely with the company on the information from an Ar Audit a
proposal was put to the Carbon Trust who granted a loan of £22,000 to be
repaid over time from the energy savings made.

The package included compressors from Atlas Copco's 28-model range of Variable
Speed Drive (VSD) compressors from 7 — 900kW. They deliver energy savings of
up to 35% and, combined with extended maintenance levels and low operating
costs, are an attractive option. As a final reassurance, if you implement our Air Audit
recommendations we will guarantee the savings we identify and you also have the
support of a nationwide service and distribution network operating 24/7.

Call 0800 181 085 today and ask for an Air Audit to check the energy savings

you can expect and if your operation is eligible for a Carbon Trust Interest Free
Energy-Efficiency Loan.

Committed to your superior productivity

Atlas Copco

Enquire using 817 ot www.maintenanceonline.co.uk/ME



IMPLEMENTATION

safely deliver continuously improved equipment
rri o . .

First of all your p
to implement i ices is the
right thing to do because it improves the plant's

d d not to do Belief:
it It change to

partnership practices is not a revolution; it is more

fth

of an evolution falotof
common sense. So it does not need to take a long.

drive work practices that will be very different from
have b

time and i ot of capital fi

Recommended implementation steps
If most of what you have read so far makes sense
you need to sellthese ideas to key people in your

would have been as in the following actual example
produced by a maintenance organisation

“As a service organisation to production we will

organisation. Often you can speed up.
convening Operations, Maintenance and Engineering
deas. B

in order

The

the I very good
chance that acceptance will be very high,

maintenance over many years. He did exactly what
was asked by his manager and followed the mission

Mission statement statement. The easiest way to cut maintenance costs
Itwill help sto and that was what he did, so after
and reliability was fired.

maintenance leaders must work together to create
this. You can start by listing some key words that
should be included in it - e.g. Reliable Production,
Safety, Partnership  and then split up into a couple.
of groups to produce initial drafts. Review the

WHAT ‘GOOD’ LOOKS LIKE AND HOW
GOOD YOUR ORGANISATION IS

‘You might also want to do a structured educational

you will most probably come up with a mission
A

evaluation of y
toincrease awareness and to let your organisation

gap between best practices and your
actual practices. This evaluation should describe your

haway

or be Ao

improved production reliability through long.
term implementation of best practices’

Belicf: Improved production reliability will

The author can be

this subject.

(Gl

‘The mission statements for Maintenance and
Operations must be tied into the above. For the
maintenance organisation, for example, the mission
statement could say —

“As an equal partner with operations we shall
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Yanisation

ap: P
mill manager or “bove. The other

the

Table 1

dlocked

their old roles.

Key performance
Indic:

d protective of

Maintenance Cost/ton

work system driven by reliabilty performance.

Prime Quality Tons/Manufacturing
Cost

Drives the organisation to focus on
compettvenessand toal sl The
focus mustbe on whatdrives cost,not
costslon

Spedification and procurement of new

Procurement based on lowest Life

Tonbe successul, ivestments must

equipment done without reliabilty
Ehcineariin and maintainability specifications | Cycle Cost. Specifications include.

9 9 and enough involvement by users. | reliability and maintainability Privately held companies can be more
Procurement primarily based on requirements successful in implementing this strategy
lowest cost to act than public companes.

Seen as a maintenance responsibiity | Reliabilty is the total performance |Improved manufacturing reliabilty drives
AT an whole down cost. One common performance
Y Sometimes related solely to predictive | organisation. Encorn indicator helps buid the partnership.
t process and equipment reliabiity | work system
Describes the problem, selects
Documents lost production per b lom; selec s
Production’ [ depariment, e, Mechankca e oo g | Wy enamhent etarine ot
Malntenance, lctrical he problem and rans restof [ pracices. L
Instrumentation and Operations, L P
organisation in solution.
The term Failure’ often relates to
Root Cause ; . T equiment and thes maintenance. The
P Often called Failure Analysis Called Problem Elimination )
Sbports the partners
Operatorscan oten do 0% of a
A 3 minmum operators do basic | bascequpment nspections. Thswil
Flexibiift Opertorssperataard malntenance | Espctonsof o significantly lower costs of preventive
y maintenance. It s the first

people maintain.

- They e tained i how
oo mspectons

step towards
expanded operator and maintenance
work flexibiy.

Priorites are decided by the requestor,
which often represents the operations
Prioriies are often

A priority guideline is agreed
upon and respected by both

Planning and
scheduling
shutdown work

emotional

Work frequently added to schedule in
the morning ofthe day i s requested
to . This practice is accept

by maintenance because operations is

h

Schedue for nex days work s
closed at 11.00 a.m. day before

ges in schedules.

The most common reason why planners
do not plan is frequent interruptions
by emotional prioriies. A service
focusecmaintenance organisation vill
encourage a ‘Yes Sir’ mentalit
A e 1 fatog
basis of what is most important for the
e organisation.

Drives a change in behaviour. Increases
maintenance productivity

Planning and

scheduling.
~daily work.

Work frequently added to schedule in
the morning of the day it is requested
0 be done. This practice is accepted
by maintenance because operations is

the customer.

Schedule for next days work is
closed at 11.00 a.m. day before
execution. Work i assigned to
crafts people end of day before
execution of schedule. Le
changes in schedules.

Drives a change in behaviour.
Increases maintenance productivity.

Maintenance | Operations request 70% of work. | Joint responsibity for
cost Maintenance manager is blamed costs Drives part work practices

for budget over
Maintenance ny people on shift to cover Fewer maintenance craft people on shift

craft people on
ft.

for possible break downs. Craft
people often poorly utlsed

Very few or no maintenance
craft people on shift.

will result in more maintenance work
done by operators.

Table 1 Service-focus vs. partnership

N




Abstract

Christer Idhammar
President and CEO, IDCON, Inc.,
Raleigh, North Carolina, USA

The differences between service focused
ons and those based on ip work
systems are reviewed and the superior benefits
of the latter are outlined. It s advised that the
first step in creating a partnership system is to get
Operamms and Maintenance to agree on a joint
for the production isatic

THE BENEFITS OF PARTNERSHIP WORK

SYSTEMS

In poorly performing plants it is typical that
production, maintenance and engineering

organisations work in silos without much co-

operation. The traditional view in these plants is that

the maintenance organisation delivers service t
customer which s the production organisation — and
the engineering organisation is called ‘the black hole’
where requests for drawing and other documentation
updates disappear, and maintenance and operations
input on design are not included when new
equipment is specified and procured. This traditional
view has never made sense to me because the results
of maintenance work are not service. Services are the
resources the organisation has to deliver equipment
reliability and asset preservation,

e e manulaclurmg

process reliability in an equal partnership; the
engineering organisation designs and procures
equipment with the aim of achieving lowest Life
Cycle Cost (LCC) instead of lowest purchase

price. LCC includes total cost of ownership and
encompasses acquisition, installation, operations
and maintenance, energy, scrapping etc. Reliability
and maintainability requirements are included in
early specifications and with the involvement of the
operations and maintenance organisations.

Figure I shows an example of good low-LCC design.
‘The portable lfting arm, jacking bolts for motor
alignment, drain valve to drain the pump housing
and the fixed pick-up points for vibration analysis
will cost a little more initally but will save much
more during the life of the pump. Good instructions
and a bill of material specifying all the original
manufacturers’ data on all components in the pump
wil also be delivered.

Figure 1 A low LCC design

All the organisations I have talked with about the
principles of a partnership work system agree with
the above, but seldom implement the changes
aggrcssucly enough to harvest the benefits. Most of

and Engmeﬂlng workina close pmnmmp Thzy

as pallnne and therefore do no[hmg o implement
it Today.

view reliable thee

reliability; the operations organisation delivers

S04

150 big to be gnored and the decision o implement
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‘The cost of the spare rotor would be about $900k,
50 the payback in discounted payback terms
would be lttle more than two years at a discount
rate of 7%, making it a worthwhile investment
too.

CCONCLUSION
Macro-economics

‘The high-level (macro) economic evaluation,
with risk assessment and criticalty analysis, can
quickly in
and NDT are cost-effective or not, or whether
they should be focused on critical equipment
only, or not.

te whether condition monitoring

Micro-economics
‘The detailed level (micro) economic evaluation
of cost/risk/optimisation, as illustrated by the
‘example given in this paper, was developed, from
1995 onwards, during the MACRO project (EEC
Eureka Project EU1488). Every organisation has
distinctive functions and costs that need to be
assessed in order for worthwhile and meaningful
decisions to be evaluated.

As can be seen in this paper, the economics
of condition-based maintenance cannot be
evaluated in isolation, because intervals and
options are affected by preventive maintenance,
planned shutdown opportunities, improved

100

onne o

Onine CBM +
rotor & stator spares|

Figure 6

3 50 )
Overhauled Incerval ‘000 Hour(s)

‘The furthe reduction n otal operating osts, with

pr ping of spares.

‘The MACRO project software is able to evaluate
~ and hence indicate the optimum choice of - all
decision options. The structured analysis and the
production of the cost optimisation charts were
carried out using APT software.

The contents of this paper are in-line with
practice recommended in the Publicly Available
Specification, PAS 55, the new BSI Specification
for the Optimized Management of Physical
Infrastructure Assets.

a spare rotor in stock as well
monitoring . "

0 around $420k per year (or $48k per 1000 hours).

JANUARY - MAR




$K/000 Hour

:

Optimum

Off-line condition monitoring

“This,for example, could be vibration monitoring at
three-monthly intervals and boroscope inspections
of the turbine blades at six- monthly intervals
However, the engincers of the company then said

200

100

=COFM

that they could
and inspection of the turbine (off-line boroscopic

Total
unplanned costs

inspections
‘monitoring by a contractor), at reasonably short
notice, to reduce the risk of falure. They assessed
that this would reduce the risk of a major failure.
by 25%. The effect on the total costs, with this off-
line' condition monitoring, is as shown in Figure 4,
where it can be seen that the effect is approximately
the same at 30,000 and at 40,000 hours ~ but the
company would have to assess whether it wanted to
i

0 30 50
Overhauled Interval ‘000 Hour(s)
Figure 3

As can be seen, the average risk s lowest at the 30,000
hour interval, even with the opportunity of saving the

hours and before the planned shutdown at 40,000
hours.

On-line condition monitoring

“The original turbine-manufacturer’s engineers said
that it could well be possible to reduce the risk
of a major falure by a further 25% i the future,

Opt

um

Reduction n average
downtime due to the
plant shutdown

purchasing ‘on-line condition
‘monitoring with automatic protective device trip-
outif condition symptoms began to indicate that
‘potential failure’ had started. The cost implications.
of this are as shown in Figure § opposite.

As can be seen, the on-line condition monitoring,
ifit had been in place, would have made the 40,000
hour shutdown worth waiting for, even though

the risk would have increased marginally between
30,000 and 40,000 hours; waiting for the shutdown

offine
condition monitoring

o 30 50
Overhauled Interval ‘000 Hour(s)

Figure 4

(Gl

JANUARY - M

would $140k per year. The cost
of installing the on-line monitoring equipment
was estimated by the OEM to be around $250K,
which would give a payback of around two years in
discounted payback’terms, making it a worthwhile
investment.

Keeping a spare rotor
‘There isa further possibiity,viz. that a spare rotor
could be purchased. The effect ofthis (shown

in Figure ) would be to reduce failure-induced
unplanned downtime.




Also, the estimated vibration monitoring costs
for the critcal rotating equipment are less than
10% of the exposure (total loss $k per year), and
management can be reasonably confident that
they would get a handsome return on the service.
‘The vibration monitoring costs for the non-
critical equipment, however, are ‘break-even'at
best! Most management would tend to focus only
on the critical equipment in such a case.

MICRO-ECONOMIC COST/RISK
OPTIMISATION ANALYSIS

Example: Monitoring the Condition
of a Turbine
‘The Original Equipment Manufacturer (OEM)
recommends that the turbine s inspected and

Hazard Rate - Blade failures etc

per ‘000 Hour

“Time or usage since Overhauled ~ ‘000 Hour(s)

Figure 1

‘The OEM engineers and the company maintenance

overhauled at 30,000 hour intervals, to guard
s fail

probability of the

- In this case, itis

d the following,
lustrated in two ways

that the blades be replaced at

(@) asin Figure 2, which indicates the resulting

of the overhaul. This fixed-interval trategy has
bee

Y
over the years, and is based on their world-wide
istorical experience and engineering judgement.
‘The following analytical model is based on this
experience and the tacit knowledge of their
engineers

The 30,000 hour inspection and overhaul
The cost of a falure is expected to be more than
the cost of the planned inspection and overhaul
2t 30,000 hours. The risk of a failure s expected
torise,as llustrated in Figure 1, from 30,000
hours onwards. However, there is an existing
planned shutdown of the plant, scheduled for
40,000 hours, when the cost of the downtime
for the turbine planned inspection and overhaul
would be absorbed. Would it make economic
sense to wait another 10,000 hours in light of the
vising risk of failure?

There is no real condition monitoring programme
in place, so al the company’s engineers have to
work on s the advice from the OEMs technical
engineers, and that is that the risk of failure is
likel to increase from 30,000 hours onwards

5t5 pe hours;
(b) as in Figure 3, which illustrates the same.

calculation but shows the resulting planned and

unplanned costs per thousand hours.

| Optimum

Total costs per
1900 hours

$K/000 Hour
=

The beneft o reduced
downime due 1 the
‘xisting 40,000 hour shut

L e
| Repair costs
|
T
0 30 EY

Overhauled Interval 000 Hour(s)
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Jack Huggett

Principal Consultant
The Woodhouse Partnership Ltd

It is emphasised that evaluation of the

Ftion-based!

Maintenance

INTRODUCTION

“This paper serves to llustrate two things

+ That condition monitoring techniques might well
be cost-effective for crtical plant and sometimes
not cost-effective for non-critical plant. Every
condition monitoring programme needs to consider
its particular application to assess whether
cost-effective or not. Vibration monitoring might
be cost-effective in one company but not in another,

of any
maintenance programme must take into
account all the relevant constraints and
strategic opportunities. This is illustrated
by a case study (using an approach
developed during the MACRO project) of
the optimisation of the CM programme for
a turbine, an evaluation in which factors
such as the variation with time of the risk
of failure, the monitoring and inspection
interval, the possibility of combining CM
with fixed interval PM shutdown, deciding
between on-line (in-house) or off-line
(outsourced) CM, and the availability of
aritical spares, are all taken into account.

as the effect of spare
capacity etc. Cost-effectiveness s also dependent on
the effectiveness of the technique as well a it cost.

+ That cost effectiveness of condition monitoring
and the condition monitoring intervals, cannot be
analysed in isolation, because other strategies such
as the availabilty of spares, whether kept in stock or
‘guaranteed by a supplier, could —

~ affect inspection intervals,

~ make combined strategies with fixed interval
preventive maintenance worthwhile.

MACRO-ECONOMIC COST-BENEFIT
ANALYSIS OF CONDITION MONITORING
A high-level (macro) risk assessment example
isillustrated in Table 1. This i best carried out

with experienced staff with ‘acit knowledge and
experience’ of the plant and its assets. As can be
seen, range estimates have been used in order to
‘minimise the time taken to quantify the inputs to

the assessment, to avoid management indecision

and procrastination due to ‘analysis paralysis’ delays.

Viration
Estimates here arefor | L0st | g o day -+ | Failres | Totalloss | monitoring
Rotbeing coed out: | (days) | (ePAI | peryear | skperyear | cost Sk per
Cical [ |2 0 3 ) s

equipment

eumment [y |10 w0 s | wwo 0

Non critial | M| 2 s | w | w )

cauipment

cauement [y |4 1 w0 | w0 200

S04
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Table 1 Vibration monitoring cost estimates




PRODUCT review

Frontline goes Mobile
ire Systems latestversion o the UK’ best slling Computerised Mantenance Management
System (C
aiernce maogenen g GPS Srghone o Pocket . FonlineOnheove
2 cal Area Networks (LAN)

o provide nationwide, or wm\dw\dc‘ communication.
Chris Williams of Shire Systems explains, The beauty of FrontLine OTM s that it uses
del remote
maintenance management forlittie more than the price of atext message. It reqires only a
subsmmmn toa GPRS mobile data service, such as Vodafone Live or the O2 Mobile Web Service,
mobile device with the Windows* Mobile Operating System (0S). A designated back.
i At et ) !he(u&mmevsﬂveual\ and registered as a domain name, such

whete i can be
e
Fovluuhermfnrm-mon Contact Paul Dean Tel: +44 (0) 2380 483160
mal: paul dean@shiresystems.co.uk
Giving Grain a Makeover Emerson Enhances False Echo

fer 3 yeas, theboler mke-up vater veament parcat EOs | Rejeection Capability
e of Gl Power v g olok s e ichis Rt —
« o

2 ontact, ultrasonic lev
tthe T"""YE‘ olsannat Jeatmen Gl "35 twoollfired, 590Mw MSP422, MSP400 and, for use in classified areas,the MSP900). The

upgrade features an enhanced false echo rejection capability,
allowing reliable operation in complex infrastructures where tanks
and channels contain static obstructions such as stay bars,ladders or
weld beads,

MSP level transmitters are aready popular in the chemical, oil and
gas, power, water and wastewater industries for their cost-effective,
capability. As a non-contact technology, the
ultrasonic sensors are suitable for use with a very wide range of
liquids and chemicals,including frothy.

B boik

orginally designed by Permutt, now partof ELGA.It consists of two

streamsof cation excrange aion exctange nd mbed bed poling
ler

conductivity 004pS/cm and silica 0.02mg/1
ELGA

spark test (o ensure the integrity ofthelining, reoad the resins and
th ELGAS d

ansgementofth etk commisione e ompany toary | $90ecdsuces Thenew wpgaderiends oy
outasimilrrefurbishment on Grai's second stream S i ekt o marare D=t -
For Sales enquiries telephone +44 (0) 1628 897000, downtime and maximum reliability. e

Peta Glenister: Tel: +44 (0)1753 756600 = <

Fax: +44 (011753 787109. P

Email: peta.glenister@emersonprocess.com &

Web: www.mobrey.com

JustinTime or Just in Case
e Just in Time'(JIT) concept has spread throughout industry as a
‘means of reducing stock inventories and warehousing costs. It works
wel ut what
~a problem that has been troubiing John Pethers, NationalService
Director at ELGA Process Water, We buid ion exchange plant to order,

JTbasis, he
replacement resinin an emergency
o solve the problem ELGA has concluded an agreement withits
resin suppliers to hold the largest UK stocks of ion exchange resins for
‘water softeners, deionisers, dealkalises and organic scavangers. It5 a
John, It means that
As

emergencies- ' not so much ust-in-time asjust-in-case’.

email

C vist
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Maintenance-friendly Adapter Revolutionary Partial
Ball Bearings Tooling Concept

aldor Jasic,the Midlands d
B e e M2 o
sainesssteel housings, i additon to castron the unique sl PartTooing, thatwl

B e prwde(usmmevs -with the option of z:;n:gzvgg ‘tools on their
Dodge GripTight lowerscost | ey o " et e'““'
lightwe

e o i e

maintenance and the only equipment needed for tool (hangmg isa
standard screwdriver.

and
P . csions tt ccepi s
many as seven sizes of concentric

shafings.
a
automatically loosens for L e me:zuoo
maintenance by trning a nut o
Toolng'at %
shaft damage. October 2007.
Formore nformation telephone: +44 (011454 850000, Contact: Simon
email: sales@baldor.co.uk Tel: +44 (0)2476 351 ZDQ (mobile 07740 948 200)
Fax: +44 (02476 349250
7 Emai: sturner@mecaplasticcom
New Range of Ganssli

that are Intrinsically Safe

[rtodsemos s nched T v i
intrinsically safe vibraton sensors n acditon 101t H5-100

Seies ofndustria accelerometers.The new sensors are inended

for environments containing infammabe gases, fumes, chemicals,

powders and dustand in industries such as mining, as production

points,petrochenical,offshore and

minimm of P67 and ae avaable i both top and side entry.
They llow engineers to monitor vibration levels of pumps, fans,

compressors motors, conveyors,dling igsand ll types ofrtating

machinery,ihichare in potential explosive, working envionments.

to be aware when corrective procedures are needed to maintain
maximum production efficiency or avoid costly shutdowns.
The company has also appied for certicationfor their 5420
deal for toPLCs.

Contact: Suzanne Pearl
Tel:0845 680 1957 Fax: 0845 680 1958
Emaisuzanne pearl@hansfordsensors com
b wwwhansfordsensors.com

Cracking Down on Solvent Abuse

round 503 of manufacturing companies inthe UK are sl using

ichiooethylene and simiar sovents for degreasing.If they continue
todo soater 315t October this year,they could face prosecution under
Sl Esionsgulatons 04 Complance i e Skt
E techniques
Usin hoh purty water fom ELGA Process Water i squeous

9

cleaning systems, a5 Gloucestershite based measuring equip
e Ao e Rankhant ) Coe e M

components, noticed that some of their parts, particularly satin chrome

qua y their
demineralsed water,with spent resin fiom xhc(wndcvs being treated in
Elgals regeneration centre at Stone-on-Trent, the UK largest.

Fol urer foration lephone 44 (01625 897000 amalts3esuke
veoliawatercom, visit wwwelgaprocesswatercom
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be sufficient, and it is obviously desirable for the
Tocation to be a point at which the temperature will
equal the average value for that section of the duct.
A measurement survey carried out to a grid pattern
across the duct may reveal the best place o places. In
the control room, the data i labelled

s,

room datatelling

ink.it.is?
more sophisticated computer systems would not

make such a mistake...

CONCLUSIONS
From

at... section’, but as shown before in this paper
such a label implies an often misleading accuracy.

for
maintainers is to be vigilant when data displayed or
presented looks to be unusual or changes markedly

has suggested that, th
things, the temperature

I values, and verify by investigation
that control

fans of a large boiler would enable the efficiency of
the fan to be found. Such a thermometric method is
used on pumps’.

‘The gas temperatures at the inlet toa particular
induced draft fan were measured at several places in
the gas path leading to the fan. The ducting was well
insulated, so lttle decrease in gas temperature was
expected. The indicated val

describe the data. For plant designers the conclusion
is that they should take up the challenge with better
initial designations and provide full information
behind the selection of operatinglimits.
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1 AS2625, Pare 3. 2008 Rotating and recprocating machinery —
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been checkedanda
200°Cand 230°C was found, with some points

1S010816:1:1995 Evaluation of machine iration by
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showing the gas
gas path! The monitoring idea was discarded.

the

STRANGE RESULT IN CONDITION
PARAMETER

‘The Data Processing and Alarms (DPA) system
ona generating unit had been set up so that when
routine condition monitoring Valves Wide Open
(VWO) tests were run on the steam turbine, the
VWO output could be calculated by the DPA. The

eral
guidelines.

22001 Evaluation f machine vibration by
rementson on-rotatingparts - Part 2 Land-based
steam turbines and generators nexcessof SOMW withormal
operaingspeeds o 1500min, 1800 /min, 3000 /i and
36

Modern poverstation practic: ncorporating modern power
system practice Brish Electicty Internatonal,3rd ed. Oxford

Pergamon Press, 1990-1992.

Yates M A and Kumar A, Thermodyanic-conventionaless
o o 4MW pamps IVGhE paper CS56/031/99,7th European

pportunity. test,
run with calibrated test instruments, to compare.
the two values of the VWO output that resulted.
However, the result shown by the DPA system
was well above the correct one, and way above the
possible range. Inspection of the plant showed that
one of the two service thermocouples measuring the
hot re-heat steam temperature had been removed so
that the test instrument could be inserted into the.
thermo-well. As the service thermocouple was left
anging in the ar, it indicated ambient temperature
‘The DPA calculated the mean inlet temperature by
averaging the two values: 535'C and about 30°C. The
‘multiplying factor that resulted was huge, and caused
the excessively high VWO output! Today’s much
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-ontrol room-data telling

think

Is?

performance compared with its works test. This
was 5o unexpected that an independent and closer
check was made, which revealed that no static head

use thermocouples installed in tube walls, sometimes
in special sections to try and measure the maximurm
metal temperature". Such sophistication was not

tion had been applied.
Once the 1.5m or so head was added to find the
discharge pressure at pump discharge level, pump.
performance showed correctly. The pump had a
relatively low total head, 5o this seemingly small
static head was significant.

‘This cooling system is so critical that a DC motor

pai 3
50t several sections, five thermocouples were fixed
across the gas path to primary superheater outlet
tubes in the dead space, and the limits for operation
derived by calculation.

“Two boilers built almost a the same time exhibited
quite different temperature behaviour at otherwise
One

driven pump . When

tested its output was found to be well below what

was expected. Close examination showed that it

was rotating in reverse. Someone had reversed the

connecting wire! The pump had been tstrun each
"

to alarm limits, and operation was adjusted to
keep within them. The other showed no such high
temperatures. After some years of service the ‘good”
boilrsuflesd a spate o superheatr tubefuresdue
. and the complete.

uly logged

ARE THE CRITICAL LIMITS MEASURED
WHERE INTENDED?

‘The superheater tubes in a series of large coal boilers
of the same natural circulation drum type design
left the furnace through spaces between roof tubes,
and connected to later sections, often via headers.

superheater had to be replaced. Why should two
identical boilers have been so different?

Close investigation and painstaking tracing of tube
path layouts showed that the hottest tubes from
the outside of the platen array led mostly to leading
tubes, but sometimes to the tube behind it in the
primary superheater, as the number of platen tube

in series.
‘The platen superheater at the top of the furnace had
thirty sections, each with sixteen tubes in a U-shaped
pendant loop, hanging through the roof tubes of the.
furnace. Unlike other designs where the leading tube
down has a kink so that it becomes an inner tube in
the up direction, these pendants were laid out such
that the assembly would be flat, i the inner tubes
were progresively shorter than the oute tube. The

the number in the primary
superheater. The monitoring thermocouples were.
installed on leading tubes. Unfortunately, in the.
‘good boiler the thermocouples were installed on
leading tubes that did not come from the hottest
tubes out of the platen. Presumably, the installer was
given set distances in from the furnace wall rather
than specific tube numbers. The lesson here is to
check such paints in detail f two identical’ pant

platen was heated
tubes on the outside of the array took up more heat
than those on the inner side. These tubes were then
led out of the furnace space through gaps in the roof
tubes into the dead space, where they connected to

items show

INDICATIVE TEMPERATURES?

“The gas ductwork n large power generation coal-

tubes.
T e e
each had six tubes.

fired , with
the order of 30 square metres. Measurements

of gas temperature are needed for operation and
monitoring, It is quite daunting to stand inside these

&

reduction i ife
an increase of only 11°C can halve the life, so

can only give
i £ 06 perabons e locations,

operational monitoring is important.

and nota bulk may
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s,

rol room data‘telling

‘machines of this design. It was unclear
why this cover had not shown this
behaviour before.

‘These examples show the importance
of being sure of the location and
‘mounting arrangement of permanent
transducers or, for that matter, of

any vibration transducers used for
routine manual monitoring, There are
no established standards for bearing
cover vibration!

‘Air gap between
cover and bearing

BOILER DUST
EASILY SOLVED

type coal boilers gave a limit on dust
emission from the stacks. Some hours
of exceedances were allowed in each year to cope with

A g ol
atankat

d checked and found to be correct

i the stack. Careful test After thought it that
with to calibrate igital stop watch used gave time in minutes and
the monitors. hat the ds. It had be d that the display was in

fevelar o by o pecnt i char et nthe
control room was not to be exceeded.

A report was routinely compiled from the recorder
charts, which were removed, examined and any
exceedances totalled and reported. After some
time it was thought strange that the exceedances
were so low, yet the stack often looked dirty. Closer
I i b

decimals of minutes. S0 a reading of 4,50 meant 4
minutes 50 seconds and not 4_minutes. The pump
was verified as satisfactory.

THE BLAMELESS PUMP
Afield test was arranged on a pump that circulated.
cooling water through the windings of a large stator.
The supply plpmg e

penso
that it did not exceed the limit!

THE POORLY PERFORMING PUMP?
A new pump was put into service and, not
unreasonably, the pump owner required site

plate was
mm and it o the joint, which was about 2m
above the floor level. Pressure tappings were fitted:
one pipe diameter upstream of the orifice plate, and
halfa diameter downstream, as per the standards
for flow measurement. Because the pipe bore was
ion losses between the pump outlet

» . y and, to

and P

the

well test curve. Much investigati
followed. All instruments were calibration-
checked. The tests were repeated, but the same poor
performance was again found.
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ps pping
the pump outlet pressure. This saved

tapping point installed.

“The test showed that the pump was well down in
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Figure 2
Cross-section of
bearing showing
air gap between
cover and bearing
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-ontrol room-data telling

thi

When standardisation was suggested, the operators
complained and insisted that no changes be made.

VIBRATION MAY NOT BE WHAT IT
SEEMS (A)

A pair of large steam turbine generators was fitted
with a velocity vibration transducer at each bearing.
‘Their outputs were converted into a 4 ~20 mA signal
and conveyed to the control room indicating and
recording system. Such monitoring systems on most
‘machines of other makes correctly integrated the
velocity signal to obtain vibration displacement, a

Figure 1 Vibration |mr\$du(evonmrhme labelled

» as familiar the time.

On these machines, however, the control room.
instruments were scaled in displacement, wi
the conversion assuming that all of the vibration
occurred at a frequency of 50Hz, the on-load
rotational frequency of the machine. As the
bearing vibration often includes other frequenci
particularly 100Hz, this may lead to errors

in interpretation of severity. The system was

1o be ‘Bearing Vibrat

which i the part seen and accessible for taking
field vibration measurements. Figure I shows how
the permanent velocity transducer was mounted,
and clearly labelled ‘Bearing 5 Vibration with this.
designation carried through to the control room
monitoring system (about 500m away). Installed
adjacent was one proximity transducer arranged to

for trending ges, but
if the scale had been marked in velocity, comparisons
could have been made with the relevant IS0 and

vibration.

Other turbines have a gap of some 50mm between

her standards ty.

the cover path to the

r replaced 2
the

bearing. outside the machine,

looks similar to

bearings, giving a much more thorough indication of
‘machine condition.

VIBRATION MAY NOT BE WHAT IT
SEEMS (B)

Another design of large steam turbine generator

unit had had an overhaul in which an LP rotor had
been removed. During return to service the vibration

onthe the two LI

A drawing was obtained (see Figure 2) which in this
case showed that the permanent ‘Bearing Vibration’
transducer was sensing vibration of the cover, not of
the bearing

Anaccelerometer was held firmly on top of arod
put through a plugged hole on the top of the cover,
to measure a bearing vibration of 5.1mm/s rms.
(10-1000Hz), This was in the ‘satisfactory range

of

the alarm level. output was
verified with a test vibration instrument placed

P g cap ¢
consistent with the recent ISO Standards**). The

adjacent to it. Freq the largest
vibration component was at 300Hz, or six times the
rotor service rotational frequency.

On some turbines, the bearing shell has a retaining
keep with metal-to-metal contact to the outside,

toload up as normal without
incident. Frequency analysis revealed that the major
component of vibration was at 50Hz, with no 300Hz
component present. It was therefore deduced that
the cover had a resonance at 300Hz, and similar
behaviour was eventually confirmed on other

JANUARY - MARCH - ISSUE 8




rol room data telli"ng

In one particular installation there was a bourdon
tube vacuum gauge on the control room panel

ink it is2

g one. However, i this case it was the change in

which
{ately 38 iches o e s Kestoenes

sea water temperature from above 30 °C to around.
2°C. ove

n. Asaresult the

performance of the steam condcnsers had |mprovcd

@n P : g2 givinglower
inches of ). their g
had been told resultin the henceforth changed to seasonally

barometric pressure of the day, with 30 inches being
normal.

One day, a fault report was made regarding the
pressure gauge,which read 27 inches of vacuum,
when asthe

correct it to a standard sea water temperature of 25°C.

B T i

/i
efciency

plant in the tropics, a consultant

pressure that day was unusually low at 29 inches, so
both instruments were correct.

On other machines, control room instruments
labelled as giving the condenser pressure can have
independent connection piping, emanating from

7 5 :

he Board was

ermal eficiency,
had risen by 1%.
was o gather information and talk with staff

month,

Surprised, because all that had been done to that tine

One such point was located in the tapered part of the
condenser neck, while another was in the parallel
part, upstream and nearer the exhaust blading outlet
‘These points cannot be expected to give the same
indication.

THERMAL EFFICIENCY TALKED UP?

PROTECTION?
“The first parts of a coal-fired power station were built
in the 19205, and used run of river water for cooling
its condensers. As further stages and units were
added, cooling towers were needed to dissipate the
waste heat, with the river providing make-up water
and discharge water. Environmental legislation came
in that limited the allowable temperature rise in the
river, and also set an absolute maximunm downstream

After only three months o

pe

P
power plant in the tropics, a consultant was surprised
to geta congratulatory memo saying that the Board
was pleased to see that the station thermal efficiency,
reported each month, had risen by 1%. Surprised,
becauseall that had been done to that time was to
gather information and talk with staff. It was not
however a case of the Hawthorne Effect!

‘The efficiency was found at the end of each month
by dividing the sent out generation (measured faily.
precisely) by the product of the fuel oil usage (also
measured fairly precisely) and it heating value. Due
allowance was made for any difference in oil tank
stocks at start and end of the month. And yes, the
efficiency had definitely risen from 23% to 24%. Many
things can affect eficiency, the average load factor

JANUARY - MARCH -

top the setting.

Considerable difficulty occurred on some occasions
in keeping to this licence limit. On one very hot

day, the reason for this became apparent when the
downstream thermocouple was inspected and found
to be swaying in the air! The drought conditions had
caused the river flow to decrease to such low levels
that the water level fell below the thermocouple.

ESSENTIAL INSTRUMENTS?

Four generating units were identical, with one
exception which had a thermo-well fitted in its
outlet pipe from the de-aerator, with a thermocouple
leading to a control room instrument. Inexplicably,
the other units did not even have the thermo-well

[Gily
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vol room data telling
u think.it is

TURBINE DIFFERENYIAL EXPAMSION
b fi

was measured directly. Turbine people know that

Steam t detection
and monitoring systems to Shﬂw the axial difference
between the rotor and stationary parts. As the rotor
contains much less metal than the casings, this

first is close to
linearly proportional to steam flow. The only IP
steam flow measurement provided on this plant
was inferred from the IP casing’s first stage pressure

is critical to g the rate of
heating up and loading so that rubs do not occur.
When a steam turbine is taken out of service for
maintenance work, it can take many hours for the
metal parts to cool down sufficiently to enable it to
Ownersand

the plot provided was of a variable
against itself!

TWIN OUTLET PIPES

et e develped wars of peciing o s
process. Steam forced cooling during offloading
is one method. When offload another method is
forced air cooling. With the rotor turning over

I mills of a large lignite boiler had
two outlet pipes, each conveying the pulverised fuel
and hot gas mixture to an identical burner system.
‘The fan action drew hot gas from furnace exit level,
‘mixed it with the coal, and blew the lot into the

slowly pip
t0an appropriate point and a blower used to force.
air through the steam blading, usually i the reverse
direction of the steam flow. As when starting up,
monitoring of the differential expansion is criical.

An early experiment with thls method proceeded

burners. (A was used in each outlet
pipe, both to classify the pulverised fuel and separate.
the flows into fuel-rich and fuel-lean streams, but that
is not relevant to this case).

‘The design intention was that the flows through
each path would be equal. To prevent corrosion,

wel y
expansion indication moved wc]l heyond thelimits

required to b kept within a range above the dew point

set down by the
offthe coolingair the rotor conlinied o smovs

value. Ce
could change from 63% to 69%. As moisture mcmased

further The
manufacturer was contacted urgently, and responded
it th

keep wllhm et e weu

experience. L with
design engineers revealed the often large margins for
safety built into recommended limits.

THE USELESS PLOT
‘The manufacturer of a large steam turbine was
concerned that excessive steam flow through the

and , had to be reduced.
Asthis is was ke operating variable, a temperature
point provided in one outlet leg was trended
continuously on visual screens. The temperature
of the other outlet leg was also measured, but

only indicated when selected by the operator.
Investigation showed tht thers coudbearge

last stage of

would the Not
cause overloading of the blading. Accordingly,a only was one kg ~ the un-monitored one - at risk of
but balanced.

plot of steam flow against first stage p
provided, with the instruction that operation above
the line was notallowed. One of the many data.
displays in the control room concerned ‘IP Steam
Flow, and with the steam pressure also indicated to
the operators, correct operation was expected.

“This would have been satisfactory i the steam flow

Both needed to be shown together continuously.

VACUUM GAUGE VERSUS ABSOLUTE
PRESSURE GAUGE.

‘The exhaust pressure of a turbine as maintained by its
condenser i critical to thermal effciency and output.
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Abstract

Lo URT

s your control room data telling

you what you think'it'is?

Ray Beebe

Victoria, Australia

School of Applied Sciences and Engineering, Monash Universiy,

The investigation and diagnosis of plant problems
is a central part of the maintenance engineering
function. The techniques used often relate closely
to those used in condition monitoring and can
similarly require dedicated instruments or special
instrument arrangements. Savings in effort

and time are possible if permanently installed
instrumentation with displays, perhaps augmented
by computer based systems, are available in

the control room ~ which can have an apparent
authority to which may be ascribed greater
accuracy than is justified, as the data displayed
andlor recorded can only be as accurate as that
which is provided by the initiating element and its
placement. Several case studies illustrate various
aspects of this matter which are of i for

the paper
ICOMS2005 meeting in Hobart, Tasmania, June 2005)

author at the

ROTATION AFFECTS TEMPERATURES IN A
STEAM TURBINE GENERATOR

A pair of turbine generators was installed in line,
but in opposite hands, .e. with the machine fronts.
facing each other. This was a convenient layout,

the control room situated between the two and

the pair of boilers,resulting in the steam piping
running under the control room and then feeding
in opposite directions. This layout required most of
the piping to be provided in left hand and right hand
configuration. (There must have been considerable
cost savings when later machines were laid out allin
the same orientation)

For symmetry, and to minimise the length of the
cable runs, the instrument points provided on

maintainers and designers.
Keywords: instrumentation, diagnosis, monitoring

INTRODUCTION

Mmmnnce work often involves

the plant in the piping and in the
generator stator teeth on the control room side of
both machines. Appropriate operating limits were
provided. In operation, it was found that under the
same loading and steam supply conditions, one
‘machine had consistently higher stator and steam
extraction temperatures than the other. As the.

an evident plant performance problem. Over my
career I have encountered many interesting, often
amusing, cases i this area, all worth re-telling,
because everybody (engineers included) loves a good
story, and they have a message that is stil relevant
As would be expected, given the twenty eight years I

this was puzzling. Eventually, someone realised

that because both machines rotated clockwise

when viewed from their front, the control room side
of Turbine A had the steam extraction flows and
generator coolant gas flows sweeping downwards
past the measuring points, while Turbine B had these

worked in or for several p in Australia
and the UK, the cases concern power generation
plant, but most of them carry apply

. Apparently, the direction
of rotation affected the indications. Once these

anywhere,
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operated for many years without any problems.
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