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ABSTRACT

This project concentrates on the design and implementation of preventive
maintenance program for assisting manufacturer in improving the performance of plant
mai ntenance system and also reducing maintenance cost simultaneously.

The mechanical seal isthe equipment that's considered to be the main part of this
program. Thai Kraft Industry Co., Ltd. (TKIC), one of the major companiesin pulp and
paper industry of Thailand, decided to implement the preventive maintenance instead of
the traditional one for mechanical seal repairing. Sealing Technology Co., Ltd. (STC),
the reliable mechanical seal supplier of TKIC, proposed the 3-year preventive
mai ntenance contract to TKIC. Before signing the contract, plant survey has been done
by the project team of STC. By information from plant survey record, retrofit technique
and John Crane mechanical seal specification, the quotation can be developed. After
several negotiations, the mechanical seal preventive maintenance program is
implemented. In order to develop this program, the maintenance document such as Tag.
No., mechanical seal history card, and maintenance schedule must be designed.

The evaluation of the STC maintenance service was done by the customer. TKIC
monitors the project by considering monthly report from STC project team. Besides,
Mean Time Between Failure (MTBF) has been calculated and compared with the
traditional one. Thisindex can help TKIC to decide to continue implementing
preventive maintenance program after the existing contract was expired. Considering
STC side, the payback period, yearly cash flow, process time of bidding and resigning
the optional additional 2-year contract have been developed so as to track the project

cost and prepare the project life extension proposal for the customer.
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I.INTRODUCTION

1.1 Introduction

Most of the machines that are used for transferring or mixing the fluid products
are necessary to have the dynamic seals. Pumps, agitators, mixers are the good example
of the machines that need dynamic seals to prevent the leakage of the fluid from them to
the atmosphere. There are two main reasons to prevent the leakage from those
machines. Thefirst reason is commercial concern, which concentrates on the value of
the products especially, the costly products such as pulp, food and beverages, medicine,
etc. The second is environmental concern, which focuses on the pollution and the
hazard that might be caused by the leakage from products such as petrochemical
products, acid, etc.

Typically, there are so many kinds of the dynamic seals. In the past, metal bush
was used as the seal for the space between rotating shaft and the machine housing.
Because of its hardness and design, the damage of the machine's shaft was happened
and also the leakage. The second generation of dynamic seal was gland packing, which
was developed by changing the material from the metal to synthetic fiber in order to
make itself softer. Besides, the additives such as Polytretafluoroethelene (PTFE)
graphite were filled in the synthetic fiber to reduce the friction between seal and shaft.
However, it still has the wear on the shaft which is one cause of leakage. Nowadays, the
hi-technology product named mechanical seal becomes the sol ution of sealing
technology. It can prevent the leakage perfectly and at the same time get rid of the shaft
wear problem.

Sealing Technology Company, subsidiary of Econosto (Thailand) Ltd., was

established for mechanical seal problem solution. The company serves the clients by



giving engineering consultation about the mechanical seal selection and supplies the
"John Crane" mechanical seal products. Because of the reliability of the company, Thai
Kraft Industrial Company Limited (TKIC), one of the company's potential pulp and
paper industrial group customers was interested to implement the mechanical seal
service contract with the company for 3 years period. The objectives of this contract are
the mechanical sedl life extension, breakdown time minimization, seal failure analysis
and mechanical seal standardization. By implementing this project, the customer
believed that the maintenance cost of mechanical seal will be decreased and
simultaneously, plant reliability will be increased.

Before TKIC decided to sign the contract, the corrective maintenance had been
implemented. At that time, TKIC faced alot of unsolved problems, because the
machine repairing record was not collected and they've never done seal failure analysis.
When the mechanical seal failed, they just threw it away though some parts of it can be
reused. Therefore, the company tried to eliminate those problems by using preventive
mai ntenance.

Sealing Technology expects to gain the profit from this project by applying the
lapping technique, which is one of the preventive maintenance methods to prolong the
mechanical sed life, refurbishment and the spare part replacement. From these actions,
the maintenance cost will be reduced.

1.2 Objective

The objective of the project is to show how to develop and implement the
preventive maintenance program and also to illustrate the benefits of the preventive
mai ntenance which are as follows:

(1) Maintenance cost saving.

(2) Reliability maximization.



(3) Mean time between failure (MTBF) increasing.

1.3 Scope

The project scope is aimed to study and apply the preventive maintenance concept

to the mechanical seals which areinstalled in the rotary equipment of TKIC. The

project will concentrate on developing and implementing of preventive maintenance

program. In order to devel op this program, the maintenance documents such as Tag.

No., Mechanical Seal History Card are designed for collecting the machine data while

TKIC Mechanical Seal Preventive Maintenance Schedule, TKIC Stock Inventory and

monthly report are developed for the maintenance program implementation. The

payback period, NPV and MTBF are calculated in order to evaluate the 3-year

preventive maintenance program.

1.4 M ethodology

The project methodologies are as follows:

(1)

©)
(4)
®)

Identifying the specific industrial firm's maintenance information to
consider the traditional maintenance program situation.

Comparing the advantage of preventive maintenance with the traditional
corrective maintenance program.

Selecting the most appropriate mai ntenance method.

I mplementing the preventive maintenance program.

Evaluating the performance of the program by calculating the financial and

maintenance index.



Il. LITERATURE REVIEW

Each Project Life Cycle starts with an examination of the feasibility of the project
for the client. The feasibility study could be a discrete phase of the project. Thus prior to
the decision to proceed with the development of an engineering project, a preliminary
investigation or feasibility study should be made to determine whether the project is
worthwhile and if so, what is the best option or alternative to adopt. Usually afeasibility
study considers a project from a 'whole-of-life' perspective. The ‘whole-of-life'
considers the project from beginning until it is de-commissioned. These studies
normally require arange of input including technical, economic, political, social and
environmental considerations. A study that concentrates only on technical
considerations could be inadequate and could result in areport that will not be approved
or worse will cause ramifications during the life of the project.

Clients seek feasibility studiesfor different reasons. A study that identifies that
the client's concept is achievable is not a guarantee that a project will be sanctioned or
funded. Accordingly, there tend to be more feasibility studies than projects.
Interestingly you should note that some multi-million feasibility studies are projectsin
their own right and the organization preparing the feasibility study may possibly be a
specialist firm with no relationship to the Project Management group assuming a project
eventuates.

2.1 Key Question

The key question that must be answered is whether the project will be worthwhile,
in other words 'will it pay'. To start, you will need to formulate the essential features of
the project and then determine whether it should be done now, later or never. If the

project isidentified as being worthwhile all the various alternatives or options of



executing the proposal must be analyzed. A logical processis necessary and a
suggested approach is as follows:

(8 Identify the requirement (the client's goals)

(b) Identify the limitations (time, funds, location, use, life, political influences)
resolve the unknowns (site information, maintenance factors, lobby groups,
silent partners)

(c) Identify and analyze the project options, considering:

() Theneed - undertake or amend existing procedures (phases)?

(2) Thetiming - do all now, part only to satisfy current demands?

(3) Thecost - what isthe best investment strategy?

(4) The method - are there aternative ways to achieve the same result?
develop the preferred option (this may become the project plan).

At the outset there must be discussion with the client to determine the 'whole-of -
life' requirement for the proposal. Some clients may be vague on the eventual use of the
product that will be provided by the project so it is essential that positive discussion
occur. Hence the feasibility study leader must be prepared to take the initiative. If
immediate responses are not forthcoming, options can be presented to the client in the
study. This may appear convoluted but remember that clients do not have all the
expertise (remember you are there to provide the client with the best solution). Once the
client has identified the project requirements, discussion should lead to answers or
directions on the following questions:

(@ What istherequired time frame to deliver the project?

(b) How will the project be funded during execution and beyond?

() How will the project be executed - client's organization, contractors engaged

by the client, project manager or another?



(d)  Arethere any restrictions - location, political, cultural, security?

()  What does the client intend to do with the project on completion - sell it,
rent it, use it, develop it further, other (overseas aid project where the
product is given to host country may del ete the need for economic
considerations)?

(f)  How will the project be maintained on completion? Who will pay (this may
influence options for the project - higher initial investment and lower
maintenance versus lower initial investment and higher maintenance)?

(9 Doestheclient have any initial studies or reports that are available?

All the above assumes a relationship (contractual or otherwise) has been reached
between the client and the organization preparing the feasibility study. Thisis often an
exchange of letters where requirements, report time-frames and fees are agreed. The
feasibility study can be atime consuming activity and you should establish the
operating framework before the investigation is commenced.

2.2 Economic Factors

M ost engineers are able to address the technical requirements (design,
construction or production) of afeasibility study but often do not appreciate the
economic factors - an essential management skill for engineering managers. The level
of economic study required is dependent on the project. In some cases, all that may be
required is an estimate; others will require a full economic analysis. Often this will
become apparent during the discussion period with the client.

There are a number of ways of conducting an economic analysis. Engineering economic
studies are concerned with both the initial capital cost of the project including debt as
well as the continuing operation and maintenance and the benefits to be gained from its

existence. When the assessment of various factors of relative significance presents some



difficulty estimates are made, with the basis of reasoning also listed. This can also
apply to the prediction of future trends; however, the use of external authoritative
sources can assist. When making assumptions that may critically affect the project path,
you must also determine what other actions may be necessary should the assumption
prove incorrect.

Most economic studies aim to reduce factors to common units of money and time-
scale so that alternatives can be compared. This leads to a cost-benefit analysis where a
project can be economically justified if its benefit to cost ratio is greater than one. The
benefits are defined as the total gain to the owner arising from the project; costs are the
amounts to create and sustain the project. These are usually expressed in the same units
such as dollars/annum, dollars/hectare, dollarg/litre. Costs should include interest,
depreciation, training, operation, maintenance, government charges, foreign exchange
rates and any other directly attributable charges.

The status quo option (do nothing) should always be considered. If the
construction of a new school will cost $100 000/annum, but the estimated community
saving is $150 000/annum then the project is worthwhile as the benefit to cost is greater
than one (1.5). There could be a number of alternatives to develop the school (total
completion/partial completion now, open/closed layout) and thiswill vary the benefits
and costs. Cost-benefit ratios should be devel oped for each option, with the best option
being preferred.

2.3 Economics M ethods of Comparison

During Engineering Economics, different economic comparison methods were

introduced. Feasibility studies can use a variety of methods to assess a project's

potential worth. These will normally include:



St. Gabri "s 1:1;

2.3.1 Payback Period and Discount Payback(Brigham 1997)
The payback period, defined as the expected number of years required to recover
the original investment, was the first formal method used to evaluate capital budgeting

projects. The payback calculation is diagrammed in Figure 2.1, and it explained below

for Project S
Project S: 0 1 2 3 4
I
Net cash flow -1000 500 400 300 100
Cumulative NCF -1000 -500 -100 200 300
Project L: 0 il 2 3 4
I
Net cash flow -1000 100 300 400 600
Cumulative NCF -1000 -900 -600 -200 400

Figure 2.1. Payback Period of Project Sand L. (Brigham 1997).

(1) Cumulative cash flow of year O equals to net cash flow of year O (CFO)
which is-1000

(2 Now add CF 1 = 500 to find the cumulative cash flow at the end of Year 1.
Thisis-500.

(3 Now add CF2 = 400 to find the cumulative cash flow at the end of Year 2.
Thisis-100.

(4) Now add CF3 = 300 to find the cumulative cash flow at the end of Year 3.

Thisis +200.



(®) You seethat by the end of Y ear 3 the cumulative inflows have more than
recovered the initial outflow. Thus, the payback occurred during the third
year. If the $300 of inflows come in evenly during Y ear 3, then the exact

pay back can be found as follows:

Paybacks = Y ear before full recovery + Unrecovered cost at start of year
Cash flow during year
= 2+100/300 = 2.33 years.

Applying the same procedure to Project L, we find Payback;, = 3.33 years.

The shorter the payback the better. Therefore, if the firm required a payback of
three years or less, Project S would be accepted but Project L would be rejected. If the
projects were mutually exclusive, S would be ranked over L because S has the shorter
payback. Mutually exclusive means that if one project is taken on, the other must be
rejected. Independent projects are projects whose cash flows are independent of one
another.

Some firms use a variant of the regular payback, the discounted payback period,
which is similar to the regular payback period except that the expected cash flows are
discounted by the project's cost of capital. Thus, the discounted payback period is
defined as the number of years required to recover the investment from discounted net
cash flows. Figure 2.2 contains the discounted net cash flows for Projects Sand L,
assuming both projects have a cost of capital of 10 percent. To construct Figure 2.2,
each cash inflow is divided by (1 + k)' = (1. 10)', wheret is the year which the cash
flow occurs and Kk is the project's cost of capital. After 3 years, Project Swill have
generated the $1,000 cost plus an extra $11, or $1,011 in discounted cash inflows. Since
the cost is $1,000, the discounted payback is just under 3 years, or, to be precise, 2 +
($2 14/$225) = 2.95 years. Project L's discounted payback is 3.88 years:

Discounted paybacks = 2.0 + 214/225 = 2.95 years.



Discounted payback, = 3.0 + 360/410 = 3.88 years.

Project S: 0 1 2 3 4

Net cash flow -1000 500 400 300 I100
Discounted NCF -1000 455 331 225 68
Cumulative discounted NCF  -1000 -545 -214 1 79
Project L: 0 1 2 3 4

Net cash flow -1000 100 300 400 %OO
Discounted NCF -1000 91 248 301 410
Cumulative discounted NCF ~ -1000 -909 -661 -360 50

Figure 2.2. Discounted Payback Period of Project S and L.(Brigham 1997).

For Projects S and L, the rankings are the same regardless of which payback
method is used; that is, Project Sis preferred to Project L, and Project S would still be
selected if the firm were to require a discounted payback of three years or less.

2.3.2 Net Present Value (NPV) (Brigham 1997)

The net present value (NPV) method relies on discounted cash flow (DCF)
methodology. To implement this approach, we proceed as follows:

(1)  Find the present value of each period's net cash flow; including both inflows

and outflows, discounted at the project's cost of capital.

(2) Sum these discounted net cash flows; this sum is defined as the project's

NPV

10
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(3) If the NPV is positive, the project should be accepted. If the NPV is
negative, it should be regjected. And if two projects are mutually exclusive,
the one with the higher positive NPV should be chosen.

The NPV isfound using this equation:

CK

NPV =
t=0 (* o0

Here Cl-, is the expected net cash flow at Period t, and k is the project's cost of
capital. Cash outflows (expenditures on the project, such as the cost of buying
equipment or building factories) are treated as negative cash flows. In evaluating

Projects Sand L, only CFO is negative, but for many large projects such as a new

automobile model, an electric generating plant, or a new steel mill, outflows occur for
several years before operations begin and cash flows turn positive. Also, note that the
above equation is quite general, so inflows and outflows could occur on any time basis,
say, quarterly or monthly, in which case t would represent quarters or months rather
than years.
At a 10 percent cost of capital, the NPV of Project Sis $78.82:
0 k=10% L 2

Cash Flows ($1,000) $500 $400 $300 $100
454,55 <

33058

225,39 <

68.30 <

$78.82 = NPVs

11



*By asimilar process, we find NPVL = $49.18. On this basis, both projects should
be accepted if they are independent, but S should be the one chosen if they are mutually
exclusive.

2.3.3 Internal Rate of Return(Brigham 1997)

The IRR is defined as that discount rate which equates the present value of a

project's expected cash inflows to the present value of the project’'s expected costs or;

equivalently, forces the NPV to equal zero:

n
— (@0

= =" -—0
t=0(1 + IRR)
Hereis the setup for Project S:

0 IRR="7?

STENN

CashFlows  ($1,000) $500 0 $300 $100

Sum of PVgfor CF ,_ 4 =$1,000

Net present value $ 0

IRRs = 14.5% = Discount rate which forces the sum of the PVs

of CF 1.4 to equal the project's cost, $1,000, i.e.,

which forces the NPV to equal zero.
Internal rates of return can be calculated with financial calculators and computers,
and most firms have computerized their capital budgeting processes and can quickly
generate IRRs, NPV's, and paybacks for all projects. Thus, business firms have no

difficulty whatsoever with the mechanical side of capital budgeting. Project S has IRRs

12



= 14.5%, while IRRL = 11.8%. If both projects have a cost of capital of 10 percent,
then the internal rate of return rule indicates that if the projects are independent, both
should be accepted - they both are expected to earn more than the cost of the capital
needed to finance them. If they are mutually exclusive, S ranks higher and should be
accepted, while L should be rejected. If the cost of capital is more than 14.5 percent,
both projects should be rejected.
2.3.4 Profitability Index(Brigham 1997)
Another method used to evaluate projectsis the profitability index (Pl), or the

benefit/cost ratio, asit is sometimes called:

_CF
Pl = PV benefits = £, (1+Kk)'
PV costs
n COK
t O (1 +:|Ot

Here CIF; represents the expected cash inflows, or benefits, and COF; represents
the expected cash outflows, or costs. The Pl shows the relative profitability of any proj-
ect, or the present value of benefits per present value dollar of costs. The PI for Project
S, based on a 10 percent cost of capital, is 1.079:

Pls=$1,078.82 /$1,000 = 1.079.

Thus, on a present value basis, Project Sis expected to produce $1 .079 for each
$1 of investment. Project L, with a Pl of 1.049, should produce $1 .049 for each dollar
invested.

A project is acceptableif its Pl is greater than 1.0, and the higher the PI, the

higher the project's ranking. Therefore, both S and L would be accepted by the Pl

13



criterion if they were independent, and S would be ranked ahead of L if they were
mutually exclusive.
2.4 Depreciation Concepts and Terminology(Dergarmo 1997)

Depreciation is the decrease in value of physical properties with the passage of
time and use. More specifically, depreciation is an accounting concept that establishes
an annual deduction against before-tax income such that the effect of time and use on an
asset's value can be reflected in afirm's financial statements. The actual amount of
depreciation can never be established until the asset is retired from service. Because
depreciation is a noncash cost that affects income taxes, we must consider it properly
when making after-tax engineering economy studies.

Depreciable property is property for which depreciation is allowed under federal,
state, or municipal income tax laws and regulations. To determine if depreciation
deductions can be taken, the classification of various types of property must be
understood. In general, property is depreciable if it meets the following basic
reguirements:

() It must be used in business or held to produce income.

(2) It must have adeterminable useful life and the life must be longer than one

year.

(3) It must be something that wears out, decays, gets used up, becomes

obsolete, or loses value from natural causes.

(4) Itisnotinventory, stock in trade, or investment property.

Depreciable property is classified as either tangible or intangible. Tangible
property can be seen or touched, and it includes two main types called personal property
and real property. Personal property includes assets such as machinery, vehicles,

equipment, furniture, and similar items. In contrast, real property island and generally

14
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anything that is erected on, growing on, or attached to land. Land itself, however, is
not depreciable because it does not have a determinable life.

Intangible property is personal property such as a copyright, patent, or franchise.
We will not discuss the depreciation of intangible assets because engineering projects
rarely include this class of property.

A company can begin to depreciate property it owns when the property is placed
in service for use in the business or for the production of income. Property is considered
to be placed in service when it isready and available for a specific use, even if it is not
actually used yet. Depreciation stops either when the cost of placing it in service has
been recovered or it isretired from service. The Classical Depreciation Methods are as
follows
2.4.1 Straight-Line (SL) Method(Brigham 1997)

Straight-line depreciation is the simplest depreciation method. It assumes that a
constant amount is depreciated each year over the depreciable (useful) life of the asset.
The following definitions are used in the equations below. If we define

N = depreciablelife of the asset in years

B = cost basis, including allowable adjustments

dk = annual depreciation deduction inyear k (1 k N)
BVk = book value at end of year k
SVN = estimated salvage value at end of year N
dy* = cumulative depreciation through year k

then

dk = (B - SVN)/N

dk* = kdk for Lk N

15



BV, =B - dk*

2.4.2 Declining Balance (DB) Method(Brigham 1997)

In the declining balance method, sometimes called the constant percentage
method or the Matheson formula, it is assumed that the annual cost of depreciationisa
fixed percentage of the BV at the beginning of the year. The ratio of the depreciation in
any one year to the BV at the beginning of the year is constant throughout the life of the
asset and isdesignated by R (O R 1). In this method, R = 2/N when a 200%
declining balance is being used (i.e., twice the straight line rate of 1/N), and N equals
the depreciable (useful) life of an asset. If the 150% declining balance method is
specified, then R = 1.5/N. The following relationships hold true for the declining
balance method.

d, = B(R)
dk = B(1 - R*'(R)
dk* = B[1- (1 - R)|
BVk = B(1- R)"
BVN =B(1- R
2.4.3 Sum-of-the-Y ears-Digits (SY D) Method(Brigham 1997)

To compute the depreciation deduction by the SY D method, the digits
corresponding to the number for each permissible year of life arefirst listed in reverse
order. The sum of these digitsis then determined. The depreciation factor for any year is
the number from the reverse-ordered listing for that year divided by the sum of the
digits. For example, for a property having a depreciable (useful) life of five years, SYD

depreciation factors are as follows:
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Number of the SYD

Year in Reverse Depreciation
Year Order (digits) Factor
1 5 5/15
2 4 4/15
3 3 3/15
4 2 2/15
5 1 /45
Sum of the digits 15

The depreciation for any year is the product of the SY D depreciation factor for
that year and the difference between the cost basis (B) and the estimated final SV. The
genera expression for the annual cost of depreciation for any year k, when N equals the

depreciable life of an asset, is

d B-SVN ke
= (B-SVN) -1l v+
The book value at the end of theyear kK is
Bvi=B- 2BSVN) i (B-SVN) k(k+1)
N N(N+1)

and the cumul ative depreciation through the year k is simply

dk’ =B — BVk
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2.5 Controlling Cost and Schedule(Kerzner 1979)

The essential management function of control has been defined simply as
"compelling events to conform to plans’. There we found that the first step in control
was to establish standards, and that this was done in the planning process. The project
planning methods such as the Gantt (bar) charts, and network scheduling systems such
as PERT can help you to achieve the project.

2.5.1 Gantt (Bar) Charts(Agarwal 1995)

Henry L. Gantt, one of the pioneers of the scientific management movement, is
generally credited with initiating the concept of a class of chartsin which the progress
of some set or sequence of activities or resources in the vertical dimension is plotted
against time in the horizontal dimension. The first reported application was in 1915,
when Gantt was keeping track of the time between ordering and delivery of each lot of
ammunition produced in the United States for Allied forcesin World War |.

Gantt charts have found many other applications. In the job-shop or batch-
production environment, Gantt charts are used to schedul e the use of production
machines, and elsewhere for the planning and control of work crews. In project
management, it is tasks or activities (project performance) that must be charted against
time (project schedule). Three things must be established in the project planning process
before Gantt charts can be created:

(1) Thetasks (activities) needed to complete the project

(20 The precedence relationships of the tasks (which tasks must be complete

before other specified tasks can begin)

(3) The expected duration of each task
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Table 2.1. Information for Planning House Project.(Agarwal 1997).

Follows Weeks Manning
Task Task(s) Duration Task Description Level
A Start 1.0 Clear site 3
B Start 0.6 Obtain lumber and other basic materials 1
C Start 2.0 Obtain other materials and components 1
D B 2.0 Prefabricate wall panels 4
E B 0.9 Prefabricate roof trusses 3
F A, B 1.0 Form and pour footings and floor slab 3
G D,F 0.3 Erect wall panels 4
H E G 0.2 Erect roof trusses 4
J C,H S Complete roof 3
K J 2.0 Finish interior 4
L J 1.0 Finish exterior 2
M L 04 Clean up site 1
N K, M 0.2 Final inspection and approval 1

Table 2.1 illustrates these three items (plus a "manning level" for later use) for a
simple project: building a single-story residence on a concrete slab by first
prefabricating wall panels (with electrical wiring and plumbing inside) and roof trusses.
Time durations have been given in weeks assuming afive-day work week, so that an 8-
hour day is 0.2 week. Given these durations and precedence relationships, a simple bar

chart can be drawn in which each task is represented by a solid bar (Figure 2.3).
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Figure 2.3. Gantt Chart of House Project.(Agarwal 1997).

Bar charts can be elaborated with symbols and arrows above and below the

bars to indicate significant points within the task or relationships to other tasks. A

bar chart showing only the major subdivisions of project activity (composite

tasks) is often known as a master schedule. Figure 2.4 illustrates such a schedule

in "line-bubble" format for a minicomputer development project; symbols above

the lines (bars) give the originally scheduled start and finish dates for each task;

open symbols below each line show the latest reschedule, and solid symbols show

that the date tasks were actually begun and compl eted.
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MASTER SCHEDULE
Program NamMinicom_puter Development

Contract No
— i
Itern WBS B| o o & | %’|§ 38| ‘9 o y|
No Task Referende~'| N ©l=z '& 3
1 |Project kickoff
2 |Equipment design| 10 |y v
ARA A A A
3 |[Critical designreview- - - v
_ TA A A
4 |Prototype fabrication 2.0 v v
A AA A A
5 |Test and integratign 2.2 v v
. i A A IAA
6 |Operation and maint 3.0 v \/
T A
7 |Marketing 4.0 v e V
8 |Transmissionto nfg 5.0 \
V' Originally scheduled milestone
A Rescheduled milestone REVIEW
DATE

A Completed milestone

5 "

Figure 2.4. Example of Master Schedule (in Line-bubble Format). (Agarwal 1997).

Gantt charts are easy to understand and use, and they provide a good tool for
managing small projects without an excessive number of tasks. Bars can befilled in
with afelttip pen to show the extent of task completion, making obvious the tasks that
are behind or ahead of schedule. At one time Gantt charts were considered an inflexible
tool, since a schedule change in some critical task might make it necessary to redraw
many charts by hand. This disadvantage has been eliminated by project management

software packages.
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Figure 2.5 shows a simple Gantt chart as it would appear on a computer screen
drawn by Harvard Project Manager 3 .0, an early personal computer software. Task A
on Figure 2.5, for example, was planned (top solid bar) to begin October 7 and end
before October 14, but it could be permitted to end as late as October 16 (thin extension
of top bar). The task actually began October 9, but finished as originally scheduled
(bottom solid for task A). If delays or changes in the project make replanning necessary,
one simply changes a few parameters of computer input, and the computer completely
replans the project and can reproduce a new set of Gantt charts and schedule reports at

minimal cost.

;Fl—HeIp 6,M41

Nov

Task A

5.00 Dys W
Task 1

6.00 Dys W
Task B

3.00 Dys W
Task 2
37.00 Dys W

Milestone 1
23-Oct-1986

4A

Gantt chart
PERT chart

Figure 2.5. Gantt Chart Drawn by Harvard Project Manager 3.0.(Kerzner 1979).
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2.5.2 Network Scheduling Systems(Kerzner 1979)

About 1958 two similar systems for network-based project scheduling were
devised: the program evaluation review technique (PERT) was created by Booz, Allen,
and Hamilton (management consultants) and Lockheed Aircraft Corporation for usein
development of the Polaris ballistic missile, and the critical path method (CPM) was
developed by the DuPont Company for chemical plant construction. In the intervening
years the features of each have been added to the other, but the terminology "PERT" is
still used in aerospace and related industry, and "CPM" is preferred in the construction
industry.

A network can be portrayed using either of two graphical techniques: the arrow or
the circle diagram. Figure 2-6 is the arrow diagram for the house project, based on the
same data (Table 2-1) used for the bar chart in Figure 2.3. The arrows represent
activities or tasks, which have time durations and consume resources (dollar cost and
use of people and equipment); the circles represent events, which indicate the start
and/or end of one or more activities. An activity may be given its own symbol (such as
A in Figure 2.6), or it can be designated by its predecessor and successor events
(activity 1,2 or 1-2 instead of A). No activity may begin until all activitiesending in its
predecessor event have been completed. Dummy activities, shown by dashed arrows
such as 3-2 in Figure 2.6, simply show a precedence relationship between eventsin an
arrow diagram, and they consume neither time nor any other resource. For example,
activity F (2-4) cannot start until both A and B (1-2 and 1-3) are complete, whereas
activity D (3-4) or E (3-5) depends only on the completion of activity B (1-3). Durations
(here in weeks) are shown below each arrow.

The critical path isthe longest path through the network, calculated by a computer
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software algorithm (or, in this simple case, by hand). In our house problem the critical
path, shown with heavier arrows, is B-D-G-H-J3K-N (1-3-4-5-6-7-9-10) and has a
duration of 5.8 weeks. Activities not on the critical path allow a degree of scheduling
flexibility (called slack or float) that the project manager can use in obtaining the best
use of resources. For example, activity E (3-5) has a duration of 0.9 week, whereas the
paralel path D-G (3-4-5) has a duration of 2.3 weeks; activity E therefore has a slack of
1.4 weeks, and its start may be delayed that much without affecting the ending date of
the project. Similarly, activity C (1-6) has a duration of 2.0 weeks, and the parallel path
1-3-4-5-6 has aduration of 3.1 weeks; the start of activity C may therefore be delayed
up to 1.1 weeks without penalty.

Exactly the same relationships can be shown on a circle diagram (also known as
an activity-on-node (AON) diagram), in which activities are shown within the circles
and the arrows simply show dependency relationships between activities. Figure 2.7
shows the AON equivalent for the house project. All paths must begin with the "start"
symbol and terminate at the "end.” No equivalent to the dummy activity of the arrow

diagram is required.

Figure 2.6. Arrow (Network) Diagram of House Project.(Agarwal 1997).
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Figure 2.7. Activity-on-node, (Network) Diagram of House Project. (Agarwal 1997).

2.5.3 PERT Treatment of Uncertainty(Agarwal 1995)

A special feature developed with PERT is the treatment of activity durations (and
therefore total project duration) as variables rather than constants. To use this feature,
estimators are asked to provide three estimates of the duration of any activity that might
vary:

() Anoptimistic time (a) that would only be improved upon once in 100

attempts

(2) A most likely time (m) that would occur most often if the activity were

repeated many times (statistically, the mode)

(3) A pessimistic time (b) that would only be exceeded once in 100 attempts

The developers of PERT assumed that the probability distribution of possible
durations of an activity fits a beta distribution, which need not be symmetrical (m need
not be equidistant between a and b). The expected time (or mean value) t, in the beta

distribution can be approximated by

te=a+4m+Db
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For example, if an activity were estimated to have an optimistic time of 10 weeks,
amost likely time of 13 weeks, and a pessimistic time of 19 weeks, one would predict
an expected (mean) time of

t, = 10+4(13)+19 = 13.5 weeks
6

Assuming the optimistic (&) and pessimistic (b) estimates for duration of an
activity are three standard deviations on either side of the mean t,, the standard deviation

for the activity becomes

= b—a= 19—10=1.5weeks
6 6

The expected length of the critical path T for the entire project is obtained simply
by adding the expected times t, for (only) those activities lying on the critical path.
Standard deviations cannot be added in the same way-only variances (the squares of
standard deviations) can. The standard deviation 6r of the total project duration
therefore becomes the root mean square of the standard deviations of activities lying

along the critical path:

or=\ X (6%)

According to the central limit theorem of statistics, the probability
distribution of the average or sum of a set of variables tends toward (approaches) the
symmetrical normal distribution, even though the original variablesfit other
distributions. Knowing the expected time (mean) and standard deviation for the critical

path permits usto draw a normal distribution fitting those two criteria.
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project in 61.0 weeks (which is (61.0 - 58.0)/3.0, or 1.0, standard deviation longer than
the mean of 58.0 weeks), you would estimate an 84% probability (50% + 34%) of
completing the project within that time. The probability of completion within a 52-week

year, 2.0 standard deviations (6.0 weeks) less than the mean T,, on the other hand,

would only be (50.0-34.1 - 13.6=) 2.3%.

99% C
950  —=F

68% °°1

2.3%

13.6% | 34.1%

34.1% | 13.6%

Weeks 46 49 52 55 58 61 64 67 70
Standard deviation—o- -3G 2G -1 G +10+2_ +3a
Cumulative ——  2.3% 15.9% 50% 84.1% 97.7% 99.9%

percent

Figure 2.8. Normal Probability Distribution of Project Critical Path.(Agarwal 1995).
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2.6 Maintenance and Reliability(Heizer 2001)

The results of failure can be disruptive, inconvenient, wasteful, and expensive in
dollars and in lives. Machine and product failures can have far-reaching effects on an
organization's operation, reputation, and profitability. In complex, highly mechanized
plants. an out-of-tolerance process or a machine breakdown may result in idle
employees and facilities, loss of customers and goodwill, and profits turning into losses.
In an office, the failure of a generator, an air-conditioning system, or a computer may
halt operations. A good maintenance and reliability strategy protects both afirm's
performance and its investment.

The Objective of maintenance and reliability is to maintain the capability of the

system while controlling costs. A good maintenance system drives out system
variability. Systems must be designed and maintained to reach expected performance
and quality standards. Maintenance includes all activities involved in keeping a system's
equipment in working order. Reliability is the probability that a machine part or product
will function properly for a specified time under stated conditions.
Two firms that recognize the strategic importance of dedicated maintenance are Walt
Disney Company and United Parcel Service. Disney World, in Florida, isintolerant of
failures or breakdowns. Disney's reputation makes it not only one of the most popular
vacation destinations in the world but also a mecca for benchmarking teams that want to
study its maintenance and reliability practices.

Likewise, UPS's famed maintenance strategy keeps its delivery vehicles operating
and looking as good as new for 20 years or more. The UPS program involves dedicated
drivers who operate the same truck every day and dedicated mechanics who maintain
the same group of vehicles. Drivers and mechanics are both responsible for the

performance of avehicle and stay closely in touch with each other.
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The interdependency of operator, machine, and mechanic is a hallmark of successful
maintenance and reliability. As Figure 2.9 illustrates, it is not only good maintenance
and reliability procedures that make Disney and UPS successful. but the involvement of

their employees as well.

Employee Involvement

Information sharing
Skill training
Reward system

Power sharing Results

Reduced inventory
Improved quality
Improved capacity
Reputation for quality
Continuous improvement

Maintenance and Reliability
Procedures

Clean and lubricate
Monitor and adjust
Minor repair
Computerized records

Figure 2.9. Good Maintenance and Reliability Strategy Requires Employee
Involvement and Good Procedures.(Heizer 2001).

The tactics for improving the reliability and maintenance not only of products
and equipment but also of the systems that produce them. The four tactics are organized
around reliability and maintenance.

The reliability tactics are

(1)  Improving individual components.

(2 Providing redundancy.
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The maintenance tactics are
(1)  Implementing or improving preventive maintenance.
(2) Increasing repair capabilities or speed.
2.6.1 Reliability(Heizer 2001)

Systems are composed of a series of individual interrelated components, each
performing a specific job. If any vie component fails to perform for whatever reason,
the overal system (for example. an airplane or machine) can fail.

(1) Improving Individual Components

Because failures do occur in the real world, understanding their occurrenceis an
important reliability concept. We will now examine the impact of failurein a series.
Figure 2.10 shows that as the number of components in a series increases, the reliability
of the whole system declines very quickly. A system of n = 50 interacting parts, each of
which has a 99.5% reliability, has an overall reliability of 78%. If the system or
machine has 100 interacting parts. Each with an individual reliability of 99.5%, the
overall reliability will be only about 60%.

To measure reliability in a system in which each individual part or component
may have its own unique rate of reliability. We cannot use the reliability curvein
Figure 2.10.

However, the method of computing system reliability (Rg) issimple. It consists of
finding the product of individual reliabilities as follows:

Rs=RIXR2X Rz X ... X Ry

where R1 = reliability of component 1
R, = reliability of component 2

and so on.
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Figure 2.10. Overall System Reliability as a Function of Number of Components and
Component Reliability with Components in a Series.(Heizer 2001).

According to the above equation, we assume that the reliability of an individual
component does not depend on the reliability of other components (that is, each
component is independent). Additionally, in this equation as in most reliability
discussions, reliabilities are presented as probabilities. Thus, a0.90 reliability means
that the unit will perform as intended 90% of the time. It also means that it will fail
1-0.90 =0.10 = 10% of the time. We can use this method to evaluate the reliability of a
service or a product.

The basic unit of measure for reliability isthe product failure rate (FR). Firms
producing high-technology equipment often provide failure-rate data on their products.
As shown in the following equations the failure rate measures the percentage of failures
among the total number of products tested, FR(%0), or a number of failures during a

period of time, FR(N):
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FR(%) = Number of failures x 100%
Number of units tested

FR(N) = Number of failures
Number of units-hours of operating time

Perhaps the most common term in reliability analysisis the mean time between failures
(MTBF), which isthe reciprocal of FR(N).
Mean time between failures (MTBF) is the expected time between arepair and the

next failure of a component machine, process, or product.

MTBF= 1AL
FR(N)

(2) Providing Redundancy

To increase the reliability of systems, redundancy is added. The technique hereis
to 'back up" components with additional components. Thisis known as putting unitsin
parallel. Redundancy is provided to ensure that if one component fails, the system has
recourse to another. For instance, say that reliability of a component is 0.80 and we
back it up with another component with reliability of 0.80. The resulting reliability is
the probability of the first component working plus the probability of the backup (or
parallel) component working multiplied by the probability of needing the backup
component (1 - 0.8=0.2).

Therefore, the new reliability is0.96 (0.8+[0.8x(1-0.8)]).
2.6.2 Maintenance(Agarwal 1997)

The mainstream activities of maintaining plant equipment can be divided into

corrective, preventive, and predictive maintenance; each is considered below.
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(1) Corrective Maintenance

Corrective maintenance is simply repair work, made necessary when something
breaks down or isfound to be of order. Thisis the activity that most of us think of when
maintenance is mentioned. When equipment breaks down, especially machinery on
which an integrated production line depends, the costs of lost production mount and
pressure is on the maintenance team to get equipment fixed and back into operation.
Effective maintenance engineering requires thinking through the most likely types of
breakdowns, assuring an adequate inventory of the most commonly needed or critical
replacement parts, and providing spare capacity where break-downs cannot reasonably
be avoided.

(2) Preventive Maintenance

Many mechanical systems wear out. Their failure rates increase with time and the
quality of performance falls off because bearings become loose, gears wear, 0-rings and
belts deteriorate, and grease hardens. These types of problems are reduced by periodic
inspection, lubrication, and identification and replacement of worn parts. Efficient
preventive maintenance requires documentation of all equipment to be included in the
program and establishment of the most cost-effective schedule for inspection.
Inspection checklists need to be established for each type of equipment, and inspectors
trained to make simple repairs when problems are observed. Computers are useful to
print out lists of inspection tasks that are due and maintain data on the time and material
costs of inspection to support periodic analysis and revision of the preventive
maintenance plan.

(3) Predictive Maintenance
Predictive maintenance is a preventive type of maintenance that involves the use of

sensitive instruments (e.g., vibration analyzers, amplitude meters, audio gages, optical
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tooling, and pressure, temperature, and resi stance gages) to predict trouble. Critical
equipment conditions can be measured periodically or on a continuous basis. This
approach enables maintenance personnel to establish the imminence of need for
overhaul. Where diagnostic systems are built into equipment, production workers can
observe warning signs during operation, catching incipient failures long before
maintenance workers would see them.

(4) Implementing Preventive Maintenance

Preventive maintenance implies that we can determine when a system needs
service or will need repair. Therefore, to perform preventive maintenance, we must
know when a system requires service or when it islikely to fail. Failures occur at
different rates during the life of a product. A high initial failure rate, known as "infant
mortality", may exist for many products. Thisiswhy many electronic firms"burnin”
their products prior to shipment: That isto say, they execute avariety of tests detect
"start-up" problems prior to shipment. Firms may also provide 90-day warranties. We
should note that many infant mortality failures are not product failures per se, but rather
failure due to improper use. This fact points up the importance in many industries of
operations management's building an after-sales service system that includes installing
and training.

Once the product, machine, or process 'settlesin,” a study can be made of the
MTBF (mean time between failure) distribution. Such distributions often follow a
norma curve. When these distributions exhibit small standard deviations, then we know
we have a candidate for preventive maintenance, even if the maintenance is expensive.

Once our firm has a candidate for preventive maintenance, we want to determine
when preventive maintenance is economical. Typically, the more expensive the

mai ntenance, the narrow must be the MTBF distribution (that is have a small standard
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deviation). Additionally, if the processis no more expensive to repair when it breaks
down than the cost of preventive maintenance, perhaps we should let the process break
down and then do the repair. However, the consequence of the breakdown must be fully
considered. Even some relatively minor breakdowns have catastrophic consequences.
At the other extreme, preventive maintenance costs may be so incidental that preventive
maintenance is appropriate even if the MTBF distribution israther flat (that is, it hasa
large standard deviation). In any event, consistent with job enrichment practices,
machine operators must be held responsible for preventive maintenance of their own
equipment and tools.

With good reporting techniques, firms can maintain records of individual
processes, machines, or equipment. Such records can provide a profile of both the kinds
of maintenance required and the timing of maintenance needed. Maintaining equi pment
history is an important part of a preventive maintenance system, asis arecord of the
time and cost to make the repair. Such records can also contribute to similar information
about the family of equipment as well as suppliers.

Record keeping is of such importance that most good maintenance systems are
now computerized.

Figure 2.1 1(a) shows atraditional view of the relationship between preventive

maintenance and corrective maintenance. Under this view, operations managers
consider a balance between the two costs. On the one hand, allocating more resources to
preventive maintenance will reduce the number of breakdowns. At some point,
however, the decrease in corrective maintenance costs may be less than the increase in
preventive maintenance costs. At this point, the total cost curve will begin to rise.
Beyond this optimal point, the firm will be better off waiting for breakdowns to occur

and repairing them when they do.
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Unfortunately, cost curves such asin Figure 2.11(a) seldom consider the full
costs
of abreakdown. Many costs are ignored because they are not directly related to the
immediate breakdown. For instance, the cost of inventory maintained to compensate for

downtime is not typically considered.

Total
\"/costs

i
|
[}
i
i |
'; Preventive Full cost of ';
1) ! maintenance Vi corrective
wl . |
o ! costs maintenance :
| Corrective ',
maintenance Preventive :
I costs maintenance !
I costs :
- = >
/ M aintenance commitment Maintenance commitmen/
Optimal point (lowest cost Optimal point (lowest cost
maintenance policy) maintenance policy)
(a) Traditional View of Maintenance (b) Full Cost View of Maintenance

Figure 2.11. Maintenance Costs.(Agarwal 1997).

Moreover, downtime can have a devastating effect on morale: Employees may
begin to believe that performance to standardize and maintai ning equipment are not
important. Finally, downtime adversely affects delivery schedules, destroying customer
relations and future sales. When the full impact of breakdowns is considered, Figure
2.11(b) may be a better representation of maintenance costs. In Figure 2.1(b), total costs

are at a minimum when the system does not break down.
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Assuming that all potential costs associated with downtime have been identified,
the operations staff can compute the optimal level of maintenance activity on a
theoretical basis. Such analysis, of course, also requires accurate historical data on
mai ntenance costs, breakdown probabilities, and repair times. The example shows how
to compare preventive and corrective maintenance costs in order to select the least
expensive maintenance policy asfollows.

Huntsman and Associates is a CPA firm specializing in payroll preparation.

The firm has been successful in automating much of its work, using high-speed printers
for check processing and report preparation. The computerized approach, however, has
problems. Over the past 20 months, the printers have broken down at the rate indicated

in the following table:

Number of Number of Months That
Breakdowns Breakdowns Occurred
0 2
1 8
2 6
3 4
Totd: 20

Each time the printers break down, Huntsman estimates that it loses an average of $300
in time and service expenses. One alternative is to purchase a service contract for
preventive maintenance. If Huntsman contracts for preventive maintenance, it expects
an average of only one breakdown per month. The price for this service is $150 per
month. To decide whether Huntsman should contract for preventive maintenance, we

will follow a 4-step approach:
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Step 1. Compute the expected number of breakdowns (based on past history)
if the firm continues asis, without the service contract.
Step 2: Compute the expected breakdown cost per month with no preventive
mai ntenance contract.
Step 3: Compute the cost of preventive maintenance.
Step 4: Compare the two options and select the one that will cost |ess.
1
Number of Number of
Breakdowns Frequency Breakdowns Frequency
0 2/20=0.1 2 ®,0=0.3
1 8/20=0.4 3 4/20=0.2

Expected number of breakdowns

[( Number of breakdowns) x (Corresponding frequency)]
(0)(0.1) + (2)(0.4) + (2)(0.3) + (3)(0.2)
0+ 0.4 +0.6 +0.6

1.6 breakdowns/month

2.  Expected breakdown cost

Expected number of breakdowns x Cost per breakdown

(1.6)($300)

$480/month

3. Preventive maintenance cost

Cost of expected breakdowns if service contract signed x Cost of

service contract

(1 breakdown/month)($300) + $150/month
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$450/month

4, Because it isless expensive to hire a maintenance service firm ($450) than suffer

a breakdown ($480), Huntsman should hire the service firm.

(®) Increasing Repair Capabilities(Agarwal 1995)

Because reliability and preventive maintenance are seldom perfect, most firms opt

for some level of repair capability. Enlarging or improving repair facilities can get

the system back in operation faster. A good maintenance facility should have these six

features:
@
(b)
(©
(d)
(€
(f)

Well-trained personnel.

Adequate resources.

Ability to establish arepair plan and priorities.
Ability and authority to do material planning.
Ability to identify the cause of breakdowns.

Ability to design ways to extend MTBF.

(6) Some Maintenance M anagement Considerations

There are some maintenance management considerations are as foll owing.

@
()
(©
(d)

Size of maintenance staff

Work orders.
Work scheduling.

Repair partsinventory.

Size of maintenance staff. Production supervisors naturally would like

maintenance specialists of all types available immediately when a breakdown occurs,

since the cost of idle maintenance time does not come out of their budget. When a plant

isin full production and profits are high, it is easy to build the maintenance staff to a

"comfortable" level, but when demand slows and costs are being trimmed, shortsighted
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managers will find maintenance an easy target for drastic cuts. Good management
balances the cost of additional maintenance personnel against the probable costs of

production loss and equipment damage if adequate maintenance is not maintained.

Work orders. To maintain control over maintenance costs, work is not ordinarily
performed without a supporting work order signed by aforeman or supervisor. The
work order states the problem and estimated the cost of repair, and provides space for
workmen to document the time they spent on the problem and any materials or parts
they used in solving it. Completed work orders provide data to analyze maintenance
costs of each type of equipment, so that cost-saving decisions such as
redesign or replacement can be made.

Work scheduling. In larger plants, maintenance scheduling is the responsibility of
a separate unit of the maintenance organization; in smaller plants, thisis done directly
by the foreman. Schedules are only estimates, and may have to be changed if a
breakdown emergency takes place.

Repair parts inventory. As industry becomes more automated, it has more
complex operating equipment with more parts that can fail and require replacement.
Like any other inventory, this can tie up large sums of money that might be put to more
productive use, and good judgment and periodic review are required. Where equipment
vendors will provide prompt repair service at an acceptable price, this eliminates the
need for parts inventories as well as for specialized training, so that after-sale serviceis

areal consideration in purchasing equipment.
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1. MECHANICAL SEAL

3.1What Is a Seal?

A seal is an element which separates two spaces. It is meant to avoid a product
transport between these two spaces. We can classify it in two major types as follows.
3.1.1 Static Sealing Systems

Static seals are used to seal the gap between stationary components.

Space 1l
Fluid 1
Pressure 1

Pressure 1 > Pressure 2

Figure 3.1. Static Seal. (Crane 1997).

A typical application of a static seal isfor example the connection between flanges.

Figure 3.2. Flange Coupling. (Crane 1997).
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3.1.2 Dynamic Sealing Systems

Dynamic seals are used to seal the gap between two parts moveabl e to each other.

/17777777 ///
Part 1

Stationary
spacel g Space 2
Fluid 1 Fluid 2
Pressurel — Pressure 2

\\i\\\\
NEN~
o N

Pressure 1 > Pressure 2

Figure 3.3. Dynamic Seal.(Crane 1997).

With the majority of applications of a dynamic seal the moving component is a rotating

shaft, the static component is a housing wall.

Housing
Operating gap
Rotating shaft

Figure 3.4. Example of a Dynamic Seal Application. (Crane 1997).
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3.2 Leakage

Only with very high technical expenditureit is possible to prevent any transport of
product through the seal. Even most of the static sealing elements have minimum
leakage due to diffusion. Usually you may proceed from the assumption that static seals
are leakproof for practical applications.

In applications with dynamic seals, there is a gap between the moving part and the
static part due to constructive reasons. Asthe gap is too big to ensure atightness of the

system, it has to be equipped with a seal forming thus the required narrow gap.

Sedl Housing

\ Secondary sesl
L

= |

Housing gap

1t Movement
Seal gap

Figure 3.5. Decreasing the Gap by Using a Seal. (Crane 1997).

The leakage of adynamic seal can thus be minimized, yet, not completely prevented.
A minimum seal gap isonly possibleif all shaft movements are compensated by
the seal. This means that the seal can move in all directions. A secondary sealing

element closes the gap between seal and housing.
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3.3 Main Factors Influencing the Sealing Process(Crane 1997)
Influences on the sealing. process can derive from the medium to be sealed or

from the sedl itself. The influences from the medium are as follows:

(8  pressure density
(b)  viscosity

(c) temperature

(d) steam pressure
() pHvaues

The influences from the seal:

(@ elasticity and ductility of the materials
(b)  heat conductibility of the seal body

()  chemical resistance

(d)  roughness of the sliding faces

Important is that all these factors somehow influence the seal gap and thus the

leakage behavior.
- //
089888888888888 3%~ rousing
Fluid % ?)?)
000 gg? Roughness
Pressure 000, o %9 Chemical resistance
Density o) Elasticity : 00/ Flat
o . 00 atness
Temperature Wear resistance 0 0/
Ph-value Rough nets \/
Vapour pressure Chemical resistance
Viscosity Flatnets /
00000it0000000 | —]"“4 - A
00000000000000 Leakag

10,00 t0Q 000 O

Seal gap

Gap height
Shape

Shaft

Roughness
Chemical resistance
Speed

Radial runout

Figure 3.6. Influencing Parameters.(Crane 1997).



3.4 Types of Seals(Crane 1997)
3.4.1 Static Sedls

There are several kinds of static seals as follows.

(1)  Puregraphite standard gaskets

(2) Serrated gaskets

(3) Boiler and manhole gaskets (usually made of asbestos)

(4) Gasket sheets

(5) PTFEseals
3.4.2 Dynamic Seals

Dynamic seals can be categorized by considering the movement of the sealed
parts.

(1) Reciprocating movement seals which are

(@ Lipseds
(b) Bellows seal
(c) Diaphragms
(2) Rotating movement seals or Rotary shaft seals which are

(@  Shaftlip seals
(b)  Stuffing box packings
(c) Mechanical seals

3.5 Seal Perfor mance Ranking(Crane 1997)

In the past, the engineers tried to solve the leakage problem by design the device
to seal the space between the moving part and the stationary part of the machine. The
first generation of the seal was the fixed bush, which made by metal such as bronze,
brass, cast iron. However, the leakage was still high, so the seals have been

continuously developed. At the present, the mechanical seal isthe most popular rotary
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shaft seal because it can prevent the |leakage product almost 100%. The seal

performance ranking for the rotary shaft seal are asfollow.

@
(b)
(©
(d)
()
()
)
(h)

Fixed bush

Floating bush

Floating segmented bush
Gland packing
Elastomer lip seal

FSlip sed

Metal cased lip sed

M echanical seal

Fixed bush. A one piece, non-contacting throttle bush.

This device prevents a mass escape of the service fluid to atmosphere in the event

of complete failure of the primary seal.

Figure 3.7. Fixed Bush. (Crane 1997).
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Floating bush. A one piece, non-contacting, spring loaded throttle bush.

This device prevents a mass escape of the service fluid to atmosphere in the event
of primary seal failure, operating on the same principle as the fixed bush but giving
reduced leakage through closer diametrical clearance. The flexible mounting allows a

limited degree of self-alignment of the bush in service.

Figure 3.8. Floating Bush. (Crane 1997).

Floating segmented bush. A segmented, non-contacting, spring loaded throttle
bush.

This device prevents a mass escape of the service fluid to atmosphere in the event
of primary seal failure. Supplied in segments, the device works on the same principle as
afixed bush, but very close clearances are possible due to the segments being spring
energized on the outside diameter. The flexible mounting allows alimited degree of

self-alignment of the bush in service.
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Figure 3.9. Floating Segmented Bush. (Crane 1997).

Gland packing. The gland packing can be classified in two types, which are
compressed and non-compressed gland packing. The compressed gland packing is for
use with continuous quench only but for the non-compress type, continuous is not
required.

Packing clearances will progressively increase with time if not compressed at
regular intervals. If on compressed packing, the gland runs "dry" for a period of time, a
clearance will be rapidly worn.

Gland packing gives closer control than fixed bushes, but is less convenient to

install and may need a greater frequency of replacement.

Figure 3.10. Gland Packing. (Crane 1997).
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St. Gabriel's Library, Au

Elastomer lip seal.Usually termed "oil seals', many different designs are
available.
Generally used for low duty applications, and requires a lubricating quench.

The lip of the device may be secured by aradially acting garter spring.

Figure 3.11. Elastomer Lip Seal. (Crane 1997).

FS lip seal. Thisdevice offers ahigh level of primary seal back-up at low cost.
During normal (unpressurized) operation, the device runs with asmall clearance from
the shaft. On primary seal failure, the device will energize, closing down onto the shaft
at pressures greater than 0.5 bar gauge.

Under certain thermal conditions the device should be used in conjunction with a

support ring.

Figure 3.12. FSLip Seal. (Crane 1997).
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Metal cased lip seal. A metal cased, carbon or glass |oaded PTFE lip seal.

An elastomer gasket acts as a seal between the metal case and lip.It's highest cost
lip seal option.

Figure 3.13. Metal Cased Lip Seal. (Crane 1997).

APPROXIMATE LEAKAGE RATES FOR VARIOUS SECONDARY
CONTAINMENT DEVICES SEALING AQUEOUS FLUIDS
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Figure 3.14. Approximate L eakage Rates for Various Secondary Containment Device
Sealing Aqueous Fluids. (Crane 1997).
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3.6 Mechanical Seals(Crane 1997)

The original concept of a mechanical seal was a device for use on rotating shafts
only. It sealed more effectively than gland packing, used replaceable parts and, during
thelife of the seal did not wear or in any other way affect the equipment to which it was
fitted.

Generally speaking thisis true of today's mechanical seals which are made and
fitted asindividual items into surroundings very similar to those in which gland packing
would formerly have been used.

By far the greatest use of mechanical sealsis made in the pump industry, and the

following comments, while open to broader interpretation, apply mainly to pumps and

pumping.

Figure 3.15. Mechanical Seal. (Crane 1997).
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3.6.1 Sealing Principle

A mechanica sea consists of two radial fiat surfaces, one mounted so that it
rotates with the shaft. The second surface is stationary, and the seal isformed by one
surface making contact with the other. One of the surfaces, known as the seat, is usually
fixed in position but the other is given some axial and radial flexibility to compensate
for shaft movements which inevitably occur in practice. This axia flexibility also makes
it possibleto fit a seal to practical limits without being too precise. How precise

depends upon the seal design.

STATIONART

s d
il -

(a) Internally Mounted (b) Externally Mounted

Figure 3.16. lllustrates How the Two Radial Surfaces Retain the Liquid, which also
L ubricates and Cools the Contacting Faces.

Figure 3.17 shows how one of the radial surfaces usually known as the face or
washer, is flexibly mounted, lightly loaded against the seat with a spring, and driven
with the shaft. The face is also sealed to the shaft and it is this feature which, with the

spring, provides much of the variety in mechanical seal designs.
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Figure 3.17. Mechanical Seal Components. (Crane 1997).

3.6.2 Seal Arrangement(Crane 1997)

In order to install the mechanical seal with the most effectiveness, the user hasto
understand the principle of seal arrangement, which are single seal and double seals
arrangement

(1) Single Seal Arrangement

Except for certain specialized applications, mechanical seals are designed for
internal mounting with the flexible unit mounted on the shaft. The flow of liquid around
the seal can be controlled effectively, and the outside pressure on the seal parts provides
avery high inherent degree of operational safety.

For high speeds, generally above 4,000 rpm, the position of the flexible unit and
the seat are interchanged so that the parts of the unit are not influenced by centrifugal
forces.Thisinstallation is now often used with metal bellows seals at lower speeds,
particularly when sealing hot hydrocarbon liquids on refinery duties.

Seals designed for highly corrosive duties in which no metal parts can be allowed

in contact with the pumped liquid are more conveniently designed for external
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mounting. Figure 3.18 illustrates how the surfaces in contact with the liquid can be

minimized and made in suitably corrosion resistant materials with a PTFE bellows seal.

ATMOSPHERE

SE AT FA CE
a (e A MICH ( mMout.ntio wt p 110VIr.) (

Figure 3.18. Externally Mounted Seal for Corrosive Liquid Sealing Purpose.
(Cranel997).

L1QUID Txa

Astheradial faces rub together, heat is produced which must be removed if
eventually the liquid around the seal is not to boil away, and eventually destroy the seal.
So the liquid around the seal is replaced by bleeding a small quantity of the pumped
liquid to the seal (recirculation) or from the seal (reverse circulation). Pumps with open

housings need neither as the fluid around the seal is constantly changing anyway.

RECIRCULATION REVERSE CIRCULATION OPEN HOUSING

Figure 3.19. Three Common Way to Prevent Overheating. (Crane 1997).



(2) Double Seals Arrangement

In afew cases seals are fitted in pairs. These two seals are fitted with the rotating
units. The arrangements are as follow.

(8 Back to back
(b) Tandem
(c) Facetoface.

Back to back. This arrangement solves a number of difficultiesfor asingle seal,
and is offered for very abrasive duties, gases and also thick viscous liquids.

Besides these applications double back to back seals can be considered one way
of seal cooling, and are particularly effective in handling hot solutions which can be
very abrasive to single seals. The presence between the double seals of a pressurized
liquid also makes the back to back arrangement ideal for handling and containing
hazardous liquids.

One more feature of this arrangement derives from the reversed inner seal where
only the inner surfaces of the seal unit and seat are in contact with the sealed liquid. In
nearly all seal designs, the metal parts are in the sealed liquid when normally used as
single seals. In the double back to back arrangement the metal parts are taken out of the
sealed liquid and this makes it possible to use seals in back to back installations which

do not need metal parts which are fully corrosion resistant.
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Figure 3.20. Back to Back Arrangement.(Crane 1997).

To 'make a double back to back seal work requires a pressurized liquid, termed the
sealant, to flow through the formed space between the inner and outer seals. The
pressure is normally not less than 1 to 2 bar above the sealed pressure so that effectively
both seals are preventing the escape of sealant. It is this feature which makes it possible
to seal non-lubricating fluids such as gas, and abrasive liquids, because the pressurized
sealant provides the [ubrication and cooling the seal faces.

The sealant is normally a clean cool stable liquid, provided from an external
source. This may simply be water taken from a header tank or be provided by a purpose
designed sealant system. In all the possible ways of providing a sealant, the object isto
provide sufficient flow to cool the seals effectively, and sufficient pressure so that at all
times the sealant pressure is higher than the sealed pressure. If the pressure falls below
the sealed pressure, the inner seal will open and contaminate the sealant system.

Tandem. In this arrangement the inner unit is mounted exactly as it would be as a
single seal. The duty must therefore be suitable for asingle seal and thisisthe first
major difference from back to back seals. The second is that the sealant is at lower than
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sealed pressure, and the outer seal is again mounted as a single seal would be to sedl the

seal ant.

h ‘_ T ‘
ET"*_—J"ﬁ—

Figure 3.21. Tandem Arrangement.(Crane 1997).

A tandem seal can therefore be used to provide extra operating safety or as a
means of breaking down the sealed pressure to bring it within the operating capability
of the sealsto be used. For instance, PTFE bellows seals have a more limited pressure
and temperature range than most other types. This can be extended by adding another
seal in an arrangement which looks at first sight to be a back to back installation but
which works like atandem seal with a sealant pressure lower than sealed pressure.

The pressure over the inner seal is controlled within the seal's operating range and

sealant cooling can allow it to operate in a higher temperature than would normally be

permitted.
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Figure 3.22. Adding a Second Seal to a Normally Externally Mounted
PTFE Bellows Sedl .

Face to Face. Thisis a special form of tandem seal in which the outer seal is
reversed and therefore limits the sealant pressure to roughly no more than 1 bar unless a
PTFE or metal bellows seal is used. This arrangement should be considered as asingle
seal with an effective quench bush, and is sometimes recommended when a water or
other solvent quench isrequired to prevent crystal formation on the atmospheric side of

asingle seal or for safety reasons.
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Figure 3.23. Face to Face Arrangement.(Crane 1997).
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IV. THE TKIC PREVENTIVE MAINTENANCE CONTRACT

4.1TKIC Traditional Maintenance Program

Tha Kraft Industry Company Limited (TKIC) isa pulp and paper manufacturing
company located in Wangsala, Karnchanaburi province. TKIC has alot of machines
that the factory must monitor and repair in order to maintain the continuous
productivity.

Most of the machines that are used for transferring or mixing the fluid in pulp and
paper manufacturing are pumps, agitators, and mixers. These kinds of machines need
dynamic seals to prevent the leakage of products and the most popular dynamic seal that
TKIC and other pulp and paper manufacturers choose is the mechanical seal.

Although TKIC applies the mechanical sealsfor the rotating equipmentsin the
production lines, the production cost is still high. Because of implementing only
corrective maintenance, the yearly maintenance cost of mechanical sealsis high and
affects the total cost of the company. Table 4.1 shows the annual mechanical seal

maintenance expense of TKIC.

Table4.1. List of Mechanical Seal Maintenance Expense in Wangsala Mill.

ITEM MAKER SIZE APPLICATION QTY TOTAL TOTAL
B B 1997 1996
1 | JOHN CRANE 33 " hydrauchiorite pumpno 123 3 - .
2 JOHN CRANE 40 MM Recovery boiler regitifies pump 2 - ] -
3 JOHN CRANE i40 MM Raw condense for recovery boiler ' 4 -
4 JOHN CRANE 1' 40 MM Hyprochotride pump 4 -t -
5 | JOHN CRANE - ‘28 MM Turbine condenses pump 3 i 15240.00 -
6 JOHN CRANE | 33 Hydrocholride pump no 1,2,3 3 r - -
7 NSO lI 55 Recovery boiler crusher pump 1 lI - -
8 | JOHN CRANE | 65 CIP pump for chip pack adjust 1 1 - 75.723.98
9 JOHN CRANE 100 High pressure cooking pump 3 ' 455,641.20 227,820.60
no.1,2,3 )
10 JOHN CRANE | 55 Naocl Pump no.1,2 i 2 I 147,723.01 590,892.04
11 SEALOL 60 MC Pump 2 - -
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Table 4.1. List of Mechanical Seal Maintenance Expense in Wangsala Mill.(Continued)

ITEM MAKER SIZE APPLICATION QTY TOTAL TOTAL
1997 1996

12 SEALOL - White Liguor pump 2 i - -
13 JOHN CRANE 38 MM Black Liquor pump 2 - 31,672.16
14 N/A i Vacuum Pump for steam 11 - -
15 N/A Vacuum Pump for steam 1 - -
16 |--JOHN CRANE 38 MM Oil Heat pump 2 63.344.32 63,344.32
17 3 N/A | 28 Condensate pump 1| 5,573.84 -
18 N/A 32 Condensate pump 2 35,184.84 23,456.56
19 N/A 38 Separater 0 14,137.80 42,413.40
20 JOHN CRANE 3 3/4" Culor mixer 1 156,791.00 313,582,00
21 PULLEN PUMP  ------- Vertical Mectistroe pump 1 - -
22 PULLEN PUMP | Vertical Mectistroe pump 1 - -
23 PULLEN PUMP Vertical Mectistroe pump -
24 DURA 100 Scan Submersible pump 14 150,754.86  753,774.30
25 DURA |-100 Scan Submersible pump 14 182,368.98 151.974.15
26 DURA 75 Scan Submersible pump 2 | 182,078.66 -
27 DURA 70 Scan Submersible pump 2 69,034.29
28 DURA 55 Scan Submersible pump 21 235,146.24  235,146.24
29 PACSEAL . 40 SangFiUarpump 2 , 18,260.12 18.260.12
30 PACSEAL 35 Pre sed pump 4 36,752.52 24,501.68
31 PACSEAL 45 Gorman Rupp 4 7,315.66 -
32 DURA 35 Scan Submersible pump 4 - 97,658.26
33 DURA 55 Condensate pump 2 - 18,173.04
34 TORISHIMA 95 Boiler water pump 4 292,336.12

35 DURA 80 Mill water supply pump 4 -
36 NSO 70 Waste water pump 4 - -
37 | DURAMATALLIC 55 Ahlstrom Pump (APP5) (WPA4) 31 440,245.98 391,329.76
38 | DURAMATALLIC 85 Ahlstrom Pump (APP5) (WPA4) 1 - 96,235.77
39 | DURAMATALLIC Hond 24 3 47,000.22

"MOTT"K73..TM a
DWG 1A-43003  FUmp
(chem
ical) i

40 | DURAMATALLIC 48 Scan Pump (2B) (PM#5) 10 132,030.24 308,070.56
41 | DURAMATALLIC 75 Scan Pump (2B) (PM#5) 6 76,001.58 304,006.32
42 | DURAMATALLIC 48 Scan Pump (2B) (PM#4) 5 88,020.16 -
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Table4.1. List of Mechanical Seal Maintenance Expense in Wangsala Mill.(Continued)

ITEM MAKER SIZE APPLICATION QTY ' TOTAL TOTAL
1997 1996
43 | JOHN CRANE i 75 | Scan Pump (2B) (PM#4) 2 l: 46.013.18 | -
44 | JOHN CRANE 78 Scan Pump (2B) (PM#4) 10 5 114448429 1 4816143
45 | DURAMATALLIC 73| Scan Pump (2B) (PM#4) 3 61,544.44 -
46 | DURAMATALLIC 75 Selective (12) (PM#4.5) I 5 9545144  47.725.97
47 | DURAMATALLIC 100 | Selective (24.30) (PM#4.5) 6 _ 17847890 267,718.35
48 N/A 125 Selective (36) (PM#4)3 3 _ 655584.45 -
49 | DURAMATALLIC 75 Scan Pump (4D) (PM#4) 11 413857.35 183.936.60
50 | DURAMATALLIC 65 Scan Pump (38) (PM#4) 13 24942600 249.426.00
51 | DURAMATALLIC 65 Scan Pump (3B) (PM#4) 4 | 360,905.88 180,452.94
52 | DURAMATALLIC j 65 Ahistrom Pump (APP2) (WP#45) | 3 . 73,388.85 146,777.70
53 | DURAMATALLIC 65 Ahistrom Pump (APP3) (WP#4,5) 1 10 ' 807,277.35 587,110.80
54 | DURAMATALLIC | 65 Scanpump (3B) (PM#5) 13 513,721.95 1,467,777.0
0
55 JOHN CRANE 95 Used for Brg. Unit 3D 66 - -
56 JOHN CRANE 38 Used for Brg. Unit 1R 10 -
57 JOHN CRANE 75 Used for Brg. Unit 4D 2 - -
58 | JOHN CRANE |45 Used for Brg. Unit 2D 20 - -
59 | DURAMATALLIC  2.625" Brg. Unit App4 8  410,870.88 -
60 | DURAMATALLIC  2.250" Brg. Unit App3 18 _ -
61 | DURAMATALLIC 1 3.375" Brg. Unit App5 2 | -
62 | DURAMATALLIC 1 1.750" Brg. Unit App2 | 6  307,223.28 -
63 JOHN GRANE - - 45 o Pump {Frame 1) __ -2 - -
64 | JOHNCRANE 55 " Pump (Frame1l) 12 :
65 JOHN CRANE 45 Pump (Frame 2) -1 2 1 -
66 | JOHNCRANE 35  |-=-c--- Pump (Frame 1) o1 ;
67 | JOHN CRANE 1 35 Pump (Frame 1) ' 11263.78  11,263.78
68 | JOHNCRANE |35 |  Pump (Frame 1) 5 | 31,149.62 ;

445 17,031,809.5 | 7,355,492.7

4.2 Preventive Maintenance Ser vice Proposal

Asshown in Table 4.1, TKIC had to spend around 7 million Baht annually in
order to replace the broken mechanical seals with the brand new ones. Moreover, the
production process had been stopped for changing mechanical seals very often, which
created opportunity cost from loss of production. Hence, it costs TKIC more than 7

million Baht ayear to pay for the traditional maintenance program.
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Sealing Technology Company, "John Crane" mechanical seal product authorized
dealer, one of the major mechanical seal suppliers of TKIC, proposes the solution by
giving TKIC the engineering consultation about implementing preventive maintenance
and seal standardization in order to minimize maintenance cost, opportunity cost and
maximize plant reliability.

4.2.1 Plant Survey

In order to let TKIC make decision to sign the preventive maintenance contract
with Sealing Technology Company (STC), the best price must be quoted to TKIC. STC
must first determine how many mechanical seals there are in the plants and what models
there are. Besides, STC has to convert the seals that aren't John Crane brand to the John
Crane mechanical seals that have the closest specification to the original models.

Table 4.2 shows the data that must be recorded in plant survey form so asto

implement seal selection and standardization.
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After STC has collected the necessary data, the company will know the number of
mechanical seals that need to be installed inside the machines, their applications, and
operating conditions such as fluid pressure, fluid temperature, speed of the machines,
etc.

From thisinformation, STC is able to summarize the number of needed John

Crane mechanical seals and sea selection.

Table 4.3. TKIC Rotating Equipment Summary.

PUMP | AGITATOR | PUMP | AGITATOR M/S M/S M/S
ITEM PLANT NSO
(UNITS)| (UNITS) | PACKING| PACKING | JOHN CRANE | DURA | BURGMANN
1 PM #4 104 30 5 30 22 77
2 PM#5 76 34 5 34 20 51
3 WASTE 14 4 14 4
PLANT#5
4 PM#6 76 55 13 55 43 20
5 PM#7 50 50 7 50 37 6
6 PM#8 143 42 96 42 20 19 8
7 WASTE WATER 32 - 3 . 32
(TKIC)
8 WASTE WATER 20 20
(scL)
9 POWER PLANT 25 - 15 4 4 2
10 scL 73 7 55 - 11 - 2 5
TOTAL 613 222 210 215 157 229 12 5

4.2.2 Seal Selection

From Table 4.3, the competitors mechanical seals such as Dura and Burgmann
mechanical seals must be considered for converting to use John Crane mechanical seals.
By using the information from plant survey records and John Crane seal selection

manual, high performance seals have been selected.
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Figure 4.1. John Crane Seal Selection Process.(Crane 1997).

After seal selection and retrofit- the conversion of a sealing system from other

manufacturers to John Crane or from gland packings to mechanical seal, have been

implemented, STC has to check the available mechanical seal stock of the customer in

order to develop the reasonable quotation for TKIC.
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Figure 4.2. John Crane Mechanical Seal Cost Estimation for TKIC Store.
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4.2.3 Devel oping Quotation

From all information that STC has researched from the customer such as the
number of the machines in each plant, the suitable models of the seal that fit to the
machines, the old stock of the seal, etc., STC is able to quote the best price of the three
year maintenance contract to TKIC. Some important parts of the quotation are as

follows:

Sealing Techonology (Thailand) Co., Ltd.
99/30, Soi Wat Ladprao (Chokechai 4)
L adprao Road, Bangkok 10230, Thailand

Tel.:(662) 931-6868-79

Fax.:(662) 931-6880

Mechanical seal partnership/maintenance contract bases on a period of three
years. The following are the details.

(@ According to stock planning, 50% of mechanical seal stock will be ready in
45 days and the real in 90 days upon signing the contract.

(b) Workshop facility will be ready in 15 days upon signing the contract.

(c) Servicefee does not include the cost of mechanical seal.

Figure 4.3. The 3-year Preventive Maintenance Quotation.

69




Pricein Thai Baht

Iltem Description Qty 1998 1999 2000

Estimate Estimate

1 |Refurbishment of uses mechanical sea 1,500,000
(Only John Crane mechanical seal),

change new part & new mechanical

seal
2 |Retrofit to John Crane seal 3,500,000
3 |Overhead & servicefee & etc. 1,500,000
4 [Total (1+2+3) 6,500,000 | 5,500,000 5,000,000

5 |Estimated cost of mechanical sealsin 16 934,814
TKIC store sets

6 |Net price (4-5) 5,565,186

Conditions and term of payment

First year Two-month down payment of "mechanical seal partnership contract”
upon signing the contract, and 30-day credit will be allowed for monthly payment.

Second year The meeting between "The company" and "John Crane" should kick
off in October 1998 in order to streamline and fine tune 1998's partnership activities to
meet 1999's objective.

Third year The meeting between "The company" and "John Crane" will be held
in October 1999 in order to review the benefits and efficiency achieved to reduce

M eantime Between Failure (M TBF).

Figure 4.3. The 3-year Preventive Maintenance Quotation. (Continued).
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There are our responses to your queries are as follows:

(1) Personnel available during normal operating time

(@ SalesEngineer Supervisor 2 days aweek
(b) Senior Technical Service Monday to Saturday
(¢) Technical Service 7 days aweek

(d) John Crane Technical Support 4 timesayear

(2) Maximum personnel available on site during shutdown is 5 persons

(3) 24-hour serviceis available.

(4) Our personnel will reach the site within 2 hours upon receipt of emergency
call from TKIC.

(5) Pick up car

Figure 4.3. The 3-year Preventive Maintenance Quotation. (Continued).

4.3 Contract Signing

After TKIC has considered the quotation, the negotiation process has been
implemented. Finally, TKIC decides to sign up contract with STC, because the annual
mai ntenance cost is reduced from 7 million Baht to around 5 million Baht by applying

the maintenance contract (see Appendix A. for the detail of the contract).
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V. THE PREVENTIVE MAINTENANCE PROGRAM

After the customer signed up the 3-year maintenance contract, STC has to manage
the maintenance program effectively. Because STC must reduce the annual maintenance
cost of mechanical seal from 7 million Baht to within 5 million Baht budget, STC
considers to implement setting up the preventive maintenance program.

5.1 Maintenance Document

First of all, sonic maintenance documents must be designed in order to record the
important data of the machine. Thisinformation can help the STC service team alot to
monitor the physical status of mechanical seals. The mechanical seal history cards are
developed for this purpose. They contain necessary mechanical seal information such
as pressure, temperature, speed of the pump that is needed when the maintenance time
comes. Sometimes, the traditional model of the mechanical seal that isinstalled in the
machine is not the most suitable model. This situation may cause the problem of seal
failure before the life time comes and the plant will be shut down unexpectedly.

Therefore, STC will change it immediately and record the new data of the
replacement seal in the mechanical seal life and performance upgrading card. In this
card, the user may find the update information of the newly installed seal such asthe
new mechanical seal design, accessories, pump chamber modification, etc.

In order to avoid the confusion, the name of the equipment is represented by the
specific code that the service team attaches to all equipments which have the
mechanical seals installed inside or needed to replace from gland packing to the

mechanical seal. This codeis called "Tag. No.".
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When the records of all machines have been collected, the next step for STC isto
create the maintenance schedule. The maintenance schedule consists of the information
of the target machine that needs the mechanical seal inspection. By referring to the Tag.
No., and plant layout of TKIC, it isvery easy to find the location of each pump and
agitator.

Normally, the John Crane mechanical sealsthat are used in pulp and paper
industry have life time around 2-3 years. It depends on many factors such as type of
sealed fluid, operating temperature, operating pressure, installation, vibration, etc. With
the customer record and technical data of John Crane mechanical seal, the preventive

mai ntenance schedul e can be devel oped.

Table 5.1. Sample of TKIC Mechanical Seal Preventive Maintenance Schedule.

Plant | Equipment Tag. No. Plant Layout No. John Crane Model Inspection Date Next Due

PM#4 103201/4 PL401 T1A/GS1 S 1/BP 15/10/99 15/04/00
103202/4 PL401 T502/BR171/ORS 15/10/99 15/04/00
103203/4 PL401 T2001/AS1S1I/M(L3) 15/10/99 15/04/00
103204/4 PL401 T521/BRICI/BO 15/10/99 15/04/00
103205/4 PL401 T59U/QR1S I/BP 15/10/99 15/04/00
103206/4 PL401 T1A/GJ1SI/BP 15/10/99 15/04/00
103207/4 PL401 T58U/ARICI/BO 15/10/99 15/04/00
103208/4 PL402 T2/AR1C1/BO 15/10/99 15/04/00
103209/4 PL402 TIA/GS1S*/3P 15/10/99 15/04/00
103210/4 PL402 T502/BR171/0ORS 16/10/99 16/04/00
103211/4 PL402 T502/BR171/ORS 16/10/99 16/04/00
103212/4 PL403 T521/BRICI/BO 16/10/99 16/04/00
103213/4 PL403 T2001/AS1SUM(L3) 16/10/99 16/04/00
103214/4 PL403 T1A/GJIS1/13P 16/10/99 16/04/00
103215/4 PL403 T1A/GESI/BP 16/10/99 16/04/00
103216/4 PL403 T59U/QRI SI/BP 16/10/99 16/04/00
103217/4 PL403 T2/GJ S| /BP 17/10/99 17/04/00
103218/4 PL403 T502/BR171/ORS 17/10/99 17/04/00
103219/4 PL403 T521/BR1C1/130 17/10/99 17/04/00
103220/4 PL403 T59U/QR1SY/BP 17/10/99 17/04/00
103221/4 PL404 T1A/GSISUBP 17/10/99 17/04/00
103222/4 PL404 T2001/AS1ST/M(L3) 17/10/99 17/04/00
103223/4 PL404 T200/AS1IS 1/M(L3) 17/10/99 17/04/00

75



Table 5.1 illustrates some parts of the maintenance program of the whole plant

that can be categorized into 10 plants as follows:

Table 5.2. TKIC Plant Categories.

[tem Plant Pumps | Agitators Total
(Units) (Units) (Units)
1 PM#4 104 30 134
2 PM#5 76 34 110
3 WASTE PLANT#5 14 4 28
4 PM#6 76 55 131
5 PM#7 50 50 100
6 PM#8 143 42 185
7 WASTE WATER ‘v 32
(TKIC)
8 WASTE WATER 20 20
(SCL)
9 POWER PLANT 25 25
10 SCL 73 7 80
Grand Total 613 222 835

For the preventive maintenance program, some machines have to be inspected
every month while the others have to be checked every 6 months. This condition
depends on many factors such as the task of those machines, machine hour per day, etc.
The machines with heavy duties for 24 hours running must be inspected more often
than batch process machines.

When the service team implements the maintenance program as shown in the
schedule, the progress must be reported to the customer. In this service contract project,
both parties agree to develop monthly report in order to monitor the status of the
machine and the work progress. Monthly report of the month October 1999 is shown in

Figure5.3.
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TKIC SERVICE MONTHLY REPORT
For October 1999

SEALING TECHNOLOGY CO., LTD.

Brief Summary

Since the first October 1999 until now, we have done 6 jobs of

mechanical seal retrofit and reconditioning and some pump maintenance.

From all the jobs that are done, there are 2 cases that are being still tried to
solve. The onein SCL plant, PHEINHUTTE pump, which is amodified one can
not be fitted with a standard John Crane seat in the gland plate because the seat
socket is over size and a shaft sleeve is aso sliped on the shaft. So, a new
gland plate and a shaft sleeve are necessary for the solution.

The other Oneis COLOR MIXER AGITATOR TK31 for TUPI waste
plant. There is a badly scratched inside of the stuffing box especially the o-ring
position. The shaft sleeve is also the same and we are finding out what the cause
is or whether it will take a maintenance period. As a solution, all of the repairing is

in process.

Figure 5.3. Sample of Monthly Report for TKIC.
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Preventive Maintenance

We have done preventive maintenance for PM # 4, 5 completely and some of
PM # 6, 7. For the PM # 6,there are some problems with plant layout. We need the

one that is completed and matches the equipment tag.

Further Action

We have to do the job that will form the step of work processing and
also include preventive maintenance for the whole plant within a period of 8
weeks.

More details of the work of October 1999 are as shown attachments.

Figure 5.3. Sample of Monthly Report for TKIC. (Continued)
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Sample of Preventive Maintenance Report for PM#4, PM#5.
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5.2 Stock Management

After all maintenance documents or forms had been prepared, the inventory
planning must be prepared. By considering the mechanical seal standard life time,
operating conditions and engineering supported data, the product specialist is able to
forecast- the expiration date of each model of the TKIC's sedls. This information brings

us to develop the inventory planner for the effective preventive maintenance program.

Table 5.4. Sample of TKIC Stock Inventory.

John Crane (Thailand) Limited.
Stock inventory - TKIC
For month: October 1999

Balance | Coming price
Due
Size Type Description _
Qy. | Q. coming

0320/902/059 SEAT 'BO' C/W 0-RING NBR | 4,391.00
0330/58%/,38 WEDGE 1 2,395.00
0380/500/277 BP SEAT WITH SPRING 1 14,660.00
0650/006/001 DRIVE RING 5

0750/500/277 SEAT BP 1 37,594.00
0750/500/277 SEAT BP SILICON CARBRIDE 3 37,594.00
1.375" (21165060) SB2A QRMG-1.375-302705 | 69,080.00
100 MM T2 AR1-1 2 103,348.00
100 MM ROPAC UB115-105/115 1 288,000.00
100 MM (21120820) SAB TREN-100-300777 I 168,740.00
100 MM (21280067) SBE QRVO-100 1 79,024.00
1016/D99/277 SEAT "PG' 1 60,000.00
1143/094/138 WEDGE PTFE FOR T109 1 5,117.00
1143/095/277 FACE I 85,000.00
14 MICRON DRIMOND COMPOUND 2

16 MM TIA BRICI/N 1 6,169.00
16 MM T502 BRI71/ORS 0 5,625.00
20MM T502 GRICI/BO 2 | November 5,652.00
20MM T58U ARICI/BO 1 21,265.00
25MM T502 ARICI/BO 3 6,641.00
28 MM T2100 ASISI/M(L3) 3 1,852.00
314" T2 BFICL/ORS I 74,753.00
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Table 5.4. Sample of TKIC Stock Inventory. (Continued)

John Crane (Thailand) Limited.

Stock inventory — TKIC

AS OF:

For month: October 1999 (cont.)

Balance | Coming Due price
Type Description )
Size Qty. Qty. coming

38 MM SBE QREO 2 | November 29,568.00
38 MM KIT REPAIR 2

38 MM (21150145) SBI GREO-38-302464 1 41,008.00
38 MM (21160140) SB2 QN-38-7454 1 05,658.00
40 MM SEM)! QREO 2 27,544.00
40 MM (21270680) | SE2-P1 QRMG-40-301170 2 55,440.00
40 MM (21270746) SE2 QREG-40-304711 1 55,400.00
43 MM T2100 GSI SI/M(L3) 2 | November 6,028.00
45 MM T2100 GS|I SI/M(L3) 2 | November 7,305.00
45 MM T502 BJ45 24,059.00
48 MM SBE QREO 3 | November 34,936.00
48 MM T2100 ASI SI/M(L3) | 5,105.00
48 MM T502 GRIST/BP | 25,148.00
48 MM SB2 QN-48-301089 I 52,146
50 MM SBE QREO | 46,464.00
50 MM SBE QREO 4 46,464.00
50 MM SEI-PI QREO ‘ 35,728.00
50 MM SE2-PI QRMG-50-301171 4 | November 35,728.00
50 MM (21270747) SE2 QREG-50-304621 | 35,728.00
50 MM (21397023) SE2 QREG-50-304621 1 35,728.00
50 MM (21399070) SE2 QREG-HARDWARE 1 35,728.00
50 MW21465028) | SE2 QREG-304621 l 35,728.00
53 MM T502 AR1-1 1 3,593.00
53 MM (2160361) SB2 QRMN-53-303657 [ 110,440.00
55 MM T58U/SPC AX1X 1/AR1Cl/BP 2 75,000.00
55 MM (21150426) SB1 QREO-55-304468 3 52,184.00
55 MM (21280021) | SBE QREO 3 2 | November 46,464.00
60 MM SE2-PI QRMG-50-301172 4 | November 113,432.00
65 MM T515E PG RXS/BP 2 59,014.00
65 MM T1A GJISI/BP 10 | November 45,500.00
65 MM T680 ABD-YSD 5 | November 3,492.00
65 MM GSISI/BP I 45,500.00
65 MM 515 2 59,014.00
65 MM (21150580) SBI GREO-65-30441 I 67,672.00
65 MM (21150610) SBI QREO-65-303677 1 67,672.00
65 MM (21280032) SBE QREO-403879 5 57,112.00
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5.3 Data Flow Diagram

For understanding the whole system of preventive maintenance service, there are

several developed diagrams as shown below:

Project team

Development R. Pont survey into.
summarized
roposal
job report
Client's

Completed job reports
requirement

Proposal

Client's requirement

Management approved maintenance bid

= é " Completed job report
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Econosto's TKIC project | Operation
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: - f process | worker
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Client approved maintenance bid
job request
Monthly recoil
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) Project administration
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work
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Figure 5.5. Context Diagram of TKIC Preventive Maintenance Service.
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V1. CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

By signing the mechanical seals preventive maintenance contract with Sealing
Technology Co., Ltd. (STC), the maintenance cost of Thai Kraft Industry CO., Ltd.
(TKIC) isreduced from 21 million Baht to 15 million Baht over 3 year period. It isvery
convenient for TK1C maintenance department to solve the |eakage problem in pumps
and other equipments by applying STC maintenance service. Because of this contract,
TKIC maintenance staff have much more time to deal with other maintenance jobs.
Therefore, the whole maintenance performance is automatically higher.

With the purpose of mechanical seal preventive maintenance performance
measuring, mean time between failure (MTBF) is the popular index that can be used.

The comparison between the traditional MTBF and the new M TBF is shown below.
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Figure 6.1. Traditional Mechanical Seal MTBF-Last 6 Months.
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Figure 6.2. MTBF After Implementing Preventive Maintenance Program.

By considering both figures, TKIC found that MTBF index is going higher after
implementing the preventive maintenance program. That means the efficiency of the
new mechanical seal maintenance approach is better than the traditional program.

For STC side, STC gains not too much profit from this project but the company
has got the credit and reliability from the customers not only TKIC, but also other pulp
and paper manufacturers. Because this is the pioneer project of John Crane mechanical
seal service contract in Thailand, STC can use this maintenance project as a reference
to propose next contract to other customers such as Advance Agro Co.,Ltd. (AA) which
is aso apulp and paper company.

The financial profit and payback period are calculated by using the information

from Table 6.1.
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Table6.1. Net Cash Flows of TKIC Preventive Maintenance Project.

1999 2000 2001
Net sales 5000000 5000000 5000000
Variable costs 4400000 2800000 3000000
Fixed costs (overhead) 950000 950000 950000
Depreciation (truck) 100000 100000 100000
Depreciation(equi pment) 110000 110000 110000
Earning before taxes -560000 1040000 840000
Taxes(30%) 0 312000 252000
Projected net operating
income -560000 728000 588000
Add back noncash
expenses 210000 210000 210000
Cash flow from
Project -350000 938000 798000
Cumuletive cash flow -350000 588000 1386000

From Table 6.1, the payback period and NPV of this project can be found as
follows:
Payback = 1+350,000/938,000
= 1.37 years
NPV = -350,OOO+938,OOO/(1+O.1)+798,000/(1+0.1)2
=1,162,231.41 Baht
According to payback period and NPV value, STC begins to receive the profit at
the beginning of the second year and the financial profit is1,162,231.41 Baht.
6.2 Recommendations
TKIC should consider to continue mechanical seal preventive maintenance
program after the expiration date of the contract, because this program can reduce
failure of the seal effectively and also save the cost of maintenance. There are two

alternatives to choose to continue the program.
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Thefirst oneisto decide to extend the contract with an optional addition of two
years as STC has offered. This might be the most convenient way for TKIC. However,
TKIC must negotiate again with STC because the price of mechanical seal or service
charge may be changed. The other important subject that TKIC must consider isthe
new scope of work of STC.

Another option is implementing preventive maintenance program by TKIC
maintenance persons. Thisway might be more difficult but TKIC will save more money
than extending the contract. During three year service, TKIC should train their own
maintenance staff about implementing preventive maintenance. They might be trained
by applying on the job training technique or by assisting the professional. By working
with STC service team, TKIC maintenance staff will acquire skills and experiences of
seal repairing. Moreover, TKIC should apply preventive maintenance program not only
for the mechanical seal, but also for other equipments in their plants.

For STC, the company should try to convince the customer to extend the contract,
because STC has the opportunity to gain more profit from this extended contract.
However, STC should mark up the price of the optional addition two year service. It
should be higher than 10 million Baht because the previous net profit is quite low and
some mechanical seals which have 3 years life might be changed by the new completed
set in the forth year.

In order to let the customer to continue using maintenance service or propose the
new service contract to other customers, STC must have future plan for running the

project. PERT can help STC to achieve that goal as shown below.
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Table 6.2. PERT of STC Preventive Maintenance Project Bidding.

Activity Designation | Immediate | Duration | ES | EF | LS | LF | Slack
Predecessors | (weeks)

Propose idea A - 4 0 4 0 4 0
Set project team B A 1 4 5 4 5 0
Schedul e project C B 2 5 7 31 33 26
Survey plant D B 1 5 6 5 6 0
Co-operate with
oversea F D 5 6 1 6 1 0
Negotiate price and
Spec. F E 3 1 | 14 | 11 | 14 0
Develop preliminary
proposal G F 4 14 | 18 | 14 | 18 0
Negotiate with client H G 8 18 | 26 | 18 | 26 0
Sign contract I H 1 26 27 26 27 0
Select office location J F 2 14 16 | 30 | 32 16
Purchase equipment
& machine K I 6 27 | 33 | 27 | 33 0
Set up office L J 1 16 17 | 32 33 16
Prepare Seal
Recommendation M D 4 6 10 | 29 | 33 23

C

N = critical Path

Figure 6.3. Arrow Diagram of STC Preventive Maintenance Project.
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Table 6.3. PERT of STC Optional Addition of 2-Y ear Preventive Maintenance

Project
Activity Designation I mmediate Duration(weeks) ES| EF | LS| LF Slack
Predecessors | a | m | b | to

Prepare the previous project-
benefit report A 2 141614 0 4 0 4 0
Develop preliminary proposal B 1 2 [ 312 0 2 2 4 2
Negotiate with client C AB 2 |4 164 4 8 4 8 0
Sig contract D C 8 9 8 9 0
Dummy B 0 0 0 0 2 2 4 4 2

CE o
- OB =0
; >
DUl '

[—n= Ciritical Path

Figure 6.4. Arrow Diagram of STC Optional Addition of 2-Y ear Preventive
M aintenance Project.

From the tables and figures above, the process time of implementing the new
project arid project extension are 8.25 and 2.25 months respectively. Therefore, STC
must have at least 8.25 months for bidding preparation and also 2.25 months for project

life extension proposal.
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A.1 RELIABILITY PARTNERSHIP AGREEMENT

1. Introduction

The key to successful mechanical seal operation in the pulp & paper industry isto
have arange of seals that have been designed for the specific needs of that industry and
to engineer the seal's installation environment correctly.

John Cran€'s active participation in this industry for many years has yielded the
necessary experience and seal designs which are not only highly reliable but also simple
to install and operate.

Sealing paper stock is the predominant and one of the most demanding application
in thisindustry. John Crane had developed special nonclogging seal designs and sealing
techniques to ensure effective and reliable sealing for all types of servicesin this
industry. With the acquisition of Safematic Seals and Sealol Seals, John Craneisthe
only seal manufacturing company that has the most comprehensive sealing capabilities
in the pulp and paper industry.

Today the usage of water in any process is becoming a main concern and drastic
actions have been taken by both authorities and environmentalists to minimize this. In
contrast most plant operators are striving to avoid unnecessary injection of water into
the process. In most cases, to operate a packed gland and some mechanical seal
installation effectively, aflush of water isrequired, thus contaminating the process
resulting in the unnecessary usage of water. For those reasons John Crane has designed
cartridge type seals for easy installation and do not require any flush water and use a

minimal flow of quench where conditions allow.
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Unflushed seals give substantial savings in water and water treatment costs as well

as lower evaporation costs in certain areas. Mechanical seals used and maintained

correctly helps to reduce environmental problems caused by toxic effluent outflows.

The mechanical seal isthe most critical component of a rotating equipment system

and the rotating equipment is the most critical component of the entire plant. Improved

seal integrity and reliability provide benefits in terms of reduced emissions, plant

efficiency and higher productivity.

2. Definitions

(1)
2

©)

4)

©)

(6)

THE COMPANY refersto Thai Kraft Paper Industry Co., Ltd.

John Crane refer to sole distributor Sealing Technology (Thailand) and
John Crane Singapore

Mechanical Seals refer to all components related to mechanical sealing
systems and its directly-related accessories.

Equipment refers to the production machinery (pumps, agitators, screens,
etc.).

Refur bishment /Reconditioning refers to the maintenance of used seals,
fault finding, dismantling, cleaning, relapping of contact faces and
replacement of elastomers.

Retrofit refersto the conversion of a sealing system from other

manufacturers to John Crane or from gland packings to mechanical seal.

Objective of THE COMPANY

THE COMPANY is seeking to optimize the management and maintenance of all

mechanical seals on-site. John Craneis proposing to take over the entire responsibility

for the refurbishment, retrofitting and maintenance of all mechanical seals on site be it

of any make or manufacture, with aview to reducing the overall cost of maintenance
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and unnecessary downtime due to unplanned shutdowns caused by mechanical seal
failures. John Crane will draw up implement and execute the following.

(1) A condition based maintenance plan.

(2) A systematic preventive maintenance plan.

(3) Therefurbishment of used mechanical sedls.

(4) Daily on-site attendance of afully trained technician.

(5) On-site seal refurbishment facilities and basic workshop.

(6) Management of on-site spares and stocks.

Further improvement may be proposed by both parties outside the scope of this
contract with aview to improving our service and the plant's sealing system efficiency
and/or the environment. With this in mind, both parties should work together towards a
common goal and that is" to amore reliable and efficient production facility”. To
achieve thisgoal, total cooperation between both partiesis very vital for the effective
performance of this contract.

4.  Objectives

The main objective of this contract is the provision of John Crane's expertisein
sealing solution for THE COMPANY' to maximize the usage of their mechanical
sealing systems and for John Crane to provide the valuable on-site service and training
all technical staff and management of "THE COMPANY" to maximize on achieving a
reliable and efficient production facility.

5. Scope of Work
5.10n-Site Consultancy Services/ Complete Detail of Mill Survey

John Crane has awide network of service centres throughout the world, THE

COMPANY'S technical staff and management will benefit from this as they would be

able to communicate via e-mail with most of our service and design centres and the
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various JC manufacturing plants globally. These would include Safematic and Sealol
technical and engineering support capabilities. A John Crane Asia Pacific Pulp & Paper
Technical Engineer will provide on-site consultancy service at least 4 times ayear.
5.2 Proposal to Improve Seal-Life and Seal Upgrade

A detailed proposal for sealing improvements will be made on completion of a
detailed plant survey to be done by a John Crane personnel. The improvements will be
formally recommended in writing to ' THE COMPANY ' and an order may be placed by
"THE COMPANY" with John Crane to have recommended proposal carried out. Any
proposals recommended will state clearly the benefits and savings -to " THE
COMPANY'. Asitisdtill pre-mature to ascertain the specific areas to improve Mean
Time Between Failure (MTBF) until a more detailed study isjointly carried out with
"THE COMPANY". John Crane will strive to provide benefits and savings as follows.

(1) Correct seal selection for each item of rotating equipment throughout the

mill.
(2) Cost saving benefits achievable by application of correct sealing solutions.
(3) Standardization where possible to reduce THE COMPANY' inventory
Cost.

(4)  Achieve significant water savings.

(5) Réeliahility.
5.3 Mechanical Seal Taken Over

Under this contract John Crane shall take over all the John Crane mechanical seals
on site and at which time the other mechanical seal (non-John Crane mechanical seal)
fails or fails to perform, John Crane will propose aretrofit at the price quoted to " THE
COMPANY'" as attached. In the long term this will benefit both parties as a

standardization of mechanical sealsin a plant will mean interchangability between
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equipment in similar processes with the same shaft dia meters, specifications and a
better control of sparesinventory.
5.4 Recommendation of Seat in New Projects and New Equipments

John Crane will make recommendation to ' THE COMPANY" so that when an
equipment selection is made, the selected equipment will already be fitted with seals for
which replacements and spares are already in stock on site.
5.5 Preventive Maintenance Services

As our motto says "Provide Powerful Solutionswith Common Goals for Mutual
Benefits', we will stand by 100%. Since we will have a technician on site daily with
full facilities, ready available stocks and spares, one of his main duties would be to
constantly check the seals on critical rotating equipment and report to the engineer
concerned his findings and take the necessary action before a major breakdown takes
place. The preventive maintenance program will aso include a survey history of each
rotating equipment as attached appendix and this will be kept on 3.5" disks, updated
regularly and is available to THE COMPANY" when requested.
5.5.1 Implementation of a Preventive Maintenance Program

This program will be ajoint effort between technicians from both companies and
the John Crane technician will take instructions from 'THE COMPANY''S engineers,
supervisors or planners before proceeding with a scheduled task. A signed authorized
work order has to be issued before the commencement of the job.
5.6 Exclusions In the Process of Removal and deal Installation (Dismantle and
Assemble)

The John Crane technician will not strip or install the equipment in question. He
may assist THE COMPANY's personnel if requested but will take full responsibility in

the removal and installation of the mechanical seal and the support system if any. Heis
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to make sure that all flush and quench lines are clogged free. He will not be responsible
for alignment, vibration analysis of the equipment but will stay to make sure that all of
the necessary procedures are met and proper start-up procedures are followed. To avoid
any confusion in the process of seal installation and removal, the John Crane technician
must be utilized for this purpose unless circumstances prevail.
5.7 Management of On-Site Stocks and Spares

Complete seal stocks and break-down spares will be available on site and stored in
a John Crane facility near TKIC together with lapping machines, flatness calibration
equipment and basic workshop equipment and will remain the property of John Crane.
A procedure will have to be agreed on between 'THE COMPANY' and John Crane as
to the best way to the benefit of both parties and with the least of obstructions. Thisis
the assurance of John Crane upon confirmation of contract.
6.'THE COMPANY' accessto John Crane Reliability Program.

(@) _Sealing Technology (Thailand) Co., Ltd.

(1) Anuthep Punyakhum  Sales Supervisor
(2) Tananya Tantrapras Sales Manager

(3) Uchat Witchuworach ~ Product Specialist
(4) Somsak Leekasem Senior Technician
(5) Sarawut Chanakano Technician

(b) _John Crane Singapore

() Anthony Goh Country Manager
(2) John B. Dhanarg Pulp & Paper Manager — Asia Pacific
(3) Nigel Jenkins Senior Application Engineer

(4) KrisadaKIlai-ngern Senior Technical Service Engineer
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7. Obligationsof ' THE COMPANY"

'THE COMPANY' should give full cooperation to John Crane personnel to work
as ateam to achieve a common goal. THE COMPANY' should make available the
equipment in question without delay if ajob arise so that the necessary repair can be
done immediately. Non-urgent breakdowns happening after normal work hours or at
night should be repaired the following morning. The John Crane technician will reside
within 5 km from the mill.

8. Response Time

Since John Crane will be setting up a workshop within 5 km from the mill, the
response time will, depend on the urgency of each job. After hours callout, a response
time will be no more than 1 hour. John Crane will carry stocks and spares to service as
the contract to the best of its ability.

9. Monitoring of the Activity and Performance
9.1 Performance I ndicators

To calculate the efficiency of the plant and to monitor the performance of the
mechanical seals, the indicators chosen to serve as the reference basis are as the
followings

(1)  Thenumber of seal breakdowns causing unscheduled shuts and breaks in

production.

(2) The downtime connected with these unscheduled shuts.

(3) Thedataused for thiswill be collected over a period of the first 12 months

of the contract and will be set on a graph to record the progress and the

efficiency.
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9.2 Regular Maintenance Meetings

Personnel from John Crane is obliged to attend regular maintenance meetings if
required by " THE COMPANY's maintenance team. At these meetings personnel from
both parties should work together to solve problems and difficulties encountered and
improve plant efficiency.
10. Guarantees
10.1 John Crane Products

John Crane will give 100% warranty on all its products and this includes labour

and services. However, the guarantee will not be applicable in the following cases.
(1) Mishandling of the mechanical seal by persons other than authorised John
Crane personnel.
(2 Wrong installation of a mechanical seal done by persons other than
authorised John Crane personnel or not being supervised by John Crane
technical personnel.
(3) If thereisaprocess malfunction or the process goes out of tolerance.
(4) Rotating equipment duty changes and seal operates outside of specifications.
(5) Seal failures caused by rotating equipment failure.
(6) Seal running dry due to lack of lubrication of coolant.
(7) Seal failures due to misalignment of rotaing equipment
10.2 Non-John Crane Seals guarnteed 100%

Used seals from all vendors shall be guaranteed for at least 6 months after
refurbishment and re-installation of the seal to the equipment. However, John Crane will
not provide warranty on the mechanical seal materials asthisis beyond John Crane's

control and quality standards.
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John Crane will abide by reconditioning and refurbishing non-John Crane seals
when spare parts and seal specifications are available ex-stock from TKIC. John Crane
will give full warranty on the work carried out but will not give warranty on the
reliability and performance of the repaired non-John Crane seals. In the event where
spare parts are not available and it causes delay in ajob, John Crane has the authority to
retrofit to an equivalent or better seal at the prices attached.

11. Pricing
11.1 Payment

A monthly maintenance fee (not including cost of mechanical seal) of Baht
100,000 will be charged and payable every month by ' THE COMPANY' for the
duration of one calendar year (12 months) of the first year of the contract.

Thiswill cover the setting-up cost and maintenance of full service facility with a
daily attendance of one experience service technician and another technician to call in 3
times aweek to assist the on-site based technician. In the case of major shutdown of the
plant, full concentration will be put with atotal attendance of at least 3 technicians and
1 supervisor will be on-site to carry out all necessary maintenance on mechanical seals
and sealing systems. Thiswill also cover the maintenance of the sophisticated
machinery and calibration equipment used in the proper maintenance of mechanical
seals including the stock of mechanical seals and spare parts.

11.2 Price List of Mechanical Seals

At the request of 'The COMPANY', John Crane may be occasionally asked to
convert other non-mechanical sealing system, namely gland packing, etc., to mechanical
sealing system. Under this circumstance THE COMPANY' will be charged for

mechanical seal replacement. For this purpose, John Crane will submit a one-year fixed
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pricelist. An annual inflation adjustment will apply and modification of this adjustment
will be notified by official letter. All prices will be quoted in Thai Baht.
11.3 Taxes

The monthly service fee as stated in clause 11.1 does not include value add tax
(VAT) or any other tax which may be applicable to this oonrtract. All taxes including
but not limited to VAT shall be borne by THE COMPANY".
12.  Term and Condition of Payment
12.1 Terms of Payment

Invoicing of the service fee as stated in clause 11.1 will be monthly and due
payment in 30 days. All other mechanical sealswill be the subject of separate invoicing
and payment will be as per our normal trading terms of 30 days. On signing of the
contract, a 2 month advance of the fixed service fee amounting to Baht 200,000.- will
be paid in full and the remainder to follow accordingly.
12.2 Due Date and Method of Payment

Unless stipulated otherwise on the order, all prices are considered firm and final.
Theinitial payment as stated in clauses 11.1 and 12.1 will be paid signing the contract.
Payment of other goods and services will be carried out on the 1 st of the following
month.
13. Duration of Contract

The contract duration would be a period of 3 (three) years with an optional
addition of 2 (two) years, and will be effective on DD day of MMM MM 1998, and will

expireon DD day of MMMMM 2001.
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14. Suspension and Recission
14.1 Normal Rescission

Both parties have the possibility of rescinding this contract at anytime by sending a
registered letter with areturn of receipt to the other party giving 3 months notice. This
contract will be rescinded in the event of bankruptcy or liquidation of assets of either
party.
14.2 In The Event of a Dispute

In the event of any serious or repeated shortcomings in the fulfillment of their
obligations by either one of the parties, this contract may be suspended immediately on
theinitiative of the other party, after a registered letter of termination has been sent to
the other party setting out the grounds, with a request for areceipt. In thisinstance, both
parties undertake to organize a meeting at an appropriate level of seniority within 14
days to examine the arguments of the party which has taken the initiative of suspending

the contract.
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Signatures

This contract was sign at

On the day of 1998

By
FromTHE COMPANY' being Thai Kraft Paper Industry Co., Ltd.
Namein full
Designation

Signature Company Stamp

For our local representatives being Sealing Technology (Thailand) Co., Ltd.

Namein full
Designation

Signature Company Stamp

For the principle being John Crane Sin:a.ore Pte Ltd.
Namein full
Designation

Signature Company Stamp
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