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programs, and many unplanned maintenance activities. In

industries assert that the major problems, which restrain
their maintenance activities, are scarcity of spare parts and
skilled manp A detailed analysis of the maintenance

problems are within the organization structures of the
2 activities.

Various maintenance technigues including: a) failure mlyiis
and its application; b) breakdown maintenance; c¢) regular
preventive maintenance; and, d) condition based maintenance
are reviewved in this thesis. Advantages and 4 dvantages of
each of these technigues for the Tansanian situation are

A maintenance model for Tanzanian industries, which can be
end of the thesis. The model is intended for a gradual
isplementation of preventive maintenance in Tenzanian
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4.0 Introduction:
Tanzanian industries are now facing challenges of reducing

operational costs, improving productivity, and producing high
quality products at reasonable costs. The new govermment
policy of trade liberalization has prompted many industries to
reviev their operational costs and productivity. The
industries wvhich were the only producer, and/or supplier of
goods, are nov facing stiff competition from imported goods
vhich are of high quality and are selling at lower prices.

lutuny‘nnzuumimtrtumopontingatav;rylu
capacity utilisation; this clmtia; makes the operational
costs very high. A survey made by UNIDO (United MNations
Industrial Development Organisation) on third world countries
reveals that, poor maintenance of installed equipment is a
major factor comtributing to a low capacity utiliszation.

This thesis analyzes the maintenance situation in Tanzanian
industries. Using a questionnaire, a random sample of
Tansanian industries were given an opportunity to present
their viewvs on their maintenance problems. The sample size
vas 350 industries, which is about 108 of the Tansanian
industries employing at least 80 pecple. Bxoept for a very
fov big industries, such as Southern Paper Nills (SWN),
Tansania Portland Cement Compeny (TPCC), and Kilimanjaro
Nachine Tools Mamufacturing Company (KNTNC), the majority ot

b 3
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Tansanian industries are in between the so-called 'saall and

mediumn' size industries. Being in the same category, it is
assumed that all Tanzanian industries are basically facing
similar problems. That assumption contributed to the decision
of selecting a small sample size for analysis.

In addition, a maintenance system in a sslected Canadian firm
vas analyzed. The aim wvas to compare a maintenance systea in
a developed country to a maintenance system in a developing
ocountry. The intention wvas to explore the limiting factors

a developing country like Tansania. For the selected Canadian
maintenance systea in a developed country. The main emphasis
vas on maintenance organiszation and management; the role of
the maintenance department in a modern ustry; and different
technigues of carrying out maintemance activities in an

in industry.



Different condition based maintena

size firms, the typical sizes of industries found in Tanzania.
The potential use of different material testing techniques
such as ultrasonic testing, acoustic emission, penetrant aye,
temperature sensors, etc., in maintenance is not yet fully
utilized, even in developed countries. An in-depth discussion
selection of equipment for condition monitoring, and selection
of appropriate oondition monitoring eguipment is also
included.

The common problems including those of: a) skilled manpower;
b) spare parts; b) record keepings ¢) maintenance
organisation; and, d) maintenance information systems; are
analysed in different perspective. In oonclusion, a

i model suitable for the Tansanian situation is
designed. The model is for a small or medium sise industry




Tanzsanian industries are faced by a number of problems,
constraining the majority of them to only utilise 20 - 30% of
their capacity [1]. This is a very low capacity utilizationm,
especially vhen compared to that of developed countries. For
example, in Canada the capacity utilization in manufacturing
industry in 1981 wvas 81.5% [2). “"Industr

®* in this context,
as manufacturing industry, transportation industry, processing
industry, and assembling plant.

lack of skilled labour; markets; lack of foreign
(resulting in shortage of kesy inputs such as rav materials,
spare parts, and other supporting materials); and effective
production equipment. In addition to the factors sentioned
above, poor maintenance of the equipment, which results in
frequent breakdown, low availability, and low reliability of

It has been estimated that, for a firm with an operating
uzuﬁmmmmunamnu

inproved maintenence systes (3]. This could result ia e $1n
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to $3m per year increase in production with little additional
cost and no additional production equipment. In the United
Kingdom, maintenance costs f1.1 billion per year in the
manufacturing industry alone. An improvement in maintenance
mldmltmmtnpotmnmtotzsumm
through increased productivity and, a further saving of £300m
through improved maintenance management and control R

In addition, a government sponsored survey in 1979 in the U.K.
mmtmunmmuqmmmmo
industries is in average of 13.8% of the value of maintainable
assets vithin a range of 7.9% to 23.78. The same report shows
that dowmtisme is the major contributing factor in maintenance
costs, muzmmzmwwmum. and
unplanned stoppages. Nence, one way of reducing maintemance
costs is by improving the maintenance techniques and, hence,
reducing the downtime. The typical downtime oosts as
indicated in major industries include: f£1,3500 per mimute in
automobile manufacture, £1,000 per hour in food processing and
£€1,000,000 per day in offshore oil production ([5).

Unfortunately, fimancial information 1ike the omnes above are
not readily available in many develeping commtries such as
Tansania. Nevertheless, an industrial survey made by UNIDO in
developing comntries shows that the imstalled eguipment is
posrly wtilised. The UNIDO report indicates that censidersble



]
downtime of the equipment, caused by breakdowns and stoppages,
contributes to the low capacity utilization [(6]. In additionm,
economic losses (through low efficiency of the installed
machinery), low gquality of products, and higher production
costs. So, from that report it is obvious that eguipment

that maintenance is not well understood. MNaintenance is

ied merely as shop-floor activities, such as lubrication
of machinery and repair of a machine or machine part vhea it
breaks. The fact that less than 10% of the i
force is employed in modern industries (in 1974 it was only
3.3% of its total population) (7), a maintenance culture is
not yet cultivated. Notably, even in Swahili the natiomal
language of Tansania, there are not equivalent words for
maintenance and related terms such as reliability;
maintainability; and availability. Therefore, it is important
also to creats maintenance mindedness at all levels in the
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modern type of industry. Also, the information will explain
the origins of some of the problems, such as maintenance, that
the industry is currently facing.

2.1.1 Pre - Independence Pariod 1884 - 1960:

The modern type of industry in Tanszania started after its
colonisation. 1In a pre-colonial period (before 1884 AD.)
there existed “"cottage® industries such as weaving, black-
saithing, pottery and wood-working. MNMany of these craftts,
however, did not survive the competition and regulations of
colonisation (8]). PFrom the information available, the oldest
manufacturing industry in Tanzania is the Tanganyika Cordage
Company of Tanga [9]). This firm started to manufacture binder
ummmxumummmmmany
1930. This industry, however, was closed down in 1933 because
it ococuld mot sell its products in the UK due to 1008 "a4q
Yaloram® duty imposed on binder twine imported from Tanzania.
Table 2-1 shows that before 1946 there were only 101
establishaents employing 10 or more persons. Out of these
about 50% were involved in sisal decortication and cotton

ginning.

4.1.2 Foat _Independance and Pre-irushe Declaration 1961-1967:
From table 2-1 it is cbvious that major industrial development
in Tansania took place during the post world war II period



!j.m::lm miﬁ ‘of mﬁmring
( lltlhlimt employing 10 or -nﬂ)

Code Iniu:tri:; Number of Year a! Commancensnt
ISIC activity nt:bli:h— at production
20 Food manufacture ... L?S 1% 71 39

21 Beverage industries .. 11 4 3

22 Tobacco manufacture ... 3 1 2 -
23 Textiles * .......... 158 50 66 42
24 Footwear and clothing 10

25 Wood except furniture 73 10 33 30

]
il
w]

26 Purniture and fixtures 17 1 13
27-28 Paper, publishing 22
29 Leather products .... 8 4
30 Rubber products ..... 5
31 Chemical products ... 18
33 Non-metallic produ
34-35 Netals and products 19
36-36 Repair of machinery 12
38 Repair/transport egpmt 73

Total ....... 569 101 279 109

w

]
-
] [
[ .

[] []

[ o
v [ W
L™ ] - ™

o
-

-

s U W
[
' 3

| o

43 19

ot
-

- 4

Perosnt .... 100 1s 48 34

*Textiles include sisal decortication (110 establishments) and
m;;—mmﬂm (30 establishments). There wvas no
textile establishment other than these two activities prier to
1961.

—émm Republic of Tansania,®Survey of Industries®,
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1946~-60 and the post-independence period 1961-65. In 1965,
48% of the existing industries, were established during the
post-war period, 34% wvere established during the poet-
independence period, and only 18% existed before 1946. 8o,
the majority of modern industries in Tanzania are no more than

50 years old. This shows that modern industry is a relatively

announcesent, made on Sth February, 1967, declaring Tanszania
& socialist state. As a result of the declaration, the
government took control of major industrial cowpanies in
Tansania. The vernment acquired the majority shares and
(NDC)®. In a fev cases, the foreign owners continued as
ainority shareholders, sometimes with a mi.hu;ty of

the gualified staff to manage them. Perhaps the main
successfully negotiated vith the former owner of the industry,
and that the later contimued to provide management. A typiocal
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example is Tanzania Cigarette Company (TCC) which was formerly
owned by British-American Tobacco (BAT). NDC agreed that it

m;dp:yf@rmsoiagmmgtn'rinﬂeinllamt

Howvever, this wvas not the case for all other industries. For
example, in the case of Tanzania Shoe Company (TS8C),

negotiation went on unsuccessfully between NDC and the Bata
group (former owner of TSC) for fourteen months discussing
compensation to Bata for the 60% of the shares taken over. In
TSC. All the expatriates seconded to the TSC left within a
month after the nationalization [11]}].

There are many cases vhich are similar to TSC's case, in which
there vas no smooth transfer of industrial manage t from the
previous owner of the industry and the nev management. This
example, Tanganyika Packers could not sell its canned beef in
the UK after nationaliszation of the company and exodus of the

expatriates. Also, some suppliers of the machin
to recognise the nev companies, and, thus, did not honour the



1

4.2 SUNRAXY:
1. Maintenance is a serious problem in many industries

in Tansania.
2. The modern type of industry in Tanszania is a
relatively nev phenomenon. Hence, some of the

industrial problems are due to its newness to Tanzanian

society.

3. Also, some of the maintenance problems originate
from a sudden shift from a capitalist to a socialist
mode of production; and the resultant exodus of

experienced managers.
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3.0 Analvsis of Maintenance Problems:
The author sent 350 @uestionnaires to variocus Tansanian
industries in five regions (See the guestionmnaire on appendix
1), 40% of the gquestionnaires were returned. The industries
that responded are mainly manufacturing and processing
industries wvith an average of 592 employees and a range of 80
to 1500 employees. A general analysis of the gquestionnaire
responses did not showv any bias between small and big
industries, and Dbetween processing and manufacturing
industries. Hence, the sample can be considered as a
representative of the maintenance problems for Tansanian
industries.

As shown in table 3-1, 508 of those wvho responded, did not
include the financial information om their maintenance
department. Some of them claim that the financial information
is oconfidential, comsequently it camnot be revealed to an
unauthorised person. But, the majority of them commented that
wummmamuumw.m
it is difficult for them to give a reasonable estimate of the
costs. This is a very big problea sinoce it is not possible to
mwtnumw:u&ﬁ:n. it is almost
future.



of them spent about 1 to 38 of their annual production revenue
in the maintenance department alone, which is a reasonable
amount although it is still very big. But, 208 of the replies
shov that the maintenance costs are more than 8% of their
annual production value. This is too much for just a single

When asked about the size of their
apparent from table 3-2, 60% felt that the sizes of their
from peychological point of view; human being tends to be
don't wvant to change it. HNemoe, it is not surprising that the
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percentage of those who feel that their maintenance
departments are too small is higher than those who fesl that
their maintenance departments are too large.

mm ® 9 0000 000000000 SO0 OCOODOOEEEEERSES 15

Muﬁt LR N J ® 00 0 S 0O 0GOS OGO O OO0 COOEEETRERS iﬂ
mml EEEREEEREXEENERNN NN NI N I N NN NN NE NN BB NN :S

The majority of the industries showed that they experience
average failures each week. This gquestion is difticult to
quantifv: average failure rate in one industry can be a high
failure rate in another company. 8o the important point is
the seriocusness, and the consequence of the failures to an
individual company. Table 3-3 shows that the percemtage of
those who feel that they have high failures each week, is
smaller than those who feel that they experience low failures.

m 00 0000000000000 000000008GIERSESIRIS SD

‘w 9000000000 00000600000000 RERIRRIRIY ‘S
m ..................I....Qiiil‘iii 3‘
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The problems affecting maintenance in Tansania, as perceived
by maintenance personnel are shown in table 3-4. Prom the
table, it can be summarized that there are two major problems:
lack of spare parts and lack of skilled personnel; the other
problems can be related to one or the other of these two main

categories.

i. Lack Of SPAXre PAXtS ...ccocccesvssccscsscccccsesee 78
1. Lack of skilled Personnel ..........cccccceceses. 70
111.uckottmtgnmﬁmmm 60
iv. Lack of rav material to manufacture spare parts ss
v. Lack of machine tools to manufacture spare parts ss
Vi. TOOMNOLOGY ccccccerccccccccccsosascnccccncncnses S8
vii Availability of working tools (spanner, puller,etc) 350
viii Old machinery and/or equipment .........ccccveve. 40
ix. Spare Parts INVeNtOTY .....ccccccccccccccccccses 40
x. Lack Of fOUNAEY .cccccccscccnscnssccnscccncncncnce 38
xi. Committed worker (motivated worker) ............. 38
xii. Neat treatmemt facilities .....ccccccccevcccecee 30
2144 Training .cccccccccccetccecttcentetcscscccccccses 30
xiv. Commitasnt of top management eeescssssscssssssss 30
%Xv. Delay in supply Of Spare Parts .....cccccceccevee 30
Xvi. POLLLLIOB ..ccccicccceccccseccccscnccnccsensrescees 8
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The problems vhich are related to spare parts include: lack of
rav materials to manufacture spare parts; lack of foundry;
lack of machine tools to manufacture spare parts, lack of heat
treatment facilities: lack of foreign currency to purchase
spare parts from abroad; and delay in supply of spare parts.
The other problems which are related to the lack of skilled
manpowver or personnel in general include: technology:
training; spare parts inventory; ocommitted maintenance
personnel; and commitment of top management.

2.1 _Noxking Tools:

Availability of working tools is another problea which was
mentioned by more than 508 of those who replied. Lack of
tools such as pullers, spanners, jigs, etc., is mentioned by
the majority of the persomnsl in maintenance departments.
This problem is exacerbated by the fact that most of these
wvorking tools are stolem and sold by unfaithful employees.
The take home income of the maintenance persomnsl, as is the
case vith the majority of Tansanians, is very low; so they are
1Myummmmm1-nuummumu
low income.

3.2 29 Inseseneat _Smeoct:

mmmmmmqm.nmaqum
mmmmmuaummx. especially
in introducing preventive maintemance. It shows that teop
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managers emphasize production and fail to realisze that high
productivity is highly ocorrelated vith good maintenance
management. One engineer commented that ®...the indigencus
technical personnel are not given full responsibility in
maintaining their plants. The top management of the company
has more faith in the so-called 'm'ubommnm
48 competent as the indigencus persomnel. The low status
given to indigencus engineers on the organization hierarchy
demoralises them, consequently they don't fully apply their
knovledge...". This quotation shows that the engineers are

the former Tanzanian presideat J.X. Nyerere. 1In his book,
‘Ixsadom _and Unity’ he said,

®...yoars of domination had csused ocur

"3“ to have a grave doudbts about their owmn

abilities. This vas no accident; any dominating

mummm&mumm

m'mteiumm-u"mmm

mmmmm)mn

Indeed it can De arguwed that the

on

exoeption.

b“ahotmmmmmu
ummum.um ogical
:grtubueammmm....

m-—.mumummmu-eum
republic of Ghama, the late K. Nkrumsh. In his boek
‘Aavolaticnary Path’ (13), ¥krwmah explains thet celemials
educated fev African ‘elite’ hl_nyﬂltﬁqmw.
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as part of the natural oxder of things, the oolomnial
relationship. Also the ‘elite’ will defend the relatiomship
in the name of ‘justice', ‘political 1liberty’', amd
‘democracy’. Hence, it can be argued that, this treatment of
the indigencus engineers by the managers might be due to lack
of self-confidence, motivation and innovative oconsciousness
among the management. The effects of colonisation are also
addressed by Diwan and Livingston, who state in their book,

‘Altarnative Developmant Stratagies'®.

* ,...This exploitation extends to every aspect of
colonised person: body, =mind, e land,
resources, homs,...,. The colonised depicted
as backward, ocoward, evil, lasy, sentimsntal,
superstitious, thievish, unintelligent, virtual
stupid, unscientitic, ...," (14]).
Bence, if the top management have the type of mnind indicated
by Divan and Livingston, then it is cbvicus that they von't
have faith on their maintenance engineers. As the result of
it, the engineers feesl unappreciated and demotivated.
Notivation of workers is important in any sector of econocmy in
order to maks the workers perform their work efficieatly.
But, apperemtly, this is not the cese in many Tansanian

industries.

3.1 _Ssare Paxts Inaecenent:
Another area affected by poor mansgement is in the imvesmtory

of spare parts. In many industries, spare parts are being
W.ﬂ“"&oMW&M
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keeper. In most cases, these store people are not technical
material handling. As a result, there is mishandling of spare
downtime of the equipment, especially during unplanned
breakdown. n».mmmmmmuym
vhile they are available, or a lot of time is wasted in trying
to identify and locate them. This is very frustrating
oq.chlly“mh;nmﬂﬂgttmmm-
Consequently, a repair probleam wvhich could take fev minutes to
rectify, takes hours or even days.

dents showed that o0ld machinery
nwm“pzﬁlgﬁaﬂnirﬁmm This
muwmmm.mm;ﬁncﬂnth@tﬁh
very difticult to obtain their spare parts. The mamufacturers
otthoou&tmnlmmm;ﬁ-tmﬁ!-ﬁ;_
contracts during the procurement of the machinery. The
available.
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However, some of the literature shows that, most of the
maintenance. In a UNIDO report it shows that, shorter
equipment life is caused by poor maintenance and repair. The
*"..In addition, poor maintenance and repair lead

to deterioration and consegquently shortened

physical life of the installed equip This

clearly is a significant waste of ?:-:ﬂ. = the
most scarce factor in developing countries..."([135).

tractors became idle and unserviceable only two years after
they wvere imported because of lack of maintenance facilities
and poor planning ([16).

M ] _____ 7 i *7’7
Only 5% showed that politics affect their maintenance
activities. This issue is not fully addressed, so it is not

systems or the politics on a nation-wide basis.
mﬁr“ﬁuﬁiﬁﬂﬁthnmﬂl“ﬁﬁm
m-ﬂnhﬂm:ﬂﬂﬁrmm a
national policy guiding industri atanance policy does not
exist. The nministry of lebeur and social welfare has a
departasnt of industrial imipestiBate. This is a statutery
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, hbou od or environment. However, research
shows that, ;gnmymimgnm;&;nmtngm
regulations are enforced [17). Hence, even for the equipment
wvhich, by governmental regulations, is required to undergo
keep it in a good running condition.

Analysis on availability of skilled labour is shown in table
3=8. In the questionnaire, the industries were asked to
Lﬁia-nth-mam;;nmmlmmn
qualifications. Although it can't be concluded that this
represents the situation in all Tansanian industries, it gives
& real picture of the situation in many Tansanian industries.
It is disconcerting to note that ¢0% of those who replied did
not have any engineer in their maintenance partaent and 10%
did not have even a single technician. All of the industries
had artisans, #0 it may be inferred that in the 10% without
even a single technician, their maintenance programs are
persoanel would not be able to design and install an effective




Qualification Percentage of Industries vhich have
more than 3 only 3 only 2 only 1 0 total

Graduate engineer

S 20 15 20 40 100
Diploma engineer 0 L] o 30 65 100
Technician 55 o 18 20 10 100
Artisan 75 0 15 10 0 100

Oon-job trainee 55 20 0 15 10 100

The guestion about the availability of the plant and/or

equipment was not properly It shows that the
majority of those who replied did not understand the meaning
of availability in maintenance terms. Consequantly, the
majority of the replies did not make any sense. This could be
expected given that, as the above analysis (table 3-5) showed,
about 40% of these industries did not have a graduate
engineer, and 108 did not have even a technician. So as shown
in from table 3-6, 350% of the replies did not maks sense, or

the plant/equipment availability is in average of 70 - 808,
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From the maintenance problems which bhave already been
discussed, and Nsuya's report (1) which showed that Tansanian
industries are operating at 20-30% capacity utilization, and
from table 3-1 which showed that 50% did not keep records of
their maintenance activities, it is uncertain whether this is
a true figure or if it is just an estimated figure without any
supporting data. The 50% who did not reply to the question on
equipment availability and those 15% who showed that the
availability is between 40-50% are more in agreement with
other information than those vho showed that their equipment
availability is between 70-80%.

Not Clear (no reply) S0 &

40 - 50 § 15 %
- 60 § o8
- 70 & S8
- 80 % 308
Above 81 § 08

LY ] [ [T
Ll I
]
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shows that 90% of those who replied have unplanned breakdown
maintenance in most of their equipment. While 30% indicated
that they have a preventive maintenance program for some of
their equipment, they did not explain whether it is a planned
preventive maintenance, or an impromptu preventive
maintenance. But, 40% clearly commented that they have
unplanned preventive maintenance, wvhich includes oil changes,
lubrications, cleaning etc. Only 3% showed that they have a
predictive maintenance management program.

—TIable 3-7: Types of Naintenanos

TYPE OF MAINTENANCE PERCENTAGE OF

1.Breakdown maintenance .....cccccccceee 90
( Unplanned breakdown)

2.Unplanned preventive maintenance ...... 40
(Lubrication, oil change,etr

3.Preventive maintenance ..... :cccccc.. 350

4.Predictive maintenance ....c.ccccccceee 8

1.9 Other Prohlems (Mot Mesntioned in the Onestiossaize):

2.2.) Divexaitisd Machinexy:
Tensanian industries have highly diversified range of

sachinery and equipment cbtained from different manufacturers
and different countries. Por example, in Dar es Salaam city
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transit (UDA), there are buses from the U.K. (Leyland-
Albion), West Germany (Mercedes-Benz), Hungary (Ikarus), and
India (Tata). In most cases, the spare parts for these buses
are not compatible. Hence, in order to keep the buses in a
good running condition, it is necessary to keep a large stock
of different kinds of spare parts. This is very expensive,
especially taking into consideration that one has to import
small quantities of these spare parts from different
countries.

1.2.2 Maintenance Manmals:

Scarcity of maintenance manuals may also contribute to
problems of maintenance management in Tanzania. As it has
various countries all over the world. The suppliers of this
user's language. This makes the few documents available
difficult to understand, and consequently it is difficult to
make an effective maintenance schedules as per the
manufacturer's recosmendations. Also, for the few available
documents, the information given is not detailed encugh to



mantioned maintenance problems. If the maintenance manager
makes a poor forecast of his/her needs in the maintenance
parts, etc.) before the planned time elapses. Knowing about
the red tape involved in any procurement needing foreign

may be depletion of resources

that he/she has a three year stock of spare parts. For
axample, to order a spare part night take the following
procedure:

=Prepare spare parts requisition forecast ...... 3 months
-gend requisition to ministry of industries ...... 1 month
=Get an approval from the ministry of industries..

8
1
-Send a purchase order to BUXOP® c.cccccccscscccce 1

A 1008 perfect forecast for spare parts required for a thres
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engineer is very competent in his/her work, normally there
vill occur unexpected breakdowns which will need prompt
attention and spare parts. If the spare part is not available
in the store, an efficient mechanism is needed to import the
required spare part in the shortest possible period of time.
However, this red tape is beyond the industrial level. The
whole problem needs a dramatic change in foreign currency
policy at the national level.

mmm-mehmhmnmumnmtm.
a list of all parts which are likely to fail, then manufacture
and stock the spare parts for the time of need.

Poor flow of information may a longer wvaiting time and,
thus, increase the downtime. HNov failure is reported to a
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an operator to report a failure directly to the maintenance
departaent, or the reporting has to follow a formal channel of
reporting through the foreman of the production departmsmt to
the foreman of the maintenance departmant? In many Tanzanian
industries the long waiting time might be caused by poor
communication between the departments concerned.

slightest technical knowledge of the machines they operate.
Conseguently, the failure report is not submitted in technical
terms and is ambiguous. If the right man was on the failure
spot, troubleshooting ocould start immediately, and proper
failure information be reported. This could reduce the repair
task since, vhen the problem is clearly understood, the only
task would be to prepare a task foroe to arrest the problem.
An ideal situation would to use operators who have a techniocal
knov how of the eguipment they operats.

3.2.3 The Opaxatox's Skilli

If the skill of the operators is low, he/she may ocause
problems to a machine. sometimes the failure of the machine
is caused by the operators dus to misuse of the machine,
soon as an initial sign of equipment failure is agpereat. If
the operators were able to report problems at their early
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Place. In some industries, gﬁtﬁ:ﬁiﬁnnpfaﬁgﬂvﬁy.
they introduced a ‘piece-work' system. Workers were given a
-imm-gyagzazmmmm:m_ This
resulted in workers over-speeding the machines. A high
running speed can wear out a machine in a short time, and thus
] An optimum running speed of the
machine should be set 80 as to avoid the problem of over-
speeding. In some big companies like Nova Corporation of

Mhrgﬁ;ﬁhmtﬁﬁﬁyagumm:ﬁlﬁm
as psrmanent solutions. Por example, due to the scarcity of
tn:m::atunmpmargm:muynrﬁﬂntm
part (eg. using a rubber band instead of a belt). This
&!!m“lﬂﬂﬁthnzlmﬂliq&mm
machinery reliability. In addition, if it is » totally
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different spare part, sometimes it may cause machinery

Another aspect of using a temporary solution as a permanent
without doing failure analysis. For example, when a shaft

breaks the proper solution is not just to replace the shatt
wvith a nev shaft. Shaft breakag

B may be caused by a number of
factors such as nmisaligmeent, or excessive vibration, so
replacemsnt of the shaft without finding the real cause of the
breakage is not the solution. PFailure analysis helps to carry
discussed in chapter 3 of this thesis.

Cannibalization of eguipment is a problem vhich is rampant
especially in the transportation industry. Due to scarcity of
spare parts, some industries take part(s) of some mechines
a destruction of capital. To revive cannibaliszed equipment
vill need a lot of nev investaent money. This problem is
umyvnﬂ;-nmmmnmmnm.n
wvhich more than half of the Ikarus bus fleet vas camnibalised
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hand spare parts. The cbjective of maintenance is to renew
the machine part(s), ifiﬂéﬁﬂmmﬂﬂﬁ(!)hﬁﬂ;

failure. PFor example, the climate of Dar es Salaam city is
characterized by high tesperature and high humidity throughout
the year. Consequently, the majority of the industries'
hna;njihiﬁﬂgmgutaﬂlﬁiﬂm
circulation of air. This type of building exposes the
thus accelerating the problea of own. In other types of
hnﬂdhg:ﬂi@ma;ﬂﬂnﬂn:ﬂﬂitiﬂﬂ.m;:i
pmlgafmmamnkmmm.
This problem of failure due to climatical conditiom, may be
of these machines did not take into consideration the dust,
high _ ure, and a high hmid work eavironment which
mnmmmm IG_M.ﬁnniq
hlmm mm—mmam;rwm
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adaptation in design and /or material selection vhich would be

The problem of proper technology is exacerbated if the
technology is being financed |

aid. In many
cases the aid donors have made their own choice of technology
receiver. Some of the machines are too modern for the user to

Nills and Southern Paper HNills in Nufindi. In these
industries, the . has to hire externmal experts for
maintenance of the machinery. Also, the spare parts of these

imported. But the problem is not totally of the domor,
although there are very few donors who vill give money to
purchase equipment anywhere else (untied aid). Part of the
everything given to her; indeed, Tanzania should refuse the
Often the personnel responsible for making the decision to
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by an unavailability of the recommended lubricant. The effect
of lubrication is not only the oily effect which stops
rusting, but the more importantly, to introduce an ofil film
(figure 3-1). This oil film separates the rolling element,
hence reducing the rubbing effect. The oil film is affected
by the viscosity of the lubricant used, and the type and
amount of load carried by the rolling element. That is,
characteristics so as to determine their suitability to the

Pigure 3-1: A film of Labricatien
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t cleanliness is not
emphasized as a preventive maintenance action. It is common
to see equipmant covered by dust, dirty oil, and grease. The

dealing with this problem is to assign the cleaning
clean the equipment each time he/she uses it. Cleanliness
lubrication and greasing. Grease attracts and holds particles
such as metal filings, dirt particles, etc., and so if the
be avoided. This is one example of doing preventive

lubricate at all than to lubricate dirty equipment.

is pervasive and seriocus problea in almost all

Tansanian industries. This mly-h of the maints

ﬂlﬁl;ﬁﬁﬂtﬁ&tmm.ﬁhmﬂﬂmﬂﬁ
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i) The probleam of skilled manpower - there is a scarcity of

engineers and gqualified technicians to run the
industries.

i1) The spare parts problea - there is a mismanagement of

spare parts, lack of technology and equipment to

1ii) Maintenance organiszation problem - it seems that there
is a poor maintenance - system in many

iv)

management either is ignorant of the tance of

v) Lack of Maintenance Culture - maintsnance is not well
understood by the majority of Tansanians.

vi) Appropriate technology - it seems that Tansanians lack

vii) MNaintenance Support System - there is a lack of

viii) Pecord keeping - the majority of the industries




4.0 Canadian Naintenance Industry - A Case Study:

4.1 The Company:

An industry selected for case study among the Canadian
companies is AGTD (Alberta Gas Transmission Division), a
division of Nova Corporation of Alberta. MNova Corporation of
Alberta, hereinafter referred to as Nova, is a major
shareholder-owned company wvhich operates internationally with
its world headquarters in Calgary, Alberta. Nova is among the
largest publicly owned companies in Canada, its business
includes petroleum, pipelines and gas marketing,
petrochemicals, related engineering consulting, and
manufacturing.

Nova owns the following principal subsidiary or division
companies: Alberta Gas Transaission Division (AGTD) with head
office in Rdmonton, Alberta; Grove Italia S.P.A with head
office in Voghera, Italy; Novacor Chemicals Ltd. with head
office in Calgary, Alberta; Novacorp International Consulting
Inc. wvith head office in Calgary, Alberta; Novalta Resources
Ltd. wvith head office in Calgary, Alberta; Polysar Limited -
Basic Petrochemical Division with head office in Sarnia,
Ontario; and Polysar Limited - Polymer Division with head
office in Toromto, Ontario. Also the following companies are
affiliated with Nova: Foothills Pipe Lines (Yukom) Ltd. - head
office im Calgary, Alberta; Nusky Oil Itd. - head office in
Calgary, Alberta; Pan-Alberta Gas ltd. - head office in

3¢
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Calgary, Alberta; and Trans Quebec & Maritimes Pipeline Inc.
vith head office in Montreal, Quebec.

In 1988 Nova sales wers $3,941 million ($ in this report will
refer to Canadian $§ unless otherwise stated), with an
operating income of $978 million, and a net income of $424
million. Total assets at the end of 1988 was $8,242 million
vhich included current assets of $1,461 million, investment

property and equipment less accumulated depreciation and
depletion) of $5,699 million. The total number of employees
of Nova (subsidiaries and affiliates included) in 1988 was
about 13,000 in Canada, US, Rurope, and in Pacific Rim
Countries (Source: Nova 1988 Annual Report).

AGTD (Alberta Gas Transmission Division) is a gas transmission
company, 100% owned by Nova Corporation of Alberta. The AGTD
industry. The maintenance deg in AGTD uses a
ocombination of regular preventive maintenance, condition based
Failvre analysis is an effective tool used by the Maintenanc
Planning Group (NFG) on deciding the type of maintenance to be
done on equipment, and in analysing the effectivensss of the

it is almost impossible to operste a modern maintemsnce
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department vwithout doing failure analysis. with the
utilization of computers, it is easier for NPG to make
failure, financial, and other maintenance related data
analysis.

AGTD is currently developing an in-house maintenance software
package known as MCP (Maintenance Control Program) which is a
mainframe package, but another source (18] indicates that Ncp-
Mainframe softwvare will be translated into NCP-PC, a version
for personal computers (PCs) for commercialization purpe

» activities in Nova-AGTD, which
started as early as 1981 by computerizing their data base, has
effectivensss of the maintenance programs. The software is
being used to keep track of all eguipment, any maintenance
activity done on the equipment, inspection data, condition
information which is used for condition momitoring, report
writing, and other activities such as spare parts inventories.
Therefore, the Nova-AGTD's maintenance department can be taken
mﬂnhﬁﬂn:gﬁgﬁhéi:m
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The objectives of NPG are:

i) To achieve required systeam availability (reduce
downtime),
ii) To obtain required station /equipment reliability,
i1i) To minimisze maintenance and maintens related
costs, and
iv) To ensure the safety of NOVA rescurces (equipment
and personnel).

In order to be able to accomplish the objectives of
maintenance group in an organiszation structure. The position
of a maintenance department in an organisation structure of a
company, determines the status of the department and, hence,
its effectivensss. If the maintenance department is in an
inferior position in an organisation, then its iﬁtiﬂtic: also
vill be oconsidered inferior to other activities in the
company. The maintenance department should be given egual
status to other departments in an organization.
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company. While each organiszation make its own decision,

v'j.a- E:u;lé-nt
Field Operations

a csntreliszed organisa
mmmﬂﬁ-ﬁmmmn

effort. In the cese of AGTD, the decisicn made wes to make

NG a oantralized maintems Although, the
Mmh—nhnﬂmhﬂlm“




as possible, research shows [19] that, whene
Placed directly under the production group, maintens
suffers. Given that more emphasis will be placed on
production activities than maintenance activities, it is
entity.

A maintenance group could fit vithin any other technical
support group, in each case advantages and disadvantages of
-1mrmiuim1dhmlndgﬁtagﬁmmatm
existence of a clear ocommunication between the variocus
in one wvay or another.

areas of responsibilities. The NFG's responsibilities are:
developing, preparing, isplementing, and monitoring of
pipeline, measurement, and electrical oquipnent vithin AGTD.
To assume these respomsibilities, NPG is divided into five
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The important thing to note in the organization of maintenance
is the responsibility division of labour. The sections in NFG
are divided according to their responsibilities, each section
downtime, there is someb

Yy who is responsible for
coordination of the downtime and he/she becomes fully
accountable for that type of task. In that situation everyone

reduces the ambiguity and the necessity of having supervisors

to coordinate the activities of each section, and to take care
of the absantaas.

responsibilities of a maintenance departaent. In many
Tanzanian firms, it is not clear as to what are the

responsibilities of the operation/production departasnt. The
main responsibilities of NPFG are:
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4.1), it is possible to store, retrieve, and manipulate as
much information as necessary.

i1) MummﬂﬁumzumlﬁigmmLQef
maintenance activities throughout Nova-AGTD with the aim of:
a) identifying areas of high maintenance activities and costs;
b) making recommendations; and c) providing justification en
monitors, and analyses inspection programs for all equipment.
moimlm;eqlmmiﬁcthhmy. spare parts
recommendation, and service bulletins.

i11) The maintenance departaent is responsible for arresting
deterioration in comdition, performance, and efficiency by:
delivering incident reports; momitoring of incoming PR
forms; analysis of compressor health monitoring data; review
otﬂt“ﬂﬁl&“tﬂﬂ@ﬂﬂm
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modifications; and special project planning.

iv) PG liaison vith equipment manufacturers and other users
for the purpose of exchanging technical and operating
development of new programs to avert potemtial problems or
catastrophic failures. Also, NPG assists wvith the
saintenance program effectiveness, and extent of repair
component 1life, time until next overhaul, and future
revievs, and ensures implementation of Nova service m;-tiﬂ
chairman of modification meetings so as to ensure that: a) the
sodifications are applicable to various locations; b) there is
oconsistency of maintenas throughout the system; o)
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V) NFG is responsible for maintaining spare parts information,

vii) NFG reviews system operating statistios to detaraine
,;;wiﬂnlmmumwmm e
hmu!ﬁt & vide wvariety of tests on




reciprocating units; c) establishment of acceptabl
control lines for centrifugal cospressors;

specialized testing such as modal, pulsatiom, strain gauge,
and sound level testing.

viii) Giving technical support to other departaents is another
responsibility of a maintenance department. NPG is

responsible for supporting Novacorp
training, technical skills and equipment testing. Lastly, NFG
is responsible for supporting field operations and othar
wummummna a) health
monitoring, b) compressor schools, and ©) measurenant schools.

srnational Consulting,

An important lesson to learn from the NFG's responsibilities
is that MPG is not omly respomsible for maintaining the
mm.mmwmmma:—w
equipment and training of the personnel. NPFG provides data
for evaluating the acosptability of new unit vithia the
existing operating systea. This responsibility of selecting
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NFG also acts as a liaison officer for Nova-AGTD to the
mmefmmquu;qmgmnm
manfacturer offers after sale services due to high costs of
such services. Tanzanian industries, as are other third world
countries, are geographically far from the manufacturers of
tﬂtﬂﬂtﬂﬁimmmmlﬁnmi-ﬁim.
ﬂﬁiﬂﬁtﬁjﬂt&ﬂ,m“m:!mm
expertise, accommodation, and allowances.
information. In many firms in Tansania, the analysis of the
mmu-mguieyafmm
departasnts. Novever, operating information can be used in
‘Condition Based Maintenance' (ref. chapter §) to detect a
maintenance, mﬁamm-mibnitrﬂmlm
and analyzing this type of informatiom.

separets safety department headed by a safety engineer (vhere
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situations vas created by govermment regulation vhich requires
each company to create a safety committee for the purpose of
combating industrial fire hazards. As a result, a safety
officer is responsible for all safety matters in an

fire prevention than wvorkers' safety. The safety situation in
many Tansanian industries is in a pathetic shape. The research
safety regulations are not enforoed ([18]). In such a
situation, putting the safety @ t under the umbrella of

a)
activities; and ¢) Data acguisition. These activities are
vithin the responsibility grouping of NFG. Nechanical and
inspections, maintenance failure analysis, oondition
responsible for scheduling the dowmtime, gls:l:-janti:ﬁ
mm. uwplating spare parts information, and

ining a technical 1ibrary. Data acquisition handles the
predictive techniques of performance, vibrstion , and
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MECHANICAL CONTROLS TECHNICAL DATA
SUPPORT ACQUISITION
L | ] )

-PLANNING POR SCHEDULING PERFORMANCE
INSPECTION TESTING
-POST-INSPECTION COST ANALYSIS TURBINE
ANALYSIS RECIPROCATING
~MAINTEMANCE AND SPARE PARTS VIBRATION
~CONDITION OPERATING PULSATION

Figure 4-2: Punctiomal Organiszsation of Maintenance Planning

4.4.) Inistanence Scheduling:

mmtcumegiﬂunm:ﬂ
summarised in figure 4-2 above. PFrom a chronological point of
view, the first task is scheduling of maintenance activities
mauxmmummmgiarum. The
Planned maintenance, which has 1little or no effect on
operation, is roughly scheduled with the actual time ot
maintenance actions, that will need an interruptic
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operation, receive detailed attention because coordination

with the departments is required.

Maintenance scheduling can be divided into two steps. The
first step is to determine the project inspection date which
is based on the inspection fregquency and the previous
maintenance actions. If the fregquency is based on normal
elapsed time, only the date of the last inspection is needed
to calculate the next inspection date. But if the freguency
is based on the running hours, the operating history has to be
used to project an average rate of operation in order to
calculate the date of the next maintenance action.

The second step is to ocoordinate the schedule with the
msaintenance crew wvhich will actually do the work, the
operation personnel which will be atffected by any planned
maintenance, and any other groups which, in one way or
another, will be affected. This coordination of differemt
groups is mainly the responsibility of the downtime
coordinator. The first step in this process is the estimation
of the downtims for the entire calendar year vhich is made
available to all departments to be affected. The second step
is to reviev and adjust the schedule at the beginning of each
aonth. The schedule is discussed and appreved at the moathly
departaental mesting. Since ocutside conditions can affect the
plans, day to day changes are scmstimes mede, thus oome
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flexibility must be maintained within the schedule for

unforeseen problem.

The important lesson which Tanzanian industries can learn from
this scheduling of maintenance activities is the involveasnt
of the maintenance crew which will actually do the work in
setting the maintenance time. This, in = '
is the so called participative mans

activities in the least possible time: they set the time
theaselves, and they feel that they are trusted and treated as
necessity of having constant supervision of the mainten

From the questionnaire analysis, it seen that, in many
ansanian industries, the maintenance personnel are not given

to be given full responsibility for the eguipment. Nowever,
not fesl trusted and ponsible. As a result of this, the
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quality of work done is normally adversely affected. It
people are given more responsibility, they tend to perfora
batter in their job because they feel more accountable for the
work in wvhich they are responsible. Hence, if the industrial

sanagers in Tansania wvant an in maintenance

5 ants, they should give more responsibility to the

T™he main aim of maint

planning is to increase the
effectiveness of the maintenance resources which include
following are items that are oconsidered in maintenance
ng at AGTD: a) pre-ordering of long lead-time spare
parts based on the inspection projection; b) detailed planning
before the inspection, including a review of previocus
m history; preparation of i.nqﬁ:;m tasks;

muhm:mmmﬂmm
e a)nmﬂa!mmmmviﬁeh

parts availability and mﬁn of
of all prevestive maistenance work.
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4.4.3 Naintepance Analyvsis and Beporting:

Maintenance analysis is important wvhen the effectiveness of
the maintenance department is to be determined. After each
inspection or any maintenance activity, the analysis is done
S0 as to evaluate the results and determine the implication of
the information for future maintenance of the equipment. This
Mnh.&nmuammummml
costs, downtine and manpover reguirements vith the estimates.
Another aspect of maintenance analysis is failure anmalysis.
It there is a major failure, or if any failure oocurs before
the planned maintenance period, an analysis is carried out to
mmmmutmmmumumm
failure cocurrence in future. Details of failure analysis is
found in chapter S of this thesis. MNPG uses almost the same
procedures in failure amalysis. An effective maintemance
analysis provides a justitication of necessary improvements in
the maintenance systes or modification ¢ ! equipment, pccvuu
feedback on the effect of routine maintenance (inspections,
scheduled preventive maintemance, etc.) and mesasures the
amount of maintenance in unscheduled maintenance (breakdown

maintenance) .

4.4.3,] Congatacised Maistasesce Nessssnent:

AGTD is in the precess of nermalising an in-house maintenance
software knewn as NCP (Maintenance Comtrol Program). This
software vas develeped vith intentiens of:



a) providing centralized data base of maintenance related
inforsation for use by all

b) eliminating inefficient manual procedures in the

c) improving the analysis of maintenance data for use by

NCP can be viewed as a data base of maintenance

a) location data (e.g. Station, Rdmonton, wvarshouse,

building);

D) equipment fixed data (eg manufacturer, model, sise);

c) maintenance histocy (problems, activities and related

costs)

d) equipment inspection procedure (task lists,

nepection scheduling, modificatioms, etc.) and spare
(Operating hours and time such as months, weeks, ets.);
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type of work required to be performed; type and number of
ired; tools necessary to perfora

are able to view any combination of this information on line,

Pigure 4-3: An Overview of NCP Data Dase Information



56
or print a variety of pre-defined and ad _hog reports. NCP
facilitates the production of variocus maintenance reports for
management, detailed information for maintenance crews, ad hoc
reports for mestings, reliability and availability reports,

complex if all functions are to interact efficiently and
effectively. Ease of use of any software (“user friendly®),
types of files and their links, and the cutput informatiom are
very important features of any software to all
will need to use it. An overview of NCP data base
information is as showm in figure 4-3.

The most important bemnefit of a ocomputerised me
top managenent or for maintenance crev imclude: a) inspection



57
C) a monthly downtime schedule report, which is issued to all
departaents which will be involved; 4) a monthly failure
report, a monthly operating report, and the post-inspection
report all of which are very | rtant for analysis of
failure, maintenance problems and effectiveness of the
maintenance programs; and f) cost reports which provide the
actual maintenance costs used in comparison of the estimated
ocosts with the real costs.

nouoottu!lltm(’nblgm,mm,
Equipment maintemance report) helps in generating uniform
mainly completed by the operatiomal persommel. The second
of wvork required to arrest the problem. The third part of the
PR fora, which is specific to one piece of equipment, shows
action takem, parts used and future actios required. All this

maintenance activities deme en the eguigmant. PFrem WFG's
poist of view, it is almset impessible te design and install
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an effective maintenance plan vithout the past records of the
performance of or work done on equipment. Nowever, record
keeping is a cumbersome task if detailed information regarding
the equipment is to be kept. For small firss, manual record
keeping can be sufficient at the initial stage vhen there are
fow data to keep. After some years of record keeping, it is
obviocus that the amount of information available is too big to
continue vith manual record keeping, otherwise it will be very
tediocus to retrieve and manipulate any information from a data
base. HNowever, vwith the advent of new, powerful, cheaper
computers, vhich can be afforded by even a very small firm, a
computerised maintenance information processing is highly
recommended .

standardisation of data, W of data guality,

lmutmthymmuutm.mgﬂimmmy
benetfits of computerised maintemsnce activities. A ocompeny
can take into consideration the possibility of building its
own maintenance software package, however, the oost of
softwvare packages available in the market. These packages can
be tailored to suit the specific needs of any firm.




nt system is based on failure
analysis. Pailure analysis is not a new subject; many authors
have written about failure, failure analysis and application
of failure data in maintenance of equipment. The following
analysis: J. Davidsonm, ° i i loa)

ata (22]. In

xvival: The uwee of Balishilit

this theeis, failure theories will be reviewed with the aim of
utilizing failure data in designing an optimmm maintenance

hllmﬁ!i“&ﬁﬂifljlﬂﬁfmm
:tlﬂmmmmm;mgﬁjm
exceeds the strength of the part at that time. During the
of strength into it. When the equipment is on duty (i.e. is
IM).MEWMﬂﬂ;ﬁ“ﬁ
the component. PFor a totally mo failure situation, the
shown in figure 5.1. In this situation, the compoment will,



0
ideally, never fail because the load is alwvays lower than the
strength of the cc

If the probability density functions of the
load interfere as is the case in figure 5.2, then the shaded
failure will occur. In this situation and others wvhere the
load exceeds the strength of the component, failure is
that failure oocurs wvhen the strength of a compone
load imposed on it become incompatible.

Pailure anmalysis is a useful tool in determining the
effectivensss of maintenance programs and in predicting
subseguent maintenance actions. Although failure analysis is
normally done at a component level it can also be applied to
systems and sajor capital equipment. Pailure amalysis can be
obtaining information about availability and reliability of

equipment. There are a lot of amalytical methods available
for failure analysis. with an increase in oomputer

s of data, it is possible to utilise
the maintenance failure data analysis in maintenance planning.







No of fallures
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The first step in failure analysis is to
intervals between failures. The intervals can be operating
hours, number of cycles, days, etc., or any time measurement
parameter. The second step is to present the failure data so
as to give it a meaningful terpretation. Pareto failure
analysis is one of the simplest techniques in presenting the
failure data. However, the failure data can be presented in
analysis is graphical presentation of the data.

The graphical presentation of failure data can either be by
histograms, as in figure 5.3, or by smooth curves of
probability functioms, as in figure 5.4. Smooth ocurve
presentation is mostly preferred, especially when it is

distribution functions used in presenting the failure data:
Normal distribution, Weibull dAistridbution, Log-normal
distribution, and Binocmial distributionm. Normal and,
of beiny able to handle skewed distributions.
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analyze increasing, decreasing and constant failure retes;
indeed, the Weibull distribution can be used to estimate both
the exponential and Normal distributions. T™he Normal
distribution is reviewed in appendix 4.

However, failure data may neither be normal distributed nor
estimate the type of distribution so as to be able to predict
the next failure. Graphical failure analysis is just a
impossible to avoid, wvhereas in deterministic physical

avoided.

wﬂi ] N YRAA

Fareto analysis puts more esphasis on the total failure cost
than just on the freguency of oocurrence. In Pareto analysis,
the frequency of each defect is recorded together with an
estimate of the cost [23]). The freguency is then multiplied
type of (failure. The defects are then arranged in a
analysis is shown in table $-1.
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Pareto analysis imply that total cost of failure can be
drastically reduced by concentrating effort on one type of
defect. As apparent from table 5-1, 43% of the failure cost
could be saved by concentrating effort on valve defects only.
Pareto principle can be dictated as "attack the main source of
the unreliability in order to produce the maximum gain® [(24].

Valves 15 $300 $4500 43
Control panel 10 200 2000 19
Fuse board as 78 1878 18
Hydraulic systea 3 450 1350 13
Others 47 18 —108 4
Total $10430 1008

Weibull distribution function originated from fatigue test
studies [25). The fact that the distribution was derived
empirically implies that it has a significant feature in
practics) application. Weibull distribution function has the
folloving features which are very attreactive in failure
analysis: a) the distribution function is very flexible (it
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can deal with increasing, constant and decreasing failure
rates); b) its mathematical simplicity makes it easy to use;
and ¢) the function can be easily used for graphic analysis.
Weibull distribution function is defined by equation 5.1 [26)
and, by differentiation of equation 5.1, it is possible to get
the Weibull probability density function f£(t) as shown in
egquation 5.2:

F(t) = 1—exp[-(“—;1)'l 51

r(e) = GF(E) _B(E-y)Pt - (tX)0 52
£(t)=- 3" o exp [ (n)] 52

vhere

t=time parameter P-shape parameter

y=time at F(t)=0, it is datum parameter

n - scale parameter

i.:.iﬂymmnﬁﬂilmmmﬁm
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5.3, result in equation S5.4. If equation 5.4 is pPlotted on
log-log paper, a linear graph is expected. Weibull

to plot equation 35.4. Typical Weibull distribution functions
are shown in figure 5.5 and Weibull plot on a graph paper is
shown in figure 5.6 ( a graph paper as produced by Chartwell
(37) ). For a particular case, 'S', 'y’ and 'y’ are
constants. 'S', which is the slope of the line, represents
the rate of change of failure rate over time.

There are at least four characteristics of F(t) at various 's’
values: a) B8<1: F(t) decreases as t increases. This is the
case of decreasing failure rate with time. This case is
indicated in the first part of the 'Bath-tub curve' (see
figure 5-7). b) B=1: In this case P(t)=1-Exp([-(t-y)/q) Which
is a negative exponential distribution function. This shows
a constant local failure rate vhich is the second phase of the
‘bath-tub curve’'. C) 1<B<2, gives skewed distribution
functions which show a rapid decrease of F'(t) as t approaches
0. This represents an increase in the failure rate vwith time.
d) 8$>2: the distridbution becomes more symmetrical as the
values of 8 increases. At $=3.2 the Weibull distribution
function is approximately egqual to the Normal distribution
function. This also is the case for increasing local failure
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Reliability, in common language, refers to ability to perform
a required task satisfactorily without failure. MNechanical
reliability is the probability that a component, device or
system wvill perform its prescribed duty without failure for a
given time vhen operated correctly in a specified enviromment.
Reliability = The probability that an item will perfora
satisfactorily for a specified period of time
under a specified operating condition [28).

The key parane in defining reliability are: probability;
satisfactory performance of duty; specific time interval; and
operating oonditions. Probability oocurrence refers to
occurring by ‘chance’ or 'betting odds'. By contrast, other
vhich can be predicted with oertainty, are known as
deterninistic occurrences.

Performance of prescribed duty refers to the proper use of a
device, and must be specified so as to exclude failures caused
by .use of equi Time interval is among the parameters
vhich affect the reliability of an equipment. There is no
mechanical device which can operate for an imfinite period of
time; evary devioce is peptible to failure. The mmber of
vhioch affects its failure and, thus, its reliability.
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equipment will be operating. Some environmental conditions
such as high humidity, dust, and high tesperature nay
accelerate the wear of a component and, hence, its failure.
Some electronic devices must be isolated from normal
atmospheric conditions, vhile in operation othervise they will
fail. Hence, in defining failure of equipment, it is
designed for, and the enviromment in which the equipment is

Reliability at time t, denoted as R(t); from a statistical
point of viev R(t) = 1 means absolute reliability and no
failure will ocour. But, as explained earlier, there is no
mechanical device which is not susceptible to failure, hence,
R(t)<1 for all mechanical devices. Another function known as
F(t) denctes the unreliability of a component at time t.
F(t)=1 means absolute unreliability and failure must oocur.
The definition of unreliability is:

Unreliability =The probability that an item will not perfora
satisfactorily for a specified period of time

under specified operating conditions [29].

R(t) + F(t) = 1 .8
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is the probability that failure will not oocur. The
probability density distribution function of failure is
denoted as f£(t), and the probability function PF(t) is defined
by equation 5.6 as:

t
F(t) -ff(t)dc 5.6
0

Hence, if the mortality curve (failure curve) is known, it is
possible to £ind the probability density distribution function
by differentiation:

(e - dF(E) x
£(e) - L 5.7

Failure rate is defined as the number of failures per period
of time during which failure can oocur. PFailure rate is
normally presented in terms of failures per hour or other
multiples of hour. Failure rate can also be presented in
terms of the number of operations or number of oycles.
failure rate per unit time s(t), where t is the lifetime of
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Number of failures expected during a unit of time at
a given lifetime
g(t)= -

Wumber of items exposed to failure at the same lifetime

Other terms used to define the failure rate per unit time z(t)
are: foroe of mortality, age specific failure rate,
instantanecus failure rate, conditional failure rate, hasard
rate function, local fajlure rate, etc.. In this thesis, the
tera local failure rate vill be used. Local failure rate may
be defined as the probability that a component will fafl in
the next time interval given that it has survived up to the
beginning of that time interval. Probability of failure in
the next time interval is given by [30]:

P(tedt) - P(t)
T

= (Ar(t)/at)/r(t)

£(t)  Probability density function
R(t)  meliability T

s(t)at

Local failure rate s(t) is utilized in building the famous
‘Bath-tub curve'. The 'Bath-tub curve' has three phases; phase

situation happens to nev machinery dus to latent defects in
materials and poor wvorkmanship. Sinoce the failure of
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as 'early failures'. The 'bath-tub' curve is shown in tigure

5=7.

Pigure 35-7: Bath-tub Curve

Phase 2 is known as the component’s ‘normal operating life’,
‘constant failure rate', ‘'random failure', ‘stress-related
failure®', or as 'stochastic failures'. The local failure rate
in this phase is constant and oocurs kY randoa fluctuations of
phase occur by chancs due to unexpected over-stressing of

nmm.mnnmﬂnnt-mm“
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comparable to ‘ageing’ in people and indicates the ending of
the life of a component. This may be caused by corrosionm,
oxidation, breakdown of insulation, atomic migration, friction
vear, shrinkage, fatigue, etc.. Hence, by being able to build
a ‘'bath-tub’ curve of a component, it is possible to estimate
its life span.

Availability can be defined as the proportion of time during
which a piece of equipment is in operatiomal or able to run if
required. Total time, in this case, is the time during wvhich

= Total time ' ' .

AVAILABILITY =

Downtime in this situation is the time during which the
maintenance. This should be clearly distinguished from the
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is not expected to be running for at least 16 hours. Por

example, if the equipment which was rumning for 8 hours in a
single shift operation, was down for the past three days, the
total downtime is only 24 hours and not 72 hours.

I Unsch. Downtime

Time Available for Pdct

Total Time Available

Availability 8

Reliability 8

. |
]

FPigure 5-8: Availability and Reliability

Availability depends on both the failures (unplanned
maintenance) and the amount of planned maintenance, vhereas
reliability reflects only the time lost due to failure.

Total time - Unecheduled downtime

RELIABILITY = 5.10
— Total Tine
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The relationship between availability and reliability is

The two major factors which atfect availability are the amount
of planned downtime and unexpected downtime, which means that
availability depends on the amount of planned maintenance and
unplanned failures. In addition to that, there are four other

other to produce the final availability of the equipment.

Unecheduled maintenance is one of the major comtributors to
lov equipment availability. Whensver a failure oocurs, there
are at least five steps to restore the situation: notification
of the g}i;imz diagnosis of the problem; resocurce allocation
to carry out the work; the repair work itself; and testing of
Bffectivensss and efficiency of doing each step are DEt
in mininizing the amount of downtime. The number of failures
unavailability of rescurces such as spare parts and/or
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In contrast to unplanned maintenance, scheduled maintenunce is
methods of doing the maintenance work. The downtime is
affected by the skill of the maintenance personnel, the amount

of maintenance work itself, availability of spare parts and
technical support. But things may not alwvays go as expected
and the ability to respond to changes during the maintenance

to do the planned repairs; time to acguire and place the
unplanned parts; time to do unplanned activities; time to
reassemble; and time to test.

gquipme nqiiﬂtmhn a direct
the number of failures and their severity. Consequently this
affects the fregquency and the scope of the planned
maintenance. Temperature at either end of the spectrum can
cause problems in an operating piece of equipment, especially

1f the deeign limits are being approached. The effectivenees
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Inherent reliability of equipment refers to the latent defects
in components of the equipment. If a weak point exists in the
design of a piece of equipment, especially the critical
components, and is possibly accentuated by enviromnmental
conditions, the result may be a disastrous failure of the
equipment, even for very nev equipment.

Human error is a difficult subject to address because it is
difficult for individuals to acoept their mistakes and become
responsible for whatever the outcome will be. Sometines
failures are caused by human error and maintenance activity
may be prolonged dus to a miscalculation by the maintenance
personnel. If the skill of the maintenance persomnel is low,
the chance of making mistakes is increased. This situation
may be exacerbated by lack of proper training, complexity of

5.2 Maistainability:

Maintainability can be defined as the imherent characteristic
of a design or installation that determines the ease, economy,
performed (31). Maintainability represents the smount of
uzmwﬁm;magmgmgm
limits. In terms of probebility, maintaimebility is the
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probability that a failed item will be restored to operational
effectiveness vithin a given period of time when the repair
action is performed in assordance with the prescribed
procedures.

Baintainability:
S.4.) Economic Aspect:

Information about the reliability of equipment can be used to
estimate its economic life. Also, the information can be
utilized in designing maintenmance systea for optimal
maintenance strategy. By using the ‘bath-tud curve', it is
possible to learn whether a device has started to wear-out or
it it is still in the 'normal operation' phase. This analysis
is helptul in estimating the remaining life of the devioe.

S.4.1.1 Estimstion of Renismest Boomomic Life:

By multiplying the values of the local failure rate, s(t), by
the cost of failure, it is possible to obtain the curve of
failure cost per hour (32). When the curve of failure cost
per hour is superimposed on the curve of replacement vost, the
resulting curve shows the economic life of the device. At the
intersection of the cost of failure curve and the cost of
replacensnt curve is the econcmicel replacement time of the
dovice. This situation is presented in figure S-9
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Pigure 35-9: Failure/Replacessnt Costs Curve

5.4.1.2 Optinal Maintanence Stratagy:
Pailure data and reliability infermatida analysis can assist

in designing a maintemance system based on the oost of
maintenance. Prom that informatiom it is possible to decide

Starting wvith the emallest cenpemest in a wait and by
analysing the failure rate using the Weibull curve, it cem be
or is comstant. If the failure zete is decressing er is
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would not isprove the failure rate.

Gomt tn Golere
L
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Nowever, vhen the ‘wearcut' coocurs (i.e. the failure rate is
trend can be knew. In oont ast, vhen the failure rate is
stechastic, and it hagpens at a rendom time imterval. Wwith
gosd fallure deta, it is possidle to deteriine the eptimal
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and safety. Figure 5-10 illustrates maintenance optimization

Engineering aspects of mai
from maintainability. Increasing ocomplexity in design of

2 involve application of data

in maintenance and repair tasks. A good design of equipment

installation, the special tools required, and the quality of

the maintenance manuals. The designer must be aware of the
maintainability point of view, would improve main
increase equipment availability:

i) Access - Low-reliability parts should be easily
acoessible and must be easily removable vith minimum
disturbance. Por 'Least Replaceable Assembly (IRA)*, it

ii) Comnections - Wherever possible, the use of detachable
are more likely to fail then fixed joiats, a trede-off




iii) Ergonomic factors - This involves the weight, size and

iv)

v)

shape of removable modules. Heavy removable modules
vill complicate the maimtanance work; over-ainiaturised
equipment is prone to incidental damage. Safety and
coafort of maintenance personne. should be taken into
consideration.

Interchangeability - EBasily interchangeable equipment
simplifies diagnosis, replacemsnt and checkout. | 4
using standard elements wvhenever possible, the hassle of
storage of different kinds of spare parts will be
reduced.

Test points - The check points are for diagnoeis,
adjustment, ocheckout, ocalibration and monitoring of
eguipment. Test points are the interface between the
testing device and the equipment under test, and should
be easily accessible, if possible, without dismantling
any part of the equipment under test. Standardisation
of check point positions will reduce the probability of
incorrect diagnosis which results in incorrect actioms.



i. to extend the useful life of equipment;

ii. to ensure the optimm availability of installed

iii. to increase reliability of equipmsnt, i.e., to ensure
instant readiness of all equipment for emergence use;
and,

iv. to ensure the safety of equipment and personnel.

A lot of literature has beem vwritten about maintenance
managenent systems, a fov of which were used in writing this
thesis: J.D. Pattoa Jr., EX bive Naind AL B.¥W. Niebel,

srig.s.8. Apte, Plast Inistenssns . To summarise the benefit
of a good Industrial Maintemance System (INS), it can be

ii. increase productivity:;
iv. be based on econcmical as well as the managerial and
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v. result in better conservation of equipment and
this will result in less

vi. result in better quality goods and/or servioces, since
the equipment will be always in good running comdition,
and,
protection for the plant: this will result in less

Terninclogy: There are mainly four types of maintenances, but
"Sf consistency, the following terms will be used in this
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maintenance at a pre-plamned time interval. These regular
maintenance activities can be accompanied by inspection which
wvill clarify the condition of the equipment, but this type of




as
can be performed in either a rumning or shutdown condition.

Maintemance) Design or redesign of the equipment or part of
re~design of the equipment or part of the eguipment can take

reakdown Maintenance is a type of maintenance done after
fajilure, or a gradual failure which had not been monitored.
aparater.
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Breakdown maintenance has initial low costs, and it ainimizes
the maintenance work, provided that nd> seriocus problea of
secondary damage occurs. In breakdown maintenance there is no
planning hassle. If the maintenance personnel can overcome
the series of breakdowns in minimal time, if there are no
injuries as a result of the breakdown, and if the cost of lost
production is not excessive, then the pecple who practise
breakdown maintenance can justify the effectiveness of their
breakdown maintenance system. Breakdown maintenance can be
cost effective if failure can be tolerated, vhich implies that
the breakdown does not affect the operation, safety or

integrity of the systea.

on the plant reliability vhich is drastically reduced vhensver
a breakdown takes place. AlSs, since breakdown can ooocur at
any time, it is more difficullts to plan the ensuing msintenance
work givem that the necessary tools and Other reScuUrces
Wummmmuymuﬂﬂny
available once the failure has occurred. In that oase,
breakdown maintensnce takes lomger te rectify tham a plammed
saintenance and thus becoms more apensive. Breakdown

oguignent fails. fais is a very aupensive sltesmative sinee
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it ties up capital, a scarce commodity in Tansania. However,
on trivial things such as corridor lamp bulbs, tyres, etc.,

in breakdown maintenance which include notification time,
travel time, diagnosis of the problem time, repair time, and

testing time. Breakdown maintenance also needs high spare
parts inventory because it is not certain vhen failure will
cocur and wvhat type of spare parts will be needed.

ﬂ-ﬁrﬁa!ﬁmm own maintenance:
i. pomponent should be easily accessible;
preferably, ﬂﬂnuhmmmnthm.
ii. Time to fix - The component should take as minimal time as
failere.

. Safety - ﬁlﬁﬂmﬂtﬁ:““ﬂ“
ﬁllmﬂﬁlmgﬁ
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operated while the primary is being repaired.

vii. If the cost of dismantling the equipment for repair is
lower than or egual to the cost of removing the item found on
maintenance may as well be conducted on such piece of
viii. PFor equipment that has a long enough life to meest

production.

Preventive » is a pre-planned maintenance vhich is
normally done at a fixed time interval. Preventive

ntenance is normally accompanied by a regular inspection of
the condition of the equipment, but those inspections are alee




Preventive maintenance is normally done on eguipment whose
reliability is of high importance. A failure of egquipment,
iuah:iuﬁeym“.mhv-rgdimtmimmyta
production, but also to the operator. In other egquipment, the
failure can be harmless to the operator, but vill cause a very
h;gimtammmmamitmnﬁﬁlﬂg
time. In these two cases and others wheredy high plant
reliability is of utmost importance, regular preventive

i. Operating period between planned maintenance cannot be
deternined precisely because of differences between plants,
operating comdition and operators' skill.

& part of a piece of equipsent can be discarded while it is
still intact. This is a set back, especially in a ocountry
of thea are imported.

iii. If freguency of regular preventive maintenance is too
guency is too low, failure oan coocur
MEHMMﬂnMﬂH hﬁﬂ.—.l.
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iv. Some plants fail due to maintenance-induced defects. This
mainly happens if the quality of maintenance done is below
standard. Sometimes human error during maintenance induces
some defects in the eguipment.
v. It is difficult to introduce effective preventive
maintenance on nev plants because it requires some knowledge
of failure trends within the equipment after some period of
time in operation. .

$.3.2 Advantages of Praventive Maintanence:
i. Maintenance work can be planned ahead of time and all

activities scheduled and coordinated wvell ahead of time. This
assures that all necessary rescurces reguired for the
maintenance work are available before the real work starts.
This results in shorter maintenance time, and thus grsater
cost effectiveness.

ii. Nany problems can be arrested before they oocur, thus
reducing the embarrassment of an unexpected plant failure. In
that case, it increases the plant’'s reliability.

1i1i. Plant productivity can be highly increased by good
coordination between the production and maintenance
departments. This reduces conflicts on priorities betveen the
production and the maintenance activities. Also, the dowmtine
can easily be coordinated and managed.

iv. Amw&nmmmmum
spare parts mansgemsnt. The amount of spare parts seguired
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vithin a year can easily be worked ocut from the preventive
maintenance plan. This will result in better spare parts
control and, thus, reduce unnecessary inventory.

V. BExcept for critical elements requiring continuous
operation, less standby equipment will be needed. With an
effective preventive maintenance, there is no need for standby
equipment as the plant vill be in good operating condition at
all time. Preventive maintenance is carried out before any
failure has occurred.

vi. lLess labour requirement for a preventive maintenance
system, since the system result in optimm utilization of
labour. Also, since preventive maintenance is scheduled,
effective. Nence, preventive maintenance is a very important

regular preventive maintenance:
i. Cost: The overall cost of preventive maintenance should not
preventive maintenance is cost effective is [33):



£
PH=D(A+BAC) /(BXP) cccccescsncccscssccsssses 6ol
vhere: D is number of |
A is cost of breakdown;
B is the cost of lost production;
C is the cost of repairing other equipment

E is the cost of PN activity (average); and,

F is the number of PN cycles/year.
If failure of the equipment will cause excessive loss in
production and restoration of the equipment may take too long
preventive maintenance. But, the ocost of preveative
maintenance should not excesed the cost of the equipms
vnlhmmtamlmgtmﬁmm
and would not affect production in case of failure.
ii. safety: Preventive ms should be enforoced in
dmmtmmﬂllmmmw“
integrity of the systea. Preventive maintenance should also
induce failure in other element(s).
. ations: In scme eguipment, failure may be
mnuﬂﬁm‘;gm In those types
of eguipmant, it is reguired by govermment regulatiens to do
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& regular preventive maintenmance, and to keep a log-book of
maintenance wvork done.
iv. Insurance need: If some of the egquipment is insured, then
uumwm.u«:-ummmum
operating condition, and to 4o a regular inspection so as to
Qualify for compensation in case of accident.
v. Failure cost: In some equipment, when failure occurs, the
equipment that is associated with the defective component may
be destroyed. If the defective component is changed before
the failure cccurs, the equipment won't be damaged. In this
case, ituMulmwinntmn
as to save the egquipment.

$.3.3.2 Steps in Introducisg Preavestive Maintessmencs:

i. Wireman [34] suggests that to start with areas which will
give the guickest, most noticesbdle, and maximum pay-off, it
should be the area where the problem is irritating to both
maincenance and production persomnsl, and them make a prograa
for the area. If all effort will be concentrated inm that
small area, good results vill be seen in a very short time.
But, this area should not be critical area in plant cperationm,
because if anything goes wrong, them all the merits of a good
preventive maintenance seystem wvill Dbde overlecked.
Inplensntation of preventive maintenance fer the whele plant
is net an casy and shert time plam, 00 it vill be casier to
cevince managenent, and the other maintenance persoamel, to
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introduce a preventive maintenance for the whole plant by
starting wvith a small part of the plant.

ii. The second step is to gather all of the manmufacturers’
information about the equipment. This informatiom includes:
operating and maintenance manuals; recommended spare parts;
information from the site, such as serial mmbers and
rtation settings, and compare the information vith the
information from the manufacturer. This will help to prove

that the information which is at hand is the same as the
information from the field.

iii. Review the records of faults cbserved, repair work done
on the equipment and their fi sies. If there is no record
kept, it is important to start record keeping immediately.
sccumilated time to failure; type and number of failures;

mmﬂmqupq\nﬂatmk:ﬁm“tﬁ-
of information which is unigue to the company.

gv.glmammnmu—m:g_
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expertise. By knowing the skills of the maintenance
personnel, the assigning the responsibilities will be
simplified. This will also assist in identifying whether
there is a need for training the maintenance pers -
It is also necessary to have a list of test ir
as feeler gauge, vernier callipers, etc., and
tools, such as spanners, pullers, and other devioces. By
making the list of test instruments and tools, it will be
possible to identify any important missing tools or
instruments, and hence helps to identify types of maintenance

the company.

v. Failure data may be collected while doing inepection,
servicing, or just from the normal production operation. The
zmozm.mmmmmmugym
each failure should be recorded. The information is useful in
doing Pareto failure analysis which in turn, will be useful in
identifying areas which need more attention than the other.
In addition, it will be easier to sell the preventive
mintenance progras to management if the total failure cost is
presented as a percent of the total revemus.

vi. When perforaning failure amalysis, the Weibull grephical
method may be wsed to deternine whether the failure rate is
increasing, desreasing, or is censtant. This will assist ia
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identifying the nature of failure and in scheduling preventive
maintenance actions before the next failure. PFrom failure
data analysis, it will be possible to design a prevestive
action for each piece of equipment to about 80% accuracy. Por
each piece of equipment, make a list of tasks which will be
may be broken down to show duration, type of spare parts
neesded, type of tools needed, type of skills needed, etc..

vii. Nake a wveakly, monthly, and at last a yearly schedule for
plant and equipment inspections and services. This schedule
msay be based on hours of operatiom, mileage, cycles, or just
periocdically so as to maks sure that the equipment is at a
following activities: oil change, lubrication, replenishing of
Sexvice activities also include cleaning of permanent filter
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any change in designed performance, ocomponent wear
(dimensional change), too much clearance (which csuse 'part-
play’), misaligmment, oil 1level, overheating, 1locee
connections, etc., and deteraining the extent of work reguired
to rectify the situation to its normal operating conditiom.

Inspection may be carried ocut by a trained artisan or
technician, maintenance foreman, production foremsn, or a
quothtuglm;!; Inspaction can
udmum.lqlom.ﬂnn-hrmh
Mumm prouimnity transducers to
neasure nisalignmant, ujmvtmmmigm
of qualified perscmnel, such as boiler imspection (e.g. boiler
etc.), must be done by well-trained persommel inm that area.

80 that preper actioms can be taken as early as possible.
Wmmmm— ez )
mm&.*m-muﬁin-
iapestant at this stage se as to aveid cenflist over different
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priorities between the departments. Inspection reports should
be made available to other departments which will be affected.

The reports should be concise, specific, and understandable to
all wvho will read them. The use of inspection cards with
prompt gquestions, and possible answers will help to

standardize the inspection procedure and as a result will
produce a report vith the same type of format.

viii. Xake a spare parts list including oconsumsables and
mumm.wnmmm
spare parts, etc.. In that list, availability of the spare
parts, wvhether within, or, from outside the country, should
also be included. MNaintenance manuals from the manufacturers
are the best socurce of spare parts information, especially for
nev equipment. Whenever the company purchases nev eguipment,
it is recommended to purchase the spare parts of that
equipsent, which will last for st least ome year from the
purchase and ocommission date of the eoguipment. Por old
equipment, if there are records for all maintenance work dome,
they will show which spare parts are being consumed and,
hence, which parts to order. Red tapes discuseed in section
3.9.3 should be takea into considerstion whensver a reqguest to
purchase spare parts from abroad is scught.

ix. With cocperstion from the production department, assign
the downtine to each preventive task and make & master
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veek and even by day if possible. This master schedule should
be revieved as freguently as possible after completion of each
and the real downtises after completion of each task.

x. Lastly, a strict follow-up of plamned activities is very
important for the effectivensss of the systea and maintenance
activities are no exception. Top manegement support is very
departasnts. The support is also important in order to give

& piece of eguipment or part of it is comstantly momitored to
enable its condition to be known, and 80 that any imcipient
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Condition based maintenance is an attempt to obtain the
advantages of preventive and breakdown maintenances without
suffering their disadvantages. For example, ocondition
monitoring will replace planned maintenance by dismantling,
thus saving downtime, labour, and avoiding the potential
danger of careless wvork and incorrect reassesbly and also will
utilize a component to its optimum life as is the case with
breakdown maintenance. In this case and others, condition
based maintenance achieves both the cbjectives of preveamtive
and breakdown maintenances while at the same time avoiding

their respective disadvantages.

Plant diagnosis is analogous to a medical approach of
identifying a malady by studying and understanding ome or more
of its symptoms in that, for comdition monitoring techniques,
different sysptoms of a plants' malfunctions are diagnosed to
deternine the real ceuse of the malfunctions. Diagnosis of
M'MGMthuVMWMMuW
in tigure ¢6~-2 [38): signal sensing; processing of the sensing;
and, identifying the cause.

mtimmuummmnmmw
(swch as vibrstiom, temperature, and moise) te identifty the
signal from the plant under test. T™he signal cam be at any
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state, provided that it gives the indication of the health of
the plant.

l!.gau - - m;ty . Cause
Sensing Finding Identification

Figure 6-2: Thres Steps of Plant Condition Monitoring.

The second step is to analyse the signal(s) obtained. This
theories, or any other analysis. The third step is to
Mﬁtﬂmatﬁlmmﬂm!ﬂ-mmlﬂh;ﬁ
identify the origin or the precise cause of the failure.

£.4.) _Thrasholds:

In order to profit from a good condition based maintenance
system, it is important to make a control chart for each piece
of equipment (figure ¢-3). Nost mamufacturers normally run
tasts to evalustes guality, reliability, maimtaimebility, and
creats the ocsntrel charts. Nowever, it is ispectant te



get me its just prior to or at the time of failure. The
next step is to set a warning limit at which time action
should be taken so as to avoid a total failure. For some
equipment there is a lower and upper threshold while the
normal operating condition is between these two thresholds.

Failure threshold e ———
Upper warning limit - e ———————

Area of normal
operation

Lower wvarning limit — - — I

Failure threshold — o MN——
Tine — -

rigure £-3: Control Chart

i. Condition based maintenance is applicable only to machine
mﬁﬂnmwﬂgﬂu‘ﬂ.ﬁ—nmn
mlmﬁimnﬂnnﬂﬁmagtm“. Por
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noticed signals of failure. In this type of equipment, it is
better to make a plan for trouble shooting so as to minimize

ii. The monitoring equipment itself can lead to an increased
level of plant failure. This will reduce the reliability of
the plant and | its downtime. Therefore, the
reliability of a monitoring device must be higher than the
reliability of the equipment to be monitored. It has been
suggested f.hltthl reliability of the monitoring device should
be at least an order of magnitude higher than the monitored
machine component (37) and its failure should not ocause
component failure.

iii. Palse alarm of the monitoring device can lead into a
false action. In some cases a monitoring device can show that
there is a failure in a cosponent, Uhihth-mth
alright, or showing that the equipment is okay while there is
a failure. A catastrophic failure can coocur if the monitoring
device itself fails. Once a monitoring device is installed,
it is assumed that it will function properly, and normally the
to make a routine check uwp of the equipment. In that case, if
the monitoring equipnent malfunctions, nobody will notioce till
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not deliver the same type of alarm as for the failed equipment
as this may lead to incorrect action. The failed monitoring
device must give an alarm which is quite different from an
alarm which indicates equipment failure so as to avoid
ambiguity.

v. Nost of the monitoring devices can only show that there is
a failure in the equipment, but they cannot show which part of
the equipment has failed. For example, vibration analysis can
show that there is a misalignment, oil whirl, imbalance or
bearing failure, but, this method cannot show exactly which
part of the equipment has failed. In that case it is
necessary to have more than one device to indicate the failed
component.

vi. Some of the monitoring devices are too expensive to be
used by small firms. Prom an eooncmical point of view, it is
better to use ordinary preventive maintenance, or apply
breakdown maintenance rather than using some of the monitoring
devioces.

S.4.3 AMdvestages of Cosdition Besed Naistesemoni

1um1—-1m-mmummmum
based maintenance. In oondition based maintenance,
mmuuummmymuumﬁ
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not deliver the same type of alarm as for the failed equipment
alara which indicates equipment failure so as to avoid
v. Nost of the monitoring devices can only show that there is
& failure in the equipment, but they cannot show wvhich part of
the equipment has failed. For example, vibration analysis can
shov that there is a misaligmment, oil whirl, isbalance or
bearing failure, but, this method cannot show exactly which
part of the equipment has failed. In that case it is

vi. Some of the monitoring devices are too expensive to be
used by small firss. PFrom an econocmical point of view, it is

mintenance work is carried eut omly when it is mecessary to
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d0 s0; °'if it works, don't fix it'. This results in an
overall reduction on maintenance costs.

ii. Impending failure can be predicted far away up stream,
thus with effective condition based maintenance, there is no
need for a standby plant.

ii1. Condition based maintenance increases plant availability
and reliability due to reduction in both planned and unplanned
downtime. In comparison to regular preventive maintenance,
for condition based maintenance, maintenance wvork is dome only
when it is necessary to do so. This reduces the problea of
over maintenance found in the regular preventive maintenance.
Condition based maintenance eliminates the problem of
unnecessary shutdown of the plant.

iv. The ability to detect incipient faults makes the condition
based maintenance the zafest maintenance system. In regular
preventive maintenance, failure can ococur due to intermal
defects evem in very new components which have just been
installed. With condition momitoring systems, these defects
will be detected. Por critical equipment, the momitoring
devics should be able to indicate the symptoms of failure at
the earliest stage wvhen it is still safe to cperate the
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f.4.4 Condition NMonitoring Techmienes:
A monitoring system for a particular plant may involve the use
of a single technigque or a vide range of technigues. The
following are among the technigues known: human senses; visual
inspection; fibre optics; acoustic emission; ultrasonic
detection; oil debris analysis (spectrometric and ferrographic
analysis); lubricant film thickness; vibration analysis;
dimensional analysis; tesperature mesasurement; aligmnment
mesasuresent; power consumption analysis; position detectors:;
strain mssasurement; and, electro-optical laser system.

The prices of ocondition momitoring equipment varies from
sizple sensors and traneducers, such as limit and speed
svitches which ocosts less than $100, to the highly
sophisticated ‘Computer-Based Accustic Emission Analyser®
vhich ocosts about $100,000. Typical prices of various
monitoring device are shown in appendix S.

Sa.4.4.) Iunan _Senses:

Before development of the present time semsors, experienced
buman beings have used their senses of sight, sound, smell,
taste, and towch to detect imcipient failure of eguipment.
Bxperienced technicians could dstect a defective eguipnant by
dotacting either a change in its neise, tempersture, or
vibeatien. Effert could be put to increase the semsitivity of
non oonses to dotect umususl chamges in the wesk



environment. The experience of well-trained maintenance
personnal could be accos 1 by a standardized devioce, such
as simple meters, to increase the accuracy of detectiom.

Training of machine operators in this area is most
because the operators are the ones who are in daily ocontact
persomnel. Also, for this system to be effective, it is
operator will be accustomed to the machine to an extent of
characteristic of the machins. PFor emmmple, an experienced

bus driver will be able to detect any abnormality with the
period of time. However, *“is system is diffiocult ¢to
implement for a multi-shift operation in which differeat
are not semsitive to small changes. Thus for small changes,
other type of sensors are nesded to supplement human Senees.

Qﬁlﬁmmﬂtmw, it is possible to
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to cbserve the internal organs of human beings, such as the
intestines. mmmmotmnmxmumm
fully applied in engineering sciences, especially in
maintenance management. This technology could be applied in
Mwotimmnmlnunypimotmm
other intermal failures such as pitting, build up of foreign
materials (e.g. build up of salts in pipes), etc. Bven a
component which has a winding intermal structures, such as
muffler, pipes, vater jackets in engine housing, etc., can be
diagnosed using the fibre optics technigue. This technology
Ml‘h“hdi“tﬂthMMotm-ﬂm
ummmmmom.mummmm
clearances in the cylinders, and monitoring the condition of
the journal bearings in the crank shaft.

$a4.4.1 Tempecatare Neasurenents:
mxmotmmunmmmm.

vhich causes a rise in temperature. By wmonitoring the
temperature of the part(s), it is possidble to gemerate the
normal characteristics of a healthy cperating equipment. Por
example, the aversge bearing cperating temperature is between
40 and S0 °F above the ambient tempersture surrounding the
bearing (30). If, in any time of cperatiom, there is a
deviation in the temperature of the eguipment, thea it is
sysptematic of a preblemn within the oguipment. this
technique, to be protfitable, needs constant chessvetien of the



-
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equipmsent. An automatic monitoring device could be installed
vhich should be able to give an audio or visual alara vhensver

This could be done with an assistance from the machine
temperature of the bearings, cooling water, lubricetiom oil
and other parts which gensrate heat. One of the devioces which

include simple devices such as ¢ ps, heat semsitive
paints, industrial thermometers, rs, and temperature
thermoccouple is omly between $100 to $500, while that of an
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the grease hole in a bearing housing umtil it comes imto
contact with the outer ring of the bearing [39]. This
thermomster gives a more precise besring temperature than
other therncmeters which simply measure the outside housing
temperature of the bearing.

Pigure 6-4: Eand-held Thermomster

Safod.t Yibeation Anslvais:

This is among the simplest and most videly applied condition
sonitering techaigues. It is mostly applied im a rotating
sechine, 1ike monitoring the bearing vibecstions in an
electrical mster.  Vidretion memitering imvelves the
attachment of an acosleremster to & machine to recosd its
asssleretion. Accelercmsters are usually perusnently attached
hmuu'maﬂmamm
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axis [(40). Neasurement may be taken by a portable test msters
] snt is usually applied in

Other technigues of measuring vibrations include ssasuring the
place). Vibrations may be either of horisomtal or vertical
nature, or combination of the two. Special eguipsent is
reguired to indicate the nmature of vibratiom ( ]
vertical or oombination of the ¢two), the problea
(misaligmment, oil whirl, bent shift, etc.) and, if possible,
its precise cause (the cause of the oil whirl, the cause of
of vibrations in the eguipment and detection of any increase
in vibrations of the equipment. In gas or oil transmission,
it includes t of piping pulsation from the
mm—mﬁmnuumnmn
oritice flowv measwm it at the meter statioms. In modal
testing, matural and oritical vibration freguencies are
seasured vhen a known vibratiom is induoced.

tit; fereign matter in Dbearing; reter crechks or bends)
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imbalance; oil whirl; improper bearing housing; and,
foundation problems. S0, it is very difficult to tell exactly
what the problem is by vibration analysis alone. Vibration
analysis may be backed up with visual inspections and other
= such as bearing oil pressure, Dbearing
temperature, gas in insulating oil, etc. in order to be sure
mtmmatmmvm;mhﬂmmmw

Machinery vibration testing can be performed either on site
by testing its major and/or suxiliary components. T™his cen be
nmgmgmm.eﬁxvmmm

(figure 6-8) (41), these can be used to take readings at
vear vithian a cenpenent, then the coaponsnt can be changed
befere failure coocurs. An advantage of a portable vibration

Another type are the vidration tramsfucers which are oftea
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These permanently mounted transducers are more accurate than
the portable ones; since changes in vibration do not depend on
time, higher vibrations can occur at any time in which, and
some of the peaks might be missed with the portadble vibration
meters. Using these types of transducers, one ocontrol rooa
can be used to feed and receive signals from several
transducers. The signals can be fed directly to a computer
and a plotter, vhich is more econcmical than msamual recording
and plotting, especially vhen there are a number of pieces of
equipment to be monitored.

£.4.4.3 O0i) Debxis Analvais:
T™his is an analysis of impurities in lubdbricating oil.
Whenever there is wear in a ludbricated machinery part, the

particles are carried by the lubricating oil. Therefore,

- - -
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detection of the number of particles, their siszes

useful tool in condition monitoring. vVarious technigues are

used to detect the above properties of debris in lubricating
oil.

tric analysis (figure

spectrometric oil analysis. In spec
6=7), the task is to analyzse the type of material the
particles are made of. The particles may be dirt, wear
materials, or additives which have solidified. If the
particles are just dirt, all that is reguired is filtration or
changing of the oil. But if the particles are made of wear
from which they come [43). The amount of particles is a
direct measure of the amount of wear. If the wear is
excessive, the component should be removed or repaired before

ment of ferrous particles in lubricating oil a
ferrograph is normally used. PFerrographs precipitate ferrous




Lubrication film thickness can be utilized to measure the
lubrication condition in a bearing and, hence, to analyze thea
incipient damage in a bearing. The isportance of the
average surface roughness of the bearing (44). This will
assist in analyzing the mechanical condition of the loaded

area of an operating bearing's rolling interfaces, degree of
lubricant starvation in the bearing and the extent of damage
caused by the lubrication starvation. This is important in
determining the lubricant type, optimum lubricant flow, time
period for lubrication, mechanical deterioration in bearing
and, therefore, the remaining bearing life.

Different methods can be used to determine the lubricant fils
in bearing interacts, they gensrate stress vaves o’ '.ltrasonic
nature ([45]. These stress wvaves are the so calied shock
ﬂllﬂﬂﬂﬁﬂhditﬂtﬂbylﬁimlmlﬂm
mmn—;mn-ummpumnﬂ-
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vill still be generated. Hence, shock pulse can be used to
measure the lubricant film thickness in any state of
lubrication in a rolling element of the bearing.

Ultrasound is sound vave which is above the hearing range of
a human being (20 Hz to 20 kHz). Ultrasound occurs above 20
kHiz and the range of airborne ultrasonic detection is between
20 kiiz to 100 kiiz [46]. Sound is generated when a vibrating
body causes air particles to vibrate for a short distance.
they vibrate in an alternating chain of a sound wvave. This
sound energy can be measured by its amplitude of vibration
(i.e. amplitude of the vave) and intensity.

Ultrasonic scanning can be used to detect pressure and vacuum
leaks, 1locating faults in valves, ocondensers, mj and
seals. Also, it can be used for troubleshooting compressors,
pumps, heat exchangers, steam traps, tanks, turbines, boiler
connections in electrical systems. The integrity of electrical
mmm&:mﬁjﬁiﬂ(ﬂj. Axros
(e.9., arcing at svitches, circuit breakears, junction bomes,
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transforaer, etc.) are generated vhensver there is a gap and
electrical current jump.

Ultrasonic testing is applicable in both oondition based
preventive uw and in guality comtrol. Industries
wvhich manufacture heavy, thick material can use ultrasonic
scanning to determine any hidden flaws, such as internal air
cavities, without damaging the material under test. The
ultrasonic test vill give mainly two results: the thickness of
the object and any subsurface flawvs in the material.
Depending on the type of equipment used, a visual picture of
the type of defect may be available [48].

Teangmitter Defect Transmitier Receiver
- — (===
=" =
S Z N
Receiver Oelect
Only smell signel received Signel reflected
due 10 blockage by defect bydelent

Figure 6~8: Ultresenic inspectien
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Por condition based maintenance, ultrasonic testing can be
latent manufacture defects. Patigue cracks can be detected
at an early stage and the situation rectified before total
fajlure has oocurred. Ultrasonic inspection involves four
steps ([49]: a) affixing the transmitting unit on the test
material (figure 6~8); b) fixing the receiver on the other
-tﬁaznh:mmtn_;tﬂrm“mtmag
transaitter and the material under test; Cc) actuating the
transmitter; and d) Receiving the signal back.

genaration of transient stress waves by materials in distress.
of localized stored elsstic energy [30]). Acoustic emission is

a) Shaft aligmment)




d) Contamination of lubricant;

e) Cavitation in pumping installations;

f) Excessive wear on driving gears;

g) Plant mechanical loocseness;

h) Coupling defect and seal leakage;

i) rluid, gas and steam leaks; and,

§) Piping misalignment and stressing (52).

Also, acoustic emission can provide contimuocus momitoring of
a plant. This will include: a) mamual routine inspection
surveillance; b) continuous analogue monitors and alarm; and,

high freguancy, narrowv band piescelectric
permanently attached to a rotating msachinery, and a portable

instrusent is attached to each sensor (33]. Two readings NS
and recorded. With an aid of a Cathode Ray Tube (CRT)
mmmmm-m-mn—mmm
test.

Por a conf analogue monitor and alarm, the devios vhich
consists of a mmber of sensors or transducers is permsnently
asplitier is mounted at least half a meter from the semser,
and a co-axial cable limks the pre-esplifier te the acsustic
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emission monitor and alarm (34). Readings of vibration, ms,
and SAT are continuously monitored. The monitor triggers
vhenever the limiting value is exceeded.

Sensor/Transducer—
|
Pre-amplifier
Rguipment under AR monitor &
Test Alarm

Pigure 6-9: Continucus Analogue Nonitorx

Computerized surveillance become econocmical when there is a
lot of data ocollection and analysis reguired making manual
inspection and analysis cumberscms and uneconomical. Computer
applications simplify data manipulations and presentation,
data repeatability, and traneducer calibration repeatability.
Also, ocomputers increase the accuracy of data reading.
Computers eliminate the laboricus task of data resding, data
presentation and daily checkups of equipment. With the advent
of high ocapabilities, fast, and cheap ocomputers, it is
possible to use a single computer in a multi-system data
resding and anmalysis. This reduces the number of employess
needed for data reading and amalysis.



consumption whem it is in operation. Although power

condition of the plant, it is necessary to have a ocontinucus
measurensnt of power consusption of the plant, for a certain
duration of time, so as to be able to establish the operating
charscteristics of the plant. After establishing the maximum
and the gm;-n: operating power at differemt loads, a
powers. The monitoring device should be able to give an audio
surpassed. Pover neasuremant differs from one piece of
equipment to another. Differeat characteristics of equipment

as input power. The indirect power measurement of
may involve the measurement of a shaft speed n (rpm) using a
boroscope or tachomester, and the msasuremsnt of torgue using
strain gauges, msasuremsnt of input voltage and input currest.
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equipment. PFor example, if the shaft that the bearing is
supporting is not properly aligned, the bearing will wear in
& patterm for which it was not designed. The bearing's
rolling element will try to run in a new path, the bearing
won't allow proper lubrication and loading which will result
in metal-to-metal contact and, hence, rapid deterioration of
the bearing (55]. Shaft misalignment can be detected by using
simple microswvitches or proximity detectors.

In gear drive, if the gears are vertically misaligned, there
vill be contact between the tip of one tooth and the root of
another tooth. This will result in rapid wear of the teeth
and, hence, failure. If the misaligmment is off side-to-side,
one side of the tooth will carry all the load, this will
result in rupturing of the oil film barrier betweem the teeth
(S6). If the misaligmment is very big, the tooth will be
scored to an exteat that it will break off, but if it is a
ainor nisalignment, scmetimes the prodblem will correct itself
or result im minor scoring.
couponents of a piece of egquipnent. Acoustic emission can be
utilised to detect anisaligmment in shafts, piping and in
20ans of a displacensnt tramsducers (figure 6-10), a cemmen
sothed weed in detecting shaft nisaligmment.



T™he following criteria may be used for the selection of
rather tham suddenly) ($7]). Condition monitering is omly
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is important to study not only the critical t(s)"*
consideration. This can be done by comstructing a table of
81l possible component failures, and aseessing the following
factors for each component (58]: a) the 1ikelihood of failure;
b) the con - failure; and, c) the repair time
required. If the component is likely to fail, the failure is
progreasive, seriocus, and it takes a very long time to rectify
the failure, then it is worth condition momitoring.

ami:lt;mm;taﬂq !‘:ﬂiumiﬁm:!vm.m
mm;ﬁumnmm.mmmmm
installation of a monitoring system should not exceed 1% of
the value of the plant to be monitored, unless there are other
considered [59). It would be umec to use a condition

,ﬂihi—n-h'ﬂ

The condition monitoring of a conpenen
-r_-!_lp- ﬁimﬁtﬁlm
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monitoring system is the reliability of the system; the
monitoring system should be more reliable than the sguipment
it is used on. Rarlier in this chapter it wvas suggested that
mean time between failure of the monitoring system should be

at least one order of magnitude better than the expected life
of the monitored equipment [37]. Also, semsor failure should
not result in machine failure; if the failure of the sensor

of equipment is common due either to lack of knowledge of
appropriate usage, or just curicsity of the worker. The
dropping, oil, and, if possible, should be heat resistant.

llﬁliﬂiﬁﬁ!tﬁﬂlﬁﬂlﬂmnﬂﬂmmm
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£.5 Maintenance Preventiomn:
Theoretically, it is possible to eliminate failures by
designing equipment with high reliability, a redundant
element, and by doing regular preventive ma ANCE
However, from an economical point of view, such design and
maintenance systems would be too expensive and uneconomical to
atford. Rxceptions are for equipment which are difficult to
repair or for which failure would be fatal. For example an
aircraft, once in the air, must function without failure, and
an earth-orbiting satellite, once it is launched, must operate
wvithout failure. In these two and other similar cases, higher
reliability is an obligation. All other equipment is designed
at a certain level of acceptable reliability and safety, thus
failure occurrence is inevitable. Analysis of failure
identifies failure mode, failure source, and freguency of
occurrence (failure rate). Por a freguently failing
component, which also takes a lot of time to repair, it is
appropriate to oconsider carrying ocut maintenance pre

rention.

Naintenance prevention involves the redesign of a unit and
sub-assenbly, vhich is highly susceptible to failure, so as to
reduoce failures and improve maintaimebility. A trede-off
betwesn savings from higher reliability, ease of repair frem
to dsternine the type of modifications or isprovemsnts which
are cost effective. In the amalysis of failure cests, both
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the cost to rectify the failed component and the cost of lost
production should be taken into consideration.

taken during the design stage of any nev product. The
earliest stage of any nev product development is ‘concept
generation' - the idea generation stage, during which a
product exists as an idea of an innovator. Feasibility
studies, from both an engineering and a marketing point ot
view, is the second stage, followed by a design stage. It is
mm&nm&nmmmmmmma
maintainability in the product. It is possible to predict
different types of failure under different loading conditions
by analysing different forces at the design stage. 8o during
this stage, a designer ocan either prevent maintenance
activities by designing with higher reliability components, or

DL R -

failure source so it can be determined where to start to re-
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due to excessive vibrations. In that case the failure source

is shaft misalignement and not bearing failure. Pailure source

be isolated, by means of failure analysis, as a source of
malfunction in an equipment. The second step is to analyse
vhether a correction of the failure source is feasible, and
vhether the failure source can be corrected by just replacing
the failed component or if it needs modification of the
failure source. This may involve an economical analysis by
comparing the cost benefits of just replacing the failed
components from time to time with the cost of making a
thorough modification of the failure source. Mean time to
repair (NTTR) of a failed part may be taken as a criterion for
improvement. By doing an analysis of time taken in each
tasks, it is possible to determine a task which has the
lengthiest time increment. This task can be taken as the

After the identification of various candidates for maintens
nodification or improvensnt is scmshov dependant on the extent
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are designed and manufactured without taking maintainability
into consideration. For exasple, the majority of car block
engines are designed without taking maintainability into
consideration, such that vhenever they crack, or vater jackets
is to discard the whole engine block. In some eg@uipment,
modification of one component requires a modification or
replacement of a whole sub-assembly and modification of the

sub-assembly vill affect other sub-assemblies and so on, such
that the whole equipment will be affected. The only
improvement feasible under these cirocumstances is to discard
is maintainable.

Hence, it is important to make a feasibility study of doing
component modification. The study should: a) analyse vhether
it is possible to make any component modification without
affecting the whole sub-assembly; b) analyse the inter-
aseembly relationships; and, o) analyse the whole equipnant to




This chapter deals vith some fev selected maintenance problems
in Tanzanian industries. These problems were first discussed,

in brief, during the questionnaire analysis in chapter 3. 1In
this chapter, each problem is analyzsed using different
perspectives from those used in chapter 3. The author has
previously worked with three different Tanzanian industries
(Mriculture and Industrial Supply Company (AISCO); Tanszania
Earbours Authority (THA); and, Priendship Textile Nills
of his undergraduate program. 80, in some situations, the
explain them.

However, it is important to note that each problem analysed is
very wide, hence, only the aspects which affect the

system; lubricants and lubrication prograns '

2.1 2pare Baxta:
An unavailability of spare parts is sentic
preblea affecting ntenance d
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However, the spare parts problea could be alleviated if people
would make efforts to manufacture spare parts locally rather
than depending on imported spare parts. Tanzania is having a
problem of imbalance of trade, the country imports more goods
than it exports resulting in scarcity of foreign currency. In
that situation, the Tanzanian govermment has to restrict
mmcxmo:mumymmamummﬂ
locally.

In the questionnaire analysis (refer to chapter 3), 608 out of
758, who indicated that lack of spare parts is the main
pm1-.mmtmna1-mmwmeya:
foreign currency. This shows that pecple have the mentality
of finding the solution of their problems abroad instead of
ginding a local solutionm. whenever there is a spare parts
mx-.mmynxutumzmuumm@ﬂ
mwumutmumm.

Mummmmummmm, s3s
indicated that they don't have machine tools, rav materials
and technology to manufacture the spere parts; 388 indicated
that they don't have foundry; and, 308 showed that they don‘'t
have hest treatment facilities (mote: in Temsamia, almest each
Mhulummuwwﬁﬁ
parts). Bastily looking at these Trespenses, one Can ¢et an
111usion that indeed there is a serious prebles and that the
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responses really mean is that they don't have those facilities
vithin their own workshops. From an economic point of view,
it is doubtful whether it is profitable to provide all those
facilities to each company. Foundry, heat treataent
facilities and other special machine tools are only useful if
facilities, and can manufacture the badly needed spare parts.

A.N. Bvinyi, the president of the United Rapublic of Teansania
(60), revealed that most of the spare parts which hitharto
started to get a lot of oxders, because the governmen
to shov that there is a big potential for making spare parts
m;,imﬁhymmmmm
ﬂm“m:ﬁgﬁiﬁ;'im.mh

cupected.
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cess President Mwinyi cbserved that local vorkshops had
:bﬁiwmrnnﬂnm NHe, however,
expressed ooncern that m were mum

orders .... (61)
8o, 1tmhmmtmmﬂmpgﬂ1—um
notion of ‘genuine spare parts’. MNost of the car dealers and
some of the industrial machine dealers who also sell spare
nothing wrong with such an advertl ent in a free markst
economy , it may give an impression that other spare parts

mm::zmmﬂpmm!mﬁmnnﬂ
the oountry. mﬁtﬁ:im:ﬁ.nﬂgmmn
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In addition to the fact that there is not encugh promotion of
the local spare parts manufacturers either. Nost of these
wait for orders from the industrialists, instead of taking the
advantage of the free market to produce the spares for
potential customers. It is doubtful whether any of these
unfamiliar with the size, the growth rate, and the

As indicated, the majority of industries have their owm
shops to support their daily need of spare parts.
m;:,mmm_emijn;tﬂﬁ-ﬂm

(TABARA) , ﬁmmmu(m :-tﬂ-tm
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of spare parts not only for their parent companies, but also

from abroad. Tanzania has a mlﬂimuitetl:ﬁm.
which if exploited could fulfil Tansanian's need of irom for
has proved that Tansania has iron ore of about §S million tons
afmmmmthmgqm A
(62), ocould supply Tanzania vith all its needs of steel for
m@mnmmmm vhich Tansania has
to borrovw from in soney market. Despite the fact
that, femanMmﬂmnlm
conducted it wvill prove that, it is cheaper and easier to

iﬂulﬁ&!m ﬂ“md
m—mmxgxmmum“
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Nanufacturing Company (KNTNC), which started production in
1986/87, manufactures conventional machine tools locally. The
company is built with a capability of producing 400 types of
machine tools in collaboration with a Bulgarian firm (63).
Conventional machine tools such as lathe, milling machine,
drilling machine, shaper, etc., can now be obtained vithin the
country using local currency. The only problem now is to
raise encugh capital to purchase these machine tools, and no
longer their availability.

For other problems such as the unavailability of foundry and
heat treatment facilities, the companies concermed could use
the few available foundry and heat treatment facilities in the
country to make their spare parts. Poundry facilities are
found in NECO, TASARA, TRC, FIN, and the UDSN-Paculty of
engineering (FoR) workshops. MNECO has the largest and most
nodezn foundry among those nentioned above, and in addition to
@ mumber of spare paifis the wvorkshop produces for many
companies, it also produce some original parts for valmet
tractors wvhich are being assembled in Kidaha, Tansania. The
material laborstory in UDSNH-FOR has heat a treatmsst facility
which is not only for teachiny and research, but also fer
consultancy purpeoses, hemce the laboretory is ocpen to the
public ia g¢generxal. So, spare parts mamufacturers and
industrialists, oculd use this facility for their hest
treatnent needs at a reascnsble fee.
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§ to the questionnaire, unavailability of skilled
is mentionsd as the second major problem with

maintenance in Tanzania; 70% of the replies showed that the
lov level of skilled manpower is one of the ocontributing
factors to maintenance problem. Amalysis of the
questionnaires, shows that 40% of those who replied did not
have engineers and 10% did not have even a single technician
technicsl field, in the Tansanian context, must have at least
three years of training from a technical college and have
graduated with a PFull Technician Certificats (FIC) (so
technician is the lowest level of skilled manpower). In this
technical career path) vill be reviewed vith a purposs of
finding out the cause of the unavailability of skilled

lﬁlﬂm.viﬂtﬁ!hﬂtmglﬁl‘ﬁm
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is shown in figure 7-1, showing only the career path for those

m'ifiity, l mﬁ

to graduate with
B.8Sc (ENG.)

of prim.
sch. leav.

[ B X N N N B N} om

of primary sch.
leaver

’!m,lir 77,
College, 3 year
aftar

Course
FIC to aobtain

0.128% of Fh-

leav.

ﬂ!(ﬂ)

Pigure 7-1: Pyremid of Bdwcetien (Techmical Career) ia
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Referring to the pyramid of education in Tansania, a pupil,
after completing the primary education, has options of joining
ordinary level secondary schools (normal schools with a bias
of business, agriculture, ocommerce, etc, or technical
secondary school), national vocational training schools
mymmmmﬂmmtuﬂmumm
schools vho join them. In 1981, out of 356,905 pupils vho had

selected to join secondary schools in 1982 (both in private
and public schools), which represents only 3.92% of all the
primary leavers of 1981 (64]. ’

For those who are not selected to join secondary schools,
about 1% can get opportunity to join the NVTS. The type of
schools may be employed as artisans grede III. In a special
-1%.&-““11-1;@::#“,&1“
join technical college. The rest of the primary leavesrs,
:jﬁ;qﬁﬁ-uﬂni_mgﬂﬁim
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trainess, thereafter, the exaninees may be given certificates
wvhich show their level of skills. These tests include trade
test grade III (TIT II1I), trade test grade II (TT II), and
vhile trade test grade II needs a little supervision. Trade

test grade III is the lowest level an artisans can obtain, and
with it they need regular supervision on their work.

Most of the artisans are very good in machining and other

dravings and maintenance manuals. This group is classified as
semi-skilled ma: technical field. Hence, out of
year, only about 3% of them can eventually become at least
seni-skilled manpover in the technical field. This is to say
that the scarcity of skilled j in technical field is
& genmuine problem due to a lov number of technical personnel

a total of 1,387 learnaxse [66). The technical education has
& duretion of 3 years after which a learner gradustes vith a
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graduates may continue with advanced studies in the technical
college for three years to quality for a Diploma in
Engineering (Dip (Eng.)), or may join the university, after a
2 year work experience for a B.S8c (Eng.) studies. In the

Paculty of Engineering (FoE) of the University of Dar es
Salaan (UDSH) vas established in 1973 vith a tirst in-taks of
61 students [67]. Currently FoE has the capacity for 180
first year students (0.05% of the primary school leavers per
year). The number include 20 agriculture engineering students
who transfers to Sokoine University of Agriculture (SUA) atter
their second year of study at UDSN. Up to this time, there
are only two universities, UDSN and SUA. SUA, vhich up to
1984 was just a faculty of agriculture of UDSM, offers omnly
degree) . FoR has departments of Civil, Blectrical,
Nechanical, and Chemical & Process Engineering with a tetal
intake of 160 students per year in the four departments. 8o,
the two universities can produce a total of 180 engineers if
each of the 4 s would produce engineers to its full
capacity. This number includes 60 civil engineers, 40
mechanicel emgineers, 20 electrical enginesrs, 20 chamical
engineers, 20 process enginesrs, and 20 agriculture engineers.
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college for three years to qualify for a Diploma in

Engineering (Dip (Eng.)), or may join the university, after a
2 year work experience for a B.Sc (Eng.) studies. In the
Tanzanian context, Dip (Eng.) is equivalent to B.Sc (Eng.).

Faculty of Engineering (FoE) of the University of Dar es
Salaan (UDSN) was established in 1973 with a first in-take of
61 students (67). Currently FPoE has the capacity for 180
first year students (0.05% of the primary school leavers per
year). The number include 20 agriculture engineering students

their second year of study at UDEN. Up to this time, there
are only two universities, UDSM and SUA. SUA, which up to
1984 vas just a faculty of agriculture of UDSNM, offers omly
agriculture engineering (along with other agricultural biased
degres). FoE bhas departmsnts of Civil, Electrioal,
l, and Chemical & Process Engineering with a total
intake of 160 students per year in the four departmsnts. 8o,
the two universities can produce a total of 180 engineers if
capacity. This mmber includes 60 civil engineers, 40
sechanical engineers, 20 electrical eagineers, 20 chemiocal
enginsers, 20 process enginsers, and 20 agriculture enginesss.
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The available government statistics show that in 1974 about
908 of civil servants in the

they were meeting only a little over 50% of requirements in
the high and middle grade manpower (i.e. those who were
holding the position were semi-qualified persomnel),
especially of technological and scientific backgrounds (68).
It seems that this situation has not changed in almost 20

years following this survey, nor after 17 years of existence
of the Fo=E. The questionnaire analysis showed that 408 of the
industries did not have even a single engineer, hence the
problem to be addressed: vhat is happening to all the
period ? Where are the engineers ?

Table 7-1 shows manpover requirements in the public sector and
is for the degree holder BANPOVEr requir only). The
table shows that there was a shortfall of about 1,000
to about 110 in 1984).

Given this amount of engineers from local institutions, plus
(69), (refexr table 8 ia mi istry of mational educetien repect
1970-1978) the shestfall in the five yesr peried should heave
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scarcity of engineers gglMEHhﬂihlqtﬁMQf
to justify this fact. Hence, the only conclusion wvhich can be

Table 7-1: High-level manpower reguirement

Ditferemce

rield Plan Period 1:1511911111“1 shortfall)e
Medicine 793 346 = e4?
Adninistration 2 823 1170 -1 383
Engineering 140 43800 -1 043
Teaching-Arts 591 517 - 74
0 - 837

E

Agriculture 166 240 + 74
610 372 - 238
637

s 276 4 021 -4 113

¢ Actual manpswer shortage is greater than the sheortfall
figures shown in the table, since some of the posts are held
nx—;-gngmmm

drewm from the iaform , 2 is that lots of engines
nﬁﬂemm or fles the country to find hetter
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needs wvhich NMaslow's [70] described as physiological needs.
Hence, the best motivation they can be given at this stage is
enough saiary to mest their basic needs. .it, the salaries of
Tanzanians are too low to live on due to the currest ecomomic
hardships. To make a living, a lot of Ta

more than just one job; they may either run a poultry farm, a
During the 1990 May day rally, President Nwinyi admitted that
the salaries given are not encugh to mest the pecple‘s basic
neads (71).

offering them challenging tasks. This vill make thea utilise
time gain experience. bery long-1
n:u:mmm-_mtmm,
opportunities, recognition, and the like; things built imsto
vork, not just added on (72).
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oountry, nmtmmmmumlmnlm
from their parts in other parts of the world.

In addition to physiological needs, the skilled manpower have
a higher social need of being recognized, since for their
training they spent more time in institutions, and therefore,
difference. One way of being s0 recogniszed is to be offered
a position in an organization structure in which intellectual
decisions can be made without interferemce from the top
coordination with the production department prepare the

knoviedge by giving them more education and trainimg.
ok a specific fumction. Training cen be offered waing the




 Becosd Easp!
Nost of the maintenance departments in Tanszanian industries
ﬂﬁn'txmtﬂ&ﬁggmxpﬂménm*-ni

data, wvhile a fev of them claimed this was a confidential
information, but, the majority of them confessed that they
don't keep records. Por the rest wvho kesp records, they
reports, Mﬁmmmmm:ﬁmm“ﬂ
during that wveek. It is almost impossible, with this type of
mﬂgﬁm,utm:wumgﬂatx:mmx
m;magum:mmuﬁ-m:
the time takea to rectify each breakdown; amount and type of

mWﬂMMHhm.ﬁ-ﬂh
msmmm—mmam

») AR ;ﬂﬂlﬂhtﬁl“ﬁthﬂ:jﬂ
ﬂ-ﬁﬁﬂ“mm“. but it alse engulfe all




egquipment), opportunity cost (cost of lost customer due to
unavailability of the product in time due to both downtimes),
cost of spoiled material wvhich wvere on the process lins when
the failure occurred, and overhead cost.

on the previous perforaance of the egquipment; wvithout specific
information about each piece of equipment, it is impossible to

an effective preventive maintenance program for it.

type of maintenance is purely based on the maintenance
information of each piece of egquipment, recosded with the
assistance of monitoring device. In order to be able to
keeping for each piece of equipnent, othervise a randes recesd
equipnent, vill not be useful for condition based maintenance.

e) Guick respense to breahiswn maintenance: it is said that,
repeat it®. Similarly, the present type of bereahiown night
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keeping it is possible to avoid repeating the aistakes done in
the past. Also, it is possible to just ocopy the right
tyﬁatgmm:tthﬂmﬂn This will help
to shorten the time required to diagnose the failure, to do
failure analysis, and to rectify the problem. But, without
mmmnﬁugm“hﬁmiﬂﬁ&i

time to repair (NTTR), mean waiting time (WNT), types and
ﬁ—muzﬂi mmmnn
muﬁﬁ-__.m function and of the
aill A of a taxtile mill; all of vhich do the seme functien,
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and are of the same type. The identification of these
machines ray be as shown in figure 7-2, the first two letters
included in the equi t inventory card (EIC), as showm in
figure 7-2.

Piguse 7-2: Bguipment Inveatery Card (RIC).
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Another type of a card, vhich wvill function as a summarized
loghook of the equipment, is required to keep the history of
equipment by its ID number only, vhich saves space for other
historical information pertaining the equipment. BENC is very
such as inspection card (IC), job orxrder ocard (JOC),
detailed information.

differentiation number of the eguipment; b) date on which the

_— i
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task vas performed and number of hours/revolution the machine
had run vithout failure; c) the specific task performed; d)

This is useful in the calculation of total downtime in a year,

amount of personnel used to perform the task; and work ordar
show whether it is an inspection card (IC), Job order cerd
(JOC), or maintenance work card (WIC), etc., in wvhich the

aedium sise industries. But, if there is a largs mumber of
pieces of eguignent to be maintained, this systen may be



1%7
It is cbvious that
for each task at least two different cards must be filled, one

cumbersonse and tedious for manual systems.

for work reguest and another for detailed information of the
work done. With time, there will be a lot of information on
a pile of different cards, which eventually wvwill be very
difficult to retrieve. Also, vith a manual systeam, many

information.

mii ;!
information in a very short time. In addition, the
computerised system will require uniform information to be
kapt and retrieved. other sectors of economy in Tansan

entering the computer vorld in a high speed (appendix 3 showve
the ocomputer situstion in Tansania), but it is doubtful
mmatmﬁmmmmea

Computer application in Tansania is mainly 1limited ¢to
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maintenance sector will be left behind in technological

vithin the maintenance department itself. MNore than 908 of
Tansanian industries, which employ at least 80 employees are
public companies with the government owning at least 608 of
the shares. Frormerly, except for the new companies, all of

vwith very formal vertical communication omly. Although there
is informal horisontal ocosmunication, especially among
csuse thea to taks a very leng time to respond, and, semstines
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®_ .. All information between divisions is given through
vertical communication, it has to pass by the top

before going to the involved sections, [...) one problea is
that a lot of information seems to stop at the top managens

level and never reach the target section ...." [74].

A breakdown, whether minor or major one, may be detected by
mere chance of being at the site during the breakdown. But
most of the time, breakdowns are detacted by the production
the production personnel has to report the failure to his/her
)y.mmﬁiﬁqtmhmm

mmmmmarmm If there was a
horisontal communication, the foreman of the production
wwﬂMIYmmﬂlﬁﬁm
maintenance foreman and, a proper action oould be taken
immediately.

v which exists at the division level, also

organisation structure would bs an ideal
mmmmmm
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is not accounted for as a maintenance cost by many Tansanian
industries. Hovever, the matrix structure should be
introduced carefully because somstimes may cause conflicts,
especially wvhen a subordinate receives two orders from two
different bosses.

1.5 labricants and Iabrication Programs:

An unavailability of manufacturers' recommended lubricants in
Tansania is a common problea. This problem affects the
quality of lubrication applied to an equipment. Nost of the
lubricants are identified by the main onnel by
their trade names such as Bsso-HD, Esso-LD, etc.. The
majority of the maintenance personnel have a very low level of
education, hence to them oil is 0il, what matters most is the
trade name. Sometimes the maintenance personnel use oil of
different viscosity to the recommended one, given that it has

the same trade name.

In addition, the unavailability - ¢ planned program
machinery lubrications adversely affects the life of machine
components which must be lubricated. Lubrication is done
impromptu when the foreman feels like doing it, or when the
machine parts starts to squeak due to lubricant starvationm.

Labrication of any machine part is important as lubricants
have the several benefits to the machinery, or moviang machine
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parts. Lubrication oil provides: a) a hydrodynamic fila
between relatively moving metal parts which preveats metal to
metal contact, and hence, preventing wear and scuffing of the
parts; b) oiliness effect which prevents rusting of ferrous
metal parts, and corrosion especially in copper-lead bearings;
and c) a cooling effect for internal parts of the engine, such
as piston, cylinder, and crank shatt.

All lubricants do not have the same properties, for example,
virgin lubrléanu have poor viscosity, they fora foam, and
enhance oxidation. Hence, some additives have to be added to
the oil to improve its physical and chemical properties. The
additives which are added to the virgin oil include viscosity
index improvers, oiliness agents, wear reducers, antioxidants,
detergent-dispersants, antifoam agents, extreme pressure
agents, seal swellers, and friction reducers (73]. These
additives add extra properties and functions of lubrication
oil such as prevention of sludge formation, and reduction of
engine friction which improves fuel economy (76).

Three American institutions American Petroleums Institute
(API), American Society for Testing Materials (ASTM), and
society of Autcmotive Engineers (SAE), are playing a big role
in standardisation of oils and oil measurements. Labrication
ouommuuuy.mmmuu-ua
viscosity (defined as a resistance to flow of the oil) of the
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oil. Normal lubricants are identified as SAE 20, SAE 30, SAER
50, etc., vhile vinter oils are identified with "W* added to
the SAE number such as SAE 10W, SAE 20W, SAE 30W, etc., (note
that SAE 10W is different in chemical and physical properties
from SAE 10). SAER classification of engine oils is shown in
table 7-4 [77), the higher the SAE number the higher the
viscosity of the oil.

Table 7-2 SAER Viscosity grades for Engine Oils

SAR Viscosity (cP) |Borderline Viscosity (cst)
Viscosity| at temperature|Pumping at 100 °C.
Grade (°C) Temperature °C

ow 3250 at -30 =33 3.8 ===

s w 3500 at -25 =30 3.8] ===

iow 3500 at -20 =23 4.1| ===
L 3500 at -15 =20 $5.6| ===

0w 4500 at -10 =13 5.6 ===
w

Absolute viscosity is measured in "Poise (P)", but the
commenly used unit is the “"ocentipoise (cP)® which is the
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hundredth part of the poise. In laboratories it is easier to
msasure kinematic viscosity (using “Stokes (St)") than
absolute viscosity. But, the "centistokes (csSt), which is the
hundredth part of the stokes is commonly used. Relationship
between the absolute viscosity (in cP) and kinematic viscosity
(in c8t) is given by:

cP

= cS§t 7.1
Density

Another important paramster which is normally included in the
lubrication oil is the "Borderline Pumping Temperature (BPT)",
which is defined as the lowest temperature at vhich engine oil
can be supplied in adequate amount to the oil pump inlet (78].
This BPT, is very important especially in a very cold wveather
application, in wrich a wrong selection of the type of
lubricating oil to be applied can lead to malfunction of an
engine. The higher viscosity oils provide a larger
hydrodynamic film even at higher operating temperatures, but
unfortunately, these oils are too thick for efficient pumping
at low temperatures. However, low temperature is not a
problem in Tansania, the lowest ever recorded temperature is
2 °C. in elevated area of Mbeya ([79].

m-emmwnmmumuyuwn
the 80 called viscosity index (VI) scale. In this scale, the
mnmeuaoummeuu-tmumawau
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a change in temperature, has the highest VI. The use of
viscosity index im s helps to balance the viscosity of
lubrication oils at different operating tesperatures.

Lubrication oil is consumable as is fuel, the only difference
is that lubrication oils have slower rates of consumption than
fuels. Oils of higher VI are consumad at slower rates than
oils with lower VI. Also, it has been established that the
engine operating conditions, such as speed, loads, and
environment conditions, affect the rate of consumption of the
lubrication oils ([80]. Hence, it is advised to momnitor
frequently the level of lubrication oil, especially in hot
climate, as the rate of consumption of lubrication oil is
affected by climatic condition.

A very high level of lubricants is as bad ar a lov level of
lubricants. The higher levels of lubricants increase internal
fluid friction in the engine and reduce the eZficiency of the
engine, while the lower levels starve other parts. In
addition, lubrication oils are contamins

vhen wear takes place. 8o, it is |
there is a well planned

that the lubrication oil is at the recommended level, and that
it is also clean.
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Recycling of used lubricants can bs a very big source of
lubricants. This potential source of lubricants is often
ignored in many countries, antly, used lubricants is
treated as a vaste to be disposed. In western Canada, a
statistical survey in 1974 showed that, out of 30 million

gallons of new lubrication oil sold, only 6 to 7 million
gallons were re-refined (81]. In USA, according to the
departaent of energy (DOE), in 1977 over one billion gallons
of used oil were generated (equivalent to 70,000 barrels a
day), and only one-half of this amount was recovered (82).

In Tansania, there is no information available explaining the
amount of used lubricants generated each year, and whether
there is any recyc’ing or not. Scenes of "road side" used as
ﬁﬁggiﬂﬂuﬂﬁihiﬂﬁﬁhtﬂﬂﬁmﬂ
small number of motor vehicles and industries available, this
practise should be discouraged. Even before having a
lubricant recycling plant, vhich could utilize all of the used
oil, proper methods of disposing the used lubrication eoil
should be encouraged for eaviromment sake. Recycling of used
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The main hesitation among the users of lubricants to use the
recycled lubricants, is due to uncertainty of its physical and
that re-refined oils exceed the minimum requirement for
lubricants under military specification NIL-1-461352 [83]. A
recycled lubricant is like a straight mineral oil without any
additive, hence, the re-refined oil may be used for other
purposes. If the re-recycled oil is blended with other
additives such as VI improvers, and antioxidants, it can be
used for its original intended use as any other new
lubricants.

improved oxidation and colour stability, and after addition of
oxidation inhibitors and sludge dispersants, produced an oil
egual to or better than virgin oil ([(84). 8o it can be
concluded that there is no sacrifioce either on physical or

This section deals vith gquestion of who is responsible for
machine lubrications, and hov lubricetion activities can be
performed vithout affecting other meintenance, or production
activities. It only a very few pieces of equipment ocan
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production activities is very important. Also, the purpose of
establishing a 1lubrication program is to ensure that,
equipment is lubricated at the proper time, using a proper
lubricant (having the recommended ingredients), and at a right
amount (not too little and not too much).

The first step in establishing a lubrication program is to
make a survey of equipment in order to: a) establish the
regquired types and amounts of lubricants; b) to mark the
lubricating point; and c) to establish lubrication cycle for

be limited to external visible points only, but should also be
points which need lubrication. The survey will be useful in
establishing lubrication activities which must be done while
the equipment is running. The same euipment ID mmber used
in section 7.3.1 may be used to make the survey, and to record
the type of lubrication required for each piece of equ

hence, to establish lubricant requirements wvithin the company
in a standard form. Unless it is strictly required to use a
certain standard of lubricant, say SAE 18 for precision
duty (LD - SAR 10 to SAE 30), medium duty (D -~ SAE 30 to SAB
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50), and heavy duty lubrication oils (HD - above SAR 350).
Additional categories may be set according to the precision
ts, the standard to be established, and availability

The third step is to paint the lubrication points (nipples),
lubricant containers, and lubricant guns according to the
three or more “"duties” established, such as white for light
duty, blue for medium duty, and black for heavy duty
lubricants. This visual aid will help the less educated
maintenance personnel, to distinguish differemt lubricants,
and hence, to avoid mistakes of using vrong ones. This
process will also reduce contamination of lubricants, csused
by using the same gun to lubricate different equipment, which
use different lubricants.

T™e fourth task is to establish a lubrication schedule

equipment. As discussed, in a very hot weather, lubricants
are consumed at higher rates, hence a freguant inspection on
the oil level should be encouraged in hot weather areas. The
lubrication schedule must take into ocomsideration of
activities which will regquire a shutdown of the egui '
With good coordination activities, vhich needs a shutdown, may
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The fifth and the last task in establishing lubrication

program is to allocate manpower to do the lubricatioa.
Lubrication may be performed by a technician, or by a trained
artisan. A basic training in types of lubrication, amount of
lubricant required, how to read oil level, and methods of
injecting lubricants in a proper wvay, may be introduced to all
foremen, technicians, artisan and machine operators.

Lubrication is a preventive activity, and as with any other
preventive activity, it is a responsibility of preventive
maintenance personnel to ensure that lubrication program is
implemented as planned. However, Brig. Apte ([83) proposes
that preventive maintenance and lubrication should be
separated to avoid borrowing people from preventive
maintenance to meet a lubricatiom load. But, if lubrication
would be given the same priority as any other preventive
maintenance activity, then the problea of borrowing preventive
maintenance personnel to do lubrication would not ooour.

7.6 Maintspence Oxganizations and Implesestatiom:
This section deals with the organisational position of

maintenance department, and, its effect in isplementation of
the maintenance programs. The section also discusses the
organisation of maintenance activities vithin the maintenance

- dopartuasnt itself.
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A typical organization structure of a Tansanian industry,
vhich is almost the same as the one proposed by an American
consultancy firm NMessrs. Nckinsey and Co. to WDC in 1968 [(e6),
is shown on figure 7-4. As discussed, most of the industries

Board of Directors

Managing Director
General Manager

?tltlﬂl Personnel | |Pinance ineer Marketing
Division Division Division ::guieum uvugm
1 I -
Production ~1 Mechanical
Departasnt Departaent
Plant Maint. —4 Bloctrical
Departasnt Departaent
Quality Comtr. —tCivil
Departasnt Departasnt

Pigure 7-4: A Typical Organisation Structure

in Tensania have almost the same orgamisation structure dus to
their history of being under the same holding compeny NDC. In
this ccganisstion structure, plant maintenance is placed under
production division or in other industries knowm as eperstion
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division (appendix 4). The main problem with this structure
is that the head of the division become more interested in
. oOonseguently plant
maintenance is given a very low priority.

production than plant maintenanc

For example, suppose there is a planned shutdown for
preventive maintenance, at the same time there is a production
order from a certain customer wvhich is in the pipeline. 1In
such situation, the shutdown will be postponed to meet the
order of the customer. The shutdown won't even be implemanted
until there is a major breakdown in which the maintent we
department vill be rushed to restore the broken plant. on the
division, which has the same authority as the operation
division, it would not be so easy to postpons maintenance
programs as is presently the case.

ummnummmannﬂmnm
pmtimw“m-mh (refer to section 4.2), with
not yet developed, maintenance programs will be adversely
affected. Bence, in a situation 1like Tansanian, it 1is
departasnts be under different usbrellas, othervise

saintenance will alwvays suffer.
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A typical maintenance department of a Tansanian industry is
shown in figure 7-5. It is a maintenance department of TPCC,
and the number in the parenthesis represents the number of
employees in each section. The maintenance department is one
of the four departments under the operations division, the
other being the production, materials, and Quality control
(89). The maintenance department is divided into ¢ sections:
preventive maintenance; garage for motor vehicle and forklifts
maintenance; plant maintenance; workshop; electrical
engineering; and civil engineering section.

Maintenance Nanager

Draughtsaen

Safety Engineer

Preventive | |[Garage| |Plant Workshop | IRlectrical| [Civil
Maint. Naint. 7
(8) (70) (68) (24) (49) (73)

"

) 4 7=-3 TPCC Maintenance artaent ti
igure Dey: Organisation

The interesting point to note in this departaent is the sise
of preventive maintenance section, which is the smallest in
sise, with only 8 esploysss. The concept of preveative
maintenance in this ocompeny is 1limited to oleaning,
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lubrication and condition monitoring [90). 8ince the
department does not have the modern equipment for condition
monitoring, the main task of preventive mair =nance sectionm is
lubrication and preparation of preventive maintenance cards
(PM-cards). It is obvious that in this department, preventive
maintenance is of less importance than the other types of

main Other sections which do mainly corrective
maintenance are given more employees, which imply that they

are given higher priorities than preventive maintenance.

main problem is misconception of the role of preventive
maintenance. If the role of preventive mainte

e in this
company would be expanded to include inspections and services
(refer section 6.3.3.2), then it would be given more
attention.

In organiszation of maintenance activities, one of the major
gﬂlﬁh@uﬂnﬁnﬂ&nﬂhtﬂhﬂqﬂb’m
miﬁiliﬁyatnlmm;lﬁhﬁmﬂm
and equipment in a good condition. But, vhat is done by
majority of them is arresting the breakdowns; very ;;eth
ctfﬂhimﬁpmmﬁthbm“ﬂﬁhméﬂ:ﬂf
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performed to its full capacity, them the role of breakdown
maintenance could be drastically reduced. Unfortunately, this
is a truth not yet known to the majority of maintenance
personnel in Tanzanian industries. To thea, plant maintenance
refers to lubrication and repair vhen the plant breaks. 8o,
it is important to define clearly the function and
responsibilities of a maintenance departaent.

Another organisational problem which hinders implementation of
maintenance programs is the rigid vertical structure. The
organisation structure should be flexible encugh to allow
lateral communication and flow of work orders. In many
situations the inspection task or repair work needs both
sechanical and electrical personnel at the same time. 1If
mummmmuonmmmmtm.
then it will be difficult to perform the job in the proper
wvay. In addition to the fact that introduction of preventive
maintenance in many industries is met with reluctance from the
uwml,mmwumuoumuum
maintenance work, the present organisation structure plays
paxrt in difficulties of isplemsntation of preventive
maintenance programs. For example, at TICC the preventive
maintenance section introduced Mi-cards and check lists to be
“uMuwm&aMnmhm
' maintensnce section took them sericesly (91). Conseguently
mmwanummuuam
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stage. On the other hand, if the maintenance departasnt could
centralize its activities, or change the present organiszation
structure to a matrix 1like structure, the present
implementation problems could be highly reduced.

1.7 SNEmArv:
An in-depth analysis of the maintenance problems in Tanszania

has revealed that the main problem are wvithin the organization
structure of the companies and the management of the
maintenance activities. The present organization structures
cause difficulties in initiating and implementing maintenance
programs. The maintenance department is in inferior position
relative to its importance, or, is just a section of

production department. In that situation, the maint no
programs are given lower priority to production prograss.

uwtiumme'mnuuu.mpﬁ:mg,
but, this is a result of mismanagement. If there was an
effective record keeping system, and, an effective preventive
maintenance program, then it could be possible to plan for
spare parts acguisition. In addition, the spare parts problea
such on isported spare parts. If efforts could be made to
produce the spare parts locally, them this problem oculd be

highly reduced.



176
Unavailability of skilled manpover may be classified as a

genuine problem due to the low output of skilled manpowver from
the institutions available. Only 0.058% (ie S ocut of 10,000)

of those who complete primary education can get a chance to
study engineering at the university level. There is no data
availadle to show how many engineers have be trained so far,
and the number of engineering jobs which have been created,
but it is an open secret that, lots of highly trained manpower
are leaving the country due to poor working comditioms. 1If
efforts could be made to retiin these trained manpower at
home, this problea could also be eliminated in a very short

period.

Other problems including: Ilubrication programs; record
keeping; and information systeams; ooculd be sclved at the
company level by putting very little effort. It is high time
mummxuuouuwmm
saintenance information systems. This wvill bhelp ia re-
organisation, failure analysis, and isplemsntation of
maintenance prograns. While other sectors of econcmy in the
mmmmmmmunammw.
the maintenance sector vill be left behind if no proper effort
umumm.mummum
computer.



an industry, of
medium sise, having the common problems of spare parts,
skilled manpover, working tools, etc.; but, the model may also

described maintenance problems in Tanzanian industries. From
the guestionnaire analysis, it is cbvious that at least 508 of
the industries did not have a planned preventive maintenance
program: about 308 indicated that they did not keep
maintenance records; 208 had high failures per week; 458
average failures per week; and, 35% low failures per weesk
(refer table 3-1 & 3-3 in chapter 3). In table 3-7 (chapter
3), the replies shows that 90% practised breakdown maint :
to almost every equipment, 408 unplanned preventive
maintenance, and 350% showed preventive maintens .

equipment.

applicable only on trivial and unimportant eguipment, hence,
it is issgpropriate to apply breahiown maintenance to every
piece of eguipment. In Tansanian situation, it is even worse
te apply dreakdown maintenance due to difficulties in spare
parts precuremsnt.
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maintenance system, this model is developed to introduce a
planned preventive maintenance for every piece of equipment in
the company. An effective preventive maintenance program will
reduce failures and hence, eliminate the breakdown maintenance
system. The term preventive maintenance in this model will

refer to both regular and condition based preventive
maintenancs.

In a detailed analysis of the maintenance problems in
Tansania, it wvas evident that the major problems were, the
organizsation structures of the companies and, managessnt of
the meintenance activities. With the present organisatiom
structures it is difficult to implement the maintenance
programs. Maintenance activities are given low priority éue
to the inferior position of the maintenance depart t in the
activities are not given high priority in the budget and other
effectively, it is necessary to reorganise the present
structure of the whole company, involving a recrganisation of
reocrganisation are: a) to create flexibility withia the
present organisation; b) to increase eofficiency eof wesk
performance; ¢) to reduce the work load of the tep nanagese by
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giving their subordinates more responsibilities; and, d) to

The model requires the creation of a new technical division

vithin the present organization structure. The following

1, electrical, civil, chemical, ete): and, all
' lon, foundry, ete).

hlﬂtﬁzmtm&hmuvhmhmmyﬁ
increase the efficiency of execut g maintenance programs in
Fansanian industries. In chapter 4, it was shown that

divisiea sheuld be created vithout esploying mew workers, orx,
cempany from acquiring nev rescurces evea if it is absoclwtely
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ot il iand.

solve the t problem. It is stromgly
the manager of the technical division should be an engineer.
Selecting a technical personnel to head the technical division
vill ease communications within the division: the manager will
be more conversant vith the technical vocabulary; and, will be

manager. The present manager of the engineering division
(figure 7-4), may be appointed to be the manager of the new
technical division. The heads of departments may remain the
same, even with the head of plant maintenance department, but
qmmanmmfmummﬁmm

horisomtal. Only the oritical commes
decision of the top managament, should be
ﬂuﬁmﬂ&ﬂ@tmhmvn




The problems which should be tackled simultansously by both
scarcity of skilled manpowver and spare parts; freguent
equipsent breakdowns; and, low capacity utilization. The main
purposes of the system design are: to maks full utiliszation of
equipment, buildings, etc.); to achieve higher productivity;

To be able to respond to the prodblems mentioned, the company
ﬁuj,gtiarm st 2 enables the company tniﬁmnp" ngs

mmmi Davis and Lavrence [92] suggest that,
i. it is absolutely essential that they be highly
responsive to two sectors simultanecusly, such as
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The above conditioms for turning to the project-oriented
structure are clearly visible in the majority of Tanszanian
industries. Nenoce, the operation of the new technical
division should be a project-oriented at the early stage. At
the later stage, the technical division may return to the
normal functiomal operation as the other divisions. The main
function of the technical division is to offer all necessary
technical support to the operation division (such as
maintenance, redesign of the egquipment, retrotfitting, new
eguipment installatioms, etc.). Nowever, the techaical
mmmﬂyhumwllﬁl.m
also to other departments which vill need such support such as
transportation, safety, and buildings.

In addition, a mew task in this nev division wvill be to
saintenance department should be starting to imtroduce raal
anmu.wum,nm
ceme time the department will have to respond to breakdown
~M.cuuuu. A matrix form of cperation (which is

saintenance Gspartment whem & major beeakdown OOCUTS. ™he
ummu.uunwmm;ﬁs—ﬂ
mqwmsqummim
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example, the technical division should be able to draw
manpover from workshop, foundry, boiler, etc., to assist in a

at this initial
stage are: preventive maintenance with an introduction of

Yor a long range plamning of the maintenance department, the
main function will be preventive maintenance omly. All
manpover available for the maintenance departmsnt will be
an emergence sitwation activity.

division be an enginesr, prefersbly vi
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situation where there are not encugh engineers, a chief
technician may be appointed as an acting head of a departaent.
For the maintenance department at this stage, it is strongly
suggested that the head should be an engineer, this at least
vill ensure that modernization of the maintenance dspartment
takes place. If there is not any ergineer available to head
the maintenance department, an external consultant may be
hired to supervise the modernisation of the maintenanc

department. Also, if hiring of the extermal comsultant is
very expensive, the chief engineer (head of the division) may

supervise the modernisation of the maintems departasnt.
The head of the maintenance departmsnt at this stage may wear
two hats, one as a project manager for praventive maintenance
project, and the other as a functional manager. HNowever, if
functional managers. It is also possible to assign another
head of a different departaent (e.g. the head of electrical
departasnt) as the project manager.

T™he project manager should be relieved of some of the
functional activities to give his/her spare tims ¢t
oconcentrate on project activities. Also, the project manager
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higher priority in recruiting its staff than the normal

Foremen of the sections should be experienced FIC holders with
sone years of experience in manual technical work and at least
lov level supervision of technical job. An | Juct
courses, especially in 1labour and project
mt, are recommended for all technicians and, should be

compulsory for all those appointed to the foremen positions in
must be given at least a two day seminar on labour management
pesrs (artisans).

activities. The present ad-hog method of training at the
vork-place should be structured to include a well doc L
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dealing with nev problems. Companies are advised to either
hire artisans who have completed their studies at trade
schools, or prepare structured on-job-training. Also, on-job-
training of the artisans aftar araduating from a trade school
should be

A to make the artisan adapt to the real work
enviromeent. mtﬂmmghl;—ﬂitnkmym

also in analytical task. The training may be in a form of
either company orientation, regular seminar within the company
premises, or attachment to an experienced personnel.

Environment in this section of the model refers to physical,
social, economical, and political factors in vhich the model
vill operate. Some of the suggestions vhich are relevant, and
applicable in developed countries, may fail in Tanzania due to
Tansania, it was almost impossible to offer financial
employers, are owned by the Hence, it is
diffiocult for an individual company to change its organisation
wvithout a go-ahead from, either the parent ministry, or, one
of the big holding government companies NDC, TLAI, TEXCO, T8C,
eto.
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The Tanzanian environment is characterized by the following
factors, which must be considered in designing a maintenance
system for a Tansanian industry: a) socarcity of physical
resources such as skilled manpower, spare parts, working
tools; b) low moral support from both the top ma : and
production personnel for maintenance programs; c) low level of
technology; d) total dependence on imported technology; e) a
developing economy; f) low morale among the skilled personnel;
¢) industries wvhich are operating at less than 40% of their
capacity, hence production is a very high priority; h) About
90% of the industries are owned by the govermment; i) labour
lavs; j) very low work discipline; k) gover intervention
in company policies; and, 1) nepotism in work-place.

Most of the above factors have already been discussed in
chapter 7. Although it is recommended to avoid punitive
t [93), the Tansanian situation

some of the employees, overhaul the whole system from the top
to the bottom, in order to be able to introduce changes.

A social factor worth to look at is "age®. In many African
boon working vith the company for a mmber of years, want to
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be given a special status. A nevly recruited young engineer
may face hard time dealing with the elderly pecple. Hence, as
a project manager, it is worth to understand this socio-
culture factor, and if possible avoid to recruit an elderly
person in your project teanm.

Another issue worth discussing is the economic factor, the
country is facing economic hardships. These hardships are
affecting almost every individual in Tanzanian society. The
at least two jobs. This affects the parformance of the normal
work; there is a very high rate of absentesisa. MNany vorkers
job, or leave during the working hours to do their private
work and return to their normal work. It is really
the reasons for the absenteeism. S0, as a project manager, it
is better to give some floating time in the program to
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a plant, install a newv manufacturing facility, or modernise

the existing equipment or process, there is no vhere else to
go but abroad. In that situation, the Tanzanian technologists

company. Hence, the idea of introducing a project-oriented
structure, will no doubt face a strong obstinacy froam
management. Even if the managers buy the idea, the next step
will be to seek an external firm to implement the idea. The
best step to take is to lobby the board of directors, to
authorise the managers, to give a chance to the local
engineers to implement the idea before searching for an
external solution.

S.2.4 Tha PXooass:
The process explains the steps to be followed in starting the

preventive maintenance project in Tansanian situation.
Although there are some slight differences from one company to
another, Tansanian industries are more similar than different
in culture, operation, and ownership. Any big change within

to know the big players at the top and, somshow manceuvre the
idea in a wvay that it looks 1like origimating from the top.
is through the members of the board of directors (BoD). As an
innovative enginesr, it is possible to discuse the ideas vwith
one influential sember in the BobD.
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(after the central committes of the holding company), in a
state owned enterprise. In Tar a, except for the gensral
manager, members of the BoD are non-exscutives. Nembers of

the BoD are drawn from different institutions, such as the
uaiversity, the ruling party, and other civil institutioms.
The BoD has the ordinary mandate of: hiring and firing of
senior executives; sanctioning of expense budgets (including
term plans; controlling performance; measuring the &
to set policies and strategies; and finally declaring
dividends, which, in this specific case, largely go to the
state (95). Hence, if it is possible to influence the BoD,
even through only one msmber, the idea will be evaluated much
quicker than if the idea starts from the bottom.

ummza-otm-nﬁafgﬁmgvhmm
vill deal vith the technical activities only. UFI has a
technical division, but, the production departaent is included
in this division (appendix 2). The second proposal is te
division. The third sugpestion, which is the main reason
muxmmﬂs.h;mﬁmm
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Project for implementation of preventive maintenance for all 7

The following steps assume that all the three ideas have been
accepted by the BoD. The nev organisation structure of the
company is created, and is shown on figure 8-3 in section 8.3.
The organization structure of the newv technical division is
shown on figure 8-4. The technical division is now fully
responsible for implementation of the last idea which is
(MP)®". The division manager is the former chief engineer who
vas the manager of the engineering division, and he has
project manager is requested to: a) formalise the project; b)
define responsibilities; c) explain how the project will be
executed; d) illustrate what will be the expected result; and,
e) justity the project completion time.

mmm.mu-mhﬁmmmm
aging._Sashe aSka pege $3 (96). The oharter
b) project priecity:
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c) project standards;

d) the change procedures;

e) personnel and physical resources required for the

project;

£) the project cost or price and how measured; and,

g) the project administration procedures
The project manager is responsible for preparation of the
charter in the so-called top-down iteration. The second step
in preparation of the charter is the so-called bottom-up
iteration, in which the project team review the charter, and
attach their justification. The final step is endorsemant of
the project charter by the top \
muwusumumtmum:mum
avoid repetitions while serving the purposes of this research.
Por exasple, because manpover requirement is already discussed
in section 8.2.2, it is only mentioned in the project
description instesd of creating a nev chapter. In additiom,
the project description section is discuseed in more detail to
include the implementation process.

Howvever, the

a) Preject Descriptioa: The mjae aims at ocresting a
anmmmﬂmdﬂ”h
the compeany. The project is divided imto four phases: phase
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strategies; and phase four- practical implementation of the

In the first phase the main task is to establish a list of all
Pieces of equipment which require regular preventive
maintenance. This includes identification of each piece of
equipment by an identification mumber (ID), recording the ID
The project engineer may start creating a computer data base
(EIC) (figure 7-2). The first phase activities will be done
for a medium sise company with at most 15,000 pieces of

mﬁrﬁmlzm This task imcludes the
reguired fer oach Hﬂuw for each p.i-_ of . eguipnant.
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Information from the manufacturers' maintenance manuals,
company's failure reports, and consultation vith experienced
technical manpower, is useful in plamning for inspection or
service for each piece of egquipment. The task reguires one
engineer and four technicians, for a periocd of two months, for
the sams number of pieces of eguipment as in phase one. The
card shown in figure 8-1 may be used in carrying out the phase
two task.

EQPNT ID #|Inspections

AA36491204 |1.Comd
2.0earing

|
|

months |[Lubrication|2 months
nonths

AA21326301

rzmkanwmmmn

The card showm in figure 8-1 may alse be used in prepering a
mmmmwmum.
The card is a summary of mamufecturess’ maintenance masusls
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two activities only, it may be destroyed after completing
documentation of phase three activities.

Another task to be performed in phase two is the analysis of
Any piece of equipment which does not show any prospect of
improving its performance, even after introducing preventive
maintenance program for it, should be left out.

production, or, the comsequence of its failure (to itself,
other equipssat, production, safety, etc.), is another
activity to be done at phase two. If possible, for each piece

ranking for prevestive maintenanc
a) A piece of eqguipmes

, , _ 1
on sanufectubing;
¢) An easily breakable piece of eguipmant;
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d) A piece of equipment which exerts great influence on
the quality of products; and,
f) Bquipment into which expensive rav material is

In phase three the main task is to coordinate the activities
described in phase two, which includes the scheduling of all
activities to be done for the whole project time. The whole
schedule may be broken down into monthly, weekly, and daily
activities. BEstimation of time and manpower required to
complete each activity should also be part of the third phase
task. A preventive maintemance calendar card (figure 8-2),
may be used to show activity to be done in one momth. The
card shows activities to be done on each day and the type of
activity (inspection, service, overhmul, ete.). The

to avoid errers of assigning activities on a nem-werk day.
The dreubecks of this card are: a) as a plamning tesl, it dees
and, b) it is very difficult to wpdate this card im a case of



soowr 1o #[2 [2 [s Ja [s [6 |7 [s |9 [20]22]22]23]2e]as
AMses61301 |/ / ) 1 I/
AM46861302 |/ o / ) 71
AM 6861303 |/ TT Il /
smazsassonr/ x| | | | I/ RN
12320402 /Lf | T - 7|
3810203001 |/ iC T 2
ccrsasioon )/ |s / /
ccisasiooal/ | s 17 /
ccas2sioos |/ s | / ] 71
/

u;_ cion
8 = Sexvice
O = Overhaul

Figure 8-2: Preveative Maintemance Calendar Card

“ﬂlﬂﬁﬂ“mlﬁMI and, b) it is vexy
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vhich can be used are bar chart and line of balance. It is

Phases 1-3 may be considered as plamning phases, while phase
4 is an implementation of the plans. For a minimal disruption
of regular plant maintenance activities, the implementatien of
the project should be gradual. The increase of manpower to
the project should be in proportion to the diminish of
breakdown activities, i.e., the manpower for the project,

step is to overhaul each piece of equipaent. This actiom will
revitalise the eguipment and reduce the number of breakdowns.
To start, the project team consisting of one enginesr (project
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At this juncture, the rehabilitated equipment requires other
pmmtin.ctim“mthttuymmthgctm
expected level of performance and condition. An -;ﬁ:.n
technician and four artisans may added project team. This
mmwmt.emmmmotmmmgm
4, the project team will consist of one engineer, two
technicians, and eight artisans.

This project will eventually convert the old plant maintenance
departaent into a modern ome vwith preventive maintenance
activities as the main task. It may take two to three years
before the modern department is fully established. The mair
tactmmtb.tuotthwny.thmtaz
rehabilitation required, and the manpower available for the
project.

b) Project priority: The project should be given high
priority among the activities of the technical division. This
wvill m-mmmummmmmm
tools available.

C) Change procedures: Changes ia any project are imevitable,
which may be due to & request from top managers, an unforeseen
problen, an wnavailability of expected equipment, or transfer
vill be explained by an izmpect statement, which explains the
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of the change on the technical achievements,
completion time, and project costs.

d) Mministration procedure: The project manager will report
directly to the division manager. In addition, the project
manager must have the same status as any other head of the
departesnt. The project team will be an inter-disciplinary
technical division. The members of team vill be on the
maintenance department should stay with the team till the

At the end of each phase, the project manager will deliver a
major report to the top manager of the division which will be
the milestone of that phase. The report must include the
planned activities, achievements, and shortfalls.  Any
shortfall must be accounted for, and must explain its effect

and execution. Nemce, this eection proposes & W
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division, and, of the modern maintenance department. The
section also suggests a nev planning, and a communication
system for the modern maintenance department.

2.1.]1 Oraanization structures:

The proposed organization structure with the main division
included is shown on figure 8-1. The main difference between
this structure and the present one is the creation of a
technical division. In addition, production and plant
maintenance departments are under different authorities.
Production department is still under the operation division,
vhile plant maintenance is under technical division.

Board of Directors

tion| |Pinance Marketing| |Personnel/ ||Technical
Division Division| |Division Aﬁ;ﬂ:t. ngh;g

Pigure 8-3 Nev Organisatiom Structure of a Company
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the production department and othaer departmsnts as well.
Hence, the downtime coordinator is a middleman of maintenance
department vith other departments.

Por the technical division the proposed organization structure
is shown on figure 8-4. The organization incorpe
and functional organisation structures. In this structure
there is a temporary departasnt
Maintenance Project (PMP) which is in matrix with other
departments. The matrix structure vill enable PP to draw the

project team across various de

division. PNP seems to be a redundant as there is a plant
maintenance department, but, it is a modern maintenance
departaent under transition.

Technical Division

| _ ,71 3
rlant Preventive [—{Electrical|r —

|
|

Pigure 0-4 Techmical Division Organisation
structure



PP is responsible for all preventive maintenance activities,
departaent is responsible for minor repairs. In a case of a
major breakdown, which will require a very long egquipment
shutdown, the case should be given a top priority by all
departeents under technical division. Both plant maintenance
and project team will work jointly on that equipment. wWhile
the plant maintenance is doing failure analysis and repair of
doing all major preventive actions on other parts of the

The organization ructure of the modern :- MANOS
departaent is shown on figure 8-85. i




task.

saistenance plamning. A ocsmtralised plasming at the




208
lubrication program; and, c) major overhaul activities. Other
activities such as nminor repair, adjustasnts, emergency
overhaul, etc., are prompted by either inspection, or
condition monitoring report, and therefore canmnot be pre-
planmned. However, there must be a floating budgeted time and
personnel to carry out unplanned activities. The personnel
from the Service section may be used to carry out minor
repairs (unplanned), vhile personnel from the Overhaul section
may be used to carry out umplanned major repair.

mtmtoamuumwumumv.s.z.n
in this sectiom, only plamning for inspection and major
overhaul will be discuseed. Personnel from the Service
section are responsible for lubrication programs which does
not need shutdown, while major lubricetion, which regquires a
shutdown, may be done during overhaul of the equipment.

The following information for each piece of equipment are pre-
requisites for any inspection plamming: a) a list of parts to
be inspected; b) the frequency of each imspection; c) tools
reguired to perfora each inspection; 4) skilled manpower
roguirensnt; and, @) information on whether the inspection
st be done while the eguipment is rummning, or while is
shutdown. After chtaining reguired information, the mext task
" is to estimats time reguired to perform eech imspection
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activity. Time estimates may need a consent of the persomnsel
who will actually perform the job.

Scheduling of inspection activities is the next task after
are the availability of skilled manpower, availability of
necessary tools for inspection, and the other activities
priorities. Priority ranking for equipment mentioned in
section 8.2.4.1 may be used in scheduling of inspections. The
activities from different sectiess, wvhich needs shutdown, may
be done simultanscusly.

once in every two, three, or even four years. Overhaul
mivtuummmnmmiq— dismantling of

mmumauo&-mgm_ In
addition to manufacturer's recommendations, the freguescy of
of one engineer, mm.muﬁ:m—yh
given the task of overheuling the equipment. Newever, if
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may not be responsible for the purchase and keeping of the
spare parts. mmmmlh:mibuity-ﬂ
stock. It should bs noted that with introduction of
department should issue a report showving type and amount of
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(ENC) have already been discussed in section 7.3.1, heace,
although they are part of the information system, they will
not be discussed in this section.

of eguipment. BEach card should explain the jitems to be
inspected, tools required, wmethod of inepection, and
acosptability criteria. In addition, the card should leave
action to be taken.

maintenance progrem. 80, it is impoctant to oreste a proper
such as "clearance should be < 0.02sm, oil level sheuld be >
eguipment histecy caxd (ref. gig. 7=3 in chapter 7).



A Job Oxder Card (JOC) (figure 0-7) is issued after an
reguired to perforn the werk. Namce, at least a senier



210

difficult for a lower skilled manpower to f£ill all the
reguired information.

BQUIPHENT ID ¢ mmmj 7
JOC FROM 3 703 f 7*’
PRIORITY : WORKAL _____ URGENT _ me

Pigure 8-7: Job Ovder Caxd (JOC)

ums&mm.“‘mmmﬁmﬁ
cach wvesk reguest:

a) Nermal prierity which appliss fer reutine seheduled werhs.
nq“uwm.mmmh
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vhich minor dsterioration has been detected. The work
reguested may be performed in two days after the issuance of
the oxder.

b) Urgent priority which applies for preventive maintenance
mkmchmtb.duuoatouamunmhuhlyto
occur. The urgeat priority imply that a preventive action is
required in one day time. The urgemt priority also mly.tot
a critical equipment which for failure cannot be tolmt’od.
mmmuymuwzuatumm,
even if the deterioration detected is very minor.

c)humnicrityuwjmaamottmuy
s it is issued after failure has coourred. In that cade, the
mmxumutuuuuuommumm

broken part is in progrees. :

S.4.1 Iniatanesce Noxk Caxd (MNC):

T™he maintensnce work card (WNC) (figure 8-8) is issued after
maintenance work has been performed and is a weeful tool in
maintenance report writing. The card should shov the real
m“ummmm.mmm,
spare parts used, state of the eguipment after the maintenance
wvork, and plammed future work. A sumary of informatiom in
mmuwummn&quy,m—u’
mwmmumummum
parts wsed. In addition, the infermation ia this card which
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requisition departassnt for updating the spare parts inventory.

ISSUED m 7
mm:ﬂi ) mf mic ¢

MMARCe report format (Hqu- 8~9) is intemnded to
m-—;meyumﬁ-—_m ™he
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required, which without a report format would be omitted.
mmimhnMWMdm1m;
detailed report to the head of the department at least once
per week. The head of the department should also once per
veek deliver a concise report to the manager of the divisiom.
manpower utilized; spare parts oconsumed; downtime; and,
planned activities for the following week.




2.0 conglusions and Recommendations:
2.1 Conglusions:

In problea definition (refer chapter 2), the following major
conclusions were encountered:

i) maintenance is pervasive and serious problem in many
Tansanian industries;

ii) the modern type of industry in Tansania is a relatively
nev phencmenon. Hence, some of the industrial probless
are due to its newness to the Tanzanian society; and,

1i1) some of the maintenance problems may originate from a
sudden shift from a capitalist to a socialist mode of
production.

The analysis of the maintenance problems, in Tansanian
industries, shows that the problems are so diversified that it
is very difficult to classify them into fev major groups.

However, the following maintemance problems are more visible

in almost each Tansanian industry:

i) mmx-otmnuw-mu.muyn
engineers and qualified technicians to run the
industries:

i1) mmmwxu-muawu
spare parts; lack of technology and eguipment to
sanufacture the spere parts; and, difficulty in spare
parts procureaent;

314
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iii) maintenance organization problem - it seems that there

iv)

v)

vi)

vii)

are poor maintenance management systems in many
Tanzanian industries;

top management support - the analysis shows that top
management either is ignorant of the importance of
maintenance, or does not provide the necessary and/or
adequate support to the maintenance department;

lack of Maintenance Culture - maintenance is not well
understood by the majority of Tansanians, which is
manifested by the natiomal language Swahili, in which
there is no equivalent term for maintenance and related
teras such as availability and reliability;

appropriate technology - it seems that Tansanians lacks
technology for their enviromment:;

there is a lack of necessary facilities such as
workshop, foundry, heat treatment facilities, etc., to
support maintenances; and,

viii) record keeping - the majority of the industries

oconfessed that they don't keep records of the
maintenance activities.

In the questionnaire analysis, the maintenance persommel in
Tansanian industries assert that their major problems, which
restrain their maintenance activities, are scarcity of spare
parts and skilled manpover. But, a dstailed amalysis of the
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maintenance problems revealed that, the major problems are
within the organization structures of the industries and

nt of the maintenance activities. The maintenance

are in inferior positions in organization
ires, vhich cause difficulties in implemsentation of the

maintenance programs.

The following recommendations, wvhich are in three catagories,

a) recommendations aimed at alleviating the spare parts
problem;

b) reocoms jations for reducing the scarcity of skilled
c) recommendations for implementing the maintemance
model proposed in chapter 8.

In analysing the maintenance probless in Tansa. 1 it wvas found
that, problems of spare parts and skilled manpower are beyond
the mandate of an individual industry. However, if each



to acquire spare parts locally. During the planning period
requirements for the whole year. The advertisement may be
either in a tender form, or, just a simple advertisement in
local media. Different spare parts mamufacturers and dealers
may present their bid to supply the company with the required
spare parts. This will reduce the hassle of searching for the
supplier(s) than each individual company trying to import
small quantities of spare parts they need.

It vas also shown that, industrialists are reluctant to use
spare parts manufacturers should improve the guality of their
mmmmmmymu—mw
paant B (CEN)®. Advertisements such as, "ewr

mmnﬁﬂnﬁw“:ﬂqmw
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unavailability of spare parts; come to us; etc.”, may change

the present markst for local spare parts. In addition, the
governasnt may play a part to maks the industrialists use the
local spare parts by increasing restrictions on importatiom of

spare parts.

Lack of advertisements, and the small sisze of the local spare
parts manufacturers are among the main problems in the local
mumu_mmmmeuwmuugﬁﬁ
a random survey of the local spare parts manufacturers. His
aim vas to explore the potential spare parts manufacturers for
cotton ginneries which were in great need. The president
found that there was a very potentially large source of spare
parts vithin the country (60].

mtuwmuumamuumnniéjm
uqummusmumxmqmmm
to manufacture spare parts. In additiom, it is essemtial to )
type of spare parts needed (sise of the market), the growth
rate of the market, and the big players ia the market. But,
since these enginssring workshops are very small, it vill e
too difficult and aupensive fer an individwsl cempany te mehe
a thorough market study.
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However, a joint effort by various groups of companies could
oconduct a detailed market study to investigate the sisze of the
distribute the market segments among themselves in order to
avoid unreasonable competition in one segment while leaving
mblimmnnefthmmmﬁiﬁ
w,mMﬂmuitﬂumm.mﬂ
required is to explore the capacity and cepability of each
reguirements.

In addition, one way of reducing the scarcity of spare parts
is by isplementation of the prevestive maintenance model
wumnmm.ﬁ-m
of cheap spare parts such as bearings 1 £4) ]

program, it is pessible t» plan feor placsenss
consunables. h.ﬁi—lymﬁﬁu—emxh:ﬁ
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The spare parts problems in Tanzania is a very brosd topic.
If fully dealt with, it ocould produce anocther thesis of its
own. Thus, it is reccamended to make an analysis of the spare
parts situation in Tanzania, vith aims of exploring: a) e
current need of spare parts in Tansania;

b) the capecity (amount) and capability (technology) of

c) anmual consumption of rav material in spare parts

sanufacturing alone;

d) anmual costs to manmufacture spare parts; and,

e) annual ocosts of importing spare parts.

2.2.2 Skillad IRSDOMEX:

The scarcity of engineers in the country in gemneral may be a
serious problem. In addition to the fact that many highly
only 0.03% of those who complete primary education eveatually
become enginesrs it is still guestiomsdble that the fev
available enginesrs are fully utilised. Ia additiom to their
normal duties, the few available engineers could be used to
educate the artisans by comducting evening clasess. The
following courses could be suitable for the artisams: safety
enginesring: maintenance uanegenent; enginesring drawvings)
english; sathematics; labeur sancgenent; machining; welding:
- fowging: foundry: and, auto-sschemiocs.
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artisan may be given "customiszed training®. Noss (98) defines
for a particular firm; it is tailor-made for a given time,
and, group of workers within the firm". The aims of the

a) to increass the efficiency of work performance;

b) to increase the artisans®' knowledge;

c) to improve good work relationships; and, o
d) to help the artisan understand the principles of

Eﬂlfﬂ!ﬁl“(mﬁfm‘?ilhﬂﬂmy
nggmgnmm_-gmmm The

of an artisan; to improve safety at the work-place; and, to
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iii) personal safety:
iv) equipment safety;
v) fire - causes of fire, types of fires, types of fire
i hers, vhat to do in case of industrial

fijﬂ! -tgi,
vi) good house keeping; and,

vii) chamicals - handling of hazardous chemicals and
their disposal.

i) types of maintenance -the advantages and disadvantages,
of inspection, resding of imspection tools, and test
different types of lubricants and their appliocstioms 0
program; amd,




€)_Enginesxing drawings:

commonly used engineering dravings. The following subject nay

be taught under this course:
details, blown-out drawings, machine elements drawings,
and installation daravings;

ii) electrical dravings -~ commonly used electrical symbols
and cirocuital dravings; and,

ii1) fiuidice ~pneumatic and hydraulic dravings.

DL _English:
mwummmiﬂiﬂtﬁihhﬁnﬁ.
course may include: |

a) English grammar;

b) reading comprehension; and,

¢) techaical vocabularies.

RL_1ahons _Benegenent:

nanegensnt. Ia addition, the labsur peychelogy (altheugh it
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the work-place. The following subjects may be taught in this
course:

i) m=managerial psychology - labour bshaviour, group
dynamics, mob beshaviocur, and motivation theories: and,
ii) labour laws - introduction to labour laws, employers

legal rights, and employee legal rights.

E)L_Nathematics:
Mathematics should be taught to enable the artisan to work

vith simple mathematical formula. In maintenance mamls,
services must be done following certain dimensions. Some of
those dinsnsions are writtea either in formula form or must be
converted from one unit to the other. While sisple
uiw-yhomm-vctotmm.’i"ha
details of the subject should depend on the type of work the
artisan is supposed to do.

<) _Machining:

The ain is to improve the nachining knowledge of artisems. In
addition, the theories behind machining procedure say be
introduced in this course. The subjects to be taught under
this course may imclude:

i) operatiomal preocedure;

11) sizple machining dymemios;

111) sechine set-wp;

iv) sharpening of cutting teesls; and,

0
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v) an introduction to computer-aided machining (CAN).

£ Welding
The aim is to increase the artisans' knowvledge of different
types of weldings and their applications. The subject may
(Mig), tungsten inert gas welding (Tig), oxy-acetylens ‘Gas

Artisans should be aware of alternatives in mamufacturing
ﬁlﬁﬁfﬁ!(!ﬁt’:ﬂfﬂ‘iﬂhﬂﬂﬁiﬂlﬁiﬁﬁjﬂg
mm&aﬁ-m;ﬂ@Mthm@

) Auto-mechen
11) awte-clectrical system(s)’
iv) aeutebedy repair;
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the following institutions offer consultant services to
industries: the University of Dar es Salaam (UDEN); Tanzania

will be the tirst

produces differemt reactioms in different pecple such as
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of the seminars vill be to give the workers assurance that
their employmsnt, and work relationship will not be

1)

i1)

different types of maintenances and their applications;
ABC of failure amalysis, costs of failures in relation
to direct oosts, lost production, and safety of
personnel and of egquipment; and,

maintenance cost

reports and their implications; and,
responsibility of top in maintenance
F“j_ i L ]

iii) Relationship between maint




The seminar should be aimed at showing the operational
personnal the proper equipment operating condition. ERUA [99)
malfunction because some of the malfunctions are due to
equipment abuse. Hence, another way of minimizing equipment
failure is to increase the operators' skill. In additiom,
operating condition of the equipment as soon as they detect
them. It is péi-i!bli to stop failure if it is detected early
encugh to take a preventive msasure. The following subjects
should be discussed at the seainar:

a) machine set-up’

b) machine operating baseline;

c) failure symptoms; and,

d) failure reporting.

1 in implementing the maintenance model. Benc », it is
work, and the security of their esployment. To aveid
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personnel that nobody will be made redundant due to the
impending re-structure.

At the seminar, the maintenance personnel should be asked to
suggest vays of implementing the preventive maintenance model.
This implies that the project manager should be flexible
implementation strategies is another way of minimizing the

personnel should be analysed and documented, the feasible ones
should be implemented at once.
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1. What is the official name of the company?

241
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S. What is the type of your company? (Textile, steel indust

any? (eg. clothing, hoe

7. At vhat capacity is your company vorking at present time?
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9. If the vorking capacity is below the recommended one: What
are the prodblems?

10. Is any of the following affects your capacity utilisation?

A) . Water shortage

B) . Powvezr/Blectricity shoctage
D). Lack of spare parts

B) . Rav materials

PF). Markst

-
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12. What are the types of your machinery and/or equipment?

Machine type Year (of mamufacturing)

13. List the classes of eguipment and the types of the
maintenance programs that exist for each equipment.
.0g. vehicles...........breakdown maintenance
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(oont of gquest § 13)

15. What is the average repair time for each type of machime?

(give an exasple of a common failure and its repair time)

u.lnnjﬁnltm(hmﬂlmmln
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17. Please estimate the current availability of your machines
and/or eguipment

18. What is the mamufacturer's recommendation for availability
of machines/equipment?

19. Do you carry out a shutdown maintenance? YES wo

If yes, how long does it take?
Estimate the cost for the shutdown maintemance ia Tehs.

20. What is the main socurce of your spare parts?
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2l. What is the main probles (if any) oconcerning the
availability of your spare parts?

22. wﬂtmmmmmﬁmgm
company'’'s vorkshop?

23. What are the problems (i2 any) you are facing in

ing your owm spare parts?
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2. Nention a few of your spare parts wvhich you have to import

2¢. Do you have an access to foreign curremoy? Yi

27. What priorities does your company have in foreigmn currency
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30. Bov well eguipped is your wvorkshop? Please mention the
type of mechine tools and equipment you have:

machine/ecuipment. type __ _gountxy  vear of maka

eg. lLathe Gilamare Ww.Germany 1967
Welding Gensrator Susuki Japan 1983 etc



31. Please give a summary of your maintenance workforoe
qualification.

m LE RN N ENENERNSERENESLENENEH.EN.HEN:.RZSENRSE.

Others (eg On Job Trainees) .......
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33. What is the estimate total capital cost of your production
eguipment?

34. Bow much 4o you spend annmually on spare parts?

3S. what is the total valus of your anmsual production?

depaztaant?



38. will the improved maintenance systems help to improve your
capacity utilization? YES WO



m&nmmyiﬁnm:!m&-
position of maintenance departments g ustrie
shown on figures 11-1 & 11-2, maintenance and production
(because it is the main objective of the company), so, the

T™he first erganisatien structure to be amalysed is thet of
Ubunge Parm Inplement Company (BUE). In this crganisstion
m.mgnmnmmﬁ-h-
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and, maintanance & wvorkshop departasnts ([87). Since the

question is, "what type of report the top manager is more
type of organisation structure, maintenance activities would

still suffer.
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The second organisation structure to be presented is that of
control [88]). In the case of UFI, the head of the technical
division must be a technical persomnel, but, in the case of
TPCC, the head of the division may not be a




aseé
technical persomnel. Though it is not necessary that if the
head of division is a technical personnel then maintenance
activities wvill be given more attention, but still it makes a
with the technical terms used in maintenance and other

head of operation division may not understand the saintenance
report, especially, in T a situation in which people

The third organisation structure to be discuseed is that of
gana 3a Kilimo (33K), a farm implement mamufacturing ccmpeny
based in Mbeya, south-west of Ta The company has only
four divisions, each headed Dby & Banager: material;
structure in this company is quite different from those of UFI
and TPCC. There is no Lot 3 department as a separate
;mdmw.m&nmm;ﬂ
m:ﬂy“wpﬁmmwﬂ




technical personnel. Though it is not necessary that if the
head of division is a technical personnel then maintenance
activities vwill be given more attention, but still it makes a
lot of difference. The technical personnel is more cognisant
vith the technical terms used in maintenance and other
technical reports. Hence, it would be easier for a technical
personnel to understand the maintenance report, and to give
constructive appraisal. Omn the other hand, a non-technical
head of operation division may not understand the maintenance
report, especially, in Tansanian situation in which people
have very crude ideas about preventive maintenances.

The third organisation structure to be discussed is that of
Sana 3a Kilimo (33K), a fara implement manufacturing company
based in Mbeya, south-west of Tansania. The company has only
four divisions, each headed by a wmanager: material;
production; marketing; and, administration. The organisation
structure in this company is quite different from those of UFI
and TPCC. There is no maint .ance department as a separate
entity of itself, but it is parcelled into two departments of
nechanical and electrical, and all of them are under
production division. This is the worst case among the three
cases discuseed in this appendix. The production division has
a total of eight departasnts, imcluding the two mechanical and
electrical maintenance departments. In this sitwatioa, it is
move likely that maintensnce pregrams are less impertant than
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production programs. It would be better for this company to
start a nev division of technical services in which
maintenance will be a full department of its own. This
technical services division may also include the following
heat treatment; forging; tool making; and motor vehicle

garage.

|
] Tool r Fish E | 10ac Trans

Pigure 11-3 SSK Organization Structure

only differemce is the names of divisions in different
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of, or under the same umbrella with, the production

Computer technology has rapidly developed over the past few
years. In developed countries, computer applications have
been accepted in almost every area of business. A computer
survey, made by Sunday ) ania. indicated that computer
t:ﬁmlmhmmmm:tlv-ﬂu@“[moh

industries to pursue oomputerization of maintenance
activities. But before starting of the computeriszation of
maintenance activities, there are some mn issues

The tirst issue to be resclved is "What type(s) of Computer
ter categories: mainframe which is high speed, big
_ ”“hﬂnmu“mngln-“
storage than mainframe; and miore ter vhich is a single
user systama, m:—am—nm The three




259
simultanecus users, core-storage, and type of software. hut
with the recemt development of high speed, high ocapacity
micros, and local area network (LAN) systems, it is difficult
to demarcate mainframes, ainicomputers, and microcomputers
f101]. Mainframe computers are more suitable for large
organisation, wvhile mini and micro computers are more suitable
for medium and small size industries.

Naintenance application softwares on the market are also
divided acoording to the three categories of ocomputers
mentioned. The ocost of individual softwvare scmehov depends on
its application and the system to be used (mainframe, minis,
or micros). MNicrocomputer based maintenance software are the
cheapest but they may not have as many applications as the
mainframe based softwvares. Hence, the second issue to be
settled ‘- the company's need. The mintenance managers
should develop management and control systems that suit their
organiszations, and then select the softwares that fit the
needs of the systea.

For maintenance softwvares, the following reguirements may
(102)}. Automatic scheduling of activities, activities
updating, backlog information, eguipment history, equipment
tracking for multi-location ococmpany, eoguipment inspection
procedures, maintenance failure amslysis, maistensnce cest
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analysis, work smoothing facilities (labour reguirement
etc.), facilities for printing emergency work order, reporting
capabilities (major reports, ad-hoc reporting, ad-hoc
condition, and on-line multi-user information.

than another. A survey of 1900 data processing managers,
Magazing ([103]). The managers were asked to rank their

findings are summarised in table 11-1.

conducted by Bamford and Kelly (104). The survey included the
cost of the software, its basic features and the cost of the
hardware. But the survey did not include the ocost of
resources required for setting up the maintenance plan,
implemsntation. The survey is summarised in table 10-2.
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Selection Criteria [Nainframe Ninicomputer [Nicrocoaputer

Base of use | I‘I! 795% 73!
Features and
performance 69 ¢ 66

Documentation 63 63 66
Veador support 7 s1 3’
Compatibility
wvith other W 48 49 46
Brror handling 3 33 s
Compatibility to
other hardware 25 30 32
Vendor sise and

reputation as 18 17
Prioce 26 22 20
site licensing | -- - 1
Removal of oo,y -

protection - - n
Limited liability

for unauthorised
copying -- - 7
Ability to transfer 23
m m 777777 _
sains, ninis and e -
sicros

£ £ cla the criteria
(memga“ﬁﬁg?ﬂﬂ’ iming



NPy NWOS| R

ONNMRON




Contimuation of table 10-2
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Continuation of table 10-2
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principle of pure chance is applied to a population of
infinite size. If x,, X,, ..., X, are recorded failure values
(eg. operating hours, operating cycles, etc., before failure),
then the JMormal distribution, being a symsetrical
deviation. The mean of a normal distribution is defined as:

N

}: Xy

1=}
-

X =

deviation is the measure of dispersion, wvhick is a
root-msan-square of the deviations from the mean, of all
values in the population. The standard deviation is denoted
by a 'g' vhere:

e
-
»

instead of N, but as the sise of the data imcresses, this



vhere (x-xbar) is a deviation from the mean. The cumulative
probability function F(x) is givem by

F(x)

1 1 X-Xy214
ufﬂxptg( )] dx 11

Expression 11.4 can be simplified by the so-called
m:-u-ugnm“gaamm:um



(X=X

and equation 11.4 becomes as shown in eguation 11.5

F(u) = —* faxp—%u’du 11.5

VA ),

'g'=l. Values of F(u) have been worked out for different

This is similar to putting xbar=0 and standard deviation
values of u and tabulated on statistical tables. BNence, if x
can be oconverted into eguivalent mmber of standard
deviations, it is possible to obtain F(x) for givea values of
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activities can be achieved. Although no one can contend with
the economical worth of ocondition monitoring very few
companies are monitoring the condition of their equipment. It
Bay be argued that a lot of the maintenance managers do not
know the cost of condition monitoring devices. The intention
afm:aﬁ-ﬁhiiummpimafmaztm
devices.

In Tanzsania maintenance departaments may buy cheaper monitoring
devices, and I:ine-nnn- consultant companies may buy more
expensive ones. The consultant companies may then offer
monitoring services at a reasonable cost. In Canada, the
Alberta MNotor Association (AMA) offers its ocustomers
spectrometric oil analysis at a cost of only $1s per test
(103]. This is affordable to almost every car owner even in
Tansania. Table 10-¢ shows some of the typical prices of
condition monitoring devices. The table is annexsd from P.
and J. Sadler's article ([106).
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Table 10-3 Prices of Condition Monitoring Devices
. £10  f100 £4,%00 £10,000




