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OZET
Bu bildiri, 1Ingiliz madencilik endiistrisinde makina sagligi

kontrollarini esas alarak makina bakimi y&netiminin ana hatlarini
agiklamaktadir. Bu genel baglik altinda ocaklardaki mihendislik
organizasyonu, makina sagligi kontrollarinin ana amag¢lari, ocaklarda
ve bolgesel laboratuvarlarda kullanilan basglica kontrol teknikleri
sunulmugtur. Bu bildirinin yazarlarinca laser i1sinlarinin
parcaciklardan saparak dagilmasi prensibine dayanarak geligtirilen,
digli kutusu elementlerinden aginmig ferritik pargaciklarin boyut
dagilimi analizi, Nottingham Bolgesi Thoresby Ocagi'da

gergeklestirilen bir 6rnek galisma ile sunulmustur.

ABSTRACT

This paper outlines maintenance management by means of machine
health monitoring within the O.K. mining industry. Under this
general concept the technical management organisation of a colliery,
objectives of the machine health monitoring and routine condition
monitoring techniques used at collieries and Regional Laboratories are
presented. A machine health monitoring technique called particle size
distribution of ferrous wear debris by means of laser beam diffraction
which has been developed by authors is explained together with a case
study from the Thoresby Colliery of British Coal Nottinghamshire Area,
O.K.
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1. | NTRCDUCTI ON

Since the 1970's Headquarters Techni cal Department of British Coal
(HQD, formerly known as MRDE) have developed mnachine health
monitoring systems for nmining. These systens have now been applied to
every colliery of British Coal (Lester and Brooks, 1987). Inproved
face performance and technical management have resulted. The
appl i cation of nachine health nonitoring together with nicroprocessing
packages wi despread at colliery level play a mjor role in this.
Consequently, there has been a decrease in the nunber of faces and
manpower whil e maintaining production |evels.

2. ORGAN SATI ON CF NAI NTENANCE MANAGEMENT

2.1. ojectives of Machine Heal th Monitoring

During the 1950's it was believed that the best way of mai ntenance
to rmeet requirenents of production was to establish planned
preventative mai ntenance. Many years of experience has shown that
this type of maintenance does not fully provide all the requirenents
of underground mning. Thus, in the early 1970's HQID concentrated on
the  devel opnent of machine health nonitoring procedure. The
obj ectives of nmachine health nonitoring based nmaintenance are as
follows (Lester and Tregel l es, 1984; Jarvis, a986):

1. To elininate planned preventative naintenance.

2. To reduce the risk of unexpected conponent failures resulting
breakdowns which lead to |osses of production and revenue together
with formng a safety hazard.

3. To provide sensory indication that conponents are functioning
within their rated capacity and provide a suitable warning if these
predeternined standard conditions and indices are exceeded.

4. To use technical and operational staff nore efficiently by
being able to naintain directly, and not by breakdown, and by
extending the skill of the craftsman to a higher technical |evel.
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5. To inprove the reliability and cost effectiveness of existing
machinery and to provide useful information for future devel opnents
and new desi gns.

6. To reduce mai ntenance costs (material and |abour), downtimes
and reduce the heavy |oads on workshops causing delays in repair by
avoi di ng catasrophic fail ures.

7. To meet the requirements of advances in technol ogy and grow ng
face mechani sation together with nore conplexity and power in coalface
nmachi nery.

2.2. Technical Managenent Structure of a Colliery

The technical nmanagenent structure of a colliery may be divided
into two tiers according to the operational style. The first (top)
team consi sts of the Colliery Manager, Deputy Manager, Unit Mechani cal
and Hectrical Engineers. The second (running) teamcovers the Deputy
Manager, Deputy Mechanical and Hectrical Engineers, Shift Charge
Engi neers (Mechanical and Hectrical) and Colliery Overman (Schofield,
1987). ne of the Deputy Engineers is appointed and given full
responsibility for operating the machine health nmonitoring activity,
and he normally leads the running team

The running teammneets daily to discuss the previous 24 hours
operations to determne causes, and to devise the best solutions and
recomrendations to inplenment the solutions for existing problems. The
phil osophy of these meetings is taking imediate corrective action
through nachine health nonitoring against technical problens in
co-operation rather than individually.

The top team neets weekly to examne delays occured in the
previous week in an executive approach. The role of this teamis the
supervison of the running team to inprove perfornmance and reduce
del ays. The discussions al so include costing, training, production,
records and reporting procedures together with the factors relating to
inprovenents of performance of faces. This new structure of team
managenent resulted inprovenments in the perfornmance of nonitoring and
extracting real solutions to problens releated to both the short and
the longer term of machine effectiveness and reliability.
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3. MACHINE HEALTH MONITORING PROCEDURE

In order to take full advantage of machine health monitoring,
since 1981 a systematic monitoring procedure has been developed by
HQTD. 1In this procedure there are four steps to be followed (Grason

and Lester, 1985):

1. Planning and design.

2. Commissioning.

3. Routine condition monitoring.

4. Mechanical fault diagnosis and final inspections at National

Workshops.

4. ROUTINE CONDITION MONITORING TECHNIQUES

Routine condition monitoring was initially based on commissioning
techniques which adapted and in some cases simplified these
techniques, so that regular measurements on coalface machinery could
be carried out. The measurements are manually recorded, but
subsequent storage, data retrieval and analysis are carried out
through the colliery information system package developed by HQTD.
The package covering various subsystems provides extensive analysis
and data processing of the delays, breakdowns, routine maintenance,

machinery repair and replacement (Jarvis and Lewis, 1984).

The application of routine condition monitoring covers a wide
range of instrumentation and techniques. Main systems which have been
developed and evaluate” by HQTD are presented in Figure 1. Routine
condition monitoring procedure at British Coal may be divided into the

following three main categories (Richards and Elmaci, 1988):

1. Performance monitoring:
a. Armoured face conveyors,
b. Power loaders,
c. Powered support systems,
d. Roadway drivage machines.
2. Vibration and shock pulse monitoring.

3. Lubricating oil analysis and debris testing.
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Figure 1: Routine condition monitoring equipment (by courtesy of E. E. JARVIS).




S. THE OSE OF DEBR S TESTI NG

Qut of all the machine health nmonitoring techniques the debris
tester has proved to be the nost suitable systemto be used at
colliery level for the monitoring of the lubricated coal w nning
machi nery. The main reasons it has been accepted so quickly nay be
listed as foll ows:

1. As described in authors previous paper (R chards and El maci,
1988), the instrument is easy to operate with the m ni mumof training
and cheap to purchase. At present, a colliery craftsman can process
over 50 lubricating oil sanples fromvarious machi nes a day.

2. The majority of the conponents in British GCoal transnissions
are made from ferrous material and almost all the wear debris
particles are magnetic (Price and Yardl ey, 1984). Thus, alnost all
the particles are within the response of the debris tester to neasure
the ferritic debris worn out fromgear transnissions.

3. The procedure of debris testing (Rchards and E naci, 1988)
ensures that there is oil in the gearbox and it is of a consistency
where by it will flow and lubricate the conponents as intended.

4. The visual exanination of the sanple indicated the degree of
contanmination of the oil and the presence of water. Previously, it
was inpossible to control oil cleanliness and the presence of water
sufficiently as the gearboxes were splash |lubricated without
filtration. Thus, contamnants and water were getting easily through
seals and remaining in until the next schedul ed oil change. Al though,
the oil consunption has increased with debris testing it was provided
to check oil level and cleanliness during sanpling and testing period.

5. A survey at HemHeath Colliery has shown that savings achi eved
by planned plant replacements by the use of debris tester were as
follows (Lester and Brooks, 1987):

a. Anderson Strathclyde 500 hp. shearer power pack;

approxi mate tonnage |ost (tonnes). . . . 3 000
manpower cost for planned change . . , £ 2 655
lost revenue for breakdown . . . : £ 130 000
total saving............. ... .. .. £ 127 345
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b. Anderson Strathclyde 500 hp. shearer gearhead,;

approxi mate tonnage |ost (tonnes) . . 3 500
manpower cost for planned change === = = = = £ 4 365
| ost revenue for breakdown ... ... . . . £ 140 000
total saving............. .. .. ... .. E 137 655

It should be pointed out that an average debris testing system
only costs 3700 pounds to purchase and typically for 120 sanpl es per
week it would cost approximately 1000 pounds to run per 48 week year
period (1988 prices).

6. At current |levels of coal face performance, when nachines are
on duty, every mnute a machine is broken down, will result in |osses
in proceeds of up to 800 pounds a minute (Goddard, 1988). This was
nmostly avoided and in 1987/8 up to 70% of maj or nai ntenance, invol ving
machi ne section changes, were predicted by wusing routine condition
monitoring procedure wth associated nai ntenance inplenmented outside
production periods (Coal News, 1988).

At present, debris testing itself together wth an optical
mcroscope and the wear particle atlas, prepared by HJD for
investigation of sanples giving high readings, provide required
monitoring information for the management to run |ubricated machi nery
efficiently. The sanples which are given high readings, and contai ni ng
hi gh amount of large debris are normally sent to Regional Laboratories
for further analysis. The laboratories are equi pped with nore conpl ex
analysis  systens including x-ray scanning mcroscopy, atomc
spectronetry, sem automatic image anal ysis and ferrography.

6. PARTICLE Sl ZE D STR BUTI ON BT MEANS CF LASER BEAM DI FFRACTI ON

Despite all the inprovenments, in 1986/7, 40% of the total
mai ntenance costs were attributed to the repair and overhaul of ngjoi
coal w nning nachinery (CGoddard, 1988). At present, devel opments arc
associated with the automation of data collection and processing
machi ne performance and reliability control, delay analysis, on-line
lubricating oil and wear debris nmonitoring to inprove routin
condition nmonitoring procedure at colliery |evel.
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The purpose of this research was to establish a nonitoring
technique at «colliery level to determne wear debris particle size
distribution to be used in conjunction with the debris tester, in
order to present the severity of wear in gear transm ssions nore
accurately. The technique involves the Malvern 3600 Particle S zer
whi ch uses the principle of Fraunhofer Dffraction fromthe particles.
The diffraction pattern is formed when particles are illumnated by a
parall el beam of nonochromatic, coherent light to deternine the
particle size distribution. The analysis of the principle of the
process may be found in standard texts on optics.

7. CASE STWDY

7.1. Experimental Procedure

The exam nation of used lubricating oils fromthe right hand of
two 270 hp. Anderson Strathclyde doubl e ended ranging drum shearers
was undertaken which are in use in the Thoresby Colliery of British
Coal Nottinghanshire Area. The nonitoring technique consists of
follow ng five steps;

sanpling (once a week),
filtration,
debris reading,

collection of ferrous particles fromthe oil sanple,

a M w D

particle size distribution by the Mal vern 3600 Particle Sizer.

The details of this procedure has been outlined in a previous
paper by the authors (R chards and El maci, 1988).

7.2. Presentation and Interpretation of the Results

In this paper the particle size distribution results are presented
by the cunul ative weight of particles under a defined size of fifteen
size bands. Fromthese results the percentages of 25, 50 and 75 were
selected to show the wear debris growth agai nst machine running time.
The gear head was nmonitored fromthe date of installation to the final
inspection at the Bestwood National Wrkshop, in order to deternine
the deterioration due to wear. The results were interpretted
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according to the followi ng chart (HQID, 1984):

1. Sudden increases in weekly debris readings are nost often
caused by coal contanination producing fine abrasive wear debris, I|ess
than 5 mic. This may also be noticed by visual analysis of the

sanple. Under these circunstances, the oil should be changed. |If the
readings fall, the increase was nost probably caused by abrasive
cont ani nati on. Oh the other hand, if the readings fall slightly,

remain or increase, the problemmay be contamnation caused by seal
failure. This wll be confirmed if no particles are larger than 25

mc..

2. It is known that the larger the wear debris, the greater
deterioration and the worse severity of the wear. HQID has defined
follow ng four size ranges for wear debris particles:

Fine : less than 5 mic. (normal rubbing wear and abrasive wear by
contamnation with coal dust).

Snall : less than 25 mic. (general wear and effcient operation).

Medium 25 to 60 nic. (fatigue pitting or severe sliding wear that
may be a warning of an unacceptable deterioration that may
lead to failure).

Large : Qver 60 mic. (severe wear and fatigue, which nay indicate
substantial damage occuring in the section).

In Figure 2 debris readings and particle sizes as percentages of
25, 50 and 75 are plotted against running tine of a gear head. The
oil changes (maximum 8 gal.) and top ups are shown at the top of the
figure to interpret the results clearly. The intervals between
sanpl es are not consistent due to holi days.

Fromthe date of installation the najority of wear debris was
around 20 mic. as the conponents bedded in. There was no increase in
debris readi ngs which showed the sign of nornal wear. In general,
during the normal running phase of a nmachine's life relatively large
particles and steel flakes up to 360 nic. in size may be found
(Bedford, 1986). Through the nmonitoring period only the foll ow ng
actions were required to keep the production wthout any break:
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Wek 1-5: As the running tenperature was high and causing |oss of
oil, increasing the chance of component deterioration, the oil was
changed 3 tines in week 1 and once in week 4. During this period in
weeks 2, 3 and b, particles varied up to 261.6 mic. (running in
period). However, the debris reading did not increase and the
majority of particles were smaller than 25 mi c.

Wek 15-19: During this period the majority of wear debris was
larger than acceptable level of 25 mi c. However, after topping up
fromweek 18 the trend turned down and debris readings were |low (0.5).
In week 19 the majority of particles snaller than 25 mi c.

Wek 21: The debris reading increased suddenly from0.5 to 2.3,
but the majority of particles were snaller than 6.4 mic. and the
sanpl e was contamnated by coal dust. After an oil change the debris
reading failed to O.8.

ek 26: From this week debris readings increased steadily
despite an oil change. The majority of particles were around 3.5-6.5
mc. which was a sign of possible grinding and three-body abrasion.
Furthernore, the sanples were badly contam nated by coal dust which
continued until the head was renoved.

Wek 33: Although, it was not urgent to renmove the head and the
troubles could have been avoided by changing the oil, the managenent
took the decision to renmove it, in order to inspect the actual
condition of the conponents, and to refurbish the head by m nor
repairs before its condition got worse.

7.3. Inspection Results
Following results were observed fromthe inspection:

1. Casting, covers, pipes and joints were corroded. Al other
external sections found to be normal without any damage.

2. Normal wear found on all seals except the oil seal of bevel
gear shaft assenbly. This seal was damaged through heat.

3. Retaining pins for bevel gear bearing were danaged.

4. Teeth were worn on the rack on the selector mechani sm

5. Quster gear was heat affected and chipped on one tooth.
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Figure 2: Debris readings and particle sizes as (25,50,75)% against the

running time of a gear head of a A.S. double ended drum shearer.



6. Mtor gear and pinion were both heat affected and worn. Col our

changes due to heat and pitting were observed.

As seen fromthe above results the condition of the section was
still at an acceptable level to be run. However, the motor gear woul d
have caused trouble due to heat effects and the bevel gear bearing
would have failed. It should be nentioned that gearboxes returned
before failure have been found to be cleaner, easier to dismantle and
possibly cheaper to repair than wunits that were returned due to
failure (Bedford, 1986), and al so avoi ds unexpected breakdowns.

8. CONCLUSI ONS

British Coal has applied considerable effort to the inproverment of
mai nt enance nanagerment and devel opnent of an advanced machi ne heal th
monitoring system involving various techniques on-line and at
laboratory level since early 1980's. The productivity has increased
considerably since initial trials despite the decrease in the nunber
of collieries and mnanpower. There has been a noticabl e decrease of
mai ntenance costs since the introduction of the nmachine health
monitoring procedure and technical managenent in a team form rather
than i ndi vi dual s.

The new structure of team managenent resulted in inprovenents both
in the short and the longer term of nachine effectiveness and
reliability. 1In the short term during coal producing shifts, delays
and unexpected breakdowns decreased. In the long termdue to controls
economc life of machinery increased. Despite all the inprovenents
the reliability is still a great concern and British Coal continues to
seek better design standarts and reliability for coal face nachinery to
ensure to keep high productivity at the |owest cost.
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