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QUALITY INDICATORS OF CONTINUOUS MECHANICAL SYSTEMS 
FOR PURPOSE OF IMLEMENTATION OF ISO 9000 STANDARDS

Sum m ary. In this paper the quality  indicators o f continuous m echanical system s for 
purpose o f im plem entation  o f  ISO  9000 standards are considered. M onitoring o f inform ation 
of mine continuous m echanical system s gives us a m easure o f satisfaction or dissatisfaction o f 
quality system  perform ance. There are m any types o f  influences on m echanical system  
perform ances. T hose influences m ay be classified  and derived from  corresponding m ines 
technologies, system  environm ent and planned m ine operations. For purpose o f quality 
indicators w e develop concept o f collecting data on the perform ance o f system . A lso we can 
establish the m easurable objectives at relevant system  functions and levels. On that base we 
add the concept o f organizational self-assessm ent as a driver o f im provem ent.

WSKAŹNIKI JAKOŚCI CIĄGŁYCH SYSTEMÓW MECHANICZNYCH W 
CELU WPROWADZENIA NORMY ISO 9000

Streszczenie. W artykule rozw ażano w skaźniki jakości system ów  ciągłych dla w prow a
dzenia norm y ISO  9000. M onitorow anie inform acji o system ach ciągłych pozw ala na sfor
m ułow anie opinii o stopniu satysfakcji z eksploatacji system u.

1. Introduction

Selection of m ine m echanical system s for underground exploitation is based on 

forecasting o f  w orking conditions and m achine duty cycles in narrow  w orking space. D egree 

o f efficiency o f m ine m echanical system s largely depends on quality  o f predicting  o f upper 

conditions as on possib le  unexpected changes o f  foreseen conditions. That m eans that 

m echanical system  selection should be based on a h igh-quality  geological project which 

enables to define o f m ine-geological w orking conditions in design task and selection of 

m echanical system s. Project team  is responsible to becom e acquainted and to give quality 

predictions o f physical properties o f rocks and coal; behavior o f rocks m assif by extraction of 

deposit; laws of rocks m assif crashing and cutting cost o f energy; m utual dependencies o f 

technological processes; m ethods o f building and developing o f m ining room s during getting 

coal process. On that basis should be selected appropriate m echanical system s and controlling
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m ethods for m achines, p rocesses and w hole m ining com pany, to  achieve positive econom ical 

results in exploita tion  o f  deposit and ecological consequences o f m ining w orks.

R esults o f use o f  m echanical system s in com plex geological conditions o f a deposit 

depend on: quality  o f m achines and reliability  o f its com ponents, w hich is to be w arranted by 

(practically  verified) p roducers fam e, and on quality  o f forecast for m echanical system s 

w orking conditions, m ade during design and production o f m achines. T hese two 

preconditions being satisfied, and w ith good m aintenance o f m echanical system s during their 

life cycle , it can be expected  reliable w ork o f m echanical system s and stabile production, 

w ithout b igger unexpected  technological breaks, and accordingly positive econom ic effect of 
the w hole m ine.

C ontinuous m echanical system s [1] are characterized by m utual cooperation  o f m achine 

system  elem ents. T hat system s consist o f m ore branches, m ostly  w ith m iscellaneous 

connections. B ranches itse lf in continuous m echanical system s are com posed  o f  elem ent - 

m achines o f d ifferent purpose, in serial connection. M onitoring o f  m ine continuous 

m echanical system s gives us a m easure o f  satisfaction o r d issatisfaction  o f system  quality 

perform ance. T here are m any types o f  influences on m echanical system  perform ances.

R ecently , ever increasingly  num ber o f m ines im plem ents quality  system  based on ISO 

9000 set o f standards [2-6]. Q uality  is to tality  o f an entity  that bear on its ab ility  to satisfy 
stated and im plied  needs [7], The term  ’’quality” should not be used  as a single term  to 

express a degree o f  excellence in com parative sense, nor should be used in a quantitative 

sense for technical evaluations. The achievem ent o f satisfactory quality  involves all stages of 

quality  loop as a w hole. Som etim es quality  m ay be identified as: quality  due to  definition of 
needs, quality  due to  conform ance etc.

System  o f quality  m easurem ent is established to precisely define appearances taken into 

account during system  design and to  enable further progress. R eference docum entation  for a 

com pany 's quality  system  is based on fo llow ing concepts and standards: I grasp (ISO  9000-1); 

I establish  docum entation  (ISO  9004-x); I dem onstrate results (ISO 9001/2 /3) and I im prove 

m yself (ISO  lOOxx). B esides establish ing  quality  system  in individual com panies, it is also 

estab lished  [8] in ternational quality  system  in som e dom ains.

Q uality  m easurem ent is perform ed through: identification o f quality  criteria  and 

incorporation o f  quality  indicators. G oal o f this paper is to establish quality  indicators in mine 

continuous m echanical system s, as w ell as developm ent o f a concept fo r gathering data  about 

realized  system  perform ances.

2. Identification and classification of machine system outages

Processing o f  m achine system  dow ntim es requires their identification  and classification, 

to com pletely  encom pass that problem . Identification o f dow ntim es requires registration  of all 

unp lanned m alfunction ing  o f system  considered. For exam ple, dow ntim es should  be classified
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by types o f m alfunctioning, m easured, counted and analysed. In this aspect, collecting the 

inform ation should be flexible and easy adjustable for:

•  production plan configuration o f mine;

•  real life conditions o f m ine;

•  environm ental problem s;

•  schem e o f  continuous m echanical system ;

•  operating  characteristic  o f a particu lar type o f elem ents o f m echanical system;

•  total tim e, capacity  and energy requirem ents o f system .

2.1. D efin ing  o f  m a c h in e  system  d o w n tim es in d ic a to rs

Q uality system  indicators do not take into account exploitation  neither financial system s. 

It is essential to  trace m alfunctioning. For exam ple, actual deviations are m easured, than 

classified  by types o f m alfunctions or d isagreem ent and counted. The sam e is true for 

incidents (dam ages) o f  m achine system .
Q uality  m easurem ent is conducted  by internal indicators, so that it is necessary to:

•  define quality  indicators on the basis o f quality criterions;

•  define required  perform ance level and
•  establish  coherence am ong internal indicators.

Fundam ental criterions significant to these problem s, based on upper item s, can be classified 

as follow s:

A  - C haracteristics o f  system  network:
•  System  elem ents (cutting m achines, pow ered supports, transporters, . . ..)

•  N etw ork (spread, connections, slopes, reloading p o in ts , . ...)

B - exploita tion  tim e o f  system
•  W ork ing  hours (shift duration, num ber o f shifts, num ber o f w orking cycles per shift, 

regularity  o f planned  operations, planned w ork interruptions, . . .)

•  p lanned w ork in terruptions (regularity  tim e o f technological operations, regularity of 

tim e o f  m a in te n a n c e ,...)

C  - System  accessib ility:
•  Internal accessib ility  (access to system  elem ents -  m achines), entry, exit out o f system

• C onnection w ith o ther m achine system s

D  - taking care o f  system :
•  E ngagem ent o f organisation  (prizing, innovations)
•  R elations w ith o ther technological system s (com plaints, su g g e s tio n s ,. . .)

•  Personnel (training, look, b e h a v io r ,. . .)
•  H elp (in case o f  accident, to persons in other organisations, inexperienced persons, . ..)

•  T ariff scale o f paym ent, ...
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E  - conform ity  o f  system :

•  E quipm ent for conform ity  (seats, phones, food, toilets, . . .)

•  Ergonomy (concept o f machine equipment, easiness o f control, easiness o f movement, ...)

• C om m on elem ents (cleanliness, safety against spill o f m atters, . . .)

F  - reliability  o f  m ach in e system  elem ents:
•  R andom  dow ntim es o f m achine system  elem ents;

•  R eliability  o f  m achine system  elem ents.

G  -  tech n o log ica l operations:
•  Space preparation  fo r w ork o f  a system ;

• R em oving o f m achine system  elem ents;

• R egulating  o f m achine system  branches;

•  E xtension o f transporters;
•  O ther technological dow ntim es.

H  - inform ing:

•  C om m on inform ations;

• Inform ations in norm al system  w orking conditions;

•  Inform ations about d isturbed w orking conditions in a system , fo r all technically 

possib le  system  states;

•  Inform ation connections

I - safety:

•  Safety o f m ovem ent and review ing (w ork groups, lighting, points fo r help invitation 

and announcem ents o f  im proper system  functioning, . ..) ;

•  Safety against accidents (presence o f personnel, inform ations, . . .) ;

• Safety m onitoring (netw ork m onitoring , clear v isib ility  o f safety  m eans, ....) .

J  - en vironm en ta l safety:

•  pollu tion  (spill o f  coal - barren soil, dust, gases, radiation, noise, sm ells, trash, ...) ;

•  spill: energents, lubricants, and so on;

•  infrastructure  conserving (dam aging o f routes used by system , v ibrations, . ..) .

K  - w ork in g  surroundings:

•  failing surrounding m aterial on system ;

•  bad layer partings;

• layer faults;

• geological non-hom ogenity  o f layers;

• bearing  floor stability;

• gases;

•  fires;
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L  -  working ambient o f  a system:
•  lighting;

•  dustiness;
•  airflow  velocity;

•  m oisture content in airflow ;

•  tem perature o f w orking space;

M - clim atic and m eteorological conditions1:
•  strong frosts;

•  strong w inds;

•  heavy rains;

•  fogs;
•  heat;
•  torrent;
•  high w aters.

N  • organizational dow ntim es
•  Shortage o f repairing  equipm ent;

•  Shortage o f m aterials, reserve parts and alike;

• Shortage o f  repairing  personnel;
• R especting o f  custom er requirem ents (therm o plants, separations, etc.).

O  -  reliability o f  m achine system :
•  P rocessing o f m achine system  random  dow ntim es, for all technically  possible system  

states;
•  R eliability  o f  system  as a w hole (achieved (operatively) w orking tim e, capacity).

P  - relation with o ther technical-technological system s:

•  D epots;
•  Separation;

•  Bins.

3. Keeping track of outages, choice of tools and minimal level of data 
processing

ISO 9004-4 proposes certain tools for data processing w hich can be useful if worked out 

according to user requirem ents i.e. according to section 2.0. These tools should be considered 

as m inim ally needed i.e. as obligatory, w hile they can be treated as im plem entation beginning 

of set o f ISO  9000 standards. Existing evidence should, if it is already not, be brought into 

accordance w ith requirem ents o f JU S ISO 9004-4.

1 For part o f system on surface only
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3.1. M inim al level o f  data  processing

JU S ISO 9004-4 gives tools and techniques for quality im provem ent. F o r this purpose it 
is m inim ally  needed to w ork out fo llow ing  tools:

A . l  D ata-collection  form  -system atic data collecting for obtain ing clear p icture about
facts;

T ools and m ethods for nonnum eric data

A .5  C ause-and-effect-d iagram  ("Fish bone") -  analysis and announcem ent o f relation 

schem e cause - effect. Facilitating  o f p roblem  solving starting from  sym ptom s and causes up 
to solutions.

T ools and m ethods for num erical data

A .8  C ontrol chart - D iagnosis: evaluation  o f  process stability; M eans for d iversification  

o f variations orig inated  by defin ite  o r special causes from  random  variations typical 

o f process; C ontrol: to determ ine w hen a process needs to be ad justed  and w hen it 

needs to  be left as is; C onfirm ation: to confirm  an im provem ent to  a process 

A .9  H istogram  - presents data  variation m odel; to com m unicate v isually  inform ation 

about process behavior; to m ake decisions about w here to focus im provem ent 
efforts

A . 10  Pareto  diagram  -  to display, in order o f im portance, to  contribution  o f  each item  to 

the total effect; R anking im provem ent possibilities 

A . l l  Scatter diagram  -  to d iscover and confirm  relationships betw een tw o associated  sets 

o f data: to confirm  anticipated relationships betw een tw o associated  sets o f data.

U nder m inim al level o f data p rocessing it is m eant data p rocessing  in function  o f tim e, o f 

excavation m ass or o f costs. A dditional data p rocessing can include not only m athem atical 

extensions o f p rocessing but also, for exam ple, tracking of availability  o f  belt conveyor 

transporters in function  o f  transporters length, availability  o f  cutting  m achine in function  of 
speed o f advancem ent in a period o f tim e or for a given block length, etc.

3.2. C oherency o f  dow ntim e indicators

Indicators developed in previous sections should enable:

• T im e analysis o f  system ;

• C apacitative analysis o f system ;

• E conom ical analysis o f system .

To achieve coherency o f  results obtained by data processing, that processing  should

encom pass:
• P rocessing o f  dow ntim es for m achine system  as a w hole, for its b ranches and its 

individual elem ents;

•  A ccounting o f w orking tim es o f each m achine, o f each branch and o f  m achine system  

as a w hole;
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• A nalysis o f tem poral results and com parison with requested and/or projected values;

• A ccounting o f achieved capacity  for each system  elem ent, each state o f system  and for 

system  as a w hole;
• A nalysis o f capacitive achievem ents and their com parison with requested and/or 

projected values;
• Separation o f duration  of w ork and costs o f w orks caused by random  dow ntim es from 

duration o f  w ork and costs o f w orks sim ultaneously conducted on behalf o f other 

positions o f technical m aintenance -  for the sam e m achine as well as for other 

m achines;
• T racking o f costs on the basis o f classified and identified dow ntim es for each machine 

and for w hole system .

4. Establishing of quality loop in exploitation system with continueous 
action

Q uality loop for the problem  treated in this paper, in sense o f JUS ISO 9000. consists of:

•  S upplier (producer) - E xploitation field-m ine

•  D esired  quality  - predicted hours o f system  work, assigned capacity o f m achine 

system ;

• O btained quality  - realised hours o f system  work, realised system  capacity

and
• C ustom ers - T herm o plant, separation etc.

• noticed quality  -  tem poral and quantitative availability o f requested coal;

• expected  quality -  tem poral and quantitative availability  o f coal as well as 

agreed coal quality.

A nsw ers to that questions, in sense o f capacity, tim e and costs, can be obtained from positions 

F  and O  in section 2.1. E valuation o f quality, in sense o f ISO 9000. can also be extended by 

other indicators, for exam ple, granularity  o f delivered coal, coal purity, caloric value of 

delivered coal, and so on.

5. Conclusion

Im plem entation of quality system  ISO 9000 requires processing o f all dow ntim es and 

w orking conditions o f m achine system . This requires identification of dow ntim es and their 

classification so that the problem  is com pletely encom passed. By identification of downtim es 

it is essential to  register unplanned (badly) functioning o f system . By quality system
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indicators it is essential to track m alfunctioning o f m achine system . F or exam ple, actual 

deviations are m easured, than classified  by types o f m alfunctions or d isagreem ent and 
counted. The sam e is true for incidents (dam ages) o f m achine system .

Q uality  m easurem ent is conducted  by internal indicators so that it is necessary to: define 

quality indicators on the basis o f quality  criterions: define required  perform ance level and 
establish  coherence am ong internal indicators.

For purpose o f quality  indicators we develop concept o f co llecting  data on the 

perform ance of system . A lso we can establish the m easurable objectives at relevant system  

functions and levels. On that base we add the concept o f organizational self-assessm ent as a 
driver o f im provem ent.

That is w hy it is necessary to create an inform ation system  w ith m ore levels and to 

realize organised  and system atic tracking and analysis o f geological, m ining-technical, 

technological and organisational conditions that can appear during deposit exploitation , as 

well as conform ity  w ith existing  technical rules and recom m endations for m achine system  
work.

Fundam ental criterions sign ifican t for problem s o f m achine system  w ork in underground 

exploitation can be classified  as follow s: A - characteristics o f system  netw ork; B - 

exploitation  tim e o f system : C - System  accessibility: D - taking care o f system ; E - 

conform ity  o f  system ; F - reliability  o f m achine system  elem ents; G  - technological 

operations; FI -  inform ing; I -  safety; J - environm ental safety; K - w orking surroundings; L - 
w orking am bient (environm ent) o f a system ; M - clim atic and m eteorological conditions; N - 

organizational dow ntim es: O - reliability  o f  m achine system : P - relation wdth o ther technical- 

technological system s.

ISO 9004-4 proposes certain tools for data processing w hich can be useful if w orked out 
according to user requirem ents i.e. according to section 4.0. These tools should be considered 

as m inim ally needed i.e. as obligatory , w hile they can be treated as im plem entation  beginning 

o f set o f ISO  9000 standards. U nder m inim al level o f data p rocessing it is m eant data 
processing  in function o f tim e, o f excavation  m ass or o f costs.

E lem ents and evidenced data obtained during developm ent o f quality  indicators and their 

tracking can be used also for o ther purposes, for exam ple, for establish ing  o f quality  loop with 

m achine system  and next system  co llaborating  w ith that m achine system . By that, evaluation 

o f quality, in sense o f ISO  9000. can also be extended by other indicators, for exam ple, 

granularity  o f delivered  coal, coal purity , caloric value of delivered coal, and so on.
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O m ów ienie

W  artykule rozw ażano w skaźniki jakości system ów  ciągłych dla w prow adzenia norm y 

ISO 9000. M onitorow anie inform acji o system ach ciągłych pozw ala na sform ułow anie opinii 

o stopniu satysfakcji z  eksploatacji system u. N a osiągnięcia system ów  w pływ a w iele 

czynników . C zynniki te  m ogą być sklasyfikow ane i s ą  one zależne od zastosow anej 

technologii górniczej oraz w arunków  górniczo-geologicznych. W  celu oceny w skaźników  

jakości zaproponow ano koncepcję  zbierania danych. Sform ułow ano rów nież kryteria oceny 

system ów . Podano także koncepcję organizacji sam ooceny.


