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AN ANALYSIS OF THE CHARACTER
OF MANAGEMENT OF CONTROL AND MEASURING
EQUIPMENT IN SMALL AND MEDIUM ENTERPRISES

The paper describes selected problems concerrenghtiracter of management of control
and measuring equipment in small and medium ensexprThere are discussed the oversight
process over control and measuring equipment dsag¢here are itemized duties of people
managing manufacturing process and worker who otaitneasuring equipment. There are
briefly discussed selected problems concerningctiration of control and measuring
equipment as well as preparing of a workplace t®icontrol. Conclusions are drawn con-
cerning particular activities significantly influeing the management of control and measur-
ing equipment.
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1. INTRODUCTION

Polish sector of enterprises is dominated by samlimedium enterprises (SME), which
constitute approximately 99,8% of all enterprisksg/img active role in economy. Accord-
ing to the PART report of 2017, made on the growfdiata collected by Statistics Poland
(SP), 96% of the whole sector constituted by mictemrises and 3% small enterprises.
Medium enterprises form only 0,8% (NjeLapinski, Ortowska, Zakrzewski, Chaber, Wi-
dta-Domaradzki, Domaradzka, 2017). About 92,8% iifESare private ones (Czerniak,
Stefaiski, b.d.). They manufacture a constantly growirgt pf Polish Gross Domestic
Product (GDP). They have to face strong competitamting simultaneously with other
companies from the sector, selling or manufactuprgglucts applied for the same or sim-
ilar purposes.

One of the important factors influencing compeétiess and the ability to maintain
clients is the quality of products. Therefore, anagement system based on the grounds of
the ISO 9001 standard is used. It determines typictions in all areas of activities in an
enterprise, including maintaining product qualitie ISO 9001:2015 standard, known in
Poland as a PN-EN ISO 9001:2015-10 (“PCBIC", bid 3trongly linked with complemen-
tary standards such as IATF 16949 (IATF 16949:20066) which concern systems for the
management of measurements and requirements rédateeasuring processes and meas-
uring equipment. They are addressed in sectio® Dfithe standard with the name “Prin-
ciples of monitoring and measuring”. That secti®®a ipart of chapter 7 entitled “Support”.
Even though the implementation of the ISO 9001esydbrings benefits for enterprises in
the form of growing number of clients and improvernef the organization of work, some
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of them decide not to carry on costs of impleménaand move through long lasting pro-
cess of certification of the quality managementays(QMS). It usually takes place in case
of small companies with small material and finahm@sources. In such companies produc-
tion lines should be controlled, in order to maimthe quality of products, by using various
control and measuring tools applied to monitorifignanufactured products’ parameters.
Systematic oversight of the manufacturing procesbles reacting to abnormalities and
preventing form their occurrence in the futurdirtits customers’ complaints, company’s
losses and losing customers. The selection of eghplieasuring equipment should follow
manufacturing processes and tasks as well as stintee products must fulfill. The prop-
erties of measuring equipment, such as accurasg,csnsitivity, factors influencing the
uncertainty of measuring and other must be comieatiith the products’ demands.

The oversight of the proper work of measuring eouépt, considering its wear and
dysregulation, becomes a very important buildirgchklof a capable system for maintaining
quality of manufacturing. It influences the resutfsmeasuring and selecting defective
products. Therefore, it is important to early deted diagnose diminishing measuring
equipment capability by regular analyses of itbititg of work. The requirement of pre-
serving suitable quality of measuring equipmenbloee the main reason for developing of
systems focused on monitoring the state of meageduipment named Measurement Sys-
tem Analysis (MSA) (Sataaski, 2009). Those systems assert that the measegjingment
and processes are adjusted to their areas of appficwhich influences the management
of risk associated with improper measuring req8t#achski, 2015). Full scale MSA can
be applied by enterprises which have suitable tisdlaranches with qualified staff operat-
ing even complex measuring systems (Krél, Ludwicky, 2006). Smaller manufacturers
not always have, however, enough financial resautc®perate extended systems. On the
other hand, they must properly control manufactupnocess and check the way of using
their measuring equipment. The solution may beirtidementation of simplified MSA
and executing it by some member of staff designaddtiose tasks within a part of his or
her working time.

2. THE MANAGEMENT OF CONTROL AND MEASURING EQUIPMEN T

Decision concerning the implementation of contmod aneasuring equipment manage-
ment usually belongs to the company’s owner. Sarallmedium enterprises being primar-
ily private ones are managed by a single managerdelgides about strategic and current
operational processes (Tomasik [red.], ArendaGhiya-Gliwinski, Jabtaski, Ratajczyk,
Zebrowska-tucyk, 2009). In the case of big entegsrithe system for supervising of
measuring equipment can run separately for eadfuption division and be supervised by
several members of staff. In small companies, hewesuch task may be usually main-
tained by a single person within a part of histwerking time. The rule is — smaller the
number of measuring instruments of one type, mosg effective becomes outsourcing the
task to external laboratories (Tomasik [red.] j RD09). Companies having enough finan-
cial resources frequently apply various ready te sgstems for supervising measuring
equipment. Some of the systems enable customizadiondividual needs of particular
company and some not. Enterprises selecting saitsjdtem take into consideration its
compliance with current standards, flexibility afftsvare, compatibility with possessed
equipment, range of capabilities and universalitysmall enterprises which are unable to
implement extended control systems but plan toycaut the control of possessed mea-
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suring equipment by implementing even simplified M&e solution lies in preparing
a control workstation and training a member offstiagsignated to supervise control and
measuring equipment.

2.1. Supervision process over the control and measng equipment

Properly realized supervision process begins witfusition of control and measuring
equipment and ends with withdrawing it from operatiRegular supervision over the state
of measuring instruments increases the probalofithieir proper work. It also gives better
assurance for the compliance of products with regquents and decreases potential losses
following bad quality of products. Duties assoadibtégth supervising of control and meas-
uring equipment depends on the size of companyaiti@int and type of measuring equip-
ment, assortment of products, type of manufactugngall, medium or large size produc-
tion), organization and type of control (incidentalfull and systematic control).

Developing of an efficient management system farti@d and measuring equipment
requires determining of tasks realized at work@atesignated for supervising control and
measuring system. For that purpose there are estjthe following:

« specification of all measurements made and appi&tduments used in a company;

« identification and making an detailed inventontieé whole measuring equipment;

« developing procedures for labeling of applied emept;

« determining calibration periods;

e preparing management system documentation — proegdinstructions, forms,

model documents suitable for all applied tools

« determining periodical checks of applied measueqgipment;

« estimating the time necessary for worker to conti@ equipment (Baderska,

Zakrzewska-Bielawska, 2007).

Company’s success depends on people, their know/jasttdls, experience and involve-
ment into work. It is especially important in smaiiterprises where new workers are em-
ployed with special attention paid to recommendasiod familial connections (Krél, Lud-
wiczynski, 2007). Poor workforce with low level of progésnal competencies makes im-
possible for any company to stay competitive inyasfiort period of time (Tomasik [red.]

i in., 2009). In long term it may lead to companfadl. If company’s owner thinks about
the strategy of development and plans to implernmetite company the process of checking
measuring instruments, he/she should reasonabbseteworker for that task, because the
staff plays the key role in the QMS. It is impottémat the person designated to checking
measuring instruments:

» has suitable professional experience,

* has at least basic knowledge in metrology,

« can properly apply measuring instruments,

« is willing to upgrade professional qualificationg.e through technical trainings.

The following psychophysical features are also irtguat; accuracy, perceptivity, sys-
tematicity, scrupulousness, patience, disciplioedgcontact with people and good eyesight
necessary for initial check of the state of invgestied tools.

The organization of measuring equipment manageneeuires:

« determining of worker’s hours, within work time,wd¢ed to tasks associated with

checking of measuring instruments;
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« designation of duties to particular worker;

« determining the method of gratification for makimgditional work;

e preparing a workplace checking measuring instrument

Initially prepared range of process of control amehsuring equipment management in
considered company may change and evolve in reftite company’s development and
improvement of workers’ professional gualifications

2.2. Duties of worker supervising of control and masuring equipment

Determining of duties for the worker who ought tqervise control and measuring
equipment should be done in result of common apawmts between the employer and
that worker. The worker who gained eg., throughings, technical knowledge and raised
gualifications can be very helpful source of knadge for the employer in the process of
building of an efficient system of supervising. Angptasks associated with supervising
control and measuring equipment should be:

» Making the inventory of measuring equipment byahli taking new measuring in-

struments into its warehouse: setting of a recard avith its identification number
(it should be glued to considered measuring inséntjn product number, the name
of a person responsible for particular tool. Theatord card should be made in an
electronic form within a database software e.gspeeadsheet. It should be also
printed on paper and put into a binder with othecwments linked with measuring
instrument, such as operation manual, certifichtabbration, warranty card, etc.

« Withdrawal of warn tools from company’s warehouse.

» Developing of a book with information about the lifyaof all tools and time-sched-
ule of their use.

» Cooperating with accredited measurement laboratorie

» Creating of reports and measurement protocols.

« Creating of time-schedule of calibration and sujséng calibration processes.

« Creating of circulation cards for all consideredipgqent.

« Watching and checking whether the person respan$ill particular equipment or
instrument — usually master or foreman — fulfiie requirement concerning submit-
ting the instrument to control branch before instemt’s validity date.

« In the case of simple measuring tools, like capericrometer, depth gauges, etc.,
checking their capability by conducting at least@ified MSA allowing to approx-
imately estimate the necessity of soon calibratibiine measuring instruments.

» Conducting of the registry of calibration and cofling the evidence of measuring
instruments calibrations.

The above named tasks should be done in a systewefiand according to some pre-
defined time-schedule. Only regular procedure décting and analyzing of measurements
enables to estimate and establish allowable l@fetaportant control parameters concern-
ing control and measuring equipment. It also ersatdermining the successive periods of
calibration of used instruments or withdrawal ofrvones.

2.3. Calibration of control and measuring instruments

One of the most important tasks in the field of itamng of control and measuring
equipment is watching over its systematic caliloratii.e. establishing relation between
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metrological values of measured feature shown loh eansidered measuring instrument
and metrological values determined with the usenefsurement unit patterns (Lewicka,
2017). Some enterprises try to make calibratiomgedves, especially when it concerns
simple measuring instruments. Other enterprisesooute calibration to accredited com-
panies to omit checking failures and to obtainbralion certificate. Such certificate is

a document issued e.g., by Central Office of Mess(€OM), district offices of measures,

measurement laboratories. Those organizations amganies state in such certificate that
the calibrated measuring instrument fulfills certaietrological requirements.

Freestanding calibrations can be done by organizathaving qualified staff, suitable
conditions for making such measurements and negessfarence patterns. Calibrating of
measuring instruments should be repeated for esttument in certain periods of time as
long as that instrument is applied for metrologjmaiposes. Currently there are no manda-
tory rules of law determining calibration periodi¢either expiry dates are indicated on
calibration certificates. The exception are meaguinstruments under mandatory legal
metrological control i.e., instruments applied le tareas such as: health care, protecting
live and environment, security and public ordemstaner rights, collection of fees and
taxes as well as other budgetary bills, determidiisgounts, etc.

In the case of other areas of using measuringumgnts dates of calibration are esta-
blished by their owner. In the case of small andlioma enterprises it can be done by
a trained member of staff designated for such talks frequency of calibration varies for
different measuring instruments and for each cafédat instrument depends on:

« the type of its design;

« conditions concerning the environment if its operaitemperature, humidity, pol-

lutants, vibrations, presence of caustic mategtds;

« competences and experience of staff operating deresd instrument;

« frequency of its operation;

« diligence associated with its maintenance and g&retc.

Calibrations should be done in such periods thetessive checking and calibration is
performed before probable change of accuracy osm@a instrument. There should be
kept some balance concerning the frequency of redildn, because too often calibrations
are also to expensive as they require removingroéasuring instrument to be calibrated
from the process of regular measurements of predawetl replacing it with other valid
measuring instrument. Therefore, it becomes vepoitant to determine the terms of cal-
ibration on the grounds of proper estimation ofrinmient’s wear or its dysregulation. It
influences economic benefits, because the contsmassertion of required accuracy of
measuring instruments diminishes the number ofatiefe products and limits the number
of complaints. Those actions are crucial for tHeative work of a quality control system.

2.4. Preparing of a workplace for supervising of @ntrol and measuring equipment —
metrological chamber

Permanent performance of duties associated witersiging of control and measuring
equipment requires taking care of infrastructurd anvironment for supervising. It con-
nects with selecting of a separate room which shbelan independent workplace for the
inspection of measuring instruments — metrologitember. That room is not required to
fulfill requirements associated with measuremebotatories. However, it is desirable that
the metrological chamber is well separated fromrds of a production hall and meets
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several conditions. One of them is limited accefsa daylight which should not fall on
measurement patterns, measuring instruments atslgrapared for measuring. Inside that
chamber there should be a couple of sources ditatiight, not too much intensive, pre-
ferably incandescent light (tungstéipmasik [red.] i in., 2009): a roof lamp, a lamp o
a desk near a computer used in the process of niggisund a good lamp on a measuring
table. The temperature should be stable and majexpproximately 20°C. There should
be also supplied:

 lockable file cabinets for binders with documerttatdedicated to all measuring in-

struments used in a company, cabinets for storfigalibration patterns and instru-
ments which are assumed to be forwarded for cdidiran an external laboratory;

« measuring table on which it is possible to propptyinstruments for checking their

general state;

e computer with suitable software.

Such workplace, separated from the rest of a ptatuball, makes possible focusing
on tasks requiring precise checking and measurenoémheasuring instruments and per-
forming their calibration. It can also be useddtarage of documents associated with con-
trol and measuring equipment owned by the companyell as the place for temporary
storage of tools being checked in the context @if thimensional accuracy, crucial geomet-
ric parameters and stability of using them in maotifring process.

3. CONCLUSIONS

Performed analysis of the character of control mneésuring equipment management

in small and medium enterprises leads to the fatigweonclusions:

1) The application of quality control in a companyrsfigantly influences company’s
economy. There exist, however, not too much putitina showing economic ben-
efits following the application of metrology in mafacturing of various products.
Several analyses showed that properly chosen nmexasuat processes performed
with capable measuring instruments brings a nevedddlue to each manufactured
product. The use of respectively selected and sigeet measuring systems allows
to eliminate defective products and limit costdaxfses (Savio, De Chiffre, Car-
mignato, Meinertz, 2016).

2) High quality of manufactured products is one ofiti@st important factors deciding
about the market success and competitive advamaty@mamically changing econ-
omy. Capable control and measuring equipment amdifiga staff trained to use
that equipment are obligatory basis for maintairgoglity independently from the
size of enterprise. Monitoring of measuring insteuts is one of the necessary ele-
ments of integrated system for management of gqu&litvironment and energy, ac-
cording to the ISO 9001, ISO 14001 and 1SO 300aadsrds.

3) Not all enterprises are able co carry costs of esjve systems. However for each
of them the quality of manufactured products isiarfiy. Therefore, it is very worth
to establish and make well working at least a sifirepl system for control of meas-
uring equipment quality. If a company is not aldeemploy a new worker with
suitable knowledge and skills in metrology, it shibtake care of improving metro-
logical qualifications of some member of staff desited for that purposes.

4) The staff supervising control and measuring equigrpéays a key role in quality
management of the equipment. Managing staff shialkel care of thorough training
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of staff, taking the opportunity of wide offer afahnical trainings devoted to both
metrological problems and the methodology of suigéry various processes.

5) It is also important that the tasks associated wsitbervising of measuring equip-
ment and realized in only some part of working tofelesignated worker are not at
the bottom of the list of his/her activities. Therker must be conscious of the im-
portance concerning quality control of both produahd measuring equipment.
Suitable material and nonmaterial motivating asl w&elproper rewarding of that
worker are also central factors influencing thesetifeness of the quality control
system and bring benefits for the company. The giagsstaff should take care on
preparing suitable infrastructure and environmenstich worker.

6) The effectiveness of quality control of both prouand measuring equipment can
be significantly improved by using proper mathergstimethods of analysis and
their practical application in the form of suitaBleftware dedicated for that purpose.
Such software facilitates the execution of workoassted with collecting and pro-
cessing data obtained in the process of qualityrobrit also accelerates access to
information concerning used measuring instrumehesevidence of control and su-
pervising processes, calibrating of measuring umsénts and their attestation. It
simplifies determination of instruments’ checkirgyipds. Some software packages
are small and narrow as far as their applicaticorcerned (Magdziak014). There
are also general and relatively expensive softwarkages enabling to design and
run measurements and test stands. Small packageasually developed by compa-
nies manufacturing measuring equipment. Howevearitbe a difficult task to cor-
rectly transfer data from a specialized softwaéed on particular measuring in-
strument to main management system e.g., softwhiehvmay used for the MSA.

Implementation of the above named procedures agssciith additional work and

costs for the company. However, in the final reguitecomes profitable for the company
as it both improves the level of control of mantifiaing process and strengthens position
of the enterprise on highly competitive market.
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