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Abstract: Quality inspection is a necessary element of theligumanagement systems. The analysis of
quality conditions is impossible without inspectidherefore, parallel to the elaboration of methods f
fast planning of production processes, methodsfimum planning of the quality inspection musthe
sured. A precondition for increasing the qualitydashetermining costs for quality are the inspectidens
and the manufacturing plans. Because of the imptofe of inspection plans, fit products may fallan
unfit and vice versa, which leads to major losdésfounded ,the reasons for high costs for inspastio

are — the lack of regulations, that solves problevita

the inspection, insufficient qualification tbie per-

sonnel, responsible for quality inspection, incatreelection of inspection instruments, insuffitigoply-

ing of progressive methods and means for inspeetia lack of unified terminolog¥he purpose of this
paper is to make parallel between the manufactuglams and the inspection plans and to create algo-
rithm for inspection planning, which include assaest of the necessity of inspection, inspectioa, tgip-
fining the AQL (acceptable quality level) and detaring the inspection scope (batch size). Inghper
are presented current problems with the planningjadlity inspection, such as selection of inspectio
characteristics and defining the scope of inspegtgelection of inspection instruments, inspecfiomts
and stages, time for inspection and processingesiilts obtained for each inspection characteriaticl

the issues for future studies are identified.
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1. INTRODUCTION

The system of production quality inspection is & se
of interconnected inspection objects and subjeuntth-
ods and tools for assessing the quality of prodiastsil
life-cycle of production. Effective system for iresgion
allows timely and targeted influence of productligya

During the last decades, the methods for quick-plan
ning of production processes have been incorporated
the serial production. However, the quality inspmtt
still runs chaotic, without the necessary coordarat
with the theory of quality assurance. The insperctio
should be preliminary planned, to be in relatiothvwthe
quality requirements. The inspection plan is restithe
quality inspection planning. Figure 1 shows the pom
nents used to create the quality inspection plancréate
quality inspection plan it is necessary the follogvcom-
ponents to be included — the safety regulationdgchwh
defines the criteria for safety regulations, thedeor
documents — contracts, order details, drawings para
of the technical documentation, the plan for thenufiac-
turing process, the standards and normative docismen
and the specification of the test equipment. Thepée-
tion planning should be considered not just asra @fa
the manufacturing planning, but also as a partuatflity
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instrumtg inspection plan, manufacturing plan,

management system. The correct planning of thetgual
inspection, leads to efficient and effective perfance
of the tests, hence to detection of discrepancidsnie,
and to improvement of the products quality [8, 11].

Since quality inspection is performed accordingnto
spection characteristics, the inspection planniimpsa
identification of specific quality requirements tae in-
spection plans. The technical documentation oftéisés
includes instructions for the production and insjpeg
as well as inspection instruments guides for thekwo
places and quality inspection zones. Figure 2 ptesbe
parallelism of the tasks at the production and eéatipn
planning. The inspection plan and the manufacturing
plan are in narrow link, so they can be united icoan-
mon technology.

One of the primary tasks at the planning of inspect
is the selection of inspection characteristics.

For each inspection characteristic it is necessary
define the scope of measurements, the test methed,
data processing and the elaboration of inspectlansp
At the planning of the inspection, decisions aletaon
the necessity of inspection, test methods, scopeeafs-
uring, selection of inspection instrumetsd processing
of the data obtained.

2. SEQUENCE OF INSPECTION PLANNING

For planning of quality inspection an information
from different departments from the enterprisesreis
quired—- constructive, production and distribution de-



184 P. Toteva and D. Vasileva / Proceedings in Manufidat) Systems, Vol. 8, Iss. 3, 2013 / +B33

partment. The trueness of this information anddbeu- The sequence for the planning of quality inspection
ments used to transfer it is a precondition for@pprly  given at the developed algorithm in Fig. 4. Theoathm
planning of quality inspection. in left contains the input data. In the centrehievgn the

With reference to activities about the planning of data processing, and on the right — the output diatec-
quality inspection, the type of the technical ingm® is  cepted decisions.
defined. It is recommended to group the criteriathy
classification principles shown in Fig. 3 [12].
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Fig. 1. Components for creation the quality inspection plan.
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Fig. 2. Parallel planning of manufacturing and quality ieson.
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Inspection Characteristic
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Fig. 3. Classification of quality inspection.

Determining the type of the inspection and the algo
rithm created for planning of quality inspectiorcludes
the following types of inspection operations:

2.1. Selection of inspection characteristics

The inspection characteristics can be measurable,
countable and evaluable. The most frequent and with
greatest importance in the mechanical productientlae
geometric parameters.
Irrespective of the variety of forms and dimensjahgy -
are systematized [1]. Specifying a tolerance o&dain
parameter does not mean it have to be measumaiude,
vice versa, not all dimensions with unspecifiectahce
are unmeasurable. Each test is related to experges
leads to breaks in the production process, sostthde
well motivated. A test may be required due to legal
provisions or security / reliability reasons. tther
cases, the necessity of testing is determined mulea
tion of the expenses [1]. The expenses for theeictspn
are compared to the accidental losses in casendiped-
tion is rejected. The losses are expressed byxihenses,
resulting from hidden defect, called “damage rigR].

R=WK, (1)

where: W — probability of appearance of defecks,—
expenses originating from defects.

The risk of damages incurre®)(is compared to the
expenses for inspectidg,.

If R > K, — inspection is obligatory;

If R > K, — inspection is not obligatory.

There are no convenient practicable methods for se®
lection of the inspection characteristics.

S

stage of manufacture where the test involved is non
destructive and every piece is separately inspected
[4]. It requires more number of inspectors and kenc
it is a costly method. There is no sampling erfdris

is subjected to inspection error arising out oigiae,
negligence, difficulty of supervision etc. Hencerzo
plete accuracy of influence is seldom attaineds It
suitable only when a small number of pieces areethe
or a very high degree of quality is required.

Sampling Inspection — the inspection is made only o
samples of the production. Usually it is used ia th
following cases - large number of identical panigh
degree of stability of the technological process] a
after minor operations. In this method randomly se-
lected samples are inspected. Samples taken frbm di
ferent batches of products are representatives- Sam
pling inspection is cheaper and quicker. It reciire
less number of inspectors. It is subjected to sengpl
errors but the magnitude of sampling error cande e
timated. In the case of destructive test, random or
sampling inspection is desirable. This type of atsp
tion governs wide currency due to the introductién
automatic machines or equipment which are less sus-
ceptible to chance variable and hence requireitess
spection, suitable for inspection of products which
have less precision importance and are less costly.
Having established a necessity of inspection do¢s n

mean it is necessary a 100% inspection. If 100%lche
ing is not specified by legal regulations, samplimgpec-
tion may be used. The scope of inspection dependiseo
ize of the batch. Considering the stability ofdarction
and importance of the inspection characteristicsht®

operation of product, the possibility to replacd@%

2.2. Inspection scope
* 100% Inspection - this type will involve careful-in
spection in detail of quality at each strategicnpair

inspection with sampling inspection may be checked.
The inspection scope is determined by the plars&on-
pling inspection, where the acceptable quality lleve
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(AQL) is used to determine the inspection methqd7[6

for
me
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batches of a certain size. In the end, thedospn
thod is a decisive factor for the inspection esgs, -

and parallel to the production expenses for a gjwenl-
uct.

23

. Ingpection point
The inspection point is not randomly chosen. In Aum

ber of cases it is related to the production precés
such cases coordination of the inspection plan f@od
duction technology is obtained. The inspection mythe
production process is used, beside for quality uatain,
also for observation of the production procesdfit3dne
direction of changes in the specified values, atterazes

the
pla

the
the

24

trend, which has to be corrected by adjustingee
cing the measuring tool [2, 10].

The interval between two measurements depends op
size of tolerance of the inspection charadtesi@nd
accuracy of the machine.

. Measuring instruments
The selecting of the most appropriate measuring in-

struments is a complex task. At the selection chsne

ing

equipment the following factors are taken i@t

count:

available measuring equipment, in consideration

of the part geometry and weight;

time for inspection;

acceptable error of measurement, depending on the
tolerance of the measured value and specified efror
the measuring instrument;

inspection costs;

processing of the measuring results, depending on
measuring instruments;

limitation of the diversity of measuring instrunten

at the enterprise.

Each measuring instrument is characterized with met

rological indices — measuring interval, field ofpépa-
tion, error of measurement, inspection point andsne
urement expenses. Part of listed metrological eliof

me

asuring instruments are given in their passports:

value of one interval;

measuring interval;

limit error of measurement.

Available measurement instruments in the enterprise

are coded with numbers. The measurement instruments
are registered in inspection plans by the numbers o
codes.

25

. Stages of inspection
Product quality is important as it is well knowmda

80% of all costs and problems of quality are created in
early product development stages, including product

pla

nning, product design and process planning ghase

The product features and failure rates are largebgr-
mined during quality planning. For great importarde
inspection stages is that the quality inspecti@mping is

the

activity of establishing quality goals in pration

operations and developing procedure and processes r

qui

pla

red to meet the goals.
In the inspection plans, instructions for the irtms
ces are given. The inspection is implementedariz

ous places, within or outside the enterprise. Thee
four stages of doing inspection [4, 5, and 9]:

Inspection at the supplier (acceptation inspection)
this inspection type is used for large-size equiptne
such as tool machines, etc. The parameters, stated
the contract for delivery are being checked, supple
mented by evaluation of the working accuracy of ma-
chine, based on its details. It is also called ikcg
inspection. It consists of inspecting and checkofig

all the purchased raw materials and parts that are
supplied before they are taken on to stock or lsed
actual manufacturing. Inspection may take place ei-
ther at supplier’'s end or at manufacturer’s gdtthd
incoming materials are large in quantity and ineolv
huge transportation cost it is economical to inspec
them at the place of vendor or supplier.

Receiving inspection (incoming inspection) — it laas
“filtering” function. The unfit purchased parts teto

be detected and not to be allowed for subsequent
processing or mounting. The incoming inspection al-
lows improvement of the quality though a feedback
information from the supplier for the quality daia,
the sense of quality management [4].

The parameters of the supplied details which have
to be monitored are given in the technical document
tion and in the technical requirements. The plagnin
of inspection has to be effected during the design
stage, no later than the date of signing the contoa
delivery.

In the contract for delivery have to state, besnde
the inspection characteristics and the respecti@é& A
values, also the steps and measures which have to b
taken in case an order is being rejected. The teglec
inspection characteristics and AQL values in the-co
tract of delivery must be accepted observing tlie ef
ciency of the inspection plan.

Inspection in production processthe work of in-
spection is done while the production process s si
multaneously going on. Inspection is done at variou
work centres of men and machines and at the dritica
production points. This had the advantage of preven
ing wastage of time and money on defective units an
preventing delays in assembly. The test of the geo-
metric values during the mechanical processing
comes to the fore. The place, where these parameter
have to be inspected, depends on the production
process, the sequence and the scope of the opeatio
the necessary and available personnel, measurghg an
transport means and the measuring conditions. The
place for measuring may be in the workshop or in a
special laboratory.

Inspection at the dispatch (final inspection) -stis

the last stage when finished goods are inspectdd an
carried out before marketing to see that poor guali
product may be either rejected or sold at reduced
price. With the final inspection the inspector gets
convinced whether the actual condition of the pobdu

is within the allowable limit tolerances. The finat
spection serves for evaluation of the productioal-qu
ity, which is characterized with the level of matah

the prescribed with the manufactured parameters.
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2.6. Timefor inspection

The time for inspection is an important value foe t
co-ordination of the inspection plan with the protion
technology, as well as for the monitoring and plagrof
the production capacity [5]. The time for inspentis
dependency:

T=%+TQ+T\,, )

where:
T, — preparation and conclusive time;
T, — basic time used,;
T, — auxiliary time;
N — number of the measured details.

The preparation and conclusive tin#g)(includes the
time, required for the preparation of the systemtfe
performance of the task, and the time necessamstore
the equipment to its initial state;

The basic timeTg) comprises of the total sum of all
compulsory times of the stages in the performarfca o
certain process, required for each unit at thegperdnce
of the operation, according to the used productémn-
nology.

The auxiliary time T,) depends on personal and ob-
jectives breaks of the manufacturing process, and c
sists of the total sum of all times, necessarytliier cor-
rect running of a certain process, which are matluded
in the basic time.

2.7. Inspection results

The results obtained from the inspection show ithe f
ness of a shipment (delivery) or the reliability safp-
plier, the safety of the production process andntieas-
urement. Any measurements that do not lead to fapeci
results, are unnecessary. The measured data awmecknt

into protocols, whereby the measuring results may b

presented in various forms, e.g. [3, 13]:

» measured value of the parameter of a single detail;

» average value of the inspection characteristica of
group of details.

The type of the necessary processing of the messure!

data and the persons, who have to receive infoomatn
the inspection results, may be shown in the quaitity
spection plan.

3. CONCLUSION

In this paper is made a parallel of the manufaaturi
plans and the inspection plans. An algorithm isat@é
for making of the inspection plans, which are thsuit
of planning of quality inspection.
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The future purposes of this paper are associatdd wi
the development of:

e easy to practice methods for selecting the inspect
characteristics, based on the applying of FMEA,;

e practical methods for determining the value of the
acceptable quality level (AQL), from which depends
the scope of the measurement;

* methods for determining the time interval, during
which selective inspection is needed.

The advantages of a strategically well effectedhpla
ning of the quality inspection depend on the sjetif
and the size of the enterprise, the type of pradoct
range of produce and qualification of the personnel
However, for all enterprises the systematic plagnin
leads to conflict between the each production umitd
between the enterprise and the suppliers, as wetba
decreasing the ratio of the inspection expensethdo
total expenses incurred for quality assurance.ridtanof
the quality is a guarantee for stable productioth eam-
pliance of the article with the requirements, stat¢he
contracts.
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