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Abstract: The article is dealing with the validation of the production processes. It is one of the requirements for quality management 
systems. The implementation of the validation of the process is required when the resulting output cannot be verified by subsequent 
monitoring or measurement. It is often incomprehensible. Just a decade ago, we used definitions for special processes that were dealing with 
individual requirements of verification. Currently, it is difficult for entrepreneurs to decide whether a particular production process is 
adequately monitored or measured, or whether it should be validated to prove their usefulness and accuracy. This aspect is often discussed 
during the audit quality. The decision to exclude the requirements of validation process depends on the proper justification. The article 
summarizes the most popular types of technological operations in the industry and shows how they can be monitored and examined. When 
these operations fail, an entrepreneur needs a validation process. 
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1. Introduction 
More than a decade of exploitation of quality management 

systems, according to revised in 2000, ISO 9001, has produced 
more and more knowledgeable entrepreneurs, consultants, and 
auditors. Areas that once were new and difficult to interpret, are 
currently the widespread phenomenon. Entrepreneurs are 
increasingly involved in the quality whereas customer orientation is 
strictly adhered. 

However, there are requirements that are avoided by 
entrepreneurs, consultants, and auditors. Such problematic issue is 
the validation of the process. The cause of this problem is to allow 
the entrepreneurs to decide whether the processes of product 
measurements are enough or they do not provide assurance that the 
results are consistent with the assumptions. Because of the need for 
their own interpretation, entrepreneurs do not know whether the 
requirement should be excluded from the system (so says the clause 
1.2 of ISO 9001), or should justify that validation is not necessary. 

2. Essence of process validation 
The aim of the validation process is to show that the process has 

been designed, implemented and executed in a way that enables 
fulfillment of the planned results. Each organization with the 
implemented quality management system need validate each of 
their production and delivery services processes where these 
processes operate without exhaustive monitoring or measurement. 
This may be the result of mistakes that occur during the use of the 
products or services. 

Verification is intended to ascertain whether the designed 
product will be able to meet certain requirements. This is usually 
done with the project documentation. Validation is intended to 
ensure that a product is as a result of planned activities that help it 
meet the requirements. The validation is performed on the finished 
product or part of the product. When possible, validation should be 
completed before the product will be delivered to the customer. 
Service or manufacturing processes should be validated if the result 
of their actions cannot be verified during subsequent monitoring or 
measurement. Such processes are commonly referred to special 
processes (Wawak 2007). Examples of special processes are 
fermentation, bread baking, the process of pouring concrete 
footings. Information on whether the outcome of such processes is 
correct, it turns out with a delay (Grudowski 2004). Often it is not 
possible to correct the properties of the incorrectly made product. 

In order to properly carry out the validation process, it is first 
necessary to develop operating procedure that will ensure the 
desired level of uncertainty for all known and possible to correct 
factors that affect the final result (Zalewski 2002). The basis for the 
validation are all the research results, control measures, as well as 
activities in the organization (Dzwolak 2008). The aim of the 
validation is to obtain a confirmation that this process is suitable for 

its intended use. The validation process should be carried out as 
follows (Zalewski 2002): 

− before the introduction of the process for routine use, 

− after changing the conditions in which the processes were 
previously validated, 

− after a significant change in equipment, technology or 
components, that are added to the process. 

The process can be considered validated if there are the 
following conditions (Myszewski 2005): 

− under specified conditions, the level of the probability of 
nonconformities is acceptably small, 

− result of the process is resistant to deviations, specified process 
parameters, and the environment (within the limits of 
tolerance), 

− there is no causes for the volatile system. 

If the defects will occur in a special process they can appear 
only at the customer level. In such cases it is necessary that the 
validation, which is intended to carry out these processes in 
supervised conditions, should create a product without 
nonconformities (Wawak 2007). The ISO 9001 standard specifies 
the requirement to maintain records from validation and any 
necessary actions arising from it. 

Randing says that processes that fall under this category (special 
processes) include welding, nondestructive examination (NDE), 
heat treatment, as well as casting, forging, bending, forming, 
bonding, protective coatings and other processes (Randing 2009). 

The organization shall validate any processes for production 
and service provision where the resulting output cannot be verified 
by subsequent monitoring or measurement. This includes any 
processes where deficiencies become apparent only after the 
product is in use or the service has been delivered. Validation shall 
demonstrate the ability of these processes to achieve planned 
results. In the project of ISO 9001 standard in 2008, there was a 
note that the processes such as welding, sterilization, training, heat 
treatment, call centre service, or emergency response may need 
validation. Sadly this provision has not remained in the officially 
published version of the norm. This left a further uncertainty for 
entrepreneurs who should decide which  method to use in the 
process of the product measurement and whether they are sufficient 
to ensure the conformity of its products. 

Design of manufacturing processes is intended to ensure 
conditions which guarantee a quality performance product 
according to the designed quality. It is assumed that this conformity 
is achieved while maintaining timely deliveries and profitability.  

 

SCIENTIFIC PROCEEDINGS X INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2013 ISSN 1310-3946

YEAR XXI, VOLUME 3, P.P. 70-73 (2013)70



Designing of manufacturing process includes the following  
(Hamrol, Mantura 2005): 

− design the subsequent operation of the process, the selection of 
equipment and technological parameters, 

− selection or design and tools production, 

− identify the product characteristics that are essential to fulfill the 
quality requirements and process control, 

− planning control activities. 

These activities require technologists who have engineering 
knowledge about the available manufacturing techniques, technical 
standards and process parameters as well as experience in the 
implementation of existing processes. 

At this stage, it is decided whether it is necessary to validate the 
designed process. It is determined that in the future measuring the 
product characteristics and monitoring of production process 
parameters will be sufficient to confirm the correctness of the 
process and conformity outcomes. 

3. Measurement of product and process validation 
The monitoring and measuring of the characteristic of the 

product shall verify that the product requirements have been met. 
This shall be carried out at appropriate stages of the product 
realization process in accordance with the planned arrangements. 

It is undisputed that in each company the monitoring and 
measurement are carried out. The thoroughness monitoring at 
different stages of production depends on the effects of product 
realization planning (Wieczorek, Jasiulewicz - Kaczmarek, 2007). It 
is also dependent on the specificity of the process. This sometimes 
requires that for the confirmation of conformity of the product, 
destructive testing are performed before production, such as in the 
quality planning and testing. 

Pro-quality process designing consists of defining the actions 
necessary to achieve the desired result, and measuring and 
analyzing the ability of the activities. Planning of monitoring 
includes determining the types and criteria for control of the various 
stages of product realization. Types of control are taken into 
account as following (Prussak, Jasiulewicz-Kaczmarek, 2010):  

− the preliminary control (input process), 

− the control of the first pieces (such as the newly launched party, 
after changing the service, after a long break), 

− the control between operations (e.g. after treatment), 

− the final inspection (after the closing process and before 
submitting the finished parts to the warehouse or assembly - 
inspection, verification of completeness, sizes and shapes, 
assembly dimensions, special tests), 

− the ultimate control in the form of action tests of finished 
products prior to shipment.  

In order to determine which processes require the validation, the 
author has analyzed the most popular manufacturing processes used 
in Polish enterprises. The analysis was based on the available 
literature in the field of technology and technological processes 
designing as well as experience in cooperation with manufacturing 
companies keeping the quality management systems. 

The machine parts production processes are divided into groups 
of types as follows: 

− metal casting and metalworking (Table 1),  

− machining, heat treating (Table 2),  

− permanent joint, protective coatings (Table 3). 

One should note that regardless of the requirements of ISO 
9001, the company can carry out tests for their own use and to treat 
it as a preventive action (Mazur at al., 2011). The results of this 
validation can be used to regulate the process, optimize the product 
parameters and minimize costs. Additionally they can eliminate the 
subsequent unnecessary downtimes, the need to correct the 
products, regulating process or restart the production. Such 
preventive validation of process is designed to both care for on-time 
delivery, as well as the interests of the company and minimizing the 
costs. In such cases, it is indicated in the tables that validation is 
recommended. 

 

Table 1: List of the most popular machine parts production processes, 
control and needs of process validation –  metal casting, metalworking (own 
preparation). 

Machine 
parts 

production 
techniques 

Processes 
Selected parameters and 
methods for monitoring 

and measuring 
Validation 

M
et

al
 c

as
tin

g 

Metal 
casting 

− geometrical dimensions, 
− deviation of the weight, 
− the chemical composition, 
− tensile and impact strength 

(replenished sample), 
− shape, 
− visual inspection, 
− surface roughness, 
− magnetic testing, 
− ultrasonic testing, 
− radiographic testic, 

Not necessary 

M
et

al
w

or
ki

ng
 

Cutting − geometrical dimensions, 
− angles, Not necessary 

Bending 
− geometrical dimensions, 
− bending angle,  
− wall thickness, 

Recommended 

Stamping 

− visual inspection – lack of 
creasing, 

− wall thickness (thinning and 
loss of cohesion, unsprin-
ging effect), 

Recommended 

Forging 

− magnetic defectoscope 
control – lack of  cracks, 
folds, laps, non-fulfillment, 
reporting, mill scale pits,  

Not necessary 

Rolling 

−  geometrical dimension, 
− surface roughness, 
− edge camber and out-of-

squareness, 
− flatness, 
− straightness, 
− tensile test, 
− hardness test, 

Recommended 

Metal 
spinning 

− visual inspection - lack of 
creasing, circular or radial 
cracks, 

− geometrical dimension, 
− surface roughness, 
− wall thickness, 

Recommended 

Extrusion 

−  visual inspection - black 
specks, surface and internal 
cracking, surface lines, 
warps, uneven wall 
thickness, lumps, sharp 
edges, and uneven coatings 

− geometrical dimension, 
− weight and density, 
− tensile test, 
− hardness test, 

Recommended 

Metal 
Drawing 

− geometrical dimension, 
− surface roughness, 
− laser measurement,  
− machine vision inspection, 
− surface crackle. 

Recommended 
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Table 2: List of the most popular machine parts production processes, 
control and needs of process validation – machining, heat treating (own 
preparation). 

Machine 
parts 

production 
techniques 

Processes 
Selected parameters and 
methods for monitoring 

and measuring 
Validation 

M
ac

hi
ni

ng
 

Turning 

− geometrical dimension, 
− surface roughness, 
− circularity, 
− cylindricity, 
− hardness, 

Not necessary 

Boring 

− geometrical dimension, 
− shape, 
− parallelism / perpendicula-

rity of axes in relation to 
each other, 

− keeping a concentricity 
− keeping a distance of axes in 

relation to each other or 
planes, 

− surface roughness, 

Not necessary 

Milling − geometrical dimension, 
− surface roughness, Not necessary 

Threading 

− pitch diameter (Conical 
micrometer anvils), 

− micrometers, 
− vernier or dial calipers,  
− surface plates and height 

gauges,  
− gauge blocks,  
− optical comparators,  
− white light scanners,  
− coordinate-measuring 

machines (CMMs), 
− inspect internal thread 

geometry (industrial 
radiography - CT scanning), 

Recommended 

Drilling 

− axis spacing of drilled holes, 
− parallelism of axes in 

relation to each other  or 
planes, 

− surface roughness, 

Not necessary 

Push / Pull 
Broaching 

− surface roughness, 
− geometrical dimensions, Not necessary 

Planing, 
chiseling 

− surface roughness, 
− geometrical dimension, Not necessary 

Grinding 

− dimensions after grinding, 
− surface roughness, 
− lack of microcracks, 
− lack of scorch, 

Not necessary 

H
ea

t t
re

at
in

g 

Annealing 

− microstructure, 
− hardness, 
− visual inspection – 

deformations, cracks, 

Recommended 

Quenching 

− visual inspection – 
deformations, cracks, 

− geometric shape, 
− acoustic method - quenching 

cracks, 
− magnetic flaw detectors, 

ultrasonic and radiographic - 
quenching crack testing, 

− microstructure, 
− hardness, 
− depth of the hardened layer, 
− X-ray diffractometers or 

special goniometers - study 
of residual stresses, 

Necessary 
 

Waisman 
and Phillips 

method 

Tempering 

− hardness, 
− resilience, 
− microstructure, 
− yield strength study,  
− endurance test. 

Recommended 

Table 3: List of the most popular machine parts production processes, 
control and needs of process validation –  permanent joints, protective 
coatings (own preparation). 

Machine 
parts 

production 
techniques 

Processes 
Selected parameters and 
methods for monitoring 

and measuring 
Validation 

Pe
rm

an
en

t j
oi

nt
s 

Welding 

− visual inspection, 
− penetration test, 
− magnetic – powder method, 
− radiographic method, 
− ultrasonic method, 
− eddy current method, 
− lack of blisters, 
− lack of slag inclusions, 
− lack of foreign metal 

inclusions, 
− lack of outflow, 
− lack of undercuts, 
− lack of recess in the crater, 

indentation, excessive bull's-
eye, inequality, 

− lack of smelting, 
− lack of cracks, 

Necessary 
 

Hardness Test 
Tensile Test 
Bending test 
Break test 
Strength at 

varying loads 

Riveting 

− visual inspection – not loose 
parts, no cracks, 

− examining a cross-sectioned 
joint, 

− number and arrangement of 
rivets, 

− height and diameter of 
clinch, 

Necessary 
Strength at 

varying loads 

Adhesive 
joining 

− visual inspection – evenness 
of the adhesive flash,  

− ultrasonic method, 
− resonance method, 
− thermographic method, 
− optical holography method, 

Necessary 
Strength at 

varying loads 
 

Spot 
welding 

− weld after grinding 
impalpable by finger 

− distance between welds 
− ultrasonic test, 
− radiographic test, 

Necessary 
Strength at 

varying loads   
Metallographic 

test 
Endurance test 

Weld  
geometric 

measurement  

Brazing 

− visual inspection 
− ultrasonic test, 
− penetrant test,  
− leakage test, 
− strength test 
− thermograph, 

Necessary 
Shear test 

Tensile test 
metallographic 

examination 
hardness test 
Study on Peel 

strength 
Bending test 

Pr
ot

ec
tiv

e 
co

at
in

gs
 

Protective 
coatings 

− visual inspection, 
− the traits of X-ray 

fluorescence spectrometry 
(XRF), 

− scanning electron 
microscope (SEM), 

− energy dispersive 
spectrometry (EDS). 

Recommended 

 
 

 

SCIENTIFIC PROCEEDINGS X INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2013 ISSN 1310-3946

YEAR XXI, VOLUME 3, P.P. 70-73 (2013)72



4. Conclusions 
Overview of the basic machine parts production processes and 

the experience with quality management systems of several 
companies led the author to a clear conclusion - only a few 
processes should be validated because of an insufficient ability to 
measure the results. This is due mostly with the necessity to 
perform destructive testing to be carried out in the planning and 
designing of these processes. Strictly defined process parameters 
ensure compliance with the requirements and reproducibility of the 
results. 

There are also processes where the results can actually be 
confirmed by measurements, although it is recommended that 
before the first start tests of proper functioning and design should be 
performed. This is not a necessity of the requirements of ISO 9001, 
but the entrepreneur’s consciousness for the proper operation of the 
product without the need for corrections. 

The third group of processes are simple processes, where the 
realization does not require extensive planning. It is not required to 
be validated, because consistency of results can be seen in the 
course of their realization. 

The decision how to check the process course can be based on 
discussed division and recommendations for validation. However, 
doubts should be resolved in order to increase rather than reduce 
confidence, because customer satisfaction is directly dependent on 
the correctness of the results of process. 

References 
Budde L., Quality Assurance and Process Control, TALAT Lecture 
4106, European Aluminium Association 1994. 

Ceclan, V.A.  , Bâlc, N.  , Miron, A.V.  , Borzan, C.  , Popan, A. , 
Numerical simulation of the tube bending process and validation of 
the results, Academic Journal of Manufacturing Engineering, 
Volume 9, Issue 3, 2011, Pages 32-37. 

Dzwolak W., Bezpieczeństwo żywności wg ISO 22000, Olsztyn, 
BD Long, 2008. 

Grudowski P., System zarządzania jakością wg ISO 9001 w małej 
firmie. Dokumentacja. Wdrażanie. Audit, Bydgoszcz, AJG spółka z 
o.o. Zakład Pracy chronionej Oficyna Wydawnicza, 2004. 

Guidance for Industry: Process Validation - General Principles and 
Practices. CDER/CBER/CVM. Rockville, MD, January 2011. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hamrol A., Mantura W., Zarządzanie jakością. Teoria i praktyka, 
Wydawnictwo Naukowe PWN, Warszawa 2005. 

Li L., Zhang, S.-Y., Shen, J., Wang, J.-X., Exploration and 
validation about characterisation of thin coating on steel plate 
surface in industry application, Metallurgical Analysis Volume: 32 
Issue: 9 (2012) p. 18-21.   

Mazur A., Rosińska A., Gołaś H., Drzewiecka M., The 
identification of potential incompatibilities as the most important 
aspect of quality management, in: Quality  Improvement of 
Products, Borkowski S., Salejdak J. [red.], Publisher Tripsoft, 
Trnava, 2011. 

Myszewski J., Po prostu jakość, Warszawa, Wydawnictwo Wyższej 
Szkoły Przedsiębiorczości i Zarządzania im. Leona Koźmińskiego, 
2005. 

Prussak W., Jasiulewicz-Kaczmarek M., Elementy inżynierii 
systemów zarządzania jakością, Wydawnictwo Politechniki 
Poznańskiej, Poznań 2010. 

Randing M.A., Validation of Process for Production and Service 
Provision (7.5.2), "The Quality Specialist", MAS Solutions LLC., 
http://www.masquality.com. 2009. 

Ritzenhoff, R., Jung, H.-P., Process validation for melting and 
processing of high nitrogen steels, Stahl und Eisen,Vol. 132, Issue 
12, 17 December 2012, Pages 89-95. 

Scott, C.   Quality by design and the new process validation 
guidance: A report from IBC's biopharmaceutical development and 
production week, BioProcess International Vol. 9, Issue 5, May 
2011, Pages 14-21. 

Wawak S., Podręcznik wdrażania ISO 9001:2000, Gliwice, 
Onepress, 2007. 

Wieczorek R., Jasiulewicz - Kaczmarek M., Miejsce kontroli we 
współczesnym zarządzaniu projakościowym, w: Fertsch M., 
Grzybowska K., Stachowiak A. (red.), Zmiana, reengineering, 
jakość – wyznaczniki w zarządzaniu, ss. 122 – 129, Instytut 
Inżynierii Zarządzania, Politechnika Poznańska, Poznań 2007. 

Zalewski R.I., Zarządzanie jakością w produkcji żywności, Poznań, 
Wydawnictwo Akademii Ekonomicznej w Poznaniu, 2002. 

 

SCIENTIFIC PROCEEDINGS X INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2013 ISSN 1310-3946

YEAR XXI, VOLUME 3, P.P. 70-73 (2013)73

mailto:vasile.ceclan@tcm.utcluj.ro
mailto:nicolae.balc@tcm.utcluj.ro
mailto:miron_alin@ymail.com
mailto:borzan_cristina@ymail.com
http://han.library.put.poznan.pl/han/SCOPUS/https/www.scopus.com/source/sourceInfo.url?sourceId=19900192427&amp;origin=recordpage
http://www.scopus.com/authid/detail.url?authorId=36343990700&amp;eid=2-s2.0-84872136311
http://www.scopus.com/authid/detail.url?authorId=25936379700&amp;eid=2-s2.0-84872136311
http://www.scopus.com/source/sourceInfo.url?sourceId=28413&amp;origin=recordpage
http://www.scopus.com/authid/detail.url?authorId=7403430051&amp;eid=2-s2.0-79955849283
http://www.scopus.com/record/display.url?eid=2-s2.0-79955849283&amp;origin=resultslist&amp;sort=plf-f&amp;src=s&amp;st1=validation+process+production&amp;sid=AFDDB34C9AB8B4EDAE56D902483182E6.53bsOu7mi7A1NSY7fPJf1g%3a510&amp;sot=b&amp;sdt=b&amp;sl=55&amp;s=TITLE%28validation+process+production%29+AND+PUBYEAR+%3c+2013&amp;relpos=2&amp;relpos=2&amp;searchTerm=TITLE%28validation+process+production%29+AND+PUBYEAR+%26lt%3B+2013%23corrAuthorFooter
http://www.scopus.com/source/sourceInfo.url?sourceId=19700174961&amp;origin=recordpage



