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Abstract: 
The paper is aimed at measuring innovation and qualification of technological operations in automotive produc-
tion within the quality management system. Quality requirements according to ISO/TS 16949 promote a process 
approach for the design and development, production, installation and servicing of automotive products, which 
can result in increased quality, reduced variation and increase of efficiency. The solution focuses on the process 
of approval of parts in series production (Production Part Approval Process – PPAP). The PPAP purpose is to de-
termine whether an organization properly understood all customer requirements listed in the specifications and 
records of the technical design of the product. PPAP further verifies that the process has the potential to produce 
a product in series production so that customer requirements will be met, in actual production volume and at the 
agreed rate of production. Specifically, a toothed winch of hydroelectric generator is solved by the case study.  
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INTRODUCTION 
The automotive industry is a complex manufacturing pro-
cess as well as the chain of suppliers to whom the pro-
ducer of automobiles must be fully relied on. For automo-
bile producer it is important to have suppliers who can 
quickly and accurately respond to its requirements, to 
adapt quickly to developments in the automotive industry 
and to be reliable. Automobile producers require suppli-
ers that have their processes under control, understand 
the specific requirements of their customers and focus on 
continuous improvement. On the current world market, 
both manufacturers and consumers require guarantees 
for the quality of products and services. Now it is no 
longer sufficient to provide products and services that 
conform to certain standards. All manufacturers and ser-
vice organizations need to demonstrate their capability to 
provide a continuous quality for their products and ser-
vices. That is why all businesses and public organizations 
need to set up quality systems enabling them to guaran-
tee that required quality is obtained at the appropriate 

cost [1]. An essential aspect of quality management sys-
tem according to ISO/TS 16949 is to focus on the specific 
requirements of automotive customers (specific quality 
requirements in terms of products, processes and sys-
tems). 
 

LITERATURE REVIEW 
ISO/TS 16949:2002 made its debut in 2002 with a roll out 
meeting by the International Automotive Task Force 
(IATF). It was clear from its inception that ISO/TS 
16949:2002 was different than its predecessor, QS-9000, 
for many reasons. The changes in ISO/TS 16949:2002 
stemmed from the dissatisfaction of the industry in how 
QS-9000 was being implemented. The general feeling in 
the automotive industry was that there were many organ-
izations registered to QS-9000 that were not at a QS-9000 
level. The IATF tried to improve the overall situation with 
two important institutional changes: creating its own 
oversight body and scheme, and reducing the number of 
registrars that could audit to ISO/TS 16949:2002 from sev-
eral hundred to approximately 55 [2].  
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Organizations operating in the automotive industry which 
want to be leading suppliers of major automobile produc-
ers in the world, should receive certification of their sys-
tem in accordance with ISO/TS 16949, as the contractual 
obligation they are imposed by most producers. The pur-
pose of this International Standard is to develop a quality 
management system that will generate continuous im-
provement through prevention, reduction of variation 
and waste minimization, and throughout the supply chain 
of the automotive industry. Taking differences in national 
approaches, practices and constraints into account, it is to 
be recognised that future developments and decisions 
will have to be extended in order to include further im-
portant aspects and, finally, to enhance an acceptance 
and confidence in the safety-related planning work as well 
as the waste management and disposal solutions [3]. Ad-
vanced technologies can be applied in all manufacturing 
and processing industries and form an important element 
in the supply chain of many high value industrial busi-
nesses [4]. The tools of continuous improvement include 
the following methods: SPC (Statistical Process Control), 
MSA (Measurement System Analysis), PFMEA (Potential 
Failure Modes and Effects Analysis), APQP (Advanced 
Product Quality Planning), and PPAP (Production Part Ap-
proval Process) [5]. 
According to ISO TS 16949 the supplier is requested to 
perform a production process and product approval to 
achieve the release for series production [6]. The PPAP de-
fines the procedures governing the operation of the ap-
proval of parts and components for a mass production, 
which constitutes the basis for the certification and ap-
proval of products and materials that make up the manu-
facturing process and control during production. If this 
control confirms all customer requirements that are veri-
fied and listed in the product specification, then it should 
have a positive evaluation before putting into series pro-
duction. With increasing requirements for more complex 
structures in the automobile there is also a requirement 
linked with a higher quality of product components. 
Therefore, there is an effective quality assurance tool 
used for assessment and verification of capabilities of the 
production process and it is performed using process ca-
pability indexes [7]. 
These findings are realized with the use of control cards 
and the calculations of the process capability and perfor-
mance indicators. In case of noncompliance detailed, sub-
stantive analysis and specific corrective action is under-
taken [8]. 
The automotive industry is a supplier and customer, sup-
plied extensively and in a quality assurance, performance 
and safety of the final product, industry associations have 
developed several standards including the PPAP. It de-
fines a consistent production and approval processes to 
ensure supplier´s understanding of automobile specifica-
tions and continually supply of parts to meet customer re-
quirements. The subject of the evaluation and the control 
is the characteristics of the products and services that are 
the result of processes or characteristics of the processes. 
Many characteristics are measurable characteristics for 

which the best-known values were determined, called 
nominal values [9]. 
A mistake often happens in an enterprise’s practice of as-
sociating the controlling with the control, although it con-
tains certain control elements, technologies [10].  
Controlling is a tool used by the top management of an 
enterprise when collecting and processing the infor-
mation on the costs and revenues of the given enterprise. 
Particularly the importance of this information is empha-
sised for the purpose of strategic enterprise management 
[11].  
The motivation of employees, their efficiency, productiv-
ity, and assessment will be increased by the impact of the 
manpower management aspects, which will provide the 
automotive business effectiveness increase [12]. 
In the context of process capability analysis, the results of 
most processes are dominated by two or even more qual-
ity characteristics, so that the assessment of process ca-
pability requires that all of them are considered simulta-
neously. In recent years, many researchers have devel-
oped different alternatives of multivariate capability indi-
ces using different approaches of construction [13]. 
 
MATERIAL AND METHODS 
Analysis of the PPAP in the selected organization of au-
tomotive production 
The paper defines the objectives and goals of qualification 
of the toothed drive/shaft for series production of enter-
prise in the automotive industry by SK NACE 29320. The 
toothed shaft, whose production is a subject to qualifica-
tion, is a key element of the final product – toothed hy-
droelectric generator. Its rotation ensures the conversion 
of a mechanical energy to a hydraulic one. The working 
principle of the toothed hydroelectric generator is shown 
in the Fig. 1. 
Intermediate product for the toothed shaft (Fig. 1) is a 
steel rod AISI 8620 (DIN 21NiCrMo2). The toothed shaft is 
processed by a series of technological operations, includ-
ing turning, milling, heat treatment, grinding, deburring 
and superfinishing. 
The organization must have records of the test results of 
a material or product functionality if they are specified in 
the design documentation or plan to control and manage-
ment [14]. 
 

 
Fig. 1 Mechanical drawing of a toothed hydroelectric generator 
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If they are in a design documentation or a control plan and 
a management listed the chemical, physical requirements 
or metallurgical tests, their organization must make them 
for all parts and materials of the product. All tests re-
quired in the design documentation and related specifica-
tions must be made of the requisite number of products, 
documented in an acceptable format and actual results 
[15]. 
The material test report must include [16]: 

− the level of change in a construction documentation of 
tested parts, 

− the date of testing, 

− the name of subcontractor material, and when it is re-
quired by the customer, a code number from the list 
of approved subcontractors to customers. 

If the required performance tests are in the design docu-
mentation or control and management plan, the organi-
zation shall carry out tests for all parts or materials of the 
product [17]. 
The test report must identify and contain [18]: 

− the level of change in a construction documentation 
of tested parts, 

− any documents of approved technical modifications 
which have not been included in the design docu-
mentation, 

− the date of testing. 
All tests required in the design documentation or related 
specifications must be documented [19]. 
 

Status of the product approval process at the customer 
Organization must ensure that after the authorization fu-
ture production will continue to meet all customer re-
quirements [20]. The algorithmic flowchart of the PPAP is 
documented in Fig. 2. 
 

 
Fig. 2 Algorithmic flowchart of the PPAP 
Source: [20]. 

 
Records of the PPAP must be irrespective of the level of 
transmission maintained all the time, after which the 
product is active plus one calendar year [21]. The Produc-
tion Part Approval Process (PPAP) provides customers 
with evidence that:  

a) Component suppliers have understood their require-
ments;  
b) The product meets the customer´s requirements;  
c) The production process is capable of consistently pro-
ducing conforming product.  
The PPAP process is currently governed by the PPAP man-
ual published by the Automotive Industry Action Group 
(AIAG) [22]. 
Production of toothed shafts is divided into the following 
parts [23]: 

− operations of turning, milling and heat treatment is 
provided by an external company, 

− grinding, deburring and superfinishing are performed 
in the examined production plant, 

− after final operations toothed shafts are preserved, 
packed, and moved to the expedition from where they 
are sent to the internal customer (assembly plant). 

Following Fig. 3 shows Material and information flow of 
toothed shafts production according to [23]. 
 

 
Fig. 3 Material and information flow of toothed shafts  
production 
Source: [23]. 

 

An important part of the review of design documentation 
was to identify the key features of bearing diameters after 
superfinishing. For each part of the production process 
there was drawn up a separate FMEA of the process. Each 
FMEA starts with identifying the parts and ends on next 
operation. For superfinishing it is completed by preserva-
tion and packaging [24]. 
Because reviewed processes of machining (grinding and 
superfinishing) were based on customer requirements 
calculated from the measured data prior performance in-
dexes Pp and Ppk because the file contains statistics from 
the perspective of a small amount of data (50) for each 
dimension and the data were collected in a short period 
of time. In literature there are process performance in-
dexes Pp and Ppk referred also as "short-term capability" 
or "initial process capability" [25]. 
 
RESULTS AND DISCUSSION  
The measured values of each bearing diameters were sent 
from the optical measuring instrument to the database 
for processing in a statistical software qs-Stat according to 
an evaluation strategy for the PPAP [26]. After completion 
of all production and control operations the software qs-
Statgenerated graphical outputs and final resulting re-
ports were necessary. Software qs-Stat carries out all the 
necessary analyses and calculations according to a set of 
evaluation strategy for the PPAP, allowing to define the 
specific requirements of individual users, such as minimal 
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requirements for Pp and Ppk, or minimal number of evalu-
able data. qs-STAT record data from various sources, con-
solidate them and maintain quality control charts [27]. 
Calculation of the performance indexes for the bearing di-
ameter D1 shows Fig. 4. 
Progressions of measured values and histograms for all 
audited process and key features meet the characteristics 
of the stable process described by a normal distribution of 
values without systematic impacts (Fig. 5). 
The measured values (Fig. 5) show little variance of values, 
while the average value shifts toward the upper tolerance 
limit. At first glance it is clear that the value of Pp is above 
the set point value of 1.83 and Ppk is relatively worse. 
From the calculated performance indexes, listed in Table 
1, we can note that both verified production processes, 
grinding and superfinishing of bearing diameters of the 
toothed shafts, which are defined as process and key ele-
ments meet the requirements specified by the customer: 
Pp ≥ 1.83 and Ppk ≥ 1.33. 
 
 

Table 1 
Complete results of the initial performance study 
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Bearing  
diameter  
D1 – grinding 

22.225 
±0.005 

22.2267 0.0005689 2.93 1.94 

Pp ≥ 1.83 
Ppk ≥ 1.33 

Bearing  
diameter  
D2 – grinding 

22.225 
±0.005 

22.2258 0.0007632 2.18 1.82 

Bearing  
diameter  
D3 – superfin-
ish 

22.220 
±0.005 

22.2216 0.0007171 2.32 1.59 

Bearing  
diameter  
D4 – superfin-
ish 

22.220 
±0.005 

22.2073 0.0009491 1.94 1.64 

 

 
Fig. 4 Calculation of the performance indexes for the bearing diameter D1 

 

 
 

Fig. 5 Summary of the results of the initial capability study 

 
 

 

 
Part no.  11039755 Part sign Winch 

Symbol no. 1 Symbol sign Bearing diameter D1 

Data from the echanical drawing   Measured values Statistical values 

Tm 22.2250   x̅ 22.226686 

DTM 22.2200 xmin 22.2254  

x̅- 3s                         

22.224979 

HTM 22.2300 xmax 22.2278 

x̅ + 3s                        

22.228393 

T 0.0100 R 0.0024 6s 0.003414 

    n < T > 50 p < T > 100.000% 

    n > HTM 0 p > HTM 0.000% 

    n < DTM 0 p < DTM 0.000% 

    ntotal          50   

  

Character: 

class   Very important (sign.) 

  Model distribution Normal distribution 

Capability (potential of the process) Pp 
2.35 □ 2.93□ 3.51 

  

Exploitation of the capabilityPpk 

1.55□1.94□ 2.34 

  

 Requirements fulfilled (Pp, Ppk)  
The requirement of capability (potential of the process) Pp μm 1.83 

The requirement of exploitation of the capability  Ppkμm 1.83 

Fig. 4 Calculation of the performance indexes for the bearing diameter D1 

1.83 0 

1.33 0 
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Based on the results and knowledge gained in the initial 
evaluation of the performance of the process of grinding 
and superfinishing there were designed activities to im-
prove the long-term capability Cp and Cpk during the sub-
sequent series production: 

− to create plans for measuring on optical measuring de-
vices for all types of toothed shafts, 

− to equip individual workplaces within the production 
island of measuring instruments (callipers, microme-
tres, pass metres) required in the control and manage-
ment technology or in technological and control pro-
cedures, 

− to provide two PC terminals with installation of the 
software qs-Stat, Procella module and create separate 
plans for measuring on-line data sent from measure-
ments of the width of the teeth after grinding and 
measurement of surface roughness after superfinish-
ing, 

− to define clamping of the toothed shaft in the control 
procedure when measured by the measuring device 
identification recess to the lower tip, which ensures 
correct assignment of measuring dimensions by meas-
uring program, 

− to make plans for control and management, techno-
logical and control procedures, mechanical drawings 
and other documentation and mechanical drawings 
on PC terminals, 

− to define the downforce of superfinishing heads and 
other parameters of superfinishing in the technologi-
cal and control plan for superfinishing (downforce, fre-
quency, and time of superfinishing), 

− to monitor continuously the long-term capability in-
dexes for individual process operations (grinding and 
superfinishing) to revise the results of the measure-
ment frequency and superfinishing allowance (cur-
rently 5 μm).Using the PPAP methodology and support 
tools for planning, management, and quality improve-
ment there has been designed and implemented a 
production process with the potential to long-term 
produce a product that meets customer requirements. 
All customers required steps within the PPAP have 
been documented and the specific requirements of 
the customer have been met [28]. 

 
CONCLUSION 
The research paper presents the methodology of innova-
tion of the organizational measuring business processes 
based on the implementation of the internationally rec-
ognized standard ISO/TS 16949 – Quality Management 
System – Particular requirements for the application of 
ISO 9001:2015 in organizations for automotive production 
and relevant spare parts and measuring system as a key 
element of products management quality. The aim was to 
carry out the qualification of toothed shafts into series 
production using the PPAP. Formal confirmation of the 
success of production expertise is the development and 
transmission of a relevant PPAP documentation with the 
subsequent formal approval of series production to cus-
tomer representatives. 

Defining a quality program and planning are tied to the 
needs and expectations of the customer. When focusing 
on any product program, meeting customer needs while 
ensuring competitive value is the primary goal. It is essen-
tial that the needs and expectations of the customer are 
ensured and understood in the process of modern prod-
uct quality planning. Depending on the product develop-
ment process, customer expectations and needs, process 
inputs and outputs may change. A detailed review and un-
derstanding of the control specifications provides the or-
ganization’s product quality planning team with assis-
tance in identifying the life, functionality, and appearance 
requirements of the component or configuration in ques-
tion. The selection range, frequency, and acceptance cri-
teria of these parameters are defined in the technical 
specifications’ selection for inter-operational tests. If not 
defined, the scope and frequency of the selection must be 
determined by the organization and must be stated in the 
control and management plan. 
The knowledge gained through a detailed familiarization 
with the PPAP including the use of quality tools allow to 
recommend further activities to improve the production 
and inspection processes applicable to series production 
of the automotive industry. The purpose of the PPAP is to 
determine whether the organization has properly under-
stood all customer requirements that are listed in the 
specifications and technical product design records. PPAP 
further verifies whether the process has the potential to 
produce the product in the series production so that the 
customer’s requirements will be met, at real production 
volume and at the agreed production speed. 
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