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Abstract

Currently, high demands are placed on the quality of products and services. This paper focuses on the evaluation of the
capability of the production process and then the capability of the machine itself in order to verify the suitability of use
for the precise production of parts. The analysis is performed on data from serial production of thrust arms for thrust
bearings. Requirements for manufacturing precision and associated capability are required by the I1SO 9000 series
standards, especially IATF 16949 for automotive industry. Selected components are measured at two different locations.
Data are recorded and gradually processed into control charts. Subsequently, the machine capability was determined.
After evaluating the results, several suggestions have been made to improve the production process and the associated
sustainability of the machine.
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1. Introduction

The current market aims to accelerate production processes and improve the quality of products and services. This is
related to the effort to meet the customer's requirements, which continue to grow with the competitiveness and
development of modern technologies. All of these approaches seek to support the ISO 9000 series standards. 1SO 9001
requirements focus on product quality, manufacturing process capability, high quality service and product delivery to
customers. For the automotive field, IATF 16949 extends these requirements, on which both the appropriate use of
statistical methods and the maintenance of the manufacturing process capability are based. [1]

In this paper we focused on eligibility because the eligibility of the process is an important aspect of quality production.
The main idea for the subsequent study is that the eligible process can only take place at a production facility that is
proven to be competent. [2]

The aim is therefore to propose a procedure for short-term examination of machine capability so that it can offer
customers a consistently high-quality product at economically comparable costs.
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2. Analysis of production data

In this study, we used data from the series production of rocker arms that are part of the thrust bearing (see the figure
of the part with the critical dimension marked). It is a part where not only high dimensional accuracy is required but also
the constant capability of the production process. The manufacturing process is subject to the requirements of IATF
16949.
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Fig. 1. Component model
2.1. SPC/RD

For the initial analysis of the measured data, a control diagram was chosen. The control chart is one of the seven basic
quality control tools. This is a graphical method that is used to show changes in the process. The diagram consists of a
central control line (CL) and two control limits — upper (UCL) and lower (LCL). The central control line expresses the
average value of the selected characteristic. The regulatory limits are determined by the variability of random causes. If
we assume that there are only random causes, the measured values will most likely lie within the regulatory limits.

SPC is a tool that can be used to monitor the stability of given system over the long term as well as whether the
monitored process behaves as expected. It can be assessed whether the variability of the parameter is due to accidental
fluctuations or specific causes. Use is possible wherever a given parameter is gradually monitored over time. [3], [4]

Precise manufacturing, especially in the automotive field, requires reliable technology with high and verifiable
repeatability. Thanks to RD we can get an idea whether it is a statically manageable process. This is a statically
manageable process if it is only affected by random causes. These are unidentifiable causes that can be taken as a natural
feature of the process. They are permanent and relatively predictable. They can only be reduced by a radical change in
production. If there are any fluctuations / trends in the process, it indicates that these are definable causes of variability.
These are divided into unpredictable and predictable. The unpredictable definable causes are undesirable and should be
eliminated. The predictable causes that can be predicted are due to the nature of process and can be reduced to some
extent (eg tool blunting in machining).

Currently, 25 rocker arms are measured. Each rocker arm was measured at two different locations (internal and
external) using a dial gauge with an accuracy of 0.01. The rocker arm tolerance is 143‘03. The measured data are shown
in table 1, followed by a pair of control charts for mean and span. Basic values are set.

Part Real dimension Part Real dimension
1 A external 0.02 14 A external 0
A internal 0.02 A internal 0
A external 0.01 A external 0.01
2 A internal 0.01 1 A internal 0.01
A external 0.02 A external 0.01
3 A internal 0.02 16 A internal 0.01
4 A external 0.02 17 A external 0.01
A internal 0.02 A internal 0.01
c A external 0.01 18 A external 0.02
A internal 0.01 A internal 0.02
6 A external 0.01 19 A external 0.02
A internal 0.01 A internal 0.02
7 A external 0.01 20 A external 0.02
A internal 0.01 A internal 0.02

- 0963 -



30TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

A external 0.01 A external 0.02
8 A internal 0.01 21 A internal 0.02

A external 0.02 A external 0.02
S A internal 0.02 22 A internal 0.02
10 A external 0.01 23 A external 0.01

A internal 0.01 A internal 0.01

A external 0.01 A external 0.01
1 A internal 0.01 24 A internal 0.01

A external 0.01 A external 0.01
12 A internal 0.01 23 A internal 0.01
13 A external 0.015

A internal 0.015

Table 1. Measured data
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Fig. 3. Graph for span

As can be seen from the diameter diagram (fig. 2), value 14 is below the lower tolerance limit. This situation has been
investigated and since this was not a particular cause of the fluctuation and the relevant components are in order from
customer’s perspective, the process is declared stable despite this situation.

In the span diagram (fig. 3), the values are the same in all cases so the span is zero and the values of the tolerance
limits are also equal to UCL and LCL = CL = 0. It can be caused an insufficient number of measured data on individual
rocker arms. It is therefore possible to choose a different method of evaluation or to use a more accurate measuring tool
than the dial indicator or data acquisition.
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2.2. Process and machine capability

The next step of the analysis is to determine the process capability and then the production equipment. In our case, it
is a universal turning centre DMU 40 eVo linear with a load capacity of up to 250 kg and speeds in the C axis of up to
1 200 rpm. The motor spindle has a speed of up to 18 000 rpm and a torque of 130 Nm. [6]

The ¢, index is most often used to determine process capability. For the index: ¢, = USLG;LSL , Where USL indicates

the upper tolerance in the drawing and LSL the lower tolerance. It is therefore the share between the tolerance field and
the production range. To assess the process capability, the conditions of a statically mastered process must be met, which
has been verified by means of control charts and the monitored values must correspond to the Gaussian distribution
(verification eg by histogram). In the automotive industry, a process is considered eligible if it is an index ¢, > 1.67.

Machine indexes are not defined in any 1SO. Every company has set its own rules. For this analysis were chosen
relationships from Ford — ¢, cyk-

o = 3/4(Ty —Tp) Ty —Tp 1)
M 6SM T gsM
Cuk = min(CMKU,CMKL) 2)
3/4(Ty — M) T, —xM 3)
MKU = 35M T T asm
MKL = 35M T o4sM

After substituting into the process capability formula (1), we get ¢, = 1.33, ie. that process capability is currently
based on process ¢, > 1. Because it is automotive industry where c,, = 1.67 is required. Therefore, we will have to verify
the results with a more accurate gauge to obtain more accurate data to achieve the desired c, or tighten production
requirements. Whether the values are satisfactory or not is explained in the following figure where Sigma rule 6 is shown
indicating ppm for each strip.

Sigma = ¢ = Deviation [ \

( Square root of variance ) ,/ \
r/” v‘\\
/ \
7_,/ \\ Axin pradusted in Sigma
Y G T 0 Q= o = Nmeow S o~
between + /- 1o 68.27 result: 317300 ppm outside
(deviation)
between +/- 20 | 954596 | 45500 ppm
between +/- 3o | 99.73 % | 2700 ppm
between +/- 4 | 99.9937 % | 63 ppm
between +/- 50 | 99.999943 % | 0.57 ppm
between +/- 60| 99.9999998 9% | 0.002 ppm

Fig. 4. Six Sigma principle [7]

Since the current process capability reliability is c, = 1, reliability is currently considered to be 99.73%, which
corresponds to an interval of £3s.

After substituting into the formula (2) for machine capability, the result was c,, = 0.91. Because higher manufacturing
accuracy is required, the results must be measured with a more accurate gauge and then the machine capability can be
calculated with an interval of +4s for more accurate production.
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3. Summary of results

After an overall analysis of the available data, we came to the conclusion that more data on individual rocker arms
was needed to test the machine’s capability. Especially, to find out the span in the individual subgroups, which is necessary
to produce a control chart for the span. In our case, there was a range of 0 in each subgroup from which we cannot clearly
confirm whether this is a stable process or not.

In the case of capability, the capability of the process is currently ¢, = 1, which is insufficient for the production of
parts and data will need to be measured using a more accurate meter; the capability of the machine will then be
recalculated.

In addition to the set methodology in the company, other process analysis tools can also be used to monitor and
evaluate the production process. It is always necessary to choose appropriate indicators and collect relevant data. This is
important for the security requirements of reliability and suitability of the manufacturing process. Besides the use of
histograms, process capability and control charts, there are of course other statistical methods, which are requested by
standards. [8], [9]

4. Conclusion

The main idea in this paper is that a process capability can only take place on a production capability that is proven to
be competent. The aim was therefore to propose a procedure for short-term fitness testing to offer customers a consistently
high-quality product at economically comparable costs.

An analysis based on the available data, we concluded that the examination of capability for the machine is required
to measure more data.

The difficulty in assessing the capability of production machines based on capability testing is the number of
influencing factors outside the machine itself, which worsen the assay result. In addition to equipment, these factors can
also influence the quality of products and services.

Therefore, further studies are possible with a focus on the influence of individual factors on the machine capability
and the associated overall capability of the production process. If we focus only on manufacturing equipment, we can
consider reliability studies or reliability assessment methods.
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