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Abstract: In the manufacturing processes there has long been demanded the increasing
requirements for high quality products especially in automotive industry. In order to assure
such as high quality standards the production process and further the product quality the
organization must have implemented tools enabling to monitor and have the ambition to
dwindle variability. The low variability provides better process predictability, standardized
quality level, less occurrence of non-conformities; the products reveal better longevity and
finally the satisfied customers. The long lasting endeavor for widely recognized parameters
with ambition to determine current status of quality parameter has brought indicators in
a form of C, and Cy into the business. The article deals with theoretical approach of previously
mentioned indicators, an observation of critical to quality parameters in production process,
definition of resulting problems, and finally the proposal of improvement including its
verification.

Keywords: capability, quality assurance, quality tools

1. Introduction

It certainly would be very interesting to have some insight into the future. When
manufacturing a product or providing a service, decision makers would like to know if
a product or service provided in the future is capable of meeting customer
specifications and expectations. The tools replacing a “crystal ball” are Control charts
enabling insight into the capability of a manufacturing process and what future
production might be like. The contemporary quality level of key processes with
successful worldwide known organizations in terms of sigma indicator lies between 3-
4 sigma. Such a quality level is responsible for at least 20 000 wrongly prepared
remedies per year, 96 air flight accidents for 100 000 flights, harmful drinking water
for at least one hour a day, and interrupted phone services or television broadcast for
10 minutes a day (GINN D., STREIBEL B., VITAL E.V. 2007). Generally spoken quality
can be explain as the characteristics of a product or service which bear on its ability to
satisfy stated or implied needs and a product or service free of deficiencies (SUMMERS
D. 1997). The product quality itself it is not only one characteristic but a set of
characteristics. For what parameters we must submit the guarantee of quality? It might
be difficult to decide. Should that be for all the parameters or purposely chosen ones?
Monitor of all parameters it would increase the costs so there must be selected only
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the important ones. These important parameters can be divided into two specific
groups firstly into measurable critical parameters and secondly into critical defects
(attributes) sometimes also called essential characteristics (CSE) or critical to
customer (CTQ) characteristics. In order to choose the appropriate parameters it is
necessary to consider parameters that must comply with law, norms and standards, and
parameters that are the most important for the customer. Some of the customers
underline such parameters in own specifications using specific representative marks or
implicitly assume safety, regulations and functional parameters having particular Cpx
level. Generally expected level for safety parameters is Cp = 1,67, regulation
parameters and functional parameters Cpx = 1,33 but the actual value depends on
carmaker and may a bit differ (DIAN M. 2011).The capability indices C, and Cp were
introduced in order to describe manufacturing process status in terms of observed
particular characteristics behavior using only several numbers of dimensionless
character. Requiring these numbers by a customer a demand for particular process
status is expressed in terms of expected number of non-conformities and process itself
being stabilized meaning unchanged within defined time range (CHALOUPKA J. 2008).
The process capability study begins a long time before SOP (start of production)
within design and prototype stage, following pre-serial production, and continues by
initial flow stage and must sustain for the whole period of serial production. The early
stages of capability study are integrated into APQP process, and the latest in system of
CSE management.

2. Understanding the capability indices and their context

Process capability refers to the ability of a process to meet the specifications set by
the customer or designer. Variation affects a process and may prevent the process
from producing products or services that meet customer expectations. Of course we
can encounter certain limitations in process capability. It has been common when the
customer may ask for part tolerances being very fine that the machinery is not capable
to manufacture to that level of exactness or when the designer intentionally prescribes
fine tolerance due to his/her feeling of higher safety. In an assembly process it can be
difficult to assemble products that vary from the high side of the specification limits to
the low side of the specifications. Manufacturers of products who know the process
capability can submit this information to the customer. It can then be used to assist in
decisions concerning product or process specifications, appropriate production
methods, equipment to be used, and time commitments. In claim management the
process capability study may be a crucial decision making factor for acceptation or
rejection of claims. During manufacturing process or within supplier’s management it
certainly can be used for appropriate parameter setting of the machinery. The process
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capability study is helping to determine the product uniformity around the defined
target. There has long been a question who should prescribe finer tolerance the
designer or technologist? The response is surely the technologist and to persuade the
responsible personnel especially in engineering department it is usually very difficult.
Unfortunately in real production it is merely the designer who defines the tolerance. It
is necessary to take into a consideration the connection between terms of guarantee of
quality and Cyk indices. The quality guarantee of 1 ppm which means Cp = 1.67 is
required for critical to customer characteristics. These are the most important product
and process measurable parameters. Because of their significance the designer rather
prescribes fine tolerance since when production department does not meet these limits
there is almost nothing going to happen for the customers having no problems with
quality. What will happen when the designer prescribes such a fine tolerance than it is
not really necessary and quality assurance department must fulfill customer
requirement C,, Cu greater than or equal 1, 677 In this case the technologist have to
select such workers with such qualification, machine, and material, set up process
parameters, and chose such a gauge to be able such a fine tolerance meet with huge
reserve. In the case we meet all the previously mentioned the production will be
expensive. We have set up the dimensions and tolerance limits needlessly fine and
then increased the production costs in vain (CHALOUPKA J. 2008, DIAN M. 2011). If
this historically prevailing approach when only the designer is in charge of the setting
up tolerance limits remains unchanged all the product and process characteristics will
be met only on C,, Cu = 1.For the quality responsible personnel this philosophy
creates a significant problem for the customer requires Cp,, Cpx> 1,67 (CHALOUPKA J.
2008, DIAN M. 2011). The whole concept of capability indices stems from Genichi
Taguchi philosophy of target oriented quality. It means as further the product is from
the target value the more severe is loss. Based on Genichi Taguchi philosophy of
“Loss Function“ the Cp, Cpi indices approach and the SPC technique comes mutually
together (DIAN M. 2011, CHALOUPKA J. 2008, DIAN M. 2011, DiAN M.
2012).Comprehension to loss function philosophy is necessary during machinery
design preparation stage when future machine ability/capability is determined with
respect to customer specifications. Furthermore, the investment policy must be
accompanied with contribution and recommendation of product designer and
production engineer as it was mentioned before. The C, and Cpk process capability
indices are mathematical ratios quantifying the ability of a process to produce products
within the specifications. The capability indices compare the spread of the individuals
created by the process with the specification limits set by the customer or designer.

c. = UsL-ist .
2 @)
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USL—X X-LSL ,
Cpre = { 35 ' 3s } = min )

Where C, is Capability index defined as the ratio of tolerance (USL — LSL) meaning
Upper Specification Limit — Lower Specification Limit) and 6s (s = standard
deviation). The Cy is Capability index critical defined as the ratio of USL - X and X-
LSL), where Xis mean value and 3s. The min (minimum) means that the appropriate
value it the lesser from the both calculated values representing worse process
behavior. The C, is usually considered as the possibilities of the process while Cy is
how we are able to use these possibilities. The Cp is considered also as so called term
“Quality Guarantee”. The real values of USL and LSL will be taken out of the
drawing which is the determined and agreed customer specifications. The mentioned
parameter ,,s” in the denominator the standard deviation will be calculated from
measurement of at least 30 manufactured pieces taken from a real production line. The
prerequisite of capability indices utilization is to perform a normality test or at least
histogram in order to decide whether the set of data obtained shows a normal
distribution. For the practical Capability study the most important is the Cpc since
immediately shows about the current Quality Guarantee. Furthermore, the C, displays
the quality of pre-production while Cy displays the quality of production. The
philosophy when some characteristics are within tolerance it is good is not valid
anymore. We are not interested in whether the results are only within tolerance range;
nowadays it is more important where in the tolerance range the results are located.
Particularly speaking whether there is sufficient reserve in side of the tolerance range
determining sufficient quality guarantee, and acceptable risk or not. Considering
quality spiral it is crucial to start from the beginning that means the marketing
department has to agree with customer on critical characteristics and what would be
the level of Quality Guarantee in term of C,, Cp that is usually anchored in document
,,Quality Targets”. The designer than has to consider the fines of the tolerance range.
The technologist must the critical characteristics set up wider. The purchasing
department may not purchase incapable material/parts, the maintenance department
has to set up C, and the setter must adjust the Cp. Finally, the production department
must be aware of the philosophy of manufacture in the center of the tolerance
(CHALOUPKA J. 2008, DIAN M. 2011, DIAN M. 2012). Concerning the capability
indices values interpretation it is desirable the indices being equal and greater than 1.
The value of C, = Cp = 1 reflects the process being centered and determines a border
between good quality and poor quality as well. The values less than 1 are undesirable
reflecting the process inability to meet customer expectations. On the other hand the
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greater this value is the better. The most common required capability indices values
are shown in figure 1.

LSL usSL LSL uSL LSL usSL

Fig. 1. The level of quality guarantee: a) £+ 3s; Cp = Cpk = 1; 2700 ppm, b) £ 4s; Cp = Cpk =
1,33; 64 ppm, ¢) £ 5s; Cp = Cpk = 1,67; 1 ppm.
Source: own study

The level of Quality guarantee is represented by free space between the normal curve
and specification limit. The description stems from normal distribution uses p
(population mean) as target value and o (population standard deviation) as quality
guarantee level. Due to the fact that we use sampling instead of the whole population
we are allow using X, Median, Modus as population mean, and s (standard deviation)
as the variability to describe normal distribution.

o)

Fig. 2. The Normal (Gauss) distribution.

Source: own study
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Table 1. The relation between Capability indices, Quality guarantee & Standard deviation
Interval Estimation in Estimation out of the interval | C, = Cpu

interval (Risk or Quality guarantee
level)
X+1s |68.28% 317 200 ppm 0.33
X+2s | 9545% 45 050 ppm 0.67
X+3s | 99.73% 2700 ppm 1
X+4s | 99.9936 % 64 ppm 1.33
X+5s |99.9999 % 1 ppm 1.67
X+6s | 99.9999998 % 2 ppb 2

Source: own study

The capability indices show how the real manufacturing process or
a manufactured part behave while showing performance that can be described by
Normal distribution within specifications limit determined by a customer then.
Furthermore, it means fitting into the specification limits with required free space
between the normal curve and specification limits. We have been presenting and
discussing only the formulas for capability of process/product so far. In a wide context
of capability study we ought to introduce two more capability indices. It is necessary
to introduce a capability of machinery and gauge capability as well. The significance
and relation of all the capability indices is depicted in figure 3.

1
Supplied ! SPC
Material & :
parts capability ;
Cp, Cpk |
Machine ! Process !
capability. ¥ capability :
Cm, Crk | Cp, Cpk H
! ! \ 4
capabiny : 5 CsE
1 1
Co. o ! : Management
! !
kI ‘I o
T > >
Pre-serial production ! Process i Initial flow &
' qualification ' serial production

Fig. 3. The stages of capability study.
Source: CHALOUPKA J. 2008
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The capability of machinery can be expressed as following:

3
JWSL-LSL)  ysL-LSL

Cm = 6 Sm 8sm (3)
3 _—
“(USL-XM)  USL-Xy
— 4 _ M
kaU - 3 Sy ) sm (4)
3 —
S(&Xm-LSL)  Xpy-LSL
— 4 U
kaL - 35y 4 Sm (5)
Crmie = min (Coiws Crnr) (6)

The procedure to determine capability of the machine must follow these four steps:

1. Setting up the particular machine.

2. Measure minimum of 50 manufactured consecutive pieces.

3. Perform normality test or create a histogram.

4. Calculate X,,, (mean value from data obtained) and s,, (standard deviation

from data obtained).

The capability of gauge stems from Ford (15% of bandwidth) or Bosch (20% of
bandwidth) methodology and can be expressed as following (FABIAN F., HORALEK V.,
KREPELA J., MICHALEK J., CHMELIK V., CHODUNSKY J., KRAL J. 2007):

Cg — 0.15 (Zi:—LSL) (7)
Covy = LT ®
Cora, = ©)
Cyie = min (Cyys Crer,) (10)

The procedure to determine capability of the gauge must follow these four steps:
1. Calibrate the gauge.
2. Measure 50 times standard (the same manufactured piece).
3. Perform normality test or create a histogram.
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4. Calculate )Tg (mean value from data obtained) and s, (standard deviation from
data obtained).
Where T = Standard = conventionally true value of standard, A = USL-LSL, @ =
mean value from data obtained, s, = standard deviation from data obtained.
For the easier practical way we can consider being the machine capability indices
Cm, Cmk higher about 0,33 than required value of C,. Cp« indices (see table 2).

Table 2. The relationship between Cp, Cok and Cm, Cmk indices

When: Cp> Cpe> 1 Then: Cn> Ci> 1,33
CpZ Cka 1,33 CmZ kaz 1,67
CpZ Cka 1,67 CmZ kaZ 2

Source: CHALOUPKA J. 2008

7.3. The capability study

Previously mentioned and depicted in figure 3 the first capabilities are calculated
within pre-serial stage of production. The process itself is simultaneously in parallel
performed in our own factory as well as in supplier’s processes. Within pre-serial
manufacturing process it is the APQP (Advanced Product Quality Planning)
methodology and PPAP (Production Part Approval Process) requiring the capability
study for defined product and process characteristics. The APQP is divided into
a couple of stages where it is the ,,Planning and definition“stage when Capability
indices are required to submit in order to get a picture of previous Quality guarantee
and information about the quality on similar product and process. In the stage of
“Process Design and Development” there has been a requirement for preliminary
capabilities study and then in “Product and process validation” stage as well. In this
stage there has been a connection to PPAP and measurement system evaluation
(APQP 2008, PPAP 2006). Again the preliminary Capability study is focused on
characteristics defined by Control plan and submits the information about
manufacturing process readiness for production. The measurement equipment for the
control of the specified characteristics by a Control plan stemming from technical
specification the specified measurement equipment and methods should be used
complying with MSA (Measurement System Analysis). During capability evaluation
in pre-serial stage there has been used short term capability approach while during
initial flow and serial production within CSE management a long term approach is
used. The short term approach can be used for example when evaluating the newly
made production line during its process acceptance or during evaluation of supplier’s
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production line. Furthermore, within preliminary repeated capability analysis the short
approach is used as well. On the other hand the long term capability is used for
production process evaluation in real serial production conditions or during initial
flow stage. It is necessary to add that crucial condition of success is the determination
of Capability study conditions between supplier and customer in terms of amount of
measured parts, number of subgroups, specifications, methods of statistical
regulations, methods of characteristics measurement, sampling, gauge, and finally
the process of processing the results. A short term Capability study is shown in table

3.

Table 3. The content and relationship between short and long term capabilities

Short term

Long term (estimation)

Long term (real)

Acceptance of machinery at
contractor premises or
supplier

Simulated serial production
conditions

Real serial production
conditions

50 consecutives pieces
(automotive at least 30
pieces)

25 subgroups with 5 pieces
within same control
intervals

5 subgroups with 5 pieces per
day within same control
intervals for 25 days

Results recorded in time
sequence of production

Creation of Shewhart
diagram

Usage of Shewhart diagrams

Normality test or histogram

Normality test or
histogram

Normality test or histogram

Calculate capability indices

Calculate capability indices

Calculate capability indices

Source: own study

Fig. 4. Preliminary Capability study in pre-serial production.

Source: own study
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Summary Repart

How capable is the process?

0 i3 Customer Requirements
Upper spec 147
Target 143
Lower spec 139
Does the process mean differ from 14,37 Process Characterization
0 005 01 »0.5 Mean 14212
Standard deviation {overall 0026351
Y N
pej.g ° Actual (overal] capability
- Pp 5,06
Ppk 3,05
ZBench *
% Out of spec 0.00
Actual (Overall) Capability BPM (DPMO) o
Are the data inside the limits and dose to the target?
“ll T"ﬂ?‘ “S‘L Comments
| | | - The process mean differs significantly from the target (p <
0.05)
= The defect rate is 0.00%. which estimates the percentage of
| | | parts fram the pracess that are outside the spec limits
| | | Actual (overall) capability is what the custom er experiences.
| ‘ ‘ Potential (withir] capability is what could be achieved if process
| ‘ ‘ shifts and drifts were eliminated.
1392 1404 1416 1428 1440 1452 1464
Process Performance Report
Capability Histogram
Are the data inside the lim ts and close tothe target? Procass Characterlzation
ISL Target usL TotalN 10
| ’J | Subgroup size 1
' Mean 22,043
| | || | Standard deviation (overall) 0,029960
| 0 | Standard deviation {withir 0,019565
1
!
| I |
| ) i | Capability Statistics
| i | Actual {overall)
il Pp 3,89
| | Ppk 382
ZBench 1145
| | % Out of spec (observed) 0,00
% Out of spec (expected) 0,00
| | PPM (DPMO] (observed) 0
| | PPM (DPMO) (expected) 0
Potential withir)
| | Cp 596
Cpk 584
| | ZBench Z
a7 218 219 220 222 223 24 % Out of spec (expected) 0,00
PPM (DPMO) (expected) 0
Actual [overall capability is what the austom er experiences.
— — — — Potential (within) capability is what could be achieved if
process shifts and drifts were eliminated.

Fig. 5. Example of short term capability for a particular dimension.
Source: own study

In serial production the supplier must guarantee that each delivered part complies with
all the required characteristics by the rigorous application of the surveillance plan. The
supplier must provide proof thereof via archived measurement. One of the tool
available may be CSE Management. In mass production the capability of the
supplier's manufacturing process that allows the CSE to be checked must be regularly

checked by the supplier and maintained at agreed level (DIAN M. 2012A, PSA 2006,
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ISO/TS 16949:2009). The implementation of the SPC with regular feedback is
necessary must in CSE Management and Capability improvement or sustaining
process (DIAN M. 2011, DIAN M. 2012A, PSA 2006). The main philosophy of CSE
Management implementation is to prevent the customer off risk links to quality,
guarantee the functionalities required by the customer, and ensure the integration of
the components chain in the vehicle. The CSE management uses long term capability
approach. If there is any slippage of CSE beyond the tolerances the supplier must
immediately implement the appropriate containment measures as sorting, individual
part inspection etc.

Supplier Dsl CSE MANAGEMENT Date of creation 2152008
COFOR in interval of 25 shifts Responsible person M.Dian
Production site Villaverde Target: Cpk > 1.33 NOK
Reference All references Form filling: Green: when Cpk > 1.33 Comparative coeficient 0,44
Supplier reference All references Orange: when Cpk =<1.32-1.00>
Product type Steering column Red: when Cpk < 1
Line RWS
CSE Input data
. Nominal value| Tolerance Conlyu! plan Insgec}lon Frequency & Prevu.lys Reached CSE statement Action
Number Characteristics limit limit control form | capability | capabilty
P . 5l it
1 Crimping of bearing 5 +0.5/-2 3-55 3-55 consecutive) 5 490 4,224 @
Caliper
Extaction force " . " 3/ shift @
2 fork 75 2000 min 2000 min 1800 min 182760 QA 1331 1558
Extaction force " . " 3/ shift @
3 fork 44 2000 min 2000 min 1800 min 182760 QA 1,419 1,397
4 Btaction force 2000 i 2000 mi 1800 mi 3/ shift 1,046 1,243 ®
cardan min mn ™| 182760 QA ! ’
Extaction force ! ! ! 3/ shift @
5 shaft 2000 min 2000 min 1800 min 182760 QA 1,266 1,625
6 Securisation of 07 £025 | 045-095 | 045-095 |SIOMSUNE] ooy 1812 @
plastic collar Caliper
7 Bearing securisation 32 mini 32 32 Sleonsecutive| ) ) 1124 ®
Caliper
. Slconsecutive
8 Fork securisation 1 +0.25/-05 [ 05-1.25 05-1.25 11690 QD 2,13 1,022 ®
9 Sleeve diameter 393 maxi 393 a9 | Sleomsecutive] g5 0,509 .
Caliper
" Slconsecutive
10 Sleeve runout 0,6 maxi 0,6 06 10610 QA 4,684 2,943 @

Fig. 6. Example of long term capability report in CSE Management.
Source: own study

4. Summary

The international demand for sustainable and continuously improved quality
level of manufactured products stemming from customer expectations and besides
anchored in ISO/TS 16949:2009 is revealed via capability indices approach. The
article reflect the capability approach as an indispensable tool for process and product

behavior prediction. The clarification and mutual relationship between particular
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Capability indices, their required limits, theoretical basis, the connection and
significance in different steps of pre-serial and serial production have been discussed.
Further, there has been stressed the importance of cooperation between designer,
technologist, and the quality responsible including machinery preparation stage,
customer expectation, and SPC significance as a tool for regulation of quality level
and quality guarantee. Moreover, the procedures for Capability indices are described,
the short and long term procedure and their proper utilization in order to be used as
general methodology for any potential users. Finally, some examples from automotive
industry are shown, especially the Capability study in pre-serial stages of production
using TAG software with focus on all dimensions, a part of short term Capability
focused on CSE/CTQ parameters using MINITAB software, and then after initial flow
stage meaning in real serial production the weekly basis report to the customer
enabling to monitor actual quality status and fast possible remedy reaction. The article
submits comprehension methodology for evaluation and management of process and
product quality accompanying with real examples in order to simplify the idea and
approach to its smooth utilization.
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