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1  INFORMATION CONTAINED IN MEASUREMENT RESULTS

1.1  INTRODUCTION

Measurement activities have well defined purposes. Generally people measure to know. In fact the empiric revolution given by Galileo Galilei brought to overtake ideal or even imaginative theories, convictions based on an inappropriate use of theology and Ipse dixit, giving the scientific knowledge more tangible and solid foundations.

But even the experimental data are not an absolute truth. It has to be evaluated and used within its limits in order to avoid misunderstanding.

This requires some considerations about the intrinsic characteristics of the information given by a measure and to show how these characteristics are frequently inserted in international standard documents, used in the area of Quality. Knowing these premises, they will be easily comprehensible.1

In the technologic use of measurement instruments it is evident how concepts like “exactness” or “equality” needs to be banned. That is hardly to do because the incorrect conviction that a result obtained with a high quality measurement instrument is exact is quite reassuring. If you can completely believe it, you will be also sure about the deduction that can be obtained. But exact is not a characteristic obtainable in real operations.

For instance if you have to design a hole-shaft junction, you could have the incorrect idea of producing it with exactly the dimensions required to obtain the amount of clearance necessary in order to allow the desired motion. However, since your initial mechanic technology experiences, you learnt that it is impossible. Therefore there is the need to operate in the scheme of ISO tolerance, which shows, more concretely, that the goal isn’t the exact value, but a range called tolerance, that represents a reasonable agreement between functional needs and constructive possibilities. We must add that your hole-shaft connection can neither be made with exact dimensions, nor exactly measured.

With a simple practical exercise of repeating several times a measurement you generally obtain results containing differences, therefore you can get convinced that you don’t ever get an exact result, but only a group of results different from each other.

It is clear now that this gives some problems highlighted by the following considerations:

–  having obtained a group of different values, how can I deduce from them a single value that can represent the quantity measured?

–  realizing that the measurement result isn’t exact, how can I evaluate the range in which it is reasonable to think that the value of the measured quantity is?

The result dispersion that happens with no apparent rule indicates the presence of random factors and, therefore, the necessity to manage those problems with statistical methods. These will be useful even to give the answer, not sure, but reasonably probable, to another question that has to be always asked on the measurement results:

–  is the variation of the results observed caused just by random factors or is there any specific cause producing it?

    It is important to notice that this kind of question is present in many cases, even if phrased in a different way:

–  are the workpieces, produced by two machine-tools, different just by chance, or because there is a real reason for the difference?

–  are the measurement results suffering significantly because of variations of the environment conditions, or is it impossible to distinguish that from random effects?

It appears clearly that the same type of questions, specific cause or random effects, apply both in the field of measurement and production, underlining the opportunity of a statistical management of problems, necessary for treating random factors. Nowadays also design requires the application of statistics (Statistical Tolerancing).

1.2  THE INFORMATION CONTAINED IN MEASURES

It can be said that every measurement result is influenced by a multiplicity of factors, some of which are big and regular enough to allow the individuation of the relevant causes. These are systematic factors. Others, instead, are small, irregular, and cannot be described in a deterministic way; these are random factors, therefore need to be treated statistically.
The information contained in a measure can be only extracted taking into account that its representation through a numeric data has to be always considered distorted by systematic factors and confused by the random ones. It is important to consider always the interval of possible results, not only the value obtained in the measurement.

It is instructive to observe how the ideal meaning given to a measurement result can be misleading.

Examining a simple example of dimensional measurement, done with instruments of general use, we will see how deceptive the equality concept is and, therefore, also the fact to transmit the information contained in a measure just through the mere result.

In the shown case, the measurements of two gauge blocks obtained using a micrometer (ISO 3611:2010) (), we can even see how, using only the measurement results, you can get a paradox.2Fig. 1.1

In case of use of a modern micrometer with digital output, the measurement indication is given by a number that indicates the measured dimension with a reading resolution of 1 μm. If we measure two gauge blocks with the same nominal length with that micrometer, we should find almost certainly the same measurement value for both (the tolerance on the gauge blocks’ length is generally less than 0.1 μm).

Should seem natural to say that their length is equal.

But if we use an instrument with better sensitivity (VIM, 4.12), for example a Linear Variable Differential Transformer (LVDT) with a reading resolution of 0.1 μm or better, we should find, almost certainly, two different measurement results ().3Fig. 1.2

We should conclude that their length is different!

It is evident that that would be clearly in contrast with what established before, with the micrometer.

The reason of the paradox is due to the false concept that says that the two blocks have a defined length value. Such concept, quite convenient to be used for defining ideal concepts, like the one of error, consist in believing that every physical quantity measured has a true value. The simplifications connected to the notion of true value make it somehow considerable to the point of being included in the International vocabulary of basic and general terms in metrology (VIM, page viii and clause 2.11).4

Operatively it is convenient to go from a comfortable, but illusory deterministic schematization to a more complex, but concrete statistical vision. We cannot think that a measure represents the value of the measurand (VIM 2.3), we can only identify a range of values around the result obtained, in which it is reasonable to think that it is contained the value of the measurand.

[image: image]

Fig. 1.1.   The measurement, with a digital micrometer, of two gauge blocks having a nominal equal length, gives, generally an identical result.

[image: image]

Fig. 1.2.   If the same blocks are measured with instruments having a higher resolution, it is quite possible to see that their dimension is different.

The consequence is that the information given by the measurement remains incomplete () if to the result is not associated its uncertainty interval, which is a range around the measure obtained in which is reasonably believable that the reference value of the measurand is.Fig. 1.3
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Fig. 1.3.   The transfer of the information contained in the measures requires that the uncertainty interval is given. The equality described in (1) is only due to the large reading resolution and the information contained is not different from (2), where, being an overlap in the uncertainty intervals, it is impossible to tell which result is higher. In (3),instead, there is no overlap and it is possible to tell that the two results are different and that A>B.

We observe, in fact, the conclusions that can be obtained from the previous example.

In the reference case of the two gauge blocks, giving only the two measurement values, equal or different (i.e. A = 30.0003 mm, B = 29.9996 mm), doesn’t allow to get conclusions about which block is longer. It is not excluded that another measurement would move the terms in the opposite direction. When the measurement values are completed by the extensions of the relevant uncertainly intervals, then it becomes possible to get from the data a coherent information (i.e. if an uncertainty of ± 0.4 μm is associated to the measurements you have to accept that the value given for A can be smaller, down to 29.9999 mm, and that the value given for B can be larger, up to 30.0000. There is a partial overlap of the uncertainty intervals as shown in  (2), therefore it is impossible to know which one of the two blocks is longer. If instead to the same results an uncertainty of ±0.2 μm is associated, then the value of A cannot be less than 30.0001 mm and the value of B cannot be higher than 29.9998. Therefore there is a separation of the uncertainty intervals as shown in  (3) and it is possible to affirm that A is longer than B, or that the two blocks are significantly different).Fig.1.3Fig.1.3

However it is never possible to establish an equality condition, therefore in case of overlap of the uncertainty intervals it is common to say that the two results are compatible. This indicates that their difference can be just an effect of random errors.

From this descends the objective importance of a correct evaluation of the uncertainty intervals, topic highly treated by the metrological organizations and international associations that have made the Guide to the expression of the uncertainty in measurement, usually called GUM, that was transformed in Europe and Italy in the ENV 13005, now withdrawn, and widely referred in ISO 14253-2.56

To transfer the information produced by the measurement activity, it is then necessary to give a value and the relevant uncertainty.

1.2.1  Implications in Standard Specifications

The general and intrinsic conditions of the information contained in the measurement results have a repercussion on the operating rules and in Standard Specifications. We will talk about two different cases: a specific one, which exactly reflects the comparison above, and another one, more general, that implies how to manage the instrumentation for measurement and testing activities.

1.2.1.1  Guidelines on conformance or non-conformance with tolerances

The fundamental importance of the uncertainty evaluation is strongly underlined by the requirements of the ISO 14253-1 that says how to correctly respect tolerance. It is a comparison operation and conceptually it matches how said in the previous section. The only difference is that the comparison is often between a measurement result and a fixed value, not only between two measurement results.7

In case of imposed tolerance by an external rule, like a law or a contract term that cannot be changed, it is important to take into account that the measurements taken during the test have their uncertainty. Therefore, even if the result is in the tolerance limit, it is possible that the measurand, that can have any value in the uncertainty interval, will be out of tolerance.

ISO 14253-1 requires the manufacturer to add to the lower tolerance limit an uncertainty half range and to remove the half range from the upper limit. The range of acceptance of the manufacturer is reduced compared to the tolerance range. Similarly, it has to be done by the customer, to evaluate a possible rejection, acting in the opposite direction, moving half uncertainty range under the lower limit and above the upper one, contracting the rejection area. As shown in  instead of having neat borders in the tolerance range, there are, as limits, two uncertainty intervalsfig. 1.4
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Fig. 1.4   The regulation ISO 14253-1 requires to define appropriate uncertainty zones in order to avoid, if possible, contrasts caused by the measurement uncertainty.

It is important to take note about such situation. Diminishing the acceptance range, the manufacturer increases the chance of rejection. At the same time for the customer, reducing the rejection range causes an increase of risk of receiving a piece out of tolerance and the impossibility of the customer to reject that product.

The advantage, however, is to diminish drastically the conflict possibilities between manufacturer and customer. The cost that any of them have to pay is as high as the uncertainty in the measurements, or as high as the probability to have a piece in the two uncertainty intervals. Here again the importance to consider the uncertainty and to do statistical considerations to decide correctly. This is really fundamental and avoids bad judgments. However, it is important to reduce the uncertainty in order to reduce costs and risks. So adopting the right metrological techniques and the correct uncertainty evaluation is the best way.

Always remember that the rules do not have to be taken as they are, but you need to understand the real reasons and advantages involved.

Let’s talk about a concrete situation. In a well set factory, the general manager () decided to have a small ordinary number of pieces out of tolerance, than to reach a zero-defects production (frequently very expensive for the changes required for the production plant and even not possible for high precision workpieces).Fig. 1.5
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Fig. 1.5   The general manager is satisfied by a well set production with a limited number of rejected pieces.

The quality director follows an updating course, where he learns about the requirements of ISO 14253-1.

As soon as he arrives to the company, he immediately introduces the uncertainty intervals, with the direct consequence of doubling the rejected pieces.

Now the general manager is upset (). He has signed the Quality Policy that implies the obligation not to reduce the resources dedicated to quality, and even to increase them if it produces a higher customer satisfaction. Therefore he asked the quality director: “If until yesterday the quality level of a production with few rejected pieces was considered satisfactory, why, for the future, have we to accept to double the defect waste and the corresponding cost?”. The quality director answered: “Because it is required by ISO 14253-1”. An answer quite questionable!Fig. 1.6

Here we are again in front of a paradox. In this case, and in every other case where variations are proposed, often quite expensive, to a satisfactory situation, we need to deeply examine every element.

It is not possible to give an answer to the general director if the meaning of “tolerance” is not carefully considered. Tolerances can have at least three different reasons:

1. Imposed by law (for instance for safety reasons)

2. Agreed between producer and costumer

3. Required for technological reasons

When tolerances are imposed by law, it is fundamental to satisfy the ISO 14253-1 requirements, to be sure that the uncertainty in your test does not allow a product out of tolerance to pass your quality control.
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Fig. 1.6   The quality director gets the information about ISO 14253-1 and he introduces the uncertainty intervals. The acceptance area is reduced and the defect waste doubles. Surely the general manager is not happy about this situation!

When tolerances are agreed in a producer-customer contract, possible changes shall undergo the same way and agreed between producer and customer.

Most frequently tolerances are due to technological reasons: in a production process testing actions, with relevant tolerances, are inserted to avoid that a workpiece is passed to a successive production step if inadequate.

For instance, before of a grinding operation, the workpiece hardness shall be controlled. In fact grinding is not successful on materials not properly hardened, even the grinding wheels become clogged with the soft material, causing serious damage to the production process. Therefore a hardness test is required and a tolerance like 52 ± 2 HRC is established. It is important to underline that such limit is not imposed by a law or other mandatory rule. It is established by the manufacturer through a series of tests finalized to evaluate what happens in the following processing phase, with a variation of hardness.

The tolerance limits position, for example of the lower limit of hardness value, as represented in , is related to the positive or negative behaviour of the piece in the following working phase and to its functionality and reliability.fig. 1.7

For too low results in hardness the piece will always be unsuitable (two “r” full columns).

For intermediate results it can be sometimes unsuitable, sometimes acceptable (third column with “r” and “a”).

Finally, when the results will be adequately high, the sequent behaviour of the piece will always be good (columns with all “a”). Consequently the tolerance limit is established.
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Fig. 1.7   When the tolerances aren’t imposed by legal or contractual obligations, they get determined with tests. These are made by varying the examined parameter and determining the success of the produced piece (accepted, a) or its discard (rejected, r). Such determined boundary takes into account of the uncertainty of the used instruments; therefore it doesn’t need to be moved.

Summarizing in general, considering the variation of test results on an examined characteristic, it will be possible to see that:

–  Below a certain value, the behaviour of the piece will always be unsuitable;

–  In case of intermediate values, the results may vary. There will be negative or acceptable conditions;

–  At last, over a certain value there will always be acceptable conditions.

The latter value is the one that is chosen, generally, as lower limit of the tolerance. It is important to notice that in this limit selection process the measurement instrument uncertainty is involved. Then the uncertainty zone coincides with the second case listed before. It is evident that, if the limit has been determined in the described way, there is no reason to move it more, reducing, in an unjustified and useless way, the acceptance area.

But the uncertainty of the instruments used during the tests has to be similar to the ones used to set the limit itself.8

1.2.1.2  The management of measurement and test activities according to Quality rules

The majority of the information that define and qualify products are obtained with measurement operations. Therefore the quality standards contain specific indications about the management of measurement activities.

Particularly, ISO 9001:2008 requires that the measurement processes are adjusted to the qualification needs of the product or trial. A substantial point regarding measurement results is their general compatibility. The purpose is to make sure that there won’t be any protest due to the malfunctioning of the instruments. It is better to underline as soon as possible that such condition, even if necessary, is not sufficient to grant the result compatibility. In facts, as we will see, the measurement result depends on the whole measurement complex: instrument, operator, environmental conditions and the measurand.9101112

In case the product is a measure (testing rooms, metrological rooms, calibration services), its characteristics are completely defined. In facts the quality of any measure can be evaluated through the uncertainty related to it. This is the reason why there is a strong difference between the general quality rules and the specific ones related to the measurements. The latter can be applied to calibration and test laboratories. Such difference is underlined by the terminology. We talk about certification in quality of a factory and about accreditation of a calibration or test laboratory. The difference is highly important. The certifying Authority cannot control the ability of a certified factory to make an acceptable product, because the acceptability criteria are various and owned by the certified factory and not by the Authority. The accreditation Authority should be able, directly or indirectly, to do the measurement operation better than the accredited laboratory. Therefore it is able to evaluate the goodness of the results obtained by the laboratory.

The two conditions of certification and accreditation follows different kind of Standard documents. In the certification area the principal Standard document is ISO 9001:2008. In the accreditation area the standard document is ISO 17025:2005.13

While in the old way the system conditions were mandatory, in the new one any action required is always subordinated to the necessity imposed by functional specifications. This is quite important and strongly changes the action line, moving it from a formal agreement that often didn’t match high costs with real advantages, to a way of individuation and solving problems. But this line of action has as prerequisites that involved technicians have a deep knowledge on the specific matter.14

As usual there is not an optimum solution valid for all the situations. Sometimes, the automatic formal answer, even if oversized to the real needs, is, however, the most advantageous because it doesn’t require a complex analysis of different problems. In other cases, the formal answer’s cost would be clearly higher than a targeted response to the real needs. It is important to check the alternatives being able to defend our own choice.

For the purposes of this chapter, aimed especially at understanding how important is the uncertainty of measurement for all activities, it is enough to say that test and measurement uncertainty evaluation is explicitly required by Quality rules. At managerial level, it is one of the pillars in order to pass from measures to decisions.

Frequently we heard someone saying: “We worked for years with our and our clients’ satisfaction, without even knowing what the measurement uncertainty was. Why should we now spend time and money to evaluate it?”.

What to answer? Certainly not that one has to do it, because it is required by Technical Standards. In fact, Quality Standards requires it “… when necessary”.

First of all we have to say that it is not true that customer satisfaction was obtained for years without even knowing the concept of uncertainty. Tolerances, that are widely used, represent the translation of workpiece functional specifications and, as seen before with the effect of uncertainty on conformity assessment, the indication of acceptable uncertainty and the way for deciding which testing instrument is suitable. The selection of measurement instruments and methods was always made by competent people, focusing on the production objectives and on the “measurement capability” of the instruments set by their own judgement, which is practically the memory of previous correct decisions but also of previous errors.

A great benefit given by the application of the Guide to the expression of the uncertainty in measurement (GUM) is in the help for avoiding the cost of building the experience also by errors. GUM gives a practical way for getting the maximum advantage from the use of every previous technical experience, managed in a controlled theoretical and practical scheme, for getting the expression of uncertainty.

2QUALITY MANAGEMENT
OF MEASUREMENT AND TESTING


2.1INTRODUCTION

In the previous chapter, the main topics have
been:

1)the real information contained
in measurement results;1

2)some general and specific
rules, pertaining to the management in a Quality System of
measurement and testing activities.

Both have limits and advantages, and point out
to the importance of organizing any action basing it on real needs
compared with the relevant uncertainty.

This way is clearly depicted by ISO
17450-2 that describes how to face any production
or measurement problem (). It
confirms that the main characteristic for evaluating the Quality of
a production or measurement process is the uncertainty of the
product (workpiece for production, measure for measurement).
Moreover it stresses that the starting points are the real needs of
the process. This can be described by an example due to Johan
Dovmark: design and verification of a dispenser ().2Fig. 2.1Fig. 2.2
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Fig.2.1Uncertainty scheme proposed by
ISO 17450-2

The dispenser is a cylinder containing the
material to be dispensed that shall be hand-operated: acting with
the thumb, a piston is moved and the material out of the cylinder
is dispensed.

Point 1. (Total Uncertainty). We must have a
clear understanding of the functional specifications, which are the
working conditions of the device we are designing. For clearness we
focus only on the mechanical specification: we want that the force
necessary for operating the dispenser be so low to allow hand
operation, but not too low to risk unwanted dispensing. This can be
subdivided in two parts: establishing a correlation connecting
functional specification with measurable characteristics and
checking the compliance of the produced workpiece with those
characteristics.

Point 2.1 (Correlation Uncertainty).
Translation in operational specifications. A first simple
translation of these conditions in mechanical terms is that the
operating force shall be between 5 N and 20 N. This condition is
obtained by means of two circular rings (one on the cylinder, one
on the piston) that define a stopping state which is eliminated
because they break under a force. The second, more complicated,
translation of functional specification shall indicate the
dimension of the retaining rings that allow the breaking in the
required range of force. This condition shall be evaluated by a
specific experiment. Let’s consider all the dimensions fixed except
for the hole diameter (the ring on the cylinder), whose change
produces a variation of the breaking force. Therefore, the
experiment shall correlate the force amount with diameter value. In
our case, the experiment showed that the diameter between 8.0 mm
and 8.1 mm is suitable for the required force range ().Fig. 2.2
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Fig.2.2The dispenser and its Correlation
Characteristic of the breaking conditions (obtained
experimentally). The uncertainty on the definition of the
correlation characteristic and on the relevant experimental results
is called correlation uncertainty

As for any evaluation, this cannot be done
exactly, therefore we shall consider the correlation uncertainty as
a contribution to the total uncertainty.

Point 2.2 (Compliance Uncertainty). Consists
in evaluating the compliance of our workpiece with the
specifications as translated before in dimensional requirements.
This can be subdivided in two independent parts: 2.2.1) describes
thoroughly the geometrical requirements with geometrical
specifications, and 2.2.2) checks with measurement the conformity
of the workpiece to the given specifications.

Point 2.2.1. (Specification Uncertainty).To
inform the workshop about the dimension and tolerances of the
workpiece we must give the dimensional specifications: values and
tolerances. In our case we shall transmit to the workshop the
information about the diameter. The problem is that the diameter is
not a geometrical characteristic univocally defined. In fact, the
real ring has certainly a circularity error (the diameter is not
constant); therefore we shall consider which type of diameter is
important for the breaking conditions. Usually three types of
diameter can be defined. An outer one, outside the object (note
that for a hole this is the minimum diameter, while for a shaft
this is a maximum diameter), usually called maximum material
diameter, an inner one, touching the more internal points of the
object (for a hole this is the maximum diameter, for a shaft is the
minimum diameter), called minimum material diameter. Eventually, we
can be interested in a medium circle, balancing the more external
with the more internal parts, usually obtained with a least squares
(LS) evaluation ().Fig. 2.3
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Fig.2.3Considering the real irregular
shape of a hole, three circles can usually be defined: one inside
the material, called “Minimum material circle” (the larger one),
one outside the material, called “Maximum material circle” (the
smaller one), and eventually a circle balancing the irregularities
using the least squares method, called “Least squares
circle”

Specifications shall be given correctly. If
they are not completely defined (e.g. frequently is given only a
dimensional tolerance on diameter, not associated with the
condition of maximum material, minimum material or LS evaluation)
or wrongly defined, we have for this cause a contribution of
uncertainty, called specification uncertainty.

Point 2.2.2 (Measurement Uncertainty). It
consists in evaluating the conformity of our workpiece to the given
specifications, usually doing a test with some measurements. We
can, therefore, consider measurement uncertainties.

We can subdivide this in two independent
parts: 2.2.2.1) the test method adopted, and 2.2.2.2) the way the
test is implemented.

Point 2.2.2.1 (Method Uncertainty). For
instance, we can decide to find the diameter identifying a circle
by three measurement points (wrong decision!). Even worst is, for
allowing an easy measurement procedure, to situate the three points
on a small part of the circle. In fact, in case of shape errors
(always present) the measured diameter changes if the measurement
points are changed, with a really large variation if we take only
three points close together (). If we
choose to identify the circle with a large number of points,
welldisposed all around, the risk to get significantly different
diameter values using different sets of measurement points is
small. The amount of possible changes involved is called Method
Uncertainty.Fig.2.4
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Fig.2.4Considering the real irregular
shape of a hole, if we try to identify a circle using three
measurement points close to each other, we can get very erroneous
results.

Point 2.2.2.2 (Implementation Uncertainty).
Using the same method we can get different measuring variations
depending on the way we perform our test. We can use instruments
with outstanding or normal metrological characteristics. Our
operator can be expert or just informed about the procedure. The
environmental conditions can be well controlled, like in a
metrological lab, or highly variable. The measurand can be well
defined, a nearly perfect circle, or highly irregular. All this
conditions produce variations of results, related to the
Implementation uncertainty.

The scheme described before can give a great
help for avoiding and solving problems, but frequently is not
considered in the industrial practice. Two real examples can be
given with respect to tolerancing.

2.1.1The best
possible (sometime impossible) realization

During a conference at an industrial site I
was asked by a designer to explain to his manager that he was
making an impossible request. The problem was that the usual
mechanical production had dimensions in the range of 200 mm, while
a new request involved dimensions ten times larger. The position of
the manager was: “… our usual tolerance of 0.01 mm shall be
applied”. It is very common that tolerancing do not follow the
correct decision process:

functional
specifications → production requirements

but they are just established conventionally (“We
will do as we have always done!”) or, even worse, they are defined
considering the best possible working conditions. In this case, the
situation was solved because the manager required almost impossible
tolerances. In other cases the required tolerances were possible,
even if really expensive, and applied. The problem will be showed
up later.

I was asked by a producer of mechanical
devices: he complained because the Quality Inspectors did not
accept his measurement instruments. I knew the functional
requirements for his production and that the tolerance should be
around 0.03 mm, therefore the instrument used were perfectly
suitable. During the discussion the producer said that he knew that
a tolerance of 0.03 mm was sufficient, but to be sure that the
workshop should do its best, he put in his blueprints tolerances of
0.01 mm. Analysing the situation, it was clear that the Quality
Inspectors were right. A useless tolerance produced a significant
damage.

A further example can be given about an
industrial activity carried out as a stage by one of my students. A
piece of car body (strut) had to be checked. It is a piece inside
the engine hood, between the passenger compartment and the front
side. Its task is to correctly position the fender and the front
side with respect to the main frame. It was considered as a part of
the coachwork, therefore its usual tolerances were applied: 0.5 mm
all over the surface. The verification gave a lot of points out of
tolerance (). As frequently happens,
the measurement laboratory was considered guilty, and new
measurements, done by a different laboratory were required. But, as
shown in the , the results where
compatible and most of the points confirmed out of tolerance. They
had to decide what to do and my student reported that, after some
days, a young engineer (the old team leaders were absolutely sure
about the correctness of the traditional procedure) questioned
about the real task of the strut. Not the aesthetic part, as the
exterior side of the coachwork, but the correct distance between
some points of the main frame and the supporting points of the
fender and the front.Fig. 2.5Fig. 2.5
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Fig.2.5Verification of a car workpiece.
Measurements taken in two different laboratories confirmed that
many points were out of tolerance.

Specifications were drastically reduced, as
shown in . This shows how easy is to
waste days of work if the functional specifications are not
considered deeply from the beginning. But as we can see in  some out of tolerance remains. It was
necessary to analyse data for understanding if there was something
systematic. Statistical data analysis allows to evidence if there
are systematic effects and what causes them.fig. 2.6table 2.1

This is a very important help for obtaining a
better production with minimum expenses. In fact, systematic
effects can be corrected, compensated or the cause producing them
eliminated with specific actions.

This is definitely less expensive than a
general operation necessary to face random effects. Therefore, the
statistical methods, allow to understand if there are systematic
effects, to connect them to their cause, and to make a mathematical
model of the cause-effect relationship results very useful.

We will deeply see that after, but now we see
here just a tip of experience. The concepts systematic and random
are strongly connected with the visible condition of order and
disorder. Therefore, if we can see a certain type of order
conditions in our data, we get warned that there could be something
systematic.

Looking at  it
seems evident that there is a clear order condition: the points out
of tolerance are all positive. This gives us the indication of a
displacement of the workpiece in a given direction. The piece was
posed in a wrong position on the Coordinate Measuring Machine (CMM)
and the control was made on the point coordinate (position) not on
their reciprocal distance and angles (shape). To correct this we
used the roto-translation mathematical tool, based on the
statistical method of regression, and we got the results reported
in .table 2.1table 2.1
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Fig.2.6Considering the real functional
specifications of the workpiece, only few points shall be
controlled. The number of out of tolerance is drastically reduced,
but some remains.

The mathematical correction of the workpiece
wrong position has produced its effect: all the points considered
out of tolerance are, now, acceptable, while the real coordinate
out of tolerance, Δy on CERC4, was not evidenced by original
data.

In this case the specification uncertainty
applies because, instead of using the necessary shape tolerances,
coordinate tolerances were given, or used. Moreover it shows how
useful can be a data analysis to point out the causes that produce
unacceptable effects.

The discussion given hereby indicates that the
problems can be quite different and that the application of general
rules of good practice, like the protocol of ISO 17450-2, requires
to think deeply and carefully about the problem conditions and to
use a specific experience.

Tab.
2.1Coordinates and errors from the original data
and after roto-translation. The number of out of tolerance
(tolerance is 0.5 mm) is reduced from 6 to 1. Note that the real
out of tolerance point (Δy on CERC4) was considered as acceptable
before the position correction.
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Some matter on the measurement activity can be
established by more specific and practically applicable rules as
described in the Quality Standards pertaining to measurement and
testing management. However, industrial applications involve such
differences that oblige to pay attention and to understand the
reasons of any action, allowing routine only in few cases. This can
give a good light on this concept:

JCGM 100:2008
3.4.8 Although this Guide provides a framework for
assessing uncertainty, it cannot substitute for critical thinking,
intellectual honesty and professional skill. The evaluation of
uncertainty is neither a routine task nor a purely mathematical
one; it depends on detailed knowledge of the nature of the
measurand and of the measurement. The quality and utility of the
uncertainty quoted for the result of a measurement therefore
ultimately depend on the understanding, critical analysis, and
integrity of those who contribute to the assignment of its
value.3

“Critical thinking”, “Intellectual honesty”,
“Professional skill”. Three characteristics necessary when we shall
go the path described before in the uncertainty scheme.

Standards can give a general, frequently only
generic “Framework” as a guide. Quality Standards acts in the same
way, but it commonly happens that are taken as an absolute law,
despite the great attention of the experts which have written the
standards to refers to what is necessary, the functional
specifications, and not to give an absolute and rigid line of
action.

To understand this is sufficient to consider
the main different industrial production conditions, in reference
to what seems to be a formal Quality rule asking for the
calibration of each measurement instrument. Let’s see the
implications of this in a common industrial process: a continuous
process, characterized by the only necessity of keeping constant in
time the most important parameters.

An example of continuous process is the
industrial heat treatment. Setting the process at the beginning
makes possible to find experimentally a good temperature-time
conditions. Thereafter the product quality is obtained just keeping
those process parameters at the initial values. The metrological
characteristic of the measurement instrument used to verify the
working conditions is, therefore, only the stability. This is the
ability of a measuring instrument to give nearly constant results
for the time required. We are not interested to have a given value
of the temperatures (this require calibration of thermometers), but
only that the temperatures remain adequately constant until the
process continue.

Different is the condition when the producer
guarantees the customer a given characteristic of his product. For
example, if we take as a product a cylindrical pin with the maximum
material diameter of 10 mm and a cylindricity tolerance of 0,01 mm.
In this case the producer shall have a calibrated instrument and a
testing process with an uncertainty [...]
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