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Abstract. The influence of the measuring device error oncibresumer’s and manufacturer’s
risks was studied for three cases of the orgaoizatf completing: complete interchangeability,
selective completing and completing with rankindieTpresence of measurement error does not
allow to avoid risks; however, their values musteséimated so that they do not have a significant
impact on manufactured products. The study wasethmut for a “shaft-hole” connection by
statistical modeling, the laws of dimension disitibn were accepted as normal, as well as the laws
of distribution of measurement errors. For the aadseompleting with complete interchangeability,
the accuracy of two-stage control was studieds iteicommended to establish the accuracy of the
initial measurements at 20-25 % of the toleranekl firepeated measurements at 10-12 % of the
tolerance field, while the manufacturer’'s risk dasst exceed 0.2 %, the consumer’s risk is
practically zero. In the case of selective complgtithe requirements for the accuracy of the
measuring device are significantly higher than he tcase of completing with complete
interchangeability, since errors are possible mbf at the limits of the tolerance field but algdlze
limits of the selection groups. Therefore, the meament error should not exceed 5 % of the
tolerance field width; it is also advisable to lirthhe number of selection groups. When completing
with ranking, the accuracy of the measuring devViae the least impact on risks, especially if the
number of parts in the batch is large enough aedrteasurement error complies with the standards
in mechanical engineering. It was established thathe number of sets greater than 10, almost
complete assemblability is achieved and the rigso@ated with the measurement error become
insignificant. Thus, if it is necessary to increéise accuracy of products at the assembly stagge, it
recommended to use completing with ranking instdastlective completing.

Keywords: manufacturing error, accuracy of measurementsswonr’s risk, manufacturer's
risk, selective completing, completing with ranking

I ntroduction

In the production of parts in mechanical enginegrtheir accuracy is influenced by a large number
of factors, as a result of which it is impossikdeabtain the absolute value of dimension. As altrasu
manufacturing, the dimension of a manufactured igardndom, subject to a certain distribution |13le
tolerance and fit system serves to solve this prabland if the parts are manufactured within the
tolerance, then the resulting connection is comsutisuitable.

However, no matter how perfect the measuring devae be, it also gives the result with some
error. The dimension obtained as a result of thasmement is called actual, and it differs from tiiue
dimension by a random value. Therefore, the agiag dimension sums the true part dimension and the
measuring device error. The measurement taskdbttin the value of the actual dimension, whiclied#
from the true one by an amount that does not sagmifly affect the performance of the product. Tikis
especially important for high-precision parts, simeasuring devices with small values of measuremen
errors are used for their measurements, and spegiditions must be created during measurements.
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For high-precision connections, it is possible Ibtam a fit tolerance within narrow limits bothtae
manufacturing stage, reducing part tolerances, @nthe assembly stage, organizing completing of
connections using a special algorithm. Selectivepteting is widespread, in which parts after measient
are divided into selection groups, and parts thiirito one group are assembled. The author hgsosed
a special completing algorithm with ranking [1]],[&hich is more effective than selective complgtin

Problem statement

The presence of a non-zero measurement error teatse fact that it is possible to transform
suitable parts into defective ones and, vice vedsfective into suitable. This phenomenon causes th
appearance of the so-called manufacturer's anduoosss risks. The manufacturer’s risk refers to the
likelihood that suitable products will transformtondefective ones. The consumer’s risk refers ® th
likelihood that defective products will transformto suitable ones. The presence of measurement erro
does not allow to avoid these risks; however, mesessary to evaluate their values so that thegodo
have a significant impact on manufactured products.

This is especially important for selective compigtiand completing with ranking, because high-
precision measuring devices are used for them{tanchanufacturer’'s and consumer’s risks are adgacia
not only with measurement errors at the limits lod tolerance field but also at the limits of satect
groups for selective completing and getting an itable set for completing with ranking.

Review of Modern Information Sour ces on the Subject of the Paper

In the manufacture of high-precision compoundsnigdrtant to choice of accuracy of the measuring
device [3]. This is due to the need for very acturaeasurements, since the accuracy of the megsurin
device must correspond to the accuracy of sortingractical cases, the situation is further congibd by
shape geometry errors of the parts and temperattoes of the measurements, which become comparable
to the tolerance.

In the most general form - under the normal lawghefdistribution of part sizes and measurement
errors, the problem of determining the percentaigdefects was first posed in [4]. The parametees ar
calculated through a two-dimensional probabilityegral. Except in the simplest cases, the soluigon
made by numerical methods or by approximation.

To reduce the share of defective products, it ippsed to reduce the technological tolerance
compared to the constructive one. Such a techredbdiechnique will allow to provide higher
measurement performance of parts and use simplesign, therefore, inexpensive, devices of cengyi
the dimensions of parts in automated precisionnaisise{5].

It is possible to increase the accuracy of measemésnboth in the direction of increasing the
accuracy of measuring instruments, and by incrgasie number of measurements themselves. For high-
precision compounds, the temperature mode of meamunts is of great importance [6].

To determine the size and shape geometry errdigbfprecision compounds, it is preferable to use
non-contact measuring instruments. This is duéédact that mechanical measuring instruments leads
deformations, which reduces the accuracy of thaltesThat is why optical, optoelectronic, lasenda
other devices are widely used [6], [7], [8], [9]-

Objectives and Problems of Resear ch

An assembly unit may be deemed suitable if theltiaguspacing or interference is within tolerance.
We will consider the influence of the error of thieeasuring device on the accuracy of the “shaft*hole
connection.

The problem was solved for three ways of organizimg completing of parts: assembly with
complete interchangeability, selective assembly asgkmbly with ranking. To obtain the manufactsrer’
and consumer’s risk values, statistical modeling wwarformed. The laws of the distribution of part
dimensions and measurement errors were acceptadraml. Errors in the shape of the parts were not
considered.

The problem was solved by statistical modeling gi&MBA in MS Excel.
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Main material presentation

Assembly with complete interchangeability. When assembling with complete interchangeability,
parts are randomly assigned to sets. Thereforen wingleling, an assembly was recognized as suitable,
which the dimensions of the shaft and holes fét the tolerance fields. The modeling was perforificed
fit with a spacing of @150 E9/h8, the average wsloé the shaft and hole dimensions were adopted
respectively asds= 149.9685 mm andd,= 150.135 mm, shaft and hole manufacturing tolezanc
Ts=0.063 mm and}= 0.1 mm, errors in measuring shaft and hole dimersvaried from 0.001 mm to
0.1 mm. As the consumer’s risk, the percentagestsf that did not match the connection paramethes (t
dimensions of one or both parts did not fall inb@ tolerance field) was determined, but due to the
measurement error, they fell to suitable. As thaufacturer’s risk, the percentage of sets was ohixexd,
the details of which were suitable in their actdiahensions; however, due to the measurement ehey,
were recognized as defective.

Modeled manufacturer’s risR, in percentage is shown in Fig. 1, consumer’s iislig. 2. As
expected, the relationship between the manufacsused consumer’s risks and the error of the meagur
device is traced: with an increase in the errahefdevice, the corresponding risks increase. istisie to
an increase in the likelihood of a mutual transitad suitable parts into defective ones and defedtito
suitable ones. As can be seen from the graphslikbighood of the transition of suitable parts into
defective ones is much higher with the same eifdhe error of the measuring deviceds 0.01 mm,
consumer’s risk i®:.= 0.033 %, then the relevant manufacturer’s rigk.is 0.28 %.
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Fig. 1. Manufacturer’s risk during assembly with compligtierchangeability

Consumer’s risk reduction is paramount. At the séime, increasing the accuracy of the measuring
device, which allows to reduce the risk, for meegpall parts is economically unjustified; in addit,
more precise control requires a lot of time. Themef a two-stage control is recommended: at thst fir
control stage, parts that fall into a narrower mrg dimensions than it is required for the fit are
recognized as suitable, and then the defectives pagt re-measured with a more accurate device@nd s
of them are returned to suitable ones.
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The effectiveness of the two-stage control wasfieeriby statistical modeling. The tolerance field
narrowed from Jum to 20um. The modeling results are shown in Fig. 3 and &igAs can be seen from
the graphs, with the accepted fit, the consumesis (Fig. 4) disappears even when the tolerandd &
narrowed by 7um. However, this increases the manufacturer's(f#ss. 3). In order to neutralize this, it is
proposed to apply the re-measurement of partswieaé considered defective using a more accurate
device. During the repeated control, the measur&meeare carried out with an accuracy two timesdarg
than the initial one. The repeated control wasiedrout with the initial tolerance field. The resubf
manufacturer’s risk are presented in Fig. 5 andaasbe seen from the graphs, the manufacturekhés
slightly increased. The consumer’s risk has remaizero.
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Fig. 3. Manufacturer’s risk during narrowing the tolerarietd
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Fig. 4. Consumer’s risk during narrowing the tolerancédfie
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Having examined the relationships in this exampll & two-stage control, it can be recommended
to establish the accuracy of the initial measurdmeat 20-25 % of the tolerance field, repeated
measurements at 10-12 % of the tolerance fieldevihe manufacturer’s risk does not exc®ad 0.2 %,
consumer’s risk is almost zeraPc= 0.02 %.

Selective completing. We shall consider the influence of accuracy of mheasuring device for
selective completing. As the initial data during tmodeling, the same ones were used as during the
assembly with complete interchangeability. Whertisgrinto 6 selection groups of the same width, the
resulting fit tolerance approximately corresporw§+7 quality.

Connections were considered suitable if their shiadt hole were in the same dimension group. The
consumer’s risk was understood as the likelihootheftransition of one or both parts to dimensiarugs
that do not correspond to their actual dimensiaoluding due to the transition of defective par®i
suitable ones. The manufacturer’s risk was undedsas the likelihood of recognition of one or bptrts
of the suitable connection as defective.

The modeling results are presented in Fig. 6 amd Fi As can be seen from the graphs, the
dependence of the manufacturer’s risk on the afahe device (Fig. 6) is comparable to that whigh
observed in the case of assembly with completedhémgeability. The consumer’s risk (Fig. 7) wiktet
same value of the measurement error is much greearin the case of the complete interchangegbilit
This is due to the fact that the manufacturer’s was obtained at the limits of the manufacturivigrance
field, where the density of the dimensions of thetpis relatively low. And the consumer’s risk vedso
obtained at the limits of selection groups, whée density of the dimensions of the parts is mughdr
and the likelihood of their transition from one gpato another is higher.
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Fig. 6. Manufacturer’s risk during selective completing
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Fig. 7. Consumer’s risk during selective completing

In the case of selective completing, the quantitgimension groups also has a significant effect on
the amount of the consumer’s risk. The more of thbere are, the greater the likelihood of mutual
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transition of parts at the limits of these groups.determine how the number of dimension groupscésf
the amount of the consumer’s risk, consumer’s negiee obtained depending on the number of dimension
groups. The error of the measuring device was On@®2 As can be seen from the graph (Fig. 8), with a
increase in the number of dimension groups, thewoer's risk increases, and this dependence @&rline

As the modeling shows, in the case of selectiveptetimg, the requirements for the accuracy of the
measuring device are significantly higher thanhi@ tase of completing with complete interchangéegbil
Its accuracy should not exceed 5 % of the widththef tolerance field, while the consumer’s risk is
P. = 2-2.5 %, manufacturer’s risk #%,= 0.005-0.2 %. The consumer's risk also dependseonumber of
dimension groups, which necessitates the seleofitimeir optimal number depending on the requireisien
for the accuracy of the connection.
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Completing with ranking. In this case, the consumer’s risk is the compietiha “shaft-hole” pair
with parameters outside the tolerance field. There manufacturer’s risk with this completing raadh

As the initial data, a connection with a fit andasipg of @150 H7/h7 are taken, whose accuracy
corresponds to the accuracy achieved by selectsenably. The arithmetic mean values of the dimessio
of the shaft and hole are taken respectivelydas149.98 mm andl, = 150.02 mm, shaft and hole
manufacturing tolerances arg = 0.08 mm and7,=0.12 mm, errors in measuring shaft and hole
dimensions are equal to 0.005 mm, maximum spasi8g.= 0.08 mm, minimum spacing &in = 0. The
number of parts in the batchvaried from 2 to 50 pcs.

The modeling results are shown in Fig. 9-12. Tlaplgs show the dependence of the assemblability
of connections (Fig. 9), consumer’s risk (Fig. 40§l a decrease in the proportion of manufactupedgress
(Fig. 11) on the number of parts in the batch. &s e seen from the graph in Fig. 9, the assentibad
the batch of connections approaches 100 % alretadly parts per batch. Similar results are obsefeoed
the consumer’s risk and the proportion of manuf&ctn progress: with increasing batch size, they
decrease, asymptotically approaching zero. Thduésto the fact that with an increase in the nundber
parts in the batch, the likelihood of successfuhpteting of parts increases, even considering tio.e
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Fig. 9. Dependence of the assemblability of connectiommdwompleting with ranking
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With an increase in the measurement error from101000.1 mm, the consumer’s risk begins to
grow rapidly with measurement errors above 0.02 men,above 25 % of tolerance field. The modeling
results are presented in Fig. 12. Consequentlymiasuring device for completing with ranking mest
selected according to general engineering standattais accuracy should not be coarser than agéth of
the tolerance.
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Fig. 12. Risks during completing with ranking

Conclusions

1. For the case of assembly with complete intergiahility, the accuracy of two-stage control was
studied for decreasing manufacturer’'s and conswsmesKs. It is recommended to establish the acgushc
the initial measurements at 20-25 % of the tolerafield, repeated measurements of 10-12 % of the
tolerance field. Such values can reduce the comssimisk to almost zero, without increasing the
manufacturer’s risk.

2. The error in measuring the dimensions of paatsthe greatest impact on the percentage of the
consumer’s and manufacturer’s risks during selectiempleting, where the mutual transition of p#ts
possible not only at tolerance limits, but alsthatlimits of dimensional groups.
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3. For selective completing, the requirements tmusacy of the measuring device are significantly
higher than for the completing with complete intenegeability. The measurement error should notezkce
5 % of the width of the tolerance field. The consusrisk also depends on the number of dimensional
groups, which makes it inappropriate to increasentver 10-16.

4. During completing with ranking, the accuracytteéd measuring device has the least impact on risks,
especially if the number of parts in the batch @rerthan 10 and the measurement error compliestigth
standards in mechanical engineering. Therefori,isf necessary to increase the accuracy of predaict
the assembly stage, this completing method is remmded to be used instead of selective completing.
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