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Abstract:
Besides dimensional and shape accuracy, eliatalitg 2 MATERIALSAND METHODS
life cycle of components produced in different wanghly
depend on the quality of the processed surfacereTaee :
some automotive industrial parts where it is imgortto Several surface roughness parameters of two atieeno
have appropriate surfaces. In these cases it isseary to Parts were measured to evaluate and compare the
examine the measurement process for its suitabftityits = measurement uncertainty during the measuremenegsoc
capability. _ - The first part is a roller (Fig. 1), the secondeyip a vane
The calculation methods of capability of measuremengytomotive part (Fig. 2). Both parts were produbgdnetal

_Flj_rhoecr‘zsiﬁg ;Er:;t%gg"gléﬂ?;ﬂsgny nﬂg{ﬁg(j;?mM Sezm\?g , Powder sintering technology. The critical surfaceghness

and the international standard, ISO 22514-7. Dutimg and waviness parameters are represented in théngraw
research our aim was to compare the capabilityutation
methods in a case-study. Ten automotive partstarsen to
examine the behavior of the manufacturing procest ta .

measure the required characteristics of the measune =
process being evaluated. The measurement uncgrtaint

the measuring process is calculated accordingetd/thA 5 ﬁ

Wp5M-Rp8M \/
—_—

and 1SO 22514-7, and MSA guidelines.
In this study the conformance of a measurementgaoc - J

in an automotive manufacturing process is deterchiaad
it is shown what are the similarities and the dédfeces
between the used methods.
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Keywords. Measurement of surface roughnessFig. 1. Technical drawing of the roller with spdcia
Capability of measurement processes, Automotivastrgt characteristics
1. INTRODUCTION s
il
1 R\B/;\/XB
There are serious requirements in automotive imgust
evaluate the measurement processes. The significast- J
|
|
1

called SPC-parameters of an automotive part havbeeto

measured in an appropriate and capable way. Théisant L.

parameters are defined in the Control Plan. The \'

measurement of these parameters is compulsoreifidiu

of automotive suppliers. It has to be verified thhe

measurement process and measurement device iseapab

show the deviations within a specification rangktesl to . ) ] ) .

the significant parameters. Fig. 2: Technical drawing of the vane with special
In this article two automotive parts were choseam8& characteristics

surface roughness parameters are significant; ftrere

measurement capability analysis was performed &uate Measurements were performed using a Mahr-

the measurement processes. Three main calculagtimols  Perthometer roughness measurement instrument WiWM

were used [1-3], and the capability parameters wer250:1 stylus and MahrSurf XCR-20 evaluation sofewvar

modified in such a way that they could be usedasecof The parameters related to surface roughness measuore

surface roughness measurement processes whereattgere were; in case of rolled=4 2.4 mm:=0.8 mm,in case of

only one-side specification limits for the signditt vane:1=5.6 mm, 1;=0.8 mm according to dimensions of

characteristics. Furthermore, the purpose of taéearch is parts and 1SO 4288.

to determine the main factors which affect the raszment In the course of the measurements of the two anfigen

results, and calculate measurement uncertaintyesdhr the parts the following roughness and waviness parasiatere
effects. determinedRa Rp, Wp[4]; R, Wx[5].
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3. MODIFIED CAPABILITY CALCULATIONS In Fig. 4 the reproducibility of the measuremeigs
illustrated. There are large within part deviatidnsboth
In the course of the measurement process capabilitases, and the pattern of the average values ilsimcase
analysis th&SRR% value or the capability rati@),s) can be  of both operators. This shows that the reprodugibif the
calculated according to the automative industridtiglines measurements is good.
(MSA and VDA 5) [1, 2] or the ISO 22514-7 stand§Bdl 30
The calculations are based on the combined standa

measurement uncertainty related to the measurgmecgss 25
(ump) and the specification. il\%/}
In case of surface roughness measurement themnbre ,;
upper specification limits for the special charsstes

therefore it has to be modified the formulaes ire th
following ways:

15

u GRR 10

GRRAo = MP__ [100= (100 1)

1 1

= -x) (U -x) 0s

3 3 gt g .. | T
where U is the upper specification limitx is the mean  "° 7. 5 Place: 5
value. For all calculations a 99.73% confidencerival was ! 9 ! 3 %@%
Used (according to MSA[l]) Operator: Tz Operator: NJ

Fig. 3: Operator and place interaction in the exation of
_k (Uyp _ Upp the roller (vertical bars denote 0.95 confidenderivals)

Qe =y X Tu—-x @)

35

wherek=2, because the expanded uncertaibkysf is based
on an approximate 95% confidence interval (accaordm 30
[2] and [3]).

The recommended limit for thERR% value and the 23
Qup value is 30%. It can be seen that MSA has moret str
condition for the measurement process evaluation. 20

The modified capability index is:

— 6(U - X) 10
Y 3)
3iyp
[1R+] é‘%" |:}\ ) . J}\
It is recommended thatyfs value exceeds 1.33 [3]. . \v~ﬁ’+‘¢f?’ ““4”%'§*n'“}'“'%’
“Part 2 3456 708 910 Pat 2 3456 78 910 %5\%
4. EXPERIMENTS Operatar: CzA, Operator: MNJ

Fig. 4: Operator and part interaction in the exation of
Design of experiments was prepared to analyse thee roller (vertical bars denote 0.95 confidenderivals)
uncertainty components related to the measurentenegs.
Ten parts were chosen from the production proaedmih 25
cases, for the roller and the vane, the measuresmeete
performed by 2 operators in three measurement glace

(within the part) and 3 repetitions were made. 20
-
7
4.1 Experiments for theroller measurements 15 E}({}{ Fof o]
i N F
Two significant characteristiciRp andWp) have to be { 7}

measured in the roller automotive part. In Figh8 tmean
values of the different places and different opssatwith

95% confidence intervals fdkp andWp parameters can be 9%

seen. The results show that between places theréae “’/}ﬁ\ﬁﬁ T

deviations which are comparable with the withincela %\T\f
range. Similarly, there is difference between thverage F"a°911 2 . F"a°911 2 . Igp
measurements of the operators but it does not seene ) =L W
Iarge. Operator, Czh, Operatar. MJ

Fig. 5: Operator and place interaction in the exation of
the vane (vertical bars denote 0.95 confidencevats)
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4.2 Experiments for the vane measurements
Four surface roughness and waviness paramefas (  Table 1: Components of variance for roller|im, the

Wp, R and Wxwere measured during the experiments in significant effects (at 95% level) are bolded)
case of vane automotive parts. It can be stategl @jithat Effect Rp Wp
the place fac_tor has a large effect on the resedisecially in Operator &) 0.00000 0.00000
case of Motif parameter®k( Wj. The mean values of the
operators are similar in casesRd andWp, but differ from Part () 0.00000 0.00285
each other in cases BfandWx This pattern is illustrated in Place(Part) 0.11256| 0.01338
Fig. 6. OperatorPartqf) | 0.04786| 0.00756
a0 OperatorePlaced)) | 0.00817| 0.00874
as Error (¢) 0.04700 0.01442
50 The standard uncertainty of the measurement psoces

and the calculated capability parameters for tHerare
summarized in Table 2. It can be stated the meamne
capability values fulfill the requirements in alises.

| %/

. % Jd [ g { Al Table 2: Capability results for the measurementgss of
?( % ]»} ﬁ} : \i the roller

1.0

2.5

Rp Wp
I N ' M = Ra Upp[m] 0.4643 | 0.2010
1 i A S U [pm] 8 5
Part 2 3 4 5 6B 7 8 910 Pat 2 3 45 6 7 8 910 =l 2 2203 02788
Operator: CzA Operatar; NJ X [“m] . .
Fig. 6: Operator and part interaction in the exatiim of GRR% 24.10%| 13.34%
the vane (vertical bars denote 0.95 confidencevats) Qwp 16.07%| 8.90%
Cwp 2.49 4.50

5. RESULTSAND DISCUSSION
ANOVA analysis was made in order to determine the 5.2 Resultsfor the vane
components of measurement uncertainty. The built-up Four roughness and waviness parameters were
model is as follows: determined during the measurement of the vane.pEnts
ANOVA results show that operators and parts have no
Yig =M+ + B+ Vi) Y AB + Qi) T EGixy (4 significant effects on the measurement results @mlgase
of waviness parameter§v/p andWx for the operators. The
Wherey is the measured Valueﬁ, is the random effect of Components of variance can be seen in Table 3.
the i operatorg; is the random effect of th& part, y is

experimental error. _ _ significant effects (at 95% level) are bolded)
The standard uncertainty of the measurement psoses Effect R W R W
as follows (the effect of the temperature, lingar&nd ec a P X
5 5 5 5 5 5 Part (5 0.00073 0.00000 0.00000] 0.02893
Uwp = J Og ¥0p+0, +0gp + 0y, + 0, ®)  place(Part)p 0.00878| 0.00382| 0.02612| 0.00175

OperatorePartqpf) 0.00123| 0.00476| 0.01090| 0.07139
OperatorePlaced)) 0.00061 | 0.00086| 0.00133| 0.02591

5.1 Resultsfor theroller Error (¢) 0.00207| 0.00211 0.01569 0.23128
The results of the ANOVA for roller automotive par

show that all effects are significant at 95% lesetept for  The standard uncertainty of the measurement progeds
the operator and the part in case of both dependeidtbles the calculated capability parameters for the rokee in
(RpandWp). The components of variance can be found infaple 4. It can be seen that the capability of mieasent

Table 1. It can be seen that the place has langadt on the process in case of Motif paramerers does not Ifutfie
measurement results, as well as the interactiolaseteto  requirements.

the operator.

whered?s are the corresponding variance components.
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Table 4: Capability results for the measurementgss of

the vane
Ra Wp R Wx
Uvp[um] | 0.1127 0.1349 0.2324 0.7383
U [um] 2 3 3 6
X[um] | 0.3480 0.2614 1.466 1.4421
GRR% | 20.46% | 14.77%| 45.46% | 48.60%
Qup 13.64% | 9.85% | 30.31% | 32.40%
Cwp 2.93 4.06 1.32 1.23

5.3 Comparison of the capability studies

The roughness is sensitive for the local envirortnodrthe
manufacturing process (tools or the present stht¢the
process), while the waviness depends on ratherlaifay
factors (such as vibration and rigidity of the mae.

The effects of the operators which are relatedh®
reproducibility of the measurement process are Ismal
comparing with the other variances. The effect tHce
factor and the interactions are important parts tiod
capability analysis of a surface roughness and wesg
measurement process.

To decrease within part variation (i.e. betweeaces)
more measurement points could be examined andglth@
measurement process the average values of thecesurfa
roughness or waviness can be calculated. In caspeated

Two automotive parts were chosen to estimate thgeasurements during the control the measurement

capability of the measurement process. Relativéanee
components for each part can be seen in Fig. Fand.
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Fig. 7: Relative variance components (in percefiitthe
measurement process for roller
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Fig. 8: Relative variance components (in percefiitthe
measurement process for vane

The results show that there are difference betwhen
roughness and the waviness parameters. In case
roughness parameters the relative variance of kheeps
larger than in case of waviness parameters.

uncertainty decreases and the capability of thesareanent
process may fulfill the requirements.

Comparing the MSA with VDA 5 guidelines it can be
stated that the American automotive industry hagtst
limit for the same measurement process than then@eor
the ISO 22514-7 standard.

6. CONCLUSION

The measurement evaluation and measurement
incertitude of surface roughness differs from wisatof
general practice in measurement engineering. Inifsjreg
surface roughness parameters, it is important oichwbart
of the component the measurement is conductedréece
inhomogeneity is substantial, compared to the dauc#y of
measurement [6]. Furthermore the effects of therautions
(OperatorePart and OperatoresPlace) have significaf,
therefore these factors can not be neglected icdhese of
surface measurement studies.

During surface roughness and waviness measurements
modified capability indices are suggested for usthg
generally accepted parameters and limits.
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