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had to face 

ha\'e a 
and 

difficl1ltie:; 

process cap(!.hii-

~()ci(}l ann eCOllOrl1.1C changes 

which 
and more 

~yslelIl ba~ecl on ISO 
t b ('> irn ro clue t in II uf asstl ran ce. 

HUllgar:y- does not behind. this fpi,?:,- yetii' clifferell(,c indicate::: 
significant differencc- El de\-elopnlent. \\7hile the ccnnpanies present on the 
cle"eloPecl markpts ,:1'(' <,hIe to produce qll(lliry the competi-
riYelleSS of HUllgal'iDll 
quali,y. 

The 
of the used Inarerials 
nons therefore 

1:-:: still nor sufficient 

addition to consuuction anet the qnality 
Cll! rhe production process and concE

product ca:'l be obtained onl:-' in the short 
run. mostly by chance \\'ithour the comprehensive knov:ledge and regulation 
of the production pro"f'Ss. the occurring faibres and disorders. In rhe com
I11unisr econolllic-s. the c0l11panies did not bE'canse of che secure and 
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protected markets. due emphasis on the processes. systematic detection and 
elimination of failures. in this 'say on the improyemem of the product. on 
the reduction of losses that i, on quality regulation. 

The appearance of quality assurance systems following quality regu
lation is the next phase regarding quality 'lncl [he basic goal is chat the 
company could produce high quality reliably and on the long run and the 
market should adopt it. TLerefore the establishment of the quality assurance 
system does Ilot guarantee automatic quality imprOYemellt of the product. 
Consequently most of the Hungarian companies should take steps to im
pl'Oye the product quaE ty in adcli tion to est ablishing the quali ty assurance 
system. To achieye adequate quality. traditional quality control systems are 
insufficient. the quc:lity capability and regulation of the whole productioIl 
process is to be impron~d anci it can be achienocl by comprehcu::3iye. full-scale 
application of the statistical methods. 

'T"he abo'·;e facts indicate thrtt ill Hungary. in <lddirion to the introduc-

tion or The assurance s:y·stern. effectiye quality regulation is also to 

be C~rt'aler ati cntion sll(yulcl he TO itcH1S of ISO aoox 

capability and 
In the 

that 
systeIll. 

1 • 

In tlllS 

be so>:ecl. 
\'\·a~· Tnt: 

hayc bCCOII1C 

In01'0 ann lllore 

pro (.'csse~ 

;")l11ce a~ \\"C' ha\'(~ 

all l11athenl~ttical. SrEli:slicc:.L Elcthod::; 

Derts i:-1 this field are fe i ,;:. 

:le\"'~·. art ic les Cl.Ilc1 sTudic:-:: 

cation 

The 
cution of statiStical Illc'rhods (lEd roo1.s 

regulation 
s[a tisrical 

as 

ca~e and the re~ults or the 
isi T h silnilar 

The test "YClS carried ont at a COlllpany producing office furlliture. The 
COIl1 P any 1S to exp ort all part of iTS pr-ill} Cl ~:ily cic-

"eloped. to western markets. a cOlltinuou:-:; . " Increase 01 
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and taking the demands of developed markets into account. 
the C01l1p2l1Y fllanagen1ent decided to introduce a quality assurance systen1 

in acco,'clance with standard ISO 9001 which is being set up just no\,:. In 
C01lrSe of imrodllction rhey soon char the establishment and op

to Letter 
IllaClllIlts 

assurance sysrenl ill itsplf does not aUT0111a fieaIly lead 
this "vay pay great artenriOll to the r 

or 

processes and TO the regulation of pro('es~es. 

et result of the ::;0 far - failure 
of nln chine con clition.~, ere . 

statistics and ~~BCi 
failure 111aps. 

dealt \~:irh etc. ate: . Since 
characte:::13tics IncasLlrn!)l(, on rnacnlIlf'S 1,('.£,. racIie:l 

failure of ITlachine Table. eTc.) no or litTlE 

lna< .. hinc 

150 60 rEm cross "eClon ,md ,j() 

experts df:Tf'rnljllt-,d t~.y() (~:iric(:l size~ on rlH' 
111111. the grr:~atC::;T le!Htrh ("tlld 50 InLl. the 

11l(:Iltionecl rhclT Tar 
no :r:eg-

r he accuracy 

. in addition [0 rhe lTleaSnrET!.1('llf (le-vicC'. is inTIu-
('need the envircHl111ent. the applied rncthod. the person. erc, 
Therefore. before machine capability reSI repeatahility and rE'producibility 
(R&:R) analy:::is \'\'a;:; carried OUt TO control the accuracy of The 111f'aSnrC

Inellt lnethocl, 

1. R&R analysis 

Repearability of a measurement method means that in principle we should 
ahvays get the same result if tll(~ same person measures the same size sev-
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eral tilnes. 
. . 

tilt- lll(;(t~lE'(~:llCllj":-; UllCLf-'l' 
, .. 

COIloltl0ns. 

each other to ~lnallcr or greater e:-,:teIH. 

.:-:;y:::tClll cUld its 
sysrcIll. .'~llother basic 

Illet hod is rhat the llleasurClllcnt l'('~ult should 
son carr:'.*ing out the lneasur'elllent. If differcIlt 

" 2 

384 

l~ et feat nIe of tilf' 

component by the same get al-
11lOSt identical) yalue. the 111easurenlent nH~>tllod can be reproclucc:d. TIH" 
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abo'\-e rv;o features that is reproducibility and repeatability influence 
the accuracy of the rneasurernent systeln. T'he rnagnitucle of these COIUpO

llellfS can be f5tin1Clred by planned and C'ornparing thenl '\yith 
the extent of the fluctuation an10ng the DleasufPd C0111ponents. the accuracy 
of the Illeasurenl(:'nt Il1erhod or the 111c:gnitucle of the failure CCi1.:sl?d the 
nlea~l1rt~nlenT ~ysteIll ('(111 be e'vaiuated. 

T'he Il1easurenlenrs v¥'ere carried out by rh:ree persons for the test \V1 rh 
Cl 0.01 mm 

1. 

.) .5:).:2B677 

. , 
:)~).2G5·56 .) 

.5.5.:29 H·) 
'i -'j5.:2,j-1-1·l 
(j '5.5.:2(iOOO 

'5·:;.:30000 
, .. .):'i.:2() 111 
D 5.5.:25889 
10 .):''> .19·1·1·) 

gaugc'. 10 cOIllponents h<tve been chosen and a.ll 

O.0:2liiG7 ;j.~,.~:3 

O.()(]()'i",6 'i'i . 
O.O:29j·j·j .l:).22 

-O.OlO:;.5(i :")5.18 
O.00'500(J .5.5.n 
o .0:3'i000 'i.5.:2·1 

-0.00:3889 .5'5.19 
-0.00611 1 .55.11 
-0.070.s51i ')5.1·1 

of the ten C0l11pOnents. 

IYle(J::-;ured 

chltr: ~,~,·ere (Y\"ailable for 

5.5.:):3 

;35.·1·) 
5'i.:29 
'i5.:29 
.55.·1:3 
'5~).:29 

5·5.:30 
5·5.:2G 

of the 

0.029.580 
0.0:36094 
O.OG·105:3 
0.0:3~}.s82 

0.02.')000 
0.06041.) 
0.0::J:3:3:3:3 
0.04G·18.'3 
0.O:3liOCl·l 

III t2H~ of the to blc:.; the ayerage and experienced standard cle-:i-
atioE of aE the data tire- ~rhe C01UlTll1 of difference ShO\\"5 the difference 
herv:ecll the ayerage of [he line or cODlponent) and the aycr-
age of all the data. In general it is difficult to recognise the characteristics 
by comparing several numbers in tables therefore graphical plotting is use
Illl. First let us see '.':hat is the difference among [he people carrying out 
measurements at the measurement poi=lts (Fig. 2). 



30 J. ERDEI 

55.33 

0'0.33 

55.34 

55.32 

0'0.:.:0 ... 
55.28 

ill 

~ 55.26 

~ 
E6.24 " 
55.22 

55.20 

:5.5,"18 

55,"16 

::-6,"1 ~ 
5 s 

P.;:rts 

2. of lllt"asurelnent~ at iIldiyidual IIl('ct:illrelllCIH 

T':lC result IS 

G[l~~at c:t -fir0L ':;lght' The 

Ineasured 
\-alues llleasurecl at 

call 
of lincs should be silnilar. T'hi~ is UnfOl''::Ena 

re:--;ults bec(~llse 

11l(:Z-:Sll rCElt:Il t:3 res nIt 5 Yi,:ould 

Let us Set' if the forIller 

IneasureIllfllI conditioll;), If 
clata \\~ill not or 11lO:::t v:ill liUl fall oUtside 

\1,;hen they are 

extent card 

on control c::"1.1'c;':::. 

to P,:TSOIlS. 

marked by dashed line 15 0.15-1 mIn. It 15 

O. Feri 

is Oll tside the lilnit and another one 13 yery near the lirni t. It il1ctic ,J Ies the 
irregularity of the IlleaSUrelTlellt process. These llleaSnl'Clllents 

differ frOIn the other results do nor C0111(, frOIll idt":':lltical ILulti-
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= =c '--~-~---~----~---------~~~~-'-' 

the 

error. insll.mcienr TIT-

TIU('iu(.ltlon 

d(~\·· ice. ~10\~,~ 
. " 

(~arrlt:'S l)il[ T~li' 

('()n1pnll~' 

The n concln-

The rhe indicate rh(> 11ldiviclu(tl rneasnrCIllents. that is 

rhe difference of rhe indiyidnal llH'(1S111·(,111CnrS 1"1'or11 the R;:erage of the data 
COlnponenT. LeT 1':3 see the firsT (upper left) poillt 

ya!rle is -0.00-:1). T'his poinr is rhe differ(,~lCe of one I11CaSUrenlent of I\:. Zsolr 
on The firST cOlllponenT (50.27 rnrn) 11'0111 The (lye-rage of all the data rneasurecl 

011 This (,OIll})(JllCllt (50.27-1-1:-1 rIlll1). The oTher PA·O poinrs linked hy ~\·ertical 

line indicaTe the rC'sillts of I\:. Zsolr on the sarne C()l"npOIlE'nt The points 

linked hy the npXT yerri(~al line are the data of T\:. Z501r'5 IneaSllrelnents on 

rhe :2. cornponeIlT. and so on. Since the ycrrical line links the resulTs of one 

ppl'son llle(l~llred OIl the sallle cornpnIlt-'llr. the 11 of the line indicates 
Rccnrary. repeatability. The n1easnrerneIlt;") of the indiyidual persons are in 

et The dashed linf' in rhe rectangles indicares rhe i\\"erage of rhe 
indiyidual person::; and the height of the rectangle lIldic('.tes the yariability of 

the nlca::;llrClnent~. In the case of pprfc'ctly repeat;lhle llleasnren1eI1ts all the 
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R&R analysis 
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Fig. 4. R k R anaiysis 

be yertical line and in the case of nc,rtpr'~ 

of the operators v~-oulcl be identical 
be identical and their aVf;;l'ctge (clL~shed line 

=\ow let lb 

of the 'boxes' 

OUl.' result;:;. _~:) it is visible the 

person::::;, The 
1 tne 

does 

tuation 
see S. Zsolt 
cleterrnined 

. the 

IneaS11.renl.ellts. It is clear 
difference anlOIl~ 
of Tlle .,,:erti('al lines IS rC-la 

the other tv::o operators the 

in the total :fluc~uation. 

r heIr; 1l;ould nor 

The comparison of the uf nuctllation can dt:terIlline 
1 tne 

proportion or failures IluIIlerically. Resulting fro1H the type of the te5t. to es
tinlat.e the extent of fluctuation caused by the failures. usually the standard 
de...-iation estilnatecl 1'1'0111 the extent of the patterns and not the COITected 



cliSTl'ihu Tioll 

of ("xr en t:-:-: 

hl("~'s 

frOI'll rhe (laTa ha:-;e 

If eXTents con1e 1'1'0111 identical 

• .1 I' 1 
f'STIIl1.ate(l 11'0111 tne 

l~ III the t2t-

The :nea~urernenr ::;Y;-':!f'I11 on 
The detin i T ion of t h(-: error of I'C'-

~t(lnd(ird deviation of 
" 01 repl'o-

and 7 \verf> (t!rc'acly excluded 
in thi~ \vay 

also rlli;:; t1nlC'. the other data on control card. there is 
no ,:aIne uur:::ide dlf' interveI!tioTl lilnir thereforc' standard cLe,,-iation can be 
r-::.:riUlafe(l f;:01l1 the of extcnt. 

OI eXTenT: = 0,1131.) mm. cl'] = 2.91 

Estin12tioD of sutndard df-~:i(:tioIl: 1J)'(p+rcprc == O.1137D 0,0383 

= O.()Olci6i 

O,001-±6i - 9.i-±!;:;, 1 0- 1 ci.92l.l 

The error of reproducibility: 100 -±.921.1O-·1 IO.00169,S 
29,OS:( , 

In this 'xay our are proved also numerically. The results 
~uppon the earlier a5snmptions relating to the analysis of Fig. 4. The error 
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of reproducibility is really sma:ier than the error of repeatability. about half 
of it but it i~ stili quite big. This measurement method is not suitable 
to analyse machine capability. The error of measurements is wo big. the 
data from machine capability tests would be highly unreliable. There is no 
exact specification for the "ize of the acceptable error. it depends 011 the 
test eel cllaracteristic. rhe measurement conditions. possibilities. the quality 
requirenlcnts a:ld naturally on costs. etc. ~~s Cl feq uirelllen t. ho\vev"er. 
it can be stated that Tile TneaSUl'elnent systenl can be regarded as good if 
the total measurelllent error is not bigger than 10(;; ;me! is still Clcceptable 
if the erl:or 1:-:5 heluv-: 20 1

;"(. III our case ouly the error of ICIH:a t et 1:--: OYe'!' 

50 flf . 

_-\norher llH:o.:")ureElcll: 1:3 to be elaho:'ated. Tht, «()nclll~ioIl 

1:::: v,-rung llor 1)(:( et U~(::: of 

iT 

taken. TIg 

the the IneasurerllclltS hayc 
C:arrying out the calculations. the error of rcpea 
that of reproducibility i5 l.i5(/[. The 

IS III this v,;ay the extent of lllcasuren::.cnt error 



2. ~~v"Iachine 

R 

n1'(")(111(,1"1011 pro('e:-:s is ~r~,tble i r'~'f!

or process. ho\;:,:cv("r. 

or heT \yorn:-; \1:her h('~: the capt: hili ry of l ht: process. 
expecl<1rions. lE 

or El(1chine is 
v,:i thin r he lions. QUR li ty 
queStlOll. C~ualiry capahility analysis III :(1C[ betS tv,:o types: Inrtchine capa-
biliry and I)rore~s capahility 

, 
Z:11C1 proccs~ capa 

:\Iachine 

Statistical rnethOcls llsed for illachi!le 
are El faCT identical. T'he difference ber'v;een 

is carried out on 0!1e n1achine or operation. 
The Ineasured p(~ranlf:'T(TS (characreri:::.tics j ·,yhich are used to 1l1f'ClSnre capa
bility should indicate only the changes which are caused by the machine 01' 

the operation and not those which are caused by another pan of rhe process 
machine operators. procedures. materials or the e:n·ironment). D1.lr

machine capabiliry re:;, v;e try to reduce or hinder the challge~ of these 
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factors 
\vith the ::3(1111t' illpnt llHltel'ial. etc.!. In i.H1ditioll to 

al~o useful 

try 
it 

conditiolls. data co:lecrioll lE 

al the cnd 

of tiEl{' lS 



all data 

thaT there 

do :10\ differ 

Width [42rnm] 
fore-part 

2.;1 02.2'5 
2.31 222 
-is.53 
JUS 
lEiAZ 
,U7 G.E24 
1.£2 a24! 

at the 

all rhe 1;"50 

di;-;;rrihutioll _ and thf:' 

(lisrrihllfioll 21. The rc~ulrs of the TeSTS indiC2tTC' 
('ITO!'!::-: 1 ill rhp I)ro('c~s v:hich ,\yonld 

ic:-;r 11 . ...; (:Ol1J.!)(1re d}(' .r..:t'-undnrd deYif.1rion~ nr;-:r 
To 

~raIldard deYiatioll~ F tt·-~r ('(lE he USC'(l. T~lf' TI!lal ff:sr:.lr of rh(:) calculations 

on If·\~eri is ill S. 

In the case of rLu:"> [1,';0 te:-:tcd ('h(ll'acrerisTic~ the standard de·\/iarions 

and The (1\:erC.ge (ire icle:ntic~t1. [har l~ there i~ 110 differencE:- het\yccn the data 
nlcasurecl at the 1'1'0111:" ctIld the ('01l1t' frolTl identical basic 111ultitude . 

. The [\\·0 data aggregates can be 
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Width 

Hest 
Width Height 

the DaSl:-:: 0:::: ":2.:3'. \Yf' TLat 111 0111' ('a~e rhi:) t-::>:pecI<lrion .. 

has not been Illet '.yirh c:lly rll£' }>(,tl'<ll11ct{-'r:--:. E\"e~l the- \-(1iuc.' n:' illcle:<c;.:.; 

are sDl(1Jler than one allU bCC(lLl:;C of rhe :::hift of the l11C(l12 YallH. ':aluc'::-: 

of C'nd~ are eyc'u ::)llledlcr . 

. -\.norher. 
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width 

tS 27 36 45 SJ&- &3 72 31 90 99 WS '111 125 135 

pion ing . This is also an ('a~y. am:iysis method. the essence is 
on ."o-c<illed normal papPI' or Gauss paper and 

graphically show,:, hOi'\" the straight line fitted on the 
theoretic"l di:,trihlltion _. is compared to the limits. 

11 clnd 12 ::-;h(y\,: the of the tiXO char2cteristics \ye tested on 

C;allss p2per. 

Ln ns see fir"t the location of the points. If the data come from nonllal 

distrih\ltion. the poiI1i~ a straight line. The character of the 

distrihlltion v:as aIread;: ~r('l.ti:-:;tical rest but the indicate 
that the in fact are along :1 ::.:tr<;ight !ine. The cOlllparison of the 
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10. Statistical c~ara 
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11. Gau,,~ paper plotting of width clate. 
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12. C;au::;s paper ploTting of data 

of the lin~ \yirh the> tolerance \yi11 lead to resi.dts identical 
i::::ith our conclusion rh~lT is rhp Il1achine does not Ineet the specifications 

quality " III the case of suitahle lllachine c2pability the 
straight linE' should 'fit into' the =4G range before rhe intersection of the 
tolerances. IT is fulfilled neither in the case of v.-idth, nor height, in fact they 
'fit' not even into the ±3o- range. Both characteristics sho\y that the mean 
value (the intersection of the ;SOC;;- line and the straight line) is nearer to 
the 10v:er limit \;;hich indicates the shifr of the process. Con~equently, the 
probability of falling below the 10v;e1' limit which is clearly indicated in the 
figure, at the intersection of the straight line and the limit - is big. In the 
case of width it is about 209( while in the case of height is smaller, about 9%. 
Obviously, the shift of the process has primary role in thE' great probability 
of falling outside the limit. The figure 5110\\'5 tha t follow ing the elimination 
of the adjustment error if the straight line is shifted to the middle the 
production still does not meet the expectations, the probability of falling 
outside the limit (no\\' aboye the upper limit) is OWl' 4C;;- in the case of 
height and about 1 c;;- for \vidth and they today. taking into account quality 
requirements. are regarded as high. 

At this phase of the analysis '.'I"e have to falSe the Issue of measurement 
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methods and tools. The shirt or the process - that is the location or the 
mean value under the target value - is related to the use or the callipers 
gauge applied to check the adjustment. The measurement or the distance 
betwep!1 t'so opposite. -\,,-ide and Ilarrow surraces is uncertain especially if 
they are not exactly parallel. lE this way using a callipers gauge there is a 
great chance that the operator will measure greater than the real distance. 
It seems to be the case in the case or data recording with measuring gauge 
folloY';ing acljusrnlent. 

The probability of faliing outside the tolerance in the case of good 
adjustment requires the supervision of the machine condition since the type 
of machine should ensure great acc,lntcy in the case of good condition. 

55.2'15 

55.147 

55JJ7B 

55.010 

5~_B73 

51.30S 

54..73& 

Cor:'!iH!ted test yalue 

> 

test :;;tati.stic la2:'ger than the critical V.a1U2, 
null hypothesi.s is l:."'ejecte(l. (Sign.ley.=O_ 05) 

0:.) nUll I 

65 &Z 10 

Fig. 14. Graphical plotting or data (Height. 55 mm i 



3. eated Machine Capability Test Following Overhaul 

On the basis of the condirion of the smclied machine the manage:'s in the 
decidpd about The oyerhftul of fhe 111achinf'. Follov,~ing the overhaul. 

Il1E1Chine rest \yas carried the I' 1 
01 tne 

rhis second te"t 70-70 
. , 

rneaSllren1E:Ilts ~~,~er(' CalTH~(l 

of rhe corrlpnnel1T. on the CCHllpOnCl1ts 

rhe !ll(~(hlnE one 011('. The V:cty 

the Ollt:' described 2'lho':c. The resnlt 

LSL 
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t~~,r_ O.OOi/( 

(trn 

Cmk 

7:~).71 

9,8.57' 
O.itN 
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It IS clear that rrH' Int"llC(:lor of ll1achine capcilnilty {C'n? ') doe~ not 111C(:'T 

-±(i ltS ~\'alne is helov.· 1. EYen the v.~orse value of C,'rnk indicaTor 

:fiye dcttn helo\': fI-le 10\\"0'1' [01er8.11(,(:'. ITlost probably 'responsible' 1'01.' 

the poor result~ 'do 1l0~ fit into' rhe other Illeasured \*alues v~;hich aceorciing 
caUSed by llleasu:re111Pll terror. 

SinCt? thes(~ Inei:l~1:1't:>lnenr 1'(:"5n1ts are :10t charc:cterisric of the p!:oces~. 
rhese D:\"C \YE're excluded frOIl} the data series naTurally keeping in 

lllind the Ineasures \yhich rnight pre\"ent the occurrence of sirni1ar cases 
tests were carried out again \yhich this time prayed that they come 

from the normal distribution of c!Rta. The results are gn'eIl in Fig. 15. 
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14 0.215 14 
16 0.225 14.6 1.31 0.123 

Co~ute:d test value Critical.. yalue 

KhF = 1.791 < KhF = 7.75 

Fig. 15. Fitting test rnilln'.Yln er 

tua Lion 

thl' n"\;e clata. nleaSUrellle1.~t l'c~Ull::-; \;-~T~' takcIl 011t or The 

data serIes ~~Yhi(:L call Le artrii)1ltt,d iO e:<ll'<:.()rclinary i El our C(1;::'(-' llleCt~Ul'C-

Inent) e1'1'o:::. iL rhi:-3 V;C1Y 

The (oncli t ion 
sc,,reral orders of 

the or her ~lallcl indical"es tila r 

the case uf' both lllea~ul'ed chal'acterist:c:3 the proce~s fluctuate:) hCi\YCell 

the n0111inal yaluc and the lo'\yer Tolerancf'. C'onsequelltly_ the indexes C'jJ/),. 

lneasurlng the real ance 01 the process. record poor yalues. The 
error of adjustlnent call be traced hack to the Scllne rea.sOIlS -,7,-11ich ',YCTC 



sta ted during the first capa bili ty test before the oyer-haul. 

55.215" 

55.147 

55.07B 

Fig. 16. Graphical plotting of data following exclusion (Height. 55 mm i 

ust 
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7. 

f.2.17B 

-iz.t}% 

!2.0SZ 

42.010 

]\i r. of data 
AYera£e 
Std. dey. 
6* std. dey. 

I Minimum 
I Maximum 
Range 
below LSL 
aboYe DSL 

i x±ls 
I x±2s 
lx±3s 
ICm 
ICmk 

13 
18 
iD 

KhF = 2.115 

J. ERDEI 

U33 
0.208 
OBl 
0.182 

70 
41.892 
0.028 
0.169 
41.84 
41.H 
0.13 I 

4.29% I 
0.00% 
58.57% 
97.14% 
100.00% 

1.331 
0.370 

3.3 1.87 
145 2.52 
16.! 3.34 
12.1 7.62 

02 
0.173 
0.20£ 
O.5~1 

< KhF=7.75 

t}-,.e test ztatiztic :ilJ zr>.aJ..ler th..an t'P.e Cl:-:i.ti.CaJ.. yalue, 
the n:uJ.2 h.:rl~othe.si.z; iz ~cce:t?t;:;:d, !,Si.gn.l.e¥. =0 _ 05 t 

1 S. ni();-;-l1lO" uf data 

'Of 
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