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Introduction

Multiparameter mechatronics product defect level
nonlinear transformation models in continuous quality
control, evaluating separate parameter and the whole
product probability characteristics also first and second
type errors, when products are classified, described in [1-
4]. Electronic device [ED] quality level probabilistic
models, expressed through separate  parameters
probabilistic characteristics, when defect levels by separate
parameters are characterized using beta densities described

in [5-8]. ED quality level directly transformed
probabilistic characteristics models, dependent from
different parameter probabilistic characteristics

transformations and controlled parameters nomenclature
variation, when all condemned ED are repaired
immediately after control operation and returned for
repeated control with localized repair operation, for fixed
second type classification errors by different parameters,
has been designed. Linear transformed defect level models,
for different parameters [9-12] are found and used for
control system functioning modeling.

Initial models

For further analysis, we use defected ED probabilities
by i-th parameter & and also good ED probabilities 7=1-6,
characteristic models [11-13] used once more, when &
~Be(b;, &), ri~Be(b;, &;) — beta laws with parameters a;, b;,

where E&; = y; =&

, Eny =1- 14 = pj — averages,
dj +bi

=Vp; —dispersion s,
ai +bi +1 "I P

0i(6)=B"Y(a; b 0¥ -6 P,
(ﬁ(’?i): gi(l—ni)— densities,

when

I'(z)- gama function.

— beta functions,

‘
For all £— parametricED n =[]#;, 6 =1-n,E, =
i=1

!
~a=[1m E0=p=1-7.
i=1

Dispersion by two  parameters (i=1, 2)
Vo, =ofy =of i3 + o5 i +0fo3.

Then link 0122 with 03?4 or 0—122 with 0—32 etc, until
6% by all £ parameters.

Distribution functions ®(7), G(6) and densities ¢(7),

g(@) for all electronic device — by [13-15].
Common linear transformation models

Analyzing defect level & linear transformation to
defect level 7 (Fig. 1). Single-stage control K with
localized repair operation R is characterized by second
type error probability fSr; — in operation R.
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Fig. 1. Single-stage continuous control schematics

If Sri=const. exists and ED repeats (“spins”) through
these operations, until all are recognized as good (first type
errors probability o;=0), then both operations K and R are
characterized in generalized probability Sy [7]
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If control system is made of k serial stages, then for
all system by i-th parameter we get (when every stage is
characterized Sy(j))

k
Poi =_Hlﬂm(j), j=1-k. )
J=

After control K defected ED probability z and good
ED probability {i=1-7 by i-th parameter are equal [2]

7iBoi6 » Si = B + PBoirti B =1 Poi - @)
Averages and dispersions are:
Eti = uy = Poiri» ECi =1y, =1— 1y,
(4)

2 _ 2 2
Vi =V{j =0y = ;0

Beta densities g;(6; ), ¢;(7;) after control by [13-15]
transforming to generalized beta densities h (ri)
and ¢;(¢;) with 4, & variation interval 7e(0, fy) and
Ge( B 1)

B~ Y(a;, b)
ﬂa,+b, -1 i

hi(zi)= “(Boi —zi P17 7 (0, i),

®)

sl B )( P -AP G e(Ba).

,Ba' +bj -1

For all ED probabilities z and ¢ general digital
characteristics after control process are

l
Eé’:Hﬁz’i =ur Er=p =1-p,. (6)
i=1

By two parameters (i=1,2)

VT12=V§12=G,2 =02ﬁ +ofus +olof . (7)

Later crfz is found analogically (connecting) like o2,

If j-th parameter during control process, je(1-£), is
not checked, then fy=1 and 5=8, hj(7)=0;(4). Stochastic
value 7, ¢ distribution functions H(z), cb(g) and densities
h(2), ¢(¢) are analyzed farther.

Electronic device, when £=2. Stochastic values ¢ and
Twith error probabilities Sy, fo. Varies in interval

¢ e(Bo), 7€(0.5); ®)

here B = BifBo . o =1-Po. Bi =1-Poi, i=12.

Value ¢ =¢;¢, possible values range ¢ e (51/72 ,1)
in coordinate system (<3, &) is a rectangular, restricted
with lines ¢y =¢5 =1,¢, = 1,¢5 = B> (Fig. 2). On the
tops of the rectangular ¢ gets values $,4,, f./f, and
1. When f3; # f3, , indicated ¢ values on rectangular tops

divide the whole ¢ variation interval to 3 partial intervals
dependent on transformation coefficient ratio o/ fos.

When o</ ([771 > 32) we get S <{ <,
Bo<S <P, B<¢<l.
In partial intervals, when

So<for, f3 alternateswith B,. In particular case, when

Bor=Por=Po, We get two partial intervals B2 <¢ <,
Bi<¢<1.
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Fig 2. Functions &(¢) integration ranges: 1) — fou=fw; 2) —
LPor<Poz =1

In particular partial intervals, function ®(¢) models
are different, dependent on integrate interval (Fig. 2)
Functions ®&(¢) are expressed using two-dimensional
defined integrals.

Y11 Y12 ] )
= 1(yoi yai)= | [er(G)pa(62)dg2d¢1,i=12 (9)
yo1 Yoz
Densities ¢(¢) are expressed using single-
dimensional integral
. . )’11
1" = 1"(yor, y11) = f—%(§1)¢2[ ]dfl (10)
Yo1 é/

Here ¢;(¢i)- as (5), and integration range depends on
Bor/ Poz- UsING Yo1<1<Y11, Yoo<Er<y1o We get:
1 case: fio1 = Poz = Pois Pr=P2=Bi-
L1 BE<C<Byu=B yu=</Bis Yoo =B
Yiz =¢/¢1 and ©(¢)=1, pl¢)=1".
12. fi<¢ <1y =¢, yu=1 yor =¢/¢1:
yiz =1 and (¢)=1-1, ¢(¢)=1",
2 case: o1 < Poz, P> Po-
21 BBr<C<PBot Yu=P Yu=¢/Bos Yoo =B
Yiz=¢/61, DE)=1=1p, S)=1"=13;



22. Bo<C<B You=1. y=</B. Yoo =Po;
iz =¢/¢1, (&)=1-1, ¢(¢)=13-17;
23. B<¢<lt yu=¢.yu=1l. Yo=¢/4;

iz =1, ®(¢)=1-1, 9(¢)=1".
For further analysis we use only the case when
a;=a,=a;, b;=b,=b;, so the case when [£y,<f; equals to the
2nd case. Analyzing the most simple g;(&) case [9-15]:

ai=bi=1, gi(#)=1, 9()=-In(1-6).
We get: 1 =1/2, 62 =1/12, u=3/4, c* =7/144;
#i(6)=0(r)=Ybor. i elBa). 7 e po);

1* —1 yllﬁ:—l |n&

" Borboz yoo 61 Porfoz Yo
Using densities models
1. for=Por=Poi:
In[t/1-7)] 70, o).
h(r)zﬁ it v (Boi fo), Bo =157
ol B

2. Bou<poz:

In(t-7)*, r€(0 foy),
Y By, 7 e(Bor, oz),

In%, (o2 Bo). Po=1-BiBe.

h(z)

1
Po1Po2

In partial case, when Sy,=1 (the second parameter is
not checked), insert S, =0 to common models (with

Sor<fz) and find h(z/ By, =1),7€(0,1).
Transformed densities approximations

In the same nonlinear transformation case [1-4],
densities h(z) are more useful to approximate more simple
models for engineering analysis. Using single-parameter
model [9-15], we use generalized beta density h(7)

“1s* p*) & x
(,):ﬂﬂ)ra py-1P 1re(0,5) ; (1)

a*+b* -1
5o

o e | Helpo-) | o :[@_Q X
,BO ,BTZ He

a“ -1
™M= -
a +b -2

h

o

here

a

and mode

With maximum hy=h(zv) valid formulas:

*

a 2 H -b*
Tr=ﬁ0ﬁldr=ﬂo=( v

a* +b*Xa* +b* +l). (12)

Distribution function H,(7) found using programmed
methods.

In partial case, when one of the parameters is not
checked, h(z) becomes beta density, because ze(0,1).

Mathematical realizations, £=2. aj=b;=1.

L Por=/32=3/8=0,375, [3=39/64~0,61:
pe =3/16, o7 = 3/256, 1, =0,3398, o2 =0,01561,
a*=2715, b* =2,153;

-1
64 InL-z)*, 7 <(0,3/8),

U7 0| S0 < 3969)

1153
h,(r)=79,7 rljls(% - ‘rj .z (0,39/64);

Mo = 0,364, hy, = 2,787 ;
2. Lor=114, Bo=1/2, [=5/8=0,625:

Hey =18, pp, =1/4, 0'121 =]/192, O'Tz2 =1/48;
u, =11/32=0,3438, 52 = 0,019 ;

a*=2,250,b" =1841

In(l—r)'l, T€E (0,],/4),
h(r)=8{In4/3=2,302, r (1/4, 1/2),

InE(l—r)] (2, 5/8),

0,841
h,(r)=26,95 71'25(2 - Z') ,7<(0,5/8),

™Mo = 0,374 ’ hMG = 2,465,

3. Po=1, pu=1/4, 7<(0,1)
Hey =1y =Y2, 07 =0F =112, p, =05625,

02 =0,06554, a* =155, b* =1,205;

p gy g2t e 0,y/4),
h(z/ oz _1)_4{|n4/3=1,151, re(l/4,2),

hy(7/ o2 =1) = 7095 (1- T)O’ZOS, re(0,2),
Mo = 0,733, hyy =1276 .

Density values for both cases are shown in table 1
and densities are graphically shown in Fig. 3 and Fig. 4.



Table 1. Densities: £=2

Var. Poi Density values
r 0,05 0,15 0,25 0,375 0,45 05 0,55 06
L Bofoe=3I8 |y 0,365 1,156 2,046 3,342 2,433 1,755 1,006 0,169
ho(7) 0,240 1,256 2,273 2,783 2,438 1,893 1,102 0,152
12 | pu=1/4 h(2) 0,410 1,300 2,302 2,302 2,302 2,302 11459 | 0516
Buo=112 ho(7) 0,400 1,345 2,088 2,465 2,293 1,971 1,445 0,640
for=1 r 0,05 01 0,2 0,25 05 0.9 0,999 1
13 | po=1/a h(2) 0,205 0,421 0,893 1,151 1,151 1,151 1,151 1,151
ho(2) 0,376 0,511 0,778 0,868 1172 1173 0,495 0
h(2),ha(z), 9(0).9(&) Bo=114, fo=112 . _
4 = h(7),hi(7), 9(0),0i(8) 1var.: a=h=1,i=1,2 ©
4
hy(z) 2]
hl(Tl)
3 =4
3__
ha(7)
2 7’
7 2 /{\
90
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y A //
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Fig. 3. Two parameters, i

Po1=Foz

1,2.

Densities: ai=bi=1, So1<Bo.

Fig. 4. Two parameters, By,=1. Densities, when By=1/4
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D. Eidukas, R. Kalnius. Two-Parameter Electronic Devices Quality Models // Electronics and Electrical Engineering. — Kaunas:
Technologija, 2010. — No. 7(103). — P. 3-8.

Continuous control main probability characteristic modeling methods for multiparameter electronics devices has been made, when
separate independent device parameters defect level probabilistic distributions are “a priori” known. Defected devices flow in control
operation is targeted to localized repair operation in this stage, then devices with second type errors goes again into control and “rotates”
until all devices are accepted as good. Second type classification errors probabilities (defect device is accepted as good) in control and
repair operations are described by one generalized error model, which is used in linear defect level transformation by different
parameters. For all device defect level transformation, defect level transformation by different parameters is used. For all defect level
transformation, defect levels densities by different parameters combination, is used referencing by transformation model. It is offered to
use approximated models instead of exact whole device defect level probabilistic density by different parameters, described by beta law
density, because it is the whole model and the exact defect level density is expressed by many different models in every partial interval
of integration. This method simplifies modeling procedure, without decreasing engineering analysis accuracy. lll. 4, bibl. 15, tabl. 1 (in
English; abstracts in English, Russian and Lithuanian).

J. Jiinykac, P. Kaapuwoc. Mogequ JuHeiiHOil TpaHcdopMaluu ypPOBHSI KadecTBa MHOromapamMerpuveckux wusgenanii //
DJIeKTPOHUKA U Y1eKTpoTexHuKa. — Kaynac: Texnosorus, 2010. — Ne 7(103). — C. 3-8.

IIpemnokeHa MeTOAMKAa MOJIEIHPOBAHHS OCHOBHBIX BEPOSITHOCTHBIX XapaKTEPUCTHK CHUCTEMBI  CIUIOIIHOTO — KOHTPOJIS
MHOTOIIAPaMETPUIECKUX MEXaTPOHHBIX M3AENUH, KOrJa “anpruopu’ U3BECTHBI BEPOSITHOCTHBIE PACIPE/eIeHHs] YPOBHEH 1e(eKTHOCTH
OTZAENBHBIX HE3aBHCHMBIX MapaMeTpoB. [1oTok 3a0pakoBaHHBIX M3JENHI IOCIEe KOHTPOJS BO3BpAIIAETCsl HA JIOKAJIM3UPOBAHHYIO JUIS
JAHHOTO JTala OIEepalyio PEMOHTA, IOCIe KOTOPOH OTPEMOHTHPOBAHHBIC W3JENMsS MOBTOPHO HAIPABISIIOTCS HAa KOHTPOIb IIPU
HAJMYUH OIHOKH BTOPOTro poja (aedekTHoe u3aenue Mpu3HaEéTcsl TOTHBIM) M TOBTOPHO MPOXOAUT BECh LIUKII, TIOKA BCe 3a0pakoBaHHbIE
¥ OTPEMOHTHPOBAHHBIEC M3/IEINS HA KOHTPOJIE TPH3HAIOTCS TOJHBIME. BeposTHOCTH OmuOOK BTOPOTO POJa HA OMEPAIHIX KOHTPOIS U
PEMOHTa ONHMCHIBAIOTCS OOBEAWHEHHOW MOAENbI0 O0OOIIEHHOW OIMMOKH BTOPOTO pPOAA, KOTOpas HCIONB3yeTcs Ui JIMHEHHON

7



TpaHc(hopManuy ypoBHS Ae(EKTHOCTH Ha KOHTPOJIE IO OTAEIBbHBIM mapamerpaM. s TpaHchopManuu ypoBHS Oe(EKTHOCTU BCETO
U3JeIUs IPUMEHsieTcs O0bCANHEHUE IUIOTHOCTEH BEPOATHOCTEH MO OTHENBHBIM IIapaMeTpaM Ha OCHOBE MOJEIH TPaHC(HOpPMALUH.
ITpensokeHo BMECTO TOYHOI MoAenu TpaHcHOPMAIMK JUI BCETO M3JIEINs MCII0Ib30BaTh allPOKCUMUPOBAHHbBIE MOJICIH IUIOTHOCTEH
BEpOSTHOCTEH TpaHC(OPMHUPOBAHHBIX YPOBHEH Ae(EKTHOCTH HA OCHOBE IUIOTHOCTH BEPOSTHOCTH 000O0IIEHHOTro OeTa pachpeneaeHus,
TaKk Kak 93TO equHas Mmojenb (6e3 paspblBOB Ha JIOKAJIbHBIX HMHTEpBAaJaX HWHTEIPUPOBAHMA). OTO 3HAYMTEIBHO YIPOIIAET
MOJEIMPOBAHNE, IIPU 3TOM HE YMEHBIIas TOYHOCTH PEe3yJbTaTOB MH)KEHepHoro aHammsza. M. 4, 6ubm. 15, tabn. 1 (Ha aHrImiickoM
s3bIKe; pedepaThl Ha aHTTIMHCKOM, PYCCKOM H JINTOBCKOM 513.).

D. Eidukas, R. Kalnius. Daugiaparametriy gaminiy kokybés lygio tiesinés transformacijos modeliai // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 7(103). - P. 3-8.

Sudaryta daugiaparametriy mechatroniniy gaminiy istisinés kontrolés pagrindiniy tikimybiy charakteristiky modeliavimo metodika,
kai atskiry nepriklausomy gaminio parametry defektingumo lygiy tikimybiniai skirstiniai yra aprioriSkai Zinomi. 13brokuoty gaminiy
srautas po kontrolés operacijos yra nukreipiamas i $io etapo lokalizuota remonto operacija, po kurios gaminiai su antros rusies klaida vél
patenka | kontrolg ir pakartotinai ,,sukasi“ tol, kol visi gaminiai pripazistami gerais. Antros rasies klasifikavimo klaidy tikimybés
(defektinis gaminys pripaZistamas geru) kontrolés ir remonto operacijose iSreiSkiamos vienu apibendrintos klaidos modeliu, kuris
taikomas tiesinei defektingumo lygiu transformacijai pagal atskirus parametrus. Viso gaminio defektingumo lygio transformacijai
taikomas defektingumo lygiu tankiy pagal atskirus parametrus sujungimas, remiantis transformacijos modeliu. Pasialyta vietoj tiksliy
viso gaminio defektingumo lygio tikimybiy tankio transformuoty modeliy taikyti aproksimuotus modelius, iSreiSkiamus apibendrinto
beta désnio tankiu, nes tai vientisas modelis, o tikslus defektingumo lygio tankis iSreiSkiamas keletu skirtingy modeliy kiekviename
integravimo réziy daliniame intervale. Tai gerokai supaprastina modeliavimo procediira, 0 inZinerinés analizés rezultaty tikslumas
nesumazéja. 1. 4, bibl. 15, lent. 1 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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