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Introduction

Complex mechatronics products (MP) are defined in
technical documentation as an entire series of parameters,
the values of which determine the level of product quality.
Parameters can be differentiated according to their
importance regarding the implementation of purpose
functions. International standard 1SO-2859-0 recommends
to divide parametersinto two — A, B —or three— A, B, C—
classes (groups). Here A — most important or significant
parameters, and B, C — secondary or less significant
parameters. Such classification of parametersis convenient
when analyzing problems of multi-parametric product
quality control. When imitational modeling is applied,
stochastic models of quality level are required for separate
parameters, their groups and for entire product [2, 6].

In companies which utilize modern technologies
databases of manufactured production and technological
processes are constantly maintained and complemented.
Data is often read and input automatically. By using
computer networks and database control and analysis
systems, information can be transmitted in real-time and
can be used in decision making processes at each
intermediate or final stage of manufacture. Thus there is a
possibility to use information not only from the current but
also from the previous stages of manufacture. That can
increase the quality of MP.

Modern MP control system involves control of raw
materials, components, transitional control of elements or
nodes, technological process and final product. In this way
MP control system plays an important role by influencing
cost and the final result.

Continuous inter-operational quality control is
commonly applied in manufacture process of MP products.
Selective control peculiarities of such MP are analyzed in
publications [1-4] on the grounds of color picture tube
manufacture specifics. In this paper we will describe the
performance of multistage continuous inter-operational
control with the help of stochastic models, when MP
classification errors of the first and second kind are
present. Main attention is paid to the transformation of
production defectivity level probability distributions,
which in turn allows to estimate the efficiency of inter-
operational control in the way of modeling, and to select
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the required number of control
characteristics.

stages and their

M odels of control quality

Inter-operational control fragment is presented in Fig.
1, which involves two stages of continuous control K, and
K, (in both stages MP are classified according to
analogical decisionrules) [1-4].
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Fig. 1. Stochastic models of control quality: a — S stage; b —
multi-parameter MP double level control

Analyzing double-level control schematics shown in
Fig. 1, when MP is described as {-dimensional parameter
vector [1, 2], i=1-7.

Here o;,6;,7; — defective MP probabilities by i-th
parameter before first level K,, before and after second
level K,. These are accidental values with densities
fi(@),0i(6).h(z) and distribution functions Fi(a;),
Gi(6), Hi(r;). Respectivdly w,0,t analogical
characteristics for product by all controlled £ parameters.

For further analysis good MP probabilities by i-th
parameter are needed: & =1-w;, 7, =1-6;, §=1-7; —
accidental values with densities:

@(&)=fi0-&), eilm)=gill-m),

1

¢ (¢i)=1-h(@-¢) @
Distribution functions:

®;(&)=1-F(1-&), ®(n;)=1-G;{1-n;), @

®;(¢i)=1-H;i[1-¢;).



Accidental values: ¢{=1-w, n=1-6,{=1-7 —
are good MP probabilities by all ¢ parameters.

Analyzing situations, when all accidental values 6;,
also accidental values 7; densities g;(6;),; (n;) are known
and written in beta lawv: 6, ~Bela;,b),n ~Belh, q) ,
here a;, b; — beta law forms parameters [1 — 4]. Then 7 is
directly transformed (T), o @ — reverse transformed (A)
accidental value 8; with transformation parameter [3} :

_ B

_1—06i

©)

. ap + B <1,

B
where a=const, Si=const — first and second kind errors
probabilities[1] by i-th parameter, i =1—7.

Densities h(z;) and f;(w;) by analogy with [1, 2]
models are:
_ B
B (1"‘ GT;i )ak .
B o _1(1_ O, )brl

h(Ti)
f; (a)i):

(4)

B(-70 )™
where B, = B(ai,q):% — beta function; I'(2) —
gamma function; 7; = f‘a =1-B, yi=1-ai-p;,

G =7/ =r/p TA)=0=1.
We have only the approximation of density g(6) [1—
3] 94(0):

g, (0)= Bfl(a*,b*)ga* 71(1_9)b* 1.
where a* = u(”—i—l}, b =Fa, B’l(a*,b*)z]/B*.
c H
The h(7) approximation h,(z) isapplied [1, 2]:

- O_—l(a* ' b*)za* AP
B L+ o)+

©®)

ho(r (6)

Solution equations of parameter ﬁ are

()

©)

For the transformation models are obtained by substituting
B for ]/ B.
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When 6 -~Be(ab), 9(6) is known. We have
hs(7)=h(7), and parameter S under integer values of a
andbis

-1 b-1 . .
B (ab) > cl (-1 ~1 N
c iZo ya+1 ﬁ
. ©)
a+j-1 1

Approximation hg(z) is written separately when a=1
and b;=b,>1 (£=2):

& (ar -k

¢(n)=—bn"*Inn,
9(6)=-b7(1-6)*"In(1-0),

B b?(1-7)* | 1+cr
hu(r)= E(1+Cr)b“1|n 1-7

(10)

where c=i—1.

Parameter ﬁ comes as a solution of the following
equations:

Sl iy S
So T ies2 i kT
or
A (12)
s=0(5+bl+1)

Additionally we will write expressions of the mean
EB of parameter B for both cases. Such relations are
valid:

EB =1-E7,ka B=1-7, (13)
1 1
Ey = [7(6)a(6)d6 = [7(n)(n)dn , (14)
0 0
7(0)= %[77191(1Jr 7202)+ 7202]. (15)

The condition 8,=6,0r n; =1, = \/ﬁ is applied and when
6=1-n;, we have (i=1; 2)

1-
1-n

7(’7):(?71+72)

~~1-2n+
—7172#-
1-n

(16)

Let's assume a=b=1 and from (14), (16) under density
o(n)=—Inn we have:

2 2
- e~ T ~— 2
Ey = 4-T |55l 71— |~
y (71+7/2)( 3} 7172( 3 J an

~0.7471 + 72) - 0427175,



~ 2 ~ ~ =1-(1- 1- =09084:62 =c2(u? +52 |+
Ef = (ﬁl + ﬁz)(ﬂ_ - 3j + ﬁlﬁz[7—2L] ~ Heo ( 'uwl)( ﬂmz) Tn (ﬂfz 72 )
3 3 (18) .62 52 —007080;0, = 0266102 =02 (G2 +02 |+
~ ~ ~ ~ 2 n 2 2
~0.29(3, + B, )+ 0.42B. 3y +o? 2 =001710;0, =0.1308.
where 7=3.141593. )
If a=1, by=2, b=1, when o(1))=2(1-1) we have: In the second case g(0)=—In(1-0), then:
~ 1~ ~\ ~~ 1 l+crt .
Ey ==[2(71+7,)- , 19 helr)=—= In , a=b =1 i=12, (23)
Y 3[ (r1+72)-7172] (19) Q) Blecc?  1-t
Ef = (ﬁl + ﬁz + ﬁ]ﬁz) (200  and equation solution:
) ) ~ . ~ © S S+2 1
For inverse A transformation S is substituted for B z d==pu,. (24)
~ s=0S+ 2 k=1 k
1/ ; then
~ 1
When 11=0.6234, we have: p=0.2314, c=—=-1=3.322,
E[iJ N o.29£i +~iJ roa21 . He g 7
p B P Br then
1 (1 1 1 ~
E( ~] z_(_+ N ] 22) 432 : 133220 5 s B _u3 (25
B Bi B BB (1+3.322r) 1-7
If £=2, then tr~ansformati~on of T redlization and A By applying beta dens ty Be(a*, b*) parameters
tarnsforrr;anon 'S A=Y4 B =Ys; 71:3/1’ 01:63 a* = 175: =2.1429 and b* = 7:0.7143,Wehave:
p,l_s(slm 1]_0.2828, a=b=1; cq_g(4 5 p1143
,1 ~ ~ 9, (0)= 129————r, (26)
xIn ZJ =0.06483; 0, =0.2546; [T, =0.7172; 7, = 2/3; (1-0)
3 I 29,6947 143 = =
C2=2; f, = 2(—In3—1] =03240; 1, =0.6760; )= 09T BL=1/4 By =1/3. (27)
2 ha( ) (1_ T)o.zse(l + 3_322_[)2.857
2 _1(, 9, 21)_ : _ i ~
o, _2(3—Zln §j =0.07109; o,, =0.2666 we will From (9) solution of § is
. _ . 2 _ _ 2. o s
have such values: pu,, =0.7172; o 0.06483= S S 7T 15+7r _ “ . (29)
) ) 4 o0 r=020+7r
Hap =06760; o, =0.07109=073; ()= (L+30,)2 For inverse transformation of A we have:
3 4 3 R ”
hy(r2) = s filo)=——— filo)=——; flo)=—P _inlzr® o _p -1 29
(L 25, (43 (3-20,7 o) = o e %R @
A 1 |:3—T|r‘(1+27)(1+3l')
Han = Moy 1 Hap = Hepo = 2 ! _ - ~ o S
Ry e ot e ] (30
43 +7} 7- 6w (4- 3w)(3 20) s-0(s+2)
1+3r 1+2r 6a, 52 12(1- o)
1 17
- = =1-{1- 1- 0.6234;
4-30 3-2w 12} e =14 ”’1)( bep)=
Table 1. Density values: =2, h(0)=f(0)=0, a=b=1, a" =2, b" =3
CaseNo. 1, By =1/4, Bp =1/3; h(1)=H(1)=0
7 o 0.01 0.05 0.1 02 04 06 08 09 095 0.99
h(z) 0.115 0.484 0.792 1102 1.194 1.082 0.957 0921 0930 0.987
hs(z) 0.173 0.651 0.955 1143 1.081 0971 0.939 1.001 1.106 1424
ho(z) 0.115 0.633 0.970 1173 1077 0.939 0.8% 0975 1126 1.708
f() 0.0008 0.0046 0.010 0.025 0.085 0.248 0.892 2.267 4.651 14.65
fs() 0.0005 0.0027 0.006 0.016 0.062 0.218 0973 2.696 5.402 13.34
fo{) 0.0003 0.0018 0.005 0.014 0.058 0.217 0.999 2.724 5.208 12.76
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When  u, =0.9084 and 1, =0.0916, solution value B* > B should be used since the real B value

isp =0.2175, and increases under small 7 values.
2. Obtained expressions let modelling of wanted
fz(w = 0.2175 In - 07825‘" (31) situations in between operational-control schematics
(1-0.78250 1-w visually by defect level densities transformations (on

computer display), giving densities parameters in
desirable schematic place and choosing real separate

52 0% 0 )b 1 parameters classification probabilities in addition with
a T controlled parameters nomenclature.
( b Xl 7‘0 (32) 3. Exact multi-parameter expressions of MP defect levels
0.0490,>143 expressions are very complicated because of
. ) multinomial integration procedure. Offered modelling
(1_“’)0 286(1_ 0'7825“’)2 7 variants should serve as useful instrument for control
system design.

Furthermore under p, =14, B,=3 we caculate

EB =0.2042 for T transformation and ES, =0.1414 for  References
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This publication is about continuous between-operational control main probabilities characteristics modelling techniques for
multilevel MP, when separate independent parameters defect level probabilities distributions are set (known) in chosen control
schematics place. Denied MP streams go back to production process for regeneration and classification rules, in different control levels,
are similar. Made MP defect level probability density direct and reverse transformations models by separate parameter levels densities
transformations. Offered to use approximated models instead of whole MP defect level probabilities density transformed models
because of complicated process of integration and models get more simple expressions. 1ll. 1, bibl. 4 (in English; abstracts in English,
Russian and Lithuanian).

M. Diinykac, P. KanbHioc. Mogesin KOHTPOJIs KayecTBa MeXaTPOHHBIX M3/1e/IHii // DJIeKTPOHUKA U dJIeKTpoTexHuKa. — Kaynac:
TexnoJiorus, 2009. — Ne 7(95). — C. 59-62.

IpennoxeHa METOAMKA MOJICIIMPOBAHUSL OCHOBHBIX BEPOSTHOCTHBIX XapaKTEPUCTHK CHCTEMBI CIUIOLIHOTO KOHTPOJISI MEXaTPOHHBIX
H3JIeNnii, KoT/a 3aJaHbl (M3BECTHBI) BEPOSTHOCTHBIE paclpe/ie/IieHUs] ypOBHEH 1e(eKTHOCTH 10 OTAENbHBIM He3aBUCUMBIM IapaMeTpam
B HY)XHOH TOUYKE CXeMBbl KOHTpOsl. I1oTokM 3a0pakoBaHHBIX M3/ENH BO3BPAINAIOTCS B IPOIECC NPOM3BOACTBA IS pETreHEpanu, a
IpaBWiIa KJIAcCH(DUKAIUKM W3JEIMH Ha OTHEIBbHBIX CTYIEHSX KOHTPOJNS OAMHAKOBBL IIPU HAJIWYMH CYIIECTBEHHBIX OIIMOOK
KIacCH(UKAINK 110 OTIENBHBIM IapamerpaM. I[loiydeHBI Mopesnu mpsMOil TpaHC(OpPMALMM IUIOTHOCTEH BEPOSTHOCTEH YpPOBHS
Je(eKTHOCTH BCEro M3/eNHs Ha OCHOBE Mojeleil TpaHc(opMaluuu IUIOTHOCTEH BEPOSTHOCTEH YpOBHS JIE()EKTHOCTH MO OTIEIbHBIM
napamerpam. IIpeacraBieHsl pacuéTHbIE MOJIEIH OCHOBHBIX BEPOATHOCTHBIX YHCIIOBBIX XapaKTEPUCTUK (MAaTEMaTHUECKOE OXKHIIAHUE U
JHCIIepCHst), KOraa OTAebHbIe MapaMeTphl OIMKChIBatoTCs Oeta pacrpeaencuueM. M. 1, 6ubin. 4 (Ha aHrIUHACKOM si3bIKe; pedepaTsl Ha
AHTJIMICKOM, PYCCKOM H JINTOBCKOM $3.).

D. Eidukas, R. Kalnius. Mechatroniniy gaminiy kokybé, modeliai // Elektronika ir elektrotechnika. — Kaunas: Technologija,
2009. — Nr. 7(95). — P. 59-62.

Pateikta istisinés tarpoperacinés kontrolés pagrindiniy tikimybiniy charakteristiku modeliavimo metodika daugiaparametriams MP,
kai atskiry nepriklausomy parametry defektingumo lygiy tikimybiy skirstiniai yra duoti (zinomi) pasirinktoje kontrolés schemos vietoje.
ISbrokuoty MP srautai grazinami i gamybos procesa regeneruoti, o klasifikavimo taisyklés atskirose kontrolés pakopose anal ogiskos,
esant nepaneigtinoms MP klasifikavimo pirmos ir antros rusies klaidoms. Sudaryti MP defektingumo lygio tikimybiy tankio tiesioginés
transformacijos modeliai pagal atskiry parametry defektingumo lygiu tankiy transformacijas. Il. 1, bibl. 4 (angly kalba; santraukos
angly, rusy ir lietuviy k.).
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