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Introduction

Continuous inter-operational quality control is
commonly applied in manufacture process of mechatronics
(especially  electronic) products.  Selective  control
peculiarities of such products are analyzed in publications
[1-5] 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 production 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 the required
number of control stages and their characteristics.

Control scheme and models with fixed values

Inter-operational control fragment is presented in Fig.
1, which involves two stages of continuous control K; and

K, (in both stages products are classified according to
analogical decision rules).
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Fig. 1. The scheme of two-stage inter-operational continuous
control

There is a probability o that a defective product after
manufacture operations G will enter the control stage K

which is characterized by classification error probabilities
oy and f;; probability ® is transformed to parameter 0

after control operations. Product acceptance probability is
p1 and rejection probability is q;.
Analogously in the second stage K, with errors o,

and 5,

probabilities p,, q, are fixed. Product in such scheme is
accepted with probability qi,. Rejected products are
returned for reparation to manufacture process G
(specifically such scheme is used in manufacture of color
picture tubes and their components).

According to models created in the work [6], we
receive such direct and reverse dependencies, which are
needed for the further analysis:

parameter 0 is transformed to 1, when
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It is easy to ascertain, that when the third control
stage with errors a3, f3 is introduced, we have

B13 =,EIE2E3, and in general case the generalized

transformation constant /71 g for control scheme consisting
of S stages is

N N
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In separate occurrence, when El = ,52 =..= :ES =5,

we have ﬁlS :ES
Models with random values

The defective product probability in the entirety of
products, as a random value [3], before control K; is

characterized by density f° (a)) (see Fig. 2), before K, —
by density g(é?) and after control K, — by density h(r)
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Fig. 2. Stochastic characteristics of two-stage control
The means of defectivity level respectively

are Ly, Ho» Hy -
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According to (1) and (6) we receive average sizes of
accepted flows pj, p,, P12 , and according to (2) — average

flows of rejected products ¢1,9,,4;7 :
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Assume, that g(H) is the density of beta distribution
[3] with parameters a, b (a >1,b> 1) .
Lo<o<t, (9

g(0)=B"a,b)0* " (1-6)""
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where  B(a,b)= }9“‘1 (1-6)""a6 = M _
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function, 7°(z) — gamma function. When z is whole
positive number, we have 7°(z)=(z—1)!.

The mean xy and dispersion crg of defectivity level

equal [7]
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In this case density h(r) is directly transformed
density g(H) of (T) with transformation coefficient

(constant) ,Ez ,and f (a))- conversely transformed mean

2(6) of (A) with transformation constant ,[Nfl :
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where |0’(a)l W—H— .
1-{1-4

Densities /() and f(w) are called the second rate

beta densities [8]. Maximum points (modes) of densities
Oy, @y, Ty are equal:
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where 7 =1-f; c=—=-1.

The means ), u,, differently from (6),
convenient to express as a functions of random values

using density g(6):

are
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1
0_02) I[ ( )]2 (9)d9 ;uw’
0
(15)
1
O-rz _[[ ( )]2 (9)d6’ ;ur
0

It is obvious, that the reverse transformation 4 or
direct transformation 7' can be multi-stage in general case.
Let’s say, that we are interested in direct transformation of
S stages T:T(Tl,Tz,...,TS), i.e. the stage K; (Fig. 2)

does not function, and K, is formed of S control stages

K,Ky,...,
It is sufficient to use only whole number values of
parameters a and b (a >1,b> 1) during the modeling [3,
4].
After integration of (14) we have

K'S connected in series (Fig. 3).
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Fig. 3. Direct transformation 7 S—stage scheme
Then after the S-stage we receive:
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Practical implementations

Example 1: Control scheme according to Fig. 2 with
probabilities ¢ =0.12, f; =022 (4) and

a, =0.08, pB, =023 (7). Parameters of densities:
a=2,b=3.

€rror

Modeling results:

1~ o~ =1
g(e)zlw(l—@)za#ezoa“a@M257ﬂ1=ﬂz=ﬂ=z;

2
A: f(a)):w, ty =0.6777 , @y = 08167 ;
(4—3(0)5
2
T: h(r):M, uy =0,1694, 7,, =0,0686;

(1+37)
Py =0,4327, py = 0,644, by, =0,2787.

Densities f(a)), g(H), h(r) are presented in Fig. 4.

£(0). f (@), h(z)
5
4.5
h(z)
4 4
3.5

3

25 1
fw)
2 4
g(ﬁ) d
1.5 \>< §
0 ‘ \\
0 Hz 0.2 0.4 06 "o o8 1
w,7,0

Fig. 4. Densities of defectivity levels, when a =2, b=3,
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B =025
Example 2: Control scheme according to Fig. 3 when
S=12,3.Inallstages =02, f=04; a=b=2.

Modeling results:
s L oz _1 5 > _ 1
ﬂ—29ﬂ12—4a/7’13 B g
7S
3 ~ 2 1
g = ﬁNS 2 2[1— S( — lnN—S—lﬂ—l ,
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Ty: hl(rl)zm, 11y = 03645, 71y =0,2192;
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T,: h2(72)=m_fj), 41y = 02459, 73, =0,0959;
(1+37,)

Ty: @(@:M, st3 = 0,1543, 74y, = 0,047 ;

(1+7T3 )4
Bl =0,6; By =0,6542, B} =0,7016;
ﬁiz =0,3925; ﬁb =0,2754.

Densities g(H), hl(f ), hz(Tz)a h3(73) are

presented in Fig. 5.
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Fig. 5. Densities of defectivity levels, when a =b =2, B = A



Conclusions

1. Received expressions give opportunity to model
various desirable situations in the scheme of inter-
operational control in visual manner, according to
transformations of density of defectivity levels, by defining
density parameters at desired point of scheme (density of
beta distribution) and selecting real error probability values
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/? and the defectivity level before control. Average flow

size of accepted products show, what part of products
return to the technological process for regeneration; this
parameter determines the flow of repeatedly ‘“rotating”
products in the technological process and losses caused by ¢
that.

3. The generalized transformation constant of control
scheme is equal to the product of generalized error
probabilities of separate stages; that allows to apply the
same models in separate stages, after replacing the
transformation constant into product of constants or raising
to the power if constants are equal.

4. The prospective direction of inter-operational control
analysis is the creation of models for the scheme of multi-
parametric control scheme with different decision rules at
the separate stages.
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IIpencraBneHsl MaTeMaTHYECKHE MOJENH OCHOBHBIX  BEPOSTHOCTHBIX — XapaKTEPUCTHK MHOIOCTYHEHYAaTOro  CIUIOIIHOIO
MEKOIEpallMOHHOTO KOHTPOJISI MEXaTPOHHBIX M3/ENHUii, KOr/la MOTOKN 3a0paKOBaHHBIX M3JEIUH BO3BPAILAIOTCS B IPOU3BOJICTBEHHBIN
MpoLEecC Ui pereHepanid M IpaBWia KIaCCU(PUKALMU H3IENUi OJAMHAKOBBI JUI BCEX CTYIEHEHl KOHTPOJSI HpH HAJIHYUH
CYIIECTBEHHBIX OLIMOOK Kiaccudukauuu (rofaHble uzaenus OpakyroTcs, a Je]eKTHble — NPU3HAKOTCS TOJHBIMH). D(H(HEKTUBHOCTD
(DYHKIIMOHUPOBAHUSI KOHTPOJISI OLICHUBAETCS ITyTEM MOJICJIMPOBAHMS Ha OCHOBE TpaHCc(hopManuu (YHKIHMHU IUIOTHOCTH BEpPOSTHOCTEH
YPOBHS I€pEKTHOCTU HA OTAENBHBIX CTYNEHAX KOHTPOJIS, UCIIOJIb3Yys OeTa pacupe/eneHue, a TakxKe 110 JMHAMUKE U3MEHEHHs CPeJHEro
ypoBHs jedekTHocTH. [loka3aHo, 4yTO OOpaTHBIE MOTOKHM OOYCIIOBJIEHBI BEPOSTHOCTSIMU OHIMOOK M ypPOBHEM JAC(PEKTHOCTH HOTOKA,
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OBLIN HCIIOJIBb30BaHbI 0COOCHHOCTH IIPOU3BOICTBA KHHECKOIIOB U X OCHOBHBIX KOMIIOHEHTOB. Mi1. 5, 610i1. 8 (Ha aHIIIHICKOM, PyCCKOM
U JIATOBCKOM 513.).
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Sudaryti iStisinés daugiapakopés tarpoperacinés kontrolés pagrindiniy tikimybiniy charakteristiky matematiniai modeliai
mechatroniniams gaminiams, kai iSbrokuoty gaminiy srautai grazinami | gamybos procesa regeneracijai, o gaminiy klasifikavimo
taisyklés atskirose pakopose analogisSkos, esant nepaneigtinoms gaminiy klasifikavimo pirmos ir antros rasies klaidoms (isbrokuojami
geri gaminiai ir pripazistami gerais defektiniai gaminiai). Kontrolés funkcionavimo efektyvumas vertinamas modeliavimo budu pagal
defektingumo lygio tankio funkcijos transformacijas atskirose pakopose, taikant beta skirstinj bei defektingumo lygio vidurkio kitimo
dinamika. Parodyta, kad griztamieji srautai apsprendziami klaidy tikimybémis ir defektingumo lygiu prie§ kontrolg, o atskiry pakopu
modeliai skiriasi tik apibendrintos klaidos dydziu, kuri lygi atskiry pakopu apibendrinty klaidy tikimybiy sandaugai. Modeliy sudarymui
buvo pasinaudota kineskopy ir ju komponenciy gamybos proceso ypatumais. II. 5, bibl. 8, (lietuviy kalba; santraukos angly, rusy ir
lietuviy k.).
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