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Rezumat. Metoda se asamblare mecanigrin dou Abstract. The mechanical assembly method of two
alezaje paralelgi doua bolturi este frecvent utilizat  pieces having: one two parallel holes, the other pins,
cand se dogge ohinerea unor precizii mari de is often used when have to achieve a high posiith
pozitionare si orientare a componentelor. Pragthc  orientation accuracy. The prediction of the assgmbl
preciziei de asamblare este o &tagefiala Tn procesul  accuracy is a one of the indispensable stages Sigrle
de proiectare. In acedstucrare se ia in considerare process. In this paper the geometrical toleranges a
tolerarea geometiidnd ependerdf este propus un model involved, the RFS tolerancing (the geometry toleeais
matematic pentru calculul erorilor de poahare si applied regardless of its feature size), a mathieaiat
orientare realizate de ansamblul amintit, inclusivmodel of the geometric errors and the associatw@ithmn
algoritmul aferent de rezolvare, sunt prezentateare proposed, the results of the Monte Carlo sitiana
rezultatel e simutilor obtinute prin metoda Monte Carlo, are presented and analysed. The weights of theserro
sunt analizate ponderile factorilor generatori deriesi factors are analysed and based on its several mdesig
pe baza acestora suitute recomandi de proiectare. recommendations are indicated.
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1. Introducere 1. Introduction
Dupa cum este cunoscut, asamblarea megamic As is well known, the mechanical assembly of

doui piese, ina avand dbalezaje cilindrice scutg  two pieces having: one, two parallel holes, theoth
paralele, cealdlt dow boluri cilindrice (2A2B), este two pins (2H2P), is often used when have to
frecvent utilizal cAnd este necesar precizie inak de  achieve a high position and orientation accuracy
poziionareg orientare (figura 1). (figure 1).
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Figura 1. Asamblarea mecaiiprin dou alezaje-do# bolturi
Figure 1. Two holes - two pins mechanical assembly

Pentru determinarea preciziei de pmriare si Various methods for determination of location
orientare (P&0O) a ansamblurilor mecanice au fastd orientation (L&O) accuracy have been
dezvoltate numeroase metode, bazate pe tedeweloped, based on small screw theory, meta
suruburilor, meta-fung, constrangeri de contacfunctions, nonlinear and implicit contact consttajn
implicite si neliniare, metode varimnale, metode variational methods, sequential methods that mimics
secvefiale care im#i asamblare pieselor, prirthe actual placement of a piece in a conjugateepiec
abordri deterministe sau stohastice [1, 2, 3, 4, 5]. deterministic or stochastic approaches [1, 2, 3].4,

Analiza preciziei geometrice a ansamblului The geometrical accuracy analysis of 2H2P
2A2B este dificii deoarece lanrile dimensionale assembly is a difficult task because the dimensiona
sunt spéale, mutidimensionalgi neliniare. chains are spatial, multi-dimensional and nonlinear
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In proiectare, una din sarcinile principale este One major design task is to find one piece
estimarea deplasi relative a pieselor asamblatéisplacement to the other, that results from erodrs
datorate erorilor. In conseginse lucreaz cu modele pieces. Accordingly, geometrical models of pieces
geometrice ale componentelor ansamblului. are considered.

Daci piesele au suprate cilindrice de centrare  If components have a low ratio of height to
cu Traltimi mai mici decét diametrele, se poate fatength, is possible to simplify the 3D geometrical
aproximarea modelului 3D cu unul 2D. modelto a 2D.

Pentru analiza statistica preciziei geometrice A Monte Carlo simulation (MCS) approach to
2D a ansamblului 2A2B s-a adoptat metoda siniul 2D statistical tolerance analysis of the 2H2P
Monte Carlo (SMC). assembly has been adopted.

SMC este un instrument eficient de analia MCS is an efficient tool of tolerance analysis to
tolerantelor, fiind folost si Tn  proiectareathe design of mechanical assemblies [1, 4, 5]s It i
ansamblurilor mecanice [1, 4, 5]. Este aplicatteaiea applied as a pure statistical method or in commat
sau combinat cu alte metode (metode hibride) [6]. with other methods [6].

Sunt bine cunoscute avantajele aplicSMC Is well known that the MCSis the most flexible
relativ la flexibilitatea adoptii a diferite tipuri de of the methods in terms of different types of input
date de intrare, cu repatinormale sau de &t with distributions other than the normal distributj
natui si a funaiilor de asamblare a acestora. and assembly functions.

Punctele slabe ale metodei MC sunt aruh The major weaknesses of MCS are the number
mare de incefti daci se dorgte ohinerea unor of trials necessary for a high accuracy, ierative
rezultate precise, dificuttatea manigril unor funaii  assembly functions, and calculating the sensigsiti
de asamblare iteratiwecalculul sensibilidtii. The accuracy of MCS is theoretically unlimited,

Teoretic, precizia metodei MC este nelimitatbut high levels of accuracy require large sample
practic, ing pentru precizii ridicate ratile pot dura sizes, thereforeintensive computation and time
mult. In general, pentru determinarea preciziensuming. Hundreds of thousands of samples are
ansamblurilor mecanice sunt suficiente sute de maguired for accurate results of mechanical assembl
de Tnceréri [1]. tolerance analysis [1].

Sensibilitatea este raportul dintre vada The sensitivities reveal how the output changes
marimilor de ieire si cea a mrimilor de intrare. as each of the independent variables change. The
Estimarea acesteia nu rezullirect din aplicareaestimation of sensitivities is not a direct resoft
SMC. O metod consi in meninerea constaita MCS. A method consists of holding the entire
variabilelor de intrare cu excga céte uneia, aaeei independent variables constant except for the one
efect asupra variabilelor desiee este studiat. being studied.

In consecifi, cele mai apropiate rezuttate de Accordingly, the most realistic results can be
realitate pot fi obnute pe baza metoda sectiali si obtained working with sequential methods and the
a modelului statistic al ansamblului 2A2B. stochastic models of 2H2P assembly.

2. Modelul matematicsi algoritmul 2. Mathematical model and algorithn

Principalele trei surse ale erorilor de natur Three main sources of geometric errors must be
geometrid in cazul ansamblurilor mecanice sunt [1]: accounted in  mechanical assemblies [1]:
varigiile dimensionale (cote liniargi unghiulare); dimensional variations (lengths and angles);
varigii de forma si pozitii (pozitie, circulartate, geometric form and feature variations (position,
inclinare) si variatii cinematice (reglaje fine intre roundness, angularity and kinematic variations

subansambluri). (small adjustments between mating parts).
In aceast lucrare se iau in considerare doar In this study, dimensional and positional
primasi a doua categorie de erori. variations are accounted.

Prima surs de erori este imprecizia de The first source of errors is the position
poziionare a axelor alezajelaf bolturilor (TPpl, tolerance (TPpl, TPp2) of the bolts and holes
TPp2) (figura 2a). Repatl acestora este in general (figure 2a). The distribution of the bolt/hole lbica
normad, iar modulul vectorului eroare de poanare is usually normal, and the magnitude of this vector
are valori aleatoare cuprinse intresiOTPp/2. At  error is 0 ... TPp/2. Another parameter is the
parametru este dirga vectorului. Se presupuné c direction of the location of the axis. It is assume
aceasta este o variabdleatoare, uniform distribgit  that the random variable with a uniform distribuatio

RECENT, Vol. 10, no. 1(25), March, 2009 57



Predigia statisti@ a preciziei ansamblului dawalezajesi doua bolturi

cu valori intre Osi 2rx. Astfel poziia efectva a
cetrelor celor doaibolturi este @, respectiv ©..

Y
RTIRE

from 0 to 2t. Thus, the effective locations of the
bolts are @, O, respectively.
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Figura 2. a- Reprezentarea g@é a repartiiei poziiei unui bot / alezaj; b- Reprezentarea erorilor ansamblull2RA
Figure 2. a- The spatial distribution of a pin otd) b- Representation of the 2H2P errors

A doua susde erori sunt jocurile dintre cele d

The second sources errors are the clearant

alezajesi bolturile corespondente. Uzual, diametrelebetween the holes and pins. Usually, the diameters
celor doa tipuri de suprafie cilindrice de centrare au of the cylindrical surfaces have normal distriboso

repartii normale. Jocul este dferendntre diametrul
unui alezajsi cel al unui bat j =D — d, undeD este
diametrul unui alezajs d al unui bal Modulul

vectorului eroare-joc este cuprins intrg J2. Diregia

vectoruluieste o variabibleatoare cu repard uniforni

intre Og 2.

Ultima surd de erori este varie distanelor
intre axele alezajelor, batilor.

Algoritmul propus simuleaz procesul de
asamblare 2A2B, inclusiv microgairile de
pozitionaresi orientare necesare.

Variabilele de intrare sunt: distanintre axe,
tolerartele de pozie a axelor alezajelog bokurilor
(TPp,, i =1, 2) cu repatile aferente, abaterile
superioarssi inferioare ale celor daualezaje, bauri,
repartiiile  diametrelor suprafelor de centrare,
marimea gantionuluisi intervalul de incredere.

Algoritmul se desfsoar in urmatorii pasi:

The clearance is difference between the diameter of
a hole and the pinc = D - d, whereD is the hole
diameter and d is the pin diameter. The magnitudes
of the second vector-error have a uniform
distribution from 0 toc/2. The direction is random
variables with a uniform distribution from Ota2

The last source of errors is the variance of the
distance between the pins, and between the holes.

The proposed algorithm simulates de 2H2P
assembly process, including necessary L&O micro-
movements.

The input variables are: the distance between
the centring axes, position tolerance of the pins,
holes (TPpij = 1, 2), upper and lower specification
limits of holes and pins, respectively, distributio
of the centring surfaces, sample size and the
confidence interval.

The algorithm follows the next steps:

1. Se generedédzparametrii sistemului de coordonate 1. The geometrical parameters of the Cartesian

1 (vezi figura 2): vectorul eroaré,, i = 1, 2

(V4 = 0..TPpR, oy indica diregia Vy) (vezi

figura 2b) caracterizedpoziia actuai a axelor
bolturilor relativ la pozia nominai. In

continuare este calculdistarta dintre axele a
dowi bolturi (Lel);

coordinate system 1 are generated (see figure 2):
error-vectoVy, i = 1, 2 (magnitude = 0 ... THP,

a 4 dictates the direction o¥,;) (shown in figure

2b) is introduced to express the actual location of
a bolt axis. The centre distance between the two
pins (Lel) is calculated,;

2. Sunt generate valorile aleatoare ale diametrelo2. The random diameters of holes and bolts are

bolturilor si alezajelor;

calculated;

3. Se calculeaz distarta intre axele alezajelor 3. Centre distance between two holes (Le2) is

(Le2), cala punctul 1;
4. Da@a ansamblul nu este fezabil= 0,5-(j + j,) —

calculated, like point 1;
4. If the assembly is not feasibe=0,5-(j + ) —

—ILe; — Lol < 0 se trece la etapa de calcul 1, altfel —IL.; — Lol < 0then goto step 1, else continue;

se contind cu etapa 5;

5. Este simulé asamblarea pieselor, asavitor
experimentului acului lui Buffon. Dacexist
intersedii intre cercurile babrilor si alezajelor se

5. Simulate the pieces assembly, like the dropping
the Buffon needle. If there are an intersection
between the bolts and holes then repeat the
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repet procedura (se exed@ub micromgcare), in procedure (execution of a micro-movement), else
caz contrar se contiwcu 6; continue;

6. Pe baza rezultatelor etapei 5 se calcdleaz6. Based on results of point 5, the parameterkef t
parametrii sistemului de coordonate 2; coordinate system 2 are calculated;

7. Sunt calculate coordonatele punctului B(X,) 7. The effective coordinates of point B(X,) can
prin dou transformari de sisteme de coordinate; be easy calculated by two coordinate

8. Etapele 1...7 trebuie repetate de 250000 ... 1000000transformations;
ori, iar in final se face prelucrargainterpretarea 8. The calculating steps 1...7 are repeated n =
statisti@ a datelor de e X, Y, = 250000 ... 1000000, and the results are processed.
Metoda propus este coreé@ pentru cotare The proposed method is valid if the RFS
independerit ansambluri 2A2B care ndeplinesc tolerancing is applied, the 2H2P assembly may be
sau nu condia asambirii in cazul cel mai 100% “in-spec” (worst case) or not (is well known
dezavantajos (a doua varidntu un procent mic de that by permitting a small fraction of assemblies t
ansambluri nefezabile este avantajcesonomic). be “out-of-spec” the manufacturing costs can be
reduced by increasingthe tolerances).

3. Rezultate olinute Tn difernite contexte de 3. Results under different simulation
simulare contexts

Pentru exemplificare s-a adoptat o pereche de An example for a pair of components having
componente cubl2H6 - ®12g6, L = 200 mm, ®&12H6 -d12g6, L =200 mm, TPpl =TPp2 =0.01 mm
TPpl =TPp2 = 0,01 mm. was analyzed using the approach suggested above.

S-a lucrat cu unsantion n = 500000, cu un Sample size is n = 500000, the outputs
interval de incredere asidlor de 0,9973,si cu confidence interval is 0.9973, and the normal
reparttiinormale ale dimensiunilor liniare. distributions of the dimensions are considered.

In scopul analizrii influentei poziiei punctului For analysing the influence of the point
investigat asupra erorilor, a fost utilizat un gdiel  location, were investigated a grid of points, the
puncte cu pas 50 mm (figura 3). Deoarece erorile dpitch of grid is 50 mm (figure 3). Because the
pozitie sunt simetrice & de punctul C, a fost location errors are symmetrical relative to point C
testali doar zona umbdtdin figura 3 (punctele 1.1, just the shadowed area is considered (the poifits 1.

1.2,13,21,2.2,23,31,3.2,3.3). 1.2,13,2.1,2.2,23,31,3.2,3.3).
e
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Figura 3. Gridul de puncte investigat
Figure 3. Investigated grid of points

S-au notat cuw, g, & erorile de pozie ale Aboveg,, g, ¢, are the X, Y and combined X
punctelor pe X, Y respectiv combifiea XY pe raz. and Y errors per radius, respectively.
Dupa cum se obsedv din tabelul 1, forma, As you see in table 1, the shapes, the

orientareai marimea acestora dif@rde la un punctla magnitudes and orientations of the errors are
altul. De exemplu, pentrgj maximul este 0,099557, different. For example, maxis 0.099557 and mig)
iar minimul 0,014993, deci o diferginde aprox.50%. is 0.014993, the difference is approx. 50%.

Pentru determinarea influgn distanei dintre To explore the influence of the distance
axele de centrare a fost investigat intervalulbetween the centering axes, were investigated
L =50 ...500 mm, cu un pas de 50 mm. In figura 4L = 50 ...500 mm, the pitch is 50 mm. The figure 4
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este reprezentatdependeta rezultai din SMC, represents the dependence between L and the
dintre Lsi eroarea de orientare a axei M0“rad].  angular error [18rad] of the % axis. The angular
Variatia unghiulaé a sistemului de coordinate variance of the reference systemXgY, has a

0O, X,Y, ataat piesei 2, afectedidn principals,. significant influence tea,.

Tabelul 1. Erorile de pote ale punctelor investigate
Table 1. Location errors of the investigated points

,=0.02478 | £,=0.022091 | £=0.014993 | £=0.024751 | £=0.017351 | £=0.013122 | £=0.024782 | £=0.016291 | £=0.012582
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5=0.01950 | £,=0.022037 | 5=0.012515 | £=0.019507 | £,=0.017433 | £=0.010626 | £=0.019503 | 5,=0.016356 | 5=0.010248

2.1 2.2 2.3

T ] [ [T

£=0.17526 | £=0.022062 | £=0.011491 |£=0.017383 | £=0.017377 | £=0.009842 | &=0.017456 | &=0.016340 | £=0.009557
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) Figura 4. Dependea dintre eroarea de orientare a axgisXdistara
R \\ dintre axele de centrare
Figure 4. Influence of distance between the cemgesixes to the
. \\m orientation accuracy of the,Xaxes
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Determinarecinfluentei toleranei de pozie a Exploring the influenc: of the position

bolturilor si alezajelor de centrare (TRp=1, 2) nu tolerance of the pins, holes (TiPp= 1, 2) isnot a
este o sarcihbanali, deoarece la csterea TPp din  trivial task, because increasing TPp the more and
ce In ce mai multe ansambluri 2A2B nu mai suntmore 2H2P assemblies are not feasible.

fezabile.

Pentru un ansamblu 2A2B cu TPpl = TPp2, cu  For a 2H2P assembly, having TPp1 =TPp2 and
ajustajul standard IS@12H6 - ®1296,si distanta  a fit specification according to the 1SO standaird o
intre axe L = 200 mm, in cel mai dezavantajos ca®12H6 - ®12g6, L = 200 mm, in the worst case,
(procent de asamblare 100%) rexdiPp = 0,003 mm. when all components can be assembled, results
Evident & acest tolerana este neeconomicdin ~ TPp = 0.003 mm. Obvious this tolerance is too
punt de vedere tehnologic. Majorarea acesteia vamall for economic manufacturing. An increase in
duce la reducerea costurilor de pratica tolerances for individual dimensions could be
componentelor, dar nu toate piesele vor putea fobtained, and in tum, manufacturing costs could be
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asamblate. Simidile arafi ci odafi cu creterea TPp reduced, but few components cannot assembled.
crescsi toate erorile geometrice, dar intr-o progor MCS shows that if TPp is increased all geometric
mult mai mic. errors also increase, but the rate is low.

Alt parametru important care influgaz Another significant parameter that influences
erorile geometrice ale ansamblului 2A2B este joculthe geometrical errors of 2H2P assembly is average
mediu {n.g Tntre alezajesi bolturi. Acesta este clearanced,.y) between holes and pins. Heg, is
calculat ca distam@ dintre mijloacele campurilor de calculated as the distance between the means of pin
tolerarta. Do ansambluri 2A2B care au acejea and hole tolerance zones. Two 2H2P assemblies,
TPpsi L, cu ajustaje avand acgigoc mediu vor that have the same TPp, L, and the fits have the
avea erori P&O egale. Dafocul crate se majoredz  same average clearance, will have the same L&O
de asemenederorile. errors. If the clearances increase the errors also

Pentru calculul rapid al erorilor de pgeiale increase.
unui punct situat pe una din componentele  For rapid calculation of the location error of apo
ansamblului 2A2Bi pentru un interval de Tncredere that lays on the component of the 2H2P assemlay, th
mai mare decéat 0,9973, sunt afl@fe urmitoarele following inequalities are true, when the confidenc
inegalititi: 2e, > &, > &, > jmea- interval is greater than 0.9973:,2 &, > &, > Creq

4. Concluzii 4. Conclusions
Pentru studiul statistic al erorilor geometrice A Monte Carlo simulation approach to 2D
2D, ale ansamblului 2A2B s-a utilizat simulareastatistical tolerance analysis of the 2H2P assembly

Monte Carlo. has been developed
Rularea programului de simulare, implementat Running a Mathcad implemented software has
Mathcad, a condus la ugtoarele concluzii: lead tothe following conclusions:

- timpul de rulare pentru dherea unui set de - compuing time necessary for a set of results is
rezultate este rezonabil, 2 minute pe unPC actual; short, about 2 minutes, if a standard PC is used.
- influenta distanei dintre axele de centrare asupra- the influence of the distance between the cemperi

erorilor de pozie ale unui punct este mingrdar axes to geometrical errors is minor, but the

cea a poziei punctuluisi a jocurilor medii dintre influences of the point location, and the average

bolturi si alezaje este mare. clearance between the holes and bolts are great.
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