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Rezumat. Lucrarea preziit o abordare stochastica  Abstract. The paper presents a stochastic approach to
maximizrii preciziei geometrice a ansamblului dou maximize the geometric accuracy of the two pinsve t
alezaje — dodi bolturi (2A2B). Probabilitatea asanabii holes (2H2P) assembly. The probability of succdssfu
Cu succes a sistemului 2A2B este deterniindilizand 2H2P assemblies to engineering specifications is
simularea Monte Carlo. Tolergate optime se am calculated using a Monte Carlo simulation. Applyiag
aplicand un algoritm ,generare — testare”. Algotitm “Generate and Test” algorithm, the optimal toleesof
este aplicat la optimizarea sistemelor modularetrpen modular systems are obtained. The algorithm isiegpl
dispozitive de prindere cu grid de alezaje. Reteika to optimize the modular fixture systems with grattern
prezentate 1n lucrare sunt utile la optimizareaholes. The results presented in this paper carsétiluo
multiobiectiv a kiturilor modulare pentru dispoxii de  the multi-objective modular fixture system optintioa
prindere, darsi pentru alte apliaéi ingineresti care  or for other engineering applications using 2H2P

utilizeaz sistemul de asamblare 2A2B. assembly system.

Cuvinte cheie: proiectare statisti; optimizare tolerage, Key words: statistical design, tolerance optimisation,
dispozitiv modular, simulare Monte Carlo modular fixture system, Monte Carlo simulation

1. Introducere 1. Introduction

in zilele noastre proiectarea pe baze statistice Today statistical tolerance design is accepted
este larg acceptafn industrie [1], in special dac by industry [1], particularly if parts can be
piesele pot fi remontate pe alte ansambluri indsaz reassigned to other assemblies if they fail to
esec al unei asamili (in aceagt categorie sungi assemble (this is the case of modular fixturesg Th
dispozitivele de prindere modulare). Metodelestatistical methods, in particular Monte Carlo
statistice, Tn particular simularea Monte Carlo,simulation, generate a more reasonable tolerance
genereax rezultate mai acceptabile decat metodathan worst case method. The last assumes extreme
cazului celui mai dezavantajos. Ultima presupuneconditions that rarely happen. Worst-case
condtii extreme care se indeplinesc foarte rar.tolerancing is the safer approach, if the inputs ar
Acest tip de tolerare este sigur, gdlatimensiunile  within their respective tolerances, the output is
componentelor sunt in limitele toletafor si guaranteed to be within its worst-case tolerance.
ansamblul va fi in tolerae, chiar in situgile This is especially important for products like icé
extreme. Metoda este important pentru components on mechanical systems. However, this
componentele critice ale sistemelor mecaniceguarantee comes at a high cost.
Oricum, aceastgaranie implica costuri ridicate. By permitting a small fraction of assemblies to

Permiand unui mic procent din ansambludii s be *“out-of-spec”, an increase in tolerances for
nu se incadreze in specifita se pot oline individual dimensions could be obtained, and thus,
tolerane mai largi ale componentelor, astfel putandmanufacturing costs could be reduced.
sa fie reduse costurile de prelucrare. Process tolerancing represent a unified

Metoda hibrid unifica cele doé abordiri. approach to tolerancing that encompasses both the
Beneficiul cel mai important reziddin capacitatea previous approaches. The greatest benefit of psoces
acesteia de a combina cele #lonetode in acegia  tolerancing is that it allows both worst-case and
analiz. Folosind aceastmetodi, utilizatorul poate statistical tolerances to be combined in the same
selecta pentru fiecare comportetipul de tolerati ~ analysis. Using process tolerancing, you can select

care i descrie cel mai bine comportarea. the type of tolerance that best describes the bahav
Deoarece toate modulele dispozitivelor deof each input.
prindere au acegiaimportarta, si datorita faptului Because all the locating components of the

ca da@a un modul de reazem nu poate fi asamblaimodular fixtures have the same importance, and if a
acesta poate fi inlocuit cu altul similar, in luera  locating module can be replaced to other if thély fa
fost adoptat abordarea statistic to assemble, the statistical approach was chosen.
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In prezent exist dous tipuri de sisteme Two forms of modular fixturing systems are
modulare pentru dispozitive de prindere: sistemeavailable today: modular systems with grid pattern
modulare cu grid de alezagecu canale T. Primul holes and modular systems with T slots. The first
este mai avantajos deoarece ®famai multe system offers several advantages over second
posibilititi de montare a modulelor, este mai sigur,system: many more positional possibilities, more
repetabilitatea asandvli unui dispozitiv este mai security, repeated setups are easier, if holesnsr p
usoam, este mai simplu de reparat dsslementele are damaged, these are repairable. This is therreas
de centrare se deteriorédazDin aceste motive that the present paper focuses on the first system.
prezenta lucrare se focalizagee primul sistem. The major sources of errors include fixture and

Sursele principale de erori includ erorile workpiece geometric errors and  elastic
geometrice ale piessi dispozitivului, deformaile deformations of the fixture and workpiece due to
elastice ale sistemului. In prezenta abordare se iafixturing forces. In this approach, only geometrica
in considerare doar erorile geometrice ale modulelomodels of positioning modules are considered.
de reazem. Various methods for determination of

Au fost dezvoltate diverse metode de calcul aworkpiece location accuracy have been developed,
preciziei de pozionare a piesei bazate pe: teoriabased on: small screw theory, meta functions and
suruburilor, meta fund@ si constrangeri de contact nonlinear, implicit contact constraints, variatibna
implicite si neliniare, metode vari@nale, metode methods, sequential methods that mimics the actual
secvemale care imii miscarile de plasare a piesei placement of a workpiece in a fixture, determiwgisti
intr-un dispozitiv de prindere, cu abard or stochastic approaches [1, 2, 3].
deterministe sau stochastice [1, 2, 3]. The geometrical accuracy of the fixtures is

Precizia geometrica dispozitivelor de prindere mainly determined by the locating accuracy of
este determinat in principal de precizia de modules that use one cylindrical surface for high
poztionare a modulelor de reazem care utiliZzeaz precision positioning and modules with two parallel
una sau dausuprafee cilindrice paralele. in lucrare cylindrical surfaces. In this paper the tolerance
se rezold problema optimiirii tolerartelor pentru  optimization of second problem is solved because

al doilea caz, primul fiind implicit. the first is implicitly.
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Figura 1. Ansambluri posibile 2A2B Figura 2. Toleratele ansamblului 2H2P
Figure 1. Possible 2H2P assemblies Figure 2. Tolerances of the 2H2P assembly

in figura 1 sunt schematizate ansamblurile Figure 1 illustrates usual 2H2P assemblies of
2A2B frecvent utilizate la modulele de reazemthe locating modules (notations:1- base module, 2-
(notaii: 1-modul de ba, 2- bot de centraresirub  centering pin (locating screw, round pin, rigid
de centare, bglbuga rigida sau elastit crestat), sleeve or slotted sleeve), 3 - mounted locating
3- modul de reazem): a- cele mai populare, intranodule): a - the most popular, the pins are rigid
bolturile rigidesi alezaje exist jocuri (SMGA Carr  bodies, locational clearance fits (Carr Lane, Kipp,
Lane, Kipp, IMAO, Nabeya), b — hokile sunt IMAO, Nabeya ), b - the pins are rigid bodies, forc
rigide, presate in modulul § au jocuri faa de fits between the pins and the holes of module 8, an
alezajele modulului 1 (Norelem), c- elementele delocational clearance between the pins and the holes
centare sunt elastice (in cazul sistemului AMFof module 1 (Norelem), c- the pins are the elastic
aceste sunt sub forma unor peielastice seionate  bodies (slotted sleeves for AMF modular system).
pe o generatoare).
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in [5, 3] au fost propuse modele matematice ale  If the geometrical tolerances are involved, the
erorilor geometrice, algoritmii asocigi condiiile RFS tolerancing (regardless of its feature size) or
de fezabilitate a ansamblurilor 2A2B, Tn cazul MMC (maximum material condition), mathematical
utilizarii tolerartelor geometrice, déceste sau nu models of the geometric errors and the associate
aplicat principiul  maximului de material. algorithms and feasibility conditions of the 2H2P
Algoritmul si programul prezentat in [5] sunt assemblywhere proposed [5, 3]. The algorithm and
utilizate in aceast lucrare pentru optimizarea the software presented in [5] are used in this pape

toleranelor ansamblului 2A2B. to optimize the 2H2P tolerances.
2. Modelul matematic si algoritmul 2. Mathematical model and algorithm
2.1. Fezabilitatea ansamblului 2A2B 2.1. Feasibility of the 2H2P assembly
In lucrare se iau in considerare vdiia In this study, dimensional and positional

dimensionalai de poziie ale componentelor 2A2B. variations of the 2H2P components are accounted.
Se presupuneicacestea au o dhime mai mi@  Suppose that the locating modules has a low rétio o
decat lungimea, in consegin este posibi  height to length, thus is possible to simplify 8@
simplificarea modelului geometric de la 3D la 2D. geometrical model to 2D.

Variabilele de intrare sunt: tolen@de pozie a The input variables are: position tolerance of
alezajelorsi bolturilor (TPp), abaterile superioage  holes and pins (TPp), upper and lower limits of
inferioare ale alezajelor (ES, Ef)ale boturilor (es, holes (ES, El) and pins (es, ei). The distributiohs
ei). Repartiile sunt normale sau uniforme. dimensional parameters are normal or uniform.

Fezabilitatea ansamblului 2A2B in cazul cel The feasibility of 2H2P assembly results for the
mai dezavantajos este calcdlgpresupunand ac  worst case, assuming that nominal diameters of
diametrele nominale ale suprgdior cilindrice sunt holes and pins are equal, and the low and upper

egale, la feki abaterile inferioare, superioare limits are equal respectively.
dm
—_ m
A= J (1+b—Mj_TPpl_TPp2, (1)

unde:™ - valoare minim, M - valoare maxiri j- where:™ - minimum valueM - maximum value, j-
jocul dintre alezajsi bolt, A - indicele global de clearance between the hole and pin; the global
fezabilitate a asamiii, d - diametrul baului, b -  feasible assembly index, d - pin diameter, b - kvidt
latimea faetei botului frezat. of the diamond pin.

Dacd A > 0 sistemul are componente total If A > 0 then the system has total
interschimbabile, in caz contrar doartjzr interchangeability else partial interchangeability.

Deoarece acceph ca un procent mic de Because we accept a small fraction of

ansambluri pot&nu fie fezabile avem nevoie de o assemblies can not be feasible, we need condition
condtie aplicabif pentru fiecare ansamblu 2A2B:  for each 2H2P assembly:

.ood .
5:0'5(11+EJZJ_|Le1_LeZ|' (2)

Notatii: j 1, j> - jocuri intre alezajgi bolturi; Ly, Notations: j, j, - clearances between holes and
L., - distanele efective intre axele alezajelor, pins; L, Ley - the effective distances between the
respectiv ale balrilor; d,, b, - valorile efective ale holes, respectively pins;do, - the effective values
diametrului, respectiv aleatimii boltului frezat; of the diamond pin diameter, diamond pin width,

d - indicele individual al fezabititii ansamblului. respectivelyp - the individual feasible index.
Daci 6 > 0 ansamblul curent este fezabil, Tn caz If & > 0 then the current assembly is feasible

contrar nu. else is not feasible.

2.2. Precizia geometrica a ansamblului 2A2B 2.2. Geometrical accuracy of 2H2P assembly
Algoritmul pentru estimarea preciziei poei si The algorithm for estimating the position and

orientirii simuleaz procesul de asamblare 2A2B, orientation accuracy simulates de 2H2P assembly
inclusiv micromgcarile necesare este descris in [5]. process, including necessary micro-movements is
Lucrarea amintit prezink un model stochastic al detailed in [5]. The paper presents a stochastic

RECENT, Vol. 11, no. 2(29), July, 2010 115



Optimizarea toleraelor ansamblului 2A2B pentru dispozitive modulare

preciziei a sistemului de asamblare 2A2B aplicat lamodel of 2H2P geometrical accuracy for modular
dispozitive de prindere modulare cu grid de alezajefixtures with grid pattern holes. The proposed
Modelul propus este bazat pe Tnsumarea veciorialmodel is based on 2D vectorial summing of errors
2D a erorilor si pe condiile de fezabilitate a and the feasible assembly conditions.
asambidrii. A very short description of the algorithm [5]:
Descrierea sumar a algoritmului [5]: este the random position and orientation of the
generat o poziie si orientare aleatoare a component 1 are generated, like the well known
componentei 1, ca Tn experiment a acului luiBuffon’s needle experiment, but the dropping area
Buffon, dar intr-o zof limitatd. Da& ansamblul nu is limited. If the assembly is not feasible (see
este fezabil (vezi refm (2)) acesta este respgise  condition 2) it is rejected, and the new random
trece la testarea altui ansamblu. Daste fezabil, assembly is tested. If the current assembly is
dar exisi o intersege bok-alezaj, aceasta se feasible but a bolt-hole intersection exist, by

elimind prin micromgcari aleatoare. random micromoves it is removed.
2.3. Optimizarea tolerantelor 2.3. Tolerance optimization
Dac pentru un ajustaj cu joc se notg@az | If we have a clearance fit, and the following

jocul mediu, cy™ jocul minimsi cu T, T, tolerana  notations are usefimedium clearancg? minimum
alezajului, respectiv a arborelui, jocul mediu seclearanceT,, hole tolerance], pin tolerance, the
poate calcula cu reifa: medium clearance is calculated with:

j=j"+0,5T, +T,). (3)

Jocul mediu este direct propional cu jocul The medium clearance is proportional to
minim si cu media aritmetic a toleragelor minimum clearance and to arithmetic average
arborelui si alezajului. In cazul unor repaiti  between the pin and hole tolerances. Under normal
normale ale diametrelor alezajelgir bolturilor de  distributions, the 2H2P accuracy depends on
centrare erorile sunt dependente puternic de jiecuri medium clearance, and obviously on minimum
medii si decisi de cele minime. Dar acestea din clearance. The minimum clearance need to respect
urma trebuie & respecte retm (1). Dad@ jocurile  condition (1). If minimum clearances are great ltesu
minime sunt relativ margi erorile vor fi mari. In  great locating errors. As a conclusion, an improved
concluzie, pentru almerea unor erori mici se accuracy can be reached if a small fraction of 2H2P
impune utilizarea unor ansambluri 2A2B care suntassemblies are “out-of-spec” (2H2P assembly with

patial interschimbabile. partial intercangeability of componets).

Din relaiile (1) si (3) se poate scrie coni By use (1) and (3) it can write the total

fezabilititii totale sub forma: feasibility condition as:
j2TPp, +TPp, +0,5(T, +T,). (4)

Se obser¥ ca toleranele boturilor si alezajelor As you see, the pin and hole tolerances are less
are pondere mai micdecét cele de pa®, decisi important than position tolerance of holes and ,pins
erorile vor depinde mai mult de primele. therefore the errors more depend by first.

2.4. Optimizarea tolerantelor dispozitivelor 2.4. Tolerance optimization of the modular
modulare fixtures
Restrigiile optimizarii tolerartelor 2A2B pentru Constraints of the 2H2P tolerance optimization

dispozitive de prindere modulare sunt: diametreleof the modular fixtures are: nominal diameters of
nominale ale alezajelgr ale boturilor sunt limitate  the holes and pins are located in the range of
la 10...18 mm; clasele de precizie 7...5; diametrelel0...18 mm; 7...5 IT grades; nominal sizes of
nominale egale; E$= ES;, Eli1 = Ely, €51 = €94, diameters are equal, ES= ESi, El; = Eby,

€iy1 = eby; Ly = L3 =L (vezi figura 1b)TPp, = TPp, = €s1 = €S, €h1 = eby; L1 = Ls =L (see figure 1b);

= TPp = 0.01 mm valoarea minimuzuah, vezi  TPp; = TPp, = TPp = 0.01 mm, the minimum usual
sistemele modulare pentru dispozitive: Halder L12 value, see Halder L12, KippM12, Nabeya M12,
Kipp M12, Nabeya M12, IMAO; EI > es condi  IMAO modular fixture systems; El > es the
existenei  jocurilor minime; A < 0  condition of minimum clearance between the holes
(interschimbabilitate p&gnla) folosita pentru a and pinsA < 0 (partial intercangeability) is used to
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limita numirul de combingi ale campurilor de
tolerana si pentru minimizarea erorilor;

Deoarece abaterile superioage inferioare au
valori discrete, s-a adoptat o meioghenerare —
testare”. Utilizand relga (1), candA < 0 putem

limit the number of tolerance zones combinations
and the error minimization;

Because the upper and lower limits of holes
and pins are discrete values, a “Generate and Test”
method was adopted. By use of (1), witerd 0 we

calcula TPp minim i alege ajustajele can calculate minimunTPp and select the proper
corespunitoare: fits:
TPp > max(o.01, 05[] m) : ()

Pentru fiecare ajustaj se calcul@grin metoda Using Monte Carlo simulation method, the
Monte Carlo precizia geometiic realizaf si geometric accuracy and the unfeasible assembly
procentul de ansambluri nefezabile. In final sg@ale rate of every fit are calculated. Finally, the most
ajustajul care realizeazprecizia maxird pentru un  accurate fit is chosen, if the rate of unfeasibt2R
procent dat de ansambluri 2A2B nefezabile. assembly is adopted.

Esantioanele pentru simirile Monte Carlo The following sample sizes were used in Monte
sunt: n = 500000 pentru estimarea preciziei Carlo simulations:n = 500000 for geometrical
geometricesi n = 10 - 10° pentru calculul accuracy estimation, amo= 16— 10 for feasibility
fezabilititii, intervalul de incredere 0,9973, au fost of the 2H2P assemblies, confidence level 0.9973,
luate Tn considerare repaiitinormale (vezi zonele and the normal (upper areas of the cells of thietab
superioare ale celulelor din tabelul gi)uniforme 1) and uniform (lower area) distributions of the
(zonele inferioare) ale dimensiunilor. dimensions are considered.

Tabel 1. Rezultatele simillor Monte Carlo pentru ansamblul 2A2B cu ddwolturi rotunded = 10-18 mm
Table 1. The results of the Monte Carlo simulatiohthe 2H2P assembly with two round pids; 10-18 mm

G6/g6 G6/g5
TPp j"=12 umj =23 pm j"=12 umj =215 pm
pm €x &y €y f € &y €y
10 22.5 27.5 29.0 0 21.2 25.8 27.0 0
25.1 31.2 33.6 1 23.8 29.9 31.6 3
125 23.0 28.3 30.6 0 21.7 26.8 29.0 0
26.5 335 35.0 65 25.1 31.6 33.2 120
15 23.5 29.5 31.6 0 22.2 27.7 29.3 0
27.8 35.2 37.5 620 26.5 33.3 35.0 1080
175 24.2 30.7 33.0 2 22.8 29.0 31.0 7
29.5 36.9 39.5 2770 28.2 35.1 37.6 4500
20 24.9 32.0 34.0 22 23.6 30.6 32.3 52
31.3 38.8 41.2 8020 30.0 36.9 39.4 12000

Mai suse,, &, &y [UM] sunt erorile de poze ale Above g, g, & [UM] are the locating errors of
originii sistemului de referii a unei componente the coordinate system origin associated to a 2H2P
relativ la cedlalt, f este nuriirul ansamblurilor ratate component relative to othef,is the unsuccessful
raportate la 10ansambluri testate. assemblies respect to®i@sted assemblies.

Baza de compatie@ este sistemul modular Basis of comparison is Norelem M10 fixture
Norelem M10 cu ajustap1l6 E6/n6,j" = 12 um, system having &16 E6/n6 fit,j" = 12um,j = 23
j =23 umsi TPp = 0,01 mm, singurul sistem 2A2B um and TPp = 0.01 mm, it is the only 2H2P
care folosgte dou boluri rotunde. Rezultatele assembly with two round pins. The simulation
simulrii sunt: e, = 22,6 pmeg, = 27,5 umg,, = 29,4 results areg, = 22.6 umyy, = 27.5 pmg,, = 29.4
pm,f = 0 pentru repatii normale. um,f = 0 under the normal distributions.

Daca douwi ajustaje auTPp unic si aceleai If two fits have the samelPp, the same
jocuri minimesi medii, rezuld erori pe pozionare minimum and medium clearances results the equal
egale. De exemplu, ajustajeiel6 E6/n6si ®16  locating errors. For example, the fibd6 E6/n6 and
G6/g6 sunt similare, ca urmare procesul de®l6 G6/g6 are similar, therefore the optimizing
optimizare se simplifi. process is simplified.
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Costurile de prelucrare pot fi reduse prin
majorarea TPp, dar nurdrul de ansambluri
nefezabile crge rapid in cazul repatiior
uniformesi mai puin pentru repartiile normale.

Prin folosirea unui bolrotund in combinge cu
unul frezat putem cgge relativ mult TPp (vezi By using one round pin and one diamond pin
tabelul 2). De exemplu, dacrestem tolerara la  we can raise more tHEPp magnitude (see table 2).
pozitia nominai de la 0,01 mm la 0,015 mm (o For example, if we increase position tolerance from
majorare de 50 %) eroarea de piomare xy se  0.01 mm to 0.015 mm (50 %) thg locating error
modifica mult mai ptin de la 0,029 mm la 0,0315 changes much less from 0.029 mm to 0.0315 mm
mm (8,6 %). (8.6 %).

Manufacturing costs could be reduced by
increasing of TPp, but the number of the
unsuccessful assemblies grows rapidly under
uniform distributions and less under uniform
distributions.

Tabel 2. Rezultatele simixllor Monte Carlo pentru ansamblul un bobtund - un balfrezat,d = 10-18 mm
Table 2. The results of the Monte Carlo simulatiohene round pin - one diamond pin assembly,10-18 mm

G6/g6 G6/g5
TPp i"=12 umj =23 umb=5mm j"=12 umj =23 umb=5mm
pm £ €y Exy Ex &y Exy
10 24.8 27.5 29.4 0 23.2 25.8 27.4 0
27.8 32.0 34.6 0 26.1 30.0 32.1 0
125 25.4 28.4 30.4 0 23.8 26.8 28.8 0
29.1 33.4 35.8 0 27.5 31.5 33.8 0
15 25.8 29.5 31.2 0 24.4 28.1 30.7 0
30.1 35.2 37.9 0 28.7 33.3 35.8 0
175 26.8 30.8 33.0 0 254 29.2 31.6 0
31.9 37.0 39.6 0 30.1 35.2 37.4 0
20 27.6 32.0 34.7 0 26.2 30.5 33.2 0
33.3 38.7 42.0 2 31.9 37.0 40.0 1
3. Concluzii 3. Conclusions

in lucrare este propus un model stochastic al A stochastic model of the geometrical locating
preciziei geometrice pentru ansamblurile 2A2B. Peaccuracy of 2H2P assembly is proposed. Based on
baza acestuiai utilizand un algoritm ,generare — this model with a “Generate and Test” algorithm
testare” si simulari Monte Carlo, sunt calculate and the Monte Carlo simulations, the optimal
toleranele optime ale sistemelor modulare pentrutolerances of fixture modular systems are
dispozitive. Nu este necedamdoptarea interschim- calculated. Is unnecessary to insist on infallible
babilitatii totale a ansamblurilor modulare 2A2B, cu interchangeability of modular 2H2P assembly, with
efecte mari asupra costului de prelucrare ahe great effects over the manufacturing costb®f t
componentelor modulare. modular components.
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