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SIMPLIFICATION OF TOLERANCE ANALYSIS

Cristea Ion, Gherghel Mihai, Axinte Crina
University of Bacau

tolerance analysis, called tolerance, tolerance distribution
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the case of a single design function, P(Rr) can be approximated by
P(Rq) = O(B). @

e T R W

58



Dorin
Polygon

Dorin
Polygon

Dorin
Polygon

Dorin
Polygon


19 - Volume 1 - TECHNICAL SCIENCES ACADEMY OF ROMANIA - 2003 45

that, for a linear design function, P(Pg) = ®(B). The accuracy of (2) depends on the curvature of the design
. As long as the radius of curvature at the design point is large compared to the reliability index, (2) has been
to be quite accurate in most practical cases.

- Now, consider the general case of multiple design functions, The approximated reliable region Rr after the
n is always convex and P(Rr) can be obtained by the following lemma:
2: The yield P(RR) is approximated after the linearization by:

PRP(Rg) =] [0 0(0,CM)d,......dme20 3)
¢ the correlation matrix of z’s , denoted by CM, is the correlation matrix of the safety margins Mj.
Bounds are useful since equation cannot be evaluated for a general CM.
3: The probability of covering the convex polytope Rr is bounded by:

2(( min., " B)") < P(Rr) < ming., =" { O(}))} @
bﬂﬂhmdhbuodu'ﬁeobmainnﬂmﬂnhmhuawﬂundhuofﬁemhkumeﬂjmm
Rr (and Rr) and the probability covered by this n-dimensional hypersphere is x(( min;.; ™'** §j)?) . The upper
f(4) holds the probability of the intersection is less than or equal to its component probability.
Summary and discussion
This paper presents a novel procedure for tolerance synthesis by distributing tolerances so as to satisfy the

up conditions. As a global criterion, cost minimisation is used. Probabilistic concept for tolerance analysis and
e5is are introduced. In terms of dimensions and tolerances, areas of interest to manufacturing and to design are
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defined as tolerance region and safe region, respectively. The intersection of the two regions, i.e., the reliable regi
Ry, is investigated in detail.

(d) the relation between tolerance and manufacturing cost.

The cost due to rework is implicitly assumed to be included in the manufacturing cost of the dimension, i.e,
in Ci{oy) of equation (10)[7]. As tolerance becomes smaller, the corresponding rework cost increases. Anothe
possibility of analysing rework cost is to separate it from manufacturing cost. Then, the total cost can be rep :

in the following form:

2.Clo, )+ Coap (P2, Wi = P(Rs )

=1
whereC“{.)md:emstdumwwoﬂmdp,isdnmemiable for dimension x; such that if x;is n
{0 rework then ;=1 and otherwise p, =0. the challenge is | obtaining the values of p; 15i<n.

Another interesting area of tolerances is to analyse and synthesise the discrete tolerances, in which cad
tolerance is treated as a discretc variable and associated with a specifies manufacturing process. For these problem
due to discrete tolerances, the basic scheme of this paper (i.c., the concept of the reliability index and
monotonicity with respect to tolerances) is expected to be used. |
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