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Abstract

Most of researches on tolerance optimization have used a simple sum of tolerance -cost functions with

several constraint equations as an optimization model. However, if there is a machining sequence with more
than one processes to complete a part, and machining failure, i.e., out -of-tolerance occurs at one of the
intermediate processes, the tolerance -cost of this process should be added by the machining cost of all the
previous processes already completed on the part. In this study, an accumulated scrap cost model(ASCM) is
proposed considering the scrapped machining cost, and applied to a simple assembly example. The result of

tolerance optimization using ASCM is compared with that of using a traditional optimization model to

confirm its effectiveness.
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Machining Process Plan
: Rough Turn(P;,) — Finish Turn(P,;)
— Rough Grind(P;3) — Finish Grind(P,4)
Cylinder bore: Drill(P;;) — Bore(Px;)
— Semi-finish Bore(P,3) — Grind(P,4)

Piston

Fig. 3 An example of piston-cylinder bore assembly

Table 1 Data for process tolerance and stock removal
error for each process of the example

Piston

Py Py, Pi3 Py
PT 0.02 0.012 0.003 0.001
ASR | — 0.02 0.005 0.0018

Cylinder bore

Py Py Py Py
PT 0.02 0.012 0.005 0.002
ASR | — 0.02 0.005 0.0018
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Fig. 4 Trend of the total manufacturing cost reduction
by using simulated annealing for the ASCM

Table 2 Optimized tolerances and costs by using the
optimization models

™ ASCM
wC SC wC SC
Py, | 0.01622 | 0.01876 | 0.01519 | 0.01680
Pz | 0.00375 | 0.00472 | 0.00371 | 0.00471
_é Pi; | 0.00125 | 0.00163 | 0.00127 | 0.00167
= P4 | 0.00054 { 0.00072 | 0.00051 | 0.00066
t;q | 0.00054 | 0.00072 | 0.00051 | 0.00066
P;; | 0.01618 | 0.01938 | 0.01625 | 0.01789
51 Pn | 0.00375 | 0.00470 | 0.00373 | 0.00473
é P23 | 0.00124 | 0.00163 | 0.00124 | 0.00163
© Py | 0.00045 | 0.00069 [ 0.00049 | 0.00073
¢ | 0.00045 | 0.00069 | 0.00049 | 0.00073
Cost 66.82 59.60 77.81 66.71
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Table 3 Tolerance cost for each machining process and
the ratio of ASC to the process cost

Process Cost(Percentage of ASC)

Piston Py P P P
1.64 5.84 8.33 12.93
(0 %) (6.6 %) 6.1% | (38%)
Cylinder Py, Py Py Py
2.51 7.29 12.33 15.86
(0 %) (8.1 %) (186 %) | (16.9%)

Table 4 Design tolerances of the parts and their portion
to total tolerance stack-up(assembly tolerance:

0.001)
WwC SC
™ ASCM ™ ASCM
Piston 0.00054 | 0.00051 | 0.00072 | 0.00066
(54.5%) | (51.0%) | (51.1 %) | (47.5%)
Cylinder 0.00045 | 0.00049 | 0.00069 { 0.00073
Y (45.5 %) | (49.0 %) | (48.9%) | (52.5%)
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Fig. 7 Tolerance-cost functions for each machining
process of the two parts
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