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ABSTRACT

This paper investigates the tolerance stack-up in a commercial sliding-type mobile phone model
developed by a Korean electronics company, with focus on the dimensional quality of the gap
between the sliding top and the main body. The tolerance analysis in this study is done using a
commercial software package, which runs Monte Carlo simulations to produce the statistical dis-
tributions of the gap size at desired locations. Such an analysis revealed that the original design
did not yield the desired dimensional quality of the gap. Through a series of systematic analy-
ses and syntheses, an improved design is proposed for the nominal dimensions and tolerances of
selected features of the parts. The proposed design was validated, through tolerance analysis
simulation, to meet the desired requirement of the gap quality.

Key words: Computer-Aided Tolerancing (CAT), Datum Flow Chain (DFC), Gap, Mobile phone,
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Fig. 6 Probabilistic distributions of gap measurements as
computed via tolerance analysis of the original
design

Table 1 Means and standard deviations of gap measure-
ments as computed via tolerance analysis of the
original design

ik 7+ (mm) EFZHUAH(mm)

1 0.2009 0.0561

2 0.2644 0.0542

3 0.2609 0.0437

4 0.2042 0.045

5 0.1951 0.0482

6 0.2158 0.0447

7 0.3037 0.0408
Fig. 5 Computer-aided tolerancing (CAT) model 8 0.2054 0.0455
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Table 2 Effects and sensitivities of tolerance features as
summed over all gap measurements

I (feature) Effect |Sensitivity
Coverl-base line 362.9 11.02
Cover2-base line 346.5 10.62
Lower-left hinge rail 1 8.48 8.62
Lower-right hinge rail 1 6.08 8.62
Lower-base line 5.56 2.54
Hinge-bottom left plane 2 2.16 4.19
Hinge-top left plane 2 2.16 4.19
Hinge-bottom left plane 1 2.16 4.19
Hinge-top left plane 1 2.16 4.19

z%
Front-mid hook1 0.91 0.745
Cover2-mid hookl 0.91 0.745
Front-mid hook3 0.88 0.540
Cover2-mid hook5 0.82 0.777
Front-mid hook5 0.15 0.313
Cover2-mid hook3 0.08 0.159
Front-mid hook4 0.08 0.159
Cover2-mid hook4 0.08 0.159
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Table 3 Stepwise reduction of gap standard deviations
through adjustment of part feature tolerances

0 1 2 12
A X

Coverl, 2 Front Hinge

base BL hook, left

ZA3A .

7 line Cover2 BL plane
(30%)  |hook (30%) (30%)
1 0.0561| 0.0427 0.0427 0.0360
2 0.0542| 0.0416 0.0413 0.0359
3 10.0437| 0.0348 0.0347 0.0318
4 10.0450| 0.0362 0.0361 0.0327
5 10.0482| 0.0397 0.0359 0.0346
6 |0.0447| 0.0359 0.0358 0.0339
7 10.0408 | 0.0319 0.0319 0.0308
8 10.0455| 0.0365 0.0366 0.0357
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Table 4 Part feature tolerances fixed in the final step

34 F2E%)
Coverl baseline 30
Cover2 baseline 30
Cover2 left bottom hook 30
Front left bottom hook 30
Lower left hinge raill 30
Lower right hinge raill 30
Coverl right top boss 30
Cover2 right top boss 30
Hinge bottom left plane2 25
Hinge top left plane2 25
Hinge bottom left planel 25
Hinge top left planel 25
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Table 5 List of fasteners selected to be subject to
nominal position adjustments

Hrg AR50 Ao
X1 Coverl top boss
X, Coverl bottom boss
X3 Cover2 top boss
X4 Cover2 middle boss
Xs Cover2 bottom boss
X Cover2 bottom boss

Table 6 List of gap measurements with target changes

He A HE 3 24 Hmm), Ay,
I 1,8 ~0.0031
7, 2 ~0.0644
v, 3 ~0.0609
W 4,5 +0.0004
Vs 6 ~0.0158
Vs 7 ~0.1037
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Table 7 Computed adjustments required of nominal
positions of fasteners

Ay - g
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HN

Table 8 Comparison of gaps before and after the
tolerance design

W5y FAAF 24 Hmm) AME [ AR A eEaA) | 258 s
Ax, -0.01 1 0.2009 0.1997
Ax;, -0.10 2 0.2644 0.2033
Axs 0.00 3 0.2609 0.2049
Ax, -0.06 4 0.2042 0.1940
Axs 0.00 5 0.1951 0.1941
Axg +0.04 6 0.2158 0.2000
7 0.3037 0.1991
F= 37k S A)E gnEi, F e A 8 02054 0.1983
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