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It is the basic requirement of design process of parts assembly to specify geometric dimensions and tolerances of
product characteristics. Among them, tolerance stack analysis is one of the important methods to specify
tolerance zone. Tolerance stack analysis is to calculate gap using tolerances which includes geometric and
coordinate dimensions. In this study, we suggested more general method called the virtual method to analyze
tolerance stack. In virtual method, tolerance zone is formed by combination of dimensional tolerance, geometric
tolerance and bonus tolerance. Also tolerance zone is classified by virtual boundary condition and resultant
boundary condition. So gap can be defined by combination of virtual boundary and/or resultant boundary.
Several examples are used to show the effectiveness of new method comparing to other methods.
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* Virtual condition boundary
$30.1 — $0.1= $30 (Inner Boundary)
* Resultant condition boundary

$30.5+ 0.1+ ¢0.4 = $31 (Outer Boundary)
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Figure 1. Virtual and Resultant Condition Boundary of Internal
Feature at MMC.
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* Virtual condition boundary
$29.9+ $0.1 = $30 (Outer Boundary)
= Resultant condition boundary
$29.5 — ¢0.1 — $0.4= $29 (Inner Boundary)

@388
GIpeAEC]

T

N

‘ Resultant Condition Boundary

Figure 2. Virtual and Resultant Condition Boundary of External
Feature at MMC.
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Figure 3. Minimum distance between holes.
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Table 1. Definitions of Terms

Symbol Definition
BD basic dimension
MMC maximum material condition
G geometric tolerance
B Bonus Tolerance(LMC-MMC)
v{I) (MMC-G)/2, Virtual Size
V(E) (MMC+G)/2, Virtual Size
M(T) (MMC+G)/2, Moving Size
M(E) (LMC+G+B)/2, Moving Size
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Figure 6. Maximum distance of internal features at MMC.
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Figure 7. Minimum distance of internal features at MMC.
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Figure 9. Minimum gap of external features at MMC.
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Table 2. Gap analysis equations depending on material
conditions
max/ . .
1 ]2 min Equations for max/min
max X o = BD=5 [ ( MMC1= G+ (MMC,~ Gy))
I
M . L . .
min Xmm—BD72[(LMC1+ G+ B)+ ( LMC,+ G,+ B,)]
M
C max X,,m=m)—%2[ (LMC,— G,— B)+ ( LMCy;— Gy~ B»)]
E
min X = BD=5 L (MUC\+ G+ ( MMC+ G))
max X,,W:BD—%[ ( MMC,— G,— B+ ( MMC,— G,— B,)]
I
L : L . .
min Xmm*BD*Z[(LMCHr G+ ( LMC,+ G,)]
M
C max Xy = BD=L1 ( LMC, = G+ ( LMCy— G»)]
E
min | X, =BD=-L[( MMC,+ G,+ B+ ( MMC,+ Gy+ B)]

1 : material condition
2 : type of feature (I: internal, E: external)
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Table 4. Process of calculating gap

path | dimension | tolerance U &
C—B —8.125 +0.125 radius of datum feature
B—E 20.000 - basic dimension
- - +0.08 Position Tolerance
- -0.100 +0.1 Bonus Tolerance
— -0.125 +0.275 Shift Tolerance
E—D -4.200 +0.1 radius of feature
C—D 7.450 +0.68 max/min of gap
A WA= B2, shift tolerance 2] A4 4] o] B-sith=
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