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Process capability is well known in quality control literatures. Process capability refers to the uniformity of the process. Obviously,
the variability in the process is a measure of the uniformity of output. It is customary to take the 6-sigma spread in the distribution
of the product quality characteristic as a measure of process capability.

However there is no reference of process capability when maximum material condition is applied to datum and position tolerance
in GD&T (Geometric Dimensioning and Tolerancing). If there is no material condition in datum and position tolerance, process
capability can be calculated as usual. If there is a material condition in a feature control frame, bonus tolerance is permissible.
Bonus tolerance is an additional tolerance for a geometric control. Whenever a geometric tolerance is applied to a feature of
size, and it contains an maximum material condition (or least material condition) modifier in the tolerance portion of the feature
control frame, a bonus tolerance is permissible. When the maximum material condition modifier is used in the tolerance portion
of the feature control frame, it means that the stated tolerance applies when the feature of size is at its maximum material
condition. When actual mating size of the feature of size departs from maximum material condition (towards least material condition),
an increase in the stated tolerance-equal to the amount of the departure-is permitted. This increase, or extra tolerance, is called
the bonus tolerance. Another type of bonus tolerance is datum shift. Datum shift is similar to bonus tolerance. Like bonus tolerance,
datum shift is an additional tolerance that is available under certain conditions.

Therefore we try to propose how to calculate process capability index of position tolerance when maximum material condition

is applied to datum and position tolerance.
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Drawing Interpretation

33 :
|

Feature | Straightness | Bonus Total
AME Tolerance Tolerance | Tolerance

NOTE: 2.5 MMC 0.2 0.0 0.2
Maximum bonus occurs 24 02 0.1 03
when the AME is at LMC 23 02 02 0.4
22 0.2 03 05
2.1 0.2 04 06
2.0LMC 0.2 0.5 07

<Figure 1> Bonus Tolerance I
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Positional tolerance
Possible bonus tolerance +04
Possible shift tolerance +06
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<Figure 2> Bonus Tolerance II
3. HILIE ¥ 4y <Figure 4> Position Tolerance at MMC
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<Figure 3> Example Drawing
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<Figure 3> A1 ©]7(0OD : Outer Diameter)©] Hlo]® A HATE TR Ak se) REE
2 AAHR e, UYH(ID : Inner Diameter)< 0D} MMC
olA ID7F MMCY ul $1X]&3F 0.055 714 &= Blolth.
o]F Fojx] At 9ol MMCY we] A5 7+
o2 Aol MMCY el T4 = f1X7F 2 7] 0.059] Part oD D D Position
FAFg e el glojof gtk Aelth & ID7F 3.90] 1 | 5023 1022 0.140
OD7} 5.1 w <Figure 4>} o] 3-8 7}sak x| &= 2 5.055 4.086 0.105
7} 0.057F A Aoz Hd 58 FA #h2 ID7F4.14Y 3 5.045 3.955 0.025
u B AEHE HUAaFal 029 OD7F 499w 2 e 4 4955 4110 0.021
B2 028 Yo 02 <Figure 5>9F 20] 0457} 5 5.090 4,050 0.068

<Table 1> Results of Parts Measured
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<Table 2> Total Bonus Tolerance
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{Table 4> Percentage usage of Upper Tolerance

Part OD Bonus ID Bonus Total Bonus
1 5.10-5.023 =0.077 4.022-3.90 = 0.122 0.199
2 5.10-5.055 = 0.045 | 4.086-3.90 = 0.186 0.231
3 5.10-5.045 = 0.055 | 3.955-3.90 = 0.055 0.110
4 5.10-4.955 = 0.145 | 4.110-3.90 = 0.200 0.345
5 5.10-5.090 = 0.010 | 4.050-3.90 = 0.150 0.160
U AR Bysagatd A4E fATa s o
tH HE Ak S gk Al ghS <Table 3> o]
g 4 Aot

{Table 3> Resultant Upper Tolerance

Part | Total Bonus | Position Tolerance | Upper Tolerance
1 0.199 0.05 0.249
2 0.231 0.05 0.281
3 0.110 0.05 0.160
4 0.345 0.05 0.395
5 0.160 0.05 0.210

o AA 9424 e vastel IR e Akt
AGHAEAT B ol FAFAASE T8 W 4

Part __Actual ID Upper Percent of
Position Tolerance Tolerance Tolerance
1 0.140 0.249 56.22%
2 0.105 0.281 37.37%
3 0.025 0.160 15.63%
4 0.021 0.395 5.32%
5 0.068 0.210 32.38%
oAl FATHAFE Tol AT} 2L Yo AT
1g 25F AHE F e 49E TE ATAE 100%
(F2 D @ W, 2 BE FAAE v & AATA
o] oA FE58A = Ld
1t (Xbar) = 0.2938(% % 29.38%)
EHK(Std. Dev.) = 0.1976

Cp = (Upp. Tol.-Xbar)/(3xStd. Dev.)
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<Table 5> Tolerance of Position Cp Depending on the Value
of Position Percent(1,000 data)

Position Percent(%) Tolerance of Position Cp
50 0.73
60 0.86
70 0.99
80 1.17
90 1.63
100 4.00

{Table 6> Tolerance of Position Cp Depending on the Value
of Position Percent(5,000 data)

Position Percent(%) Tolerance of Position Cp
50 0.76
60 0.83
70 0.96
80 1.17
90 1.67
100 4.12
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