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What is quality?

2,008 - Spring 2004 .

Variations

1. Part and assembly variations
2. Variations in conditions of use
3. Deterioration
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Variable Outcome

Results from measuring intermediate or final process outcome

‘ Men ‘ ‘ Machines ‘ )
Outcome is measured
‘ Materials ‘ ‘Methods‘ + Unit of measure (mm,
kg, etc.)
«The measurement
QOutcome examples method must produce

accurate and precise

* Shaft O.D. (inches) results over time

« Hole distance from reference surface (mm)
« Circuit resistance (ohms)

« Heat treat temperature (degrees)

« Railcar transit time (hours)

« Engineering change processing time (hours)
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Technological Development

Physical masters

Engineering drawings

Go / No-Go gage

Statistical measurement
Continuous on-line measurement
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Engineered Part
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Engineered Part (cont’'d)

+ Rawdata, n=20

1.0013  0.9986  1.0015  0.9996
1.0060 0.9997  1.0029  0.9977
1.0042 09955 1.0019  0.9970
0.9992  1.0034  0.9995  1.0022
1.0020 0.9960  1.0013  1.0020

* 6 Buckets

.994 - .996
.996 - .998
.998 - 1.000
1.000 - 1.002
1.002 - 1.004
1.004 - 1.006

NWoONN
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Engineered Part
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Manufacturing Outcome:
Central Tendency
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Central Tendency

Halloween M&M mass histograms: n = 100
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Dispersion

Mean
0.89876
edian
.90183
Std. Dev.
Minimum 004255 Maximum
0.71670 0.98774
+ ¢ e e -
0.7000 0.7580 0.8160 0.8740 0.9320 0.9900

Mass of Halloween M&M/ g, n=100
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Statistical Distribution

» Central tendency $x
— Sample mean (arithmetic): =1l

— Sample median

» Measures of dispersion
— Standard deviation

— Variance

— Range
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Normal Probability Density Function

Probability

Areas under the Normal Distribution Curve

z 0 001 002 003 004 005 006 007 008 009
30 00013 00013 00013 00012 00012 00011 000Kl 0001l 00010 00010
28 00019 D00018 00018 00017 00016 00016 00015 00015 0.00L4 00014
28 00026 00025 00024 00023 00023 00022 00021 00021 00020 00019
27 00035 00034 00033 00032 00031 00030 00029 00028  0.0027 00026
26 00047 00045 00044 00043 00041 00040 00039 00038 00037 00036
25 00062 00060 00059 00057 00055 0005/ 00052 0O00SL 00049  0.0048
24 00082 00080 00078 00075 00073 00071 00069 00068 00066 00064
23 00107 00104 00102 0009 0009 00094 00091 0O00B9 00087  0.0084
) 22 0013 0013 00132 00120 00125 00122 0019 00116 00113 00110

b
Z -21 00179 00174 00170 00166 00162 00158 00154 00150 00146 0.0143
P{asxsb}f_[f(x)dx Iy Sum o e Shi e oo oom oo oom oam
a -18 00359 00351 00344 0033 00329 00322 00314 00307 00301 0.0294
r b -16 00548 00537 00526 00516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
p{,nggw}_jf(x)dx_l Forall s 15 006es 0065 0063 006 00GIB 00606 0094 0052 00571 00559
Normallzed P 10 01587 01562 01539 01515 01492 01469 01446 0.423 0.401 0.1379
, 0oam gmonm om i ow o ow w ow
S 05 03085 03050 03015 02981 02946 02912 02877 02843 02810 02776
L3 1 -03 03821 03783 03745 03707 03669 03632 03594 03557 03520 0.3483
Pz <z<Z}—J' 02 o7 O4Ss 0410 04080 04052 04015 03074 0336 007 03050
<2<,}= [ 1o gme nmogon g oon o ome om 0w
SN B Gow Ok i oo omm omm ome iemm oms bom
:
Areas under the Normal Distribution Curve Normal Distribution Example
.
T0 U500 DS0i0 00 U5Z0 OSis0 Osise 0% Ore 0l 059 Take a M&M with mass = 0.9g, based on our calculated normal
05 Qo ooy ooms oo oom Oaws 0o Oows e 0% curve, how many M&M's have a mass greater than 0.9g?
B otmooms g oomnonew o pem o oo
07 07580 07611 07642 07673 07704 07734 07764 07794 0.7823  0.7852 X— X
08 07881 07910 07939 07967 07995 08023 0.8051 08078 08106 08133 Z
10 08413 0843 08461 08465 08508 0831 0S5 08577 08599 08621 S
N onme ommoome o ome now omonem o on Z=(0.9-0.89876) / 0.04255 = 0.29
onmmoome gmyogmnoome nem g pae g o A ‘
17 09554 09564 09573 09582 09501 09599 09608 09616 09625  0.9633 Area to the nght of Z=0.29, from table on previous page:
oo gmp g omonem omn pme g oe
10 s e Geme amm S oo omem wm e oo P = (1-0.6141) = 0.3859
23 0oms 0% oomB 091 0904 0o 0903 06Ii 09918 00016 So, the number of M&MW’s with a mass greater than 0.9g
Do otmoome g omonom o omonmnogmn on v , mass gre
26 09953 09955 0.9956 09957 09959 09960 0.9961 0992 09963 0.9964 # P n 0'3859 1
GonmotmEogmogwnoomn o oompoomn ot omm
Bomotm omm ot omomom o ot ome
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Robustness

Not precise Precise
Not accurate

Accurate
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Robustness

A Tale of Two Factories
Jokyo

Color San
Density Diego

5 T T+5

plclel A |Blc| D

Quality

Loss M $100

5 T T+5
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