Variation and Quality

Defining, Measuring, and Controlling Quality in Manufacturing
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Variation and Quality

Defining, Measuring, and Controlling Quality in Manufacturing

2.008 Manufacturing Context
what have we covered so far:

- some unit processes (more to come)

- assemble to make useful products

- (covered in Review Session and Quiz)
- closed book, 1 page cheat sheet

- Injection Molding what is still coming up
* Thermoforming - :
. Assembling - Machining - variations and quality control
* Fastening * (Casting) - manufacturing systems
- Adhesive bonding -« (Forming)
- Soldering/brazing  + (Layered) - process planning

» Diffusion bonding
» Fusion welding - cost
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2.008 Objectives

Internalize the rate, quality, cost, and flexibility as

L o manufacturing attributes
e.g. injection molding: cooling

hining: MRR . .
macl ning —\p\gly physics to understand the factors that influence
multiple processes: systems the rate, quality, cost, and flexibility of processes

mostly qualitative so far Apply an understanding of variation to the factor that

today: how to define, influence rate, quality, cost, and flexibility of
measure and control it processes and systems

Understand the impact of manufacturing constraints
on product design and process planning
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What is Quality?
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can we agree on what it is?

to control it you need to be able to measure it

what is the metric and the specification?

“within spec” = -, otherwise -
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2.008 Topic Coverage

Variations What is our yield? % that meets quality.

What can we do about it?

Statistical Representation

L 4 X €« X X

Process Capability

Process Control

See more images See more images See more images
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Variations in Engineered Part

+/- 0.1” +/- 0.1”
F 4.5 +_ 1.9 — tolerance how much variation can your
— design tolerate?
A A +/- 0.004”

Y S 1.00”
v

vV “within spec” = -, otherwise -

design specification

compare your process outcome (single measurement for a part) to your specification (range)
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Variations in Critical Diameter
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Variations in Critical Diameter

XN NN X

bucketing helps you understand the data
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Variations in Critical Diameter

+-0.1" +-0.17 get statistical: process outcome distribution
}4 4 5» ’F 1 5»_>

) +/- 0.004 I
e B N 1-00” 6 !
/ _ t>)‘ 5 |
g 4 -

=

53
L. 5
1 -

0

994- 996- .998- 1.000- 1.002- 1.004 -
99% 998 1.000 1.002 1.004 1.006

Diameter, in.
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Causes of Variations for the Consumer

Manufacturing:
- part variations from unit manufacturing processes

- assembly variations

Use:
/—> cars: tested in high
- variations in conditions of use elevations, arid, humid,
cold - needs to be
addressed Iin design

stage and turned into
specifications

- deterioration
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Part and Assembly Variation Outcome is measured

mistake proof? maintenance

Input — output process
(ext problem

)

Outcome Examples

- shaft O.D. (inches) unit of measure (mm, kg, etc.)
- hole distance from reference surface (mm) measurement method: accurate and
- circuit resistance (ohms) precise over time

- heat treat temperature (degrees)
- engineering change processing time (hours)
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Control of Variations: Technological Development

physical masters engineering drawings go/no-go gauge || | _ I
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1.004”
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v
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Control of Variations: Technological Development measurement is good, but costly

statistical representation eontlnuous on- I|ne measurement

=BT S =T =
2 'c::"t-v#'c)" -
Iy < ~loe "'d" Sl S
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optical measurement demo

" Diggovery
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Process Management Over Time

PRODUCT PROCESS PRODUCTION ONGOING PRODUCTION
CONCEPT  SPECS  pEgiGh DESIGN STARTS AND PRODUCT LIFE
PRODUCT WEARS,
"USERS WILL
specifications DO ANYTHING"

i T quality issues
MARGIN I 4 MARGIN DETERIORATES

Y " TOOL WEAR,

IDEA PROCESS DRIFT,

N(E)ED LATITUDE VARIATION within SpeCS LOSS OF ATTENTION

v /
IDEAS DESIGN TO DESIGN TO CONTINUOUS
TECHNOLOGY INCREASE DECREASE VIGILANCE FOR
ARCHITECTURE LATITUDES VARIATIONS QUALITY

SOURCE: H. BARRY BEBB, FORMERLY OF XEROX.
HE CREDITS DON CLAUSING AND MAURICE HOLMES,
LATITUDE AND VARIATION AND SAYS IT TOOK 10 YEARS TO DRAW THIS CHART.

© Dan Whitney
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Types of Variations

Systematic / Assignable / Special Cause (you know or can figure out what is happening)
- tool is wearing out
- operator used the wrong depth of cut

- typically a “single direction” shift

Random / Un-assignable / Common Cause (there’s always some amount of randomness)

- there’s some natural variation due to vibrations,
nonlinearities, etc.

- l.e. a truck passed by and caused extra vibration
or there was a solar flare

- “positive and negative” shifts
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Manufacturing Outcomes

each row is independent

just like a manufacturing process with multiple inputs

Outcomes are normally distributed

Frequency

O =~ N W b OO0 N
[ T |

996 998 - 1.000- 1.002- 1.004
998 1.000 1.002 1.004 1.006

£I|||l

Diameter, in.
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Chocolate Bar Distributions

Which bar do you expect to have lower variation?

- Investigate mean and standard deviation of
chocolate bar weight distributions

milk chocolate with 7
whole almonds FL\ ‘

milk chocolate

210

CALORIES
PER 1 BAR
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Weight Distribution of Hershey's Milk Chocolate
and Milk Chocolate with Ailmond Bars
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Milk Chocolate Analysis (n=36)

Nominal Weight (g) 43
Median 45.08
Mean 45.10
Min 44.72
Max 45.41

Standard Deviation 0.16

&

MILK CHOCOLATE WITH ALMONDS ﬁ @

Almond Bar Anaylsis (n=36)

Nominal Weight (g) 41
Median 42.16
Mean 42.01
Min 40.13
Max 42.83

Standard Deviation 0.64
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Statistical Distributions n
o Zi=1 xi
mean . X =
central tendency: more in the middle n
- sample mean (arithmetic)
n _

- sample median when do we Zi—l (Xl- — x)2

choose median? Variance 52 e —

n

measures of dispersion
- variance
- standard deviation (“average deviation

from the mean”) std dev . s
- range
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Statistical Distributions

Mean
| | 0.89876
central tendency: more in the middle
Median
- sample mean (arithmetic) 0.90183
o o Std. Dev.
- sample median Minimum . 004255 Maximum

0.7?670 :
f & & D b SOIEMNS QUIHIPNBOLOTNNEND ¢

0.98774

measures of dispersion

I'_I—V—'—l'_"_f_l—l

- variance 0.8160 0.8740 0.9320 0.9900

- standard deviation

- range Mass of Halloween M&M/ g, n=100
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Statistical Distributions

Probability
b
P{a <x<b} =J f(x) dx

Pl—oc0o <x< o0} = J‘OO fx)dx=1 for all x, s

Normalized

7 = (“number of std devs”)

2
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Areas under the Normal Distribution Curve
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Areas under the Normal Distribution Curve
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Normal Distribution Example Take an M&M with mass = 0.9g. Based on our normal

curve, how many M&Ms in a package on average have
a mass greater than 0.9g?

x—% 0.9000 — 0.8988
s 0.0425

= 0.29

P Z =

The area to the right of z = 0.29 is 1 minus the area to
the left of z = 0.29. Using the table:

P=(1-0.6141) =0.3859

So 38.59% of our 100 M&Ms will on average have a
0 Z1 mass greater than 0.9qg, or 39 M&Ms
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Standard Deviation References Yo-yo project distributions

one standard deviation 40 BOdy Diameter Distribution

4 ™ LSL = 2.325” USL = 2.335”

«—— 68%ofdata

Avg = 2.3262”
Std = 0.0022”

95 % of data -

Quantity
N
D

o~ £ Y s [ Yt

J A ' - \) *
s ey S0 N 4 :
> LAV sl '

Pleal A TIAC YT AN SR S\ T SOy S

N
o

0
2.319 2.32 2.325 2.33 2.335 2.34

-3 -2 -1 0 1 2 3 Average body diameter (in)
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Process Capability!

Is the process capable of meeting the design
requirements?

Design and Manufacturing intersect

C — USL — LSL

P
60pmcess
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Process Capability! o

Is the process capable of meeting the design
requirements?

LSL

-] &I

Design and Manufacturing intersect USL

C — USL — LSL

p : : :
60pmcess X v X
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Process Capability! o

Is the process capable of meeting the design
requirements?

Design and Manufacturing intersect LSL X USL

C — USL — LSL

p : : :
60pmcess X v X
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Process Capability! o

Is the process capable of meeting the design
requirements?

Design and Manufacturing intersect LSL X USL

Cpk _ USL — x iy Cpk _ X LSL
3617’” ocess 3 Gprocess
(whichever is smaller) X v X

Cpk IS @ more strict metric that is sensitive to shifts in the mean USL: upper specification limit £
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Capability Example

Mean = 0.738
Standard Deviation = 0.0725 0.500 0.738 0.900
USL = 0.900 L§L )‘c U§L
LSL = 0.500
Normalizing:
USL—-x 0.900 - 0.738
Lyst, = = = 2.23
o 0.0725
x—LSL 0.738 —0.500
ZLSL — — = 3.28
o 0.0725 C. = 2.23/3 = 0.740

Z . =223 C, = (0.900 — 0.500)/(6 * 0.0725) = 0.920
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Process Capability!

How do we improve?

Design + Manufacturing o

-] &I

USL

C — USL — LSL

p : : :
60pmcess X v X
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Control of Variations: Technological Development

statistical representation eontlnuous on- I|ne measurement

=BT S =T =
2 'c::"t-v#'c)" -
Iy < ~loe "'d" Sl S

e

" Diggovery

no statistical
representation needed
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