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DESIGN OF EXPERIMENTS (DOE): 4-14 
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DESIGN OF EXPERIMENTS (DOE): 5-2  









T×O×C  

















5

1





D





















5

2





















DOE- 

34

DESIGN OF EXPERIMENTS (DOE): RUN



T 

C 

O 

TC 

TO 

CO 

TCO  D 

Yi 



1 

















1

Y1 

2 

















2

Y2 

3 

















2

Y3 

4 

















1

Y4 

5 

















2

Y5 

6 

















1

Y6 

7 

















1

Y7 

8 

















2

Y8 





5

3  

(D





,D

TCO

, 

TCO

D

. 





Fisher

, 

, 

, 

, 

, 

, 

, 





:

8

, 





DOE- 

35

DESIGN OF EXPERIMENTS (DOE): 5-2

(Randomization) 





, 

, 

, 

, 

, 





: 

(1) 

4

, 

1,2,3,4



(2) 



(3) 

, 

3

, 

3





6. 







, 

, 

(Blocking)

(Randomization)

, 

, 

, 

, 

, 

, 

, 

DOE- 

36

[image: Image 19]

DESIGN OF EXPERIMENTS (DOE): 



, 

? 



6-1







6-1  













DOE- 

37

[image: Image 20]

DESIGN OF EXPERIMENTS (DOE): 6-1 (a) 
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DESIGN OF EXPERIMENTS (DOE): 6-3  
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DESIGN OF EXPERIMENTS (DOE): 6-5  
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DESIGN OF EXPERIMENTS (DOE): B. 
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DESIGN OF EXPERIMENTS (DOE): 7-22   
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DESIGN OF EXPERIMENTS (DOE): 7-23   
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[image: Image 51]

DESIGN OF EXPERIMENTS (DOE): 7-24 
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[image: Image 52]

DESIGN OF EXPERIMENTS (DOE): DOE-94
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DESIGN OF EXPERIMENTS (DOE): DOE-95
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DESIGN OF EXPERIMENTS (DOE): DOE-96
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Figure: Normal plot of effects, process development example
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Table: Data obtained in a process development study
arranged in standard (Yates) order”
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Table: The 15 ordered effects and the probabdzzy points P,
process development example*

Order number i 1 2 K 4 5 6

Effect -80 =55 =225 -125 -0.75 -0.75
Identity of effects A D ¢ BC ABC BCD

=100(i-3/15 | 33 100 167 233 300 367

Order number j 9 10 11 12 13 14

Effect 025 0.00 050 075 100 450
Identity ofeffects |ABCO AD ABD AC AB 8D

P=100(i-pA15 | 567 &3 700 767 83 9.0






index-46_1.png
Figure: Normal plbt of residuals, on normal probability paper,
precess development example’
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Example: Quenching

Suppose that only four experimental runs can be
made in a single day.

Run T C O Springs w/o  Day
# Steel Temp. Carbon Cil Temp. cracks Run
‘ - - - 67% - 1

+ - - 79% 2

- 61% 2

75% 1

59% 2

90% 1

52% 1

87% 2
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What is a normal plot?

(b) Plotted on ordinary graph paper (c) Protted on normal probability paper
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One Factor at a Time

For example, vary steel temperature:

1450°F 1600°F
Steel Temperature

1450°F  1600°F
72 78
- % springs 70 77
w/0 cracks " 75 78
77 81
AVERAGE 73.5% 78.5% = difference=5%

From this we might conclude that 1600°F is
the better temperature ...
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factors

X1 X2 see Xp
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Increase M=(+) and A=(+). Runa —I
new experiment using old M=+ as new
—and old A=+as new -. Use this new m-'

experiment to obtain more information
on the effect of D. i
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Cadillac Head Lamp Aiming Example
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’///:17 0 = Nominal
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' : Mating Ring
Water Pump Case Study

- ¥y = temperature

Response = y = temperature of seal
(correlates well with seal life)

Levels
Factors (1)
Primary Ring Width (mm)
Water Pressure (psi)
Face Runout (inch)
Mating Ring Finish ( M inch)
Primary R;.ng Finish ( (M inch)
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Standard T c O Springs wio
Order Steel Carbon Ol Temp. cracks
Temp.

1450 0.50 70 67%
1600 0.50 70 7%
1450 0.70 70 61%
1600 0.70 70 75%
1450 0.50 120 .59%
1600 0.50 120 90%
1450 0.70 120 52%

8 1600 0.70 120 &7%

Each line in the table oorresponds to one singie run. Inthe

columns labeled T, C and O, it is indicated how the three factors
should be adjusted.
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Top-Bottom: Carbon Effect
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C carbon content

T steel temperature

Steel Temperature Effect:

79-67= 12
75-61= 14
90 -59 = 31
87 -52= 35
Average = +23
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A More Comprehensive Notatieon:
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Order T C
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2 1600+  05-
3 1450- 07+
4 1600+ 07+
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Data obtained in a process development study arranged in standard (Yates) order
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