CHAPTER 8

STATAPULT EXAMPLE

Introduction

The purpose of this chapter is to walk the user through a detailed example. We will use the statapult
example found in Straight Talk on Designing Experiments. Figure 8-1 illustrates the basic setup for

the Statapult. (If you are interested, statapults may be purchased through Launsby Consulting at 1-
800-788-4363.)

PEG

FNE T R

o
6 s 3 O
2

e

STOP POSITION

o

Figure 8-1

Project Window

Once Windows™ 95 or NT has been opened and DOE Wisdom has been selected from Programs,
a screen similar to the one shown in Figure 8-2 will appear.
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Figure 8-2

Click File on the menu bar. Select New. The File New dialog box will appear. Enter the name
for the new experiment. For our example, we will use the name “statapult”.
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Design Definition Dialog Box
Double-click on the Design folder in the Project window or click the Design button. The Design
Definition Dialog Box shown in Figure 8-3 will appear.

& [statapult. DOE] DOE Wisdom - Design M= E
Ohjective:
Eactors ~Besponses
Addl Ald
(0] 4
Dell Del|
Inful InfD|
Design Type Cancel
Base Runs: IU 3
Fesolution: IU 3: Help
Order Center Faoints  Design Buns  Total Runs Alias Fattermn
Random | IEI :I I j
Figure 8-3
Objective

In our statapult example, we wish to optimize the in-flight distance of the ball. We would like to
conduct a screening experiment with the three factors (Pull Back Angle, Hook Position, and Peg
Position) at different settings and record the in-flight distance for each combination.

Click on the arrow at the right of the drop-down Objective list box to display all possible objective
types. Select Screening.

Defining the Factors
The three factors for our experiment will be Pull Back Angle, Hook Position and Peg Position. In the
Factor box, click on Add. The window shown in Figure 8-4 will appear.
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Factor Definition

Cluantitative |

Mame: l—
nits: l— K
Law Lewvel: l—
High Lewel: li Canze
Frecision: li

Ease Of Adjustment: IEaSy 'I
0| |

Figure 8-4

e

Help

All the factors in this experiment will be quantitative factors. Tab to the factor Name section.
Type Pull Back. Tab to the Units section and type degrees. Tab to the Low Level section and
type 440. Tab to the High Level section and type 490. Tab to the Precision section and type 1.
The Ease of Adjustment will be Easy.

After all items have been entered, the screen for Pull Back will appear as shown in Figure 8-5.
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Cluantitative |

Marme: IPuII Back
Units: |degrees
Low Lewvel: |44EI
High Lewel: |49E| Ml
Precision: |1

[rete |

Ease Of Adjustment: IEaSy vl
Caritral |

Figure 8-5

Choose OK. The factor “Pull Back” will now appear in the Factor List Box.

Click on Add in the Factor Box. Tab to the factor Name section and type Hook. The Units section will
be left blank for this factor. Tab to the Low Level section and type 1. Tab to the High Level section and
type 5. Tab to the Precision section and type 1. The Ease of Adjustment will be Easy.

After all items have been entered, the screen for Hook will appear as shown in Figure 8-6.
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Factor Definition

Cuantitative |

Mame: IHDUk—
Units: I—
Laow Lewel: |1—
High Level: Isi Cance
Frecizian: |17
Ease Of Adjustment: m

{0 ) |

Figure 8-6

I

Help

Choose OK. The factor “Hook” will now appear in the Factor List Box.

Click on Add in the Factor box. Tab to the factor Name section and type Peg. The Units section
will be left blank for this factor. Tab to the Low Level section and type 1. Tab to the High Level
section and type 4. Tab to the Precision section and type 1. The Ease of Adjustment setting will
be Easy.

After all items have been entered, the screen for Peg will appear as shown in Figure 8-7.
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Factor Definition

Quantitative |
MName: Feg
nits: l—
Law Lewvel: |1—
High Level: lqi Cance
Frecision: lﬂi
Ease Of Adjustment: m

L g | |

Figure 8-7

Help

e

Choose OK and the factor “Peg” will now appear in the Factor List Box.
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Defining the Response
The in-flight distance of the ball is the response for this experiment. In the Response Box, click on Add.

The window in Figure 8-8 will appear.

FResponse Definition

Name: ||

Ok
Units: I
Min: I Cancel
LERS I—
Replicates: |1 3:

Help

I

Desirability
& Naone
 Increasing
 Decreasing
 Tent
Figure 8-8

Type Distance in the Name section. Tab to the Units section and type inches. Tab to the Min
section and type 30. Tab to the Max section and type 230. Click on the arrow at the right of the
Replicates section to indicate 3 replicates.

After all items have been entered, the screen for “Distance” will appear as shown in Figure 8-9.
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Reszponze Definition

=
=

Figure 8-9

Choose OK in the Response box and the response “Distance” will now appear in the Response Box. The
Design Definition Screen will now appear as shown in figure 8-10.
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& [statapult. DOE] DOE Wisdom - Design M= B3
Ohjective:
Factors —Besponses
Pull Back M Distance el QK
EDDK Del| Del|
=18
Infc:l Inf|:||
Design Type Cancel
Basze Runs: IB 3: Factorial
Taguchi L4 |
1/2 Fraction Factorial
Fesolution: IV 3: Taguchi L& =] Help
Order Center Points Design Buns  Total Runs Alias Pattern
Random | |o = B 24 =]
Figure 8-10

Design Type
For our example, we will use a Taguchi L8 design. Position the mouse pointer over Taguchi L8 and
click. That design will now be highlighted.

Base Runs/Resolution/Total Runs/Centerpoints
Since a Taguchi L8 design will be used, the following will apply:

Base Runs 8
Resolution A%
Total Runs 24

Center points 0
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Order
DOE Wisdom recommends standard order for a Taguchi L8 design.

Accepting the Defined Design
Once the factors, responses, design type, order and number of center points have been defined, simply
choose OK on the Design Definition Screen.

Generating a Worksheet

Go to the Project window shown in Figure 8-2. Double-click on the Worksheet folder or click the
Worksheet button. Select Replicates as (Columns) from the View pull-down menu. Select Options from
the View pull-down menu and choose not to display the trailing zeros. Select Font from the Preferences
pull-down menu and change the font to Arial, regular, 10. A worksheet is now generated for the Taguchi
L8 design with three replicates. Figure 8-11 shows the worksheet for our statapult example

Fil=  Edit Preferences Yiew Help
HER| mle| o 2= 2|8
DOE Wisdom Wark Sheet
Run Full Back Hook Feq Distance Distance Distance

1 440 1 1
2 440 1 4
3 440 o 1
4 440 = 4
g 490 1 1
& 490 1 4
7 490 = 1
g 490 4 4

Far Help, press F1 MLIRA L

Figure 8-11
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If you wish to print the worksheet, select Print from the worksheet File pull-down menu. To
exit, select Exit from the File pull-down menu.

Data Definition Window
Go to the Project window shown in Figure 8-2. Double-click on the Data folder or click the
Data button. Select Replicates as (Columns) from the View pull-down menu. A Data window
similar to the one shown below will appear.

g7 Data M=
File Edit Import Preferences  Wiew Help
WSk (= = 2w = 2]
DiOE Wizdom Data Sheet
Fun Pull Back Hook Peg Distance Distance Distance
1] 440] | 1] [ 1] [ ] | | |
2 440] | 1] [ 4] | | | |
R 440] | 5 [ 11 | | | |
4 440] | =] [ 4 | | | |
5| 4g0] | i I T | | | |
6 4a0] | 1 [ 4 | | | |
7o 490] | =] 11 | | | |
8 4g0] | 5] [ 4] | | | |
For Help, prez= F1 MLk L
Figure 8-12
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The data entry box for the first run will be bolded and the insertion point will appear in that box. Type in
the response value for that run. In this case, the response value is 32.5. Press the Enter key on your
computer keyboard to move the insertion point to the next cell.

The numeric keypad may be used to enter data. Continue entering data so that the data sheet appears as
shown in Figure 8-13.

EDala H=] E3
File  Edit Impart Preferences Wiew Help
H| =S =] = 2ofm = 2%
DOE Wisdom Data Sheet
Run Pull Back Hook Feg Distance Distance Distance
1 | 440] | 1] | 1] | 328] | 3k] | 35.5]
2 440] | 11 [ 4] | B3] | a0] | BE|
3 | 440] | 5] | 1 | 3] | B51.5] | BE.5]
4 | 440] | g | 4] 14] | 1018 | 110.5]
5 | 480] | 11 [ 1] ] aa] | 74] | 58]
5] | 480] | 1] | 4] 128] | 132] | 122]
7 | FE] g | 1] | 120] | 145] | 120.5]
=] | 480] | al | 4] 28] | 208] | 204]
For Help. press F1 MU o
Figure 8-13

If you make a mistake while entering data, you can correct it by using one of the following methods:
B Press Backspace to delete the character to the left of the insertion point.

B Press Del to delete the character to the right of the insertion point.

Select Save from the File pull-down menu. If you want to print the data sheet, select Print from the File
pull-down menu. To exit, select Exit from the File pull-down menu.
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Statistics
Go to the Project window shown in Figure 8-2. Double-click on the Statistics folder or click the
Statistics button. The Statistics window for Analysis of Means shown in Figure 8-14 will appear.
Analysis of Means
DOE Wisdom Analysis of Means

Distance
Pull Back Hook -AB Peg -AC -BC ABC Avg S InS

35.6667 3.01386 11082

- - - + + + + 72.3333 6.65833 180687

- + + - - + + 72.6667 7.65398 20863

- + + + + - - 108.667 6.44851 1853%H

+ - + - + - + 72.3333 13.5769 260837

+ - + + - + 127.333 5.03322 161606

+ + - - + + - 138.500 15.7877 27523

+ + - + - - + 209.000 5.56776 17160

104.563 7.96753 194986
Avg Avg- 723333 76.9167 113.875 79.7917 111.167 106.417 102.542
Avg+ 136.792  132.208 95.2500 129.333 97.9583 102.708 106.583

Delta 64.4583 55.2917 -18.6250 49.5417 -13.2083 -3.70833 4.04167
Delta/2 32.2292 27.6458 -9.31250 24.7708 -6.60417 -1.85417 2.02083

S Avg- 5.94367 7.07059 7.75690 10.0081 531720 7.15177 7.57081
Avg+ 9.99140 8.86448 8.17816 5.92696 10.6179 8.78329  8.36425
Delta 4.04773 1.79389 0.421263 -4.08115 5.30065 1.63153 0.793440
Delta/2 2.02386 0.896945 0.210631 -2.04057 2.65033 0.815763 0.396720

InS Avg- 1.72454  1.80588 1.86883 2.12651 1.61787 1.82311  1.83559
Avg+ 217516  2.09382 2.03088 1.77319 228183 2.07660 2.06411
Delta 0.450623 0.287944 0.162049 -0.353319 0.663955 0.253486 0.228525
Delta/2 0.225311 0.143972 0.0810247 -0.176659 0.331977 0.126743 0.114263

Figure 8-14

In Figure 8-14, all the statistics for the interactions appear. Select the Report Variables option from the
Edit pull-down menu or click the Edit Variables button. A window similar to the one shown in Figure
8-15 will appear.
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Edit Report ¥ariables E

Factors | Statistic | Options |

] I Cancel | Loy Help

Figure 8-15

Click the Factors tab to display factors that can be added or removed. Highlighted factors will remain in
the ANOM. Currently all factors and interactions are in the ANOM. Position the mouse pointer over the
ABC interaction and click. The interaction will no longer be highlighted. Position the mouse pointer over
the -BC interaction and click. Position the mouse pointer over the -AC interaction and click. Position the
mouse pointer over the -AB interaction and click. The only items that should now be highlighted are Pull
Back, Hook and Peg. Choose OK and the ANOM will now appear with only Pull Back, Hook and Peg
displayed as shown in Figure 8-16.
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[ Stats-2 [Analysiz of Means) _ (O] ]

File Edit Preferences “iew Help

Bs(R B 2|7 =l Dlo] 2l

FS
DOE Wisdom Analysizs of Means —
Distance
Pull Back(A) Hook(B) Peq(iC) Avg = Ins
- - - 35 6667 3.0M386 1.10322
- - + 723333 669533 1.89587
- + - 72 BEEY 7 E5388 203523
- + + 103 667 544531 1.86355
+ - - 723333 135769 260837
+ - + 127.333 5.03322 1.61606
+ - 135.500 1576577 2795923
+ + + 209,000 556776 1.716899
104 .563 786753 1.845955
Avg Awg- 723333 TESET T9TNT
A+ 136782 132208 128.333
Defta 54 4553 952917 495417
Deftalz 322252 27 G455 24 7708
= Avig- 5.94367 707059 10.0081
A+ 9.99140 5.56445 592696
Detta 404773 1.79353 -4.08115
Deftalz 202386 0596545 -2.04057
Ins Awg- 172454 1.80558 212651 |
A+ 217516 209352 177319
Detta 0.450823 0.2575944 -0.353319 ﬂ
Far Help, press F1 LR 5

Figure 8-16
Taguchi Signal-To-Noise Statistics
Since our example is a Taguchi design, the various S/N ratios can be displayed in the ANOM. Select the
Report Variables option from the Edit pull-down menu or click the Edit Variables button. The tab
window shown in Figure 8-15 will appear. Click on the Statistic tab to display the various statistics that
can be displayed in the ANOM.

DOE Wisdom supports the following S/N ratios:
Smaller is better
Larger is better
Nominal is better
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Use the mouse pointer to select a S/N ratio. Click the left mouse button to highlight the desired S/N ratio.
Choose OK. The ANOM will now appear with the statistics for the selected S/N ratio displayed.

Analysis of Variance
You can select the ANOVA by clicking on the ANOV A button or by selecting Analysis of Variance from

the View pull-down menu. When Analysis of Variance is selected, a screen similar to the one shown in
Figure 8-17 will appear.

(&5 Statz-3 [Analysiz of Yariance] | (O] x|
File Edit Preferences Yiew Help
H SR el x| 25 E B ? [N
DOE Wisdom Analysis of Variance
Dependert * ariable: Diztance
Mumber Runs(M): 24
Muiltiple R: 0.959666
Souared Multiple R 0.979439
Adjusted Squared Multiple R 0.8970444
Standard Error of Estimate: 5.96570
“ariable Coefficient Std Errar 95% Cl Tolerance T P2 Tail)
Constant 104 562 1.83073 + 3.88087 571158 0.000
Pull Backi &) 32,2292 1.83073 * 358097 1.000 17605 0.000
Hook(B) 27 5455 1.83073 * 358097 1.000 15101 0.000
-AB -9.31250 1.83073 + 3.88087 1.000 -5.087 0.000
Peg(C) 247708 1.83073 * 358097 1.000 13.531 0.000
-AC -5.60417 1.63073 * 368057 1.000 -3.607 0.002
-BC -1.85417 1.83073 + 3.88087 1.000 1013 0.326
ABC 2.02083 1.83073 * 358097 1.000 1.104 0.286
Source Sum of Sguares DF Mean Sguare F Ratio P
Regression 61307 156 7 87581652 1058.882 0.000
Residual 12587 .0000 16 80.4357500
Far Help, prezs F1 b i

Figure 8-17
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Select the Report Variables option from the Edit pull-down menu. A window similar to the one shown
in Figure 8-18 will appear.

Edit Report ¥anables

Factors | I:Iptigngl

[~ Betain only Significant Termns

¥ | Stark seanch with &l possitile terme
Significant Terms

I 0100 include all termz with a

"PI2 Tall" lezs than or
equal ko the given value.

(]9 I Cancel | e[ Help

Figure 8-18

Select Retain only Significant Terms. A checkmark should now appear in the box. Click on OK at the
bottom of the window. The ANOVA will now be displayed for only the significant terms. Select Save
from the File pull-down menu to save the modified ANOVA.

Prediction Equation

You can select the Prediction Equation by clicking on the Prediction Equation button or by selecting
Prediction Equation from the View pull-down menu. When Prediction Equation is selected, a screen
similar to the one shown in Figure 8-19 will appear.
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[3& Stats-4 [Prediction E quation]) | _ OO0}
File Edit Preferences Yiew Help
Bk Bl = 2x:le Oel 2|
[DOE Wisdom Prediction Equstion
Distance
35.8333
5% Cl: + 21 .2090
Constant 104 552
Pl Back(a) 322292 440.000 Al el el
Hook(BE) 27 G458 1.00000 e
-AH -9.31250 -1.00000
Peai(C) 24 7705 1.000a0 Al 1 |
- -5.E0417 -1.00000
For Help, press F1 LIk L
Figure 8-19

The horizontal scroll bars to the right of each factor can be used to change the factor settings and observe

the new predicted response value. Change the settings as follows:

Pull Back 490
Hook 5
Peg 4

The new predicted “Distance” value is 205.125. Figure 8-20 shows the modified screen.
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E Statz-4 [Prediction Equation] =] E3
Fil=  Edit Preferencesz ¥iew Help
H S & | 2 [%2| |
DOE Wisdom Prediction Equsation
Distance
205125
95% CI + 21 2090
Constant 104 562
Pull Brackr ) 22292 490.000 -l (|
HookrB) 27 G455 5.00000 -l |
-&B8 -9.31250 -1.00000
PeglC) 24 7TOG 4.00000 =8 L+
A -E.EO417 -1.00000
For Help, prez= F1 T LIbe Lz

Figure 8-20

Hitting a Target

When the prediction equation screen is selected, the target button will become active. Click on the Target
button or select Find a Target from the Edit pull-down menu. The screen shown in Figure 8-21 will
appear.
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Find T arget ¥alue

£ Minimum

 Mawimum

€ Targst

—

—Search Points
—

|Ess MMoTE

Advanced I

Search | Cancel |

Figure 8-21

Find Target ¥alue

Diiztance = Minirmum
€ Marimum
" Target
200
— Search Points
I Advanced |
IESS TorE:
Search | Cancel |

In this example, “Distance” is the response. We want to hit a target value of 200. Select Target and type
in the value of 200. The screen will now appear as shown in Figure 8-22.

Figure 8-22
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Click on the OK button. The software will now recommend factor settings that will “hit this target.” A
screen similar to the one shown in Figure 8-23 will appear.

In this example, the software shows that a distance of 199.347 can be “hit” by setting”

Pull Back 487
Hook 5
Peg 4
E Statz-4 [Prediction Equation] =] E3
Fil=  Edit Preferencesz ¥iew Help
H S & | 2 [%2| |
DOE YWisdom Prediction Equation
Distance
198 347
95% CI: + 2096554
Constant 104.562
Full Backi®) 322292 487 040 =N |
Hook(B) 27 B453 5.0004a0 ol =1
-A8 -9.31250 -0.880000
FegiC) 24 7703 400040 ol =1
-AC -6.60417 -0.880000
For Help, prez= F1 T LIbe Lz

Figure 8-23

If you want to print any of the statistics sheets, select Print from the File pull-down menu. To exit, select
Exit from the File pull-down menu.
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Graphics

Go to the Project window shown in Figure 8-2. Double-click on the Graphics folder or click the
Graphics button. The Graphics window for Pareto Chart shown in Figure 8-24 will appear.

Pareto Chart

You can select the Pareto Chart by clicking on the Pareto Chart button or by selecting Pareto Chart
from the View pull-down menu. Figure 8-24 shows the Pareto Chart for our statapult example.

r'_l Graphs-1 [Pareto Chart) | [O] =]
Fil= Edit Preferences Wiew Help
H|S| | o k0|8 O= 2%
[l
i
g Pareto Chart
1 T YMNNNNN———
a
n
h e
e 52229
aof---- R G PP P P PP
a 24771
W
@ anf---- - N
[l -A25
- 1fp---- - - T T TEBO4r TTT T oo TToToooooos
[ N w 20208 18542
t D I -l L i
a Pull Back(s) Hook(B)  Pes(C) A5 AT ABC -BC
i Factors
2
For Help, press F1 ML v

Figure 8-24
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Scatter Plot

You can select the Scatter Plot by clicking on the Scatter Plot button or by selecting Scatter Plot from
the View pull-down menu. The plot shown in Figure 8-25 will appear.

[M Istatapult DOE] DOE Wisdom - Graphs-1 [Scatter Plot) M=l E3
File Edit Preferences Wiew Help
HS| 2| o Ll LEle] 5 Ol 2
Scatter Plot
400+
D 300+
i
s
U a00f 8
a
n
c g
€ 1004 E Q
8 O
2]
0 t '
440 490(+)
Pull Back[4)
Factors
For Help, press F1 Mk 5
Figure 8-25

To display the Scatter Plot for all factors, select the Graph option from the Edit pull-down menu or click
the Edit Graph button. A window similar to the one shown in Figure 8-26 will appear.
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Edit Graph

Title IFa-:tl:ursl Hespnnsel = Bz I A I Factor Displa_l,ll Generall

Test:

Fant |

Colar |

k. I Cancel o Help

Figure 8-26

Click the Factors tab to display the factors that can be added or removed from the Scatter Plot. A screen

similar to the one shown in Figure 8-27 will appear.
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Edit Graph

Title Factors | Hespnnsel Bz I v Az I Factor Displa_l,ll Generall

Pull Back.

Hoak,
Peq

MHane |

] | Cancel | Sy Help

Figure 8-27

Click on the All button. All factors will now be highlighted and will be included in the new Scatter Plot.
Click on OK. The Scatter Plot shown in Figure 8-28 will now appear.
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[M [statapult. DOE] DOE Wisdom - Graphs-1 [Scatter Plot] =] B3
Fil= Edit Preferences Wiew Help
HE| 2| x| L[EL 8¢ 2 O= 2
Scatter Plot
400+
D 3004
i
5
! 200} 8 § =
n
a8 8
¢ g ] . O %
e 100} 8 . ¥
8 g § = g B
=] ] g8
I] T T T T T T
440[-] A490[+] 1M 5(+) 1H 4[+]
Pull Back{A] Hook{B] Peg|C]
Factors
Far Help. press F1 MM i
Figure 8-28
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Main Effects
You can select the Main Effect Plot by clicking the Main Effects Plot button or by selecting Main Effects
from the View pull-down menu. A graph similar to the one shown in Figure 8-29 will appear.

r'_l [statapult. DOE] DOE Wisdom - Graphs-1 [Main Effects] M=l E3
File Edit Preferences “iew Help
H|&| == =] el &l 2 Bl =] 28]
Main Effects
160+
1404
D
i 1204
5
; 1003 \ — -_—
n
C 801
|-
601
44II]4!EI[II[+1 [—] 5[I+]—'| [—] 1 [+] 1 [—] 4[I+]—1 [—] 1 [I+]—'| [—] 1 [+] —'II[—]'I [+]
Pull BackHook -AB Peg -AC -BC ABC
Factars
For Help, press F1 [ |HUM | i
Figure 8-29
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Interactions
You can select the Interactions Plot by clicking the Interactions button or by selecting Interactions from
the View pull-down menu. A graph similar to the one shown in Figure 8-30 will appear.

|1_I [statapult. DOE] DOE Wisdom - Graphs-1 [Interactions] =]
File Edit Preferences “iew Help
B[S B = Ll ]~ 8¢ 5] B=] 2%
Interactions
400+

D 300+

i

s

U o0

a

n Hook{+]

C

e 1

100 / Hook{]
0 t t
440[] 490[+]
Pull Back{4]
Factors
For Help, press F1 [ [MNOM o
Figure 8-30
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Contour Plot
You can select the Contour Plot by clicking the Contour Plot button or by selecting Contour Plot from
the View pull-down menu. A graph similar to the one shown in Figure 8-31 will appear.

[M [statapult. DOE] DOE Wisdom - Graphs-1 [Contour Plot] M=l E3
File Edit Preferencez Wiew Help

H(S| B o wlsl ]S o] &l Dl 2%

Contour Plot**Peg=1.00000

(22}

120

/.

100
il

~oo I
[¥5]
T

2+ 60
40
1
440 450 460 470 480 490
Pull Back
Distance
Far Help, presz F1 [ [HUM o
Figure 8-31
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You can select the Response Surface Plot by clicking the Response Surface button or by selecting
Response Surface from the View pull-down menu. A graph similar to the one shown in Figure 8-32 will

Response Surface Plot
appear.

I[=1 3

I! [statapult. DOE] DOE Wisdom - Graphs-1 [Response Surface]
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Figure 8-32
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Residual Histogram

You can select the Residual Histogram by clicking the Residual Histogram button or by selecting
Residual Histogram from the View pull-down menu. A graph similar to the one shown in Figure 8-33
will appear.
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Residual Scatter Plot

You can select the Residual Scatter Plot by clicking the Residual Scatter Plot button or by selecting
Residual Scatter Plot from the View pull-down menu. A graph similar to the one shown in Figure §-34
will appear.
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Figure 8-34

When you are finished displaying all the graphics, select Exit from the File pull-down menu.

You are now ready to create your own experiment!
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