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NUTEK LICENSE AGREEMENT

Each Nutek product at retail islicensed by Nutek, Inc. to the origina purchaser and any
subsequent owner of the product for their use by asingle user a atime. Y ou may use the
software on any item of compatible hardware that you own or use. The license to use the
software sold to you includes persond use and use in your business or profession. You are
permitted to ingtall the QT4 software program to the hard disk of one personal compuiter.

Y ou are not permitted to make copies of the Program medium or the User's Manua unless
you have purchased Site License or Cor porate Site License.

WARRANTY

Nutek, Inc. warrants that the origind QUALITEK -4 program diskettes are free from
defects in material and workmanship, assuming norma use, for a period of ninety (90) days
from the date of purchase.

If adefect occurs during thistime, you may return the diskette along
with proof of purchase, for areplacement copy free of charge.

NUTEK, INC,, ALL RIGHTSRESERVED

NO LIABILITY FOR CONSEQUENTIAL

In no event shall Nutek be liable for any special, incidental, indirect, or consequential damages whatsoever (including
damages for loss of business profits, business interruptions, 1oss of businessinformation, or any other pecuniary 10ss)
arising out of the use of or inability to use the software product, even if Nutek advised of the possibility of such damages.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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Nutek Product Support

In case you have difficulty installing Qualitek-4(QT4) for Windows, call Nutek during weekdays. If we are unavailable
when you call, be sure to leave a message with your name and telephone number. We will contact you within 24 hours.

Qualitek-4 for Windows is made for IBM/Compatibles 486 or |ater model computers.
You will beabletoinstall QT4 if your computer has Windows 98 or |ater versionsinstalled. While preparing to install, you
must close all other programsthat you might beworking on or otherwise may be open.

If you are outside the United States, you may find it convenient to send us E-mail about your problem. We will respond to
you within aweek or earlier.

CUSTOMER SUPPORT PLAN

Nutek provides ingtdlation assstance to dl registered users of the QUALITEK-4 (QT4)
software. When cdling for help, please identify the purchaser's name, company and the regitration
number of your QT4 software.

(The regigtration number is displayed in the registration screen of the QT4 program).

Most of your questions on the QT4 program can be answered by smply re-reading this manud
and trying the procedure again. However, if you still have questions and need assistance with
ingdlation, please vist our web ste (http:/nutek-us.com/wp-gdw.html ), cal or writeto us. The
price of the software does not include support for use and project application of the software.

Nutek, Inc.
3829 Quarton Road, Suite 102
Bloomfidd Hills, MI, USA 48302-4059
Td: 1-248-540-4827, For latest information vigt: http://nutek-us.com
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Chapter 1

Welcome to Qualitek-4 for Windows

Welcome to Qualitek-4 (QT4) for Windows. QT4 is a user-friendly software for Automatic Design and Analysis of Taguchi
Experiments. Likeits predecessor, Qualitek-4 DOS version, it has many experiment design and analysis features that make
you accomplish your projectsin the least amount of time. Whether you are an expert or new to the Design of Experiment
applications, QT4 will help you complete your projects more efficiently.

QT4 iseasy to learn and use. Extensive on-line help can help you brush up your background on the subjects. There are
over twenty topic overviews providing you with a comprehensive subject review. As a supplement to this manual, the on-
line help can guide you every step of your application. Additionally, individual Screen Help provides you with clear
interpretation of the items displayed on the screen.

About ThisManual

Our experience tells us that avast majority of users do not read the manual until necessary. We, therefore, organized the
content of thismanual in order of anticipated user needs rather than describing the menu items in sequence. Thus, we first
talk about items you need to get started with. Then we discussed items that help you accomplish the experiment design,
analysisetc. You will find that most of the materials are presented in a manner such that it addresses "how to" questions
you may have.

Short Tutorials and miscellaneous items and trouble shooting tips are included at the end. An adequate number of screen
displays are included for ease of operation.

For latest changes, updates and brief operating guidelines, always visit our Web Site and download the applicable file and
update the Qualitek-4 program directory as per the instruction.

Thisreference manual is not intended to provide the theories governing the application or purpose of the Taguchi
approach and as such does not replace the need for training or atextbook on the subject. For theories and practices of the
Taguchi methods, consult either of the following two books (Visit www.nutek-us.com/wp-txt.html for broader references):

1. Design of Experiments Using the Taguchi Approach: 16 Stepsto Product and Process
I mprovement by Ranjit Roy, Hardcover (January 2001) John Wiley & Sons; ISBN: 0471361011.

2. A Primer on the Taguchi Method by Ranjit Roy ,Hardcover - 247
pages 1 edition

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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New Featuresin Qualitek-4 for Windows
QT4 for Windows has many new features over and above the features offered by the DOS version:

Experiment design arrays have been extended to L-64 for both inner and outer array designs.
Number of samples per trial condition has been extended to 120/trial.

Dynamic characteristic includes 12 Signal and 10 Noise levels

Test of presence of interaction can be carried out for mixed level factors

Automatic experiment design capabilities extended to include more complex designs
Savings due to improvement calculated automatically

Reduced variation diagram generated from existing experiment data

Switching from Qualitek-4 for DOS

If you are familiar with earlier Qualitek-4 (DOS) version, you will immediately recognize the placement and content of the
menu items. The design and analysis capabilities have been placed under the corresponding menu headings. Y ou will be
ableto find the option necessary by determining the type of task, whether it falls under Design or Analysis, etc.

QT4is compatible with your experiment files of the DOS version. All basic experiment files of DOS version have the
extension .QT4. The Window version will have the extension .Q4W. To use your old experiment file, simply copy thefile
into your \USRFILES subdirectory. Then get into QUALTEK -4 and openyour ___.QT4 file (make sure to display all filesif
you do not see your filesthefirst time). Y ou may work with your file as normal and be sure to save before you quit. When
you save, the file will now be transformed automatically into the new format and saved with extension .Q4W. For your
future applications you will work with your file with the new extension.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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Chapter 2

Installing Qualitek-4 in Window 95 or Windows 3.x

Toinstall Qualitek-4 program, you will need the program disks (Three 3-¥2 floppy disks or one CD-ROM) and your personal
fifteen digit Registration number. If you do not have the correct registration number, the program will install asa DEMO
version allowing you to useit for designing experiments with L-8 array only.

Y ou will install the program the same way as all other Windows program - just insert the CD-ROM or disk 1 of 3into the
driverun X:\|SETUP (X = CD or floppy drive as applicable).

= Program Manager -~
(2128 Options Window Help
New...
Open Enter
Delete Del
Properties... Alt+Enter
Bun... I:I EE) EE) EE)
- | A¥E A¥E A¥E
Exit Windows... Bker Gamez Startllp Applications

Command Line:

— I

‘ a:\Setup ‘

(] Run Minimized

Window 95 installation

Close all open programs before starting
installation. Insert program disk 1 into the
floppy drive

Click the Start button at lower left of your
Window 95 screen and click Run from the
menu. At the RUN command, open the
XASETUP file and click OK. Follow the
screen prompt to complete installation.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments

Cancel

Browse...

Jf 1

Fun

Type the name of a program, folder, or document, and
windows will open it for you,

Windows 3.x installation
Close all open programs before
starting installation. Insert program
disk 1 into the floppy drive.

From the Program Manager screen,
click on the File menu and click again
on Run.

In the command Ine box, type the

letter of your 3 1/2" floppy drive (say
A), acolon, a back slash and SETUP.
For example if your drive is A, you
would type A\NSETUP. Then click on
the OK button and follow the screen
instructions.

QK I Cancel | Browse. .. |

=

Reference Manual Version: 06.01
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Qualitek-4 Install

Welcome!

This installation program will install ualitek-4.
Press the Mext button to start the installation. Y'ou can press

the Cancel button now if you do not want to install Qualitek-4 at
this time.

Please make sure there no
other running programs.

< Bachk I Nest > I LCancel

Qualitek-4 Installation in
Progress

Qualitek-4 Installation

HQualitek-4 Installation x|

Asyou Run the SETUPfile, you will see
the screen on theright. Close all programs
before you proceed to install Qualitek-4. If
you have some program running, Click
Cancel button, otherwise Click Next
button.

Registration I formation

Please enter the registration number or enter DEMO to install as
a dema

Registration Mumber

IDemo

< Back I Mest > I LCancel

Enter the name of the registered user and

th€ mmimmm =€ dle e e e VATl mm Al o

Cli
. . .. Setup |
Qualitek-4 installation in progress

Fleaze insert the disk labeled:
If you areinstalling from floppy disks, your ‘Disk 2" into drive A;

computer will copy the initialization files
Canzel |

from disk 1 and quickly prompt you for disk 2
YC  anddisk 3. Removedisk 1, insert disk 2, and

reC  dlick OK.
ple
o ___ EGT—
T Y our computer will begin to copy filesand will g .
quickly prompt you for disk 3. Remove disk 2 [
and place disk 3 in the floppy drive. Click OK to (s L R A
If proceed WI th the prograrn Setup- F'Ieaﬁedselect the directory where Dualitek-4 files are to be
\ installed.
nu o oot T s ST i i
‘ D\ tslgzl;fi‘ig?jtriir;nugh dizk space ta install the application ta the:
ing
yo ‘ C:MProgram FilesiO 4w Erowse... | ‘
Current Free Disk Space: 1446592 k.
Wl Free Disk Space After Install: 1436977 k
nui Version: 06.01
< Back IWI Cancel |
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Qualitek-4 Installation

Installation Completed!

The installation of Qualitek-4 has been successiully completed.

Fress the Finish button to exit this installation.

< Hack I Finish I [Eance]

B CAWINDOWSAStart Menu\Program.... I [=] E3
File Edit “iew Help
)
5
Ed £l
Hualiek-d  Uninstal
......................... stk 4
|2 object(s) |590 bytes v

Installation Problems

First, check to see that your computer has the necessary requirements that Qualitek-4 needs.
That is, check to see that you have enough hard disk space and enough memory (RAM).
Also, you may want to check the integrity of the floppy disk(s) containing the program. If
these solutions do not remedy your problem, fed free to contact us here at Nutek Inc. If
you wish to return the program for afull refund, you must return it in the origind package

within two weeks of ddivery.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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Need Assistance With Application Procedures?

If you need help in the use of the program, or the logic behind the
Taguchi Method, refer to the built in ontline help induded with
Qualitek-4. 'You may aso find some more detailed and useful
information on our web Ste:

http://Amww.nutek-us.com

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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Chapter 3

How to Start and Exit Program

Y ou can use the Start button of Window 95 or later versions to start Qualitek-4 program. To start, click the Start button,
and then point to Qualitek-4 program. If you are using Window 3.x, then doubl e click the Qualitek-4 icon from the Window
Program Manager screen.

& CAWINDOWSAStart Menu\Program.___ [ =] E3
File Edit “iew Help
Window 3.x =
From the Qualitek-4 folder, double- Fg %‘ﬁ"
click the Qualitek-4 icon. - Urninstsl
(Qualitek-4
|2 abject(s) |50 bytes v

eriment Configuratio =] 3
Aftef a fe/\/ | ntrOdUC'[OI’y FEile Edit Design Rewview Besuls Analpsis Heport Loss Help Spstem
screens, you will arrive at the 9,
Qualitek-4 main screen. You
can now begin to use the
program for experiment
designing.
=]
ol F A F
12 3 4 5 & 7 | 1 2 3 4
1|1 1 1 1 1 a 0 =1 45 56 G4
2(1n 1 1 2z 2z 0 0 34 45 53
a1 2z 2 1 1 0 0 67 &5 &0
4017 2z 2 2 2z 0 71 45 56 £4
El2 1 2 1 2 0 1 a7 &l £3
El2 1 2 2 1 0 0 7 73 &3
72 2z 1 1 2z 0o 0 45 56 52
8|2 2 1 2 1 0 0 42 54 o
Inner Array - Resultz

For help withHOW TO GET STARTED and REVEW QUALITEK -4 Screens, visit:
http://nutek-us.com/wp-g4w-start.ntml & http://nutek-us.com/wp-g4w-screen.html

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01



Page 14

Qualitek-4 Main Screen

Edit Design Feview HResults Analysis Report Loss Help Swstem

Hew

Open @
Save
Save Az
Frrint
Frinter Setup
Ex=port Data
Impart Data
C:AQ4wWAUSRFILES\PISTOM. Q4w vl Y
- 7] 1 2 3 1
1] =] 45 56 B4
201 1 1 2 2 1] 1] 34 45 53
3|1 2 2 1 1 ] ] B ES =)
411 2 2 2 2 1] 1] 45 56 B4
5|2 1 2 1 2 1] 1] a7 a1 B3
B |2 1 2 2 1 1] 1] T8 73 =53
7|2 2 1 1 2 1] 1] 45 58 52
8|2 2 1 2 1 1] 1] 42 54 A7
Inner Array - Results

Quitting Qualitek-4

If at any time you wish to quit and exit Qualitek-4, choose the
FILE option from the main screen’s pull down menu and click on
EXIT. You will then have exited Qualitek-4 and returned to the
Windows Desktop.

When you exit the program, QT4 remembers the file you were
working on. So that when you run QT4 again, it will start you
with the file you were working on before. Y ou need not CLOSE a
file as when you open another experiment file from the FILE
menu, QT4 automatically closesthe previousfile.

Nutek, Inc.

Qualitek-4, Automatic Design and Analysis of Taguchi Experiments

What to do next?

Y ou have several options. If you
are not ready to start anew design,
you would most likely prefer to
review one or more examplesfrom
the list of example experiments
included with the QT4 program
disk. To review an example
experiment:

- From the FILE menu open file
PISTON.Q4W or any other file of
your choice.

- Click on the REVIEW menu and
select Trials. Thisoption allows
you to review and print thetrial
conditions. Click on CANCEL
button to return to main screen.

- Click on EDIT MENU and select
Factors and Levels or any other
item. Click OK when you are done
and follow screen prompt to return
to main screen.

- Click on ANALY SIS menu and
select Standard or S/N analysis.
Note that S/N isonly allowed when
there are more than one column of
results. After you select the
Quality Characteristic, follow the
screen prompt or click on the OK
buttons to proceed with the
analysis. Note that there are three
basic screens that display results
of analysis. In the order of their
sequence, they are; Main Effect,
ANOVA, and Optimum screens. A
number of options are available
from each of these screens. The
Optimum screens represent the
conclusion of analysis at which
point when you click the OK
button, QT4 will bring you back to
the main screen.

Reference Manual Version: 06.01
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Chapter 4

On-line Application Support

The basic stepsin the application process are as outlined below. Brief description and application guidelines are included
on each of the application steps in the Qualitek-4 on-line help.

Select Project and plan Experiment
L ook for simpler project to apply first. Arrange for the planning/brainstorming session. Determine;

* Evaluation criteria and define a method to combine them
* Control factors and their levels.

* |nteraction (if any)

* Noise factors (if any)

* Number of samplesto be tested.

* Experiment logistics.

Experiment Design
Design experiment & Describetrial conditions.

* Determine the order of running the experiment
* Describe noise conditions for testing samplesif the design includes an outer array

Conduct Experiment

Carry out experiments
* Note readings, calculate and record averages if multiple readings of the same criteria are taken.
* Calculate OEC using the formula defined in the planning session.

Analyze Results

* Determine factor influence (Main Effect)

* |dentify significant factors (ANOVA)

* Determine optimum condition and estimate performance
* Cdculate confidence interva of optimum performance

* Adjust design tolerances based on ANOVA

Confirm Predicted | mprovement

Run confirmation tests with multiple samples at the optimum condition. Compare the average
performance with the confidence interval determined from DOE.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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Need Assistance With Application Procedures?

If you need further help in the use of the program, or the theory behind the Taguchi

Approach, dways refer to the built in on-line hep included with Quditek-4. You

may aso find some more detailed and useful information on our web Ste:
http://nutek-us.com

Although QT4 isdesigned mainly to help you accomplish your design and analysis tasks on command and not to teach
you the method, we have placed alarge volume of information about the method and its application strategies. Most of the
theory related items and general topics have been placed under HEL P menu in the main screen. Discussion topics and
search items are described in hypertext so that when aclick on anitem it takes you directly into the subject matter. To get
some tips on what the content of the screen mean or how to interpret the data, click on the HEL P button for help on the
specific screen.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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% Guide To Using Qualitek - 4 M=l k3
File Edt Bookmark Option: Help

Contentz| Search | Fack Print £ s | [alogzany

Contents

About Qualitek - 4 j

About Qualitek - 4

Who Would Benefit From Qualitek-4 Software?
What Does The Program Do?

Capabilities

How Much Does It Cost and How To Order?
References

About Taguchi Methods

About Taguchi Methods

Overall Application Goals

Specific Objectives

Advantage of DOE Using Taguchi Approach -]
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Chapter 5

Experiment Planning

Experiment planning is a necessary and important first step in the application process. Of course planning/brainstorming
for the project is done outside the program and before you come to use the program. But should you need some help with
how to carry out the planning session or what to discuss in the planning session, a considerable amount of guidelines
have been included in the main screen HELP in QT4. Remember it isthe formal planning session, which supplies answers
to the pertinent questions before an experiment is designed.

The main screen HELP in QT4 contains guidelines as follows:

PURPOSE OF BRAINSTORMING SESSION - Purposes of a brainstorming session are many:
* |dentify factors, levels and derive other pertinent information about the experiment, collectively withall involved in the
experiment.

* Develop team effort and achieve the maximum participation from the team members.
* Determine all experiment related items by consensus decisions.

WHO SHOULD CONDUCT?
The session should be facilitated by a person who has a good working knowledge of the Taguchi methodologies.
Engineers or statisticians dedicated to helping others apply thistool will make better facilitators.

WHO SHOULD HOST THE SESSION?
The team/project leader should host the brainstorming session.

WHO SHOULD ATTEND?

The project team members consisting of all those who have first-hand knowledge and/or involvement in the subject under
study should beincluded. For an engineering design or a manufacturing process, both the design and the manufacturing
personnel should attend. If cost or supplier knowledge is likely factors, then persons from these disciplines should be
encouraged to attend (group size permitting).

HOW MANY SHOULD ATTEND?
The more the better. The upper limit should be around 15. It can be aslow as 2.

WHAT ISTHE AGENDA FOR THE SESSION?
None. Some exposure will help. Application experience on the part of some participantswill beaplus. A facilitator with
application experience can help the participants with brief overviews when needed.

TOPICS OF DISCUSSIONS
The following topics should be included in the agendafor the brainstorming session.

1. OBJECTIVE OF THE STUDY (What are you after?)

A. What isthe characteristic of quality? How do we evaluate the objective?
B. How do we measure the quality characteristic? What are the units of measurement?

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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C. What are the criteria (attributes) of evaluation for the quality characteristic?

D. When there is more than one criterion or there are several attributes of the quality characteristic,
how do we combine them into an Overall Evaluation Criterion(OEC)?

E. How are the different quality criteriaweighted?

F. What is the sense of the quality characteristic?
Lower is better, nominal isthe best, etc.

2. DESIGN FACTORSAND THEIRLEVELS

A. What are all the possible factors?

B. Which ones are more important than others (Pareto diagram)?
C. How many factors should be included in the study?

D. How to select levelsfor the factors? How many levels?

E. What isthe trade off between levels and factors?

3. "NOISE" VARIABLES (How to make arobust design?)
A. What factors are likely to influence the objective function, but can not be
controlled in redl life.
B. How can the product under study be made insensitive to the noise factors?
C. How are these factorsincluded in the study?

4. INTERACTION STUDIES (Which factors are likely to interact?)
A. Which are the factors most likely to interact?
B. How many interactions can be included?
C. Should we include an interaction or an additional factor?
D. Do we need to study the interaction at all?

5. TASK ASSIGNMENT AND DESCRIPTION (Who will do what, how and when?)
A. What steps are to be followed in combining all the quality criteriainto an OEC?
B. What to do with the factors not included in the study?

C. How to simulate the experiments to represent the customer/field applications?
D. How many repetitions and in what order will the experiments be run?
E. Who will do what and when? Who will analyze the data?

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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2, Guide To Using Qualitek - 4 M=
File Edt Bookmark Options Help

Contents| Search | Eack | Erint {4 v | Glossany

Contents

Brainstorming

Brainstorming
Objectives of Study and Evaluation Criteria

Factors -
Neise Factors

Factor Levels

Interaction Between Factors

Scopes of Studies
Additional ltems

Quality Characteristics

GQuality Characteristics r
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Chapter 6

Experiment Design

Experiment design is the primary task you would want to accomplish by using QT4. The design task can only begin when
you have completed the planning session and you have identified the factors and their levels and interactions. The size of
your experiment will depend on the number of factors and levels you have. QT4 allows you to accomplish the experiment
design two ways. Thefirst option isfor you to be incharge (Manual Design). Here you select the array for the experiment
and also decide which factor goes to which column. The alternative way isto let QT4 prescribe the smallest design for
your situation (Automatic Design).

Depending on your project your experiment design can have only and (a) Inner array, (b) Inner and Outer array, and (c)
inner array and (c) Inner array and Dynamic characteristic. Y ou can let QT4 design your experiments with Inner array only
or experiments with outer array. But if you are studying Dynamic systems, you must add that to your inner array design
manually.

If your design includes Then select option
Manual Design Automatic Design
(& Simple experiment - Inner array only Inner array or Inner array
(b) Experiment design with Outer array Inner and Outer array or Inner and Outer
(c) Experiment design with Dynamic Characteristic  Inner array and DC or Inner array

(@) Simple Experiments
Simple experiments are those that are designed using only an inner array. Y our experiment may indeed have noise factors;

no formal outer array is utilized to define the noise conditions. Y ou can design such experiments using the Manual or
Automatic DESIGN options.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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Manual design
Experiment Configuration

. File Edit " EE=:li Review Besults Analyzizs Beport Lozs  Hel
1. Select Menu option e - R LAl port Loss Help

Expt File: Manual Design Inner &rray
Duter Array
Diynamic Characteristics

From the main screen, click on futomatic Design

the DESIGN menu option and Hevize Mithaganal Ay
then sdlect Manud and Inner
array. You need not close the
exiting experiment file on the
screen. It will be closed
automaticaly and datain
memory will be erased.

[zer Mefined Ealumms

Click the Y ES button when the
message about the current data
appears next.

.~ Salect Inner Array M= E
[Shee ]| 2 Setana

Pleaze select tppe of Cancel .

el Ay tamse: From the Inner array selection screen, _check
the array you want to use for your design.

O Amray L4[2"3) ® Aray L8[2"7) Y ou have choice of selecting any array from

thelist of L-4 through L-64. Suppose that

O Array L34 O Anap L1212°11) you select the L-8 array for your design.

O &may L16[2"15) C amay L1821 & 3°7)
O amray L27[313) O amray L32[2"31)

C &may M1E[475) C &may M32[21 & 479)
) Aray LE4(2°63)

C Uzer Defined Arays [File: DATA-LUD]

) Review Commanly Uszed Arays In Design
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3. Describe Factorsand levels

Experiment design is accomplished in the Inner Array Design screen. Before start entering the description, you need to
have a piece of paper where you have written the names of your factors and levels, and also identify which columnsthese
factors are assigned.

Suppose that the factor you want to assign in column 1is TIME. Highlight the CELL under Factor and row number 1(rows
in this table are columns of the Orthogonal array) by clicking with the right mouse button. Then type the description of the
factor. For analysis reference purposes, it isagood ideato use aleader character designation like A, B, etc. So instead of
typing TIME, type A: Time.

To describe the levels, click the CELL under Level 1 in the same row asthe factor or press Shift+Right Arrow Key, then
type the description of the level. Of course you have to have at least two levels for each factor. Also, while describing the
level, if your level is 45 Seconds, typein 45 Seconds, not just 45. If you entered only 45, QT4 will not complain, butitisa
good ideato include characters and numbers both for description.

L~ Inner Array Design _|op=
| Cancel | _Pint |
Level1 Level 2 Level 3 Level 4

& Time

| Col et {1 Irter Tsble W Reset Col (M Delete Cal J] Unused | [ e |

4. Reserve columnsfor Interaction studies

When your design includes interaction studies, you will need to reserve the appropriate columns for interaction. Suppose
that you wish to reserve acolumn for interaction between factors (QT4 capabilities limited to interaction between 2-level
factorsonly) A & B, you can dothesetwo ways. If you aready know the column for the interaction, from the Triangular
Table, you can highlight the CELL under the Factor in the row number then click the COL.INT button at the bottom of the
screen.

o [ oo |
[ Corcel || P |
Factaors Lewel 1 Lewvel 2 Lewel 3 Lewel 4
&0 Tirme 45 Seconds 65 Seconds
B: Temperature 200 Deagree F 200 Deagree F

[“Collnter |9 Inter Tobl= | Fieset Col [ Delet= Cellj] Unsed | e |
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.~ Interacting Columns Selection [_ [
1x2=3

du¥=r3
BuE=x3

b e if poLedo mok wish

to place an interaction;

Interaction Table

Columr interaction

[W iCheck box to set interaction

5. Identify unused columns

Interaction (Contd.)

The screen will indicate a number of
possible pairs of columnswhich will mix
their interaction effect with the selected
column (col. 3inthiscase). To select the
pair of interest, simply click on the column
numbers, 1x2 in this case. Note that you
can only select one pair of column at one
time.

If on the other hand, you are not sure
which column you should reserve to study
the interaction between factorsin columns
1 and 2, in other words you do not have the
Triangular Table information, you need not
highlight any column, ssimply click the
INT.TABLE button from the bottom of the
Inner array design screen. When in the
Interaction Table screen, key in the number
1 under A and 2 under B, the click on Check
box to set interaction. Thiswill indicate the
column which should be reserved for
interaction. If you want QT4 to set this
interaction automatically, click OK.
When interaction is set, QT4 will insert the
appropriate description in the column, and
indicate *INTER* in place of thefirst level
inthesameline. NEVER TYPE THIS
DESCRIPTION YOURSELF.

The columns that have no factors or interactionsassigned are referred as unused columns. QT4 needs to know which
columns, if any are determined by you as unused. To set a column as unused, highlight the CELL under Factor description
in the line number corresponding the column by the mouse click, then click on the button UNUSED at the bottom of the
Inner array design screen.

Inner Array Design = | =

| Ok § Hep |
[ Corcel | _Pi_|

Level 3 Level 4

Nutek, Inc.

Qualitek-4, Automatic Design and Analysis of Taguchi Experiments

Factors Lewvel 1 Level 2
1 |4 Time 45 Seconds B5 Seconds -
2 |B: Temperature 200 Dearee F 280 DegeeF s
3 [IMTERCOLS 1x2 ANTER® e e
4 |C: Plate Thickness 3 ki L |
8 |D: Die Orientation Formal A0 Degrees -
E [COLUMM UMUSED AINUSED*® e e
G COLURM UNUSED UMUSED® oo e

| Collnter_ | Iner Tsble |8 Reset Col [ Delot= Colljl]Unused | [ et |
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Y our experiment design description is complete when you have addressed each and every column of the array, which are
the rowsidentified by the number. For completeness, all columns must have afactor, an interaction, or be unused. In case
of factors, there must be at |east two levels described. QT4 will not allow you to proceed unless the description is
complete. When ready, click OK to proceed.

6. Enter Project Descriptions

This screen allows you to attach four lines of description about your project. These items are optional and used only in
printing reports when available. To set the Quality Characteristic appropriate for your experiment, click the pointer at the
end of the line and make your selection. QT4 automatically puts the sel ected description.

Description OF Experiment [ =]
'

Caze Studw/Project Tithe

EMTER: | T Muolding Procesz: Optimization

Ay Hotes O Lzer/Enpenmentear M arms

AEMESEEE 01 Interaction Studies

Gluality Charaster

HEHESE THE BIGGER THE EETTER [as selected far analysis) -

THE BIGGER THE BETTER
Oibje Of THe Study THE SMALLER THE BETTER
= THE HOMIMAL 1S BEST
AERESE A8 [ ctremine the Best Process Parameter Combination D HAMIC CHARACTERISTICS

/- Review and Modify Array
| Hep

The Edit Inner Array screen showsthe : 2

array you have selected for your __ _
experiment. All columns except those are

identified as unused, are shown in the
original form. All unused columns are
automatically turned into zero by QT4. If for
some reason you want to use an unused
column, you must reset the column to its
original form. To reset the column, highlight
the CELL in thefirst row of the column by
the mouse click and then click on the
RESET COL. button at the bottom of the
screen. Y ou would always need to do this
step when you reassign a column from
unused status to assigning a Factor or an
Interaction.

M e e = = =] =] =
= =R =
—4 ==

ol e o o o o o oo =

—_
™

If your design requires acolumn to be
upgraded or modified, you can do so in this
screen. Just click on the CELL to modify
and key in the number.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01



Save File As...

Page 26

8. Name and Save Files

Thefinal screen in the experiment design

Filig M amne: process allows you to name your
Bracketl Odw _ experiment file. QT4 attaches .Q4W to all
basehall g experiment files. Y ou need only to supply
I:-Lactet'lz.qiw the first eight characters of the file name. It
gofki:gcijww isagood ideato start your file name with
de-as400.g4w an alphabetic character. Y ou can have most
jg:{:iﬁ;‘;"w any charactersin the middle, except few
E—— delimiterslike“,”, *;”, “:" etc. are not
engine. gduw desirable.

gen.qdw
glue, g ) . ) .
The experiment file will always be saved in

the directory called USRFILES. While
installing you has a choice to place this
directory in and drive and directory you
want. By default, thisis a sub-director
under the Q4W director. If you do not see
the USRFILE directory in the display box,
click on C:\, search for the USRFILES
directory and select it before you OK to
saveyour file.

Type of Files: Errive:

| R

Automatic Design

In automatic design, QT4 designs the experiment for you automatically. Given your experimental parameters such as
number of factors at various levels and their descriptions, QT4 selects the most suitable array and assigns factorsto the
most desirable columns. Once the design is displayed, you can then modify the description, reassign the factors, and
modify columnsif necessary.

) _ Experiment Configuration
1. Selection Menu Optlon File Edit " EEEER Rewview Besults  Analpziz Report Losz: Help

_ PR Manual Desi :
Tolet QT4 design your E o, Fie. E—— Qll"dllt-ﬂ k-4

experiment, click DESIGN option
from the main screen (Experiment
Configuration) and select
Automatic Design.

Automatic Design

Hewize Wrttagomnal drray

Weer Defined Eolums

In the next screen QT4 aertsyou
about the fact that all existing
experiment datawill be erased.
Click OK to proceed.

etal Control Factars
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Automatic Design 2. Set Requirements
This screen alowsyou to set the

experiment size by indicating the number of
i factors at two, three, and four levels, and

also the interaction between two 2-level

HUMEER OF ITEMS factors. Considering the same experiment
X humber of 2-Level Contral Factars in Experiment I 4 - gﬁz ?Qﬁaﬁgg ((f:ﬁ EL ?f;leer)ilelﬁiogf and
_| Number of 2-level factors.., then set the
X |nteractions Between 2-Level Factors I counter to 4. Check the Interaction box
“Avallable Interactions Wil Be next and set the counter number to 1. Since
Determined By LT4 - in this experiment there are no three or four

[T Mumber of 3-Level Contral Factaors in Experiment I -
“*|nteractionz With Mixed Je] el se needed to be checked.
Factors Mot Available

[ humber of 4-Level Contral Factors in Experiment I - :II

level factors and no noise factors, nothing

Note: QT4 can design most common
experimental situations requiring Inner and
Outer arrays. If QT4 cannot design your
[ Mumber of 2-Level Moize Factars in Experiment I - = experiment, it will pro_mpt you so. ShOUId

[Duter Anay Design] = you want QT4 to design your experi ment
anyway, modify your reguirements slightly
and try again. You will then havethe

opportunity to alter your design manually.

3. Review Proposed Experiment Design Condition: 7 =l

Bazed on your input;

Based on the requirements, QT4 selects the most * i L-8 array has been selected for the inner array
economical array for the experiment. If the information * Mumber of Interactions available =3

displayed, which iswhat QT4 used to determine the Uy e ey el m=)
design, is not correct, click No. Thiswill allow you to Mo outer array has been selected for thiz expenment
redefine the requirements. Otherwise click OK to |5 this DK

proceed.

1 . |
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2-Level Factor Descriptions

4. Describe Factorsand

Levels
Factors Lewel 1 Level 2 .
Factors and levels are described
45 Seconds B Seconds .
using separate screens for 2-level,
cltliaice clleae 3level and 4-level factors. The 2-
C: Plate Thicknes level factors are defined first. To
30 Degiee describefactors and levels, click
the appropriate box and type in the
descriptions.
* All tactors and levels must be completed
in order o proceed The n_umbersleft qf thefactor
description boxes indicate the
Reset Cel Reset All B Default Text sequence number of the factor and

are not the column number

4. Select Interaction(s) . :

Interaction Selection
This screen allows you to select the : ' e
interaction you desire from the list of g,
available column interactions. QT4
always shows you the interaction
applicable and available based on the
number of factors and the array used
for the design. In this example, since
there are only four 2-level factors and
the array has seven columns, there are
three dependent(common column
numbers) interactions are possible. Y ou
may select one or more interaction or
noneat al. In the example, interaction
between factorsin colums 1 and 2
(AxB) isdesired. Follow the screen
prompt to select the interaction you
want.

Interac

5. Review Experiment Design

This screen isthe same asin the manual design. Y ou will notice that all factors, their level descriptions, and the
interaction are placed in the appropriate column locations and the unused columns are identified. This design may or
may not look like the one you would design using the manual option. QT4 has certain fixed rulesit follows to assign
the factors to the column. These rules follows design that minimizes mixing of unwanted interactions with the factor
effects.

If you created an error in typing descriptions or you want to alter assignment of a column, you can highlight the CELL

and retype the description. From this point onward, the screens are the same as in the Manual Design option. Click OK
when you are ready to proceed.
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| Ok J Heb |
[“Corees [ Bt

[ | Factos |

&: Time

B: temperature
INTER COLS 1« 2
C: Plate Thicknes
COLUMM UMUSED
COLUMM UMUSED

D: Die Origntatio

: Col Inter IntEITaI:lle

Level 1 Level 2

45 Seconds
200 Degrees
INTER*

3 mm
*UMUSED*®
*UMUSED*
Fact D-Lev 1

B5 Seconds
280 Degrees

90 Degrees

[Feset Col [M Delcls Lol e | | Test|

6. Review Orthogonal Array

Examine the Orthogonal array and
click OK to proceed.

(Same as the Manual Design option)

Nutek, Inc. Qualitek-4, Automatic

7. Save Experiment File

Find the USRFILES directory and name the
experiment file with extension .Q4W (Bracket2.Q4W)
and click OK when ready. Your fileis now saved and
you are ready to describe the Trial conditions and
carry out the experiments.

(Same asthe Manual Design option)

Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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Outer arrays are used to formally incorporate the Noise factors into the experiment. Of course before an outer array is
added to the experiment, theinner array must be designed fir st. Before proceeding to design the outer array, make sure
that your Inner array is designed and that the desired experiment file is opened. If thefileis not already opened, open the
desired file by selecting the FILE menu from the main screen(Experiment Configuration).

Manual design

Experiment Configuration

File  Edit SR

Ewpt, File: Manual Design

Feview Hesultz Analysic Feport Loz Help

Inner Array

1. Select menu item

Automatic Dezsign

Duter A

Diyrnamic Characteristics

From the main screen
DESIGN menu, select

Bevize Withaganal man

manual design then click
on Outer Array.

WHzen efined Eoltrmms

Pleaze zelect type of Cancel

inner array. to uge:

(® Array L4[2"3) ) Array LB(2"7)

) &rap L9(3"4) O Aray L12[2°11)

) &ray L16[215) O Aray L1821 £ 3°7)
O Aray L27[313) O Aray L3223

O Aray M1E[4°5) O Arap M32(2°1 & 479
) Array LE4(2"E3)

C) User Defined Amays [File; DATA-LUD|

C) Rieview Commenly Used Arays In Design

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments

2. Select Outer Array

The same number of arrays as available for the Inner
Array design is also available for the Outer Array
design. Of course the Outer Array you need depends
on the number of Noise factors you want to includein
your experiment. The rules for selection of the array
are, as for the control factors, dependent upon the
number of Noise factors and their levels.

In the example experiment, two 2-level Noise factors are
to beincluded and thus, an L-4 array is checked.

Reference Manual Version: 06.01
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3. Describe Noise Factorsand Levels

The descriptions of Noise Factors and their Levels are entered just the same way as the Control Factors and
their Levels. This screen has al the same features as the Inner Array Design screen.

To enter afactor or level description, click the appropriate box and type the description. Be sure to use the
command buttons to set the column for Interaction or to set it as Unused. When all rows (which are columns with
respect to the orthogonal array) are described, click OK to proceed to the Outer array screen.

~~ Outer Array Design ==
o e |
" Concel | Eint |
Factors Lewvel 1 Lewvel 2 Level 3 Lewvel 4
Outside Temperature Lo High

Time of Dray Dray Time Late Might

COLUMM UMUSED
|_Col nter | inter Tabie [8] Reset Col |8 Delete Col [ Lnused | | Test |

4. Complete Outer Array design

While at Outer Array screen, if any column modifications are needed, do so and click OK to proceed to thefile
update screen. Click OK for update and OK again to confirm that the file will be revised. QT4 will now return to
the main screen displaying the experiment configuration with the Outer Array.

Experiment Configuration
Fil= Edit Design Review BResults Analpzsiz Report Lozs Help

Expt. File: - BRACKETT.04'w Qllalit_ek_4

Col #1. Qutzside Temperatu

Col #2. Time of Day

Col #3. COLUMN UNUSED
T

1 1

—_
[T5]
(]

1 2

[ R R I R
[ O R R
[ R R
— R R RS R
P R A R R
cooocoooo |@
cooocoooo |

2

Inner Array
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Automatic design

1. Select menu item

In the Automatic design option, both the Inner Array and the Outer Array design are accomplished at the same
time. When you are ready to design your experiment, select the Automatic design option from the main screen
DESIGN menu. Y ou need not close the current design displayed asit will be closed as you proceed.

Experiment Configuration

File  Edit g Rewiew Besults Analpziz: Beport Lozs  Help

E #pt. File:

Hewize Withagonal Gray

Wzern efimed Ealumms

COuter Array
I
1
2

1 2 3 4

o o o |3
o o o |

Automatic Design

2. Select Design Options

. C |

The parameters for experiment

design are set in this screen. The

exarnple deggn (BRACKET]_)’ uwj ITEMS MIIMEBER OF ITEMS

earlier, there are four 2-level factors, : :

one Interaction. and two 2-level [® Mumber of 2-Level Control Factars in E xperiment I 4 -

Noise factors. To set the numbers, _|

first click on the box left of the [® Interactions Between 2-Level Factors I

description, then click on the up or “yallable Interactions Wil Be

down arrow to adjust the number. Detemined By UT4 L
[T Mumber of 3-Level Control Factars in E speriment I -

Since in Automatic design the **|nteractions With Mixed e

; i ; Factorz Mot Available =
fﬁgﬂr?t; :rxgin(;nezn;'n’stim ng with ™ Mumber of 4-Level Control Factors in Experiment I_ =
accomplished, screensthat are
applicable for the Outer array
portion are shown here. For Inner
array design refer to the section
described earlier.

—

[® Mumber of 2-Level Moise Factors in Experiment I
[Outer Array Deszign] =]
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Moise Factor Descriptions (2 Levels)
3. Describe Noise
Factorsand Levels

This screen will come e N Tk
after control factors are :
described. Click on the :

appropriate space and = T

enter the description.
Click OK when finished.
QT4 automatically
selects the smallest Outer
array you need for the
design and proceed to
display the descriptions
of both Inner and Outer
e
screen prompt and
proceed.

* All noise factors.and lewvels must be campleted
in orderto proceed

4. Complete Automatic Design Process

Once the descriptions of factors and levels are entered, QT4 puts you back on the same set of screensthat are
used for the Manual design. Screens and action required to complete the design is the same as those shown
under Manual Design earlier and should be referred when necessary.

Inner Array Design = | =
[0k | Her |
| Cancel || Frint |

Factors Level 1 Level 2 Level 3 Level 4
1 & Time 45 Seconds B5 Seconds e e
2 |B: Temperature 200 Deagree F 20 DegeeF e s
2 |INTER COLS 142 AMTER® e e e
4 |C: Plate Thickness 3 MM BMM e e
5 |D: Die Orientation Marmal 0 Degrees e s
B |COLUMM UMUSED UMUSED® s s e
N COLUMM UMUSED AMUSED® e s s

| Collner | Iver Table [W] Feset Col [M Delete Col |l Urused | [ et |

After the Inner array design screen, QT4 will display the Outer design screens for your review, and when finished, you will
have option to save the data under afile of your choice. The subsequent screens are the same as those shown in the
previous section.
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Description of Trial and Noise Conditions

After the experiment is designed, the trial condition can be described using the Factors and the array. Theterm TRIAL
CONDITION isused to the combinations of control factor levels which are the prescriptions for different test conditions
necessary to accomplish the experiment (all trial conditions). The term NOISE CONDITION, on the other hand refers to the
combinations of the Noise factor levels which created the condition to which the trial conditions are exposed to. In the
example experiment an L-8 is used for the Inner array and an L-4 is used for the Outer array. Thustherewill be eight Trial
conditions and four Noise conditions. Experimenter should combine the Tria conditions and the Noise conditions as per
the combinations required by the Outer array.

Experiment Configuration

Eile Edit Design (Fl=E00 Results  Analysiz Report Loz Help

1. Select menu item

ot File: RAL Trial Conditions g :
From the main screen g s Muaize Conditions Hlltﬂl{-4
REVIEW menu, select
Trial Conditionsor Noise
Conditions as desired.

Loramic diest Conditians iews Moige Factors

Cuter Array

A 0 0 0
Fevieis Control Factors

| I = I _I 2 _I

1 1 2

1. Review and Print Conditions

Whilein Trial Condition screen, click
- - Next Trial to display the next condition.
. ; X
Trial Conditions FIET S Click Print button if you want to print one
" " or all the conditions.
Trial Condition 1 [Fandomly selected order # 4] The Randomly selected number indicates

Level Dess the order in which experimenter should

3% Soon conduct the experiment when possible.
Click Cancel button when finished

E: Temperature 250 Degree F reviewing the conditions.

C: Plate Thicknes G kit
0 Die Onentatio 90 Degrees

Repeat the same steps for Noise
Conditions starting with the REVIEW
menu option.
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(c) Experimentswith Dynamic Char acterigtics

Just as Outer arrays are used to formally incorporate the Noise factors, effect of Signal and Noise factors applicableto a
Dynamic System isincluded in the experiment by this special design. Thereis no orthogonal array used for the outer array.
Instead the levels of the Signal and the Noise factors are combined to form all the possible combinations are described.
While conducting the experiment, each trial condition is exposed to these combinations of the Signal and the noise factors.

The Dynamic Characteristic can be added to the experiment only after theinner array isdesigned first. Before proceeding
to design the outer array, make sure that your Inner array is designed and that the desired experiment fileis opened. If the
fileis not already opened, open the desired file by selecting the FILE menu from the main screen (Experiment
Configuration). To describe the Dynamic Characteristic (DC) design capabilities, the experiment DC-AS400.Q4W will be
used. If you wish to redesign the DC for an existing experiment, you can work with a copy of the experiment file and
proceed to redesign by first removing the existing DC design. To remove current DC, click on the EDIT menu item and
select Remove Dynamic Characteristic option.

1. Select Menu Option

From the main screen DESIGN menu, select manual design then click on Dynamic Characteristic.

Experiment Configuration
File  Edit i Feview Hesultz Analysiz Report Los: Help
E =pt, File: f Inner &riay

Duter Array

Automatic Design Dynamic Cha

Bevize Orthagonal &rray

Uzer Defined Columnz
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If you are working with an existing file which has results, QT4 will prompt you about the fact that the results will be erased.
Click OK to proceed if you get this message. If you chose to keep the results, its size will be adjusted to suit the new DC
design you are about to define.

B

@ Results already exist. Do pou wish to eraze them?

MOTE: If pou chooze not ko eraze the results:
a. If the results are less, you MUST enter the rest of the values.

_ar-
b. If the results are more, the excess result values will be cut off.

Yes MNo Cancel

2. Review P-diagram (befor e input)

The dynamic system function is schematically displayed in this screen. The control factors, which are already
designed as part of the Inner Array, are only known parameters at this point. The factors which will be necessary are
Signal factor (1 to 12 levels) and the Noise factor (2 to 10 levels). In addition, there are five system parameter
descriptions such as Customer Intent, Symptoms, Perceived Results, etc. will have to be furnished in order to complete
the system definition.

Double click on the box/text for Signal to describe the Signal and Noise factors and levels. Once you complete the
description, you will return to this screen. Now proceed and describe the five system parameters by double clicking on
the box for Dynamic System or any of the five locations.

- Robust Designed System [P-Diagram] | 0] x]
*In order to define or edit any of the | Ok | | Help |
dynamic charactenstics, double {Control Factors
click on the box that containg the | Cancel | | |
characterizitcs. """".'3"1. Temperatule =
il Yizcozity
IMTERACT 12
Customer Intent Glaubers salt
Kinds of dyes | Symptoms
Signal Dynamic System = Response
| > | |
|Signa| Levelz j Response Equation
Ideal Function |
* Cust. Perceived Result
Y Noise Factor |
|
|Noise Lewvels j
Response
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3. Specify Number of Signal and Noise Factor Levels

QT4 alowsyou to incorporate one Signal factor which may have up to 12 levels (or 12 signals at one level each at
1 level) and one Noise factor with up to 10 levels (or 10 separate noise factors). The number of levels of the Signal
and the Noise factors, along with the number of repetitionsin each of the Signal & Noise factor
combination(called a CELL), determines the size of the experiment.

QT4 requiresthat each tria condition will have equal number of Cells. The number of cell equals the number of
Signal levels x number of Noise levels. The total number of samples/results, however, is number of Cell x number
of samplesin each Cell.

Click the up or down arrow for each box to adjust the levels you desire. Click OK to proceed to describe the
factors.

-~ [Dpnamic Charactenstic Selection M= B3
Selectthe number of signal levels:

Selectthe number ofnoise

ectthe number of res

Note:
How can you include multiple Signal factors?

Suppose you have 3 Signal factors at two levels. Treat them like 3 x 2 = 6 levels of Signal factor. While describing the levels
of the Signal factor, keep note and describe the levelsto reflect your description.

Y ou can treat multiple Noise factorsin the same manner.
Cdl represents a unique condition defined by combining Signal and Noise levels. There must be at |east one sample tested
in each cell. Depending on the levels of the Signal and Noise the number of samples per Cell could be very large. QT4 is
limited to 120 samples per trial condition. Which means that?

# Signal levelsx # Noise levels x # samples/Cell =120
Thusif # Signal levels= 3 and # Noiselevels= 2, the number of samples per Cell could be as high as 120/(3x2) = 20.

Size of Experiment Calculation

In the example considered, total number of samplesrequiredis 3x2x2 x 8 Trias = 96.
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4. Describe Signal and Noisefactors

Use the mouse to click on the box for description and type in the description of the Signal factor with al phabetic
or numeric characters. Enter the numeric values of the Signal factor levels. The levels of the Signal factor MUST
BE in terms of numeric quantitiesin the ascending order of magnitudes.

Similarly, key-in the description of the Noise factor. Unlike the Signal levels, the Noise levels may be described
using al phabetic and numeric terms. They need not be numeric quantities.

-~ DC Factor Descrptions And Levels O] =]

fipticmn

[

atily]

Level 1 Level 2

[loise Factar

Dezcrptian

Starching

alphanumeric,/numens ptiamns)

Level 1
Starched Mot Starche

| FestCell [ Reseisl [ st |

In case the number of levels of the Signal or Noise factorsis larger than what the screen can accommodate, like other
screens, ascroll bar will appear below the level description box. Scroll it to the right and complete descriptions of al levels
before exiting the screen.

Foise Factor

Dezcrption

[alphanumeric/numenc crphonsz)

Level 2 Level 4 Level B

g .|
| FosetCeol B Reseial [ [oen |
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-~ Dpnamic Response Equation M= E

5.1 ndlcqte Response T T
Equatlon Type Bynarmc R e Eguation: ; i i
e |
Depending of the nature of ) Zera Paint Proporional
the dynamic behavior of the C Reference Point Proportional

system, the response
equation can be best
described on of the three
types of straight line
equations. Prior knowledge or
an assumption as to which
oneismost likely behavior is

® Linear Equation

needed for the purposes of f int Proportional wherithe res
analysis of results. Click the i1

item that best suits your # [ - bref ]
system, then click OK to Linear Equation wherinone of the abr

proceed. *Equation: 7= "m= b & kM - ks

When you are done with describing Signal and noise factors, QT4 will return you to the P-diagram. Double click on
Dynamic System to enter descriptions of the system. When available, clearly describe Symptom, Response, etc. for the
Dynamic System under investigation.

6. Define System
Parameters

< Dynamic System Dehmbion miEE
| ok | Hep |
1 i Symptom - It isthe reason for
C I .
Symptorn " the experimental study.
- Thingsthat are causes for
Fading Colar
concern about the system
F

1EEpORIZE

performance.
|
Response- It iswhat the
Customier htent result/performance will be
Erighten Color judged by.
Cuztomer Perceived Results Customer Intent - Thisis

Increased |nkenzity what customer does to obtain

the desired results.
Dezcription

Customes Perceived Resuls

- It iswhat the customer sees
asthe effect of improvement.

3 hat onlpthe
far dizplay purpo

System Description - A word
or two description of the
system function.
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Description of Signal and Noise Conditions

After experiment is designed, the combination of the Signal and the Noise levelsto whichthetrial conditions areto be
exposed can be described using REVIEW menu option from the main screen. These conditions are different from the
description of the TRIAL CONDITIONSwhich are the combinations of control factor levels. Theterm NOISE
CONDITION, on the other hand refers to the combinations of the Noise factor levelsin case of OUTER ARRAY design,
which represent the conditions under which the experiments are carried out. In the example experiment with Dynamic
Characteristic, an L-8 is used for the Inner array and the three levels of Signal and thetwo levels of Noise creates six
separate combinations(CELL). Since there are two samplestested in each cell, for each trial condition, two samples are
exposed to each of the Signal and Noise combinations.

To review the Signal/Noise combination for experiment, click on the REVIEW menu item from the main screen and select
Dynamic Characteristic. Review and Print descriptions using the screen buttons as desired. Note that the descriptions
shown are applicableto all Trial conditions for the experiment.

-~ Robust Designed System [P-Diagram] | | O] %]
*|rv order to define or edit any of the | Ok | | Help |
denamic characternistics, double Control Factors
click on the box that contains the | LCancel | | |
characterizitcs, ’1“.'““. Terqpetature =
QilYizcozity
INTERACT 1% 2
Customer Intent Glaubers salt
BErrighten Color Kinds of dyes = Symptoms
| Fading Calar
Signal Dynamic S5ystem | Response
[Quantity of Dye } | Deying Process [Calor Intensity
|Signa| Lewvels j Response Equation
Ideal Function |Lingar
+ Cust. Perceived Result
Y Noise Factor | Increazed Intenzity
[ Starching
|N0ise Levels j
Response
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Chapter 7

Editing Factors, Arraysand Results

Corrections and modifications of experiment design parameters can be done online, that iswhile entering descriptions or
results, and also after input is complete. The EDIT option from the main screen allows modifications of the Factors, Levels,
Arrays, Results, etc. already entered earlier or belonging to an existing experiment. To edit information, OPEN the
experiment file desired unless you are already working with thefile and it is currently being displayed in the main screen.

In addition to editing factors and arrays, you will use this menu option also to REMOVE OUTER ARRAY from your
experiment when you need to do so. To totally exclude the Noise factors from your experiment, simply select the option

from the EDIT menu. This action removes the Outer Array and your experiment is displayed without it. BE SURE TO SAVE
YOUR EXPERIMENT FILE IF YOU WISH TO RETAIN THISEXPERIMENT DESIGN.

1. Select Menu Option

From the main screen, select the EDIT menu and click on the item desired for editing.

Experiment Configuration
File 112500 Dezign Review RBesulte Analpziz Report Lozs Help

Factar & Levelz

Exp s L
; Inmer Aray Q“allte l\-'-l'

Moise Factars
Duter Array

Remove Oute

Dynamic Charactenstics
Eemasve Wunanmic Charactenstics

Matez

-

Resultz
Evaluatian Erteria
Exvaluations [HEE]

S/ Earmula

o oo oo o oo |

Inner &rray
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.~ Edit Inner Array M= E3

| Carcel | Piin_|

| R R e e st
[ R e R e
== e R ) = =] e
PO = = = = e
=y = pa ma = pa =]

I~
j—y
I~
j—y
I~
j—y
I~

=

2. Update File

Once you modify one or more data, QT4 allows you
the option to save the file inthe same name (update
file) or save it under adifferent name. By default
QT4 aways displays the existing file name. Just
click OK if you are simply updating thefile.

The Save File screen always assumes that you will
keep the same file name and update the existing file.
If you want not to disturb the existing file and save
changes under anew file name, then you typein the
new file name (only thefirst 8 characters needed). If
you keep the same file name and proceed to update,
QT4 promptsto let you know that the file exits and
that you are proceeding to overwrite. Click on YES
button to proceed.

Y ou can also direct the path for your file asyou
would in any Windows program. Click on the
Directory and Drive to select the path and directory
for thefile you are saving.

2. Modify Array

Once the item you want to modify is displayed, click onthe
item and retype the description. Click OK when finished. In
the similar manner you can edit Control factors, Outer array,
Noise factors, and Dynamic Characteristic involved in your
experiment. Each item hasto be selected, on e at atime from
the EDIT menu, and modified.

-~ Save File As. .

File M ame:
CHICKEMZ.Qdw

s, .
| Qualitek-4 9/12/36 =

& This file already exists. Ovenurite?

Type of Files:

o — S~ ]
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Direct Input and Preparation of Results

Chapter 8

In Design of Experiments (DOE) theterm RESULT has special meaning. For thefirst part, as usual, results are numerical

data representing the performance of the product/process under investigation for a specific test sample. To be noted also
that results are only intermediate input to the DOE application process and not to be confused with the results of analysis
or the whole process. So what is obtained from analysis of the designed experiments? Of course these are CONCLUSIONS

and PREDICTIONS made from the analysis.

For the second part, results could reflect combined eval uations of several objectives. In this case result is a single number

without any unitswhich is asingle quantity obtained by combining several numbers representing evaluations from
multiple objectives/criteria. If your experiment requires evaluation of the performance under more than one criteria of

evaluation, you need to prepare the results by combining multiple evaluations into an Overall Evaluation Criteria(OEC). No

matter the number of criteria of evaluation criteria, you will always have one OEC for one sample. Thusthe OEC ‘sfor the
samplewill constitute the results and should be used for analysis.

Direct Input of Results (Evduation from Single Objective)

In case of single objective or when you wish to perform analysis using one evaluation at atime, you will enter the data
directly in the result column. Thisis expected to be the case for most of your experiments. The number of columns of
results, as always, will depend on the number of samples tested for each trial condition.

1. Select Menu
Option

Open thefile you want to
work with and then select
Enter Results from the
RESULT menu from the
main screen.

Asyou proceed QT4 erases
all existing results, if any, in
thefile. Should you want to
preserve the existing file, at
end of result entry you will
have a chance to save the
file under adifferent name.
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Enter Results
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2. Enter Resultsand Update File

QT4 requires your experimental results to be equal in number for all trial condition. In other words you will

Page 44

always have full columns of results. It isagood idea, therefore, to key in results one column, starting with the
first column, at atime. Y our datarange is between - 99,999 to 999,999. Zero isavalid entry and your results could

be as small as.0001.

Reset Cell button clears a cell and Reset column will clear the entire column of data. Remember you can only see
what the screen can fit. If your experiment islarge, use the scroll bar to enter and view the rest of the results.

Use the Dummy Data button only when you wish a practice run. It can quickly fill the entire range of data (up to
120 columns) by some random numbers within the range you specify. When done entering results click OK to
Save File option. Update the exiting file or under a new name and return to the main screen.

-~ Expenmental Results

Trial #1
Trial #2
Trial #3
Trial #4
Trial #5
Trial #E
Trial #7
Trial #5

Nutek, Inc.

Sample 1 Sample 2 Sample 3

dk

LCancel

Sample 5 Sample B

12
10.8
11.8
=

w

Feszet Cell

Tranzform Data
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<~ Transform/Scale Results
Transform Results
If your results are larger than 99,999 or | Hep |
smaller than .0001, then you should scale , .
the results down or up as appropriate. To
transform the results, after entering results,
click on the Transform button and select the
option you desire.

@ Scale results up by a multiplier

) Scale results down by a multiplier

In addition to scaling results up or down, O Omega transform results (0 - 99.99%)

you may also convert theresultsin other

. () Back transform Omega results
coordinate systems.

Omegatransformation - is recommended O Operate with Trig... Log. Exp. Etc.

when your results are in percentages. ) Transform results to integer values
Back Omega transform - can be handy
when you want to convert your resultsin
percentages ranging between 0 and 99.999.

Trigonometric transform - will allow you to
operate your results by Trigonometric
functions.

Integer Values -will round off all your
results leaving only the integer magnitudes.

- ' Scaling Down Results
(1 Scale results down by - % .1 -m g
| Cancel |
© Scale rmsuls dovn by > % .01 e Results can be scaled down

O Scale results davin by - ».001 (or up) simply by clicking
O Scale results dovn by > = 0007 the option desired.
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Preparation of Results (Combining Evauation from multiple objectives)

Background

Preparation of resultsis anecessary consideration when your experimental results are evaluated using more than one
criterion of evaluations. In this regard the word “Results’ take a special meaning in DOE application process. Of course
result is an intermediate input to the whole process. The basic data collected as the experimental results may be better
called as READINGS. Readings represent quantitative data representing evaluation criteria. Each reading however, may be
the average of many OBSERVATIONS of the same evaluation. Results can be asingle READING or combination of
multiple READINGS into asingleindex, as you as the experimenter wants it to be.

Practice of combining multiple criteriaof evaluationsinto asingleindex isindeed common in academic, sporting and other
competitive events. The grade point average we are so used to using, is nothing but a single quantity representing the
average of all grades. The method of determining the best in the Olympic gymnastic events are determined in ascale of 0 -
6 by combining scoresin several areas of performance like, jumping, style, balance, landing, etc. The scoresin each of
these criteriaare averaged to calculate the final score.

If academic performance and sporting events can be determined by asingle index, why can’t scientific experiments and
engineering projects be evaluated by asimplistic singleindex? There are good reasons. In the former cases, al evaluations
have the same RANGE (low and high score) of evaluation. All evaluations also have the same units (mostly no units),
same sense of desirability (Quality Characteristic/QC), same units of measurements, and same rel ative importance
(weighting). Thisis not the case with scientific experiments. Thus attempts to meaningful combinations of evaluations
from different criteriaof evaluations, which most likely have different units of measurements and different importance,
demands proper considerations of physics of the situation.

Why should you consider combining different evaluationsinto a single index?

When there are multiple objectives, each objective may be evaluated by different criteria of evaluations. Suppose that in
the process of BAKING CAKE, the objectivesare TASTE, MOISTNESS, and VOIDS. We can always analyze the results of
the experiments by taking readings (single criteriareading as results) of each criteria separately and determine the best

recipe for the cake. If the best recipe so determined by taking all criteria, one at atime, was the same, then there is no need
tolook at all the criteria collectively. But what if they are not? Which recipe then should we go for?

Just because two readings are expressed in numb ers, they may not be added together to produce meaningful results. For
instance, laws of physicswill not allow us to combine one quantity expressed in terms of DEGREES FAHRENHEIT with
another quantity expressed in terms of NEWTON METERS. The reason for thisis obviously the units of measurement,
which if unequal, addition is not allowed.

In addition to the units, the sense of desirability, that is the Quality Characteristic (QC) must also be of the same kind
before two evaluation can be added together. Consider the case of two sportsmen who are both proficient in the game of
Basketball and Golf. Their average scores are as shown.

Sportsman 1 Sportsman 2 QC
Basketball 28 3 Bigger is better
Golf (9 holes) 42 37 Smaller is better
Totals 70 70
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Who isthe better player? To answer this question, we will be grossly wrong if we simply compare their total scores. Thisis
because, even though the two scores have the same unit of measurement, their sum does not produce meaningful numbers
asthey have different sense of desirability(or QC) sincein the game of Basketball, the higher score is desirable, where asin
the game of Golf, alower score wins the match.

M easurements involved in engineering and science most often include eval uations which have different units of
measurements and also different QC’s. Combining them into asingle index, called an Overall Evaduation Criteria (OEC),
reguires some adjustment to formula combining the individual criteria of evaluations. First the readings under individual
evaluations must be NORMALIZED, that isfreed from their units (dimensionless). Second, contribution from all reading
must conform to the same QC, either Bigger or Smaller. Third, individual readings must be represented in proportion to the
relative weightings (degree of importance) determined subjectively by the project team consensus. Consider the CAKE
BAKING process and suppose that following were decided in the planning session convened for the experimental study.

Evaluation Criteria Tableand OEC

CriteriaDes. Worst Reading Best Reading QC Rel. Weighting  Sample Reading

(X) (Xu) (Xs) (W) (X)
1. Taste (Xy) 0 12 Bigger 55% 9
2. Moistness(X,), grams  25-50 40 Nominal 20% 349
3. Voids (X5) 8 2 Smaller 25% 5

Overall Evaluation Criteria (OEC)

[ X1 = Xawn |X2 —X?! I \ | X3 - Xawn |
OEC = ( le - Xlw th * ( 1- X2b - 2X t? * ( 1 i )(Bb)-(E E3V\}3 \

For the sample data: (example calculation with X1: 9 X2 =349 X3 =5
OEC = (9-0)/(12-0)x55 + ( 1 - (34.19-40)/(40-25))x20 + (1 - (5-2)/(82))x25= 41.25+12.25 + 125
= 66.0
Explanation of OEC equation

The Taste reading is a subjective eval uation and agreed to be a number between 0 to 12, with 12 being the best possible
reading. The QC for this criteriais Bigger is better and sinceit carries a heavier relative weighting (55%), all other criteria
will be made to conform to this QC.
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Theindividua criteriareading(X) arefirst subtracted by lowest magnitude of the best or worst readings (X,). This
quantity isthen divided by the range of the reading (best - worst) to convert the quantity into a dimensionless number.
Theresultant is now multiplied by the relative weighting expressed in percentage which reflects the appropriate importance
carried by these particular criteria.

The second criteria, Moistness measured in gramsis such that afixed volume measures 40 gramsin ideal condition, and
the range is expected between 25 and 50 grams. This constitutesa Nominal is the best QC. A nominal reading is equivalent
to smaller is better reading when the nominal value is subtracted from the reading. But in order to add a Smaller is better
reading with one that isBigger is better, its QC is theoretically changed to bigger is better by subtracting its effect from 1.
Again the whole quantity is multiplied by the relative weighting for the criteria.

Thethird criteria, Voids, are a count of number of voids ranging between 2 and 8. Since least number of voidsisdesirable,
thiscriteriais also handled the same way by converting itsinfluence to Bigger is better QC.

Qualitek-4 can prepare the OEC’ swhich are considered as the RESUL TS for the analysis when you describe the eval uation
criteriatable and enter the readings appropriately. To prepare the OEC from the reading under multiple criteriaof evaluation
follow these steps.

1. Describe Evaluation Criteria Table
2. Enter Evaluations for each sample under each Trial condition
3. Review OEC and accept (or reject) them as results.

1. Select Menu Option

Open the file you want to work with and then select Multiple Criteria(OEC) from the RESULT menu from the main
screen.

The purpose of creating OEC’ sisto have an option to analyze the results using a single index for each of the
sample by combining more than one evaluation criteria. Of course, when analysisis desired using readings under
each individual criteria, the corresponding reading (one criteriareadings at atime) can directly be entered as result
using the Enter Result option.

DE e 1, 0 allD - D b4
File  Edit Design HReview Analysiz Feport Losz Help

Enter Results
Accum. Analpziz Besulks

Multiple Critenia [OELC]
Import Results 4
E xport Results 3

Alter Data Status

[]

4 KA E
1 2 3 4 ] B 7 1 2 3 4
1 (1 1 1 1 1 1 1 — EE
2 (1 1 1 2 2 2 2 5
3 (1 2 2 1 1 2 2 54
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2. Describe Evaluation Criteria (How to enter data)

Before entering any readings (sample evaluations), the criteria of evaluations must be described. To describe
items, click the appropriate space first(use POUND.Q4W as areference experiment)

a. Describe Criteria. Example: Taste (See Criteria Definition screen in next page)

b. Enter anumeric value under Worst Vlaue. Example: O (expected worst reading)

c. Enter anumeric value under Best Value. Example: 12 (expected best reading)

d. Click on QC until desired character appears. (must be consistent with best/worst value)

e. Enter anumber between 1 and 99 in column for Rel Wt. The Rel. Wt. for all criteriamust==100.
f. Click/Check the column Used to indicate the criteriais included.

g. Repeat steps a - f above to describe the other criteria.

Definitions
Criteria - can be any alphanumeric characters.

Worst Value- Thisisthe worst reading expected/found among all samplestested. It must be numeric (in case of
Nominal QC, it must be the worst deviant from the nominal value. For example, if range of expected readingsis 25 -
50 and the nominal is 40, then worst reading will be 25)

Best Readi ng - It is the best possible numeric reading. In case of Nominal QC, it must be the target/Nominal value.

QC - It isthe quality characteristic of theindividual criteriaof evaluation. Click this space to select the appropriate
characteristic.

Rel. Weighting - It is the relative importance of the criteriain terms of anumber between O - 100. It represents
percent of importance, but % sign is not to be entered. All relative weighting must add to 100. And, of course, O
will mean that the criteria are not included in calculating OEC.

Used - Y ou must click this column and make sure X sign appears indicating that the criteriais included. This must
be done before you can enter sample readings.

Once the criteria are described, you may enter readings under different criteria. Click on the appropriate space and
key in data. Click on Trial# box to select the correct trial number.

3. Enter Evaluations (Origind readings under each criteria of evauation)

After the criteria are described, evaluationsunder each criterion are entered, for one test sample at atime. Each test sample
tested isidentified by atrial number and arun number. Each sample then, will have as many evaluations (one readings for
each evaluation criteria) as the number of criteria described and checked (Used column). The numbers 11, 44 and 3 shown
in the screen(next page) represent the Taste reading(11), Moistness reading(44), and Voids (3) reading for the first
sample(Run#l) of Trial 1. Asevaluations are entered, the OEC values are cal culated and placed in the proper trial# and
run# location.

Qualitek-4 requiresthat all trial condition have the same number of runs. Therefore, evaluationsfor al trial and the same
run numbersfor al trials must be entered before clicking OK, which makes QT4 accept OEC asresults. The QC for the

result now becomes the Quality Characteristic shown for the OEC (as decided by Qualitek-4 based on the relative
weightings of the criteria)

Be sureto SAVE experiment file by selecting Save or Save as from the File menu option.
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4. Review OEC Values
Select OEC from the EDIT menu to modify any description or evaluations.
Be sureto SAVE experiment file by sdecting Save or Save as from the File menu option.

[This capabilities were under devel opment at the time of publication of this manual.]

Fan 1
01 41667
8283333
1616667
3183333

se =cirl= + <arrows= to mosve cursor,

Best Value | OC | Rel Wt

Moistness
Voids

QC of the overall evaluation I:rit.eril:ln: |0 Blo1 41667

DEC Values

OEC SUMMARY

When the product/processis to satisfy more than one objective, performances of samples tested for each trial condition
are evaluated by multiple criteria of evaluations. Such evaluations can be combinedinto asingle quantity, called Overall
Evaluation Criteria (OEC), which is considered as the result for the sample. Each individual criterion may have different
units of measurements, quality characteristic, and relative weighting. In order to combine these different criteria, they must
first be normalized (no units), QC aligned (either Bigger or Smaller), and weighted accordingly.

When multiple objectives are present, as always, results of the experiments can be analyzed by taking evaluations (which
is considered results for analysis) of each criteria, separately. Thisway a complete analysis can be performed based on
each criteriaof evaluation. If all such analyses produce the same optimum design and the same trend of factor influences,
there would be no need for an additional analysis. Should they differ, however, an additional analysis using OEC may
produce some vital statistics reflecting the relative merits (weightings) of the individual criteria of evaluation as determined
by the project team during the planning session.
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Criteria description Worst Best Quality Relative Sample 1
reading reading Characteris Weighting Readings
tics
Taste 0 12 Bigger 55 % 11
Moistness 25 45 Nomind 30 % 44
Number of Voids 8 2 Smdler 15 % 3

Overall Evaluation Criteria(OEC)

Example: Test Samplefor Trial 1, Run 1

Before combining readings of all criteria, each reading is made dimensionless by dividing by areference number,
which is the difference of the Worst and the Best reading. To avoid complication due to SIGN changes, absolute
values are used. To make logical meaning out of adding two numbers, their QC’s must also be of the same kind. Both
Smaller and Nominal (which becomes Smaller when deviation from the nominal is used) QC’ sare transformed to act like
Bigger QC by subtracting the fraction contribution from 1. Each criteria contribution are then multiplied by their
respective relative weighting to for the OEC. Since all criteria have been made to behave like the Bigger QC, the QC for
OEC isnow Bigger is better. The decision about whether the OEC is made to have Bigger or Smaller QC depends on

the cumulative percentages of all criteriawith Bigger QC(over 50 or not).

|44 - 45| 13 - 2|
MG Ce— DR —— ) O I ¢ ) x 15

|45 - 25 | I8 - 2|

(1/12) x55 + (1 - /20)x30 + (1 - 1/6)x 15
50.41 + 285 + 125
91.41

Likewise OEC for all runsin all trialsare calculated. The Quality Characteristic(QC) for OEC is Bigger is better as all
criteria have been switched to align their QC to match that of the Taste. Thisis done by (1 - fraction contribution), etc.

Note that there can be only one OEC (or RESULT) for asingle sample and that the OEC calculated for each sample

becomes the sasmple RESUL T, which are then be used to carry out the analysis and to determine the optimum
condition.
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Exporting and Importing Results

Results of your experiments can be exported for use by other analysis software. Results also can be imported saving
manual entry. Thiswould particularly be helpful when your array islarge and the number of samples per trial isalso large.

For exchanging results with another statistical analysis program or simulation model, the data format has been kept to
basic text format. The result file can be created using DOS EDIT or made using and word processor program then saving
them astext file. In either case, the file format must be strictly followed. The result file must be named with an extension
.RES. In other words, for PISTON.Q4W file, the result filewill be PISTON.RES. The exact format of the file can be seen by
reviewing any .RESfilein your directory or by exporting PISTON.Q4W file which will create aPISTON.RESfile
automatically.

1. Select Menu Option
Open thefile you want to work with and then select Export Results from the RESULT menu from the main screen.

If you are importing results for the first time or you want to learn how to export results, you will find it beneficial to
practice exporting results with PISTON. Experiment file. Open PISTON file and proceed.

pErime onfiguratio —|O) =
File Edit Deszign Rewiew Analysiz Report Losz Help

Enter Resultz

Accum. Analpzsiz Besults

Multiple Critena [OEC]

-

Import Results

Export Results Az RBES File
Alter Data Status
4 A *
1 2 3 4 5 B 7 1 2 3 4
1lr 1 1 1 1 0 0 Mo 56 B4 e
2 |1 1 1 2 2 1] 1] 34 45 2 T
3|1 2 2 1 1 1] 1] 57 E5 1 e ——
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. Save File As... ME s 2. Save Result File
The export file will be automatically named

same as the experiment file of origin of the
result with edension .RES. Y ou will havethe

option to name differently if you want. Y ou may
also direct it to any directory and path of your
choice.

File ™ ame:

Thefile saved will contain the results of the
experiments with some instructions about the
format which can be deleted or expanded as
desired.

Thefileformat shown below or how the export
file appears must be maintained for the results
file to be imported. The results from an

Trpe af Files:

experiment with L-8 array and three sampl es per
[Res o trial will appear asthe one shown below.

PISTON.RES (File format/content)

REM - Thisisafile of the results of PISTON.RES

REM - The number of results on each lineis determined by NR

REM - but, the amount that can fit on alinein atext file

REM - is dependent on the text editor your using (usually 1022 characters)
REM - All files of thistype must bein thisformat. There can be as many
REM - of these REM linesasdesired with no blank linesin between. Then,
REM - there must be one blank line after the REM lines. The next line must
REM - bethe NE value. The next line must be the NR value. Then each

REM - subsequent line must be each subsequent row of the result array with
REM - the values separated only by a comma.

8

3

45,56,64
34,4553
67,65,60
45,56,64
87,81,69
78,73,68
45,56,52

425447

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01



Importing Results File

Open the file you want to work with and then select
Import Results from the RESULT menu from the main
screen.

From the file selection screen, look for the .RESfile
you want to import. The file you want to import need
not be named same as the file name of your
experiment. It can have any hame aslong asit hasthe
extension .RES and contains results in the required
format. If you do not see the filein the display
window, be sure to adjust the Type of File and select
thefile. If your fileis stored in another directory or
drive, change the path accordingly.

If your experiment file happen to have results already,
but you wish to overwrite or discard this results, you
may do so by selecting Enter Resultsfirst and then
CANCEL option. Thiswill remove the old results and
ready you for importing the result file.

Before creating result file for import, review any
existing .RESfile or examineit by first creating a
result file by exporting results from PISTON.Q4W file.
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- pen File | ]

File M ame:

PISTOM.RES Di

ighah. 1es

T_','FlEe afFiles:

N EEE

*RES

Transferring Results by Direct COPY and PASTE Method

To transfer results from spreadsheet or word
processing, or text editor programs, follow
the Transfer Results option from the Results
menu in the Main Screen. Y ou may find this
option convenient when your experiment
and/or the number of samplesin each trial
conditionislarge.

When you select this method of importing
results, you will see the screen shown next.

&) Experiment Configuration

File Edit Design Conditions BEENIEN Anslysis Report  Loss/Savings

Expt. File: PROST AT 04W

Enter Resulks

Multiple Criteria (OEC)

Impart Resulks
Export Resulks

Tips Far Imparking ..

Fewigw Contrel Factors

Nutek, Inc.
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Y ou can COPY and PASTE your results in a spreadsheet or word processing document. Make sure that the row and
columns of your results matches the need for your experiments. That means that the number of rows of results must
eaual the number of trial conditions and the number of columns be within 120.

= DOE Result Transfer by Copy and Paste Method Qualitek-4
COPY and PASTE data from Microsoft WORD, Excel, or other data sources
with row and columt size limits as shown below (Press Ctrtns to PASTE Proceed - Edit and Save Data | Cancel/Retun
and Current Results Clear Grid Durnrny Data
CtelHns to COPY): g
#ofRows = Size of Array E s e
Sample #t 1.2, 3 elc. az A, B,l D | E | E | G | H | | | J | K
1 h | | | | | | | ﬁ .
2
3
1
5
6
T
i}
£ | ¥

For practice, you may create DUMMY datawith any number of columns (<120). A set of DUMMY DATA with 5
columnsis shown below. When you are satisfied with the resultsin the grid, click Proceed —Edit and Save Data
button.

i DOE Result Transfer by Copy and Paste Method Qualitek-4
COPY and PASTE data from Microsoft WORD, Excel, or other data sources
with row and column size limits as shown below (Press CtrHlns to PASTE Proceed - Edt and Save Data | Lancel/Retun
and Current Results Clear Gnd Drnrny Doata
Ctil+ns to COFY: g
# of Rows = Bize of Array B Rlemeny, Bt HEG: =ﬁ_
Sample# 1.2.3.etc. asAB.] p | E
IIII-1-2 (1.3 |14 [15
2 |21 | 2.2 | 243 [ 2.4 [ 2.5
3 |31 [3.2 [5353 [ 3.4 [ 3.5
4 |41 | 4.2 Pt | 4.4 [ 4: 5
5 |41 [ 5.2 1543 [ 5.4 lshih
6 |6 1 | B2 B. 3 6.4 | B. 5
i |71 [ 7.2 i) 7.4 [7:5
8 |61 g. 2 g. 3 g. 4 g a

The data you accepted
will be shown in the next

Sample# ]l Samwple#l  Samnle# 3 SammleH#d  Sample# S Sammle# 6

screen for your review. Trial#1 |11 |1 2 13 14 15
Y ou will now be ableto Tral#3 |71 23 279 24 a3
edit or modify these _ ' ' ' ’ '
resuns usi ng the Options Tﬂll# 3 31 32 33 34 35
in this screen. Trialtf & [4.1 43 43 44 45
Trial# 5 (5.1 32 33 34 35
Trial#f 6 [6.1 62 63 6.4 6.5
Trialf 7 (7.1 72 73 74 73
Tral# 8 (2.1 23 23 24 B3

[ (G
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Chapter 9

Analysis of Results

When dl thetrid conditions are tested and the results are entered into the experiment file, anadlyss of the
results can now be performed. QT4 alows you to andyze the results in two ways. Standard Andysisis
aways performed when thereis only one sample tested for each trid condition. In case of multiple samples
per trid, Sgnd to Noiseratio (S/N) analyssis strongly recommended, but Standard anadlysis can be
performed if desired. To demondtrate dl mgor stepsin andysis, the BRACKET example created earlier
with one sample per trid will be congdered.

Standard Analysis

Experiment Configuration

1. Sdlect Menu Option File Edit Design Rewiew HResults [25E00E Report Loz Help

Evpt File - BRAGKETZ 04w Slinek el
Open the file you desire to work et Anialy:i:
on. From the main screen, select Dynamic: Characteristics
Standard Analysisfrom the :
ANALY SIS menu option. If Bozum, Anelisis
there were multiple columns of istritauitions & Cok.

results, which will be the case
when multiple samples for each
trial were tested, you should
analyze the results S/N ratios
for each trial results.

P s [Efeck Eammipatiiiy
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Quality Characteristics Selection

Espenment File;- BRACKET 2. 04\

Expenment-Lluality Characten

Previous Buality Charact

Type of. Experment:
Data Type;

) Nominal is the best
) Smaller is better

@ Bigger is better

“'ou have selected the standard anavlziz approach. The choice of one of the
above OC's iz needed only for the determination of the optimurm condition,

Nutek, Inc.

3. Review Results

This screen allows you to
examinethe results. If the
size of the array islarger
than the display area, be
sureto click the scroll
keysto review all rows
and columns of results.
The numbers under the
BLUE shaded arealists
thetrial averages. In case
of S/N analysisthese
numbers arethe SIN
ratiosfor each tria
condition. Click on the
GRAPH button to display
graph of theresults. Click
OK when done.
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2. Select Quality
Characteristic for Analysis

Whether you wish to perform
Standard or S/N analysis, you have
the option to pursue the same with
one of the three Quality
Characteristics (QC). Although
your experiment most likely will
have afixed QC, you may select
one QC at atime and perform
analysis. The QC for your
experiment and the one selected for
the previous analysis are shown
just above the QC selection box.

Check one of the three QC and click
OK to proceed.

-~ Experimental Results ME E
Average Value Ok Hel
Bigger iz Better IO TTT Print
Sample 1 Sampls 2 Sample 3 Sample 4 Sample 5 Sample B
Trial #1 12
Trial #2 10.8
Trial #3 11.8
Trial #4 96
Trial #5 B2
Trial #E a5
Trial #7 10
Trial #8 11
L F
Graph
Reference Manual Version: 06.01
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4. View Results Graph

Bar graph of thetrial results displays the variations of results within and
between trial conditions. Click RETURN when done.

-~ Result Range Graph M= B
N Beturn | Help |
Trial Data Range B |

Trial #

10 15

Nutek, Inc.

4View Results Graph

Bar graphs of the results
captures the variation of the
same within and between trials.
In the exampl e case, since there
isonly oneresult for each trial,
the bars graph as solid bars. In
case of multiple sample results,
the variations within the trials
are shaded. Click RETURN
when finished with review.

Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual
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5. Study Factor Influences and Interactions

Page 59

The averages of thetrial results are used to calcul ate the average effects of factor at each of itslevels. The
difference between average effects and level 1 and level 2 are also shown as most common experimentsinvolve 2-

level factors.

Click on the PLOT button to review graphs of individual factor influence. Click onthe INTERACTION button to

study interaction between any two factors.

-~ Main Effects [_ |}
Average Yalue Ok Help
Bigger iz Better LCancel Prirt
Colurnn # / Factorz Level 1 Level 2 L2-L1

1 & Time 11.049 9074

2 B: Temperature 9524 10.6

JINTERCOLS 182 10.949 9175

4 C: Plate Thicknes 10145 94975

5 D: Die Orentatio 10.824 93

[dmze Effects Interactions Anowva

Y ou can view factor influence graph one factor at atime. Click the buttons at the bottom of that graph to view other factor
graphs. The calculated values of the average effects used for the plot are shown on right. Click RETURN to go back to the

Main Effect screen.

-~ Main Effect Graph ]

Average Effects of A: Time |

Diata Type:
Average Yalue

QC Type:

Bigger is Belter

Levels of A Time

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments
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When you click th interaction button, QT4 allows the option to view interaction between selected pair of factorsor let it
calculate all possibleinteractions for your review. Click on MANUAL if you want to view interaction between any two
factors, then double click on the factors. If you want QT4 to calculate al possible interactions, select AUTO.

Test for presence of interaction

Please select manual or automatic.

In AUTO option, QT4 calculates n(n-1)/2 interactions for n number of factorsin the experiment. Thus if there were 15

factors, 156x(15-1)/2 = 105 interactions are calculated. In the current example there are only 4 factors which giveriseto 6
interactions.

To rank the strength of these interactions in descending order, a quantity called SEVERITY INDEX (S.I) iscalculated. The
valuesof S.I. range between 0 - 100% corresponding to the angle between the interaction lines of 0 - 90 degrees.

To examine an interaction, double click the Interaction Factor descriptions. Click on the S.I. button if you want to examine
the interaction pairs and their ranking.

~ Automatic Test for Presence of Interaction [ _ [ ]
| Hep |
| Cancel |

Columng i Caol - Opt.

Tatal number of interactions between hwo factor: = &

J: Die Orientatio
A Time » B: Temperature
A Time » C: Plate Thicknes
B: Temperature & C: Plate Thicknes
A Time » D: Die Orientatio

B: Temperature % 0 Die Orientatio
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S.1 graph shows the ranking of
interactions based on their
strength of presence.

How can you make use of the
S.1. graph and itsranking?

For most part thisinformationis
useful in your subsequent
experiments, if you decide to
peruse any. The top ranking
interactions are the ones to be
included for your follow up
experiment. Even if an
interaction is strongly present,
it isnot an indication of whether
itissignificant or not, which
can only be determined from
ANOVA. But ANOVA dlows
test for significance only when
acolumnisreserved for the
interaction which is not the case
for most interactions considered
inthe S.I. graph.

How would you decide whether
you need to run follow up
experiments? Use the
confirmation test results and
how close to estimated
performanceitis, asthe
indicator. If you do not confirm,
there is a good possibility that
the interaction studies will yield
better results. Which interaction
should you include in the future
experiments? Usethe S.I.
information to develop your
new experimental study.
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M= E3
Betun | Help |

Interaction Severity Index |

Prririt |

B 1 C: Plzte Thickres
#® 0: Die Orientatio

B 22 Time
#® B Temperature

B 2 aTime
® K Flate Thicknas

B 4 EB: Temperzture
% L Flate Thicknes

B 58 Time
# [O: Die Orientatic

.~ Main Effect Interaction Plot [_ (O =]

3 Bet
Interaction Between B: Temperature and C: el

Plate Thicknes

D ata Tope!

11.1

108

1006

0.1

ag

.5

aA

11.4

10!
il i
0.4 102 gl
=]
9.4
9.4

Average Value
GC Type:

g Bigger is Better

Levels of Factor () - B: Termperature

If you happen to find an interaction which is already included in your experiment, is significant (in ANOVA), then the
review of the interaction plot isimportant. The factor levels most desirable to incorporate the interaction effect into the
prediction of the Optimum condition and the performance, are determined from this graph. If QC isBigger is better, the
desirable level is obtained by the levels represented by the highest pint in the graph. The oppositeistrueif the QC were

Smaller isbetter.

Nutek, Inc.
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At the conclusion of interaction plot review, click return to get back to the Main effect screen, and click OK in that screen
to proceed to ANOV A screen.

6. Study ANOVA and Pool Factors

The averages of the trial results are used to calculate the average effects of factor at each of itslevels. The
difference between average effects and level 1 and level 2 are aso shown as most coomon experiments involve

mostly 2-level factors.

Click on the PLOT button to review graphs of individual factor influence. Click on the INTERACTION button to
study interaction between any two factors.

< ANOY A Tabhle

Expt File: BRACKET 21

BEIERENN - verage 'V alue
OC Type: R et

ool W Pt ]

Sum of Sora. Yanance
Col # # Factor [F] (5] [%] [F] [5'] Pl
14 Time 1 7801 7801 41,865 7.E14 =413
2 B: Temperature 1 2311 2311 12403 2124 9883
JINTER COLS 1 w2 1 £.301 £.301 33815 E114 28442
4 C: Plate Thicknes 1 0E1 0E1 328 a i
50 Die Orientatio 1 4. E51 4. E51 24,961 4 454 20,768
Other/Emrar
Total: 7 21498 100.00%

| Main Effeos | PoolFactor | Auto Fool | Unpoolal § i Fucior | BarGraph | Pis Ghart | Gpiimum |

What to do when you arein ANOVA?

Pool Factors

Discarding column effectsthat are
insignificant is called POOLING.

Y ou can pool single column at a
time by clicking on POOL button.
Click on the Auto Pool factor
button if you want to pool all
effects below a desired
Confidence Level.

Nutek, Inc.

View Bar Graph

Generally after Pooling, you may
want to examine the Bar Graph of
the relative influence of the
factor and interaction to the
variation of results. Click on the
Bar Graph button to view the
graph. Click return when done.

Qualitek-4, Automatic Design and Analysis of Taguchi Experiments

Reference Manual

Observe Pie Diagram

Pie diagram is an alternate
display of the same effect
shown in the bar graph.. Click
on the Pie Diagram button to
view the diagram. Click Retrun
when done..
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To Pool acolumn item, double click the description. The screen displays the confidence level the factor or column has.
Click OK if you wish to Pool it. The decision of whether to pool should be based on the Confidence level desired. The level
of confidence one wants can be arbitrary. It is recommended that you always work with afixed Confidencelevel (C.L) for
the experiment, say 80%, 90% or 95%. Whether afactor/Interaction is significant or not depends on whether it has the
confidence level you desire. But the calculation of C.L acolumn has, or the test of significance can only be done when the
Degrees of Freedom (DOF) of the error term(the last linein ANOVA table) is non-zero. So when the error DOF is zero or
small, the C.L may not be calculated and you may decide to pool the factor arbitrarily. Obviously, you should start pooling
with the weakest column when available. How long should you pool ? Continue to pool factors/Interactions aslong as they
areinsignificant and the error DOF is closer to half the total DOF of the experiment.

When it is not possible to Factor: C: Plate Thicknes
caculate the C.L., QT4 prompts {(F)Ratio < 1
you and gives you option to pool Confidence not computed. Confidence = 0

or not pool.

Pool this factor?

Yes Mo

In case you want QT4 to pool al
factorsthat do not meet the
minimum C.L., you will be asked
about the minimum C.L. you
desire. Enter anumber between 0

and 99.99 and click OK. QT4 Enter the minimum Confidence Level(%:):
readily pools all factors which fail

to meet the desired C.L and
displaystherevised NOVA.

Cancel |
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Color coding of the Pie Diagram

indicates the area proportional to
. Significant Factor and Interaction Influences | ﬂl ﬁl
the influence of the column to the Fint_|

variation of theresults.

B & Time

U INTER COLS 1x2

Di: Die Orientatio

B B Temperature

B Enor
When there islarge number of
factorsinvolved, alimited number e o Boun | Hep |
] - . - jul nelp
of column effects are shown at a Significant Factor and Interaction Influences | —
time. Click the scroll button to 100 1 |
move column above and below the 0

column numbers on the display. 80
T
60
50

30
20
10

A:Tme  INTER COLS 1x2p; Die Orientatio p, Temporaturs —
When at the ANOV A screen, click
OK to proceed to the Optimum

screen.
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7. Determine Optimum Condition and Estimate Performance

The optimum screen displays the Optimum condition and the performance at the Optimum condition. The
performance calculated is only an estimate asit is based on alinear function of theindividual column contributions.
The Optimum condition and the prediction of performanceis always based on the significant factors only asthe
estimate produced this way isthe most conservative.

The most common activitiesin this screen are to calculate the Confidence Interval (C.I.) and review of the stacked
Graph. For some experiment, estimation of the performance at any arbitrary factor level might of interest.

- Optimum Conditions [ _ [ ]

Expt. File: BRACE EIERET Acerage Yalue
IRV i e is Better ET

Column # # Factor Lewvel Dezcription Contribution
14 Time 45 Seco 887
2 B: Temperature 200 Degree F 53T
JINTER COLS 1w 2 *INTER® .Bay
5[ Die Orientatio Mormal B2

Total Contribution From &ll Factars... 3174
Current Grand Awverage OF Performance. . 10.062

Transform Expart UG Eztimate:

Click on the C.1. button when you want to calculate the confidence interval. The C.I. is calculated for agiven C.L. and only

when the error DOF is non-zero. Thus if the error DOF is zero or too small, QT4 cannot calculatethe C.I .

The C.I. isanumber in the same units of measurement as the performance and it represent the accepted variation of the
mean performance from a popul ation tested at the Optimum condition. Thusthe C.I. in combination with the estimate of
performance formsthe yardstick for confirmation of the prediction based on the experimental results.

C.I. Computation Routine

Calculation of C.I. requires the use of F-ratios. Most common books contain several tables of F-ratios. Instead of
referring to afixed set of lookup table, QT4 utilizes the original equation for the F-ratios. Unfortunately the
expression for the F-ratio in terms of C.L, factor DOF and the error DOF, etc. is quite complex requiring iterative
solution. Furthermore, unlike the manual method where F-ratio is selected from the table for agiven C.L, the
expressionisdirectly solvable for C.L given aF-ratio and not vice versa. Therefore, the solution QT4 determinesis
most closeto the C.L. desired and may not exactly match the text book values.

Nutek, Inc. Qualitek-4, Automatic Design and Analysis of Taguchi Experiments Reference Manual Version: 06.01
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. Enter Confidence Level M= E3

C.L for calculation of C.I. . : . .

If C.1. isnot calculated even though the
error DOF>0, then lower the C.L.

Calculated C.I.

Units of C.| arethe same asthat of the
optimum performance.

e-= 11446
Y urber.of Fepli

Caonfidence Level

.~ Contribution Graph [_ [C) x|
: S . . _Bewm | Hep || TheBar Graph of thefactor
Optimum Performance With Major Factor Contribution - - -
_ Print_| contributions show the
1415 additional effect of individual
1364 | Gl TR factor and interaction which are
COLS 122 j Tatal added to the average
1313 Contribution
performance to produce the

126 B Coll- A Time estimated performance at the

1211 optimum condition (Y opt).

e (ol 7 - COLUMN

1109 ITHUSED
10.58

I Colé- COLUTMN
T ITHUSED
9.56

B Crand Average

ans

b 6 7 1 3 - (Total)
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Egtimate Performance at Any Arbitrary Condition

Although optimum condition yields the best performance, there are situations when setting the optimum level is not
immediately possible because of cost or other difficulties. By clicking on the ESTIMATE button you will be able to
calculate the performance at any levels of the factors. Note that QT4 sets the interaction levels automatically based
on the levels of theinteracting factors: If the levels of both factors are either 1 or 2 (A1B1 or A2B2), thelevel of the
interaction AXB will be at 1. On the other hand if levels of the factors are different, the level of the interaction will be

at 2 (AxB atleve 2).

To estimate performance, click on the level number and enter the level number desired. Notice that asthe level
number is entered the level description and the performance values are instantaneously adjusted.

w. Estimate of Performance At Any Arbitrary Condition
Expl. Fie Data Type
ac Type:

Colurmn # / Factaor Level D ezcription Contribution

14 Time 65 Seconds -.998

2 B: Temperature 280 Deqree F B37

JINTER COLS 1 » 2 AMTER™ Ba7
4 C: Plate Thicknes 3 ik 0ay
5 [ Die Origntatio M arrmal B2

1.285
10.062

T atal Contnibution From All Factars. ..
Current Grand Awverage OF Performance. .

When done with estimation, click OK to return to Optimum screen. At optimum screen click OK to return to the main
screen. Now that the analysisis completed, you may enter into report option and print reports of the key analysis steps,

cost savings and variation reduction reports.
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Analysis of Multiple Sample Results (S/N ratios)

When your experiments include multiple samples per trial condition, analysis using S/N ratios of the resultsis strongly
recommended. Thiswould be the case when there is an outer array or otherwise there are multiple samples per trial
condition. Inthisanalysisapproach, S/N ratios of the trial results are used for analysisinstead of the average of trial
resultsin the Standard Analysis. All calculations for Main effect, ANOV A and Optimum condition are carried out with S/N
ratios. Y ou must remember to transform the Optimum performance back to the original units of result when interpreting the
improvement or predicting expected performance.

Experiment Configuration

Fil= Edit Design Review PResultz @

Expt. Filez - PISTONT.G 44

Report Lo Help

1. Select menu Option :
Standard Analyzis
Open the experiment file you
desire and be in the main
screen. Select S/IN Analysis
from the ANALY SIS menu

[ynamic Charactenstics

Aoeum, Snalyss

[

[Mistributians & Cple.

option. Experiment file Outer Array
Pl STON 1Q4W |S %Iectw Revietw Control Factars [Lhect ompatiiity ; 12
for discussion of S/N 1 2

analysis.

- =)

Quality Characteristics Selection
Experment File; PISTONT D44 2. Pick Quallty Characteristic for

Analysis

Type of Experrment:
Drata Tope:

Depending on the performance objectives of
your project, your experiment will have one of
the three Quality Characteristic(QC). For
analysis purposes, however, you can select
any onethat you like and carry out the same
three different ways. The experiment QC and

Experiment-Euality Charac

Previous Buality Charac

® Mominal is the best
) Smaller is better
C Bigger is better

Nutek, Inc.

Qualitek-4, Automatic Design and Analysis of Taguchi Experiments

the QC selected in the previous analysis are
also shown in the screen.

Suppose that analysis using Nominal QC is
desired. Check Nominal QC and click OK to
proceed.
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3 select SIN Type

There are several expressions of S/N
ratios for the static systems, which
are common kinds of experiments.
The most popular among them isthe
one based on the MSD.

Check the expression you desire if
different from the default MSD
expression. Click OK to proceed.

.+ Target Value M= E3

-~ SN Target And Special Cases

|__Hep |

® 5/M Ratic on M5D [Given Target]

(1 5/H Ratio based on variance only [Any target]

(1 5/M Ratio bazed on mean and variance [Target = 0]

5 Equations

. 4. Enter Target Value
When Nominal QC isthe choice for

analysis, QT4 requiresyou to supply
the nominal (same as Target) value of

the performance.

Typeinthetarget value and click OK
to proceed.
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-~ Experimental Results

5. Review Results Expl File PISTONT.
and S/N

S/N ratios of the
results of individual

trial conditions are Sarple?  Sample3  Sample 4

shown on the right, ] 67,32 2.0 62,56
with the number of : 7461 BA.62 71.08
resultsin each trial. : E7.41 60.79 4337

47.11 47.33 57.18
Click OK to proceed ) £3.08 44,32 42.47
for Main Effect . 38.99 37.25 3248
calculations. : 43.08 54,95 59,17

2.4 32m B7.7

6. Review Main Effect and I nteraction Plots

Inthe analysisusing S/N, all calculationsinvolved in the analysisis performed using the column of S/N values (the
original results are not used). Therefore, the factor average effects shown in the screen are al in S/N ratios.
Remember all S/N values are not always negative, as shown in this example; it depends on the magnitude of the
results and the QC used for the analysis.

For discussions about how to review the Main Effect graphs and the Interaction plots, refer to the earlier section on
anaysis of simple experiments. Click OK to proceed to ANOVA.

-~ Main Effects M= E

S/M Ratio [H]3 Help
Marninal iz the Best LCancel Frint
Colurnn # / Factors Level 1 Lewvel 2 L2-11
1 Speed 22437 20217 :

2 OilVizcozity -22.031 -20.573
3 Interaction 1=2 23917 -18.738
4 Clearance -20.084 -22.57
5 Pin Shaightness -22.788 -19.866

iaize Effects Interactions T = Anova
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8. Review ANOVA and Pool Insignificant Factor and Interaction Effects
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Like Main Effects, ANOVA numbers are also in the transformed state, except the last column which is always
expressed in terms of percent influence to the variation of the results. Pool factor one at atime or several at atime

using the Auto Pool button.

For detailed procedure refer to the previous section. Click OK to proceed to Optimum screen.

<~ AHNOY A Tahle

Data Tope: ENIGED

(BIERRTeT W) rninal is the Best

|

DOF | Sumof Sqrs. Warnance F - Ratio Pure Sum Percent
Col # / Factar [F] [5) [¥] [F] [5'] Pl%)
1 Speed 1 9.857 9.857 1.589 3655 3326
2 Oil Yiscosity 1 4544 4544 732 0 0
3 Interaction 12 1 R3E5 B3.65 8.651 47444 43176
4 Clearance 1 12,363 12,363 1.953 E.162 5.607
5 Pin Straightness 1 17.073 17.0739 2754 10.678 9.898

OtherErar

Total: 7

109.89¢

9. Egtablish Optimum condition and Estimate Perfor mance

Aswith the Main Effect and ANOVA, the factor contributions and the expected performance are al so expressed
in S/N ratios. The Optimum factor levels and their descriptions are shown in the table. Click on the transform
button to convert the performance value from S/N to the original units of the resullts.

< Optimum Conditions

Ewpt. File: PISTOMT.0

Colurnn § / Factor

bData Tepe: NGRS
GC Tvpe: M

Level Description

LCancel

Contribution

[ Fin |

1 Speed
2 0il Wiscogity
3 Interaction 1=2

4 Clearance

5 Fin Straightness

2600 RPM
At kigh £

1.109

FE3
2.589
1.243
1.461

Total Contribution From All Factars. .
Current Grand Awverage OfF Performance. .

Tranzform

Heport

Export Wpt,

F157
-21.327

Esztimate

Nutek, Inc.
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10. Transform Expected SN Expt File: PISTOMT

into Result Units Data Type: | ERRIGED
B! BVa 88 it al i the Best

Conversion of S/N into expected
results can be only an approximation.
The method of transformation is
different for different Quality
Characteristic asisthe definition of
MSD.

In the example shown, the expected
performancein termsof SIN is
-14.17. Since the nominal valueis 45
(QC = Nominal isthe best), the
expected performance in the
measured units of result becomes [Bazed on S =-14.17 at aptirim]
45.04/- 5.11. Thistransformation is
important since most people will
relate to this number and the
confirmation test results can be
compared with thisvalue.

Click OK when done with this screen.
While at the Optimum screen, click
OK button to return to the main
screen.
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Analysisusing Dynamic Characteristic

Analysis of results from adynamic system requires the use of Dynamic Characteristic. Thisisaspecial form of Nominal is
the Best Quality Characteristic. The option to select Dynamic Characteristic (DC) will only be available when the
experiment design is created using DC and the results are collected by conducting the test prescribed. However, QT4 will
allow you to perform S/N analysisif for some reason you wish to carry out such analysis.

1. Select Menu Option

Open thefile of your choice. Example experiment DC-A S400.Q4W will be used following descriptions. From the
main screen, click on the ANALY SIS menu and select Dynamic Characteristic option.

Experiment Configuration

File Edit Deszign Review Resule S5EEE Report

Evpt File:  DCAS400 Q4w Dol e

Lozz Help

5/M Analysis
“haractenstics
Beeun Snaliss Dwnarmic Characternistics
— [Signal 1 [Signal 1 [5i
[rstribticns b Epk, 0313 03T )
vt Coimiuli [Maise 1 [Maise 2 N
T Mot Starched | Starched 5
1 2 3 4 5 E 7 1 2 3
1|1 1 1 1 1 1 1 5.2 5. 5.3
21 1 1 2 2 2 2 B 57 59
3|1 2 2 1 1 2 2 51 5.4 55
4 11 2 2 2 2 1 1 E.4 B.7 E.4
5|2 1 2 1 2 1 2 51 5.4 5.4
B |2 1 2 2 1 2 1 E.4 E.E 5.9
G 2 1 1 2 2 1 5.5 5.5 5.3
8|2 2 1 2 1 1 2 E.8 E.E E.8
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2. Review P-Diagram for the Dynamic System

The Process Diagram(P-Diagram) for the system graphically displays the system function with
components of Signal and the Response. The Symptoms, the Customer Intent and the corresponding
Perceived Responses are also identified. This screen only allows review of the descriptions. Should you
wish to edit any item displayed or the results which would be analyzed as you proceed, return to the main
screen and select EDIT menu options.

Click OK to proceed to the Trial ANOV A screen.
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Robust Designed System (P-Diagrarm)
| |
Control Factors :
Aram T emperature - | i I | S I
Oil Wigcogity
INTERALCT 1% 2
Customer Intent Glaubers salt
Erighten Color Kinds of dyes = Symptoms
| Fading Colar
Signal Dynamic System | HResponse
[Quantity of Dype I Deving Process |Calar Intersity
ISignaI Levels j Response Equation
Ideal Function ILinear
* Cust. Perceived Result
Y Noise Factor Increazed Intenzity
| Starching
INu:uise Levels j
Response [ Fesporee Pl || Anova&S5H |
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3. Review Trial ANOVA for the Dynamic System

Similar to the S/N analysis, Dynamic Characteristic also generates S/N for individual Trial results, but the procedure
for calculation differs. In this case the components which produce ANOV A may be of interest to better
understanding of the system. Thus, the individual component values are displayed in this special ANOVA table.
The notations used are what commonly used in the popular texts on the subject (see references).

The quantitiesin the right most columns represent the S/N ratios for the trials and are used for analysis purposes
just as done for the Analysisusing S/N ratios in the previous section. Click OK to proceed to the screen where the
results and the calculated trial S/N are shown.

.~ Inmamic System Anova [ _ []

Calculate equatiar-for iial tpe; _m -M
Y = 1346 + BO1M - 1.44] + Erar | 5/N Equations |

Mumber of tals: ﬂ Samplez per tnal: ﬂ
Symptom @ Fading |

E;il:lrl-ﬁl' uuantit}' aof D_'r'e aepomee - Colar II"ItErIEiirJ,'

# of Levelz = 3 v Erightet Colar

2 Starching 3 ner Fe ] sults o Increased Int

Hof Levelz = 2 m. - Diewing Froc

WelSigma™ 2] SN
572 E491 BRE.8205 15,8286 26054 22 TE2E 1365722
987.7199 957 6336 30.0862 9.0518 205897 131365
51091 026824 12 4267 1.5442 15,7409 11.9703
1096927 1062 681 34,2454 11.7274 2000717 13.0258
829.3692 823.2384 £.1307 0.3758 87.0715 19.3337
132142 1297.711 14436 20827 58,2861 17 6556
B88 7025 FE9.1148 195877 38367 221019 13.4442
1290.887 1264.087 26.7993 718z 30.5434 14.8491
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5. Review Resultsand Trial SN Ratios
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This screen allows you to review results of your Dynamic System and the calculated S/N for the
individual trial conditions. The stepsin analysis beyond this point are identical to that for analysis using
SIN ratio described in the previous section.

Click OK to proceed to the Main Effect screen and follow through with the complete analysis process.

-~ Experimental Results M= Ed
S5/M Ratio - DC Ok Hel
Mominal iz the Best Prrirt
Signal 1 Signal 1 Signal 1 Signal 1 Signal 2 Signal 2
Moize 1 Moize 1 Moize 2 Moize 2 Moize 1 Moize 1
| v
Sample 1 Sample 2 Sample 3 Sample 4 Sample & Sample &
Trial #1 h2 hE A4 h.a 123 121
Tral#2 |6 A7 A4 B 14.4 14.8
Tral#3 |51 5.4 hh h.a 10.5 10.6
Tral#4 |64 E.7 E.4 h.a 155 149
Tral#5 |51 5.4 5.4 hh 121 1.9
Tral 6 |64 E.B A4 E.B 14.8 15
Tral 57 |55 hh A4 B 11.8 12.4
Tral#8 |63 E.B E.8 E.5 159 1E.3
4 L]
Graph
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Estimate Savings and Variation Reduction

These two items may serve as good component of a management report at the conclusion of an experiment. Since the main
reason for the experimental study should be to improve quality by reducing variations, itsimpact on the reduction of costs
from reduced scraps and warranty is of immense interest to the management. These options allows you to produce
graphical representations of the cost savings resulting from the corresponding variation reduction.

Calculation of Savingsusing L oss Function

The savings from improvement is calcul ated by using the analytical model (L oss Function) proposed by Dr. Genechi
Taguchi. A company manufacturing and selling parts will always have scraps and warranty. Therefore, theoretically
speaking it will alwaysincur aloss. So it isthe reduction of loss which is attributed as savings.

1. Select Option

Open the file you want to work with. Carry out complete analysis of results. Thisis necessary, since the
calculated values of S/N for the optimum performance may be used for calculations of savings.

From the main screen, click on Loss menu and select Nominal or General option depending on the information
you have available and the quality characteristic(QC) of your experiment.

If your result bears Nominal QC, you will use the Nominal option for calculation of loss. This option will require
that you know CUSTOMER TOLERANCE and other production information. If on the other hand, you do not
know customer tolerance, but know current LOSS, current S/N and improved design S/N, then you should go for
the General case.

DE E D gurakio - |0 =
File Edit Dezign Rewiew Besultz Analyziz  Report Help
Mominal Caze

. General Caze

Wanation Reduction
kta. Tolerances

Belations To Cpk
LComparizon

[ |
4 KA 2
1 2 3 4 5 5 7 1 2 3 4
1 o1 1 1 1 1 1 o
21 1 1 2 2z 2 oz 75
2017 2z 2z 1 1 2 2 B4
401 2 o e a1 1 g2
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-~ Compute Dollar Losz [Mominal] M=l E3
(a) Calculate Loss with Nominal

Quality Characteristic

Target valueisthe nominal value of the
measured results. The Tolerance refers
to the Customer Tolerance. This quantity
isthe key to the accuracy of the
calculation. The better you can
estimate/assume this val ue the better will
be your Loss estimate. It may or may not
be known for your product/process. In
that case you will need to assume a
value.

Computation of
walue andithe

Current S/N ratio represents the status of
the current production part/process. I
current production is unavailable, then
average of theall trial S/N’s should be
taken asthisvalue.

-~ Estimate of Lozz[Mominal]

The SIN for the new design (of
part/process) should be the value
PRABLEM DEFINITION AL obtained by running confirmation
tests, or if confirmation tests are not
T arget value of quality charactenzhic m i done, it isthe S/N estimated at the

Optimum condition from the
experimental results.

Tlerarice of quality characteristic
afrejection at praduction[Fer L] [$]
Thelossformulas:

L =K (y-y,)* for apart

L =K (MSD) for apopulation
of parts

Steps:

- Calculate constant K by
substituting the boundary
condition, L= cost of rejection when
y = +/- Tolerance.

- Calculate Lossusing L = K(MSD),
where MSD isfound from given
SIN values.

Sayings
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-~ Compute Dollar Lozs [General] _ O] =]

Since the Loss function for a popul ation | Help |
of part is expressed as o

(b) Calculate L oss (general case)

L =K (MSD) Aohgedcly 50

0aaa0

the L oss associated with a population
perforance can be calculated if MSD or i W rafio -2 dires Lo i
S/N isknown. However, for complete
solution , the constant K must be
determined from aknown value of L and
MSD. Thusif Loss and the S/N at current
design is known, the constant K can be
calculated as

K = Lcurrent/ MSDcurrem

where MSD = 10 ~ SN0

-~ Estimate OF Lozz[General] |_ O] x|

The Loss must always be expressed
in terms of extra cost associated
with production of unit part. Its

PREOELE M DEEIMITIOHN value ranges between 0 and the cost
of production of unit part. If al parts
1 Uit product before experiment [$] ; are made out of specifications, then
[Initaf production. per month [Tatal] the Loss/unit is same as the cost of
o4 i production. If no part is made out of
3/N-Ratio of Eurrer i specifications, then the Loss/part is
Z€ero.

SN Fatio of new designdpart
chi-Loss Functior: L)

4. 2EEE08E -0:

RIMEMT:
b of pradict at proposed 'dezign [£]
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Appendix

Printing Reportsand Graphs
There are two common ways to prepare areport of your experiments.

(1) CAPTURE AND PASTE METHOD: Y our report is much more versatile when you capture and paste Qualitek-4 screens
of your choice on to your Word report documents.

(1) QUALITEK-4 PRINT OPTION: Y ou can use the PRINT button from Qualitek-4 screens to produce the desired number
of experimental output pages to attach to your formally prepared report.

STANDARD REPORT CONTENT: Factors and Levels, Inner and Outer Arrays, Results, Main Effect, ANOVA, Optimum,
Main effect Graphs, ANOV A Graphs, Interaction Graphs, variation Diagram, etc.

Suggested Report Content

1.Project Title

- include names of team member s (participants in the study)
2.Brief Description of the project function and the purpose of the study

- indicate reasons for the study and the benefits derived
3.Evaluation Criteria

- discuss how different objectives were measured
4.Factorsand Levels

- explain how factors were selected froma long list

- discuss the rationale for number of levels and their values
5.Noise Factors and Interactions, if any

- discuss how interaction (if included) were selected

- justify use of noise factorsin the design (if included)
6.0rthogonal Array and the design
7.Main Effects— indicate trend of influence of factors and interactions
8.ANOVA - list factors with higher relative influence to the variation
9.0Optimum Condition and Performance (convert if in S/N)

- indicate any factor level adjusted for interaction
10. ConfidenceInterva (C.I.)
11. Expected Savings from the new design
12. Conclusions and Recommendations

- based on the results, what do you propose for further study

- explain when you would know that the experiment is satisfactory
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Preparing Comprehensive Electronic Report Document

Upon completion of analysis of results, you will be able to prepare a comprehensive report using Microsoft WORD. To
start, prepare aWORD document with the above content space. Run Qualitek-4 with your experiment file and collect
screen images you want following the guidelines below. A sample report is shown at end of this chapter.

Capturing and Pasting Qualitek -4 Screens
Before capturing a screen, start WORD (procedure true for version 6.0) and be in the page you want to paste the screen.
Now run Qualitek-4 and follow these steps. (It is assumed that you are familiar with multitasking)

(1) Beinthe screen you want to capture. Hold down Alt key and press PrntScreen key.
This action stores the captured screen in Windows Clipboard.

(2) Switch to the WORD document. From the Edit menu select PASTE. The screen in the Clipboard is now placed on the
document.

Cropping Captured Screens Using WORD Capabilities

(3) Optionally, for better control and easy positioning of the pasted screen, select the picture by clicking onit, then from
the INSERT menu select FRAME. It is a so possible to CROP(cut and size) the picture using standard WORD capabilities.
To CROP, select the picture and place mouse pointer on any HANDLE, press Shift key down and DRAG the mouse to
desired sizing location.

On Screen Printing

Reports for each individual experimental parameter such as Factors, Array, Results, etc. can also be printed while creating
or editing theinformation and it is on display. Additionally it can be printed from the REPORT menu option from the main
screen. Optionsthat are currently available and are logically appropriate will be highlighted. The options unavailable are
dimmed.

1. Select Option

Open the experiment file you want to work with. Go through with the analysis process if you wish to print reports
of Main Effect, ANOVA, Optimum Condition, etc. Then select REPORT menu item from the main screen. Most
item can be printed by displaying that item and clicking on the Print option displayed on the top right corner of
the screen.
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Experiment Configuration

File Edt Design Revew Hesuls Analss B0 Loss Help

vt Fle: POUND G { standrd Fepar

Factor

dnay

Maige Factor

Outer Amray

Trial Condtions

Noige Condtions
Rieview Control Factors Dynamic Condiion
Results
Main Effects
ANOWA,

Optimum

21 1 1 2 2 2 2 OECEvalahons -

Example Case Study Report

Project Title: Piston Bearing Durability Life Optimization Study
Experiment was conducted by: (Industrial users)

Brief Description of the project function and the pur pose of the study:

Recent warranty study indicated high rate of field failure of the Piston Bearing (type DX30) due to excessive wear and
vibration related malfunction. This study was undertaken to enhance the durability life under field relevant 80™
percentile application load.

Evaluation Criteria:

Experimental bearing samples were tested and performance eval uated by observing durability life (in hours, weighted at
60%) and by measuring force generated due to unbalanced vibration (g force, weighted at 40%). These two criteria of
evaluation were combined to produce an overall result used for the analysis. The schemeto calculate the Overall
Evaluation Criteria (OEC) is not shown here. The Quality Characteristic (QC) of OEC isBigger is Better.

Factors and Levels:

Brainstorming with the team members Ll i | Level 2

and other project personnel identified 2000 REM 3500 REM

seven Factors. Among the factors, T :
ol t Lt Low t Lt high t

three uncontrollable factors were held S d e high

fixed for the purpose of the INTERACT 142 S1 0L —

experiments. Four remaining factors Clearance Lawr High

and an interaction between two factors e :

; Pin Straishtness Ferfect Di

were considered for the study. rgh )
THNUSED/MUPSEADED *UNUSED* e
THUSED/UPGRADED R 1S F—
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Noise Factors and Interactions:
Interaction between Speed and Viscosity was considered most important.
Many noise factors were identified, but not included in this study.

Orthogonal Array and the design

Three samplesin each of & I
the eight experimental 1 4 3 4 5 6 7 1 2
conditions were tested. 1|1 1 1 1 1 0 0 = 45 36 64
The observed readings for 21 1 1 2 2 0 0 34 45 53
durability life and vibration 301 1 1 1 o a0 &7 63 Ll
force were combined for 441z 2 2 3 0 0D 45 36 64
exhsample(dsforthe [ 3, ] g g | g ” 22
first mple n 7|z 2 1 1 2 0 0 45 i 52
experimenty#1). gz 2 1 2 1 0 0 42 54 47
[ntier Arra ¥ Fesult

Main Effects

The average factor influences Column # f Factors Lewel Level 2

shqwed trend of inf'l uence of 1 Speed 545 67 £

various factors, which helps to 2 il Viscosity 6275 54416

determine the desirable

condition for the QC. It also 3 INTERACT 12 49 416 6775

helped determine the levels of 4 Clearance 62.25 #4916

the interacti ng factors (Speed 5 Pin Btraightness |ola 5725

and Qil Viscosity) most suitable

for the desired performance.

Interaction Between Speed and (il Viscosity |
From Test of Presence of 84.9—
Interaction showed that Speed ol

at Level 2 and Oil Viscosity at
Level 1 areto beincluded in 760
the Optimum Condition

Levels of Factor () - Speed
(Date: 1/21/99-File: PISTOMN QW)
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ANOVA:
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ANOV A showstherelative influence of the factors and interaction to the variation of results. The most influenceis due
the interaction included in the study, followed by factors Oil Viscosity, Speed, and Pin Straightness.

DOF | Sun of Sgrs. | Variatice F - Ratio Pute Sum Percent
Col# f Factor (£ (=N [V (F) = Pi%
1 3peed 1 400.168 400.168 T2 348 81T 2442
2 0il Viscosity 1 A16 867 A16 867 2114 385317 224
SINTERACT 1X2 1 2016 667 2016 667 30272 1965317 47 5685
4 Clearance 1 322 867 322 86T f.283 271317 £.566
5 Pin Btraightness )] (42 B6E) POOLED |(CL=*NC*)
Other/Eror 975 66 |
Total: 23 4131 832 100009
Significant Factor and Interaction Influences | |:
The Other/Error (28%) 20
indicates theinfluence from »
all factors, not included in
the study and the 20
experimental error, if any.
20

10

Optimum Condition and Performance

The expected performance
at optimum condition
(79.664) shows an increase
of 21.08 points from the
average performance.
Improvement = (79.66-
58.58)/58.58 = 36%

Levels of interacting
factors are the same as
indicated otherwise. Thus
no adjustments of factor
level are necessary.

Nutek, Inc.

INTEEACT 13X 2 Speed Error
01 Viscosity Clearance
Columt # / Factor Lewel Deseription Lewel |Contribution
1 Bpeed 2500 RPN 2 4083
2 0 Viscosity At Low te 1 4 166
SINTERACT 12 e 2 0166
4 Clearatice Low 1 Exilali]
Total Contrthution From AL Factors... 21.08
Cutrent Grand &verage Of Performance. . 58583
Expected Result At Optiroam Condition... 79 g6
Reference Manual Version: 06.01
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Confidence Interval (C.1.)

At 90% confidence level the Mean
of the population performanceis
expected to fall within 74.39 and

84.93.

ations = 4.8

For confirmation/validity of the
analysis and predicted performance,
aset of samplesweretested in the
Optimum Condition and the average .
Confidence Interval= +-
performance was found to be 81.5 Canfidence Interval
Expected Besults at Optimum

Expected Savings from the new design

Savings = 46 centsfor every dollarsloss
Variation reduction: Cpk increased from 1.0 to 1.359
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