in the dark?

Are you dribbling away your R&D dollars
in a series of stabs and guesses{?21?21?

|
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It's time to work smarter: *D; turn on the light —
by using Basic Exper:ment Strategies

Bob Jordan needed better laser welding; i e = i/

All welds were cracking and leaking. « 51 Ve \ e a;-.jllfﬁ
L i k ._"I' o)

He varied the laser settings, made this map, =

and found a better way to operate the laser.

He changed the process from all-parts-failing

to 1009 passing: no more cracked parts.

_ Gtnn e 2 Peter Tkaczuk needed a low-cost
_E}ﬁ_'q':{_, | ;;L-f"; ol adhesive with adequate performance.
=\ [

o r‘::;- 1|____..___. o . ) .
=) ]"'}; ‘ This is his map of the OK-regions
1P : for peel, loop-tack, shear, and cost.
|| = | ",
7| . _
| | et J He found a sweet spot
| i that met all four goals.
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Bob and Peter turned on the light. =~
You can learn Basie Experiment Strateg'ies from us.

We can turn on the -:{“}— light for you. Call us:

=

The Experiment Strategies Foundation: 800-732-7381



Bob Jordan’s job is laser-welding development.

Friday October 18, 1980

Bob: “I need your help on the YAG laser to weld some parta.'’

Bert: *'I can't help you right now, Bob. We have to ship 60 accelerometers next week. We've spent weeks
on this part and we haven't made a erack-free part yei. [t's ship now or we lose the contract.”

Bob: ‘I can help you with that. [ took a Basie Experiment Strategies course in statistical experiment
design. | know how to design experiments to solve problema.”™

Bert: ‘*We need the help. If you help us with the experiment design, we can help you with the YAG laser.”

Bob: ‘“We want better results, so we've got to make some bold changes. For power, let's try 200 to 375
watte; for rpm 30 to 90; and for revolutions 1 te 5.7

Bert: 00 rpm! That's way faster than we've ever run. We've never run more than 2 reva.

Bob: “We've gotia be bold. We have to try big changes to get different resulta. Let's come in tomorrow
and whip this cut,”

Next day, Saturday, October 20, 1890:

Bob: *I have laid out here a design for welding 10 pieces, to study power, rpm and revolutions.™

Don (the operator): "I think changing lens type might alsc help reduce cracks. Maybe a 7.5 inch focal
length lens as well as the 5 inch lens.”

Bob: "'You may well be right. Let's try both lenses as well as varying power, rpm and revolutions.
Weo noeed all the factors in the design we can get. All four factors working together might stop
eracks. Here's my modified experiment design for four factors.”

Run Thas Feur H}H l"«Tn- i 'l’-i.d Run Four hn Factors Wald
Ordar | Power | RFM | Revs | Lens | Depth Order | Powsr | RFM | Revs | Lems | Depth
1 200 [ 3.5 10 200 o0 8 & 2.2
1\ | w0 20 e 19 || 11 200 &0 3 5 14
P e | @ ' 5 39 [ 1. 200 90 1 75 08
T 200 30 5 | & i 3 W00 | 30 1 & 21
1 & 20 Bl ] 15 31 -| 14 M L] 3 75 2—9_
15 ws | 1 14 as || 12 s | W & s 5.8
g s 0 B 5 iy || i 00 | @0 1 & L7
& 200 & a 5 ar || 3 376 a0 1 & 43
17 75 20 1 | s 28 18 200 60 3 75 24

Don: “This calls for 18 runs. Even so, | think we can do them all today."”

Over the next seven hours the welds were made and teated. The weld depthe were mecsured
in mils, and entered in Bob's notebook az shown above. Please turn the page >



This is Bob's solution to eracked welds.

Bert: “The weld penetration varies from 0.6 mils to 5.6 mils. We want maximum depth."

Beb: 'l can make a map of weld depth. It's called a contfour plof. That conteur plot will show us the
eweet spot.’”

Bert: “Let's do it. We need that sweet spot.”’

Bob: “We'll put the data through regression analysis and then make the confour plots on my PC using my
copy of the STRATEGY software.™

Tweniy minuies laler the contour plots were printed: ;h*
Y = Weld Depth; 0.6 to 5.8 wost
: i 0 Spot hl"l "f:_,,.
5" lens 7.5" lens e R
et o Y = WELD DEPTH . Y = WELD DEFTH
power "!”fﬂl |'|r LL\_ Tr.i‘ L\\\E\‘Q& Six test
= / S < I @ eV q}; ] paris were
-BT-E //}d IE.H 'f\- ot V\:.e[ l':l" 7 ;
f o] I Bl N made at this
watts ,."II 1 .:r\! : : _ &
o "NE 0 | o sweet spot.
f,:‘:" At i \"\. G ]
& @ ey \ "
/ / ll\\ — ] MNo cracks!
™ . “u_,____ 4
~ _ H_r__al-E: Success]
Y = WELD DEFTH Y = WELD DEPTH The last

o

Q\k were welded
powWar

200 E — at these

=N [l B
-

REWVS

settings.

walls & ; H
a ‘7\ r e 4 / /”:‘*ﬂ# No eracksl
. m\\ / 7 . b e _
Success in
0 43 HPM fo B Aa 45 RPM 75 G0 one weekend!

i 4F % All 60 parts went out on time. No cracks. ¥ ¥

Monday, October 28, the Division Menagement wrote this letter:

... "Outstanding performance . . . previous attempts . . . eaused eracked header leaks. . . . time had run out
... Bob, Bert and Don spent a weekend and achieved a highly successful weld schedule . . . the schedule
slippage [that we feared] did not oceur. . . . We're proud of the teamwork!!™

Wednesday, July 10: Bob Jordan: “There's a difference between working hard and working smart. I
want to work smart. This was my first use of Basic Experiment Strategies. In the 8 months since, ['ve done
& more statistical experiment designs, each 2 to 4 factors, they were all successes.' Bob wrote an article
for his company's newsletter, extolling statistical design of experiments; it's quoted on the back page.

To get the same Basic Experiment Strategies training, mail reply card (inside).
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Peter Tkaczuk's job is development of adhesives.

Marketing asked Peter for a pressure-sensitive adhesive to meet these goals:

1. Peel between 4.6 and 4.8 3.
2. Loop tack between 4.0 and 4.3 4, Cost below 14

Peter chose to vary two input factors.

{The names of these factors have been withheld for proprietary reasons.)

Five adhesives were prepared and tested:

i O ® Trials X, _X,
Factor #2 1 lo hi
X 2 hi ]Ia':

a la o

@ 4 hi lo

B mid mid

lo Faclor #1 hi

X

These 5 adhesives were tested for peel, loop tack and shear.

Nene of these five adhesives met the goals; but that's OK because:

Shear betwean 10 and 25

Peter knew how to use a regresaion program to make contour plots for peel, loop tack, ehear and coast.

He mada the confour plofs below and used them to predict the performance of all the other adhesives that

ean be made by varying these two factors within these limits.

These are Peter's contour plots:

Y o= I'-—"PL'EL Y = LODPTAK Y = SHEAR
Y H?/f T e o l |'/ "HI
- 1 il
; L] - O '
f’S/ [ >
ol /U/ - — ?f H f /
2T i o
.-"'-H -|_,|-I"-- _'H_\_‘_‘J'ﬂ-_\_\_\_ | lF-
.+ A | i
/ J'h"“a_ \\-. | JII i |'II
£ 4 | b9 |

X2

€1

The arrows on his contour plets above show the settings of X, and X, for making adhesives that

satisfy the goals.

There's more on the next page.

—



This is Peter's method for developing a new adhesive.

Thear Lo ufi“a-:ﬁ

E 'E_" o, "'_} 5 ﬁ-ﬁ—-—-—{}_{_}-
N3 : : N3

!
N ¢ THe Sweet—pof—

These superimposed plots show the sweet spot where all goals were mel, GridSearch (in the sofiware:;
STRATEGY) finds the sweet spot even more quickly than superimposing contour plots. GridSearch helps
even mors when more than two factors are being varied.

A Check Run was made at the sweet spot:

Peel = 4.7 meets the goals of 4.6 ko 4.9 ovvvvenininienn: that's success for peel,
Loop tack = 4.3 meeta the goals of 4.0 to 4.3; (. that's success for loop tack.
Shear = 18 mests the goals of 10 to 25;. oniina that's success for shear.
Cost = 13.7 meets the goal of cost: less than 14; ... that's success for cost.

Mission accomplished! . . . Marketing gets the adhesive they need.

You van read the whole story in Adhesives Age, August 1988: Thaczuk, Peter; Formulating Solvent PSAs
Using Designed Experiments. This paper was rated best paper af the Pressure Sensitive Tape Council’s
technical seminar in May 13588,

Contour plots are easy. You can learn how to get contour plots for your preject in our training course:
Basie Experiment Strategies. You can find sweet spote in the same way Peter did. Send in the enclosed

card and take Basic Experiment Strategies training given by:

The Experiment Strategies Foundation: 800-732-7381



Does your job need Basic Experiment Strategies?

If you work in research, development or engineering, then you are changing the levels of input variables
(factors) in an effort to make output measurements (responsea) ecome out better.
Basic Experiment Strategies training helps you do that well.

¥You can learn what Bob Jordan and Peter Tkaczuk learned:
statistical experiment design and response surfoce methodology.

Take Part I of Basic Experiment Sirategies training: wowenns in 2-1/2 days to get the basic skills;

Or take the Tull treaining, Parts I and II: ..o in 4 days: to get the basic skills and
then more skills to handle a wider variety of applications. Details on the page to the right.

The schedule for Basic Experiment Straltegies training is on the card below. You can attend one
of our open sessions. If you prefer, we'll teach on-gite, at your company. Call us at 800-732-7381,
or put your name and number on the card below and drop it in the mail.

Turn on the light "%t% with
Basic Experiment Strategies training from
The Experiment Strategies Foundation

Basic Experiment Strategies training is offered in these cities:

RIS - Seattle, WA - Palo Alto, CA - Boston, MA NI/
e * Ban Diego, CA - Chicago, IL - Cleveland, OH

‘Los Angeles, CA - Research Triangle Park, NC
And in-house at your company. Call us for dates: 800-732-7381

The fee for the 4 day training is $1200. The fee for Part I, 2-1/2 days is $750.
To receive a package of more information about the training,

call The Experiment Strategies Foundation at 800-732-T381.
The discount for 5 to @ from your company is 10%. For 10 or more: 15%.

Christine J. Roth, Sandia Nat'l Labs: This is Joel Martin, Sr. Res. Chemist, Phillips Petroleum: [
by far the most usable and understandable have heard about this approach for years. This course
course on slalislics and applicalions I've ever waa the first presentation which balanced statistica
had. with thinking, I'm no longer skeptical. I usually doze

through classes -- Not this ene!
John Geremin, Professor, M.E,, US Naval

Academy: Your complter program Owen Decker, Phillips Petroleum: Withou! a doudt
[STRATEGY] is a beauty. It is complete and the most valuable training I've had since first grade.
simple to operate, Your course is very thorough

because it also provides a program to go aleng Connie Choeas, Sandia Nat'l Laba: This elass [hkad]
with it. It dees not leave the students in the more to do with quality than any qualily assurance or
eold and searching for a good program. guality managemen! course I have taken.

&



Basic Experiment Strategies Training
In 2-1/2 days we teach you the skills Peter used:

You learn how to prepare an experiment design for discovering interactions between the factora.
Factorial designs and cther newer designs are used in class,

You learn how to use STRATEGY to prepare contour plots for finding sweet spots in three real
case histories. You collect data for simulated processes and products in elass. You analyze the data
and reach conclusions.

You learn how to test a contour plot to decide whether or not its predictions of product-
performance are safe predictions to use.

You learn how to measure lack-of-reproducibility of data (standard deviation) and how to use the
standard deviation to get confidence limits for every result. Confidence limita advise the user as
to how much one can depend on a result.

In 4 days we teach you the skills Bob Jordan used:

You learn everything above plus how to prepare sereening designs for selecting the sirongest
factors from a long list of potentially helpful factors. Sereening cuts a projeet down to manageable
Bize.

And you learn how to use quadratic experiment designs to prepare contour plots with domes or
basing when properties are too complex to be mimicked by the interaction contour plot. Many
applications need this additional complication for best results. You practice screening and
quadratie designs in a real case.

This is what happens during the training:

In class, you work in teams of two, collecting realistic data from micro-computers in four
applications. Each application provides practice of the strategies learned. The micro-computers
serve as mini-labs and mini-factories. The applications studied are taken from R&D projects
conducted by scientists and engineers on the job after they took this training.

You analyze the data and prepare, on a PC, for each property measured, a prediction equation and,
from that equation, a conteur plot. Using the contour plots you find the sweet spot. This practice on
real problems gives you the confidence necessary to use the strategies in your own applications
when you return to your job.

You will use the Experiment Strategies Foundation's software, STRATEGY, in class. Everything
vou learn is applied in class. Every strategy taught is demonstrated by means of real examples.
Questions are welcome at all times, The specifics of applying the sirategies learned to the your
prajects are discussed.

Anyone with training in science andfor engineering will understand this material without

difficulty. Participants often wish they had discovered these strategies years earliar. No prior skills
other than elementary algebra are needed. No work need be done outside of class time,

The Experiment Strategies Foundation: 800-732-7381



Bob Jordan wrote an article to tell his colleagues the benefits of design of experiments (DOE) that he learned
in Basic Experiment Strategies training. Here are excerpts from that article.

Design of Experiments for Engineering
Continuous Improvement

Design of Experiments (DOE)
is & cost-saving, time-saving,
effective method for identifying
the optimum parameters for
manufasturing and design pro-
cesseg, DOE has been around for
a long time, but with canned
computer software [STRATEGY],
it is now an easily employed
technique,

The well-designed experiment
will provide the engineer,
gcientist, or researcher reliable
results at minimum cost.

. DOVE has been used to
develop many laser welding
schedules, Before DDE, engineers
spent weoks working with new
alloys and designs trying to weld
them. After applying DOE tech-

riment

nigues, weld schedules were
developed in 2-5 days, and soma
schedules were developed in cne
day.

A 3 X

Anocther stellar application
was the new oven-tem perature
indicator ("turkey popper”). DOE
was used to define a metal alloy
with a specific melting point. The
experiment was a resounding
success, and an alloy formulation
was developed to satisfy the
customer’s requirement. Later,
when the customer wanted an
alloy that would melt at & differ-
ent temperature, data from the
original experiment was consulted
and another alloy formulation was
revealed,

800-732-7381 (voice)
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THE OLD WAY: The engi-
neer would change one factor at a
time. Each run eould only be
evaluated on its own merit, not
as part of the whole.

THE DOE WAY: A statisti-
cally-based design experiment
allows the experimenter to
bracket the boundaries of possi-
bilities, forming an area or
volume, Within this area or
volume is the "sweet apot.” The
sweet spot is the best combina-
tion of parameter values to
produce the optimum product
{degign or process).

The strength of DOE:
Reliable, statistical predictions
are made within a wide range of
possibilities.
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Turn on the light};ﬁ?‘llse Basic Experiment Strategies






