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JMP® Statistical Discovery

JMP® is statistical discovery software from the SAS® Institute.

* JMP® provides scientists,
engineers and analysts with a
visual and interactive tool

— to explore data,

— design experiments,

— improve processes,

— solve problems quickly,
— and share results...
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Bass Masri
Don’t count the days. Make the days count!

* A passion for analytics and statistics
with more than 20 years of work
experience in engineering, science
and process improvement.

* Tertiary education includes a Bachelor
Degree in Science and Masters in
Applied Statistics from Macquarie
University, Sydney Australia.

.I
m STATISTICAL DISCOVERY
FROM 5A5
Copyright © SAS Institute Inc. All rights reserved


https://www.jmp.com/en_au/bios/masri-bass.html

Agenda

Design of Experiments Essentials (DOEA2)

* Design of experiments is a structured approach for collecting data and
making important discoveries.

* |In this reactor case study, we demonstrate how a response can be
efficiently optimized for five factors using a design of experiment.

* Today, we focus on why we use DoE, the process workflow,
experimental designs and design diagnostics ...
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Why use design of experiments?
Quality, Delivery, Cost. In that order!

* Design of experiments can be used to improve products and
processes by identifying the factors that are important.

* Unlike studying one factor at a time, with a limited number of trials,
you can learn a lot about a process.

* Ultimately you improve process performance through better —
decisions around: Quality, Delivery, Cost.
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Process Workflow
Everything is a process!

* This six-step framework provides the structure for designing an experiment,
running the experimental trials and analyzing results.

Identify goal, Identify effects  Generate a Run trials using Determine a Use the model to

responses,and foranassumed design and design settings. model that best optimize factor
factors. model. evaluate it for Measure response fitsexperimental settings or to
suitability. for each run. data. predict process
performance.

* Source: IMP® Help > Design of Experiments Guide
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Design Diagnostics
Power and Sample Size ...

4 Custom Design 4Sample Size
i Create a design tailored to meet spi equirements. Prospective Power and Sample Size Calculations

D;, dd more runs to an existing data table. Replicate, add 2 . . S
centerpoints, fold over, or add model terms. Select Situation for Sample Size or Power calculation

| Sample Size for testing a mean in a single

Definitive Screening [ One Sample Mean
- sample

A Classical

T Two Samnle Meane | Testing that the means are different
Screening Design | Sift through many factorsto find the few that have the most effect. Two Sample Means 9

across 2 samples

el == = A 5 c| g di based on the principle of - <

= || Fit Two Level Screening | os. cr - mesthat many effects are inactive ‘ k Sample Means Testing that the means are different
and helps identify the few effe that have a large impact on the = across k samples
response.

-|+F Response Surface Design| Find the best response allowing quadratic effects (curvature).
|| Full Factorial Design | Generate all possible combinations of the specified factor setting: One Sample Proportion | Sample Size for testing a proportion in a

[One Sample Standard Deviatiorﬂ Sample Size for detecting a change in the
" standard deviation.
single sample

Mixture Design Optimize a recipe fora mixture of several ingredients. [— Sample Size for testing a proportion

| Two Sample Proportions
| Taguchi Arrays Make inner and outer arrays from signal and noise factors. across 2 samples
Design Diagnostics ‘ Counts per Unit Sample Size for detecting change in

count per unit, e.g. DPU (defects per unit)
= Show design diagnostics for any table whether itis a designed R .
¥ Bvaluate Desian |, veriment ornot. [ Sigma Quality Level Calculator for a popularindex in terms of

Q i defects per opportunity.
lake comparisons between experiment designs.

" Plot any two of the power to detect an effect, the sampl Reliability Test Plan “

== |Sample Size and Power| ‘

the effect iven the third. Or compute one given the other two.

Sample size for reliability studies

Calculations for planning a reliability

\ Reliability Demonstration
—— demonstration

[* Consumer Studies

I Special Purpose
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Design of Experiments
Learning Outcomes and Essential Terms

* Qutcome: Design a controlled * Terminology we will cover
set of tests to model and explore _factors
the relationship between the
process inputs and outputs. — responses
— treatments
—runs
— effects

— interactions
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Action Plan
Reactor Case Study

Situation: You want to study the effects of five two-level factors: Feed Rate, Catalyst,
Stir Rate, Temperature and Concentration on the response: Percent Reacted.

Problem: A higher Percent Reacted ensures higher quality products. In a full factorial
design, you perform an experimental run at every combination of the factor levels.

Impact: The sample size for a full factorial study is 2AKfactors that js 245 factorial =
2x2x2x2x2 =32 runs. Budget for the design has been allocated and approved. ®

Need: You need to determine what factors and 2-way interactions are significant
and identify what are the optimal settings to maximize Percent Reacted.
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Data Tables

Help > Sample Data > Design of Experiments / Reactor ...

E= Sample Data Index - IMP Pro

File Edit Jables Rows Cols DOE Analyze Graph Tgols Add-lns View Window Help
M e a @ ik PR NS PLPAF OSSO O

“ Design of Experiments
Reactor 20 Custom
r 32 Runs
8 Runs

or Augment Data

actor Augment Design

r Factors




Describe
ldentify goal, response and factors

Full Factorial Design
Responses
Response Name Goal Lower Limit Upper Limit Importance
Percent Reacted Maximize 90 100 1
Factors

Add N Factors 1

Name Role Values

Feed Rate Continuous 10 15 = Columns (5/5)

Catalyst Continuous 1 2 s

Stir Rate Continuous 100 120 ATemperature %

Temperature Continuous 140 180 “Concenmton

Concentration Continuous 3 6
2x2x2x2x2 Factorial

Output Options
Run Order:

Stir Rate p Concentration

Number of Runs:
Number of Center Points:
Number of Replicates:
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Specify

ldentify main and interaction effects for the model

Factors

Role
Continuous

Name
Feed Rate
Continuous

Catalyst
Stir Rate
Temperature
Concentration Continuous

Continuous
Continuous

Value

10 15
12

100 120
140 180

2

36
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Model

Intercept

Feed Rate

Catalyst

Stir Rate

Temperature

Concentration

Feed Rate*Catalyst

Feed Rate*Stir Rate
Catalyst*Stir Rate

Feed Rate*Temperature
Catalyst*Temperature

Stir Rate*Temperature
Feed Rate*Concentration
Catalyst*Concentration

Stir Rate*Concentration
Temperature*Concentration
jfmp Fromsas



Design

Generate a design and evaluate

Design Diagnostics

D Efficiency 100
G Efficiency 100
A Efficiency 100
Average Variance of Prediction  0.118056

Design Creation Time (seconds) 0
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Collect

Run trial using design settings

Model Specification

Select Columns
7 Columns

Pattern
Feed Rate

Catalyst
?t“: Rat.et ) Catalyst
empera ur.e ) - Stir Rate
trati }
o Temperature
nt Reacted

Concentration

ataly.
Feed Rate*Stir Rate

Catal ncentration
Stir Rate*Concentration
Temperature*Concentration
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Fit
Determine the model that best fits experimental data

Effect Summary

Source LogWorth PValue
Catalyst(1,2) 14.602 0.00000
Catalyst*Temperature 10.763 0.00000
90 Temperature*Concentration 9.065 | 0.00000
Temperature(140,180) 8.864 : 0.00000 ~
80 Concentration(3,6) 4825 0.00001 ~
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Predict

Use the model to optimize response

Prediction Profiler
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Findings and Summary
Next Steps

* We learnt about experimental designs and the general steps for how
to conduct an experiment, including:

Describe response and factors.

|dentify effects and specify model.

Generate and evaluate the design.

Conduct experiment and measure response.

Fit model, identify optimal settings and predict performance.
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Keen to try?
Download Trial Version

* Keen to give it a go? Try the Design of Experiments Essentials Journal,
Sample Data and read the DOE Guide.

* Don’t have JMP®? Download a 30-day free trial version from
https://www.jmp.com/en au/download-jmp-free-trial.html

W Select a product

JMP®
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Learning JMP

Useful Resources

JMP in on Learn JMP imunity  JMP Public

OTHER

> Books and JMP > JMP Blogs

> Case Study Library > Learning Library
> On-Demand Webinars for JMP Users

> Statistics Knowledge Portal
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Statistical Thinking

Seven module on line statistics course ..

Statistical Thinking for Industrial Problem Solving

A free online statistics course

input

In this module, you will learn why designed experiments are better

than trial and error and one-factor-at-a-time approaches to gain an
> and effect relationships and interacti

en factors. You will be introduced to several types of designs

and custom ¢ yns. Finally, you will
i Design of Experiments Overview

learn some DOE guidelines and best practices which will help you
Y

rimentation.

Enroll now
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The Design of Experiments Intro Kit
Complete with individual certificate ...

Adjust the
factors that
produce an
optimal Coffee
strength
between 1.2
and 1.4, select
Brew, then
Submit.

Grind
Coarse

Medium

00, Q*&. e,

Foundation Process Custom Design DOE Designs Tools Experlment
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Chemistry World

Royal society of chemistry ...

CHEMISTRY \NORLD W

M2 nEws RESEARCH - OFINION FEATURES  CULTURE sTs COoLLECTIONS -  MORE -

Smarter experimentation for chemists

Kick start your career development with our free five-day online training programme on design of experiments

- «. .

Certificate of attendance

If you complete all five days then you will receive a certificate for inclusion in your CPD record.You can also use attendance on this

programme supporting evidence for your Chartered Chemist (CChem) application.

CLAIM YOUR CERTIFICATE

Day 1: Introduction to design of experiments Resources

What is DoE? From

important tool for scientist and engine

VIEW THE RECORDING NOW 3 X i ‘Y‘
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About JMP® Australia and New Zealand

Contact Details

» About JMP

JMP is a division of SAS that produces

interactive statistical discovery software.

» John Sall

SAS Co-Founder and Executive Vice
President John Sall is the creator and chief

architect of JMP software.

> JMP Blogs

Hear from the extended JMP family: R&D,

marketing, training, technical support and
sales, as well as guest bloggers.
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JMP Australia & New Zealand
300 Burns Bay Road, Lane Cove, NSW 2066, Australia
Phone: +612 9428 0442

Contact: jmy

» Contact Us » More about SAS
¥ International Offices > JMP Partners

» Careers with JMP
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Customer Success
Customer success stories by application

> Johnson Matthey Biocatalysts

> AIM Autosport and DMH Racing
AIM M DMH JMP
> Johnson Matthey Fine Chemicals

At. on Matth JMP is the

> Almac
Alrr

> Kirin Holdings Company, Limited
ntify

> American Society of Testing and

Materials
The Ame

Materials

> Amperex Technology Ltd
Integrat P o1

comp
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Thanks for joining us ...
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