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Introduction
This text is an attempt to summarize my 50 years of experiences around glass
tempering machines and my 35 years of lecturing to the Glass Associations
fabrication seminars, as an aid to anyone new to the glass tempering process,
and perhaps to anyone encountering a new problem due to process changes
that are not understood, or when running a new product.

My approach to solving tempering problems has always been a very simple
one. This is not a mathematical complicated approach, or an academically
rigorous one. There are very few complicated terms or complex equations
in this text. The definitions included in the early sections of the report are
intended to help someone new to the industry, and would not be accurate or
complete enough for a college physics textbook
Over the years the title of this presentation has evolved to “Concepts for
Analyzing Glass Tempering Problems”. I believe the major value of this
approach, is that it will show you where to begin to look for the fundamental
problem, whether the problem is breakage, poor break pattern, controlling
stress, warping, roll marking, etc. I attempt to suggest an answer to the
question; “What is this fundamental problem, and where do I start to look for
a correction?”
In my fifty years of experience there have been many times that I have missed
the solution with my first observations, and broken a lot of glass until I
understood the problem. I have included many of these “why didn’t I figure
that out sooner?” moments to hopefully help the reader avoid some of the
mistakes of my career, thus increasing both your companies’ profits and your
understanding of what is occurring in your tempering system.
As you read this text, remember that my long-term frame of reference is as
a tempering equipment engineer, not a production operator or supervisor.
I never operated a furnace for a 40-hour shift, and the only machine I ever
supervised the assembly of was Glasstech number one in 1971-72. The
majority of my time around furnaces was spent in R & D; in the startup of new
models; when we were trying to expand the capabilities of an existing line;
when we were running a new product; or when a customer was in trouble.
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Disclaimer
The Glass Association of North America (GANA), S.W. Joehlin, Inc. and Stanley
W. Joehlin of Curtice, Ohio (collectively, the “producers”) have produced
this Concepts for Analyzing Glass Tempering Problems textbook solely to
provide general descriptions and information concerning the basics of glass
tempering. It is the responsibility of the user of this textbook to ensure that
both tempered and heat-strengthened glass are produced by competent,
well-trained workers in compliance with all relevant laws, rules, regulations,
industry and government standards and other requirements.
The producers disclaim any liability for any loss or damage of any kind arising
out of the use of this textbook, and all those using agree, as a condition of its
use, to release the producers, its members, officers, directors, employees and
agents from any and all liability, loss or damage of any kind or nature arising
out of or related to its use. Users of this textbook understand that the producers
are not responsible for any errors or omissions of any kind contained in this
textbook and that the producers do not design, develop, manufacture, fabricate
or guarantee any glass or glazing materials or any other products described
in the textbook and do not make any express or implied representations or
warranties as to fitness, merchantability, patent infringements or any other
matter respecting any products, processes or equipment referred to in this
textbook. The producers do not guarantee any results of any kind relating to
the use of this textbook. The producers expressly reserve the right, in their
sole discretion, to revise, amend or otherwise modify the textbook from time
to time as they see fit and to do so without notice to prior recipients of the
textbook or viewers of the companion video.

The standards referenced in this textbook are under the jurisdiction of a
number of organizations and agencies and are continuously being revised. The
standards referenced in this textbook and companion video and workbooks
were those in effect as of December 31, 2015. The most recent standards
should be referenced before any use.
Drawings herein are not to scale.
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