Ex¢onMobil

Lubrication Fundamentals

Third Edition, Revised and Expanded
Don M. Pirro | Martin Webster | Ekkehard Daschner

Taylor & Francis Group



Ex¢onMobil

Lubrication Fundamentals
Third Edition, Revised and Expanded

Don M. Pirro
ExxonMobil

Martin Webster
ExxonMobil

Ekkehard Daschner

ExxonMobil

CRC Press
Taylor &Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2016 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Printed and bound in India by Replika Press Pvt. Ltd.

Printed on acid-free paper
Version Date: 20160106

International Standard Book Number-13: 978-1-4987-5290-9 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been made to
publish reliable data and information, but the author and publisher cannot assume responsibility for the validity of all materials
or the consequences of their use. The authors and publishers have attempted to trace the copyright holders of all material repro-
duced in this publication and apologize to copyright holders if permission to publish in this form has not been obtained. If any
copyright material has not been acknowledged please write and let us know so we may rectify in any future reprint.

Exceptas permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or utilized in any
form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopying, microfilming,
and recording, or in any information storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://www.copy-
right.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400.
CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For organizations that have been
granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for identifica-
tion and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Pirro, Don M., 1955- author. | Webster, Martin (Martin N.), author. |
Daschner, Ekkehard, author,

Title: Lubrication fundamentals / authors, Don M. Pirro, Martin Webster,
Ekkehard Daschner.

Description: Third edition, revised and expanded. | Boca Raton : Taylor &
Francis, CRC Press, 2016. | Previous edition: Lubrication fundamentals /
D.M. Pirro, A.A. Wessol. 2001. Originally by ]. George Wills. | Includes
bibliographical references and index.

Identifiers: LCCN 2015050128 | ISBN 9781498752909

Subjects: LCSH: Lubrication and lubricants.

Classification: LCC TJ1075 W57 2016 | DDC 621.8/9--dc23

LC record available at http://lcen.loc.gov/2015050128

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Ex¢onMobil

Lubrication Fundamentals
Third Edition, Revised and Expanded



e, T2 52 BEPDFIE V5 i) : www. ertongbook. com



Preface

Lubrication and the knowledge of lubricants are not only subjects of interest to all of us, but they
are also critical to the cost-effective operation and reliability of machinery that is, directly or indi-
rectly, part of our daily lives. Our world, and exploration of regions beyond our world, depend on
mechanical devices that require lubricating films. Whether in our homes or at work, whether know-
ingly or unknowingly, we all need lubricants and some knowledge of lubrication, Home appliances,
lawnmowers, bicycles, and fishing reels are a small sampling of devices that have moving parts that
require lubrication. The millions of automobiles, trucks, buses, motorcycles, airplanes, ships, and
trains depend on lubrication for operation, and it must be effective lubrication for dependability and
safety, and to reduce the environmental impact.

Many changes in the field of lubrication have occurred since the second edition of Lubrication
Fundamentals was published in 2001. Today, intricate and complex machines are used to make
paper products; huge rolling mills turn out metal ingots, bars, and sheets; metalworking machines
produce very high precision parts; and special machinery is used to manufacture cement, rub-
ber, and plastic products. Emission regulations have had a major impact on all transportation and
power generating equipment and the lubricants that protect them. The use of computers, robot-
ics, and higher technology has led to advanced machine designs that result in faster machine speeds,
greater load-carrying capability, more compact equipment, smaller capacity lubricant reservoirs,
higher machine temperatures, various material compatibility challenges for lubricants, restrictions
in lubricant additive content, and less frequent lubrication application up to and including fill-for-
life lubrication. As a result, there continues to be an explosion in higher performance and specialty
application oils and greases. The impact of these lubricants on our natural environment is also a
driver for new lubricant technology.

The third edition of Lubrication Fundamentals builds on the machinery basics discussed in
the first two editions, much of which is still very applicable today. The third edition also addresses
many of the new applications, and new lubricant and base stock technologies that were introduced
or improved upon in the past 15 years to meet the needs of modern machinery and sustainability.
The lubricants industry will continue to be faced with many challenges going forward, and inno-
vative technologies will be needed to meet these challenges. Critical activities along the lubricant
value chain that are impacted by technology include new lubrication requirements, crude oil com-
position and selection, base stock manufacture, product formulation and evaluation, lube oil blend
plant capabilities, lubricant application, and environmental stewardship. These will be exciting
times for industry, especially those participating in the quest to develop the new lubricant molecule
for the future.

Don M. Pirro
Martin Webster
Ekkehard Daschner
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