MECHANICAL ENGINEERING/26

MECHANICAL
- FASTENING
. Sl
PLASTICS

KENNETH J. GOMES
- JAMES F. BRADEN



MECHANICAL FASTENING
OF PLASTICS

An Engineering Handbook

Brayton Lincoln
Kenneth ). Gomes
James F. Braden

MARCEL DEKKER, INC. New York and Basel



Library of Congress Cataloging in Publication Data

Lincoln, Brayton, [date]
Mechanical fastening of plastics.

(Mechanical engineering; 26)

Includes index.

1. Fasteners--Handbooks, manuals, etc. 2. Plastics--
Handbooks, manuals, etc. 1. Gomes, Kenneth J.,
[date]. 1I. Braden, James F., [date].
III. Title. IV. Series.
TJ1320.L48 1984 621.8'8'028 83-19013
0-8247-7078-1

Values, data, opinions, and information contained in this book are
not guaranteed for accuracy or for freedom from errors or omissions.
They are not to be used directly for design criteria, without sub-
stantive evidence. The use and reliance thereon for any purpose is
entirely voluntary and at the sole risk of the user. The publisher,
author(s), and editor(s) disclaim any liability for loss, claim, or
damage resulting from their use.

COPYRIGHT © 1984 by MARCEL DEKKER, INC. ALL RIGHTS RESERVED

Neither this book nor any part may be reproduced or transmitted
in any form or by any means, electronic or mechanical, including
photocopying, microfilming, and recording, or by any information
storage and retrieval system, without permission in writing from

the publisher.

MARCEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

Current printing (last digit):
10987654321

PRINTED IN THE UNITED STATES OF AMERICA



MECHANICAL FASTENING
OF PLASTICS



MECHANICAL ENGINEERING

A Series of Textbooks and Reference Books

EDITORS
L. L. FAULKNER S. B. MENKES
Department of Mechanical Engineering Department of Mechanical Engineering
The Qhio State University The City College of the
Columbus, Ohio City University of New York

New York, New York

Spring Designer’s Handbook, by Harold Carlson
Computer-Aided Graphics and Design, by Daniel L. Ryan
Lubrication Fundamentals, by J. George Wills
Solar Engineering for Domestic Buildings, by William
A. Himmelman
5. Applied Engineering Mechanics: Statics and Dynamics,
by G. Boothroyd and C. Poli
6. Centrifugal Pump Clinic, by Igor J. Karassik
7. Computer-Aided Kinetics for Machine Design, by
Daniel L. Ryan
8. Plastics Products Design Handbook, Part A: Materials
and Components; Part B: Processes and Design for
Processes, edited by Edward Miller
9. Turbomachinery: Basic Theory and Applications, by
Earl Logan, Jr.
10. Vibrations of Shells and Plates, by Werner Soedel
11. Flat and Corrugated Diaphragm Design Handbook, by Mario
Di Giovanni
12. Practical Stress Analysis in Engineering Design, by Alexander Blake
13. An Introduction to the Design and Behavior of Bolted Joints, by
John H. Bickford
14.  Optimal Engineering Design: Principles and Applications,
by James N. Siddall
15. Spring Manufacturing Handbook, by Harold Carlson

WS -



16.

17.

18.

19.

20.
21,

22,
23.

24.

25.

26.

Industrial Noise Control: Fundamentals and Applications,

by Lewis H. Bell

Gears and Their Vibration: A Basic Approach to Understanding

Gear Noise, by J. Derek Smith

Chains for Power Transmission and Material Handling: Design

and Applications Handbook, by the American Chain Association
Corrosion and Corrosion Protection Handbook, edited by

Philip A. Schweitzer

Gear Drive Systems: Design and Application, by Peter Lynwander
Controlling In-Plant Airborne Contaminants: Systems Design and
Calculations, by John D. Constance

CAD/CAM Systems Planning and Implementation, by Charles S. Knox
Probabilistic Engineering Design: Principles and Applications,

by James N. Siddall

Traction Drives: Selection and Application, by Frederick W. Heilich IIT
and Eugene E. Shube

Finite Element Methods: An Introduction, by Ronald L. Huston

and Chris E. Passerello

Mechanical Fastening of Plastics: An Engineering Handbook, by
Brayton Lincoln, Kenneth J. Gomes, and James F, Braden

OTHER VOLUMES IN PREPARATION



PREFACE

Roboties, automation, electronics, communication, plasties—these are
some of the buzzwords of the world's current industrial directions.
At the 1982 National Design Engineering Show approximately 30 per-
cent of respondents to a questionnaire advised that they expected
their current or new designs to encompass robotic assembly in one way
or another. It is estimated that by the mid-1990s automation, made
possible through electronic developments, will have displaced from in-
dustry all but 10 percent of our productive workforce, down from
approximately 22 percent in the early 1980s.

For those of us engaged in manufacturing and/or marketing of
such fundamental products as fasteners and tools, or in designing and
assembling new components, the substitution of an electronic and com-
munications base for traditional leading markets such as steel, auto-
motive, building construction, and related industries is having profound
consequences.

At the same time that the new industrial direction has been devel-
oping, it has been accompanied by a revolution in the manufacturing
materials being used—and at about the same pace. This accompanying
revolution is of course the switch from the use of metals to the use of
plastics. It is very evident in many fields. The use of plastics has
been expanding rapidly; over the past 20 years, there has been a
tremendous expansion in the development of new ones—harder, more
structural polymers and blends. Many plastics are hitting hard at
specific uses of metals. More than 40 "families" of plastics are in cur-
rent use. Each can have dozens of variable subgroups, all with differ-
ent fastening characteristics.

The designer of plastic parts, already faced with a bewildering
series of possible polymer and filler combinations, may face even more
difficulties in the future because of possible material property overlaps.



vi Preface

In the field of metals there is a wealth of knowledge covering mechani-
cal fastening, and yet, in spite of all the research that has been done
over the past 100 years, not everything about fastening in metals has
been researched or covered. In the field of plastics, because of the
tremendous surge in material development, the research surface has
hardly been scratched. Not much has been published about fastening
plastics.

It seems quite evident, therefore, that for those of us now engaged
or about to be engaged with the assembly and fastening of products,
such as product designers, manufacturing engineers, buyers, fasten-
er marketing personnel, and students, there is a pressing need to un-
derstand the new materials and how fasteners work in them and an
accompanying requirement to understand how fastening methods will
be affected by switches to automatic assembly. This book endeavors
to be a modest beginning to the creation of such an understanding.

Brayton Lincoln
Kenneth J. Gomes
James F. Braden
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