BELT PREVIEW COPY

CONVEYORS for
BULK MATERIALS

Prepared by the Engineering Conference of the
CONVEYOR EQUIPMENT MANUFACTURERS ASSOCIATION

XL
Q
@)
1 4
]
14
<
5 o

SIXTH EDITION

2" Printing



DellUser
Preview Copy


®

Printed by the Engineering Conference of the
Conveyor Equipment Manufacturers Association

CONVEYOR EQUIPMENT
MANUFACTURERS ASSOCIATION

BELT CONVEYORS
for BULK MATERIALS

SIXTH EDITION 2™ Printing

Published by the Conveyor Equipment Manufacturers Association
6724 Lone Oak Boulevard, Naples, Florida, USA 34109 239-514-3441 www.cemanet.org



Copyright © 2007 by the Conveyor Equipment Manufacturers Association
All rights reserved. This book may not be reproduced in any form without written
permission from the Conveyor Equipment Manufacturers Association.

Printed in the United States of America

Page layout and editing by K-Kom, Inc.

Printing (last digit): 987654321

Library of Congress Cataloging in Publication Data
Conveyor Equipment Manufacturers Association.
Engineering Conference

Belt conveyors for bulk materials.

Includes index.

1. Belt conveyors. 2. Bulk solids handling.

ISBN 1-89117-59-3



TABLE

TABLE OF CONTENTS

O F

CONTENTS

Chapter Index Title Page
PREFACE IX
ACKNOWLEDGEMENTS X
INTRODUCTION Xl
ONE - BELT CONVEYOR GENERAL APPLICATIONS AND ECONOMICS 1
Introduction 2
Conveying of a Variety of Materials 2
Wide Range of Capacities 2
Adaptability to Path of Travel 4
Steep Angle Conveying 5
Loading, Discharging, and Stockpiling Capabilities 8
Process Functions 9
Reliability and Availability 10
Environmental Advantages 11
Safety 12
Low Labor Costs 12
Low Power Costs 12
Low Maintenance Costs 12
Long-Distance Transportation 13
Conveyor Economics 13
Feasibility Studies 14
Reduce After Purchase Costs 15
Summary 15
TWO - DESIGN CONSIDERATIONS 17
Introduction 19
Conveyor Arrangements 20
Basic Flat and Troughed Belt Conveyor Paths 20
Belt Conveyor Loading and Discharge Arrangements 23
Conveyor Structures 24
Types of Structures 25
Connections 28
Codes and Standards 29
Design 30
Loads 33
Corrosion Protection 36
Maintenance 38
Cross-Overs and Cross-Unders 42
Considering the Long Term Effects of Design Decisions 43
THREE - CHARACTERISTICS AND CONVEYABILITY OF BULK MATERIALS 45
Introduction 46
Material Characteristics 46
Material Class Description 47
Behavior of Materials on a Moving Belt 49
Effect of Inclines and Declines 50



Chapter Index Title Page
FOUR - CAPACITIES, BELT WIDTHS AND SPEEDS 53
Introduction 54
Belt Widths 54
Lump Size Considerations 54
Belt Speeds 55
Belt Conveyor Capacities 57
Belt Conveyor Capacity Tables and Their Use 58
Belt Load Cross Section Areas 60
FIVE - BELT CONVEYOR IDLERS 65
Introduction 66
Idler Requirements 66
Idler Classifications 66
General Types of Belt Conveyor Idlers 66
Idler Spacing 73
The Selection of Idlers 74
Idler Selection Procedure 75
Preface to Selection Procedure, Figures and Tables 78
Example Idler Selection 84
Belt Alignment 89
SIX - BELT TENSION AND POWER ENGINEERING 91
Scope 95
Introduction 95
Definition of the Three Conveyor Cases 100
Belt Tension Calculations for Basic Conveyors: Basic Method 102
Belt Tension Calculations for Standard Conveyors: CEMA
Historical Method 103
Belt Tension Calculations for All Conveyors: Universal Method 104
Tension Management 129
Component Tension Characteristics 140
Conveyor as a System 155
System Interactions 157
Transient Behaviors 164
Design Tools 166
Example Conveyor Analysis 168
SEVEN - BELT SELECTION 185
Introduction 187
Determining Belt Specifications 187
Factors in the Composition of Conveyor Belting 187
Conveyor Belt Cover Characteristics, Composition and Design 188
Loading Considerations 192
The Belt Carcass 194
Belt Splices 198
Belt and System Considerations 201
Belt Selection 206
Belt Selection Tables 208
EIGHT - PULLEYS AND SHAFTS 211
Introduction 212
Conveyor Pulleys 212
Pulley Lagging 221
Shafting 223
Terminology 228
Special Pulleys 229



Chapter Index Title Page

NINE - CURVES 233
Introduction 234
Vertical Curves 234
Horizontal Curves 243

TEN - STEEP ANGLE CONVEYING 251
Introduction 252
Incline Limitations with Conventional Conveyors 252
Molded Cleat Belts 253
Pocket Belts 260
Totally Enclosed Belts 267
Pipe/Tube Conveyors 272
Fold Belts 281
Suspended Belts 187
Sandwich Belt Conveyors 293

ELEVEN - BELT CLEANERS AND ACCESSORIES 307
Introduction 308
Conveyor Belt Cleaning Equipment 308
Access Doors 321
Stops 322
Impact Beds 325
Slider Beds 326
Combination Impact, Slider and Roller Beds 327
Belt Training Devices 328
Belt Turnovers 329
Pulley Cleaners 330
Wing-type Pulleys 331
Deck Plates 332
Drip Pans 332
Weather Protection 333
Magnetic Separators 334
Metal Detectors 336
Conveyor Belt Scales 336
Sampling Devices 337
Rip Detection Systems 339
Electrical Conveyor Accessories 339
Accessory Horsepower Requirements 342
The Importance of Maintenance 342

TWELVE - TRANSFER POINTS 343
Introduction 345
System Design 347
Addressing Impact 350
Control of Fugitive Material 353
Skirtboards 371
Wear Liners 375
Other Discharge Chutes (into stockpiles, ships etc) 378
Feeders 381
Trippers 392
Discharge Plows 394

Discharge Trajectories 395



Chapter Index Title Page
THIRTEEN - CONVEYOR MOTOR DRIVES AND CONTROLS 419
Introduction 422
Conveyor Drive Evaluation Criteria 422
Belt Drive Attributes 427
Conveyor Drive Systems Overview 429
Other Conveyor Drives 446
Speed Reducers 446
Belt Conveyor Drive Arrangement 449
Backstops 452
Brakes 455
Brakes and Backstops in Combination 456
Devices for Acceleration, Deceleration, and Torque Control 457
Brake Heat Absorption Capacity 460
Conveyor Belt Controls 461
Belt Protection Controls 462
Belt Control Apparatus 465
Conclusion 466
FOURTEEN - OPERATION, MAINTENANCE AND SAFETY 467
Introduction 468
Operation 468
Maintenance 469
Lubrication 470
Safety 472
Guidelines for Safe Operation and Maintenance 473
Trouble Shooting Conveyor Problems 475
FIFTEEN - BELT TAKEUPS 479
Introduction 480
Belt Takeups 480
Belt Stretch or Elongation 480
Takeup Movement 480
Manual Takeups 481
Automatic Takeups 483
SIXTEEN - EMERGING TECHNOLOGIES 491
Introduction 492
Advanced Conveyor Design Methods 492
Component Properties 496
Belt Construction 497
Transient System Analysis 498
Numerical Simulation of Transfer Chutes using Discrete
Element Analysis 505
Air Supported Conveyors 507
Example of Dynamic Analysis 513
LIST OF EQUATIONS, FIGURES AND TABLES 517
APPENDIXA Sl Units 531
APPENDIX B Nomenclature 535
APPENDIX C Kx and Ky 548
APPENDIX D Conveyor Installation Standards For Belt Conveyors
Handling Bulk Materials 557
APPENDIX E Belt Conveyor Idler Roll Ai' Test Procedure 570
APPENDIX F Belt Conveyor Idler Roll Kis' Test Procedure 576
INDEX 583




PREFACE

PREFACE

The goal of this book is to be the definitive resource to experienced conveyor engineers on the design,
installation, operation, and maintenance of belt conveyors for bulk materials. An experienced
conveyor engineer, by following the methods in this book, can be greatly assisted in the design a bulk
material conveyor that will be efficient and reliable at a level of quality that reflects a systems
approach to design and operation and meets the user’s expectations.

Experienced conveyor engineers can use the information and engineering principals put forth to
design virtually any width, length, configuration and capacity of bulk materials handling belt conveyor
and predict its performance within an acceptable range. Interested parties can also gain a basic
understanding of the engineering, selection of components, related equipment and accessories and
applications for belt conveyors.

The information presented in this book is intended to cover the basic principles of belt conveyor design
and to include such formulas, tables, charts and recommendations as are required to design most belt
conveyors. The material is arranged in the order most convenient for the use of an experienced
conveyor engineer. As always, the responsibility for the ultimate safety, reliability, and functionality of
any conveyor system rests with those who design and build it.

While the formulas, recommendations and data are based on industry practice and are believed to
be reliable, CEMA does not, and can not, assume any role in, or responsibility for, the safety,
reliability or functionality of any conveyor system or component which it did not design. The
formulas and principles in this book are guidelines only and are applicable to the design of a high
percentage of conveyors that are required to operate under reasonably normal conditions. However,
conveyor design is as much art as it is science and some conveyors will operate under conditions
that are beyond the scope of this book. These design challenges require broad experience for a
satisfactory solution. A qualified designer or engineer from a CEMA member company should be
consulted in such cases, as well as in the design of conveyors critical to a process, very wide or fast
conveyors and complex conveyor systems.
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INTRODUCTION

INTRODUCTION

The development of belt conveyors, capable of transporting virtually any bulk material at thousands
of tons per hour in a continuous and uniform stream, has been one of the most important innovations
for modern industry. Its history dates back to 1830 when sawmills applied flat belts sliding in steel
troughs to move sawmill refuse and other materials away from milling operations. In the 1850’s, the
grain industry evolved the first conveyors designed to reduce the friction of rubber sliding in a steel
trough by replacing the trough with a series of pulleys, with end discs separated by bent bars, to form
a cup for troughing a leather belt. These leather troughed belt conveyors were successfully applied in
many grain elevators during the 1860’s through 1880 as refinements in the bent bar pulley design led
to spooled wooden drums with shafts supported in bearings.

It wasn’t until 1891 that rubber belt conveyors were applied to handling heavy bulk materials
previously considered transportable only by mobile equipment and gravity. Prior to this, ore
processing plants were always built into the side of a hill, eliminating the need for horizontal transport
by belt conveyor. In 1891, Thomas Edison experimented with flat belt conveyors similar to those used
in the grain handling industry to move heavy, abrasive ore at his iron mine and processing complex in
Ogdensburg, New Jersey. The belts were simply a cotton duck material. It soon became apparent that
the cotton belts and wooden idlers were no match for the heavy and abrasive ore. Replacement of the
belt and idlers became necessary on a one to two month cycle.

In that same year, Thomas Robins Sr. approached Mr. Edison and convinced him to try a cotton duck
belt with a 1/8" rubber cover. Edison agreed and the new belt proved to be the wear solution. A
working relationship began between the two inventors and Robins persuaded Edison to try a troughed
belt configuration using spool shaped idlers to form the trough. This proved to be a failure because the
upper edge of the spool moved at a higher speed than the base of the trough, causing damage to the
underside of the belt from frictional resistance. The solution recommended by Robins was to break the
spool into three independent cylindrical pulleys, each supported by a bearing at the ends of its shaft.
These two innovations, the rubber belt covers and three roll idler, became the foundation for modern
belt conveyor design and the origin of the Hewitt-Robins Company, a founding member of CEMA, in

1933.

In the ensuing years, the demand for higher capacities, longer runs, steeper conveying angles, and
energy efficiency has led to new innovations and technologies. Belt conveyors with capacities reaching
20,000 tons per hour, lengths exceeding 30 miles, horizontal curves, and inclinations to vertical are
covered in this Sixth Edition. In addition, the costs per ton-mile to transport various materials are
illustrated, based on proven experience at different operating sites. The technical information
contained in this book is generally conservative in nature. Variations in specific application
requirements or extreme service requirements should always be addressed by member company
engineering personnel whose depth of experience exceeds that covered in this text.

In the first edition of this book, the Conveyor Equipment Manufacturers Association (CEMA) stated its
objectives to make available the experience and technical knowledge of its members as a contribution
toward the design and construction of conveyors of superior performance, and also to provide basic
data and fundamentals of design for application to ordinary belt conveyor problems in order to achieve
successful performance. Adhering to these same objectives, CEMA is pleased to offer this Sixth Edition
of Belt Conveyors for Bulk Materials.
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