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Table 14.5: Bending and contact strength for selected gear materials. Source: Adapted from ANSI/AGMA 2101-D04 [2004] and

MPIF Standard 35 [2009].

Steel

Through-hardened? 180-400 HB 0.533 HB + 88.3 2.41 HB + 237

See Fig. 14.23a See Fig. 14.24

N

58-64 HRC 450° 1550

Nitrided and through-

[u—y

83.5 HR15N 0.568 HB + 83.8 1035

Nitralloy 135M and 87.5 HR15N 0.594 HB + 87.76 1170

>

0,

3 87.5 HR15N 0.7255 HB + 201.81 1305

ASTM A48 gray cast Class 20 34.5 345-415

Class 40 201 HB 90 520-585

nodular) iron 80-55-06 179 HB 150-230 530-635

120-90-02 269 HB 215-305 710-870

Syt > 275 GPa 39.5 205

Powder Metal

FLN2-4405, p= 7.35 g/cin 90 HRB 410 1240

FN-0205, p= 7.10 g/cin 69 HRB

210 1240

? Hardness refers to case hardness unless through-hardened.

b See Figs. 14.23 and 14.24.

¢ 485 MPa may be used if bainiteand microcracks are limited to Grade 3 levels.

the quality of lubricant and the lubrication regime in which
the gear operates, and gear life is more difficult to accurately
predict. This will be discussed further in Section 14.12.

Figure 14.25 shows the stress cycle correction factors for
bending and contact stress considerations.

Temperature Factor

While the AGMA prescribes the use of a temperature factor,
the only recommendation is that the temperature factor, K,
be taken as unity if the temperature does not exceed 120°C.
For higher temperatures, K, greater than one is needed to
allow for the effect of temperature on oil film and material
properties. No specific recommendations are given; experi-
mental evaluation is therefore required.

Reliability Factor

The allowable stresses were based upon a statistical proba-
bility of 1% failure at 107 cycles, or 99% reliability. For other
reliabilities, the data in Table 14.6 should be used to obtain
K.

Hardness Ratio Factor

Calculation of contact stresses was discussed in Ch. 8, and
further details of such calculations specific to gears are dis-
cussed in Section 14.12. A common result from such analy-
ses is that the contact stresses are much larger than the yield
stress of the gear material, indicating that plastic deformation
takes place at the contact location. Gross plastic deformation

Table 14.6: Reliability factor, K. Source: From ANSI/AGMA
2101-D04 [2004].

50 0.70°

99 1.00

99.99 1.50

“Based on surface pitting. If tooth breakay
considered a greater hazard, a larger valu
be required.
b At this value, plastic flow may occur r
than pitting.

does not occur, because the plastic zone is bounded by very
stiff elastic regions that restrict metal flow.

Furthermore, since the pinion has fewer teeth than the
gear, it will be subjected to a larger number of contact stress
loadings due to its geometry. There is some justification to
using a harder pinion than gear, in order to obtain a uniform
safety factor for contact stress and pitting resistance failures.
However, a harder pinion results in higher stresses on the
gear. Therefore, a correction factor Cy is defined by AGMA,
and is applied to the gear only. The hardness-ratio factor is
defined by

Cuy =104+ A" (g- — 1.0, (14.47)



l:un(lamen]cals 0{

Maclﬁne Elemen]ts

SI Version

Steven R. Schmid
Bernard . Hamrock
Bo O. Jacobson



[:unclamen][a S O

Maclnlne {‘]emen]cs

S] Version
Third Edition

Steven R. Schmid

Bernard J. Hamrock
Bo O. Jacobson

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 N'W, Suite 300
Boca Raton, FL 33487-2742

© 2014 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
Version Date: 20140501

International Standard Book Number-13: 978-1-4822-4750-3 (eBook - PDF)

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 reproduced 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.

Except as 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.copyright.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 identification and explanation
without intent to infringe.

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

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



	Front Cover
	Dedication
	Contents
	Part I &#8212; Fundamentals
	1. Introduction
	2. Load, Stress, and Strain
	3. Introduction to Materials and Manufacturing
	4. Stresses and Strains
	5. Deformation
	6. Failure Prediction for Static Loading
	7. Fatigue and Impact
	8. Lubrication, Friction, and Wear

	Part II &#8212; Machine Elements
	9. Columns
	10. Stresses and Deformations in Cylinders
	11. Shafting and Associated Parts
	12. Hydrodynamic and Hydrostatic Bearings
	13. Rolling-Element Bearings
	14. General Gear Theory; Spur Gears
	15. Helical, Bevel, andWorm Gears
	16. Fasteners, Connections, and Power Screws
	17. Springs
	18. Brakes and Clutches
	19. Flexible Machine Elements

	Appendix A: Physical and Mechanical Properties of Materials
	Appendix B: Stress-Strain Relationships
	Appendix C: Stress Intensity Factors for Some Common Crack Geometries
	Appendix D: Shear, Moment and Deflection of Selected Beams
	Appendix E: Dimensions of Threaded Fasteners



