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Life Factor, KL

All AGMA bending-fatigue strength data are for 107 cycles of repeated stress (rather than 
106 or 5x108 cycles).  Hence, we should make a correction if the life is different from 107 
cycles.  Figure 12-24 shows S-N curves for the bending-fatigue strength of steels having 
several different tensile strengths as defined by their Brinell hardness numbers.  Curve-
fitted equations are also shown for each S-N line.

Temperature Factor, KT

The lubricant temperature is a good measure of the temperature of gear. Designating the 
oil temperature (in oF) by TF, we can find KT for steel from the empirical relations:

Reliability Factor, KR

The AGMA strength data are based on 99% reliability (i.e., on a probability of one failure in 
100 samples). Hence, the reliability factor KR is defined to be 1 for 99% reliability. For other 
than 99% reliability, Table 12-19 can be used to find KR.



Bending Fatigue Strength Data are given in 
Table 12-20 for commonly used gear materials. 
Fig. 12-25 shows ranges of bending fatigue 
strength for steels as a function of HB.



AGMA Surface-Fatigue Strength for Gear Materials

The uncorrected surface-fatigue strength is designated by Sfc’ and is given in Table 12-21 
and Fig. 12-27. There are four correction factors that need to be applied to Sfc’ in 



order to find the corrected surface-fatigue strength Sfc for the application of interest:

where CT = KT is given by Eq. 12-24a
CR = KR is given in Table 12-19

and where CL is the surface-life factor and CH is the hardness ratio factor. They are 
discussed below.

Surface-Life Factor, CL

Since published surface-fatigue data are for a life of 107 cycles, CL has been defined to be 
"1" for a life of 107 cycles. Fig. 12-26 is used to modify CL for a life other than 107 cycles. 
Note that this figure is for steel and that the upper portion of the shaded zone is for 
commercial and the lower portion is for critical service applications.



Hardness Ratio Factor, CH

This factor is a function of relative hardness of pinion and gear as well as the gear ratio. It 
is defined so that CH > 1.  Hence, it acts to increase the strength of the gear. This happens 
when the pinion teeth are harder than the gear teeth and thus act to work-harden the gear-
tooth surfaces. CH is only applied to gear-tooth strength, not to the pinion.  For through-
hardened pinions in mesh with through-hardened gears:

CH = 1 + A (mG - 1) (12.26a)

where mG is the gear ratio and A is given by

For surface-hardened pinion in mesh with through-hardened gears, CH is:

CH = 1 + B (450 - HBg) (12.27)
where

where Rq is the root mean square (rms) surface roughness value of the pinion teeth in μ 
in rms (see Section 7.1, Fig. 7-2 on p. 422).



Example 5: Material Selection and Safety Factor for Spur Gears

A spur pinion transmits 15 hp at 1200 rpm. It has a pitch of 6 teeth per in, 22 full-depth 
teeth, and a 20o pressure angle. The gear has 60 teeth. For a face width of 2 in select 
suitable materials and calculate the safety factors for both bending and surface stresses in 
the gearset.  Assume a service life of 10 years of one-shift operations.

Solution:









Chapter 15   Screws and Fasteners

The success or failure of a design can hinge on proper selection and use of its fasteners.  
They have tremendous safety and economic implications because they are used in 
vehicles carrying people and in other machines. The frame of a large jet aircraft has 
millions of fasteners costing millions of dollars.  Our discussion here is limited to the 
design and selection of conventional fasteners such as bolts, screws, nuts, etc. used in 
machines.

Screws are used both to hold things together as fasteners and to move loads as the so 
called power screws or lead screws. We will study both of these applications.

15.1 Standard Thread Forms

Thread forms are standardized in the US, Canada, and the UK. This standard is known as 
the Unified National Standard (UNS) series, as shown. ISO has also defined a metric series 
standard that has the same thread form but it is not interchangeable with UNS threads.   



Pitch, p is the distance from a point on one thread to the corresponding point on the 
next adjacent thread, measured parallel to the axis. p = 1/N where N is the number of 
threads per inch.

Major (nominal outside) diameter, d is the outside diameter of an imaginary cylinder 
that touches the screw only on the thread crest.

Minor (root) diameter, dr is the diameter of an imaginary cylinder that cuts through the 
thread roots.

Lead, L (not shown) is the distance the nut moves parallel to the screw axis when the 
nut is given one turn. For a single thread, the lead is the same as the pitch, L= P, for a 
multiple thread screw, L = np.

Right-Hand and Left-Hand Threads: If rotating the screw in the direction of the 
fingers of the right hand causes it to advance in the direction of the thumb it is 
said to have a right-hand thread; otherwise it is said to have a left-hand thread.

Pitch diameter, dp is the diameter of an imaginary cylinder that cuts through the 
threads in such a way that the width of the threads and the grooves are equal on 
this cylinder. 



A thread is specified with a code that defines its series, diameter, pitch, and class 
of fit (tolerance).  For example,

Other standard series of thread pitch families are: fine-pitch (UNA) and extra-fine-pitch 
(UNEF).

There are eight classes of thread which differ by the amount of allowance and/or 
tolerance.  Classes IA, 2A, and 3A apply to external threads.

1. Classes 1A & 1B have liberal allowance for ease of assembly even when threads are 
dirty or slightly damaged 

2. Classes 2A & 2B permit external threads to be plated. Used for commercial
fasteners.

3. Classes 3A & 3B have small tolerances and are used when no allowance is required.

4. Classes 2 & 3 are not standardized and are used only with American products.

ISO threads are designated by the letter "M".

There are six classes of fit for metric threads:

8g, 7H correspond to 1A &1B

6g, 6H correspond to 2A & 2B

5g, 5H correspond to 3A & 3B

Bolt classes are designated by "g" and nuts by "H".



Basic dimensions of the UNS threads are given in Table 15-1 and those of ISO thread 
are given in Table 15-2. In these tables the "Tensile Stress Area", At is defined by

where for UNS threads:

and for ISO threads:

where d is the outside diameter, N is the number of threads per inch, and p is the pitch 
in mm.

Testing of thread rods in tension shows that



Note:  For d < 0.25 in, to find diameter use the formula:

13 (Gage Number) +60 = Diameter / 1000




