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Lecture 5

Time: M _ _ _ _14:45 - 17:30

MECH 344/M             

Machine Element Design



• We have so far emphasized the desirability of obtaining actual fatigue test data 

that pertain as closely as possible to the application. 

• Generalized empirical factors were given for use when such data are not 

available. These factors can be applied with greatest confidence to steel parts 

because most of the data on which they are based came from testing steel 

specimens.

• Five of these factors are involved in the estimate for endurance limit:

• The temperature factor, CT, accounts for the fact that the strength of a material 

decreases with increased temperature, and the reliability factor, CR, acknowledges 

that a more reliable (> 50%) estimate of endurance limit requires using a lower 

value of endurance limit.

• Table 8.1 gives a summary of all factors used for estimating the fatigue strength of 

ductile materials (when subjected to completely reversed loading). It serves as a 

convenient reference for solving problems.







• Machine and structural parts seldom encounter completely reversed stresses; 

rather, they typically encounter a fluctuating stress static plus reversed stress. 

• Fluctuating stress is usually characterized by its mean & alternating components. 

Also, the terms maximum stress and minimum stress are used. Figure 8.15

• Note that if any two of them are known, the others are readily computed. 

• This text uses primarily mean and alternating stress components, as in Figure 

8.16. The same information can be portrayed graphically with any combination of 

two of the stress components shown in Figure 8.15. 

• For example, m–max coordinates are often found in the literature. For 

convenience, some graphs use all four quantities, as in Figures 8.17 through 8.19.



So m = a = max / 2

max = -min

So m = 0

max = a

min = 0

So m = (max + min)/ 2

and a = (max - min)/ 2

min  0



• Here we use mean m and alternating stress a components, as in Figure 8.16. 

• The same information can be portrayed graphically with any combination of two of 

the stress components shown in Figure 8.15. 

• For example, m–max coordinates are often found in the literature. For 

convenience, some graphs use all four quantities, as in Figures 8.17 through 8.19.





• The existence of a static tensile stress reduces the amplitude of reversed stress 

that can be superimposed. Figure 8.20 illustrates this concept. 

• Fluctuation a is a completely reversed stress corresponding to the endurance 

limit—the mean stress is zero and the alternating stress n. Fluctuation b involves 

a tensile mean stress. In order to have an equal (in this case, “infinite”) fatigue life, 

the alternating stress must be < n. In going from b to c, d, e, and f, the mean 

stress continually increases; hence, the alternating stress must decrease.

• Note that in each case the 

stress fluctuation is shown as 

starting from zero, and that 

the stresses are computed 

P/A values. 

• Microscopic yielding occurs 

even at a, as has previously 

been noted. 

• Upon reaching d, 

macroscopic yielding begins. 

Although load fluctuations e 

and f give “infinite” life, the 

part is yielded on the first 

load application.



• Figure 8.16 - graphical representation of diff mean and alternating stress in 

relation to criteria both for yielding and for various fatigue lives. It is often called a 

constant-life fatigue diagram because it has lines corresponding to a constant 106-

cycle (or “infinite”) life, constant 105-cycle life, and so forth.

• To begin the construction of this diagram, put on it first the information that is 

already known. The horizontal axis (a = 0) corresponds to static loading.

• Yield and ultimate strengths are plotted at points A and B. For ductile materials, 

the compressive yield strength is -Sy, and this is plotted at point A’. 

• If the mean stress is zero and the alternating stress is equal to Sy (point A”), the 

stress fluctuates between ±Sy

• All points along the line AA” 

correspond to fluctuations with 

tensile peak of Sy; and all 

points on A’A” correspond to 

compressive peaks = -Sy . 

• All combinations of m & a

causing no (macroscopic) 

yielding are contained within 

triangle AA’A”.



• All S–N curves considered here correspond to m = 0. Hence, we can read from 

these curves points like C, D, E, and F for any fatigue life of interest.

• Connecting these points with B gives estimated lines of constant life. This 

empirical procedure for obtaining constant-life lines is credited to Goodman; hence 

the lines are commonly called Goodman lines.

• Laboratory tests have consistently indicated that compressive mean stresses do 

not reduce the amplitude of allowable alternating stress; if anything, they slightly 

increase it. Figure 8.16 is thus conservative in showing the constant-life lines as 

horizontal to the left of points C, D, and so on. (The lines apparently extend 

indefinitely as far as fatigue is concerned, the limitation being only static 

compression failure.)



1. If a life >106 cycles is required and no yielding is permitted stay inside A’HCGA.

2. If no yielding but <106 cycles of life required, work within some or all of HCGA’H.

3. If 106 cycles of life are required but yielding acceptable, area AGB (and area to 

the left of A’H) may be used, in addition to area A’HCGA.

4. Area above A”GB (and above A”HH’) corresponds to yielding on the first 

application of load and fatigue fracture prior to 106 cycles of loading.



• The procedure for general biaxial loads given in Figure 8.16 is simplification of a 

very complex situation. It applies best to situations involving long life, where the 

loads are all in phase, where the principal axes for m and a are same, and 

where these axes are fixed with time. 

• For an illustration in which these conditions would be fulfilled, consider the 

example in Figure 4.25 with the shaft stationary, and with the 2000-lb static load 

changed to a load that fluctuates between 1500 and 2500 lb. 

• The static stresses on 

element A would be 

unchanged, but 

alternating stresses 

would be added. The 

alternating bending and 

the alternating torsion 

would obviously be in 

phase, the principal 

planes for m and a 

would be the same, and 

these planes would 

remain the same as the 

load fluctuated.









• Figures 8.17 through 8.19 give constant-life fatigue strengths for some steel and 

aluminum materials. 

• They differ from Figure 8.16 in the following respects.

1. Figures 8.17 - 8.19 represent actual experimental data for materials involved, 

while Figure 8.16 shows conservative empirical relationships that are applicable.

2. Figures 8.17 - 8.19 are “turned 45,” with scales added to show max ,min, m & a.

3. Yield data are not shown on these figures.

4. The experimental constant-life lines shown have some curvature, indicating that 

Figure 8.16 errs a little on the conservative side in both the straight Goodman 

lines and in the horizontal lines for compressive mean stress. This conservatism 

usually exists for ductile but not for brittle materials. Experimental points for brittle 

materials are usually on or slightly below the Goodman line.

• When experimental data like those given in Figures 8.17 - 8.19 are available, 

these are to be preferred over the estimated constant-life fatigue curves 

constructed in Figure 8.16.

• Figure 8.16 and Table 8.1 provide helpful summaries of information pertaining to 

the solution of a large variety of fatigue problems.



• Using the empirical relationships, estimate the S–N curve and a family of 

constant-life fatigue curves pertaining to the axial loading of precision steel parts 

having Su = 150 ksi, Sy = 120 ksi, and commercially polished surfaces.

• All cross-section dimensions are to be under 2 in.

• Known: A commercially polished steel part having a known size and made of a 

material with specified Su and Sy is axially loaded

• Find: Estimate the S–N curve and construct constant-life fatigue curves.















• Probably the most 

common use of fatigue 

strength relationships is 

in connection with 

designing parts for 

infinite (or 5 X 108–

cycle) life or in 

analyzing parts 

intended for infinite 

fatigue life.

• In these situations no 

S–N curve is required. 

Only the estimated 

endurance limit need be 

calculated and the 

infinite-life Goodman 

line plotted























































Introduction
• Multitude of fasteners are available raging from nuts and bots to different 

varieties. Only a small sample is shown here

• Limit our discussion to design and 

selection of conventional fasteners 

(screws, nuts & bolts).

• Primarily used in machine design 

applications and lot of stresses are 

encountered.

• Used primarily for holding, or 

moving (lead screw)

• Loads are tensile, or shear or both

• The economic implications are 

tremendous.

• the airframe of a large jet aircraft 

has approximately 2.4 Million 

fasteners costing about $750,000 

in 1978 dollars.



• Figure 10.1 illustrates the basic arrangement of a helical thread wound around 

a cylinder, as used on screw-type fasteners, power screws, and worms. 

• Pitch, lead, lead angle, and hand-of-thread are defined by the illustrations. 

• Virtually all bolts and screws have a single thread, but worms and power 

screws sometimes have double, triple, and even quadruple threads. 

• Unless otherwise noted, all threads are assumed to be right-hand.



• Figure 10.2 shows the standard geometry of screw threads used on fasteners.

• This is basically the same for both Unified (inch) and ISO (metric) threads. 

• Standard sizes for the two systems are given in Tables 10.1 and 10.2. 

• The pitch diameter, dp, is the diameter of a cylinder on a perfect thread where 

the width of the thread and groove are equal. 

• The stress area tabulated 

is based on the average 

of the pitch and root 

diameters. 

• This is the area used for 

“P/A” stress calculations. 

• It approximates the 

smallest possible fracture 

area, considering the 

presence of the helical 

thread.









• Standard form of power screws

• Acme is the oldest. Acme stub is easier to heat treat

• Square gives more efficiency but 0 angle difficult

• Modified square with 5 is commonly used

• Buttress is used to resist large axial  force in one 

direction

• For power screws with multiple threads, the number 

of threads per inch is defined as the reciprocal of 

the pitch, not the reciprocal of the lead.





• Nut turned with applied torque of T lifts load P

• To compensate for the friction between nut and the base, 

thrust bearings are used

• Another application is shown below

• For accurate positioning of the nut, based on rotation of 

the lead screw by servomotor



• shaded member connected to the handle rotates, and that a ball thrust bearing 

transfers the axial force from the rotating to a nonrotating member. 

• All 3 jacks being same, Figure 10.5c for determining the torque, Fa, that must 

be applied to the nut in order to lift a given weight.

• Turning the nut in Figure 10.5c forces each portion of the nut thread to climb 

an inclined plane. 



• Turning the nut forces each portion of the nut thread to climb an inclined plane.

• If a full turn were developed, a triangle would be formed, illustrating tan 

• A segment of the nut is represented by the small block acted upon by load w, 

normal force n, friction force fn, and tangential force q. 

• force q times dm/2 represents the torque applied to the nut segment.



• Summing the tangential forces

• .

• Summing the axial forces

• With torque for q being q(dm/2) and q, n, w are acting on a small segment of 

the nut, integrating this to full nut and changing the notations to Q, N, W, the 

torque T required to lift a load W is



• Since L is more commonly referred to in threads than , dividing the numerator 

and denominator by cos  and then substituting L/dm for tan .

• Since a bearing or thrust washer (dia dc) is used friction adds to the torque 

required

• If the coefficient of friction of the collar washer or bearing is fc then

• For a square thread,                        this simplifies to



• For lowering the load, the directions of q and fn are reversed giving

• For a square thread, this simplifies to

• fc can be (because very low) neglected if ball or roller thrust bearing is used 

and the second portion of the term does not come into play

• f & fc can vary between .08 to .2 if plain thrust collar is used



• Self locking implies positive torque to lower the load

• Neglecting collar friction, screw can be self locking if T>=0

• For square threads



• Work output divided by work input is the efficiency

• Work output in 1 revolution is load times distance which is WL

• Work input is the torque in one revolution which is 2T

• So efficiency e = WL/ 2T

• For a square thread

• Simplified to for square threads



• As f increases; e lowers

• Efficiency tends to 0 as lead angle 

approaches 0, as load does not move 

much in the vertical plane

• Efficiency tends to 0 as lead angle 

approaches 90, as the plane more 

perpendicular and requires a lot of 

torque to move the object even slightly

• Ball bearing screws reduce f











• For power screws and threaded fasteners the stress are 

• Torsion while tightening 

• where d is root diameter, dr , obtained from Figure 10.4 (for power screws) or 

Tables 10.1 and 10.2 (for threaded fasteners). 

• If the screw or bolt is hollow, where di represents the inside diameter.

• Where collar friction is negligible, the torque transmitted through a power screw 

is the full applied torque. 

• With threaded fasteners, the equivalent of substantial collar friction is normally 

present, in which case it is customary to assume that the torque transmitted 

through the threaded section is approximately half the wrench torque.



• Power screws are subjected to direct P/A tensile and compressive stresses; 

threaded fasteners are normally subjected only to tension.

• The effective area for fasteners is the tensile stress area At (Table 10.1 & 10.2). 

• For power screws axial stresses are not critical; so At, approximated based on dr

• Threaded fasteners should always have enough ductility to permit local yielding 

at thread roots without damage. So non uniform load distribution is ok for static 

stresses. But not fatigue.

• The combination of the stresses can be the distortion energy theory used as a 

criterion for yielding. 

• With threaded fasteners, it is normal for some yielding to occur at the thread 

roots during initial tightening.


