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Involute Gear Tooth Contact
Stress Analysis
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Engineering 473
Machine Design
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Pitting In Gear Teeth

[ Pitting — phenomenon in which —
small particles are removed from the [us _ :
surface of the tooth because of the s
high contact forces that are present
between mating teeth.

[ Pitting is actually the fatigue failure
of the tooth surface.

O Hardness is the primary property of
the gear tooth that provides
resistance to pitting.
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Hertz Contact Stress Equations
(Continued)

10 This graph shows the
variation of the stress
components along
the z-axis.

04 Note that the
maximum shear
stress is much less
than the maximum
¢ [E) B 1.56 2% 256 3¢ contact pressure.
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Shigley, Fig. 2-35




Hertz Contact Stress Equations
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Contact Stressin Gear Teeth
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Contact Stress Summary
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AGMA Contact Stress Formulas
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6, Eabsolute value of contactstress G, = allowable contact stress

C, =elastic coefficient C, =life factor
C, =application factor C,; = hardness ratio factor
C, = dynamic factor C; = temperature factor
C, =size factor Cy =reliability factor

d = pitch diameter of pinion

C,, =load —distribution factor

C, =surface - condition factor

1 = geometry factor

Allowable Contact Stress Values

TABLE 9-3  Allowable stress numbers for case-hardened steel gear materisls

‘Allowable bending ‘Allowable contact
stress number. 5, (Ksi) stzess number, 5, (Ksi)

Hardness
ot surface Grade]  Grade2  Graded  Gradel  Grade?  Graded
Flame- or induction-hardened:

50 HRC 43 55 170 190

S4HRC 45 55 175 195
Carburized and case-hardened:

5564 HRC 55 180

S8-64 HRC 55 s s 180 225 25
Nitrided, through-hardencd seeels:

3.5 HRISN See Figure 9-12. 150 183 175

$43HRISN See Figure 9-12. 1s5 168 120
Nitrided, nitralloy 135M:*

875 HRISN See Figare 9-13,

S0.0HRISN See Figure 9-13, 170 183 195

Nitrded, nitealoy N
HRISN Se Figure 9-13.

900 HRISN See Figace 9-13, m 188 25
Nitrided, 2.5% chrome (no aluminum)
STSHRISN Sec Figure 9-13, 155 n 1%
Y0.0 HRISN See Figure 9 13, 176 196 216
L — M Standard 2001-C35, P
for nvolue Spur and Helical Gear Teeth, the publister.
‘Asaxistion, 1500 King Steet, Sulte 201, Alexandia, VA 22314,
“Nitcalloy is 2 proprictary family 10%

formation of hasd niides
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FIGURE 9-23  [ardness ratio factor, Cy (thr fr GMA Standard 2001-C95.

Fundamental Rating Factors and Celculation Methods for Involute Spur and Helical Gear Teeth, with permission of
che publisher. American Gear Manufacturers Association. 1500 King Street, Suite 201, Alexandria, VA 22314)

Assignment

Web reading assignments

(look under product information)

A speed reducer has 20 degree full-depth teeth and consists of a
22-tooth steel spur pinion driving a 60-tooth cast-iron gear. The
horsepower transmitted is 15 at a pinion speed of 1200 rev/min.
For a diametral pitch of 6 teeth/in and a face width of 2 in, find

the contact stress.

A gearset has a diametral pitch of 5 teeth/in, a 20 degree pressure
angle, and a 24-tooth cast iron spur pinion driving a 48-tooth cast
iron gear. The pinion is to rotate at 50 rev/min. What horsepower
input can be used with this gearset if the contact stress is limited

to 100 kpsi? and F=2.5 in?




