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Types of Bevel gears (1)
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Types of Bevel gears (2)
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Types of Bevel gears
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Tooth Proportions

Tooth Proportions for 20° Straight Bevel-Gear Teeth

Working depth
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Addendum of gear

Gear ratio

Equivalent 90° ratio

Face width

Minimum number of teeth
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Gear force analysis

Pitch angle
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AGMA Stress Equation (bending)
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American Gear Manufacturers Association (AGMA) lauuzsiinisaanuuuiNadnanaanadit

AGMA Equation (bending)
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U.S. customary units

S

W; : Tangential force : Geometry factor for bending strength
P 4 - Outer transverse diametral pitch KO : Overload factor
F : Face width KS : Size factor

K : Load-distribution factor

Kv : Dynamic factor

a 4 v ' - Kx : Lengthwise curvature factor
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Geometry factor (Y))

Number of teeth in mate
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Geometry factor, J (Y))

Number of teeth on gear for which geometry factor is desired




Overload Factor Ko

Character of Character of Load on Driven Machine

Prime Mover Uniform Light Shock Medium Shock Heavy Shock
Uniform 1.00 1.25 1.50 1.75 or higher
Light shock 1.10 1.35 1.60 1.85 or higher
Medium shock 1.25 1.50 1.75 2.00 or higher
Heavy shock 1.50 1.75 2.00 2.25 or higher

Note: This table is for speed-decreasing drives. For speed-increasing drives, add 0.01(N/n)? or 0.01(z>/z;)*
to the above factors.

Size Factor for Bending K U.S. customary units

K, =0.4867+0.2132/P, 0.5<pP,<16teethiin

K,=0.5 P, > 16 teeth/in



Load-Distribution Factor K U.S. customary units

K =K  +0.0036F

1.00 : both members straddle-mounted

Kmb = 1.10 : one member straddle-mounted

1.25 : neither member straddle-mounted

Lengthwise Curvature Factor K

K =1 for straight-bevel gears



Dynamic factor (K )

Pitch-line velocity, v, (m/s)
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, Q,=11 pitch diameter in ft/min

I.

o v, =mdpn, [12

9 2000 4000 6000 8000 10 000

Pitch-line velocity, v, (ft/min) Maximum pitch-line velocity (ft/min)

Vi = [A+(0, =3)]

Qv = Transmission accuracy number



Selection of material (bending stress)

Permissible Bending Stress

AGMA Equation (bending)
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: Allowable bending stress
: Stress cycle number for bending strength
: Temperature factor

: Reliability factor
SF

factor of safety (design decision)



Allowable bending stress, S_,

Minimum Bending Stress Number (Allowable), Allowable Bendina Stress
Material Heat Surface Sat (oF lim) Ibf/in? (N/mm?) 9
Designation Treatment Hardness Grade 1* Grade 2* Grade 3* Numbers for Steel Gears
Steel Through-hardened Fig. 15-13 Fig. 15-13 Fig. 15-13
Flame or induction hardened
Unhardened roots 50 HRC 15000 (85) 13 500 (95)
Hardened roots 22 500 (154)
Carburized and case 2003-B97
hardened’ Table 8 30 000 (205) 35 000 (240) 40 000 (275)
AISI 4140 Nitrided™* 84.5 HR15N 22 000 (150)
Nitralloy 135M Nitrided "* 90.0 HRI5N 24 000 (165)

*See ANSI/AGMA 2003-B97, Tables 811, for metallurgical factors for each stress grade of steel gears.
"The allowable stress numbers indicated may be used with the case depths prescribed in 21.1, ANS/AGMA 2003-B97.

“The overload capacity of nitrided gears is low. Since the shape of the effective S-N curve is flat, the sensitivity to shock should be investigated
before proceeding with the design.
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Brinell hardness H,



Stress-cycle factor, K, (Yy;)

Stress-cycle factor for bending strength KL for

carburized case-hardened steel bevel gears
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K, =6.1514 N 011
Yyr=6.1514 p, *-1192

NOTE: The choice of K, (¥,;) is influenced by:

Pitch-line velocity
Gear material cleanliness
Residual stress

Material ductility and fracture toughness
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K, : Temperature factor

1.00

(460+t)/710

K, : Reliability factor

-32°F <t < 250 °F

-t > 250 °F

Reliability

Factors for Steel*
Requirements of Application Cr (Z2) Kr (Yz)?
Fewer than one failure in 10 000 1.22 1.50
Fewer than one failure in 1000 1.12 1.25
Fewer than one failure in 100 1.00 1.00
Fewer than one failure in 10 0.92 0.85%
Fewer than one failure in 2 0.84 0.70°%

*At the present time there are insufficient data concerning the reliability of bevel gears

made from other materials.

"Tooth breakage is sometimes considered a greater hazard than pitting. In such cases a

greater value of Kg (Y7) is selected for bending.
At this value plastic flow might occur rather than pitting.

SFrom test data extrapolation.



AGMA Stress Equation (contact)

AGMA Equation (Contact)

1/2

s =C W K K K C C U.S. customary units

P FdoI

W, : Tangential force C. : Size factor for pitting resistance

¢ g B g

dp : Pitch diameter (pinion) C. . : Crown factor for pitting resistance
P xc

F  : Face width
1

: Geometry factor for pitting resistance KO : Overload factor
Km : Load-distribution factor

Kv : Dynamic factor

Cp : Elastic coefficient for pitting resistance

S wilawAganunsth Bending stress
w1 laLgwAgINUNI o Spur/ helical gear
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C,, C;and C,,

Cp : Elastic coefficient for pitting resistance RVERIELIGERATIIIE

—
1 1/2 E., E; = Young’'s moduli for pinion and gear, psi
C = = Young’s moduli for pinion and gear, N/mm?
: 1-v)/E, +(1-v})/E ’
7l( VP)/ pt-vg )/ ¢ < For steel
Cp = 2290 (psi)"?
Cp = 190 (N/mm?)"?
N—
C, : Size factor for pitting resistance C.. : Crowning factor for pitting
U.S. customary units
0.5 . F < 05in C = 1.5 : properly crowned teeth
CS — 0125E + 04375 - 05 < F < 45in xe 2.0 : or larger uncrowned teeth

1 : F > 45in



Geometry factor, /

Contact geometry factors, I, for coniflex straight-bevel gears with 20° normal pressure angle and

(o)
a 90" shaft angle
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Geometry factor, I (Z;)



Selection of material (contact stress)

Permissible Contact Stress

AGMA Equation (contact) Numbers
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S, : Allowable contact stress
C 1 - Stress cycle factor for pitting resistance
o 5 - C g7 - Hardness ratio factor for pitting resistance
‘I/i'lv‘,ﬂl,‘?li%l,ﬂ&l']ﬂ‘uﬂ‘sm « KT : Temperature factor
Bending stress CR . Reliability factor for pitting
S g - Contact factor of safety (design decision)



Allowable contact stress, S_.

Minimum Allowable Contact Stress Number,

Material Heat Surface* Sac (oH lim) Ibf/in? (N/mm?) Allowable Contact Stress
Designation Treatment Hardness Grade 1* Grade 21 Grade 3t
Steel Through-hardened* Fig. 15-12 Fig. 15-12 Fig. 15-12 Numbers for Steel Gears
Flame or induction 50 HRC 175 000 190 000
hardened® (1210) (1310)
Carburized and 2003-B97 200 000 225 000 250 000
case hardened® Table 8 (1380) (1550) (1720)
AISI 4140 Nitrided® 84.5 HR15N 145 000
(1000)
Nitralloy 160 000
135M Nitrided® 90.0 HR15N (1100)

*Hardness to be equivalent to that at the tooth middepth in the center of the face width.
"See ANSI/AGMA 2003-B97, Tables 8 through 11, for metallurgical factors for each stress grade of steel gears.
“These materials must be annealed or normalized as a minumum.

SThe allowable stress numbers indicated may be used with the case depths prescribed in 21.1, ANS/AGMA 2003-B97.
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Stress-Cycle Factor, C,

Contact Stress-cycle factor for pitting resistance C,

for carburized case-hardened steel bevel gears
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Stress-cycle factor, C; (Zy1)
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Number of load cycles, N; (1))
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K, : Temperature factor

1.00

(460+t)/710

K, : Reliability factor

-32°F <t < 250 °F

-t > 250 °F

Reliability

Factors for Steel*
Requirements of Application Cr (Z2) Kr (Yz)!
Fewer than one failure in 10 000 1.22 1.50
Fewer than one failure in 1000 1.12 1.25
Fewer than one failure in 100 1.00 1.00
Fewer than one failure in 10 0.92 0.85%
Fewer than one failure in 2 0.84 0.70°%

*At the present time there are insufficient data concerning the reliability of bevel gears

made from other materials.

"Tooth breakage is sometimes considered a greater hazard than pitting. In such cases a

greater value of Kg (Y7) is selected for bending.
At this value plastic flow might occur rather than pitting.

SFrom test data extrapolation.



Example

Design a straight-bevel gear mesh for shaft centerlines that intersect perpendicularly, to deliver
6.85 hp at 900 rev/min with a gear ratio of 3:1, temperature of 3OOOF, normal pressure angle
of 20°, using a design factor of 2. The load is uniform-uniform. Although the minimum number
of teeth on the pinion is 13, which is mesh with 31 or more teeth without interference, use a
pinion of 20 teeth. The material is to be AGMA grade 1 and the teeth are to be crowned. The

reliability goal is 0.995 with a pinion life of 10° revolutions [Ex.15-2 Shigley’s Mechanical Engineering
Design 9th, Richard G. Budynas, J. Keith Nisbett]
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