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Chapter 14: Spur and Helical Gears
14.1 The Lewis Bending Equation

.
557

BIRZEIT UNIVERSITY
Table 14-1 Symbol* Name Where Found
Symbols, Their Names, . Mesh alignment correction factor Eq. (14-35)
and Locations Cr(Zp) Surface condition factor Eq. (14-16)
Cy(Zw) Hardness-ratio factor Eq. (14-18)
Co Mesh alignment factor Eq. (14-34)
Chc Load correction factor Eq. (14-31)
Cir Face load-distribution factor Eq. (14-30)
C, (Zp) Elastic coefficient Eq. (14-13)
Car Pinion proportion factor Eq. (14-32)
S Pinion proportion modifier Eq. (14-33)
d Pitch diameter Ex. (14-1)
dp Pitch diameter, pinion Eq. (14-22)
dg Pitch diameter, gear Eq. (14-22)
F(b) Net face width of narrowest member Eq. (14-15)
Ip Pinion surface finish Fig. 14-13
H Power Fig. 14-17
Hpg Brinell hardness Ex. 143
Hps Brinell hardness of gear Sec. 14-12
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BIRZEIT UNIVERSITY
Hpg; Brinell hardness of gear Sec. 14-12
Hpp Brinell hardness of pinion Sec. 14-12
hp Horsepower Ex. 14-1
I, Gear-tooth whole depth Sec. 14-16
I (Z)) Geometry factor of pitting resistance Eq. (14-16)
F 1Yy Geometry factor for bending strength Eq. (14-15)
Ky Rim-thickness factor Eq. (14-40)
K Fatigue stress-concentration factor Eq. (14-9)
K, (Ky) Load-distribution factor Eq. (14-30)
K, Overload factor Eq. (14-15)
Kgr(Y7) Reliability factor Eq. (14-17)
K, Size factor Sec. 14-10
K7 (Yy) Temperature factor Eq. (14-17)
K, Dynamic factor Eq. (14-27)
m Module Eq. (14-15)
npg Backup ratio Eq. (14-39)
my Face-contact ratio Eq. (14-19)
Mg Gear ratio (never less than 1) Eq. (14-22)
Ny Load-sharing ratio Eq. (14-21)
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Figure 14-1
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14.1 The Lewis Bending Equation E i
> WP yo 2P
FY 3
Table 14-2 Number of Number of
Values of the Lewis Teeth Teeth
Form Factor Y (These 12 0.245 28 0.353
Values Are for a Normal 13 0.261 30 0.359
Pressure Angle of 20°, 14 0.277 34 0.371
Full-Depth Teeth, and a 15 0.290 38 0.384
Diametral Pitch of Unity 16 0.296 43 0.397
in the Plane of Rotation) 17 0.303 50 0.409
18 0.309 60 0.422
19 0314 I 0.435
20 0.322 100 0.447
21 0.328 150 0.460
22 0.331 300 0.472
24 0.337 400 0.480
26 0.346 Rack 0.485
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14.3 AGME Stress Equations — Bending Stress SIRZET UNIVERSITY
f ! Pa’ KmKE I
|14 KGKI,KS? ¥ (U.S. customary units)
o | | KK, | [ )
WK, K, K, (ST units)
! bm, Y;

where for U.S. customary units (SI units),

W' is the tangential transmitted load, Ibf (N)

K, 1s the overload factor

K, is the dynamic factor

K, is the size factor

P, is the transverse diametral pitch

F (b) is the face width of the narrower member, in (mm)
K,, (Ky) 1s the load-distribution factor

K is the rim-thickness factor

J (Y)) is the geometry factor for bending strength (which includes root fillet
stress-concentration factor Ky)

(m,) is the transverse metric module
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14.5 Geometry Factor J (Y) e ety

Bending-Strength Geometry Factor | (Y))
The AGMA factor J employs a modified value of the Lewis form factor, also denoted
by Y: a fatigue stress-concentration factor K and a tooth load-sharing ratio my. The
resulting equation for J for spur and helical gears is

Y

J=
Ky

{14-20)

It 1s important to note that the form factor Y in Eq. (14-20) is not the Lewis factor
at all. The value of Y here is obtained from calculations within AGMA 908-B89,. and
is often based on the highest point of single-tooth contact.

The factor K; in Eq. (14-20) 1s called a stress-correction factor by AGMA. 1t is
based on a formula deduced from a photoelastic investigation of stress concentration
in gear teeth over 50 years ago.

The load-sharing ratio m, is equal to the face width divided by the minimum
total length of the lines of contact. This factor depends on the transverse contact ratio
my, the face-contact ratio my, the effects of any profile modifications, and the tooth
deflection. For spur gears, my = 1.0. For helical gears having a face-contact ratio
myp == 2.0, a conservative approximation is given by the equation

My = (14-21)

W
0.95Z
where py is the normal base pitch and Z is the length of the line of action in the
transverse plane (distance L, in Fig. 13135, p. 676).
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14.5 Geometry Factor J (Y) SIRZEIT UNIVERSITY
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Figure 14-6
Spur-gear eceometry factors J. Source: The graph 1s from AGMA 218.01, which is consistent with tabular data from the current
AGMA 908-B29. The graph is convenient for design purposes.
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14.7 Dynamic Factor /(V BIRZEIT UNI'!."I;RRSTTY

Dynamic factors are used to account for inaccuracies in the

manufacture and meshing of gear teeth in action.

Transmission error is defined as the departure from uniform angular

velocity of the gear pair. Some of the effects that produce transmission

error are:

" |naccuracies produced in the generation of the tooth profile; these
include errors in tooth spacing, profile lead, and runout

= Vibration of the tooth during meshing due to the tooth stiffness

= Magnitude of the pitch-line velocity

= Dynamic unbalance of the rotating members

= Wear and permanent deformation of contacting portions of the
teeth

= Gearshaft misalighment and the linear and angular deflection of the
shaft

= Tooth friction
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14.7 Dynamic Factor I(V BIRZEIT UNIVERSITY
¢ ~ /T\B
A+ VYV
( P ) Vin ft/min
K.= e sk
: A + V200V ,
Vin m/s
I A
where

A = 50 + 56(1 — B)
B = 025(12 — 0,)*?

Qv (quality numbers) numbers define the tolerances for gears of
various sizes manufactured to a specified accuracy.

- 3 to 7 will include most commercial quality gears.

- 81to 12 are of precision quality.
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14.7 Dynamlc Factor I(V BIRZEIT UNIVERSITY
Figure 14-9
Q,=5
Dynamic factor K,. The 1.8 |- 0,=6
equations to these curves are
given by Eq. (14-27) and the L7 7
end points by Eq. (14-29). Q=1
(ANSI/AGMA 2001-D04, & isir
Annex A) R 0. =8
2 15F
8
13 =9
E 14} -
& i
1.3 | Q{';‘:Iﬂ
1.2 |
Q,=11
1.1 -
*Very Accurate Gearing”™
1.0
4000 6000 8000 10 000
Pitch-line velocity, V|, ft/min
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14.8 Overload Factor X, _.f_;;\_t Feo=

BIRZEIT UNIVERSITY

The overload factor A is intended to reflect the non-uniformity of
driving and load torques drive (source of power).

Examples include variations in torque from the mean value due

to firing of cylinders in an internal combustion engine or reaction

to torque variations in a piston pump drive.

Table of Overload Factors. K

)

Driven Machine

Power source  Uniform Moderate shock Heavy shock

Uniform 1.00 125 1.75
Light shock 1.25 1.50 2.00
Medium shock 1.50 1.75 2.25
5/18/2022 12
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14.10 Size Factor K, ot
. Ize Factor s BIRZEIT UNIVERSITY
The size factor reflects nonuniformity of material properties due to size. It depends

upon

* Tooth size

* Diameter of part

» Ratio of tooth size to diameter of part
» Face width

* Area of stress pattern

» Ratio of case depth to tooth size

» Hardenability and heat treatment

AGMA has identified and provided a symbol for size factor. Also, AGMA sug-
gests K, = 1, which makes K; a placeholder in Egs. (14-15) and (14-16) until more
information 1s gathered. Following the standard in this manner 1s a failure to apply all
of your knowledge. From Table 13-1, p. 688,/ = a + b = 2.25/P. The tooth thick-
ness t in Fig. 14-6 is given in Sec. 14-1, Eq. (b), as t = V4lx where x = 3Y/(2P) from
Eq. (14-3). From Eq. (6-25), p. 297, the equivalent diameter d, of a rectangular section
in bending is d. = 0.808 VFt. From Eq. (6-20). p. 296, k, = (d./0.3)"*'"". Noting
that K, is the reciprocal of k;, we find the result of all the algebraic substitution is

I ( F.—\/?)IJ.DEBS
P

K, == 1192 (a)
b
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14.1 The Lewis Bending Equation E e
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Table 14-2 Number of Number of
Values of the Lewis Teeth Teeth
Form Factor Y (These 12 0.245 28 0.353
Values Are for a Normal 13 0.261 30 0.359
Pressure Angle of 20°, 14 0.277 34 0.371
Full-Depth Teeth, and a 15 0.290 38 0.384
Diametral Pitch of Unity 16 0.296 43 0.397
in the Plane of Rotation) 17 0.303 50 0.409
18 0.309 60 0.422
19 0314 I 0.435
20 0.322 100 0.447
21 0.328 150 0.460
22 0.331 300 0.472
24 0.337 400 0.480
26 0.346 Rack 0.485
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14.3 AGME Stress Equations — Bending Stress ey A
f ! Pa’ KmKE I
WK K;K:— FJ (U.S. customary units)
o= 9 | K. Ky | (14-15)
WK, K, K, (ST units)
! bm‘, Y,

where for U.S. customary units (SI units),
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W' is the tangential transmitted load, Ibf (N)
K, 1s the overload factor
K, is the dynamic factor
K, is the size factor
P, is the transverse diametral pitch
F (b) is the face width of the narrower member, in (mm)
K,, (Ky) 1s the load-distribution factor
K is the rim-thickness factor
(Y;) is the geometry factor for bending strength (which includes root fillet
stress-concentration factor Ky)
(m,) is the transverse metric module
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14.11 Load Distribution X, (K, ) %ﬂ eSS

BIRZEIT UNIVERSITY

The load-distribution factor modified the stress equations to reflect
non-uniform distribution of load across the line of contact.
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14.11 Load Distribution X, (K, ) BIRZE(T UNIVERSITY

The load-distribution factor modified the stress equations to reflect
non-uniform distribution of load across the line of contact.

K,, is applied under the following conditions:

= Net face width to pinion pitch diameter ratio F/dp <=2

= Gear elements mounted between the bearings

= Face widthsup to40in

= Contact, when loaded, across the full width of the narrowest
member

Km — Cnrf = M4 Cmf'c Cp f Cpm T Cm.:f C{?}

5/18/2022 17
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14.11 Load Distribution X, (K. ) ED_——r
K= Cpur=1+ Cpfcpm. +C..C)
co - {1 for uncrowned teeth
o 0.8 for crowned teeth

Crown — —

5/18/2022 18

STUDENTS-HUB.com Uploaded By: anonymous



Chapter 14: Spur and Helical Gears *
D ks

14.11 Load Distribution X, (K, ) BIRZE(T UNIVERSITY

F
— D25 F=1in
10dp
Cpp =14 ——— — 0.0375 + 0.0125F | <F=17in
IOdP
— 0.1109 + 0.0207F — 0.000 228F* 17 << F=<40in
X IOdP

Note that for values of F/(10d,) < 0.05, F/(10dp) = 0.05 is used.
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14.11 Load Distribution X, (K, ) ;."?,QE;T SvERSITY
K, = mf — I + Cpel CP@ + CuaCe)
B { I for straddle-mounted pinion with S, /S < 0.175
P I.1 for straddle-mounted pinion with §,/S = 0.175
Figure 14-1 0 Centerline of
gear face
Definition of distances S and Centerline of Centerline of
S) used in evaluating Cpp, bea"”llg hea“ngl
Eq. (14-33). (ANSI/AGMA
2001-D04.)
1
| |
i<_ I
; S
S, = -
| 1 - |
- S >~
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14.11 Load Distribution K, (K, ) Sl

Km — Cmf — b & Cmc(Cprpm + e)

C,, = A + BF + CF*

Table 14-9 Condition A B c
Empirical Constants A, B, Open gearing 0.247 00167  —0.765(107%
and C for Eq. (14-34), Commercial, enclosed units 0.127 0.0158  —0.930(107%
Face Width F in Inches* Precision, enclosed units 0.0675 0.0128  —0.926(10"%)
Source: ANSI/AGMA Extraprecision enclosed gear units  0.00360 0.0102 —0.822(107%)
2001-D0A4.

*See ANSIVAGMA 2101-D04, pp. 20-22, for SI formulation.

5/18/2022 21

STUDENTS-HUB.com Uploaded By: anonymous



L

14.11 Load Distribution K, (K,,) e

Km — Crnf b+ Cmf(c pf m T e)

Chapter 14: Spur and Helical Gears '*.ﬁ_-, .

C,, = A + BF + CF*

0.90
0.80 Open gearing
0.70
&
g 0.60 Commercial enclosed gear units
E Curve 1
= 050
u
z Precision enclosed gear units
%"‘ 0.40 Curve 2
<= — .
= Extra precision enclosed gear units
= 030 Curve 3

0.20

0.10

For determination of C, . see Eq. (14-34)

0.0

0 5 10 15 20 25 30 35
Face width, F (in)

Figure 14-11

Mesh alignment factor C,,. Curve-fit equations in Table 14-9. (ANSI/AGMA 2001-D04.)
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14.11 Load Distribution X, (X, ) e Davenay

K, =Gp=1+ € kC+C,. + Cm

(0.8 for gearing adjusted at assembly, or compatibility
¢, = R 1s improved by lapping, or both (14-35)
L for all other conditions
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14.16 Rim-Thickness Factor A BIRZEIT UNIVERSITY

Rim-Thickness factor (K}) is a modifying factor adjusts the estimated bending
stress for the thin-rimmed gear

i 2.242
1.6 In mg < 1.2
mp
KB = < _
1 mg = 1.2
\
Figure 14-16 - ] . o
ormp<1.2 N\
Rim-thickness factor K. 22 =l Bl (2}%42) h
=) B
(ANSI/AGMA 2001-D04.) by 200
2 18
E 16 A —
g i Formy>1.2 )/ ’ 1
g ii- v B hy
T 10 Y
£
[ [ fe A | | | [ [ | b e B
05 06 08 10 12 2 3 4 5 6 7 8 910
Backup ratio, my
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14.4 AGMA Strength Equations BIRZEIT UNIVERSITY

Instead of using the term strength, AGMA uses data termed allowable
stress numbers (Gear Bending Strength)

The equation for the allowable bending stress is

|
(U.S. customary units)

5 KoK,
O
S Yo7

O =

(ST units)

where for U.S. customary units (SI units),

S; 1s the allowable bending stress, 1bf/in’ {Nz’mmz)
Yy 1s the stress-cycle factor for bending stress

K7 (Yp) are the temperature factors

Ky (Yz) are the reliability factors

Sr 1s the AGMA factor of safety, a stress ratio

5/18/2022 25
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14.4 AGMA Strength Equations o e

Flgure 14-2 Metallurgical and quality
P — 1 . control procedure required
owable bending stress Z . oo
wmber for through-hardened I W
Rt i “ S, =102 Hy + 16 400 psi
steels. S,. The SI equations are: 5
L
. = 0.533H; + 88.3 MPa. =
= 40
grade 1. and §, = 0.703Hy + %
O
113 MPa, grade 2. =
(Source: ANSI/AGMA £ "
2001-D04 and 2101-D04.) E ) Grade |
2 S,=77.3 Hy + 12 800 psi
=
2 20
=<
10
150 200 250 300 350 400 450
Brinell hardness, H,
5/18/2022 26
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14.4 AGMA Strength Equations Sz everary

Figure 14-3 80

; Metallurgical and quality control procedures required
Allowable bending stress =

number for nitrided through- 70
hardened steel gears (i.e.,
AISI 4140, 4340), §,. The SI 60

Grade 2
S;=108.6Hy + 15 890 psi

t - o

equations are: S; = 0.568Hy +
83.8 MPa, grade 1. and S, =
0.749H; + 110 MPa, grade 2.
(Source: ANSI/AGMA
2001-D04 and 2101-D04.)

Allowable bending stress number, §, kpsi

40 —
30 Grade 1
§,=82.3H,+ 12 150 psi
20
250 275 300 325 350
Core hardness, H
5/18/2022 27
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14.4 AGMA Strength Equations

E:.-:‘).,' ﬂ! ".’—::‘: L‘:

—NREC
BIRZEIT UNIVERSITY

Figure 14-4

Allowable bending stress
numbers for nitriding steel
gears. S,. The SI equations are:
S; = 0.594H; + 87.76 MPa
Nitralloy grade 1

S, = 0.784Hy; + 114.81 MPa
Nitralloy grade 2

S, = 0.7255H; + 63.89 MPa
2.5% chrome. grade 1

S, = 0.7255H; + 153.63 MPa
2.5% chrome, grade 2

S; = 0.7255H; + 201.91 MPa
2.5% chrome, grade 3
(Source: ANSI/AGMA
2001-D04, 2101-D04.)

5/18/2022
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Allowable bending stress numbers, S, kpsi

70

60

50

40

Metallurgical and quality control procedures required

Grade 3 — 2.5% Chrome
S,=105.2H,+ 29 280 psi

Grade 2 — 2.5% Chrome
S,=105.2Hy + 22 280 psi
Grade 2 — Nitralloy
S,=113.8H,+ 16 650 psi

Grade 1 — 2.5% Chrome

S,=105.2H, + 9280 psi
/m

S,=86.2H,+ 12 730 psi

30
250

275 300 325
Core hardness, H,
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14.4 AGMA Strength Equations

72037 '*%; >
BIRZEIT UNIVERSITY

Table 14-3

Repeatedly Applied Bending Strength S, at 10 Cycles and 0.99 Reliability for Steel Gears
Source: ANSVAGMA 2001-D04.

Material

Heat

Minimum

Surface

Allowable Bending Stress Number S,

psi

Designation

Steel’

Nitralloy 135M,
Nitralloy N, and 2.5%
chrome (no aluminum)

Treatment

Through-hardened
Flame® or induction
hardened® with type
A pattern’®

Flame® or induction
hardened* with type
B pattern’

Carburized and
hardened

Nitrided*” (through-
hardened steels)

Nitrided*’

Hardness

See Fig. 14-2
See Table 8%

See Table 8*

See Table 9*
83.5 HR15N

87.5 HRISN

Grade 1

See Fig. 14-2
45 000

22 000

55 000
See Fig. 143

See Fig. 144

Grade 2

See Fig. 14-2 —
55 000 —

Grade 3

65 000 or
70 000°

See Fig. 14-3 —

75 000

See Fig. 144 See Fig. 144

5/18/2022
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14.4 AGMA Strength Equations Eﬁiﬂwawaasﬁ
Table 14-4

Repeatedly Applied Bending Strength S, for Iron and Bronze Gears at 107 Cycles and 0.99 Reliability
Source: ANSI/AGMA 2001-D04.

Allowable Bending

Material Typical Minimum Stress Number, §,,
Material Designation’ Surface Hardness? psi
ASTM A48 gray Class 20 As cast — 5000
cast iron Class 30 As cast 174 HB 8500
Class 40 As cast 201 HB 13 000
ASTM A536 ductile  Grade 60-40-18 Annealed 140 HB 22 000-33 000
(nodular) Iron Grade 80-55-06 Quenched and 179 HB 22 00033 000
tempered
Grade 100-70-03 Quenched and 229 HB 27 00040 000
tempered
Grade 120-90-02 Quenched and 26Y HB 31 000-44 000
tempered
Bronze Sand cast Minimum tensile strength 5700
40 000 psi
ASTM B-148 Heat treated Minimum tensile strength 23 600
Alloy 954 90 000 psi
5/18/2022 30
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14.4 AGMA Strength Equations ST URVERSTY

Instead of using the term strength, AGMA uses data termed allowable
stress numbers (Gear Bending Strength)

The equation for the allowable bending stress is

r '
s © '
o (U.S. customary units)
Sy KrKp
Tap = g (14-17)
- (ST units)
\ Sk YgY7
where for U.S. customary units (SI units),
S; 1s the allowable bending stress, 1bf/in’ {Nz’mmz)
Yy 1s the stress-cycle factor for bending stress
K7 (Yp) are the temperature factors
Ky (Yz) are the reliability factors
Sr 1s the AGMA factor of safety, a stress ratio
5/18/2022 31
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14.13 Stress-Cycle Factors Y,

q,;ﬁl?*l;‘_}f (s
E—-“‘._"-’ 2R AN P

BIRZEIT UNIVERSITY

The purpose of the stress-cycle factors ¥, is to modify the gear strength for

lives other than 107 cycles

- - S-
Flgure 14-14 0 NOTE: The choice of ¥, in the shaded
- —0.148 area is influenced by:
Repeatedly applied bending - 400 HB b -
(ANSVAGMA 2001-D04.) e _QE}T-IB_-\\\ Y. = 4.0404 N—0-1045 Residual stress
) S0 -4, Material ductility and fracture toughness
£ 20 Nitr Eied ~
£ 20 =11ss Y. =3.5]7 N-00817
& 160 HB || | haloe N s
R ]~
[&] L
= \ \\ 2 i
g Y, =2.3194 N~00538 JoRER Vy=1.3558 N5
@10 / 1.0
0.9 0.9
0.8 3 0.8
0.7 Yy= 16831 N~2B2 Ll 0.7
0.6 0.6
0.5 = : 0.5
10? 10° 10* 10° 10° 107 10* 10° 10"
Number of load cycles, N
32
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14.14 Reliability Factors X, f‘zﬁmaw
Table 14-10 Reliability Ky (Y2)
Reliability Factors Ky (Y7) 0.9999 1.50
Source: ANSI/AGMA 0.999 1.25
2t 0.99 1.00
0.90 0.85
0.50 0.70

The functional relationship between K, and reliability is highly nonlinear.
When interpolation is required, linear interpolation is too crude. A log
transformation to each quantity produces a linear string. A least-squares
regression fit is:

0.658 — 0.0759 In(1 — R) 0.5 < R < 0.99

Ky = { | (14-38)
0.50 — 0.109 In(1 — R) 0.99 = R = 0.9999
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B
14.15 Temperature Factors X St veRerTe
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EDR T

14.17 Safety Factor S, —in Bending BIRZEIT UNIVERSITY
i [ }353 fﬁﬂiaffﬁe .
Wik KK (U.S. customary units) ]
_——y FoJ Bending Stress
, | KyKp :
WK, K, K (ST units)
A bm, Y,
(8 T ,
- (U.S. customary units)
— Sr KrKp Fully corrected
d S }7 o
5 (BT ies) Bending Strength
\ :S}? }}é-}EZ
, S;Yy/(KrKg)  fully corrected bending strength
Sp = = (14-41)

o bending stress
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Introduction BIRZEIT UNIVERSITY

Bending Failure Pitting Failure
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2, b 1*!:‘_}-’-{__

14.3 AGME Stress Equations — Contact Stress (Hertzian Stress) ;e vuversity

The fundamental equation for pitting resistance (contact stress) 1s

_g—

4 C'
0 f : (U.S. customary units)
5
= Z’ (14-16)
Z / g K Rir s i ST units
k E\ oy b Z (ST units)

where W', K,. K,. K, K,,. F. and b are the same terms as defined for Eq. (14—15).
For U.S. customary units (SI units), the additional terms are

C, (Zg) 1s an elastic coefticient, V Ibf/in’ (\/memz)
C¢ (Zp) 1s the surface condition factor

dp (d,,;) 1s the pitch diameter of the pinion, in (mm)
I (Z;) 1s the geometry factor for pitting resistance

The evaluation of all these factors 1s explained in the sections that follow. The devel-
opment of Eq. (14-16) 1s clarified in the second part of Sec. 14-5.
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14.3 Surface Durablllty Eléﬁﬁ uﬁwg::ﬁ'

To obtain an expression for the surface-contact stress, we shall employ the Hertz
theory. In Eq. (3—74). p. 138, it was shown that the contact stress between two cylinders
may be computed from the equation

2F
Pmax — m (a)
where pp. = largest surface pressure
F = force pressing the two cylinders together
[ = length of cylinders
5/18/2022 38

STUDENTS-HUB.com Uploaded By: anonymous



Chapter 14: Spur and Helical Gears ,*.y

14.3 Surface Durability e
Figure 3-36 ¥ ¥

(a) Two spheres held in

contact by force F: (b) contact
stress has a hemispherical

distribution across contact

zone of diameter 2a.

brd
A

(a) (h)
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14.3 Surface Durablllty BIRZEIT UNIVERSITY

To obtain an expression for the surface-contact stress, we shall employ the Hertz
theory. In Eq. (3—74). p. 138. it was shown that the contact stress between two cylinders
may be computed from the equation

2F
Pmax = ) la)
where pp.« = largest surface pressure
F = force pressing the two cylinders together
[ = length of cylinders
and halt-width b 1s obtained from Eq. (3-73). p. 138, given by
g 2F (1 — v1)/E + (1 — v5) [E, |2 (14-10)

where v, vy, E;, and E, are the elastic constants and d; and d, are the diameters,
respectively, of the two contacting cylinders.
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14.3 Surface Durability BI‘R;‘EIT umvg:sTTY
2F [EF (1 —vhH/E + (1 — v%)/Ezr*
Pmax — + b=
bl Tl 1/d, + 1/d,
—— gl n + 1/n

wFcosd (1 —vi)/E, + (1 — v3)/E,

Where, AGMA defines an elastic coefficient C, by the equation:

- —1/2
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14.6 The Elastic Coefficient C,

- T *U',nv
235 et
- Y - -

BIRZEIT UNIVERSITY

Table 14-8

Elastic Coefficient C, (Zg), Vpsi (VMPa)

Pinion Modulus of
Elasticity E,
psi (MPa)*

Pinion
Material
Steel
Malleable iron
Nodular iron
Cast iron

Aluminum bronze

Tin bronze

30 % 10°
(2 % 10%

25 x 10°
(1.7 X 10%)
24 x 10°
(1.7 X 10
92 % Fg°
(1.5 x 10%)
17.5 x 10°
(12 x 10%)

16 x 108
(1.1 X 10%)

Source: AGMA 218.01

Steel
30 x 10°
(2 x 10%)

2300
(191)
2180
(181)
2160
(179)
2100
(174)
1950
(162)

1900
(158)

Malleable

25 x 10°
(1.7 x 10°)

2180
(181)

2090
(174)
2070
(172)
2020
(168)
1900
(158)

1850
(154)

Gear Material and Modulus
of Elasticity Eg, Ibf/in? (MPa)*

Nodular Cast Aluminum Tin
Iron Iron Bronze Bronze
24 x 10° 22 x 10° 17.5 x 10° 16 x 10°
(1.7 x 105) (S x 105) (1.2 x 105) (1.1 x ]05]
2160 2100 1950 1900
(179) (174) (162) (158)
2070 2020 1900 1850
(172) (168) (158) (154)
2050 2000 1880 1830
(170) (166) (156) (152)
2000 1960 1850 1800
(166) (163) (154) (149)
1880 1850 1750 1700
(156) (154) (145) (141)
1830 1800 1700 1650
(152) (149) (141) (127)

Poisson’s ratio = 0.30.

*When more exact values for modulus of elasticity are obtained from roller contact tests, they may be used.
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14.3 AGME Stress Equations — Contact Stress (Hertzian Stress) ;,

&L

RZEIT UNIVERSITY

The fundamental equation for pitting resistance (contact stress) 1s

ro é}‘\
@\ 0 s (U.S. customary units)
4
ad Z’ (14-16)
Zs / WK, K, K,——=% (ST units)
\ \ du‘Ib ZI

where W', K,. K,. K, K,,. F. and b are the same terms as defined for Eq. (14—15).

For U.S. customary

units (SI units). the additional terms are

C, (Zg) 1s an elastic coefticient, V Ibf/in’ (\/memz)

Cr (Zp) 1s the

surface condition factor

dp (d,,;) 1s the pitch diameter of the pinion, in (mm)
I (Z;) 1s the geometry factor for pitting resistance

The evaluation of all these factors 1s explained in the sections that follow. The devel-

opment of Eq. (14—
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PN T e
14.5 Geometry Factor | SIRZEIT DVERSITY

Pitting resistance geometry factor OR surface strength geometry factor:

Cos ¢, sin @, mg

external gears

2m mg + 1
[= g y (14-23)
Cos ¢; sin @, mg _
internal gears
2my mg — 1

Where m, =1 for spur gear

pN . pn. COS (Ib.i’.'.

Z=1[(rp+a)* — r2p)]"?* + [(rg + a)® — ric]"* — (rp + 1) sing,  (14-25)
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14.3 AGME Stress Equations — Contact Stress (Hertzian Stress)

’;5F-?4Eilgpl$‘5ffi'f

BIRZEIT UNIVERSITY

The fundamental equation for pitting 1‘esistani*e (contact stress) 1s

ro é:
@\ 0 s (U.S. customary units)
4
ad Z’ (14-16)
Zs / WK, K, K,——=% (ST units)
\ \ du‘Ib ZI

where W', K,. K,. K, K,,. F. and b are the same terms as defined for Eq. (14—15).

For U.S. customary

units (SI units). the additional terms are

C, (Zg) 1s an elastic coefticient, V Ibf/in’ (\/memz)

Cr (Zp) 1s the

surface condition factor

dp (d,,;) 1s the pitch diameter of the pinion, in (mm)
I (Z;) 1s the geometry factor for pitting resistance

The evaluation of all these factors 1s explained in the sections that follow. The devel-

opment of Eq. (14—
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14.9 Surface Condition Factor C; e veReiTe

The surface condition factor Cyor Zp is used only in the pitting resistance equation,
Eq. (14-16). It depends on

* Surface finish as affected by, but not limited to, cutting, shaving, lapping, grinding,
shotpeening

* Residual stress

* Plastic effects (work hardening)

Standard surface conditions for gear teeth have not yet been established. When a det-

rimental surface finish effect is known to exist, AGMA specifies a value of C; greater
than unity.
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14.3 AGME Stress Equations — Contact Stress (Hertzian Stress)

o

BIRZEIT UNWERSITY

The fundamental equation for pitting 1eq1stan ¢ (contact stress) 1s

0
W

(U.S. customary units)

o

dp

(14-16)

e

(ST units)

74 / K, KoKy
L

du Il ZI

where W', K,. K,. K, K,,. F. and b are the same terms as defined for Eq. (14—15).

For U.S. customary

units (SI units). the additional terms are

C, (Zg) 1s an elastic coefticient, V Ibf/in’ (\/memz)

Cr (Zp) 1s the

surface condition factor

dp (d,,;) 1s the pitch diameter of the pinion, in (mm)
I (Z;) 1s the geometry factor for pitting resistance

The evaluation of all these factors 1s explained in the sections that follow. The devel-

opment of Eq. (14—
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14.17 Safety Factor S, — in Bending SIRZE1T ORIVERSITY
i { Pd KmKB .
Wik KK (U.S. customary units) ]
_—y FoJ Bending Stress
; | KyKp o
WK, K, K (ST units)
A bm, Y,
(5 ¥ .
- (U.S. customary units)
— Sr KrKp Fully corrected
: Sy ¥ :
- (ST-uiits) Bending Strength
\ SF YS YZ
, S;Yy/(KrKg)  fully corrected bending strength
Sp = = : (14-41)
o bending stress
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14.17 Safety Factor S, —in Wear (Surface)

BIRZEIT UNIVERSITY

Tean —

S. is the allowable contact stress, Ibf/in® (N/mm?)

Zy 1s the stress-cycle factor

Cy (Zy) are the hardness ratio factors for pitting resistance
K7 (Yp) are the temperature factors

Kr (Y7) are the reliability factors

Sy 1s the AGMA factor of safety. a stress ratio

5/18/2022
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i n Cr .
F\/W Ko Ko Ki—— (!PF / (U.S. customary units) Contact (Pitting)
/ Ku Zg Stress
Zr / WK, K, K (ST units)
\ \ u Ib ZI
(U.S. customary units)
Sy KKy "
\ Allowable contact
S, ZnZw SLumiie)
units
S, Y7, Its Stress
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Figure 14-5 '
o
Contact-fatigue strength S, at E Metallurgical and quality control procedures required
107 cycles and 0.99 reliability o
for through-hardened steel E 175
gears. The SI equations are: z 5 mg‘—gﬂdﬂf‘q S
= = + a4 sl
S, = 2.22H, + 200 MPa, 2 150 ‘ s :
grade 1. and 2
S. = 241H; + 237 MPa, g
arade 2. (Source: ANSUAGMA g A
2 Grade 1
2001-D04 and 2101-D04. = :
) S S.=322 Hy+29 100psi
£ 100
=
75
150 200 250 300 350 400 450

Brinell hardness, H,

AGMA allowable stress numbers (strengths) for bending and contact stress are for

« Unidirectional loading
* 10 million stress cycles

* 99 percent reliability
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14.4 AGMA Strength Equations e

Table 14-6

Repeatedly Applied Contact Strength S, at 107 Cycles and 0.99 Reliability for Steel Gears
Source: ANSVAGMA 2001-D04.

Material Heot h;:‘::-:::‘ Allowable Contact Stress Number,” S_, psi
Designation Treatment Hardness' Grade 1 Grade 2 Grade 3
Steel® Through hardened® See Fig. 14-5 See Fig. 14-5 See Fig. 14-5 —
Flame® or induction 50 HRC 170 000 190 000 —_
hardened” 54 HRC 175 000 195 000 —
Carburized and See Table 9* 180 000 225 000 275 000
hardened”
Nitrided® (through 83.5 HRI5N 150 000 163 000 175 000
hardened steels) 84.5 HRI5N 155 000 168 000 180 000
2.5% chrome Nitrided® 87.5 HRISN 155 000 172 000 189 000
(no aluminum)
Nitralloy 135M Nitrided® 90.0 HRI5N 170 000 183 000 195 000
Nitralloy N Nitrided® 90.0 HRI15N 172 000 188 000 205 000
2.5% chrome Nitrided® 90.0 HRISN 176 000 196 000 216 000

(no aluminum)
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l‘-v..
305 Wl

14.17 Safety Factor S, —in Wear (Surface) e D EReTY
¢ K CI' '
N G, Py 4 (!PF / (U.S. customary units) Contact (Pitting)
O = / L + Stress
Zr /WIKE,K K, (ST units)
\ \ du Ib Z;
¥
@@ (U.S. customary units)
S K7Kp )
Teal =\ ¢ 7 7 Allowable contact
c LNLw :
(ST units)
S, Y7, Its, Stress

S. is the allowable contact stress, Ibf/in® (N/mm?)

Zy 1s the stress-cycle factor

Cy (Zy) are the hardness ratio factors for pitting resistance
K7 (Yp) are the temperature factors

Kr (Y7) are the reliability factors

Sy 1s the AGMA factor of safety. a stress ratio
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14.12 Hardness Ratio Factor C, (Z ) s uawé?féfh
Cy=10+ A'(mg — 1.0) (14-36)
where

H
Al = 8.98(10‘3)(ﬂ> —-829(10%) 12=—=17

Hpg
The terms Hgp and Hpg are the Brinell hardness (10-mm ball at 3000-kg load) of the
pinion and gear, respectively. The term m; 1s the speed ratio and is given by Eq. (14-22).
See Fig. 14-12 for a graph of Eq. (14-36). For

H

2 <12, A =0

HBG

H

B2~ 17, A’ =0.00698
HBG
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14.17 Safety Factor S, —in Wear (Surface)

q,;ﬁl?*l)' ol L
E:.:-) !: . ’r’—’:— -~

WRAE
BIRZEIT UNIVERSITY

r

/ K,
P\W&KK

vy
029
) Su KK

Se ZnZy
Sy Yo¥z

Tean —

|
Ze\| WK K K"
&

% .
doF 1 (U.S. customary units) Contact (Pitting)
Ky Z Stress
ik (S1 units)
u Ib ZI

(U.S. customary units)
Allowable contact

(ST units) Stress

S. is the allowable contact stress, Ibf/in® (N/mm?)

Zy 1s the stress-cycle factor

Cy (Zy) are the hardness ratio factors for pitting resistance
K7 (Yp) are the temperature factors

Kr (Y7) are the reliability factors

Sy 1s the AGMA factor of safety. a stress ratio
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257
14.13 Stress-Cycle Factors Z, BIRZEIT UNIVERSITY

The purpose of the stress-cycle factors Z, is to modify the gear strength for
lives other than 107 cycles

0 — 5.0
F'Qure 14-15 NOTE: The choice of Z), in the shaded
= 2 : 4.0 zone is influenced by:
Pitting resistance stress-cycle
factor Zy. (ANSI/AGMA Lbdiiations
ailure criteria
2001-D0A4.) Smoothness of operation required
Pitchline velocity
20 Gear material cleanliness
7 = 2466 N-00%6 Material ductility and fracture toughness
N Residual stress

Lubrication regime

Z,=1.4488 N 002

Stress-cycle factor, Z,,

1.1 - - - e —
1.0 T o et 2
0.9 Ll /-
0.8 Nlded_nm“s
i Zy=1249N
0.6
0.5 -
102 10° 10 10° 10° 107 108 10° 1010
Number of load cycles, N
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14.17 Safety Factor S, —in Wear (Surface) ey e
¢ X Cf '
N P\ WK, K,K,—— (!PF / (U.S. customary units) Contact (Pitting)
Oc = / Ky Zr Stress
Zg / W'K,K, K (ST units)
\ \ u Ib ZI

@@ (U.S. customary units)

} Su KrKg - Allowable contact
Se ZnZw . Stress
' (ST units)

\SH YHYZ

Tean —

S. is the allowable contact stress, Ibf/in® (N/mm?)

Zy 1s the stress-cycle factor

Cy (Zy) are the hardness ratio factors for pitting resistance
K7 (Yp) are the temperature factors

Kr (Y7) are the reliability factors

Sy 1s the AGMA factor of safety. a stress ratio
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14.17 Safety Factor S, —in Wear (Surface) SIRZEIT UNVERSITY

| n G |
G \XW K, K, K, dPF / (U.S. customary units ) Contact (Pitting)
L Ky Zg Stress
(ST units)

r

Zer | WK, K, K,—
! E\/ “d..b Z
(S. ZyCy .
' (U.S. customary units)
Sy K7Kp )
Teatl = 3 Allowable contact
Se InZw
units
S, Y7, Its, Stress
S.ZyCy/(KrKg)  tully corrected contact strength 14-42)
~H o, contact stress
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13.10 Parallel Helical Gears e UvEReITY

Figure 13-22

Nomenclature of helical gears.

b<¢ “d .
. \ \\\ ) Px v (b)
SRR
A @

\ /
(c)

Section A-A
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13.10 Parallel Helical Gears

BIRZEIT UNIVERSITY

Figure 13-22

Nomenclature of helical gears.
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13.10 Parallel Helical Gears

7o '*‘ﬁ:‘:‘: Y
BIRZEIT UNIVERSITY

Figure 13-22

Nomenclature of helical gears.

Pu = picos

P,
CoS

P =

n
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13.10 Parallel Helical Gears
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BIRZEIT UNIVERSITY

Figure 13-22

Nomenclature of helical gears.

\

]f_J” — ,PT COS [ff Section B—:'_?

 Pr 2u? a
Px ™~ tan 1 ) \\\ N\ )
TONRNANN S
tan ¢, f\\\\ \\\g e
Ccos i = — /
B [ Aﬂﬁ/\\\ [

Section A-A
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13.10 Parallel Helical Gears e veReiTe

Figure 13-23

A cylinder cut by an oblique

plane.

N

N' = (13-20)

cos”
where N’ is the virtual number of teeth and N is the actual number of teeth. It is
necessary to know the virtual number of teeth in design for strength and also, some-
times, in cutting helical teeth. This apparently larger radius of curvature means that
few teeth may be used on helical gears, because there will be less undercutting.
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13.10 Parallel Helical Gears SizE T GveReITy

Case 1: One-To-One Gear Teeth Ratio

The smallest number of teeth on a helical-spur pinion and gear without
Interference:
2k cos i

Np=———(1 + V1 + 3sin’ ¢,) (13-21)
3 sin” ¢,

For example, if the normal pressure angle ¢, is 20°, the helix angle ¢ is 30°, then ¢; is

an 20°
ol _E([an 20 )_ T
b, =tan | ———] = 22.80

cos 30°

2(1) cos 30°

_— —41 = V1 + 3 sin? 22.80°) = 8.48 = 9 teeth
3 sin” 22.80°

h"r P =
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13.10 Parallel Helical Gears =2

BIRZEIT UNIVERSITY

Case 2: Mating Gear has more teeth than the pinion

The smallest number of teeth on a helical-spur pinion without Interference:

2k cos -
Np = "b —[m + Vm+ (1 + 2m) sin’ o, | [13-22)
(1 + 2m) sin” ¢,

The largest gear with a specified pinion is given by
3 . =200
N sin® ¢, — 4k* cos® s
— . 9
4k cos ff — 2Np sin™ @,

(13-23)

G

For example, for a nine-tooth pinion with a pressure angle ¢, of 20°, a helix angle
of 307, and recalling that the tangential pressure angle ¢, 1s 22.80°,

92 sin? 22.80° — 4(1)? cos” 30°
= 21R\= 12

f —

“ 7 4(1) cos 30° — 2(9) sin® 22.80°
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13.10 Parallel Helical Gears GRS CRrvaRMTY

Case 3: Mating Rack and Pinion:

The smallest number of teeth on a helical-spur pinion that can run with
a rack without Interference:

2k cos i
sin’ &b,

JP"-"TP —

For a normal pressure angle ¢, of 20° and a helix angle ¥ of 30°, and ¢, = 22.80°,

2(1) cos 30° -
Np= — = 11.5 = 12 teeth
sin” 22.80°
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13.16 Force Analysis — Helical Gearing SIRZEIT UNIVERSITY

Figure 13-37

|
Tooth forces acting on a l
|
|
I

right-hand helical gear.,

W = total force :
W, = radial component {

W, = tangential component, also called the transmitted load X 5 / Pitch
i ) cylinder
W, = axial component, also called the thrust load By | et
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13.16 Force Analysis — Helical Gearing W by
2

\

W Section B—B

Figure 13-22

Nomenclature of helical gears.

W.= Wsin ¢,

<t
NRAR S T
MRS

A C
- lb I

e e
B =¥ ,ﬁ/x\\

\
(c)

Section A-A

W
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13.16 Force Analysis — Helical Gearing S

q‘hl
\\\\\\g{ (a)
o,

Section B-B

Figure 13-22

Nomenclature of helical gears.

b‘,?“ d
7
W, = W cos ¢ : é‘}/?\\\\i\\\\ \\ \ -_? B (b)

[\

B = ,ﬁ/x\\

X
W, = Wcos ¢, cos i m 5

Section A-A
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13.10 Parallel Helical Gears — Example 13-9 S RAET ONVERSITY

In Fig. 13-38 an electric motor transmits 1-hp at 1800 rev/min in the clockwise direc-
tion, as viewed from the positive x axis. Keyed to the motor shaft is an 18-tooth heli-
cal pinion having a normal pressure angle of 20°, a helix angle of 30°, and a normal
diametral pitch of 12 teeth/in. The hand of the helix is shown in the figure. Make a
three-dimensional sketch of the motor shaft and pinion, and show the forces acting on
the pinion and the bearing reactions at A and B. The thrust should be taken out at A.
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Figure 13-22
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14.17 Safety Factor S, —in Bending B.;ﬁE.T UNWERS.E?
- P, K,Kp |
WK K, K,— (U.S. customary units) ]
_——y F Bending Stress
W'K,K, K, (ST units)
A “bm, Y,
(S, Yy .
- (U.S. customary units)
— Sr KrKp Fully corrected
d S }7 .
5 (BT ies) Bending Strength
\ :S}? }}é-}EZ
S;Yy/(KrKg)  fully corrected bending strength (14-41)
F prem— P— —

o bending stress
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14.5 Geometry Factor J (Y)

BIRZEIT UNIVERSITY
Value for Z is f I f indicated o

e bt A e 20 normal pressure angle and

Normal tooth thickness of pinion and : - — -
e o e i LACC-CONtact ratios of my = 2 or greater:

total backlash for one normal diametral pitch
0.70

0.60

Factors are for
teeth cut with
a full fillet hob

500
150

Geometry factor J
=
LA
=
2
Number of teeth

30
20
0.40
0.30
0 5% 10° 15° 207 25° 30° 357
Helix angle
(M

Figure 14-7

Helical-gear geometry factors J'. Source: The graph is from AGMA 218.01, which is consistent with tabular data from
the current AGMA 908-B89. The graph is convenient for design purposes.
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14.5 Geometry Factor J (Y) e Davenay

Figure 14-8 The modifying factor can Lje applied to the
J factor when other than 75 teeth are used
% sy o ) in the mating element
J'-factor multipliers for use 1.05 -
with Fig. 14-7 to find J.
Source: The graph is from ~——1_
AGMA 21801, which is il
consistent with tabular data 1.00 75
from the current AGMA — 30

908-B89. The graph is
convenient for design purposes.
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14.17 Safety Factor S, —in Wear (Surface) BIRZEIT UNIVERSITY
i XII f K CT e S .
N G, \ W K,_,KUKFH (U.S. customary units) Contact (Pitting)
O = ; By 7, + Stress
Zr / WK, K, K,——— (ST units)
\ \ du*tb ZI
[ S: ZyChp .
' (U.S. customary units)
Sy K7Kp )
Teal =\ ¢ 7 7 Allowable contact
c LNLw :
(ST units)
S, Y7, Its, Stress
S.ZyCy/(KrKg)  tully corrected contact strength 14-42)
~H o, contact stress
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14.5 Geometry Factor | BIRZEIT UNIVERSITY

Pitting resistance geometry factor OR surface strength geometry factor:

Cos ¢, sin @, mg

external gears

2m mg + 1
[= g y (14-23)
Cos ¢; sin @, mg _
internal gears
2my mg — 1

Where m, =1 for spur gear

~ Pwn
PN = Pn COS @, L 0.957

Z=1[(rp+a)* — r2p)]"?* + [(rg + a)® — ric]"* — (rp + 1) sing,  (14-25)
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BIRZEIT UNWERSITY
SPUR GEAR BENDING
Based on ANSI/AGMA 2001-D04 (U.5. customary units)
Np
d, =P,
s
“az
1 [or Eq. (a), Sec. 14-10]; p. 751
33000 H
W, 7 / Eq. (14-30); p. 751
Gear Eq. (14—-40); p. 756
'
bﬁnding a= H":K KK P K K
stress L J
equation Fig. 14—6; p. 745
Eq. (14-15) Eq. (14-27); p. 748
Table below
oo9(S;),p7 Tables 14-3, 14-4; pp. 740, 741
Gt \ «— Fig. 14-14;p. 755
bending = S: Yy
endurance ATF K Ky
strength ;
equation Table 14-10, Eq. (14-38); pp. 736, 755
Eq. (14-17) 1 if T< 250°F
Bending ) _
factor of 5 _ S/ KrKy)
safety f o
Eq. (14-41)
Remember to compare 5, with X 1 When deciding whether bending
or wear is the threat to Iunclmn For crowned gears compare S with §3,.
83
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e,

705,
14.18 Analysis R s
. y BIRZEIT UNIVERSITY
SFUR GEAR WEAR
Based on ANSI/AGMA 2001-D04 (IS, customary unils)
Np
V= R-dﬂ
1 for Eq. (a), Sec. 14-10]; p. 751
wr 33000H ‘5"9'3' H E.q (14-30); p. 751
Gear
contact - tgr i
stress Lt (WR“ H 'fcf F f
equation ~— Eg.(14-23); p. 147
Eq. (14-16)
Eq. (14—13), Table 14—8: pp. 736, 749 Eq. (14-27); p. 748
Table below
o003 )7 Tables 14-6, 14-7: pp. 743, 744
- Fig_ 14—15; p. 735
Gear /4—# Section 14—12, gear only; pp. 753, 754
contact Y
endurance cal~§ KK, K Kg
strength
Eq. (14-18) Table 14-10, Eq. (14-38); pp. 756, 755
1if T<250°F
Gear only
Wear ¥ oo
factor of = 8. Ly Cy (K Kp)
salety & o
Eq. (14-42)
Remember to compare S, with 57, when deciding whether bending
5/18/2022 or wear is the threat to function. For crowned gears compare 5, with .S'?,,. 84
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14.18 Analysis — Example 14.4 e ey

A 17-tooth 20° pressure angle spur pinion rotates at 1800 rev/min and transmits 4 hp
to a 52-tooth disk gear. The diametral pitch is 10 teeth/in, the face width 1.5 in, and
the quality standard 1s No. 6. The gears are straddle-mounted with bearings immediately
adjacent. The pinion is a grade 1 steel with a hardness of 240 Brinell tooth surface and
through-hardened core. The gear is steel, through-hardened also, grade 1 material, with
a Brinell hardness of 200, tooth surface and core. Poisson’s ratio i1s 0.30, Jp = 0.30,
Jg = 0.40, and Young’s modulus is 30(10°) psi. The loading is smooth because of
motor and load. Assume a pinion life of 10® cycles and a reliability of 0.90, and use
Yy = 1.3558N %97 7. = 1.4488N "2 The tooth profile is uncrowned. This is a
commercial enclosed gear unit.

(a) Find the factor of safety of the gears in bending.

(b) Find the factor of safety of the gears in wear.

(c) By examining the factors of safety, identify the threat to each gear and to the
mesh.
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14.18 Analysis — Example 14.5 ;I"R;;mm%

A 17-tooth 20° normal pitch-angle helical pinion with a right-hand helix angle of 30°
rotates at 1800 rev/min when transmitting 4 hp to a 52-tooth helical gear. The normal
diametral pitch 1s 10 teeth/in, the face width is 1.5 in, and the set has a quality num-
ber of 6. The gears are straddle-mounted with bearings immediately adjacent. The
pinion and gear are made from a through-hardened steel with surface and core hard-
nesses of 240 Brinell on the pinion and surface and core hardnesses of 200 Brinell
on the gear. The transmission is smooth, connecting an electric motor and a centrifu-
gal pump. Assume a pinion life of 10® cycles and a reliability of 0.9 and use the upper
curves in Figs. 14-14 and 14-15.

(a) Find the factors of safety of the gears in bending.

(b) Find the factors of safety of the gears in wear.

(c) By examining the factors of safety identify the threat to each gear and to the mesh.
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14.17 Safety Factor S, —in Bending BIRZEIT UNIVERSITY
- Py Ky Kp .
Wik KK (U.S. customary units) ]
_——y F Bending Stress
, | KyKp :
WK, K, K (ST units)
A bm, Y,
[ 5, Yy .
- (U.S. customary units)
— Sr KrKp Fully corrected
d S }7 o
5 (BT ies) Bending Strength
\ :S}? }}é-}EZ
, S;Yy/(KrKg)  fully corrected bending strength
Sp = = (14-41)

o bending stress
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14.5 Geometry Factor J (Y)

BIRZEIT UNIVERSITY

e e 20° normal pressure angle and
Normal tooth thickness of pinion and : e — .
o e s LACC-coNtact ratios of mp = 2 or greater.

total backlash for one normal diametral pitch
0.70

0.60

Factors are for
teeth cut with
a full fillet hob

500
150

Geometry factor J
=
LA
=
2
Number of teeth

30
20
0.40
0.30
0 5% 10° 15° 207 25° 30° 357
Helix angle
(M

Figure 14-7

Helical-gear geometry factors J'. Source: The graph is from AGMA 218.01, which is consistent with tabular data from
the current AGMA 908-B89. The graph is convenient for design purposes.
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14.5 Geometry Factor J (Y) SIRZEIT UNIVERSITY

Fiaure 14-8 The modifying factor can be applied to the
g J factor when other than 75 teeth are used

; <z 3 in the mating element
-fac § S
J'-factor multipliers for use

1.05
with Fig. 14-7 to find J.
Source: The graph is from ~——1_
AGMA 218.01, which is - ']“38 )
consistent with tabular data 1.00 7;
from the current AGMA | 50

908-B89. The graph is
convenient for design purposes.

Number of teeth in mating element

Modifying factor
=]
)
N
5] 1
(=]

0.90

15° 0° 25° 30° 35°

2
Helix angle s

o
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o
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14.17 Safety Factor S, —in Bending BIRZEIT UNIVERSITY

g P, K,
W’KHKI,K&.—CI (U.S. customary units) ]
FoJ Bending Stress

= ; | KyKp :
WK, K, K (ST units)
A bm, Y,
(5 ¥ .
- (U.S. customary units)
— Sr KrKp Fully corrected
: S ¥ :
' (ST units) Bending Strength
\ :S}? }}é-}EZ
, S;Yy/(KrKg)  fully corrected bending strength
Sr= = (14-41)

o bending stress
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14.16 Rim-Thickness Factor X, BIRZEIT UNIVERSITY

Rim-Thickness factor (K}) is a modifying factor adjusts the estimated bending
stress for the thin-rimmed gear

i 2.242
1.6 In mg < 1.2
mp
KB = < _
1 mg = 1.2
\
Figure 14-16 - ] . o
ormp<1.2 N\
Rim-thickness factor K. 22 =l Bl (2}%42) h
=) B
(ANSI/AGMA 2001-D04.) by 200
2 18
E 16 A —
g i Formy>1.2 )/ ’ 1
g ii- v B hy
T 10 Y
£
[ [ fe A | | | [ [ | b e B
05 06 08 10 12 2 3 4 5 6 7 8 910
Backup ratio, my
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14.17 Safety Factor S, —in Bending BIRZEIT UNIVERSITY

f
P
W’KHKI,K&.—J (U.S. customary units) ]
FJ Bending Stress

= ; | KyKp :
WK, K, K (ST units)
A bm, Y,
(5 ¥ .
- (U.S. customary units)
— Sr KrKp Fully corrected
: S ¥ :
' (ST units) Bending Strength
\ :S}? }}é-}EZ
, S;Yy/(KrKg)  fully corrected bending strength
Sr= = (14-41)

o bending stress
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14.11 Load Distribution X, (K, ) BIRZEIT UNIVERSITY

The load-distribution factor modified the stress equations to reflect
non-uniform distribution of load across the line of contact.

K,, is applied under the following conditions:

= Net face width to pinion pitch diameter ratio F/dp <=2

= Gear elements mounted between the bearings

= Face widthsup to40in

= Contact, when loaded, across the full width of the narrowest
member

Km — Cnrf = M4 Cmf(c

p f pm T Cm.:f C{?}
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14.11 Load Distribution X, (K}, ) E;fzm UNIVERSITY

Km — Crnf = & Cpfcpm' T Cmace.)

B {1 for uncrowned teeth
0.8 for crowned teeth

(:?;Ih?

Crown — —
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14.11 Load Distribution X, (X, ) e Davenary

F
— D25 F=1in
10dp
F :
Cpp =14 ——— — 0.0375 + 0.0125F | <F=17in
lOdp
— — 0.1109 + 0.0207F — 0.000 228F? 17 << F=<40in
X IOfZP

Note that for values of F/(10d,) < 0.05, F/(10dp) = 0.05 is used.

F=1.5Iin
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14.11 Load Distribution X, (K, ) SRR Ry
K, = mf — I + Cpel CP@ + CuaCe)
c = {1 for straddle-mounted pinion with S, /S < 0.175
P I.1 for straddle-mounted pinion with §,/S = 0.175
Figure 14-1 0 Centerline of
gear face
Definition of distances S and Centerline of Centerline of
S) used in evaluating Cpp, bea"”llg hea“ngl
Eq. (14-33). (ANSI/AGMA
2001-D04.)
1
| |
|
- s
S, = -
| 1 - |
- S >~
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14.11 Load Distribution X, (K, ) E%E.Tuawensﬁ

Km — Cmf — b & Cmc(Cprpm + e)

C,, = A + BF + CF*

Table 14-9 Condition A B c
Empirical Constants A, B, Open gearing 0.247 00167  —0.765(107%
and C for Eq. (14-34), Commercial, enclosed units 0.127 0.0158  —0.930(107%
Face Width F in Inches* Precision, enclosed units 0.0675 0.0128  —0.926(10"%)
Source: ANSI/AGMA Extraprecision enclosed gear units  0.00360 0.0102 —0.822(107%)
2001-D0A4.

*See ANSIVAGMA 2101-D04, pp. 20-22, for SI formulation.
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< als . S35 M
14.11 Load Distribution X, (K, ) BIRZEIT UNIVERSITY

Km — Crnf b+ Cmf(c pf m T e)

C,, = A + BF + CF*

0.90
0.80 Open gearing
0.70
&
g 0.60 Commercial enclosed gear units
E Curve 1
= 050
u
z Precision enclosed gear units
%"‘ 0.40 Curve 2
<= — .
= Extra precision enclosed gear units
= 030 Curve 3

0.20

0.10
For determination of C, . see Eq. (14-34)

0.0 -
0 5 10 15 20 25 30 35

Face width, F (in)

Figure 14-11

Mesh alignment factor C,,. Curve-fit equations in Table 14-9. (ANSI/AGMA 2001-D04.)
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14.11 Load Distribution X, (X, ) e Davenay

K, =Gp=1+ € kC+C,. + Cm

(0.8 for gearing adjusted at assembly, or compatibility
¢, = R 1s improved by lapping, or both (14-35)
L for all other conditions
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14.4 AGMA Strength Equations St vinErs

Instead of using the term strength, AGMA uses data termed allowable
stress numbers (Gear Bending Strength)

The equation for the allowable bending stress is

|
(U.S. customary units)

5 KoK,
O
S Yo7

O =

(ST units)

where for U.S. customary units (SI units),

S; 1s the allowable bending stress, 1bf/in’ {Nz’mmz)
Yy 1s the stress-cycle factor for bending stress

K7 (Yp) are the temperature factors

Ky (Yz) are the reliability factors

Sr 1s the AGMA factor of safety, a stress ratio
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. S et
14.4 AGMA Strength Equations eRZET VRS
Figure 14-2 Metallurgical and quality

) control procedure required
Allowable bending stress

a0 Grade 2

wmber for through-hardened
Rt i S, =102 Hy + 16 400 psi

steels. S,. The SI equations are:
: = 0.533H; + 88.3 MPa,

grade 1. and §, = 0.703Hy +
113 MPa, grade 2.

(Source: ANSI/AGMA

2001-D04 and 2101-D04.)

40

¥ / Grade 1

Allowable bending stress number, S, kpsi

§,=717.3 Hy+ 12 800 psi
20
10
150 200 250 300 350 400 450
Brinell hardness, H,
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14.4 AGMA Strength Equations i e

Instead of using the term strength, AGMA uses data termed allowable
stress numbers (Gear Bending Strength)

The equation for the allowable bending stress is

r '
s © '
o (U.S. customary units)
Sy KrKp
Tap = g (14-17)
- (ST units)
\ Sk YgY7
where for U.S. customary units (SI units),
S; 1s the allowable bending stress, 1bf/in’ {Nz’mmz)
Yy 1s the stress-cycle factor for bending stress
K7 (Yp) are the temperature factors
Ky (Yz) are the reliability factors
Sr 1s the AGMA factor of safety, a stress ratio
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257
14.13 Stress-Cycle Factors Y, BIRZEIT UNIVERSITY

The purpose of the stress-cycle factors ¥, is to modify the gear strength for
lives other than 107 cycles

- - S-
Flgure 14-14 0 NOTE: The choice of ¥, in the shaded
- —0.148 area is influenced by:
Repeatedly applied bending - 400 HB b -
(ANSVAGMA 2001-D04.) e 250 HB T~ Y. = 4.0404 N—0-1045 Residual stress
>:, Nittided -4, Material ductility and fracture toughness
S 2
E 2.0 Yy=3.517 N 00817
A
2,
7 ¥, =0 A58 N ATE
2
Gear Cycle = 2 |, L L0
0.9 0.9
8 \ 08 0.8
0.6 0.6
0.5 = : 0.5
10? 10° 10* 10° 10° 107 10* 10° 10"
Number of load cycles, N
P
103
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14.14 Reliability Factors K, s
Table 14-10 Reliability Ky (Y2)
Reliability Factors Ky (Y7) 0.9999 1.50
Source: ANSI/AGMA 0.999 1.25
2t 0.99 1.00
0.90 0.85
0.50 0.70

The functional relationship between K, and reliability is highly nonlinear.
When interpolation is required, linear interpolation is too crude. A log
transformation to each quantity produces a linear string. A least-squares
regression fit is:

0.658 — 0.0759 In(1 — R) 0.5 < R < 0.99

Ky = { | (14-38)
0.50 — 0.109 In(1 — R) 0.99 = R = 0.9999
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14.15 Temperature Factors KX BIRZEIT UNIVERSITY

5/18/2022 105

STUDENTS-HUB.com Uploaded By: anonymous



Chapter 14: Spur and Helical Gears N ,*u_ .
14.19 Design of a Gear Mesh BIRZEIT UNIVERSITY

A useful decision set for spur gear and helical gears includes:

* Function: load. speed, reliability, life, K, )
« Unquantifiable risk: design factor ny
* Tooth system: ¢. ., addendum, dedendum, root fillet radius > a priori decisions

* Gear ratio mg, N,, Ng

* Quality number Q, )

* Diametral pitch P,
« Face width F

i , > design decisions
 Pinion material. core hardness. case hardness

 Gear material. core hardness. case hardness )
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Chapter 14: Spur and Helical Gears ,*‘y

k-

14.19 Design of a Gear Mesh — Example 14-8 ﬁ;;;;;:g:;ﬁ

Design a 4:1 spur-gear reduction for a 100-hp, three-phase squirrel-cage induction
motor running at 1120 rev/min. The load is smooth. providing a reliability of 0.95 at
10” revolutions of the pinion. Gearing space is meager. Use Nitralloy 135M, grade 1
material to keep the gear size small. The gears are heat-treated first then nitrided.

Make the a priori decisions:

» Function: 100 hp, 1120 rev/min, R = 0.95, N = 10’ cycles, K, = 1

* Design factor for unquantifiable exingencies: n; = 2

* Tooth system: ¢, = 20°

* Tooth count: Np = 18 teeth, N; = 72 teeth (no interference, Sec. 13-7, p. 677)
* Quality number: Q, = 6, use grade |1 material

* Assume mp = 1.2 in Eq. (14-40), Kz = 1
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14.17 Safety Factor S, —in Bending e
- Py Ky Kp .
Wik KK (U.S. customary units) ]
_—y F Bending Stress
; | KyKp N
WK, K, K (ST units)
A bm, Y,
[ 5, Yy .
- (U.S. customary units)
— Sr KrKp Fully corrected
: S ¥ :
- (ST-uiits) Bending Strength
\ SF YS YZ
, S;Yy/(KrKg)  fully corrected bending strength
Sr= = : (14-41)
o bending stress
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Chapter 14: Spur and Helical Gears .*
SN S
14.5 Geometry Factor J (Y) BIRZEIT UNIVERSITY

—— |
i ' i i
i . : [ i
i 17— Pinion addendum 1.000 |
S Gear addendum 1.000 I
2|2 :
060 — B|= ! - 0.60
E E
s 1z o3
0.55 ——— = - = 1000 £5 0.55
A 170 £ =
& / 85 E X
: S i A= Tl T4
0.50 : . — % /K o 28 0.50
-~ gl -
E 0.45 I A‘/_‘?/,/f:_ ._____,,._-_" l? 3 0.45
z _;:/"‘ Number of teeth
g - in mating gear
g 040 040
&
0.35 0.35
—
0.30 - —— 0.30
0.5 ieat tip of tooth 0.5
020 0.20
12 15 17 20 24 300 35 404550 60 BO 125 275 =

Number of teeth for which geometry factor is desired

Figure 14-6

Spur-gear eceometry factors J. Source: The graph 1s from AGMA 218.01, which is consistent with tabular data from the current
AGMA 908-B29. The graph is convenient for design purposes.
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14.17 Safety Factor S, —in Bending Srzen u,:,WERsIlf'J
i Pd mivB .
Rl — (U.S. customary units) ]
_—y FoJ Bending Stress
; | KyKp :
WK, K, K (ST units)
A bm, Y,
(S, Yy .
- (U.S. customary units)
— Sr KrKp Fully corrected
: Sy ¥ :
' (ST units) Bending Strength
\ SF YS YZ
, S;Yy/(KrKg)  fully corrected bending strength
Sp = = (14-41)

o bending stress
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Chapter 14: Spur and Helical Gears . .* o
. e s
14.19 Design of a Gear Mesh — Example 14-8 SIRZEIT UNIVERSITY

Design a 4:1 spur-gear reduction for a 100-hp, three-phase squirrel-cage induction
motor running at 1120 rev/min. The load is smooth. providing a reliability of 0.95 at
10” revolutions of the pinion. Gearing space is meager. Use Nitralloy 135M, grade 1
material to keep the gear size small. The gears are heat-treated first then nitrided.

Make the a priori decisions:

« Function: 100 hp, 1120 rev/min, R = 0.95, N = 10’ cycles, K, = 1

* Design factor for unquantifiable exingencies: ny; = 2

* Tooth system: ¢, = 20°

* Tooth count: Np = 18 teeth, N; = 72 teeth (no interference, Sec. 13-7, p. 677)
* Quality number: Q, = 6, use grade | material

* Assume mg = 1.2 in Eq. (14-40), Kz = 1

Select a trial diametral pitch of P, = 4 teeth/in.

rdpn w(4.5)1120
- M = 33 000(100) — 2502 1bf V= e (45) = 1319 ft/mir

V 1319 i 12 12

W!
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14.17 Safety Factor S, — in Bending SIRZE1T ORIVERSITY
i Py KK
W@.I,Kﬁ—d £ (U.S. customary units) ]
_——y FoJ Bending Stress
; | KyKp :
WK, K, K (ST units)
A bm, Y,
(5 ¥ .
- (U.S. customary units)
— Sr KrKp Fully corrected
d S }7 .
5 (BT ies) Bending Strength
\ SF YS YZ
, S;Yy/(KrKg)  fully corrected bending strength
Sp= = (14-41)

o bending stress
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Chapter 14: Spur and Helical Gears . s
(55 TP P
14.8 Overload Factor X, e DaveRaiTe

Design a 4:1 spur-gear reduction for a 100-hp, three-phase squirrel-cage induction
motor running at 1120 rev/min. The load is smooth. providing a reliability of 0.95 at
10” revolutions of the pinion. Gearing space is meager. Use Nitralloy 135M, grade 1
material to keep the gear size small. The gears are heat-treated first then nitrided.

Table of Overload Factors. K,

Driven Machine

Power source  Uniform Moderate shock Heavy shock

Uniform 1.00 1.25 1.75
Light shock 12D 1.50 2.00
Medium shock 1.50 1.75 2.25
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14.17 Safety Factor S, —in Bending

BIRZEIT UNIVERSITY

Bending Stress

Fully corrected
Bending Strength

[ P KK
N W’K,}.Fd ¥ £ (U.S. customary units)
- t l KHKB .
WK, K, K, (ST units)
A bm, Y,
(S, Yy .
- (U.S. customary units)
) Sk KrK
G" —_—
TS Yw .
o (ST units)
\ SF YS YZ
g S;Yy/(KrKg)  fully corrected bending strength
i F prem— P—

a

5/18/2022
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bending stress

(14-41)
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14.7 Dynamic Factor KX, BIRZEIT UNIVERSITY

( ) Vin ft/min

A + V200V ‘
Vin m/s
Gearing space

Is meager A =50+ 56(1 — B)

Chapter 14: Spur and Helical Gears

K, = 3

B = 025(12 — 0,)*°

Qv (quality numbers) define the tolerances for gears of various sizes

manufactured to a specified accuracy.
- 3 to 7 will include most commercial quality gears.

- 8to 12 are of precision quality.
B = 025012 — 0,)*”° = 0.25(12 — 6)*> = 0.8255

A =50 + 56(1 — 0.8255) = 59.77

59.77 + V1319\%82% y
= 1.480

K,
59.77
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Chapter 14: Spur and Helical Gears *

14.17 Safety Factor S, —in Bending B."R;E.T_UNWE”;’E}'%J
W'K K,.: nKs (U.S. customary units) ]
_—— Bending Stress
KHKB :
W'K,K, K, (ST units)
A bm, Y,
(5 ¥ .
- (U.S. customary units)
— Sr KrKp Fully corrected
: Sy ¥ :
' (ST units) Bending Strength
\ SF YS YZ
S;Yy/(KrKg)  fully corrected bending strength (14-41)
F prem— P— —

o bending stress
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Chapter 14: Spur and Helical Gears ,*‘

14.10 Size Factor /(5 BIRZEIT UNIVERSITY
The size factor reflects nonuniformity of material properties due to size. It depends
upon

* Tooth size

* Diameter of part

» Ratio of tooth size to diameter of part
» Face width

* Area of stress pattern

» Ratio of case depth to tooth size

» Hardenability and heat treatment

AGMA has identified and provided a symbol for size factor. Also, AGMA sug-
gests K, = 1, which makes K; a placeholder in Egs. (14-15) and (14-16) until more
information 1s gathered. Following the standard in this manner 1s a failure to apply all
of your knowledge. From Table 13-1, p. 688,/ = a + b = 2.25/P. The tooth thick-
ness t in Fig. 14-6 is given in Sec. 14-1, Eq. (b), as t = V4lx where x = 3Y/(2P) from
Eq. (14-3). From Eq. (6-25), p. 297, the equivalent diameter d, of a rectangular section
in bending is d. = 0.808 VFt. From Eq. (6-20). p. 296, k, = (d./0.3)"*'"". Noting
that K, is the reciprocal of k;, we find the result of all the algebraic substitution is

I ( F.—\/?)IJ.DEBS
P

K, == 1192 (a)
b
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Chapter 14: Spur and Helical Gears " ?*u.

s 5) =
14.1 The Lewis Bending Equation Eo e
> WP yo 2P
FY 3
Table 14-2 Number of Number of
Values of the Lewis Teeth Teeth
Form Factor Y (These 12 0.245 28 0.353
Values Are for a Normal 13 0.261 30 0.359
Pressure Angle of 20°, 14 0.277 34 0.371
Full-Depth Teeth, and a 15 0.290 38 0.384
Diametral Pitch of Unity 16 0.296 43 0.397
in the Plane of Rotation) 17 0.303 50 0.409
18 0.309 60 0.422
19 0314 I 0.435
20 0.322 100 0.447
21 0.328 150 0.460
22 0.331 300 0.472
24 0.337 400 0.480
26 0.346 Rack 0.485
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Chapter 14: Spur and Helical Gears ,* oo
-.-.. ﬂ t

14.10 Size Factor I(S BIRZEIT UNWERSITY
The size factor reflects nonuniformity of material properties due to size. It depends
upon
* Tooth size » Select a median face width for this pitch, 4 /P

* Diameter of part
» Ratio of tooth size to diameter of part
» Face width

* Area of stress pattern

» Ratio of case depth to tooth size

» Hardenability and heat treatment

AGMA has identified and provided a symbol for size factor. Also, AGMA sug-
gests K, = 1, which makes K; a placeholder in Egs. (14-15) and (14-16) until more
information 1s gathered. Following the standard in this manner 1s a failure to apply all
of your knowledge. From Table 13-1, p. 688,/ = a + b = 2.25/P. The tooth thick-
ness t in Fig. 14-6 is given in Sec. 14-1, Eq. (b), as t = V4lx where x = 3Y/(2P) from
Eq. (14-3). From Eq. (6-25), p. 297, the equivalent diameter d, of a rectangular section
in bending is d. = 0.808 VFt. From Eq. (6-20). p. 296, k, = (d./0.3)"*'"". Noting
that K, is the reciprocal of k;, we find the result aall the algebraic substitution 1s

1 FA\/Y \0953
(Fe

K,=—=1.192 (a)
b
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14.17 Safety Factor S, — in Bending SIRZEIT GRIVERSITY
f
P
W’KHKI,K&.—J (U.S. customary units) ]
_——y FoJ Bending Stress
: | KyKp :
WK, K, K (ST units)
A bm, Y,
[ 5, Yy .
- (U.S. customary units)
— Sr KrKp Fully corrected
d S }7 o
5 (BT ies) Bending Strength
\ SF YS YZ
, S;Yy/(KrKg)  fully corrected bending strength
Sr= = (14-41)

o bending stress
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Chapter 14: Spur and Helical Gears %
el e 5553 W et
14.11 Load Distribution X, (K, ) BIRZEIT UNIVERSITY

The load-distribution factor modified the stress equations to reflect
non-uniform distribution of load across the line of contact.

K,, is applied under the following conditions:

= Net face width to pinion pitch diameter ratio F/dp <=2

= Gear elements mounted between the bearings

= Face widthsup to40in

= Contact, when loaded, across the full width of the narrowest
member

Km — Cnrf = M4 Cmf(c

p f pm T Cm.:f C{?}
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Chapter 14: Spur and Helical Gears )

14.11 Load Distribution X, (K. ) ED_—re
K= Cpur=1+ Cpfcpm. +C..C)
co - {1 for uncrowned teeth
o 0.8 for crowned teeth

Crown — —
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Chapter 14: Spur and Helical Gears */L
14.11 Load Distribution X, (K,,) e DavenaTy

F
— 0.025 F=lin
10dp
€r=14 — 0.0375 + 0.0125F | <F=17in
10dp
— 0.1109 + 0.0207F — 0.000 228F> 17 < F =40 in
L 10dp

Note that for values of F/(10d,) < 0.05, F/(10dp) = 0.05 is used.

3p=F=5p
4p = 4w /P = 47r/4 = 3.14 in.

F
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Chapter 14: Spur and Helical Gears

14.11 Load Distribution X, (K, ) ;."?,QE;T TvERSITY
K, = mf — I + Cpel CP@ + CuaCe)
B { I for straddle-mounted pinion with S, /S < 0.175
P I.1 for straddle-mounted pinion with §,/S = 0.175
Figure 14-1 0 Centerline of
gear face
Definition of distances S and Centerline of Centerline of
S) used in evaluating Cpp, bea"”llg hea“ngl
Eq. (14-33). (ANSI/AGMA
2001-D04.)
1
| |
i<_ I
; S
S, = -
| 1 - |
- S >~
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Chapter 14: Spur and Helical Gears .*

2
O
i

L
ETP
=

14.11 Load Distribution X, (K, ) E.;"?EE.TU;WERSE

Kp= Cpp= 1+ Cpe CytCpm + E)

C,, = A + BF + CF*

Table 14-9 Condition A B c
Empirical Constants A, B, Open gearing 0.247 0.0167  —0.765(10"%
and C for Eq. (14-34), Commercial, enclosed units 0.127 0.0158  —0.930(107%
Face Width F in Inches* Precision, enclosed units 0.0675 0.0128  —0.926(10 )
Source: ANSI/AGMA Extraprecision enclosed gear units  0.00360 0.0102 —0.822(107%)
2001-D0A4.

*See ANSIVAGMA 2101-D04, pp. 20-22, for SI formulation.
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14.11 Load Distribution K, (K,,) S e

Km — Cmr = I Cmf(cpfcpm T e:)

C,, = A + BF + CF*

0.90
0.80 Open gearing
0.70
&
g 0.60 Commercial enclosed gear units
E Curve 1
= 050
u
z Precision enclosed gear units
%"‘ 0.40 Curve 2
<= — .
= Extra precision enclosed gear units
= 030 Curve 3

0.20
0.10
é For determination of C, . see Eq. (14-34)
0.0
0 5 10 15 20 25 30 35

Face width, F (in)

Figure 14-11

Mesh alignment factor C,,. Curve-fit equations in Table 14-9. (ANSI/AGMA 2001-D04.)
5/18/2022 126

STUDENTS-HUB.com Uploaded By: anonymous



Chapter 14: Spur and Helical Gears . */lo—
L e
14.11 Load Distribution X, (X, ) e Davenary

K, =Gp=1+ € kC+C,. + Cm

(0.8 for gearing adjusted at assembly, or compatibility
¢, = R 1s improved by lapping, or both (14-35)
L for all other conditions
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Chapter 14: Spur and Helical Gears
p pu i ”‘*;;‘6.

14.17 Safety Factor S, — in Bending SRz URveRSTY
i [ Pd KmKB .
Wik KK (U.S. customary units) ]
_——y FoJ Bending Stress
: | KyKp o
WK, K, K (ST units)
A bm, Y,
(S
—r@ (U.S. customary units)
— Sk KrKg Fully corrected
d S }7 .
5 (BT ies) Bending Strength
\ SF YS YZ

_ SYy/(K7Kg)  fully corrected bending strength

i F .
o bending stress

(14-41)
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Chapter 14: Spur and Helical Gears
14.13 Stress-Cycle Factors Y,

BIRZEIT UNIVERSITY

The purpose of the stress-cycle factors ¥, is to modify the gear strength for
lives other than 107 cycles

Figure 14-14

Repeatedly applied bending
strength stress-cycle factor Y.
(ANSI/AGMA 2001-D04.)

5/18/2022
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Stress-cycle factor, ¥,

3.
0 NOTE: The choice of ¥, in the shaded

4.0 Y. —94518 N—ﬁliﬂ area Is influenced b}’

400 HB i

Pitchline velocity
- —0.1192

3.0 EEECE'[E Fy=6.1514N Gear material cleanliness

250 HB -“\\ YN s 49404 N—EJ. 1045 EqE-Sidl:laf ;[]'E!S.T. r d f h

Nittided N aterial ductility and fracture toughness
2.0 —0.0817

160 B \‘ ~ Yy=351TN

-~ \\
\'\. 0.0178
Y. =23194 N—U.0533 \\ Y.'\" =13558 N
N= &= ~
1.0 1.0
0.9 0.9
0.8 : 0.8
0.7 Yy=1.6831 N~00323 0.7
0.6 0.6
0.5 . ; 0.5
102 10° 10* 10° 10° 107 10% 10° e
Number of load cycles, N
129
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Chapter 14: Spur and Helical Gears ., *, .

14.17 Safety Factor S, — in Bending BIRZEIT UNIVERSITY
i [ Pd KmKB .
Wik KK (U.S. customary units) ]
_——y FoJ Bending Stress
: | KyKp :
WK, K, K (ST units)
A bm, Y,
¢ Sr YN (U.S ¢ ’ )
— .S. customary units
S K
— SFY@ Fully Forrected
5 (BT ies) Bending Strength
\ SF YSYZ
, S;Yy/(KrKg)  fully corrected bending strength
Sp = = (14-41)

o bending stress

5/18/2022 130

STUDENTS-HUB.com Uploaded By: anonymous



Chapter 14: Spur and Helical Gears . ,*w .

14.14 Reliability Factors X, BIRZEIT UNIVERSITY
Table 14-10 Reliability Ky (Ys)
Reliability Factors Ky (Y7) 0.9999 1.50
Source: ANSI/AGMA 0.999 1.25
2001-D0A4. 0.99 1.00
0.90 0.85
R =0.95% 0.50 0.70

The functional relationship between K, and reliability is highly nonlinear.
When interpolation is required, linear interpolation is too crude. A log
transformation to each quantity produces a linear string. A least-squares
regression fit is:

0.658 — 0.0759 In(1 — R) 0.5 < R < 0.99

Ky = { | (14-38)
0.50 — 0.109 In(1 — R) 0.99 = R = 0.9999
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Chapter 14: Spur and Helical Gears *

14.17 Safety Factor S, —in Bending B."R;E.T_UNWE”;’E}'%J
i [ P KmKB .
WK K, K,— (U.S. customary units) ]
_——y F Bending Stress
W'K,K, K, (ST units)
A “bm, Y,
i (U.S. cust its)
.S. customary units
i = <®KTKR Fully corrected
d S }7 .
5 (BT ies) Bending Strength
\ SF YS YZ
S;Yy/(KrKg)  fully corrected bending strength (14-41)
F — — —_

o bending stress
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Chapter 14: Spur and Helical Gears

J’:’*‘T‘-T*
14.4 AGMA Strength Equations et

AT

BIRZEIT UNIVERSITY

Figure 14-4

Allowable bending stress
numbers for nitriding steel
gears. S,. The SI equations are:
S; = 0.594H; + 87.76 MPa
Nitralloy grade 1

S, = 0.784Hy; + 114.81 MPa
Nitralloy grade 2

S, = 0.7255H; + 63.89 MPa
2.5% chrome. grade 1

S; = 0.7255H; + 153.63 MPa
2.5% chrome, grade 2

S; = 0.7255H; + 201.91 MPa
2.5% chrome, grade 3
(Source: ANSI/AGMA
2001-D04, 2101-D04.)

5/18/2022
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Allowable bending stress numbers, S, kpsi

70
Metallurgical and quality control procedures required
Grade 3 — 2.5% Chrome
S,=105.2H,+ 29 280 psi
60
Grade 2 — 2.5% Chrome
S,=105.2Hy + 22 280 psi
Grade 2 — Nitralloy
S,=113.8H,+ 16 650 psi
50
Grade 1 — 2.5% Chrome
S,=105.2H; + 9280 psi
Grade 1 — Nitrallpy
S,=86.2Hy+ 12 73 psi
30
250 275 300 325 350
Core hardness, H,
Choose a midrange
Hardness Pinion =320
133
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Chapter 14: Spur and Helical Gears ,*

14.17 Safety Factor S, —in Bending BIRZEIT UNIVERSITY
i { F fﬁﬂiaffﬁe .
14 KHK.I,K® (U.S. customary units) ]
_—y J Bending Stress
; | KyKp :
WK, K, K, (ST units)
A bm, Y,
(5 ¥ .
- (U.S. customary units)
— Sr KrKp Fully corrected
: Sy ¥ :
' (ST units) Bending Strength
\ :S}? }}é-}EZ
, S;Yy/(KrKg)  fully corrected bending strength
Sp= - (14-41)

o bending stress
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Chapter 14: Spur and Helical Gears . .* o
. E:f;": e 1o
14.19 Design of a Gear Mesh — Example 14-8 e

Pinion Tooth Bending

K. Kz K7 K
(F)bend - ndWIKoKU K.S'Pd = —— (])
I S.Y

Equating Eqs. (14-16) and (14—18), substituting n,W' for W', and solving for the face
width (F)ye, necessary to resist wear fatigue, we obtain

C,KrKp\? K,C
(F)wear = ( = R) Mg WIKOKI‘KS ! (2)
8. Zn dpl
(F)pena = 2(2502)(1)1.48(1.14)4 N S = 3.08 i
— Sre A A T 0.32(40 3100938~ T
2300(1)(0.885))> 1.247(1) ,
(F s = 2(2502)1(1.48)1.14 = 3.22in
170 000(0.900) 4.5(0.1286)

» Make face width 3.5
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Chapter 14: Spur and Helical Gears *,ﬁ}, .

14.10 Size Factor K, Rt o
. Ize Factor s BIRZEIT UNIVERSITY
The size factor reflects nonuniformity of material properties due to size. It depends
upon

* Tooth size

* Diameter of part

» Ratio of tooth size to diameter of part
» Face width

* Area of stress pattern

» Ratio of case depth to tooth size

» Hardenability and heat treatment

AGMA has identified and provided a symbol for size factor. Also, AGMA sug-
gests K, = 1, which makes K; a placeholder in Egs. (14-15) and (14-16) until more
information 1s gathered. Following the standard in this manner 1s a failure to apply all
of your knowledge. From Table 13-1, p. 688,/ = a + b = 2.25/P. The tooth thick-
ness t in Fig. 14-6 is given in Sec. 14-1, Eq. (b), as t = V4lx where x = 3Y/(2P) from
Eq. (14-3). From Eq. (6-25), p. 297, the equivalent diameter d, of a rectangular section
in bending is d. = 0.808 VFt. From Eq. (6-20). p. 296, k, = (d./0.3)"*'"". Noting
that K, is the reciprocal of k;, we find the result of all the algebraic substitution is

I ( F.—\/?)IJ.DEBS
P

K, == 1192 (a)
b
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Chapter 14: Spur and Helical Gears .*

2
O
i

e
2

14.11 Load Distribution X, (K, ) s uawensﬁ

Km — L — L Cmc(Cprpm T Cma.ce)

C,, = A + BF + CF*

Table 14-9 Condition A B c
Empirical Constants A, B, Open gearing 0.247 00167  —0.765(107%
and C for Eq. (14-34), Commercial, enclosed units 0.127 0.0158  —0.930(107%
Face Width F in Inches* Precision, enclosed units 0.0675 0.0128  —0.926(10"%)
Source: ANSI/AGMA Extraprecision enclosed gear units  0.00360 0.0102 —0.822(107%)
2001-D0A4.

*See ANSIVAGMA 2101-D04, pp. 20-22, for SI formulation.
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14.19 Design of a Gear Mesh — Example 14-8 S RPEIT UMVERSITY
40 310(0.938 1(0.885
(Sp)p = ( )/ [1( )] _ 04
19 100
170 000(0.900 1(0.885
(Si)p = ( )/ [1( )] — 1465

118 000

By our definition of factor of safety, pinion bending is (Sg)p = 2.24, and wear is
(S = (1465 = 2.15.

~40310(0.961)/[1(0.885)]

So) . = 2.97
(5r)6 14 730

170 000(0.929) /[1(0.885
= (0.929)/11(0885)] _ .
118 000

So, for the gear in bending, (Sp)g = 2.97, and wear Sl = (1317 = 239,
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14.19 Design of a Gear Mesh e DveReTy

A useful decision set for spur gear and helical gears includes:

* Function: load. speed, reliability, life, K, )
« Unquantifiable risk: design factor ny
* Tooth system: ¢. ., addendum, dedendum, root fillet radius > a priori decisions

* Gear ratio mg, N,, Ng

* Quality number Q, )

* Diametral pitch P,
« Face width F

i , > design decisions
 Pinion material. core hardness. case hardness

 Gear material. core hardness. case hardness )
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