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13.1 Types of Gears BIRZEIT UNIVERSITY

Figure 13-1

Spur gears are used to
transmit rotary motion
between parallel shafts.

Figure 13-2 S

Helical gears are used to . v .
transmit motion between \ , L Lo >
parallel or nonparallel shafts. /
T/ \ i |
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Figure 13-3

Bevel gears are used to
{ransmit rotary motion

between intersecting shafts.

Figure 13-4

Worm gearsets are used

to transmit rotary motion
between nonparallel and

nonintersecting shafts.
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Nomenclature of
Top land
spur gear /"
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where

P = diametral pitch, teeth per inch
N = number of teeth
d = pitch diameter, in or mm

= module, mm

m
p = circular pitch, in or mm

Cutters are generally available for the sizes shown below:

N
P=—
d
d
m= —
N

Trd .

= — = 17}
P="N
pP =

Table 13-2

Tooth Sizes in General
Uses

Diametral Pitch P(teeth/in)

2,21 2%, 3.4, 6,8, 10, 12, 16
20, 24, 32, 40, 48, 64, 80, 96, 120. 150, 200

Preferred
Next Choice

Module m(mm/tooth)

I, 1.25, 1.5, 2, 25,3, 4,5, 6,8, 10, 12, 16, 20, 25, 32, 40, 50

1.125, 1.375, 1.75, 2.25, 2.75. 3.5, 45,55, 7.9, 11, 14, 18,
22, 28, 36, 45
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Actual Gear Tooth
Sizes for Various
Diametral Pitches

Coarse 2,2k 23.3.4,6.8. 10, 12, 16
Fine 20, 24, 32, 40, 48, 64, 80, 96, 120, 150, 200
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13.3 Conjugate Action & 13.4 Involute Properties BIRZEIT UNIVERSITY

Conjugate action: When the tooth profiles, are designed so
as to produce a constant angular-velocity ratio during
meshing.

It Is possible arbitrarily to select any profile for one tooth and
then to find a profile for the meshing tooth that will give
conjugate action - One of these solutions is the /nvolute
Prolfile. 3

STUDENTS-HUB.com ' Uploaded By: anonymous



Chapter 13: Gears - General * Lo
S25) Nl eSS
13.4 Fundamentals BIRZEIT UNIVERSITY

o Dedendum circle
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‘/O] Pitch circle

Base circle

Pressure line
Involute
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Involute Gear Profile

Involute Profile

Measure 6 x circular pitch
lengths
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Involute Gear Profile . Circular Pitch x 6

Involute Profile

Draw a straight line one
circular pitch length at
90° from new mark
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Involute Gear Profile ‘ Circular Pitch x 6
3 1 2 3 4 5 6
Involute Profile /\ i A 5

Mark a new line two ’ "
circular pitch lengths
around the base circle L2 \

7
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Involute Gear Profile

Involute Profile

Repeat for length 3
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Involute Gear Profile

Involute Profile

Repeat for lengths 4,5
&6
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Involute Gear Profile

Involute Profile

fff?)n%{f for lengtns 4, 5
& 6

Draw the resultant arc
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@ o6=145°
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Figure ] 3—7 Base circle

Pitch circle
(@) Generation of an involute;

(b) involute action. C
d b e

a Pitch
circle

Gear 2

@: Pressure angle
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Table 13-4 Quantity* Formula Quantity* Formula
Standard Tooth Addend 1.00 . |
. . e t :
Proportions for Helical et ; xiernal gears
Gears 1.25 D+ d
Dedendum e Standard center distance >
T Np .
Pinion pitch diameter — Gear outside diameter D + 2a
P, cos i
o Ng . o
Gear pitch diameter — Pinion outside diameter d + 2a
P, cos
) . m By .
Normal arc tooth thickness P o Gear root diameter D —2b
H
Pinion base diameter d cos ¢, Pinion root diameter d— 2b

Internal gears:

D —d
Gear base diameter D cos ¢, Center distance 5
Base helix angle tan” ' (tan ¢ cos ¢,) Inside diameter D — 2a
Root diameter D + 2b
*All dimensions are in inches, and angles are in degrees.
B, is the normal backlash.
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Figure 13-9: Circles of a gear layout
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Table 13-1 Tooth System Pressure Angle ¢, deg Addendum a Dedendum b

Standard and Commonly  Fuyll depth 20 1/P or m 1.25/P or 1.25m
Used Tooth Systems for 1.35/P or 1.35m
Spur Gears 22} 1/P or m 1.25/P or 1.25m
1.35/P or 1.35m
25 1/P or m 1.25/P or 1.25m
1.35/P or 1.35m

Stub 20 0.8/P or 0.8m 1/P  orm

The table contains the standards most used for spur gears. A 14.5°
pressure angle was once used for these but is now obsolete; the resulting
gears had to be comparatively larger to avoid interference problems.
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Figure 13-13

Involute-toothed pinion
and rack.

Pbr — Pe COS(}')
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Figure 13-14

Internal gear and pinion.
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Pinion Dedendum circle

Figure 13-12
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Figure 13-15

Definition of contact ratio.

Arc of
approach g,

m, = kLl
e

m. = _La
“ pcosd
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Gears should not generally be designed having contact ratios less
than about 1.20, because inaccuracies in mounting might reduce the
contact ratio even more, increasing the possibility of impact between
the teeth as well as an increase in the noise level.
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Figure 13-16 |
|
Interference in the action . 3
of gear teeth. ' D 5
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Base circle
N This portion of profile /
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Figure 13-12
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Case 1: One-To-One Gear Teeth Ratio

The smallest number of teeth on a spur pinion and gear without Interference:

Np

(1 + V1 + 3sin’ ) (13-10)

35111 ch

where k = 1 for full-depth teeth, 0.8 for stub teeth and ¢ = pressure angle.
For a 20° pressure angle, with k = 1,

2(1 =
Np = _(1} (1 +\/] + 3 sin” 20°) = 12.3 = 13 teeth
3 sin~ 20°
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Case 2: Mating Gear has more teeth than the pinion

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

B 2k
(1 + 2m) sin” ¢

Np

(m + Vm* + (1 + 2m) sin® ) (13-11)

For example, if m = 4, ¢ = 20°,

2(1 _ i
Np = () ———[4 + V4% + [1 + 2(4)] sin® 20°] = 15.4 = 16 teeth
[1 + 2(4)] sin® 20°
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Case 2: Mating Gear has more teeth than the pinion

The smallest number of teeth on a spur gear without Interference:

The largest gear with a specified pinion that is interference-free is
~ Npsin® ¢ — 4k°
4k — 2Np sin” ¢

(13-12)

G

For example, for a 13-tooth pinion with a pressure angle ¢ of 20°,

13%sin” 20° — 4(1)°
N = — = 16.45 = 16 teeth
4(1) — 2(13) sin” 20°
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Case 3: Mating Rack and Pinion:

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

Np = — (13-13)

For a 20° pressure angle full-depth tooth the smallest number of pinion teeth to mesh
with a rack is

2(1)
sin” 20°

Np = = 17.1 = 18 teeth
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Figure 13-16

Interference in the action
of gear teeth.

Effects of Increasing
Pressure Angle -
Involute Profile
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Figure 13-27 N Ns

A gear train.

N/

‘ “r
N, Ny N \ ! 6
Ng = ——— : %) N, -//js
N; N, N,
Idler Gear: 3

Driver Gears: 2,3,and5

Driven Gears: 3,4, and 6
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Figure 13-28
§
A two-stage compound gear §
train. \\\‘\\\\\\\
c\ N TN/ _&_
& B
§
ST \
) /-—;
&/ W
/
: —
Figure 13-29 p
2 [
A compound reverted gear . ::::::::::: 5
train. Vi 5\\\ :::::::::::: :::::j.
[ K_{_\\ \ A ____7%
\\\_// / \\\\\\\\\\ = '
/
S>> § ==
N \ S
f—f—\ _ /_ — I
Qﬂ =
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s
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Figure 13-30 ' 807

A planetary gear train.

Planet gear

Ring gear
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13-30 The tooth numbers for the gear train illustrated are N, = 20, N, = 16, N, = 30, Ny = 36, and
N; = 46. Gear 7 1s fixed. If shaft a 1s turned through 10 revolutions. how manv turns will shaft

b make?
s1—{—1}- [6]
3
g 1 |
— \ - I
HE‘,)——E———?——(%—&
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Pat Conkle
Mechanical Function Exhibi

This Pat Conkle Mechanical Function Exhibit
has been given a face-lift by Pitsco, Inc.
Members of the Conkle family are here at
ISEA to visit with interested attendees and
share more about this outstanding sample of
craftsmanship and precision machining.
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Shaft A rotates at 300 rpm and shaft Bat 600 rpm in the directions shown.
Determine the speed and direction of rotation of shaft C.

4(42T)
Arme [ | 3(24T)

EI-'—"—'—"—'_"}'— —_
1 (24T) é
C @_ A B
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Figure 13-32

Free-body diagrams of the Gear T F
€ B3 b3
forces and moments acting /——-n\

upon two gears of a simple % 3
. H
gear train. / 3 3 \ /
.
b / ;\
f

___,._/
\___
{.f) _H‘N\\ 2
[ ,,.4
&
a
\\\_______/// / /
Pini )
1mnion 1 \\_‘—— 2
(a)
(b)
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Figure 13-33

Resolution of gear forces.
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The gears shown in the figure have a module of 12 mm and a 20 pressure angle. The pinion
rotates at 1800 rev/min clockwise and transmits 150 kW through the idler pair to gear 5 on
shaft ¢. What forces do gears 3 and 4 transmit to the idler shaft?

y
T TSt
s~ | O 3
bl { { -|—‘fl +
Problem 13-33 3\ \Ef_,, /x/ c
e TN
32T ““':-K N
!
1 1 I \____..--'"'f
'\ﬂ‘/' X
5[ ™8T
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13-32 The 24T 6-pitch 20° pinion 2 shown in the figure rotates clockwise at 1000 rev/min and is

driven at a power of 25 hp. Gears 4, 5, and 6 have 24, 36, and 144 teeth, respectively. What
torque can arm 3 deliver to its output shaft” Draw free-body diagrams of the arm and of each
gear and show all forces that act upon them.

I
\
y

Problem 13-32

o~ | Fixed
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