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3. Gears

Kinematically a regular gear pair is a form closed kinematic
pair that is in permanent critical form. The relative motion
can be represented as rolling of one pitch circle on the other
therefore degree of freedom of the kinematic pair is actually
one. However since it is in permanent critical form, to
obtain true degree of freedom, for regular gear pairs (GP*)
degree of freedom of the joint is assumed to be 2.

Unlike linkage mechanisms, there is linear relationship
between the angular velocities of the links connected by a
gear pair. That is, the velocity influence coefficient is
position independent and is a constant number. The same
principle applies for belts (where slip is negligible for flat
and v-belts, roller drives for timing belts and chain drives).
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3. Gears

(%
It
J
4

—

wlE:

s

Timing Belt Drive Chain Drive

ME 301 Theory of Machines I



3. Gears

Simple Gears:

External Mesh The axes of the gears are connected to the
fixed link by revolute joints at a distance equal to sum of
the radii of the two gears. L —

GEARS MESH
AT THE PITCH CIRCLE
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3. Gears

Simple Gears:
Internal Mesh, Ring Gear L ~.
At point P there is rolling
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Simple Gear Trains: o o
p.. = 213 2 - 7 .\"( ;
o n MY / v
Ry, =Lt T3 NI
W13 Ty N2 N 3./
. .7 N 7

The only effect of gear 3 is to change the direction of
rotation therefore mostly it is termed as the idler gear.
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3. Gears 3

Compound Gear Trains:
If, at least one of the links contain more than one gear then

. —

the gear train is called a compound gear train. -~ '\,

/ o N
W13 &) . — //-Nl\ 4 \
Ry, =——=—— 7 Y \ N |
23 / r Co .
R ' o A /
) ry’ ( : { (& '~ .7
14 3 : Ay \ LT
R34 = — — — 5 / - N0
W13 Ty N, o0\ R
T — ~ N
W14 Ty ry L T2l 7{ 'I"I/diriving gear
Ryy=—=|-={—7—)=D = (-1 —
W12 T3 Ty T3y [Idiriven gear

Kk is the number of external meshes
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3. Gears

Law of Gearing

Two gears to be meshed, their tooth should be of the same
Size.

Size of a gear tooth is determined in two ways:
American Units: Diametral Pitch

T
P, = — [tooth/inch]

d

SI Units: Module
d

m = ﬂT Imm)]

In both cases number of tooth is proportional to diameter
(therefore radius) of the meshing gears.
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3. Gears

Gear Terminology (Mainly in ME 308)

pressure  Normal reference line - Pitch
ang® Pitch
\ e

Tooth |
> Top land |<thickness
" , ‘
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' ‘ Tooth tip
Tooth
Reference line  / \—surface ‘ Reference 1 ‘ |

Addendum
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V X

e

Dedendum
}
Root surface

_Tooth Depth
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Tooth root
Addendum

| Tip and Root
edendum circle| Clearance
3 /
Facewidth
4 Tooth
thickness

Dedendum

Tip and Root
> gearance

"~ Adfendum
~~______Centerdistance

https://khkgears.net/new/gear knowledge/abcs of gears-b/basic_gear terminology calculation.html
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3. Gears

Example: L

Four forward and one reverse speed automobile earbox. Determine the
speed ratios and rotation direction of the output shaft.

ThTz @, 17%17 289

R. 1 =(=1)2 = =———=——=(.1563
o = (=1) TgTy w; 43 x43 1849
T,T, w, 17x27 153
R;,% = (—1)? =— =———=——2=(.323
0" = (=1) TgT, w; 43x33 473
T.T, w, 17%x36 51
R;,> = (—1)? = — = = — = 0.593
0" = (=1) TeTr w; 43x24 86
Rio4 —
TaTeTw W 17 X 17 X 22 3179
R = (1)} =2 = — =— ~ —0.1910
TsTiTy 43 x 18 x 43 16641

Soylemez, Mechanisms 5 ed. p. 225
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3. Gears

Planetary Gear Trains:

At least one gear is not directly connected to the fixed link
by a revolute joint, the gear train is planetary gear train.
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https://www.tec-science.com/mechanical-power-transmission/planetary-gear/fundamental-equation-of-planetary-gears-willis-equation/
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3. Gears -

Planetary Gear Trains:

i

11

j
F=A(£—j—1)+2fi ;
=1

A1=3
£ =4

j =4 @GR + GP?)
4

F=3(4—-4—-1)+5=2

https://www.tec-science.com/mechanical-power-transmission/planetary-gear/fundamental-equation-of-planetary-gears-willis-equation/
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3. Gears

Planetary Gear Trains:

Assume all angular velocities counter
clockwise positive:

Vp = VP3
, — W12717 (<)

=Va+Vp, /a4 = w14(1r3 + 13) — 01373(<)

-~
[

W17y = W14(1y +13) — w1373
I, W13 — W14

=
N
w
|
I
|

r3 W12 — W14
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3. Gears

Planetary Gear Trains:

-
]

Vp,

, — W1217 (<)

Va+ Vp,ja = w14(1r; — 13) + wy373(<)

=~
[

W11y = W14(1ry —13) + W1373
r2 W13 — W14

R23 — —
r3 W1z — Wig
R.. = T . $Ti . W1j — Wiarm
ij— v = T =
T; T] W1; — Wiarm

- for sun, + for ring gear
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3. Gears

T3 =22

Example: ./‘/r -\‘\T3 . ;
Given wqp; = 150 rpm (CW), w14 = (3\A ‘l _
100 rpm (CCW) , determine w3 - L L
for T, = 60 and T3 = 22. NG =8
R __E__6O_a)13—w14_ w13 — 100 ./' .\,?;2:60 4

37T, 227 wyp—wya —150—-100 /2 £y 2
wq3 = 782 rpm (CCW) ’\ T

N b
'~ s
T T, =60
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3. Gears
3
Example: .
Dete?mine the output speed and direction of 15|5T_ JI_ -+ 2
rotation for w;, = 3000 rpm TIT
Mesh 1, planetary, arm 2, external
12T
R T3 _ 40 _ W14 — W12 T
*TOT, 38 w3 — wyy — 55— Input
1
Mesh 2, planetary, arm 2, external sam 4
R T3, 42 W15 — W12 Output £ 6 .
S L 1 38T
== TS 36 w13 — W12 # 36T

Mesh 3, simple, internal
T5 120 W16
56 = — = =
T6 54 W15

Mesh 4, simple, external

26

Four equations—four unknowns, w4 = ——— w1,

1305
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3. Gears

Example:

. w
Determine —

W12
Mesh 1, planetary, arm 4, external
TZ 24 _ W13 — W14

T3 60 W1y — W14

Mesh 2, planetary, arm 4, internal
I3, 18 W11 — W14

= — X — = — —
W1 — W14 60 102 85

R = = —
31 T1 102 w13 — W14
—W
R23 X R31 = X =
W14 _ 6
w12 B 91

cor |

1
WY

|
[
NN\ L
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3. Gears

Example: \
e IEsBES]
Determine —= 3
w12 =
Mesh 1, planetary, arm 2, internal ? 50T 55T |,
T1 100 w13 — W12 4- 2 LY

R = — = = B z
13 T3 20 w11 — W12 r

oy

Mesh 2, planetary, arm 2, internal

R. — T5, _ s _ W14 — W12 100T 105T
o T4_ 105 (1)13 — (1)12 T =
(1)14_ — (1)12 100 25 25
Ri2 X R,y = X = X =
13 7 74 — w1, 20 © 105 21
wig 4
(1)12 N 25
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3. Gears

Floodgate power screw
operated by bevel gear

Hand powered drill
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3. Gears

Bevel Gears

In bevel gears since rotation axes of two meshing gears are

not parallel, the sign convention in simple and planetary
gear trains do not work.

For simple bevel gears inspection works very well.
(O Designates velocity vector tip (out of page)
& Designates velocity vector tail (into page)
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3. Gears

Example:

. w
Determine —
w12

Mesh 1, bevel, simple

TZ AN w13
A T3 30 01y ( Irection on rigure )

Mesh 2, bevel, simple

T3/ 18 W14
R34 = = —
T4_ 60 w13
W W W 20 18 3
R23 X R34 _ 13 X 14 _ 14 _ X _
W12 w13 W12 80 60 40

Since shafts 2 and 4 are parallel and rotate in the same
direction (obtained by inspection)

w 3
@14 _ 3
(1)12 4‘0
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3. Gears

Bevel Gears
For planetary bevel gears,

1. Fix the arm, let the fixed (if any) gears
move.

2. Write the gear ratio of the simple gear
train with proper signs, equate it to
the speed ratio of the planetary gear
train.

3. If result is + then output is in the
same direction obtained in (2) if —
opposite direction to (2).
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3. Gears

Example: (3.5 of textbook)

. w
Determine —
w12

1. Fix the arm (2), let the fixed (if any) gears
(1->1’) move

2. Write the gear ratio of the simple gear train
with proper signs, equate it to the speed ratio
of the planetary gear train

T; XT;, 40X42 14 (w4 — w1
U4 7T xT, 20x18 3 Wy — iy

3. If result is + then output is in the same

direction obtained in (2) if - opposite
direction to (2).

Wi 11

w12 3

\\ //
;\ 20T
| A prre
2 i L
40T

49T/ N
/
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3. Gears

Example: (Car differential)
pinion
L" 1] |{ /

:
crown wheel ————x "] " { f &

small gear

rotating cage

inner half
shaft

| STM"““’“‘“B. j T : large gear

small gear
outer half shaft

propeller shaft large gear
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https://www.youtube.com/watch?v=LrkWjpdk66E
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3. Gears

Example: (Car differential) VSL‘;LE
R, =2_10_ > (Directi figure b tion!)
23 — T3 = 48 = 01y Irection on rigure ylnspec 10n

77 Left Shaft6
1. Fix the arm (3), let the fixed (none) gears move

2. Write the gear ratio of the simple gear train
with proper signs, equate it to the speed ratio - redundant
of the planetary gear train

@$®

_TsxT, 20x14 W16 — W13
T T, XT, 14x20 Wi — Wi

2 Propeller shaft & pinion: 2

W15 + W16 = 3 @12 iypllcgl Tooth Number

2

On straight road, % - Ti
W12 o

W15 = W16 = 5~ Ts = Te= 20

On a curve
W15 F W1e

This is a F = 2 mechanism but there is only one
input. The road conditions determine the motion,
underactuation.
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3. Gears

Example: (3.6 of textbook)

. w
Determine —
w12

1. Fix the arm (5), let the fixed (if any) gears
(1->1’) move

2. Write the gear ratio of the simple gear train
with proper signs, equate it to the speed ratio
of the planetary gear train

_ Tz X T3, 20 X 24 _ 12 W14 — W15

24_T3XT4 =56X35_49_(U12_(1)15

T1 X T3 76 19 w1y — (1)15 5
— — - = —
W11 — W1e W15 14 W12

R, = =
P2 T1,xT, 20 5

3. If result is + then output is in the same

direction obtained in (2) if - opposite
direction to (2). SONUC HATALI!

Wi 11

W1 B 3

S6T

i3

A

\ S6T

[

7 2zl

v O

1/3

/ ST
/76T

X

o O
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