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Fundamental Law of Gearing

The angular velocity ratio m,, (gear ratio) is defined as the ratio of
the output rotational speed divided by the input rotational speed:

_ (Wout Fin din

Mv =

(Din lNout dout

External set
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Fundamental Law of Gearing

e Reduce velocity — increase torque (lower gears)
* Increase velocity — decrease torque (higher gears)

e External set of gears — reverses direction of rotation
e |nternal sets of gears — rotate in same direction
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Fundamental Law of Gearing

* torce at A on the pinion  F, =T, /r,
e force at Aonthe gear  F, =T,/
e [onstraint Fo =Fy =0T =0T
e Power in pinion P =T,
* Power in gear P =T, @y
* Power flow Tin@in = Tou@oue
T o, ,r  d
e Torque ratio My = T o == r =+ d.
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Simple Gear Trains

®, F >

e [ollection of 2 or more meshing gears : ;

« Simple gear train is when there is | gear per shaft (@)
(Wout N 2 N3 N 4 Ns N 2 "
e s e E R “

« External gears : s

e [Jdd number — output same direction as input
e Even number — output opposite to input

o The numerical effects of all internal cancel out
* Intermediate gears are called idlers

®
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Simple Gear Trains

e [ollection of Z or more meshing gears 2 "
3 [ Ny
« Simple gear train is when there is | gear per shaft
4 Ny

o (M R M e e

« Limitation: dingle gear sets of spur, helical or bevel
gears are usually limited to a velocity ratio of |0:]
simply because the gear sets would become very large -

L)
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Simple Gear Trains

External gears
e Jdd — output same direction as input
e tven — output opposite to input

e The effects of all internal cancel out

e [ntermediate gears are called idlers

https://st.depositphotos.com/1459104/1824/i/950/depositphotos_18245601-stock-photo-plastic-gear-train-assembly.jpg
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Compound Gear Trains
yiy

. R
e Mt |east one shaft carries more than one gear N Sz
put S S\»LE

e Parallel or series-parallel arrangement

* \elocity ratios larger than 10: possible

_ Product of #of teeth on driver gears

"~ Product of #of teeth on driven gears

https://qph.ec.quoracdn.net/main-qimg-78164a8b2cca25d2365f756da0e8a3cl-c
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Compound Gear Trains

(Vout N 2 N 4 SEE N shaft
Mm=——m-=-——|-—— ¥, IR v b

Win N3 Ns T 1 SHs

N, 1T N
Why? N
L _N, W, = Ny o, K
@, N3 Nz vl \ /
W5 _|_ N, 5= _& 604 o /f'- . "
Wy Ns N :
®, =®, onthesameshaft
NZ
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Design of Compound Gear Trains

Design a compound gear train for an exact velocity ratio of 180:].
Find a combination of gears which will give that ratio.

Step la: Determine how many gear sets are needed

It 2 gear identical sets were selected, the individual gear ratio is

m, =2 —m xm, =180 = m, =m,, = /180 =13.416

In

Which is not acceptable since it is greater than |0

TR = i 5 s et s Side 100f3? L AU




Design of Compound Gear Trains

Step Ib:

It 3 gear identical sets were selected:

m =2 —m xm,,xm,, =180 = m, = 3180 =5.646
0)

In

Which is acceptable since it is less than |0
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Design of Compound Gear Trains

Step Z: Find gears that would satisty the required ratio

The individual gear ratio should be 0.6ab so

N, 1
N, 5.646

or N, =5.646N,

From the tables of 22" pressure angle gears and to avoid
interference, a minimum of 1Z teeth for the pinion is needed
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Design of Compound Gear Trains

Step 2 (continued):
Trying different integer teeth values:
N, = 14 teeth — N, = 74.00a — The closest to an integer (but not)

N, = la teeth — N, = d4.63
N, = |6 teeth — N, = 40.33

With 78:14 gear ratio, the output of the gear train is:

O _[(_BY_DBY_PI__ 17968 not exactly 180
@out 14 \ 14
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Design of Compound Gear Trains

Step J:
e find the integer factors of 180 — 2,2, 8. 3, a
« Balance the sets as equally as possible while keeping ratios < |0

e dince we know from previous steps that we need 3 sets with a
ratio between a and b, take multipliers close to this ratio

(example: a-b-b)
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Design of Compound Gear Trains

Step 3 (continued):

From the tables, using 3 pinions with |4 teeth is acceptable:
* N, =N, =N; =14 teeth

e Then N; = 700, N: = d4, N, = 64 teeth

oA
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Design of Compound Gear Trains

"
3 14t 84t N3

&X\\ Z? I
3 14t 84t SQLD Ns
\N\\N\N\NN\\V////1/1///1/7 ‘
K T
g W s
| : Ng @ ﬁm 70t I lB Ny

Output
. shaft
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Reverted Gear Trains

e Lompounded gear trains with concentric input/output shafts

’ Wy ". ‘PJS

L (FN ] oupe “paa N ~ ~ Input
N B \ shaft '§ A shaft

K 2 N N

. ZIN

e

=2 R " Countershaft

7= )

N4 =%

s
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Reverted Gear Trains

e [o achieve a reverted gear train, the center distance between the
gears should be equal thus the following constraint should be

maintained:

L+0=r+r
d,+d,=d, +d,

but p, :%:

N,+N,=N,+N;
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Design of Reverted Gear Trains

Design a reverted compound gear train with an train ratio of 18:]

Solution: Start with two identical sets

m, = Do _ m, xm,, =18 = m,~/18 = 4.24
Q.

In

Acceptable (<|0) but not rational so no exact solution available
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Design of Reverted Gear Trains

It the pinions have 14 teeth, then:

* N, = 14 teeth — N, = 0d.4
* N, =1a teeth — N, = bd.b4
* N, =16 teeth — N; = b7.d3
o N, =17 teeth — N; = 72.IZ

No exact solution exists
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Design of Reverted Gear Trains

nstead, use the factors of [8 =2 x 3 x 3
or Z sets, the possible combinations are: 3x2 or bBx 3

The best matched set would be B x 3, so:

oo @ [ Neyo Naj (13 13 1
Ton LU NsA Ns) U el 3) 18
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Design of Reverted Gear Trains

* Enforcing the reverted gear train constraint: N, + N, =N, + N, =k

N, YN[y 1)t
e And the result that we got: mvz[—N—Bj( st_( 6)( 3j_8

* Then: %:%: N, =6N,

w

&:%: N. =6N,

5
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Design of Reverted Gear Trains

e dubstitute in gear train constraint and solving for k:

N, +N,=k=N,+6N, =k =k =7N,
N, +N; =k =N, +3N, =k = k =4N,

o Setting k to the lowest common multiple of 7 and 4 will give a valid
solution for the equalities which is 28
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Design of Reverted Gear Trains

o [Jsing k=28 will result in a very small pinion (4 teeth)
* Increasing value of k by Z (k=ab) is still not enough (8 teeth)

* Increasing value of k by 4 (k=I12) gives satisfactory results:

k=7N,=112= N, =16
k=4N,=112= N, =28
and

N, =6N, =96

N, =3N, =84
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Design of Reverted Gear Trains

« So the final solution to the problem will be to use the following
compounded gear sets:

N, =16
N, =96
N, =84
N, =28

e Which will result in

(Dout [ sz( N4j
Mv = = —— || —— [ =
Din N3 Ns
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Design problem 2

Design a reverted compound gear train with an exact train ratio of
401:| and a diametral pitch of &.

Solution: Start with two identical sets

m, = Dou m,, xm,, =18 = m,~/40 = 6.32
n)

In

Acceptable (<|0) but not rational so no exact solution available
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Design problem 2

Instead, use the factors of 40 =0 x 2 x 2 x Z
For 2 sets, the possible combinations are: axa or 10x4

The best matched set would be ax8, so:

o @ (N2t Naj (190 1) 1
T om U Ns A Ns) U s\ 8) 40
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Design problem 2

* Enforcing the reverted gear train constraint: N, + N, =N, + N, =k

N )N (1) 1)L
e And the result that we got: mvz[—N—B]( NJ_( 5)( 8j_40

1

e Then: —2==— N, =5N,
5

:%: N. =8N,

= |4>Z Z |Nz

5
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Design problem 2

e dubstitute in gear train constraint and solving for k:

N, +N,=k= N, +5N, =k =k =6N,
N, +N; =k =N, +8N, =k =k =9N,

« Setting k to the lowest common multiple of b and 3 will give a valid
solution for the equalities which is a4
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Design problem 2

e Using k=04 will result in a very small pinion (b teeth)
e Increasing value of k by Z (k=I08) is still not enough (12 teeth)

e Increasing value of k by 3 (k=162) gives satistactory results:

k=6N,=162= N, =27
k=9N,=162= N, =18
and

N, =5N, =135

N, =8N, =144
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Design problem 2

« So the final solution to the problem will be to use the following
compounded gear sets:

¥ - - @, Ns '
N 2 — 27 Wopr e B Q‘ . Ny
N, =135 B Ry poa
3 i I émput L/_d vw : —?a EZ"J'— Input
SN N/ shaft : shaft
N 5 — 18 \\\"*— 2
N, =144 | zg Ne
\ [ Qm\ o ’mE;Coum haft
[ [ . \\\\ /,.»""/ NA - \.‘
e Which will result in ~—

e (O N2Y_Ne) (27 18) 1
" @ Nz L Ns 135 \ 144) 40
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Design problem 2

e The pitch diameters of the gears are:

d, :&:3.375 In d, :&=16.875 In
P Pd
d4:&:2.25in d5:£:18in
P P

e Which will result in a center distance of 10.125"
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