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Example 6.1

Consider the gear train shown in Figure 6,20,
Calculate the speed of gear five.

Solution
N,
Ny ity
N,
Ny == =M
2 Ny

n, = n; (on the same shaft)

N
= = — r" "y
N;
N,N,N,
R
.'i\ :‘J\ J.‘\'l
N T ._'l"" [ 1|
Tl - . L -—-
aw e
.1"| ) -1 B |
- - | - -
. . "I". ! i _.-. -".'. -
T T . s et
No- -
=re=h,
Fral ]
L o
1y
1
T
]
1
1
' -
. = . =1
"-.'. 1
|
—_ —
" 1
|
-t
- ——
I.~
™= I o

Hrura 21 Earzh -3

Example 6.2

For the double reduction gear train shown in
Figure 6.21, if the input speed is 1750 rpm in a
clockwise direction what is the output speed?

Solution

o= ——

2
n; = n, (on the same shaft)

N,

By =i a=thy
Ny

N, N 18 Y 20
ny = —=—Ltn =—| = |(—1750)
Ny N, 54 A\ 70

= —166.7 rpm

Example 6.3

For the double reduction gear train with an
idler shown in Figure 6.22,if the input speed is
1750 rpm 1n a clockwise direction what is the
output speed?

Solution
N
Hs = — '4 1y
N,
Hy— = ==riis
N,
- -1 -
Il [
-
(= — &,
i
ol
- '-“

- j [LENL TS

Fimura 8.11 ttaldciezoiie i uae,



-t

|
L.l -

He = ——————
e N IN
RN 20Y oo
= s | ‘ 1 /750)
54 A22 A 70 )
= 166.7 rpm
Notice that the presence of the idler gear has
caused the gear train output to reverse direc
tion, but has not altered the gear ratio in com-
parison to the previous example
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Example 6.4
For the epicyclic gearbox illustrated in Figure
6.25, determine the speed and direction of the

final drive and also the speed and direction of

the planetary gears. The teeth numbers of the
sun, planets and ring gear are 20, 30 and 80,
respectively. The speed and direction of the sun
gear 1s 1000 rpm clockwise and the ring gear is
held stationary.

Solution
From Eq. 6.13,

" — 1000

- — = = —200 rpm

(80/20) + 1 5

”.nm

The speed of the final drive is 200 rpm clock-
wise. The reduction ratio for the gearbox is
given by g/t = 1000/200 = 5.To deter-

mine the speed of the planets use Egs 6.14 and
6.15. The planets and sun are in mesh, so

ApanecMarm N
g ,\']_
. Wi ‘\':I'

Inbh 3.4 Pa'wrw:- olonkrdar=dien

a ' 1 ' PR B ! I 4
. LI I/ N [

Inbh 4.5 Pl coushrd mea- wed rurcbar

R I I IV 1 .. = 1l :l
R e B MY B ] SRR M -

LI O LI MY I MO B 1 M N B

”]’\E,mc‘t = {_2””] 20
—1000 — (=200) 30

20 s
L B X (—800) — 200 = 333 rpm
The speed of rotation of the planetary gears is
333 rpm counter-clockwise.
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Example 6.5

A 20° full depth spur pinien is to transmit
1.25kW at 850 rpm. The pinion has 18 teeth.

Determine the Lewis bending stress if the

module is 2 and the face width is 25 mm.

Solution
L'.',J\'i||.st=|1-\_: the pinion pitch diameter
dp miNp =2 X 18 = 36 mm

Calculating the pm'h line velocity

= X 850 X 0.1047 = 1.602 m/s

Calculating the velocity factor

F\,l o (i]

= (),7920
6.1 ==1.602

(f.t]yu].lnng the transmitted load
W Power 1250

= 780.2 N
7 1.602

From Table 6.6, for Ny = 18, the Lewis form

factor Y = (.29327.

['he Lewis Equation for bending stress gives:
W

K FmY

o=

780.2

(0.792 X (0.025 X 0.002 X 0.29327

= 67.18 X 10° N/m* = 67.18 MPa.

6.6 Simple pedr selachion
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Example 6.6

A :_’i':ll'l“.\\ 15 rx‘qull'-cd to transmit 18 kW from
a shaft rotating at 2650 rpm. The desired out-
put speed is approximately 12000rpm. For
space limitation and standardization reasons

a double step-up gearbox is requested with

equal ratios. Using the limited selection of

gears 1‘T'L‘\L'HIL'\L{ in Tables 6.7 to 6.10, select

suitable gears for the gear wheels and pinions.

Solution

Overall ratio = 12000/2650 = 4.528.
First stage ratio = y4.528 = 2.128.

This could be achieved using a gear with
38 teeth and pinion with 18 teeth (ratio =
38/18 = 2.11).

['he gear materials listed in Tables 6.7 to
6.10 are 817M40 and 655M13 steels. From
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Table 6.11, the 655M13 is the stronger steel and
this is selected for this example prior to a more
detailed consideration. For 655M13 case hard-
ened steel gears, the permissible stress o, =
345 MPa.

Calculations for gear 1: Yiq = 0.37727,
n = 2650 rpm.

" L5 2.0
d = mN (mm) 57 76
v d % 107 x 217( /)
Al n=—{mys, 5
2 60 7.9 10.5
Power
W, = (N) 2276 1707
V
3 6.1
K,=— 0.4357 0.3675
P i o
o (m) 0.027 0.018
K,mYo,

m = 1.5 gives a face width value greater than
the catalogue value of 20mm, so try m = 2.
m = 2 gives a face width value less than the cata-
logue value of 25 mm, so design 1s OK.
Calculations for pinion 1: Y;q = 0.29327,

1 = 5594 rpm. (No need to do calculations for
m = 1.5, because it has now been rejected.)

(7 2.0

d (mm) 36

7 (m/s) 10.5
W, (N) 1707
K, 0.3676
F (m) 0.023

m = 1.5 gives a face width value greater than
the catalogue value of 20mm, so try m = 2.
m = 2 gives a face width value less than the
catalogue value of 25 mm, so design is OK.
Calculations for gear 2: Yyg = 0.37727,n =

5594 rpm.
" 2.0
d (mm) 76
V (m/s) 2226
W, (N) 808.6
K, 0.215
F (m) 0.0144

m =2 gives a face width value lower than
catalogue specification, so the design is OK.
Calculations for pinion 2: Y;g4 = 0.29327,

n=11810rpm.

" 2.0

d (mm) 36

V (m/s) 22,26
W, (N) 808.6
K, 0.215
F (m) 0.0186

m =2 gives a face width value lower than
catalogue specification, so the design is OK.
A general arrangement for the solution is
shown in Figure 6.27.

Example 6.7

A gearbox for a cordless hand tool, Figure 6.28,
is required to transmit 5W from an electric
motor running at 3000 rpm to an output drive
running at approximately 75 rpm. The specifi-
cation for the gearbox is that it should be reli-
able, efficient, maintenance free for the life of
the device, light and fit within an enclosure
of 50 mm diameter. The length is not critical.
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The tolerance on the output speed is accept-
able at *£10 per cent. Specify an appropriate
gear train including values for the module,
teeth numbers and gear materials,

Solution

The reduction ratio 3000/75 is quite large and
could be achieved by a compound gear train,
a worm and wheel or a two stage reduction
epicyclic. The restriction on the maximum
diameter precludes the use of compound gear
trains, especially if the drive input is axial as
would be expected from an electric motor.
The high efficiency demand rules out the use
of a worm and wheel.

We want an overall ratio of 40 (=3000/
75). This could be achieved in a two-stage

el

Hpirs k17 Tw=aeze —priribc- ascad c omar mals
vl Teeresad 21500

reduction epicyclic gearbox as illustrated in
Figure 6.29. For identical stages the gear ratio
of each stage would be V40 = 6.3 (6.3 X
6.3 = 39.7).

Try Ng = 18, Np = 72.This gives a reduction
ratio per stage of Np/Ns+ 1 =72/18 +
1 = 5. Overall reduction ratio of the two stage
gear train = 5 X 5 = 25. No good.

Try Ny = 12, Np = 72.This gives a reduction
ratio of 7. Overall reduction ratio 7 X 7 = 49,
No good.

Try N5 = 12, N = 63.This gives a reduction
rato  of 6.25. Overall reduction ratio
6:25 X.6.25:= 39.1. OK.

Can this fit in the space?
Propose a module, Say m = 0.5,

With Ng = 12,

6Hmm.

doy =mN=05X 12 =









This face width of 4.4mm 1s less than the
5 mm available, indicating that the gear will be

more than strong enough.

Design summary:

Stage 1: module 0.5, F= 5mm, Ng= 12
(Tufnol), Np = 27 planets, Tufnol),
Ny = 66 (Tufnol).

Stage 2:

(three

module 0.5, F=5mm, Ng= 12
(steel), Np = 27 (three planets, Tufnol), N = 66
(Tufnol).

8.7 Cancluslons
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