ME 6601 DESIGN OF TRANSMISSION SYSTEMS

ME-6601 DESIGN OF TRANSMISSION SYSTEMS

UNIT-I DESIGN OF TRANSMISSION SYSTEMS FOR FLEXIBLE
ELEMENTS

(PART-A)

1. What do you understand by 6x19 construction in wire ropes?

A 6 x 19 wire rope means a rope is made from 6 strands with 19 wires
in each strand.

2. Mention the losses in belt drives?
¢ The losses in a belt drive are due to:
« Slip and creep of the belt on the pulleys
% Air resistance to the movement of belt and
» Bending of the belt over the pulleys
Friction in the bearings of the pulley
3. In what ways the timing belts are superior to ordi

*,

>

)

L)

K/
0’0

slippage occurs at the sheaves. But certain i d an exact output
and input speed ratio. In such situations, ti

driving chains?
+ When chain passes over a as a series of chords instead of a

It results in varying speed of the

In operati es over the pulley the centrifugal effect due to its Self
om the pulley surface. This reduces the normal
frictional resistance.

oduces an additional tension in the belt.
6. What on in chain drives?

ain passes over a sprocket, it moves as a series of chords instead of a
s are as in the case of a belt drive. It results in varying speed of the chain
is phenomenon is known as chordal action.

7. Name the few material for belt drives?
% Leather
+ Fabric and cotton
% Rubber
< Balata
s Nylon
8. Under what circumstances chain drives are preferred over V belt drives?
+ To transmit more power
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ME 6601 DESIGN OF TRANSMISSION SYSTEMS

9. Define the term ‘crowning of pulley’?

7

« The pulley rims are tapped slightly towards the edges. This slight convexity is
known as crowning.

10. What factors will affect the working conditions of the chain drive?

7

« Lubrication

7

< Wear

R/

% Strength

11. What are the types of belts?
% (a) Flat Belts
< (b) V Belts.
(ii) Multiple V belt. (iii) Ribbed Belt.

% (c) Toothed or Timing
% (d), Round, Belts.
12. Indicate some merits and demerits of
Merits
+ Belt drives are used for long
+ Their operations are smo
+ Simple in design and t g cost is lower.
Demerits
+ They need large

is more.

13.
thin strips and laminated one over the other in
order to get thick These thin strips or sheets are called as plies of belt.
Us e of 11 ply, 4 ply, 5 ply, 6 ply and 8 ply belt etc And 4
ply b
14.

d-belt is applied, in sewing machine.

15. Specify the purpose of crowning of bets.

To prevent slipping from pulley due to centrifugal force

16. What factors should be considered during the selection of a belt drive?
a) Amount of power to be transmitted, b) Peripheral and angular speeds. c)
Speed ratio. d) Efficiency. e) Centre distance between shafts f) Space available. g)

Working environment
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17. What are the advantages of chain drives?
Advantages of chain drives
% Are having more power transmitting capacity.
% Have higher efficiency and compact size.
% 3- Exert -less load on shafts since no initial tension is applied on the
sprocket shafts.
% Require easy maintenance

18.Specify some drawbacks of chain drives.

¢ The design of chain drive is more complicated.
+ The operation is noisy and production cost is hi
+ They require more accurate assembly bf shaf
19.What are the types of ropes?
They are two type namely
a) Fibre ropes
b) Wire ropes.
20. In what ways wire ro ior to fibre ropes?
a) Wire ropes are stronger, more durabl ropes.
b) Wire ropes can withstand'
c¢) Their 'efficiency in high.
d) They can be operated for entre distance even up to 1000 m.

t of occasions.

re than a shorter belt. Why? (April/May 2017)

Hence wire-rop

21. A longer be

advantages of wire ropes compared to chains. (April/May 2017)
% Lighter weight and high strength to weight ratio
+ More reliable in operation
+ Silent operation even at high working speeds
23. Write the advantages of V belts over the Flat belts? (Nov/Dec 2017)
+ Power transmitted is more due to wedging action in the grooved
pulley
+ Higher velocity ratio (upto 10) can be obtained
¢ V belt is more compact , quiet and shock absorbing
% The drive positive because the slip is negligible

22. List

7
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24. List the chain drive failures? (Nov/Dec 2017)
The four basic modes of chain failures are

+ Near

« Fatigue

s Impact

% Galling

25. Define Coefficient of friction? (April/May 2018)

The Coefficient of friction is the ratio of the frictional fonee to the force
acting perpendicular to the two surfaces in contact. Thi efficient is a
measure of the difficulty with which the surface of one m ill slide over
another material.

ii.  They are more compact than belt or

iii.  There is no slip between chain an provide positive
drive

iv.  Higher efficiency (upto 98%) of th

27. Name the four types of belts n of power (Nov/Dec

2018)
i.  Flat belts
ii.  V belts
iii.
iv.
28. When do use steppe ive? (Nov/Dec 2018)

rive is used when the driven or machine

‘ ide of the belt should be on the bottom side of the pulley

livers it to the upper side. So it is obvious that the bottom side of the

elt is tight

re the various stresses induced in wire ropes? (April/May 2019)

i.  Direct stress due to the weight of the load to be lifted and weight of the
rope

ii. Bending stress when the rope passes over the sheave

iii.  Stress due to acceleration

iv.  Stress during starting and stopping

PART-B)
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1. A compressor is to run by a motor pulley running at 1440rpm, Speed
ratio 2.5. Choose a flat belt crossed drive. Centre distance between
pulleys is 3.6m. Take belt speed as 16 m/s. Load factor is 1.3. Take a 5-
ply, flat Dunlop belt. Power to be transmitted is 12 KW. High speed load
rating is 0.0118 KW/ply/mm, width at v = 5 m/s. Determine the width
and length of the belt.

Given data:

Dlayg v

N, =1440rpm ', s '
b=2.5 | 4o b

MqO"lM puiley
c=3.6m Moty =
r=1675 e “
K, =13 4 | - |
Belt =5 Ply, flat dunlop belt. ;ﬁ *:
P =12KW

Load rating at 5% =0.0118 KW/Ply /m

Step 1: Calculation of Pulley di ers:
Assume the driven p di = 1000 mm.

W.K.T q):g:

Case (i): To find the d speed. (N2).

Case (ii): pulley diameter (d):

d =400mm
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From PSGDB 7.54, from recommended series of pulley diameters and
tolerances.

The standard diameter for
) d =400mm
the driver pulley

Step 2: Calculation of design power in KW.

Rated power (K, )xLoad correction factor (K, )
actor (K)

Design power =

Arc of contact factor (K, )xSmall pulle

Case (i): To find the arc of contact factor (Ka)

From PSGDB 7.54

Arc of contact =180°— (D —d j x 60°
C

:1&P_(um0—mmjxap

3600
=170°

From PSGDB 7.54, take th .04 . Corresponding to the arc of

contact 170°

Case (ii): T factor (Ka)

Small pulley factor Kq’

Small Pulley Ka

diameter
Upto 100mm 0.5
100 — 200mm 0.6
200 - 300mm 0.7
300 - 400mm 0.8
400 — 750mm 0.9
Over 750mm 1.0

From the above table. We take the Kq value 0.8

~ K, =08

Case (iii):
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To find the design power, KW:

W. K. T. Design power = PxK,
K, xK,
~ 12x1.3
1.04x0.8
=18.75KW
Step 3: Selection of belt:
Given: 5 Ply, flat Dunlop belt. Its capacit given by 0.0118
KW/ply/mm.
Step 4: Load rating correction:

From PSGDB 7.54.

Load rating at "V’

Design Power

belt = - -
Load rating x No. of plies.

18.75
03776 x5

=99.31mm

idths.
The standard belt width for 5 Ply belt = 100mm.
Step 6: Determination of Pulley width:

From PSGDB 7.54, Pulley width is given by

Pulley width = Belt width + 18 mm

100 + 13 mm

113 mm

rom PSGDB 7.52 Specification of transmission belting standard
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From PSGDB 7.54, recommended series of width of flat pulleys, mm.
The standard pulley width = 125 mm.
Step 7: Calculation of length of the belt (L):

From PSGDB 7.61,

2
L=2C+E(D+d)+ P-4
2 4C
—2x3600+7/(1000+4oo)+w
_ 2 4x3600

=7200+2199.11+25
L=9424.11mm

2. At the construction site, 1 tonne of st
20m with the help of 2 wire ropes of
mm and breaking load 78 KN. Dete
sheave diameter is 56 d an ire
second when travelling at eed . s. What is the factor of
safety if bending load is n ct

Given data:

h—=20m
W =1 tonne = 1000Kg

Step Selection of suitable Wire rope:

Given: 6 x 19 size wire rope.

Step 2: Calculation of design load:

Assuming a larger factor of safety of 15, the design load is calculated.

Design load = Load to be lifted x Assumed FOS

=9810 x 15
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147150 N

147.15 KN

Step 3: Selection of Wire rope diameter (d):

From PSGDB 9.5. For the breaking strength (Wpreak) 78 KN (7.8
tonnes). take the diameter of the rope is 12mm.

d=12mm
, = 1600 to 1750N/mm?

Step 4: Calculation of sheave diameter (D):
Given:

Sheave diameter

Step 5: Selection of the areagof u tion of the rope (A):

From PSGDB 9

f Wire diameter (dw):

_d
Y150

i = Number of strands x Number of wires in each strand

d

=6 x 19
i=114

12

d =——=
Y 1.54114
- d, =0.75mm

Step 7: Selection of Weight of rope (W;):
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From PSGDB 9.5. Corresponding to the diameter of the rope
12mm, take

Approximate weight =0.54Kgf/m
=5.3N/m
. Weight of rope W, = Approximate Weight x h

=5.3x20

W. =106N

Step 8: Calculation of various loads:

Case (i): To find the direct load (Waq):
W, =W+W,
=9810N + 106N
W, =9916N

Case (ii): To find the ler (Wa):

a=12m/s’

W, = (9810 +106j1.2
9.81

W, =1212.97N

Step 9: Calculation of effective loads on the rope:
Effective load during acceleration of the load

W, =W,+W, +W,
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=9916+0+1212.97
W, =0,From the Question
Bending load is neglected

=11128.97N

Step 10: Calculation of working factor of safety (FSy):

Working factor | Breaking load
of Safety (F,,) | Effective load

during acceleration (W,

_ 78x10°
11128.97
F, =7

Step 11: Check for design:

From PSGDB 9.1, for hois ecommended factor of

safety = 5
Since the working f: greater than the recommended
factor of safety. Ther s safe

3. Design a V beltd
average stress for t ing data. Power to be transmitted = 7.5 KW,
speed of driving whe

i = 500 mm, diameter of the driver pulley =

nce = 925 mm

2 =300 rpm

= 500 mm
d =150 mm
C =925 mm

Step 1: Selection of belt
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From PSGDB 7.58,
For 7.5 KW, B section is selected

Step 2: Selection of pulley diameters. d & D:
d = 150 mm, D = 500 mm given.

Step 3: Selection of centre distance (c) :

C= 925 mm given.

Step 4: Calculation of nominal pitch length (L).

From PSGDB 7.61,

(D-d)*
4C

L=2C+gu)+m+

— 2%925+ % (500+150) + L% 0)
2 25
=2904.12mm.
From PSGDB 7.60, For B se
The next standard le 09 m.
Step 5: Selection on factors.
factor (F.)

From PS ion corresponding to ‘L’

F. =1.07

D-d
C

=180°— (—) x 60°

_1800— (20150 600
925

=157.29°
Corresponding to the angle 1579.29°1 160°
Fq=0.95.

Case 3: Service factor (Fa).
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From PSGDB 7.69

F. = 1.3
Step 6: Calculation of Maximum power capacity (KW).
From PSGDB 7.62, For B section.

KW = (0.79S°% — ? ~1.32x107S)S

e

~ mdN,

Where, S = Belt speed
60

~ mx0.150x1000
60

=7.854m/s

D /500

d . = equivalent pitch diameter; From =0 =3.33 Take

Fp=1.14

= dp xF,
=150x1.14
=171 mm.

0.8 —1.32x107* x 7.84%)7.84
171

B PxF
K, xF xF,

ny,

B 75%x1.3
2.757x1.07x0.95

=3.48
n, = 4belts.

Step 8: Calculation of actual centre distance. (Cactual)-
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From PSGDB 7.61

Cactual= A+ VAZ -B

AZL_T{D+d}
4 8

B 3091_1{500 +150}
4 8

A=517.5mm

_ (D-d)* _ (500-150)?
8 8

B

=15312.5 mm?

C, =517.5++/517.5° —

actual

=1020 mm.

Step 9: Calculation of belt tensio

Power transmitted per belt

T, - mv?
T, -mv?

Tension ratio = _ gHcosech

T,-0.189(7.854)° _ oscmiscoscar:
T, —0.189(7.854)

T,-16.72T,=-184.3 - 2

Solving equation 1 and 2
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T>=26.9 N, T:=265.64 N
Step 10: Calculation of Stress induced.

Maximum tension
Cross sectional area

Stress induced =

From PSGDB 7.58 Area of B section = 140 mm?2

.. Stress induced = 26564
140
=1.897 N/ mm?

4. A 7.5 KW electric motor running at 1400rpm is

approximately 600mm.
Given data:
N=P=7.5KW
N; = 1400 rpm
i=10
a0=600 mm

Step 1: Selection

i=—=10 given.

N, = 1400
10
N, =140rpm

Step 2: Selection of no. of teeth on the driver sprocket (z,).

From PSGDB 7.74
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Z1 = 7
Step 3: Calculation of no. of teeth on the driven sprocket (Z.).

From PSGDB 7.74

Z,=1ixZ,

=10x7

Z,=170

Z, .. = 100 to 120

2max

Recommended value of Z, should be less than the a
chain may run off the sprocket for a small pull.

Z, = 70 is satisfactory.
Step 4: Selection of standard pitch (P).
From PSGDB 7.74

Centre di

Step 6: Calculation of total load on the driving side of the chain (Pr):
From PSGDB 7.78,
Pr=Pi+ P. + Pa
Case 1: To find the tangential force (P

From PSGDB 7.78
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P :1020N
Vv
Z, xPxN,

Where, v = chain velocity =
60x1000

_ 7x15.875x1400
~ 60x1000

=259 m/s

1020x7.5
p=—"
2.59

P, =2950.35 N

Case 2: To find the centrifugal tension (P.).
From PSGDB 7.78. P, =

Where, m= mass of the chain

g m/s2=1N]

=1.78 (2.59)?
P.=11.94 N
Where, K or horizontal) From PSGDB 7.78

=mxg=178x9.81=1746 N
A =600 mm = 0.6 m.
Ps=6x17.46x 0.6
=62.82 N
Pr=2950.35 + 11.94 + 6282

Pr=3025.11 N
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Step 7: Calculation of Service factor (Ks).
From PSGDB 7.76
Ks = Ki- Ko Ks- K4 Ks- Ks
From PSGDB 7.76 and 7.77.

& K;=1.25 for load with mild shocks

e Ko=1 for adjustable supports.

* Ks=1 " we have used a, :(30 to SO)P
» Ki=1 for horizontal drive.

@ Ks=1 for drop lubrication

% Ke=1.25 for 16 hrs/day running
Ks=1.25x1x1x 1x 1x 1.25
= 1.5625

Step 8: Calculation of design load.
Design load = Pr x K;
=3025.11 x 1.5625
=4726.73 N

Step 9: Calculation of working f.

Where, Q = Breaki om PGSDB 7.72 for the selected chain

Step 10: ctor of safety.

rom PSGDB 7.77, Recommended factor of safety = 12.45

We find FS,, <12.45 , the design is not safe.

In order to overcome this issue we have to increase the pitch = 19.05 mm.
The chain number 12 A -2 / DR 60 is selected.

For this chain, M= 2.90 Kg/m, Q = 63600 N

By the recalculation of step 6 and step 8, step 9.

Pr =2590.28 N.
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Design load = 4047.31 N
FS.=15.71
We find FSy > 12.45 , the design is safe.
Step 11: Check for the bearing stress in the roller.

P, x K,
csroller = A

Where, A =210 mm?® From PSGDB 7.72 for selected chain

_ 2459.81*1.5625

Groller - 210

= 18.30 N/mm?

From PSGDB 7.77, the allowable bearing stress f
19.75 N/mm2.

Induced stress is less than the allowable stress
. The design is safe.
Step 12: Calculation of length o ai

From PSGDB 7.75
L= |p x P

Where no.of links |p = ap +

ultiples of pitches a, = ‘%o = % =31.50

— 2
|p:2x31.50+(7+270j+[(70 7)12x]

Approximate cente

31.50
=63+385+3.19
|, =104.69

1,=106 links

Actual length
" . L =106x%19.05
of chain

L=2019.3 mm

Step 13: Calculation of exact centre distance (a):
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From PSGDB 7.75.

L _ete’-8m

m =100.54 P

4

Case 2: To find m:
Case 1: To find e:

z, -7V
* m=| 22" 42
* e:|p_(¥] ( on j

70-7Y
=106—(7+270j _( on ]

m =100.54

e=67.5

. 67.5+1/67.5° ~8x100.54
4

1

a=613.18 mm

From PSGDB 7.75, Decrem istance for an initial sag =0.0l1a

=607.05 mm.

Step 14: Calcul t diameters.

ler sprocket d, = _" From PSGDB 7.78
. (180
SIN| —
Zl
~19.05
o (180)
sin| —
7
d, =43.91 mm.
Sprocket outside diameter d,, =d, +0.8d,

d, = diameter of roller =11.90 mm. From PSGDB 7.72 for selected chain.
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d,, =43.91+0.8x11.90
dy, =53.43 mm

Case 2: Larger sprocket:

)
d,=———— From PSGDB 7.78

19.05
: (180)
sin| —
70
d, =424.61 mm

Sprocket outside

d,, =d,+0.8d
diameter} o r

=424,

about 100rpm. Driv

Given data:

of belt:
rom PSGDB 7.58, for power 0.5KW.

As per data book the usual load of drive starts from, 0.75KW
only. So choose A section, and P=0.75KW.

Step 2: Selection of Pulley diameters (d and D).

Speed ratio = DN, _70_ 7.5
d N, 100

Smaller pulley diameter d =75mm:.

From PSGDB 7.54,
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The standard diameterd =80mm .

D =7.5d
Larger Pulley diameter =7.5x80
D =600mm

From PSGDB 7.54,
The standard D =630mm .

Step 3: Selection of centre distance. (C)

From PSGDB 7.61, For i=7.5 , take é -0.85

.. C=0.85xD
=0.85x630
C =5355mm

Step 4: Calculation of nomi

From PSGDB 7.61,

, (630 -80)’
4x535.5

m PSGDB 7.59, From A section.

he next standard nominal pitch length

L =2474mm.
Step 5: Selection of various modification factors.
Case 1: Length correction factor. (F.)
For A section , F. = 1.08 From PSGDB 7.59

Case 2: Correction factor for arc of contact (Fq)
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D-d

Arc of contact =180° —(

= 180°—(630_80jx60°
535.5

jx60° From PSGDB 7.68

=118.38°

- F;=0.82 From PSGDB 7.68

Case 3: Service factor (Fa)

For light duty 16 hours continuous service ,
type II , service factor is selected as F, =1.3

Step 6: Calculation of maximum power c ity.

19.62

KW :(0.4584’-09—d——0.765x1 1S Fro SGDB 7.62 for A

e

section.

dN,
60

_ x80x750
60 %1000

- 3.14%

o = d =80mm
F, = From PSGDB 7.62
~.d,=80x1.14

=91.2mm.

< KW= (0.45><(3.14)_0'09 —%—0.76&104 (3.14)2)3.14

=0.6KW.
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Step 7: Determination of number of belts (n)
PxE,
n,=———"
K, xF xFE,

B 05x1.3
0.6x1.08x0.82

n, =1.223

n, [ 2belts.

Step 8: Calculation of actual centre distance:

Cop =A+VA*-B From PSGDB 7.6

A=£—n(D+dj
4 8

2474 _n[630+80
4 8

A =339.68mm

r a vertical mine hoist to lift a load of 20KN from a
s. A rope speed of 4 m/sec is to attained on 10

eight to be lifted =20 KN
Depth =60m
v, = v =4m/sec =240m/min
t=10sec
Step 1: Selection of suitable wire rope.

For hoisting purpose, 6x19 rope is selected. From PSGDB 9.1
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Step 2: Calculation of Design load.
Assuming the factor of safety of 15, the design load is calculated.
Design load =20x15
=300KN
Step 3: To find wire rope diameter (d).

From PSGDB 9.5 For design load 300KN, The next standard value.

d =25mm
m =241Kg/m
c, =1600 to 1750 N/mm?

Breaking strength = 340KIN

Step 4: Sheave diameter (D)

From PSGDB 9.1. We find

Dmi%

for cla , for velocity upto

50m/min . But the actual

240m/min (i.e% [ 5 time refore %has to be modified.

Step 5: rea of cross section of the rope (A).

rom PSGDB 9.1

:0.4><7%><d2

:0.4><7%><252

A =196.35mm”
Step 6: To find Wire diameter. (d«).

d
d =
Y154
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25

1.546x19
=1.56

d, =2mm
Step 7: Weight of the rope. (W;).

W, per meter =2.41x9.81=23.64N/m.

W. =23.64x60 =1418.53N

=1418.53N
Step 8: Load calculations
Case 1: Direct load (Wq)

W, =W+W. =20+1418.53x10"

Case 2: Bending load (Wy)

E xd,
D

W, =0, xA =

5
_ 0.84x10"x2 - 0.84x10° N/mm? ]
925
a=Y2"Va
t
20+1418.53x107 4-0
x0.4 =—
9.81 10
=0.87 KN =0.4m/s

.. Effective load on the rope
, , W, =W, +W, + W,
during acceleration

=21.42+35.66+0.87
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=57.95
W, =58KN

Step 9:Working factor of Safety (FSy).

_ Breaking load
v W,

ea

FS

_340
58

FS, =5.86
Step 10: Check for Safe design

*+ We findF,, <n'(6).

* The safe design can be i selecting the rope
with greater breaking s

From PSGDB 9.5, for d=25
o, =1750 to 1900N/mm?

th = 376 KN and

376
sSw 58

design is safe.

to transmit 110kW for a system consisting of
eter 0.9m and 1.2m respectively, for a center
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Solution

Given: P =110kW =150 HP, d, =0.9m =90cm,

Let

)

_mxO9N, ([ 12
60 100

- N, =430 rpm

eral velocity of driven pulley

ﬂd2N2 —v (1 _ ij
60 100

nxL2Né=206L“£%)
60 100

- N,=315 rpm

We know that the torque acting on the driven shaft
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_ Power transmittedx 4500
27N,

~ 150x4500
21x 315

—341 Kgf—m

Since there is a 5% friction loss at each shaft, therefore the torque acting on the
belt

=1.05x341
=358 Kgf —m

Since belt is to be designed for 20% overload, therefore

Let T; = Tension on the tight side of
T2 = Tension on the slack si

We know that the torque exerted o

(T, -T,) Kgf—m

Equating this to th , we have

= 0.6(T, — T, )=430

430
(T, -T,) = =717 Kgf

T, - T, =717 Kgf

Now let us find out the angle of contact of the belt on the smaller or driving pulley.
From the geometry of the figure, we find that

sind = OM r-rn _60-45

0,0, x 360

=0.0417

0=24°

0=180°-20=180-2x24=175.2°
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—1752x— =3.06rad
180

We know that

2.3log [%} =puo

2

=0.3%x3.06

=0.918

Or L =2.51
T

2
From equation (1) & (2) , we have
T, =1192Kgf and T, =475Kgt

Assuming f =safe stress for the bel

t = thickness of the be

=bx1.5x1000x1
=0.15bKg /m

and centrifugal tension
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=6.12bKgf
We know that maximum tension in the belt,
T=T,+T =£fb.t
1192 +6.12b=25xbx1.5=37.5b

-.37.5b-6.12b=1192
b=37.98cm.

From design data book, the standard width of the belt (b) is 40

From design data book, Pg.No. 7.53 for open drive

L:2x+§(d2—d1)+

8. A 7.5 KW electric i 00rpm is used to drive the input

shaft of the gear b purpose machine. Design a suitable
roller chain to conn otor shaft to the gear box shaft to give an
exact spee io o . Assume the minimum centre distance
between n shaft as 600 rpm.

Given data:
N=P
N: = 140
i=10

a0=600 mm

Step 1: Selection of transmission ratio. (i)

= N, =10 given.
NZ
Then,
Ny
10
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N, = 1400
10
N, =140rpm

Step 2: Selection of no. of teeth on the driver sprocket (zi).

From PSGDB 7.74

Zl = 7
Step 3: Calculation of no. of teeth on the driven sprocket (Z,).

From PSGDB 7.74

Z,=1ixZ,
=10x7
Z,=170

Z, .. = 100 to

2max

Recommended value of Z> s n the above value or else the

Z, = 70 is satisfactory.

Step 4: Selection

From PSGDB 7.74

ntre distance a = (30 to 50) P

a 600

Maximum Pitch, P, =—=——=20mm
30 30

Minimum Pitch, P, _a _o0 =12 mm
50 50

Any standard pitch between 12 mm and 20 mm can be chosen. But to get a
quicker solution, it is always preferred to take the standard pitch closer to Pmax.

From PSGDB 7.72, Standard Pitch P = 15.875 mm.
Step 5: Selection of the chain:

From PSGDB 7.72, Assume the chain to be duplex.
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.. 10 A-2/DR50 chain number is selected.

Step 6: Calculation of total load on the driving side of the chain (P1):
From PSGDB 7.78,

Pr=P¢+ Pc. + Pa

Case 1: To find the tangential force (Py)

From PSGDB 7.78

Z, xPxN,;

Where, v = chain velocity =
60x100

Case 2: To find the centrifu

From PSGDB 7.

Where, m= mass of the

From e selected chain,

=1.78 Kg/m [1IKg m/s2=1N]
P, =1.78 (2.59)?
P.=11.94 N

Case 3: To find the tension due to sagging (Ps).
From PSGDB 7.78,
Ps=K. W. a

Where, K = 6 (for horizontal) From PSGDB 7.78
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W=mxg=178x9.81=17.46 N
A =600 mm = 0.6 m.
Ps=6x17.46x 0.6
=62.82 N
Pr=2950.35 + 11.94 + 6282

Pr=3025.11 N

Step 7: Calculation of Service factor (Ks).
From PSGDB 7.76

Ks = K- Ko K3z- K4+ Ks- Ko
From PSGDB 7.76 and 7.77.

» Ki=1.25 for load with mild shocks
@ Ko=1 for adjustable supports.
<+ Ks= ** we have used a, =
¢ Ky = for horizontal dri
o Ks=1 for drop lubric
» Ke=1.25 for 16 hrs/da
© Ke=1.25%x 1 x 1x 1x

=1.5625

Step 9: C orking factor of safety (FSy)

Q

" Design load
Where, Q = Breaking load = 44400 N. From PGSDB 7.72 for the selected chain

44400
W 4726.73

FS, =9.4

Step 10: Check for factor of safety.

From PSGDB 7.77, Recommended factor of safety = 12.45
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We find FS,, <12.45 , the design is not safe.

In order to overcome this issue we have to increase the pitch = 19.05 mm.
The chain number 12 A -2 / DR 60 is selected.

For this chain, M= 2.90 Kg/m, Q = 63600 N

By the recalculation of step 6 and step 8, step 9.

Pr =2590.28 N.

Design load = 4047.31 N
FSy=15.71
We find FSy > 12.45 , the design is safe.
Step 11: Check for the bearing stress in the roller.

P, x K,
Sroller = T

Where, A =210 mm® F elected chain

2459.81*1

[e) =

From PSGDB 7.77,
19.75 N/mm2.

Step 1 ength of chain (L).

LzlpxP

p

_ 2
| =2a, +(lezzj+[(zz z,) /27

ap
ap=&=ﬂ=31.so
P 19.05
— 2
| —2x31.50+( (70, (70-7)/2n]
p 2 31.50
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=63+38.5+3.19

Ip =104.69
Ip 1106 links

Actual length

" ) L =106x19.05
of chain

L =2019.3 mm

Step 13:

Calculation of exact centre distance (a): From PSGDB 7.75

A e++/e? —8m

_(70—7)2
27

m =100.54

. 67.5+/67.5? —8x100.54
4

x19.05

a=613.18 mm
Decrement in centre distance for an initial sag =0.01a
=6.132 mm
Exact centre distance =613.18—6.132
=607.05 mm.

Step 14: Calculation of sprocket diameters.
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Case 1: Smaller sprocket.

PCD of smaller sprocket d, = _" From PSGDB 7.78

~19.05
o (180)
SIin| —
-

d, =43.91 mm.

Sprocket outside diameter d,, =d, +0.8d,

d, = diameter of roller =11.90 mm. From PSGDB 7.72 for

Case 2:

Larger sprocket:

m PSGDB 7.78

19.05
. (180)
sin| —
70
d, =424.61 mm

Sprocket outside

d,=d,+0.8d
diameter} o r

=424.61+0.8+11.90

dyo, =434.13 mm
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9. Design a flat belt drive to transmit 110kn for a system. Consisting of
two pulleys of diameter 0.9m and 1.2m for a cuter distance of 3.6m,
belt speed of 20 m/s and co - efficient of friction is O.S. There is a slip
of 1.2 % at each pulley and 5% friction loss at each shaft with 20%,
overload.

- 36m

Let N; = Speed of the sm ivi ley in rpm

20

 x09N, (1_ 1.2j
60 100

- N, =430 rpm

and peripheral velocity of driven pulley

71(2121\12 _ V(l _ ij
60 100

nx1.2N, =20(1_£J
60 100
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- N,=315 rpm
We know that the torque acting on the driven shaft

_ Power transmittedx 4500
27N,

~ 150x4500
21tx 315

—341 Kgf—m

Since there is a 5% friction loss at each shaft, therefore the t ac
belt

=1.05x341

Let T, = Tension on the ti
T> = Tension on the slack si

We know that the t

Equatin gn torque, we have

= 0.6(T, -T,)=430

430
(Tl —Tz)—m =717 Kgf

T, -T, =717 Kgf

Now let us find out the angle of contact of the belt on the smaller or driving pulley.
From the geometry of the figure, we find that
OM r,-r, 60-45

sinf = =
0,0, X 360

=0.0417
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0=24°
0=180°-2a0=180-2x24=175.2°

=175.2x —— =3.06rad
180

We know that

2.3log (%j =10

2

=0.3x3.06
=0.918

log L] 0918 _ 0.3991
T, 23

From equation (1) & (2) , we have

T, =1192Kgf and T, = 475K

=bx1.5x1000x1

=0.15bKg /m
and centrifugal tension

w
T =—xv?

‘g
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_ 0.15b (20)2
9.81

=6.12bKgf
We know that maximum tension in the belt,
T=T,+T =fbt

1192 +6.12b=25xbx1.5=37.5b

..37.5b—-6.12b=1192
b =37.98cm.

From design data book, the standard width of the belt (b) is
From design data book, Pg.No. 7.53 for open drive

(dz -d, )2

TC
L=2x+=(d,-d, )=
X+ (dy—dy) ==

(120-90)*

= 2x360+=(120-90)+
2 4 %360

=1050.6cm
L =10.506m
10.A bucket e i n by geared motor and a roller chain
drive wit n given below.

Motor out eed of motor shaft - 100 rpm, elevator drive shaft
. Distance between centres of sprockets

eriod of operation 16 hour / day. Geared motor is
ary bed for centre distance adjustments. Design the

N =p =3kw
N, =100rpm
N, =42rpm

a,=a=12m

Step 1:- Selection of transmission ratio (i)

N, _100_; 35013
N, 42
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Step 2:- Selection of no. of teeth on driver sprocket (z1)
Z,=25

Step 3:- Calculation of no. of teeth on driven sprocket (z2)

z,=ixz,
=3x25
z,=175

z,, =100t0120

Recommended value of z> should be less than the above value or e
may run off the sprocket for a small pull, z, = 75 is satisfactory.

Step 4:- Selection of standard pitch (P)

Centre distance 9=(30 to 50)P

a 1200
Maximum pitch, Pra =2-=—2—=40mm
’ 30 30

a 1200

i ; P.=—=——=24mm
Minimum pitch Frin =55~ 55

Any standard pitch between 24 m
solution, it is always preferred to t

n be chosen, but to get a quicker
pitch closer to Pmax.

Standard pitch P =3
Step 5:- Selection of the ch
Assume the chain
~ 24 B2 / DR 382 r is selected.

Step 6: Calculation of oad on the diving side of the chain (Pr)

Case 1:- the tangential force (P)

) _ z,xPxN, 25x10x100
Where v = chain velocity = 601000 60x1000 =1.59m/2

P, 2102031954 53N
1.59

Case 2:- To find the centrifugal tension (P.)
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Wv?

= =mv?
P. 5
m =14.50kg / m
~.p, =14.50% (1.59)°
=36.66N

Case 3:- To find the tension due to sagging (Ps)

p, =KW.a
K =6 (for horizontal)
W =mxg=14.50x9.81=142.25N
a=1200mm =1.2m
5P, =6x142.25%1.2
=1024.16N
P; =1924.53+36.66 +1024.16
=2985.35N

Step 7:- Calculation of service factor (Ks)
K, =K, K,. K. K,. K. K,
Where, K; =1.25 for load with

Ko=1 for adjustable s

Ks=1 We have used

Ke=1

Ks=1

Ke = 1.25 / day running

=4664.62N

Step 9:- Calculation of working factor of safety (Fsw)

__Q
" Design Load
Q =199600N
199600
™ 4664.62
=428
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Step 10:- Check for factor of safety.
We find Fsw > 7.4, the design is safe.
Step 11:- Check for the bearing stress in the safe.

P, x K,
Srover =~ 51
A
A =11.09cm’® =1109mm?
10245315625
rouer 1109
=2.71/ mm?

The allowable bearing stress for the given speed 100 rpm, is 3

Induced stress is less than the allowable stress i.e, 2.71 <
is safe.

Step 12:- Calculation of length of chain (L)

L=¢,xP
2
L AN(EALL
6 a,
a, 1200

a,=-2="""=3150
p 3810

€p=(2><31.50)><(25+75j+
2

Zp =3152 links

Actual length
of chain

w

[(75-25

}L =3152x38.

Step 13:- Calculatio act centre distance (a)

()
27

~ ( 75-25 jz
2n
=63.33

4o 3102 +/3102? —8x63.33

4
a=59092.32 mm

x38.10
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Decrement in centre distance for an initial sag = 0.01 a ; = 590.92 mm

Exact centre distance ==59092.32 —59092 =58501.4 mm

Step 14:- Calculation of sprocket diameters
Case 1: smaller sprocket
PCD of smaller sprocket

)

d=—

in(180
(%0,
— ﬂ =304 mm

. Si”(lso 25)

Sprocket outside diameter d,, =d, +0.8d,

Where,
dr = diameter of rouer = 25.40 mm

~.dgy; =304 +0.8x25.40
=324.32 mm

Case 2:- Layer sprocket:-

0 =909.87 +0.8(25.40)=930.16 mm

ts whose center distance are 1m apart are connected by a V
ive. The driving pulley is supplied with 100kW and has an
diameter of 300mm. it runs at 1000rpm, while the driven
runs at 375rpm. The angle of groove on the pulleys is 40°. The
permissible tension in 400mm? cross sectional area of belt is 2.1MPa.
The density of the belt is 1100 kg/m3. Taking pu=0.28. Estimate the
number of belts required. Also calculate the length of each belt.
(April/May 2017)
Given data:

C=1m=1000mm

P=100kW

d=300mm

N;=1000rpm
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No=375rpm
23=40°
A=400 mm?
g = 1100 kg/m3

o =2.1MPa

u=0.28.

Step 1: To find the velocity of the belt ‘v’:

mdM1
&0

V=

= w = 15.71m/s

Step 2: To find the larger pulley diameter ‘D’

N, d

N, D

375 03

1000 D

Case i: To find a:

= (180 — 2x14.48)x —
180

g = 2.636 rad

Case iii: To find T1& T::

T = i BCozec B
Iy
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T: _ p028x 2.636xCosec 20°
Tz

L= 21581
T:

2
Mass of the belt per meter length
m=density x area x Length
=1100x400x10-¢x1
=0.44kg/m

Centrifugal tension

T, = mv?
= 0.44x15.71°
T. = 108.59N

Maximum tension in the belt
T =o0xa
= 2.1x105x400x10~%
T=840N

We know that the tension i

T, = 338.93N

Case iv: To find the power transmitted

P = (Tj_ - TZ:IJ:V

= (731.41 — 338.93)x15.71

P =616586 W

the belt
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Case v: To find the number of belts

Total power transmitted

Number of belts =

Power transmitted per belt

_ 1o0x10®

6165.56

=16.22

=17 belts

Step 4: To find the length of the each belt:

L:2C+(%)(D+d)+%

=3.852m

12. A 7.5 KW electric motor running at 14
shaft of the gear box of a machine.
connect the motor shaft to the gearbox
of 10:1. The center to center dist o to be approximately
600mm. (April/May 2017)

Given data:

roblem, Change the power to be 7.5 kW and the speeds 900 and 400

Step 1: w smission ratio. (i)

i=&=10 given.
N,
N
10 7
1400
* 10
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N, =140rpm
Step 2: Selection of no. of teeth on the driver sprocket (z).
From PSGDB 7.74
Z:=17
Step 3: Calculation of no. of teeth on the driven sprocket (Z.).

From PSGDB 7.74

Z,=1ixZ,

=10x7

Z,=70

Z, .. = 100 to 120

2max

Recommended value of Z»> should be les n the ab value or else the

chain may run off the sprocket for a smallgull.

Z, = 70 is satisfactory.

Step 4: Selection of standard pit

From PSGDB 7.74

— =20 mm
0 30
50

dard pitch between 12 mm and 20 mm can be chosen. But to get a
quicker so n, it is always preferred to take the standard pitch closer to Pmax.

rom PSGDB 7.72, Standard Pitch P = 15.875 mm.
Step 5: Selection of the chain:
From PSGDB 7.72, assume the chain to be duplex.
.. 10 A-2/DR50 Chain number is selected.
Step 6: Calculation of total load on the driving side of the chain (Pr):

From PSGDB 7.78,
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PT = Pt + Pc + Pa
Case 1: To find the tangential force (Py)

From PSGDB 7.78

p - 1020N
\Y

Z, xPxN,

Where, v = chain velocity =
60x1000

_ 7x15.875x1400
60x1000

=259 m/s

p_ 1020

t
P, =29

Case 2: To find the centrifugal tensio

From PSGDB

d chain,

[1IKg m/s2=1N]
P, =1.78 (2.59)*
P.=11.94 N

Case 3: T the tension due to sagging (Ps).
om PSGDB 7.78,
Ps=K. W. a
Where, K = 6 (for horizontal) From PSGDB 7.78
W=mxg=178x9.81=17.46 N
A =600 mm = 0.6 m.
Ps=6x17.46x 0.6

=62.82 N
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Pr=2950.35 + 11.94 + 6282
Pr=3025.11 N
Step 7: Calculation of Service factor (K).
From PSGDB 7.76
Ks = Ki- Ko Ks- K4 Ks- Ks

From PSGDB 7.76 and 7.77.

% Ki=1.25 for load with mild shocks

e Ko=1 for adjustable supports.
% Ks=1 "+ we have used a, =(30
¢ Ki=1 for horizontal drive.

X3

S

Ks=1 for drop lubrication

» Ko =1.25 for 16 hrs/day

Ke=1.25x1x1x 1x 1x 1.25
= 1.5625

>

)

*,

Step 8: Calculation of design load.
Design load = Pr x K
=3025.11 x 1.5625
=4726.73 N

Step 9: Calculation of wor

Where, Breaking lo 4400 N. From PGSDB 7.72 for the selected chain

4726.73
Sy =94
Step 10: Check for factor of safety.
From PSGDB 7.77, Recommended factor of safety = 12.45
We find FS,, <12.45 , the design is not safe.
In order to overcome this issue we have to increase the pitch = 19.05 mm.

The chain number 12 A -2 / DR 60 is selected.

For this chain, M= 2.90 Kg/m, Q = 63600 N
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By the recalculation of step 6 and step 8, step 9.
Pr=2590.28 N.

Design load = 4047.31 N
FSy=15.71

We find FSy > 12.45 , the design is safe.

Step 11: Check for the bearing stress in the roller.

P, x K,
csroller = A

Where, A =210 mm?® From PSGDB 7.72 for se

2459.81*1.5625
cyroller = 210

= 18.30 N/mm?

From PSGDB 7.77, the allo
1400rpm , is 19.75 N/mm?.

or the given speed

Induced stress is les ble stress i.e 18.30 < 19.75

N/mm?2. - the d
Step 12: Calculation of 1
From PSGDB 7.75

L:IpxP

_ 2
|p=23p+(21222j+[(zz z,)/27]

a

ST I
P 19.05

— 2
I =2x31.50+(7+70j+[(70 7)/2n]
p 2 3150

a

=63+38.5+3.19

|, =104.69

Ip [0 106 links
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Actual length

" . L =106x19.05
of chain

L =2019.3 mm

Step 13: Calculation of exact centre distance (a): From PSGDB 7.75.

L _e+ye’-8m

P

54

++/67.52 —8x100.54
4

x19.05

a=613.18 mm
stance for an initial sag =0.01a
=6.132 mm
Exact centre distance =613.18—6.132
=607.05 mm.
Step 14: Calculation of sprocket diameters.

Case 1: Smaller sprocket.

PCD of smaller sprocket d, =———— From PSGDB 7.78
sn| 1)
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_19.05
o (180)
Sin| —
7
d, =43.91 mm.
Sprocket outside diameter d,, =d, +0.8d,

d, = diameter of roller =11.90 mm. From PSGDB 7.72 for selected chain.

dy, =43.91+0.8x11.90

d,, =53.43 mm

Case 2:Larger sprocket:

SGDB 7.7

=424.61+0.8+11.90
d,, =434.13 mm

13. belt drive and calculate the actual belt tensions and average

he following data. Power to be transmitted = 7.5 KW, speed of
eel = 1000 rpm, speed of driven wheel = 300 rpm, diameter of

Given data:

P=7.5KW

N; = 1000 rpm
N, = 300 rpm
D = 500 mm
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d =150 mm
C =925 mm

***Similar to this problem change the center distance as C=2500mm and slight changes in
speeds

Step 1: Selection of belt
From PSGDB 7.58,

For 7.5 KW, B section is selected

Step 2: Selection of pulley diameters. d & D:
d = 150 mm, D = 500 mm given.

Step 3: Selection of centre distance (c) :
C= 925 mm given.

Step 4: Calculation of nominal pitch 1 h (L).

From PSGDB 7.61,

ngth correction factor (F.)
SGDB 7.60 for B section corresponding to L’
F =1.07

Case 2: Correction factor for arc of contact (F)
From PSGDB 7.68

D-d
C

Arc of contact angle =180°—( ) x 60°
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=180°—(

=157.29°

500150, ¢
925

Corresponding to the angle 1579.29°) 160°

Fq=0.95.
Case 3: Service factor (Fa).

From PSGDB 7.69 F, = 1.3

Step 6: Calculation of Maximum power capacity (K

From PSGDB 7.62, For B section.

50.8

KW = (0.79870'09 —d—
N
Where, S = Belt speed = ngo -

_ nx0.15 00

d . = equivalent pitch
Fr=1.14

=dp><Fb

KW = (0.79x 7.8547°% _08
171

=2.7157TKW
Step 7: Calculation of number of belts (ny)
From PSGDB 7.70

— PXFB
K, xF xF,

n,

-1.32x10-

D 500

From PSGDB 7.62 — =——=23.33 Take
150

d

~1.32x107* x 7.84%)7.84
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B 75%x1.3
2.757x1.07x0.95

=3.48

n, = 4belts.

Step 8: Calculation of actual centre distance. (Cactual)-

From PSGDB 7.61

Cactual= A+ VAZ -B

A=£_,{D+d}
4 8

B 3091_7{500+150}
4 8

A=517.5mm

=(T,-T,)7.854

T,-T,=238.73 ------ 1
From PSGDB 7.58 = m =0.189 Kg/m.
7.70 = 2B =34°

T
F tep 5: = a=157.29°x
rom step 180

=2.745 rad.
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2
TV _ o

Tension ratio = 5
T,—-mv

T, —0.189(7.854) _ p032.T45xcosectT"
T, —0.189(7.854)?

T,-16.72T,=-184.3 - 2

Solving equation 1 and 2

T2=269N,T:=265.64 N
Step 10: Calculation of Stress induced.

Maximum tensi
Cross

Stress induced =

14. Select a wire rope oist to lift a load of 20KN from a
depth of 60 metre ed of 4 m/sec is to attained on 10
seconds.

Step 1: Selection of suitable wire rope.
For hoisting purpose, 6x19 rope is selected. From PSGDB 9.1
Step 2: Calculation of Design load.
Assuming the factor of safety of 15, the design load is calculated.
Design load =20x15

=300KN
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Step 3: To find wire rope diameter (d).
From PSGDB 9.5 For design load 300KN, The next standard value.

d =25mm
m =241Kg/m
c, =1600 to 1750N/mm?

Breaking strength = 340KN

Step 4: Sheave diameter (D)

From PSGDB 9.1. We find

50m/min . But the actual speed is

240m/min (i.e% [ 5 times 50m/ minj .Th modified.

% = 27x(1.08) " =36.7301 37m

Sheave diameter D=3

=37 x

=196.35mm”
Step 6: To Wire diameter. (dv).

d
d =
Y154

25

1.546x19

=1.56

d, =2mm
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Step 7: Weight of the rope. (W;).
W, per meter = 2.41x9.81 =23.64N/m.
W.=23.64x60 =1418.53N

=1418.53N
Step 8: Load calculations

Case 1: Direct load (Wq)

W, =W+W, =20+1418.53x10~ =21.42KN

Case 2: Bending load (W)

E xd,

W, = A= A
b Gb X D X
5
_0.84x10"x2 %196.35
=35661.41N
= 35.66KN.

Case 3: Acceleratio

=04m/s’

ive load on the rope
. ) W, =W,+W, + W,
ing acceleration

=21.42+35.66+0.87
=57.95
W,, =58KN

Step 9:Working factor of Safety (FSy).
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_ Breaking load
v W,

ea

FS
_340

58
FS,, =5.86

Step 10: Check for Safe design

*+ We findF,, <n'(6). .. The design is not s

* The safe design can be achieved either ing the rope
with greater breaking strength.

From PSGDB 9.5, for d=25, take breaking streng
c, =1750 to 1900N/mm?

376
SwW 58

=6.48

Now we findF,, >n'(6).

***similar to this problem, Change the power to be 10 kW and the speeds 730 and 360

rpm.

Step 1: Calculation of Pulley diameters:

The driven pulley diameter D = 1000 mm.
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Case (i): To find the driven pulley speed. (N2).

Case (ii): To find the driver pulley diameter (d):

1440
25

N, =576rpm

Case (iii): To find the driver pulley diameter (d):

d==
¢

~ 1000
25

d =400mm

From PSGDB 7.54, from r
tolerances.

of pulley diameters and

Step 2: ign power in KW.

ated power (K, )xLoad correction factor (K,)

er =
Arc of contact factor (K, )xSmall pulley factor(K,)

find the arc of contact factor (Ka)

¢ of contact =180° —(D _d]x600
C

_ 1800_(1000-400)X -

3600
=170°

From PSGDB 7.54, take the value of Ka =1.04 Corresponding to the arc of
contact 170°
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K, =1.04

Case (ii): To find the small pulley factor (Kq)

Table: Small pulley factor Kq’

Small Pulley Ka

diameter
Upto 100mm 0.5
100 — 200mm 0.6
200 - 300mm 0.7
300 - 400mm 0.8
400 - 750mm 0.9
Over 750mm 1.0

From the above table. We take the Kq value O.

u.o Kd
Case (iii):

To find the design po

Load rating correction:

From PSGDB 7.54.
Load rating at “V' m /s = Load rating at 10 m /s x%

Load rating at 16 m /s =(0.0118x2) x%

=0.03776KW / Ply / mm
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Step 5: Determination of belt width:

Design Power

Width of the belt = - .
Load rating x No. of plies.

1875
0.03776 x5

=99.3Imm

From PSGDB 7.52 Specification of transmission b
widths.

ing standard

The standard belt width for 5 Ply belt =

Step 6: Determination of Pulley width:

Pulley width

I
vy
)

o
—

(1000 —400)*

3600+ 7/ (1000 + 400
%3600+ 7 (1000 +400) + 4% 3600

=7200+2199.11+25
L =942411mm

16. Design a chain drive to accurate a compressor from a 10 Kw electric
motor at 960 rpm. The compressor speed is to be 350 rpm. Minimum
centre to center should be 500 mm. Motor is mounted on an auxiliary
bed. Compressor is to work for 8 hours/day. (April/May 2018)

Given data:

N;=960rpm
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No= 350 rpm

P=10 kW

a= 500 mm

***similar to this problem, Change the power to be 10 kW and the speeds 960 and 350
rpm.

Step 1: Selection of transmission ratio. (i)

N
NZ

=10 given.

Then,

m

Step 2: Selection of no. of teeth driver sprocket (z;).

From PSGDB 7.74

Step 3: Calcula eth on the driven sprocket (Z;).

From PSGDB 7.74

=10x7
Z,=70

Z, = 100to 120

2max

Recommended value of Z, should be less than the above value or else the
chain may run off the sprocket for a small pull.

22 =70 is satisfactory.

Step 4: Selection of standard pitch (P).
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From PSGDB 7.74
Centre distance a = (30 to 50) P

Maximum Pitch, P,_, _a _boo_ 20 mm
30 3

quicker solution, it is always preferred to take the standard pitc
From PSGDB 7.72, Standard Pitch P = 15.875

Step 5: Selection of the chain:
From PSGDB 7.72, assume the chain to be
.. 10 A-2/DR50 Chain number is selec
Step 6: Calculation of total load on the drivi ide of chain (Pq):

From PSGDB 7.78,

From PSGDB 7.78

Z, xPxN;

= chain velocity =
60x1000

_ 7x15.875x1400
60x1000

=259 m/s

1020x7.5
! 2.59

P =2950.35 N

Case 2: To find the centrifugal tension (P).

Wv
From PSGDB 7.78. PC = g =mv

AMSCE/MECH/DTS Page 66



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

Where, m= mass of the chain
From PSGDB 7.72, For the selected chain,

m = 1.78 Kg/m [1Kg m/s2=1N]

P. =178 (2.59)’

P =11.94 N

Case 3: To find the tension due to sagging (Ps).
From PSGDB 7.78,
Ps=K. W. a
Where, K = 6 (for horizontal) From PSGDB 7.78
W=mxg=178x9.81=17.46 N
A =600 mm = 0.6 m.
Ps=6x17.46x 0.6
=62.82 N

Pr=2950.35 +

Ks = Ki- Kz' Ks- Ky K5- Ks
d7.77.

1.25 for load with mild shocks
for adjustable supports.

- we have used a, = (30 to 50)P

<> for horizontal drive.

o Ks=1 for drop lubrication

% Ke=1.25 for 16 hrs/day running
Ke=125x1x1x 1x 1x 1.25

= 1.5625

Step 8: Calculation of design load.
Design load = Pr x K

=3025.11 x 1.5625
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=4726.73 N

Step 9: Calculation of working factor of safety (FSy)

FS Q

¥ Design load
Where, Q = Breaking load = 44400 N. From PGSDB 7.72 for the selected chain

44400
W 4726.73

FS,, =9.4

Step 10: Check for factor of safety.

From PSGDB 7.77, Recommended factor o

We find FS, <12.45 | the de is not safe.

In order to overcome this issue we have to incr 9.05 mm.
The chain number 12 A -2 / D

For this chain, M= 2.90 Kg/m, Q = 00
By the recalculation of step 6and
Pr =2590.28

Design load = 4047.31 N

Step ring stress in the roller.

ere, A =210 mm? From PSGDB 7.72 for selected chain

2459.81*1.5625
cYroller = 210

= 18.30 N/mm?

From PSGDB 7.77, the allowable bearing stress for the given speed
1400rpm , is 19.75 N/mm?.

Induced stress is less than the allowable stressi.e 18.30 < 19.75
N/mm?. .. the design is safe.

AMSCE/MECH/DTS Page 68



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

Step 12: Calculation of length of chain (L).

From PSGDB 7.75

L:|p><P

2
,pZZap+(zl+zzj+[(zz—zl)/2n]
ap

. _ 3 _ 600

PP 1905

_ 2
|p=2x31.50+(7+270j+[(70 /

31.50

=63+38.5+3
I

Step 13: Calculation of ex
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,_ 67.5+1/67.5° ~8x100.54
4

x19.05

a=613.18 mm
Decrement in centre distance for an initial sag =0.01a
=6.132 mm

Exact centre distance =613.18—6.132

=607.05 mm.
Step 14: Calculation of sprocket diameters.

Case 1: Smaller sprocket.

PCD of smaller sprocket

Sprocket outside diameter

d = diameter of r PSGDB 7.72 for selected chain.

r

dy, =43.91+0.8x11.90

d,, =53.43 mm

P
d, =———— From PSGDB 7.78

2 (180
SiIn| —
ZZ
1905
o (180}
Sin| ——
70

d, =424.61 mm
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Sprocket outside

d, =d,+0.8d
diameter} e = He TR

=424.61+0.8+11.90

dy, =434.13 mm

17. Select a V belt drive for 15kW, 1440 rpm motor, which drives a centrifugal
pump running at a speed of 576 rpm for a service of 8-10 hours per day. The
distance between the driver and the driven shaft is approximately 1.2 m.
Service factor Ks=1.1, design factor Na=1.0 , Vr=2.5 (Apri

Given data:

P=7.5KW

N; = 1000 rpm

N, = 300 rpm

D = 500 mm

d =150 mm

C =925 mm

***similar to this problem, en d s per the given question and solve the

problem with same proced

= 500 mm given.

lection of centre distance (c) :

= 925 mm given.

Step/4: Calculation of nominal pitch length (L).

From PSGDB 7.61,

(D-d)*

L:2C+g(D+d)+

_ 2
_ 2925+ (500-+150) + 200 ~150)°
2 4%925
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=2904.12mm.
From PSGDB 7.60, For B section.
The next standard length L = 3091 mm.
Step 5: Selection of various modification factors.
Case 1: Length correction factor (F)

From PSGDB 7.60 for B section corresponding to L’

F. =1.07

Case 2: Correction factor for arc of contact (Fq

From PSGDB 7.68

Arc of contact angle

50.8

KW = (0.795°% — g ~-1.32x107S%)S

_ mdN,
60

Where, S = Belt speed

~ nx0.150x1000
60

=7.854m/s
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d . = equivalent pitch diameter; From PSGDB 7.62 %: % =3.33 Take
Fp=1.14

= dp xF,

=150x1.14

=171 mm.

KW = (0.79x7.854°% — % ~1.32x107*x7.84%)7.8

=2.75TKW
Step 7: Calculation of number of belts (n)
From PSGDB 7.70

PxF
K, xF xF,

n, =

7.5%x1.3
2.757x1.07 x

B 3091—7:[500”50}
4 8

A=517.5mm

_(D-d)’ _ (500-150)?
8 8

B

=15312.5 mm?
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C.. =517.5++/517.52-15312.5

actual

=1020 mm.
Step 9: Calculation of belt tensions (T: and T3).

Power transmitted per belt =(T, - T,)Vv

7.5%x10°

=(T,-T,)7.854

T,—T,=238.73 ------ 1

From PSGDB 7.58 = m =0.189 Kg/m.

7.70 = 2B =34°

e

From step 5: = a=157.29°%
180°

=2.745 rad.

Tension ratio =

Stress induced.

Maximum tension
Cross sectional area

Stress induced =

From PSGDB 7.58 Area of B section = 140 mm?2

.. Stress induced = ﬁ
140
=1.897 N/ mm?

18. A temporary elevator is assembled at the construction site to raise building
materials, such a cement, to a height of 20m. It is estimated that the
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maximum weight of the material to be raised is 5 kN. It is observed that the
acceleration in such applications is 1 m/s?, 10mm diameter, 6x19
construction wire ropes with fibre core are used for this application. The
tensile designation of the wire is 1570 and the factor of safety should be 10
for the preliminary calculations. Determine the number of wire ropes
required for this application. Neglect bending stress. (April/May 2018)

Given data:

h—=20m

W =1 tonne = 1000Kg = 9810N
n=2

Wire rope size =6x19
d=12mm
Breaking load W,
D =56d

t=1sec

=78KN

reak

v=12m/s=72m/min

***similar to this problem, C
the number of wire ropes

e given question and need to find

Step 1: Selection of s
Given: 6 x 19 size
Step 2: Calculation
f safety of 15, the design load is calculated.
Design loa = Load to be lifted x Assumed FOS

15

147.15 KN
Selection of Wire rope diameter (d):

From PSGDB 9.5. For the breaking strength (Wpreax) 78 KN (7.8
tonnes). take the diameter of the rope is 12mm.

d=12mm
o, =1600 to 1750 N/mm2

Step 4: Calculation of sheave diameter (D):

Given:
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Sheave diameter D=56d
=56 x 12
=672 mm
Step 5: Selection of the area of useful cross section of the rope (A):

From PSGDB 9.1

A=0.4t><7t4><d2

=0.4><T%><122

A =45.24mm?

Step 6: Calculation of Wire diameter (

Number of wires in each strand

Weight of rope (W;):

m PSGDB 9.5. Corresponding to the diameter of the rope
mm, take

Approximate weight =0.54Kgf/m
=53N/m
. Weight of rope W, = Approximate Weight x h

=5.3x20
W. =106N

Step 8: Calculation of various loads:
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Case (i): To find the direct load (Wy):
W, =W+W,
=9810N +106N
W, =9916N

Case (ii): To find the acceleration load (Wa):

Wa=(w+wfja
g

a =acceleration of the load

_V.Vy

a=12m/s’

W, =

a

(9810 +106

i

Step 9: Ca i loads on the rope:

during acceleration of the load
=W+ W, + W,

=9916+0+1212.97
* W, =0,From the Question
Bending load is neglected

=11128.97N

Step 10: Calculation of working factor of safety (FSy):

Working factor | Breaking load
of Safety (F,,) | Effective load

during acceleration (Wea)
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_ 78x10°
11128.97
FSW = 7

Step 11: Check for design:

From PSGDB 9.1, for hoists and class 2, the recommended factor of
safety = 5.

Since the working factor of safety is greater than t
factor of safety. Therefore the design is safe.

19. Select a high-speed duck flat belt drive for a fa
which is driven by 10kW, 1440rpm motor. T i en and
space available for a center distance of 2
of the driven pulley 1000 rpm. (Nov/De

Given data:

N, =1440rpm
$=25
c=3.6m
y=16m/

K, =13

Belt =5 Ply, flat dunl
P =12KW

Load rati

Case (i): To find the driven pulley speed. (N2).

Case (ii): To find the driver pulley diameter (d):

1440
25
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N, =576rpm
Case (iii): To find the driver pulley diameter (d):

d==
¢

1000
25

d =400mm

From PSGDB 7.54, from recommended series of
tolerances.

eters and

The standard diameter for

d =400
the driver pulley } i

Step 2: Calculation of design po

ction factor(K,)
mall pulley factor (K )

Design power =

Case (i): To find the ar

From PSGDB

DB 7.54, take the value of K =1.04 . Corresponding to the arc of
170°

K, =1.04
Case (ii): To find the small pulley factor (Kq)

Table: Small pulley factor ‘Kq’

Small Pulley Kq
diameter
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Upto 100mm 0.5
100 - 200mm 0.6
200 - 300mm 0.7
300 - 400mm 0.8
400 — 750mm 0.9
Over 750mm 1.0

From the above table. We take the Kq value 0.8

~ Ky =08
Case (iii):

To find the design power, KW:

Step 3:

Given: p belt. Its capacity is given by 0.0118

KW /ply/mm.

Load rating at “V’ m /s =Load rating at 10 m /s x%

Load rating at 16 m /s =(0.0118x2) x%

=0.03776KW /Ply / mm
Step 5: Determination of belt width:

Design Power

Width of the belt = - .
Load rating x No. of plies.

1875
0.03776 x5
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=99.31mm

From PSGDB 7.52 Specification of transmission belting standard
widths.

The standard belt width for 5 Ply belt = 100mm.
Step 6: Determination of Pulley width:

From PSGDB 7.54, Pulley width is given by

Pulley width = Belt width + 18 mm
=100 + 13 mm
=113 mm
From PSGDB 7.54, recommended series i S, mm.

The standard pulley width =
Step 7: Calculation of length of t

From PSGDB 7.61,

(1000 -400)’
4%3600

20. i running at 340rpm is to be driven by a 100 kW
1440 rpm. The light duty drive is to work for atleast
day. The center distance between the motor shaft and

C=1m=1000mm
P=100kW

d=300mm
N;=1000rpm
No=375rpm

23=40°

A=400 mm?2

g = 1100 kg/m3
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a =2.1MPa

u=0.28.

***Similar to this problem change the center distance as C=1200 mm and slight changes in
speeds

Step 1: To find the velocity of the belt ‘v’:

mdM1
&0

V=

= 03400 _ 1571m/s
&0
Step 2: To find the larger pulley diameter ‘D’

N, d

N, D

375 03

1000 D

Step 3: To find the number of b
For an

Case i: To find a:

= (180 — 2x14.48)x —
130

g = 2.636 rad

Case iii: To find T18& T2

T = i BCozec B
Iy
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T: _ p028x 2.636xCosec 20°
Tz

L= 21581
T:

2
Mass of the belt per meter length
m=density x area x Length
=1100x400x10-¢x1
=0.44kg/m

Centrifugal tension

T, = mv?
= 0.44x15.71°
T. = 108.59N

Maximum tension in the belt
T =o0xa
= 2.1x105x400x10~%
T=840N

We know that the tension i

T, = 338.93N

Case iv: To find the power transmitted

P = (Tj_ - TZ:IJ:V

= (731.41 — 338.93)x15.71

P =616586 W

the belt
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Case v: To find the number of belts

Total power transmitted

Number of belts =

Power transmitted per belt

_ 1o0x10®

6165.86
=16.22

=17 belts

Step 4: To find the length of the each belt:

L:2C+(%)(D+d)+%

= 3.852m

21. The transporter of a heat treatmen
1440rpm induction motor throu
reduction ratio 2.4. The transmiss
of lubrication. Rating is conti fts per day. Design
the complete chain drive

service factor as 1.5. /Dec 2018)

Given data:

to this problem with different data.

Step 1: ransmission ratio. (i)

. N
i=—2=10 given.
N g

Then,
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N, =140rpm

Step 2: Selection of no. of teeth on the driver sprocket (z,).

From PSGDB 7.74

Z:1=17
Step 3: Calculation of no. of teeth on the driven sprocket (Z.).

From PSGDB 7.74

Z,=1ixZ,

=10x7

Z,=70

Z = 100 to 120

2max

Recommended value of Z, should be les n the ab alue or else the

chain may run off the sprocket for a small pull.

Z, = 70 is satisfactory.

Step 4: Selection of standard pi

From PSGDB 7.74

nce a =(30 to 50) P

um Pitch, P, _a 000 20 mm
30 30

Minimum Pitch, P, =i=@=12 mm
50 50

dard pitch between 12 mm and 20 mm can be chosen. But to get a
quicker solution, it is always preferred to take the standard pitch closer to Pmax.
rom PSGDB 7.72, Standard Pitch P = 15.875 mm.
Step 5: Selection of the chain:

From PSGDB 7.72, assume the chain to be duplex.

.. 10 A-2/DR50 Chain number is selected.
Step 6: Calculation of total load on the driving side of the chain (Pr):

From PSGDB 7.78,

AMSCE/MECH/DTS Page 85



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

PT = Pt + Pc + Pa
Case 1: To find the tangential force (Py)

From PSGDB 7.78

Z, xPxN,

Where, v = chain velocity =
60x1000

_ 7x15.875x1400
60x1000

=259 m/s

1020

P

t

P, =29

Case 2: To find the centrifugal tensio

From PSGDB mv

Where, m= mass of the cha
From PSGDB¢7.72, F d chain,
[1Kg m/s2=1N]
P.=1.78 (2.59)
P.=11.94 N

Case 3: T the tension due to sagging (Ps).
om PSGDB 7.78,
Ps=K. W. a
Where, K = 6 (for horizontal) From PSGDB 7.78
W=mxg=178x9.81=17.46 N
A =600 mm = 0.6 m.
Ps=6x17.46x 0.6

=62.82 N
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Pr=2950.35 + 11.94 + 6282
Pr=3025.11 N
Step 7: Calculation of Service factor (K).
From PSGDB 7.76
Ks = Ki- Ko Ks- K4 Ks- Ks

From PSGDB 7.76 and 7.77.

% Ki=1.25 for load with mild shocks

e Ko=1 for adjustable supports.
o Kz=1 *.» we have used a, =(30
% Ks=1 for horizontal drive.

o Ks=1 for drop lubrication

o Ke=1.25 for 16 hrs/day

Ks=1.25x1x1x 1x 1x 1.25
= 1.5625

Step 8: Calculation of design load.
Design load = Pr x K
=3025.11 x 1.5625
=4726.73 N

Step 9: Calculation of wor of safety (FSy)

Where, i 4400 N. From PGSDB 7.72 for the selected chain

4726.73

Step 10: Check for factor of safety.
From PSGDB 7.77, Recommended factor of safety = 12.45

We find FS,, <12.45 , the design is not safe.

In order to overcome this issue we have to increase the pitch = 19.05 mm.

The chain number 12 A -2 / DR 60 is selected.
For this chain, M= 2.90 Kg/m, Q = 63600 N
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By the recalculation of step 6 and step 8, step 9.
Pr=2590.28 N.

Design load = 4047.31 N
FSy=15.71

We find FSy > 12.45 , the design is safe.

Step 11: Check for the bearing stress in the roller.

P, x K,
roller — A

(@

Where, A =210 mm® From PSGDB 7.72 for selected
. 2459.81*1.5625
chain.. o, =
210

= 18.30 N/mm?

From PSGDB 7.77, the allowable bearing stres
19.75 N/mm2.

the giv

Induced stress is less than the allo 18.30 < 19.75 N/mm?2.

Step 12: Calculation of le

From PSGDB 7.75

Where no.of links |p =

]+ [(Z,-2)/ 275]2

a,

a, _ 600 .
P 19.05

— 2
1, =2><31.50+(7+27°j+[(70 7)/2m]

Appro e in multiples of pitches a, =

31.50
=63+38.5+3.19
Ip =104.69

1, =106 links

Actual length
" ) L =106x19.05
of chain

L =2019.3 mm
Step 13: Calculation of exact centre distance (a):

From PSGDB 7.75.

eed 1400rpm, is
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o e++/e?—8m y

4

m =100.54 P

Case 2: To find m:
Case 1: To find e:

2
Z, -7
*  m=| 24
ey (B22) (%52

2

70-7Y
-sos-(1210) (%

m =100.54

=675

,_ 67.5+/67.5°~8x10054
4

19.0

a=613.18 mm

From PSGDB 7.75, Decrement in initial sag =0.01a

Exact centre distal

Step 14: Calculation of sp

Case 1: Smaller

From PSGDB 7.78

19.05
. (180]
SIn| —
7
d, =43.91 mm.
Sprocket outside diameter d;, =d, +0.8d,
d, = diameter of roller =11.90 mm. From PSGDB 7.72 for selected chain.

d,, = 43.91+0.8x11.90
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dy; =53.43 mm

Case 2: Larger sprocket:

P
d2 = —0 From PSGDB 7.78

19.05

: (180)
sin| ——
70

d, =424.61 mm

Sprocket outside

d,, =d,+0.8d
diameter} 2o r
=424.61+0.8411.90

d,, =434.13

22. orkshop crane is lifting a load

of 25 kN through a wire rope eight of the hook etc., is 15 kN.
The rope drum diamete times the diameter of the rope.

6 and E for the wire is 80kN/mm?2. The
MPa. The cross-sectional area of the wire

the wire rope. Take a fa

ultimate stress may be t

rope may
(Nov/Dec 20

lifted =20 KN

pth =60m

, = v =4m/sec =240m/min
t=10sec
***Similar to this problem

Step 1: Selection of suitable wire rope.

For hoisting purpose, 6x19 rope is selected. From PSGDB 9.1

Step 2: Calculation of Design load.
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Assuming the factor of safety of 15, the design load is calculated.
Design load =20x15
=300KN

Step 3: To find wire rope diameter (d).

From PSGDB 9.5 For design load 300KN, The next standard value.
d =25mm

m =241Kg/m

, = 1600 to 1750 N/mm’

Breaking strength = 340KN

Step 4: Sheave diameter (D)
From PSGDB 9.1. We find Dmi%
50m/min . But the actual speed is

240m/min [i.e% [ 5 times 5 . (‘i‘m has to be modified.

Step 5: lation of f cross section of the rope (A).

=0.4><%><252

A =196.35mm”
Step 6: To find Wire diameter. (dv).

_d
Y150

d
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R

15V6x19
=1.56
d, =2mm
Step 7: Weight of the rope. (W;).

W. per meter =2.41x9.81 =23.64N/m.

W._ =23.64x60 =1418.53N

=1418.53N
Step 8: Load calculations
Case 1: Direct load (Wa)

W, =W+W. =20+1418.53x10~

Case 2: Bending load (W)

_E. xd,
D

W, =o, xA

5
_ 0.84>10" <2 = 0.84x10°N/mm? |
925
a=Y2"V1
t
20+1418.53x107 4-0
x0.4 =—
9.81 10
=0.87 KN =04 rn/s2

.. Effective load on the rope
' ' W, =W, +W, +W,
during acceleration

=21.42+35.66+0.87
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=57.95
W,, =58KN
Step 9:Working factor of Safety (FSy).
_ Breaking load
v W

ea

FS

_340
58

FS, =5.86
Step 10: Check for Safe design

*+ We findF,, <n'(6). .. The

* The safe design can be a
with greater breaking s

selecting the rope

From PSGDB 9.5, for d=25 th = 376 KN and

o, =1750 to 1900 N/mm*

58

.. The design is safe.

23. A motor drive er is to run at 650rpm driven by an electric motor of 7.5
a suitable V belt drive. (April/May 2019)

= 1000 rpm
N2 = 300 rpm

***Similar to this problem assume the missing data’s and slight changes in speeds
Step 1: Selection of belt

From PSGDB 7.58,

For 7.5 KW, B section is selected

Step 2: Selection of pulley diameters. d & D:

AMSCE/MECH/DTS Page 93



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

d = 150 mm, D = 500 mm given.
Step 3: Selection of centre distance (c) :
C= 925 mm given.
Step 4: Calculation of nominal pitch length (L).

From PSGDB 7.61,

(D-d)*
4C

L:2C+g(D+d)+

_ 2
— 2925+ X (500-+150) + 200 ~150)°
2 4x925

=2904.12mm.

From PSGDB 7.60, For B section.
The next standard length L = 309 m.

Step 5: Selection of various m

Case 1: Length correc

From PSGDB 7.60 for ng to L’

r arc of contact (Fq)

_180°— (2=%)x60°
C

—180°— (M) % 60°
925

=157.29°
Corresponding to the angle 1579.29°11 160°
Fq=0.95.
Case 3: Service factor (Fa).
From PSGDB 7.69 F, = 1.3
Step 6: Calculation of Maximum power capacity (KW).

From PSGDB 7.62, For B section.
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KW = (0.79S°% — ? ~1.32x107*S?%)S

e

_ mdN,

Where, S = Belt speed 50

~ mx0.150x1000
60

=7.854m/s

D
d . = equivalent pitch diameter; From PSGDB 7.62 —

Fp=1.14
=d, xF,
=150x1.14
=171 mm.

KW = (0.79x 7.854 % 10 x7.84%)7.84

Step 7: Calculation of nu

From PSGDB 7.70

Step 8: Calculation of actual centre distance. (Cactual).

From PSGDB 7.61
Cactua]= A+ \IAZ - B

A=£—n|:D+d}
4 8
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B 3091_n[500+150}
4 8

A=517.5mm

_ (D-d)* _ (500-150)’
8 8

B

=15312.5 mm?

C,..y =517.5++/517.5* —15312.5

actual

=1020 mm.
Step 9: Calculation of belt tensions (T: and T3).

Power transmitted per belt =(T, - T,)v

7.5%x10°

=(T,-T,)7.854

T,—-T,=238.73 -
From PSGDB 7.58

7.70 = 2B

T,-16.72T, =-184.3  ------ 2
Solving equation 1 and 2

T2=26.9 N, T:=265.64 N

Step 10: Calculation of Stress induced.

Maximum tension
Cross sectional area

Stress induced =
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) . 265.64
From PSGDB 7.58 Area of B section = 140 mm?2 .. Stress induced = W

=1.897 N/ mm?

24. Design a chain drive to accurate a compressor from a 10kW electric motor
at 960rpm. The compressor speed is to be 350rpm. Minimu ter distance
mpressor is to

should be 0.5m. motor is mounted on an auxiliary be
work for 8 hours/ day. (April/May 2019)

Given data:
N=P=7.5KW
N; = 1400 rpm
i=10
a0=600 mm

***similar to this p, entre distance and power

Step 1: Selection of transmissi

N, - 1400
10
N, =140rpm

Step 2: Selection of no. of teeth on the driver sprocket (zi).
From PSGDB 7.74

Z1=7
Step 3: Calculation of no. of teeth on the driven sprocket (Z,).

From PSGDB 7.74
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Z,=1ixZ,

=10x7

Z,=70

Z = 100 to 120

2max

Recommended value of Z, should be less than the above value or else the
chain may run off the sprocket for a small pull.

Z, = 70 is satisfactory.

Step 4: Selection of standard pitch (P).

From PSGDB 7.74

Any standard pitch between an be chosen. But to get a
e standard pitch closer to Pmax.

Case 1: To find the tangential force (Py)

From PSGDB 7.78

P, = 1020N
Vv
Where, v = chain velocity = M
60x1000
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Case 2: To find the centrifugal tension (P).

2

Wv2

From PSGDB 7.78. P, =
g

mv

Where, m= mass of the chain

From PSGDB 7.72, For the selected chain,

m=1.78 Kg/m

_ 7x15.875x1400

60x1000
=259m/s

o _ 1020x 7.5
! 2.59

P, =2950.35 N

Where, K = 6 (for PSGDB 7.78

= 62.82 N

Pr=3025.11 N

=6x17.46x0.6

Pr=2950.35 + 11.94 + 6282

Step 7: Calculation of Service factor (Ks).

From PSGDB 7.76
Ks = K1- Kz- K3- K4- Ks- Ks

From PSGDB 7.76 and 7.77.
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< K;=1.25 for load with mild shocks

o Ko=1 for adjustable supports.

* Ks= "~ we have used a, = (30 to 50)P
@ Ky= for horizontal drive.

@ Ks=1 for drop lubrication

» Ke=1.25 for 16 hrs/day running
w Ke=1.25x1x1x1x 1x 1.25

= 1.5625
Step 8: Calculation of design load.

Design load = Pr x K;
=3025.11 x 1.5625
=4726.73 N

Step 9: Calculation of working factor of safety (FSy

Q

"~ Design load
Where, Q = Breaking load = 44400 N. the selected chain

44400
W 4726.73

FS,, =9.4
Step 10: Check for factor of
From PSGDB 7. d facCtor of safety = 12.45

We find FS, <12.45 esign is not safe.

In ord this issue we have to increase the pitch = 19.05 mm.

er 12 A -2 / DR 60 is selected.
M= 2.90 Kg/m, Q = 63600 N

By the rec tion of step 6 and step 8, step 9.
Pr =2590.28 N.

Design load = 4047.31 N
FSy=15.71

We find FSy, > 12.45 , the design is safe.

Step 11: Check for the bearing stress in the roller.
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P, x K,

(e) = ——
roller
A

Where, A =210 mm”® From PSGDB 7.72 for selected chain

2459.81*1.5625
GroIIer = 210

= 18.30 N/mm?

From PSGDB 7.77, the allowable bearing stress for the given speed Orpm , is
19.75 N/mm?2.

Induced stress is less than the allowable stress i.e 18.30 <
the design is safe.

Step 12: Calculation of length of chain (L).

From PSGDB 7.75

—=31.50

2
_50+(7+7o]+[(7o—7)/2n]
2 31.50

=63+38.5+3.19

Ip =104.69
Ip (1106 links

Actual length

" ) L =106x19.05
of chain

L =2019.3 mm

Step 13:

Calculation of exact centre distance (a): From PSGDB 7.75.

,_etye’-8m

4

P
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m =100.54

67.5+67.5248%100.54
a= X

1

Decrement in centre distanc

aller sprocket d, = _ P From PSGDB 7.78

sin 180
Zl

_19.05

. (180}
SIn| —
7
d, =43.91 mm.

Sprocket outside diameter d;, =d, +0.8d,
d, = diameter of roller =11.90 mm. From PSGDB 7.72 for selected chain.

dy, = 43.91+0.8x11.90
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dy; =53.43 mm
Case 2:
Larger sprocket:
P
d,=———— From PSGDB 7.78
. (180
SIn| —
ZZ
_19.05
o (180)
SIn| ——
70
d, =424.61 mm

Sprocket outside
diameter

=424.61+

dy, =434.13 mm

25. Select a suitable wire rope carrying a load of 2 tonnes to be
lifted from a depth .
seconds. Assume mi fety as 10. (April/ May 2019)

Given data:

** Refer this Problem

Step 1: Selection of suitable wire rope.
For hoisting purpose, 6x19 rope is selected. From PSGDB 9.1
Step 2: Calculation of Design load.
Assuming the factor of safety of 15, the design load is calculated.
Design load =20x15

=300KN
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Step 3: To find wire rope diameter (d).
From PSGDB 9.5 For design load 300KN, The next standard value.

d =25mm
m =241Kg/m
o, =1600 to 1750N/mm’

Breaking strength = 340KN

Step 4: Sheave diameter (D)

From PSGDB 9.1. We find Diin 4= 27 for clas

50m/min . But the actual speed is
. (. 240 . . .
240m/min e [ 5 times 50m/min |. Th 4 modified.
Dmin

—ai =27 (1.08)"" =36.730 37m

Sheave diameter D=

=37x

Step 5:Calculation of Area

=196.35mm”
Step 6: To Wire diameter. (dv).

d
d =
Yo15i

25

1.5V6x19
=1.56

d, =2mm
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Step 7: Weight of the rope. (W;).
W. per meter =2.41x9.81=23.64N/m.
W. =23.64x60 =1418.53N

=1418.53N

Step 8: Load calculations

Case 1: Direct load (Wq)

W, =W+W. =20+1418.53x10"° =21.42KN

Case 2: Bending load (W)

E xd,

W, =c,xA = A

p =O0p X D X

0.84x10° 2

==y X19635  [-E,=084x10°N/nim’ |
=35661.41N

=35.66KN.

Case 3: Acceleratio

}W =W, +W, +W.

=21.42+35.66+0.87
=57.95
W, =58KN

Step 9: Working factor of Safety (FSy).
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_ Breaking load
v W,

ea

FS

_340
58

FS, =5.86

Step 10: Check for Safe design

*+ We findE, <n'(6). .. The design is

* The safe design can be achie the rope

From PSGDB 9.5, for d=25, take
o, =1750 to 1900N/mm?

= 376 KN and

58
=6.48

Now we findE, >n'( e design is safe.
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ME 6601 - DESIGN OF TRANSMISSION SYSTEMS

QUESTION BANK
UNIT -II

SPUR GEARS AND HELICAL GEARS
PART A

1. Specify the effects of increasing the pressure angle in gear design?

Increasing the pressure angle will increase the beam and surface
strengths of tooth. But gear becomes noisy.

2. Why is gear tooth subjected to dynamic load?
Inaccuracy of tooth spacing
Elasticity of parts
Deflection of teeth under load

Dynamic unbalance of rotating m

3. State the law of gearing?
The law of gearing sta aining a constant velocity ratio,
at any instant of teet rmal at each point of contact
should always pass t oint (fixed point), situated on the
line joining th n of the pair of mating gears.
4. What is pressure an e effect of increase in pressure angle?
< gle between the common normal to two
of contact and the common tangent at the
se of the pressure angle results in stronger tooth,
ooth acting as a beam is wider at the base.
5.
the pitch circle diameter to the number of teeth.
6 tiate the double helical and herringbone gears.

hen there is groove in between the gears, then the gears are
specifically known as double helical gears.

% When there is no groove in between the gears, then the gears is
known as herringbone gears
7. What are the profiles of a spur gear?
+ Involute tooth profile

% Cycloidal tooth profile
8. What is herringbone gear?
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When there is no groove in between the gears, then the gears is
known as herringbone gears.

(Or)

The double helical gears are connecting two parallel shafts are known as
herringbone gears. It is used in heavy machinery and gear boxes.

9. Define backlash. What factors influence backlash?

Back lash is the difference between the tooth space and the tooth thickness along
the pitch circle.

The factors influencing in backlash are given below,

Module
Pitch line velocity
10. A helical gear has a normal pressure angle
and normal module of 4mm and has 20

of 45°,
. Find the pith diameter.

Given data:

® =20°
B =45°
m, =4mm
Z=20

11. Why are ge perior to belt drives or chain drives? The
v The gear drives possess high load carrying capacity, high

v They can transmit power from very small values to several
kilowatts.

12. Illustrate the materials for making gears'.
1. Ferrous metals such as carbon steels, alloy steels of nickel,
chromium and vanadium.
2. Cast-iron of different grades.
3. Non-ferrous metals such as brass, bronze, etc.
4. Non-metals like phemolic resins nylon, bakelite etc.

Among them steel with proper heat treatment is extensively, employed

in many of the engineering applications.
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13. Specify the types of gears-failures.
% a) Tooth breakage. b) Pitting of tooth surface. c) Abrasive-
wears. d) Seizing of teeth etc.
14. At what occasions non-metallic gears are employed.
+ Non-metallic gears are employed 'where we require silent
operation and low power transmission. For example, in
instruments like pressure gauge and so on.

15. What is meant by spur-gear?

Spur-gear is the gear in which teeth are cut at the umference of a

of all teeth.
b) Root circle or addendum circle is th i ncides with. Roots
or bottoms of all teeth.
c) Pitch circle is the imagina i pair of gears rolls one
over the other. This circle can be e pair of gears fast rotating. This
will lie between tip circle and root

17. How are the followi Pressure angle. b) Module.

of pitch circle diameter to the number d of
epresented in millimetres

backlash of gears.

19. De orm factor?
n factor is a constant, employed in the design of gear which, design

the shape and the number of teeth.

20. Why dedendum Value is more than addendum value?
In order to get clearance between the teeth of one gear and bottom
surface of mating gear so as to avoid interference, dedendum is having more
value than addendum.

21. What are the effects of increasing and decreasing the pressure angle in
gear design? (April/May 2017)
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% Increasing the pressure angle will increase the beam and
surface strengths of tooth. But gear becomes noisy.

% Decreasing the pressure angle will increase the minimum
number of teeth required on the pinion to avoid interference/
undercutting

22. Differentiate the double helical and herringbone gears. (April/May 2017)

% When there is groove in between the gears, then the gears are
specifically known as double helical gears.

« When there is no groove in between the gears, then th
known as herringbone gears
23. What is meant by stub tooth in gear drives? (Nov/D

Teeth in which the working depth is less than
normal diametral pitch.

24. Define virtual number of teeth in helical
The equivalent number of teeth (al i umber of teeth),
Zv, is defined as the number of teeth in

Z
= 5,
Cos-
25. Specify the types of gear f:
i.  Tooth breakage (due amic loads)
ii.  Tooth wear (or i - Abrasion, Pitting and Scoring or
Seizure
26. In what ways helical different from spur gears? (April/May

ce there is no slip, so exact velocity ratio is obtained
It is capable of transmitting larger power
iii. It is more efficiency and effective means of power transmission
28. Why ion is made harder than the gear? (Nov/Dec 2018)
Because the teeth of pinion undergo more number of cycles than those of
gear and hence quicker wear.
29. State the law of gearing (April/May 2019)
The law of gearing states that for obtaining a constant velocity ratio, at any
instant of teeth the common normal at each of contact should always pass
through a pitch point, situated on the line joining the centres of rotation of the

pair of mating gears.
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30. What is meant by virtual number of teeth? (April/May 2019)

The number of teeth on virtual spur gear in the normal plane is known as
virtual number of teeth (zeq)

Z

Zeq — cos*f

Where, z= actual number of teeth on a helical gear
p= Helix angle

PART B

1. Design a spur gear drive for a stone crusher where
C40 steel. The pinion is transmitting 30 KW at
is 3. Taking the working life of the gears as 7500hr

Given data:

Material = C40 steel

P =30KW
N, =1200rpm
i=3

Gear life =7500hrs.

e gear life in number of cycles (N):
N = Gear life in mins x N;
= (7500 x 60) mins x 1200
N = 54 x 107 cycles.
Step 4: Calculation of initial design torque [M¢]:

From PSGDB 8.15, table 13.

[M,]=M,-K-K,

From PSGDB 8.15 , table 13 Initially assume for symmetric scheme,
take K-K, =1.3
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_ 60xP

M, =
27N,

B 60x30x10°
2xmx1200

238.73N.m

~[M,]=M, K-K,

=238.73x1.3

[M,]=310.34Nm.

Step 5: Calculation of E, , [ob] and [oc]:
Case (i): To find equivalent young’s Modulu
From PSGDB 8.14 , table 9 For C
Eeq =2.15 %x 105 N/mm?2 .
Case (ii): To find design bendi

From PSGDB 8.18 , in one direction

Kp1 = 50 and N > 25 x 107 cycles

From PSGDB 8.20 table 22.

= 2, for steel tempered From PSGDB 8.19 , table 20
ress concentration factor (Ko):

Ks=1.5 for steel From PSGDB 8.19 , table 21
* Tensile strength (cy):

ou= 630 N/mm? for C40 steel From PSGDB 8.19
*  Endurance limit stress in bending (c.1):

c.1=0.35 oy + 120, for alloy steel. From PSGDB 8.19 table 19
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= (0.35 x 630) + 120

6.1 =340.5 N/mm?2

W.K.T:[Gb]:%xc_l
nxK_
_ 1'4X0'7><340.5
2x1.5

[0,]= 111.23N/mm’

Case (iii): To find the design contact stress [GC] :

[6.]=Cy -HRC-K, From PSGDB 8.16

* Cgr = co efficient depending upon su

Cr = 265 , for C40 steel hardened
table 16

* Rockwell Hardness nu
HRC =40 to 55, for SGDB 8.16, table 16
*  Life factor (Ku):

K, =0.585, fo

u

>25x10" cycles. From PSGDB 8.17 ,

designing.

Q= % =0.3 , for initial calculation From PSGDB 8.14 table 10

2 5 3
a2(3+1){ 0.74 } 2:15x10°x310.34x10
852.64 3%0.3
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>152.89mm.
Take a = 155mm
Step 7: Selection of Z; and Z,:

* Number of teeth on pinion Z; = 17 (Assume)
* Number of teeth on gear (Z»)

Z,=ixZ, From PSGDB 8.1 and table 4(8.3) izz/ >1
1

=3x17
Z,=51
Step 8: Calculationof module (m):

From PSGDB 8.22 table 26

From PSGDB 8.2, ta . Take the nearest higher standard

m=5mm.

a=170mm
Step 10: Calculation of b, d; , v and op
Case 1: To find the face width (b):

From PSGDB 8.14 , table 10.
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b=opxa
=0.3x170
b=51mm
Case 2: To find the Pitch circle diameter (d,)

From PSGDB 8.22 , table 26

d, =mxZ,

=5x17
d, =85mm

Case 3: To find the pitch line velocity (v):

Case 4: To find op:

Ste : Selection of Quality of gear:
From PSGDB 8.3, table 2
For pitch line velocity 5.34 m/sec. Is Quality 8 gears are selected.

Step 12: Revision of design torque [M¢]:
[Mt]:Mt K-K,

Revised K=1.03 , From PSGDB 8.15, table 14, for ¢, =0-6 bearings

are close to gears and symmetrical.
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Revised K; =1.4 . From PSGDB 8.16 , table 15, for IS Quality 8 , HB
> 350, and v=>5.34m/sec

[M,]=238.73x1.03x1.4

=344.24Nm .
Step 13: Check for bending:

Calculation of induced bending stress (ob):

_ixl
amby

o, [M,]<[o,] From PSGDB

* y=Form factor =0.366 , for Z, =17

From for checking.

i+1 [i+1
=0.74x—— |—xE_[M
¢ a ib eq[ t]

_074x3tL [3+1
170 \'3x51

x2.15x10° x344.24x10°

=765.9N/mm”’
We find o, < [GC] ... The design is safe.

Step 15: Basic dimensions of Pinion and gear:
From PSGDB 8.22 table 26

* Module: m=5mm
* Number of teeth: Z, =17

Z, =51
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*  Pitch circle diameter:

d, =mxZ, =5x17 =85mm
d, =mxZ, =5x51=255mm

* Centre distance:

a=170mm

* Face width:
b=51mm
* Height factor:
f, =1 , for full depth teeth,
* Bottom clearance:
C=025m=0.25x5=1.25
* Tooth depth:
h=225m=2.

* Tip diameter:

* Root diameter:
d, =(Z1 —ZfO)m—ZC
=(17—2><1)5—2><1.25
=72.5mm.

d,, =(Z,-2f,)m-2C
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—(51-2x1)5-2x1.25

=242 5mm.

2. Design of helical gear drive to connect an electric motor to a
reciprocating pump. Gears are overhanging in their shafts. Motor speed
= 1440rpm. Speed reduction ratio = 5, motor power = 37 KW, pressure
angle = 20° , helix angle = 25°.

Given data:

N, =1440rpm
i=5

P =37KW
¢=20°=0a,
B=25°

Step 1: selection of Material.

Generally we assume C45 steel fo ini d gear.

tion of tangential load on teeth (F¢):

F, =E><K0
v

Case 1: To find the Pitch line velocity (v)

From PSGDB 8.22
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My x 20

08 25°

d, = o
22.0

Ve nxm,_ x1440
60x22.06x1000

=1.66m o

sec
Case 2: To find Ko:

K, =1.5 for medium shock conditions:

efully cut gears, v<20m/s

- =0.286

o find initial dynamic load (Faq):

~33433.73 5 1
m 0.286

n

Fy

116901.17
m

n

Step 5: Calculation of beam strength (Fs):

F. =[oc,|by P, From PSGDB 8.51 P, =nm

n
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.. B =[o,]|by'nm,

Where,
b=10xm, From PSGDB 8.14
y' = 0.154—(0-9172 j From PSGDB 8.50 , 20° full depth
vl
system.

Z
Zvl = %’,
cos’ BB

20
cos® 25

Z., =26860127

-y =0154- 2212
26.86

116901.17
m

n

678.58m> >

m_ >5.56mm

From PSGDB 8.2 , table 1. The nearest higher standard module value under
choice 1, is

m_ =6mm

Step 7: Calculation of b, d;, and v:
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Case 1: To find the face width (b)
b=10xm,
=10x6
=60mm

Case 2: To find Pitch circle diameter (d.)

d,=—2-xZ
' ocosp !

= 6 x 20
Ccos 25°

d, =124.23m

Case 3: To find Pitch line velocity (v)

¥4

Step 8: Rec i trength (Fy)

F. =[c,|by'nm,

=180x60x0.12x6x 1
F, =24429.02N

: Calculation of Accurate dynamic load (Fq)

rom PSGDB 8.51

21V(6c. cos’B+F, )cosB

F,=F +
21v+ \/6c. cos’B+F,

Case 1: To find (Fy)
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~37x10°
9.37

F, =3948 77N

Case 2: To find deformation factor (C)

C=11860 e From PSGDB 8.53, table 41 , for 20° FD , steel and
steel.

e=0.030 , for module upto 6 and carefully cut gears GDB 8.53

table 42
. C=11860x0.030
=355.8 N/mm
Case 3: To find (Fq)

21x9.37 x10° (60><3
21x9.37 x

48.77)cos 25°

F, =3948.77 +
5°+3948.77

F, =23398.68 N

Step 10: Check for beam s

We find F, > is safe

21  2x5

=—= =1.67
i+1 5+1

Assume f_ =618N/mm’

K, =
14

618zsin20>{ 1 . 1 }
215x10° 2.15x10°
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=0.867 N/mm?

Case 3: To find Maximum wear load (Fw).
From PSGDB 8.51

_d;xbxQxK,

F
cos’ P

w

_ 124.23x60x1.67 x0.867
cos? 25°

F,, =13138.98N

Step 12: Check for wear:

* Wefind F, <E, . .. the designi

* In order to increase the wear load i ase the hardness
(BHN). So now for steel hard =2.41 N/mm?
%k
%
d, =124.23mm , d, =—2 %7,
cosf3
6
= = 662.03mm.
cos 25°x100
ntre distance: a= m, x(z1 +Z, j
cosf 2
6 5 ( 20+100 J
cos 25° 2
a=2397.22mm
* Face width: b=60mm
* Height factor: f, =1, for 20° full depth teeth.

* Bottom clearance: C=0.25m_
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=0.25%x6
C=1.5mm

* Tip diameter:d :( Zy +2f0Jm11
cosf3

:( 20 +2x1jx6
cos 25°

d,, =14441mm

d,, =[ Z, +2f0J1rnn
cosf

:( 100 +2x1jx6

cos 25°
d,, =674.03mm

* Root diameter:

d, :( Z, —ZfOJmn -2

cosf

= 100 —2x1j6—2x1.5

cos 25°

d,, = 647.03mm.

,=134.33 =135

3. Design a spur gear drive to transmit 8 KW at 720 rpm and the speed
ratio is 2. The pinion and wheel are made of the same surface hardened
carbon steel with 55 RC and core hardness less than 350 BHN. Ultimate
strength is 720 N/mm?2 and yield strength is 360 N/mm?2

Given data:

P=8 KW
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N, =720 rpm
i=2
Material = Surface hardened carbon steel

o, = 720N/ mm?®

o, =360N/ mm?

o, = 240N/ mm’ (Assume) why =Allowable static str,

= 240N/

Step 1: To find Gear ratio (i):

From PSGDB 8.1 table 8.3

Step 4: C tion of tangential load (Fy):

From PSGDB 8.22, table 26
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d,=mxZ

~_mxmxZ, xN,
60x1000

_ mxmx20x720
60x1000

v=0.754 mm/sec.

B 8x10°

. = x1.5
0.754m

~ 15915.12
m

F

t

Step 5: Calculation of initial dynamic load (Fq).
F, =

From PSGDB 8.51, Assume

T 6412

C,=0.333

- 15915.12 y 1
m 0.333

Fy

_ 47793.15

F, -

ep 6: Calculation of beam strength (Fy).

F, =nxmxbx[c,]xy From PSGDB 8.50

Where, b=10xm From PSGDB 8.14

y:O.154—(0-91%1) From PSGDB 8.50 , for 20° involute.

y = 0.154—(0-91%0)
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y =0.1084
F, = txmx10xmx240x0.1084
F =817.32xm’

Step 7: Calculation of module ‘m”

F>F,

47793.15
m

817.32m* >

m=3.88 mm.
From PSGDB 8.2, table 1. Choice 1.
The next higher standard module m=4 mm.
Step 8: Calculation of b, d; and v:

Case 1: To find face width (b):

Case 2: To find Pitch circle
d,=mxZ
=4x20
d, =80mm
o find Pitch line velocity (v).
v=0.754 m From step 4
=0.754x4
v=3.016 m/s

Step 8: Recalculation of beam strength (Fs).

F =817.32x m? From step 5

=817.32x 47
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F, =13077.12 N

Step 9: Calculation of accurate dynamic load (Fq)

21v(b,+F)

2lv+,/b, +F

F=F+ From PSGDB 8.51

Case 1: To find tangential load (Fy)

3
F-P_ 80 s65050N
v 3.016
Case 2: To find deformation factor (C)
C=11860¢e

From PSGDB 8.53, table 42.

e =0.0125 , for precisio

(40x148.25 + 2652.52)
++/40x148.25 + 2652.52

F, =d, xbxQxK,

K, =0.919 N/mm?
F, =80x40x1.33x0.919

F, =3911.264 N

Step 13: Check for wear.
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We find Fy < Fq . the design is unsatisfactory

Increasing the value of K, =2.553 N/ mm?’
. F,=10890.08 N .

We find F, value is closer to F;, but not in that condition F, >F, .

Moderately safe. mild wear takes place.

Step 14: Calculation of basic dimensions of pinion and gear.

From PSGDB 8.22, table 26

*  Module: m=4mm
* No. of teeth: Z, =20, Z,=40

*+  Pitch circle diameter:

* Centre distance: a=

* Face width: b=40mm
* Height factor:

=0 =1mm

* Bottom clearance: )
0+2(1))4=88mm

* Tip diameter: d,, = (Z,
(Z2+2f,)m=(40+2x1)4 =168mm

* Root diameter: =(Z,-2f,)m-2C=(20-2x1)4-2(1) =70mm

L =(Z,—2f,)Mm=2C = (40-2x1)4—2(1) =150 mm

4. Design elical gear drive to transmit the power of 14.7 KW , speed ration
6 , pinio eed 1200 rpm , helix angle is 25° select suitable material and
design the

Given data:
P=14.7KW
i=6

N, =1200 rpm

B =25°
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Step 1: Selection of Material.

C45 — Steel material is selected for both pinion and gear.
.. [c,]7180 N/mm?

Step 2: Calculation of no. of teeth:

Case 1: Calculation of Z; & Zo.

No. of teeth on pinion Z; = 20 Assume

Gear Z, =ixZ,
=6x20 6* 20
=120
Case 2: Calculation of Zy; & Zyz:

From PSGDB 8.22 , table 2b

Virtual no. of teeth on pinion Z, =

Step 3: Calculation oad on teeth (Fy).
P
Ft = V X KO
Case 1: h line velocity (v).
Ve nd, N,
60
From PSGDB 8.22
m
d=—"-xZ
' cosp
_ mxm, x20x1200

V=
60xcos25x100°

v=139m, m/sec
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Case 2: To find Ko

Ko= 1.5, for medium shock condition.

3
£ _147x10°

. = 15
1.39xm,

15902.83
F=—" = (N)

m

n

Step 4: Calculation of initial dynamic load (Fa)

Case 1: To find the velocity factor (C,)

C, =
6+V

=15m/s

From B B 8.51 Assume v

for carefully cut gears , v< 20 m/s

b
6+15

C,=0.286

Case 2: To find initial dyn

15902.83 8 1
m 0.286

n

_ 55604.3
m

n

Fy

Step 5: am strength (Fs)
F =[c,]by'nmm,  From PSGDB 8.51
Where,
* b=10xm, From PSGDB 8.14

* oy 20'154_(0'91% j From PSGDB 8.50 , 20° Full depth system.
vl

~0.154 -(0-91%7)

y'=0.12
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F, =180x10xm, x0.12xmtxm,

=678.58m’

Step 6: Calculation of normal module (mu).

From PSGDB 8.51

F>F

55604.3
m

n

678.58m> >

m, >4.34 mm.

From PSGDB 8.2, table 1, the nearest
under choice 1 is;

ule value

Case 1:

=50 mm.

Case 2: To find t iameter (d:)

d=—4"xZ
' cosp

5
cos 25

x 20

d, =110.34 mm

Case 3: To find the pitch line velocity (v)

nd, N,
60

V=

nx110.34x107° %1200
60

v=6.93m/s
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Step 8: Recalculation of beam strength (Fs)
F =[c,]xbxy'xnxm_
=180x50%0.12xtx5
F, =16964.6 N

Step 9: Calculation of accurate dynamic load (Fa)

From PSGDB 8.51

. 21v(bc.cos® B +F,) cosB

F,=F
o 21v+\/(bc.cosz[3+F

Case 1: To find (Fy).

Case 2: To find deformatio

C=11860¢e From P le 41 , for 20° FD , steel and steel.

e=0.025

cut gears.

table 42 , for module upto 5 and carefully

C=11860x0.025

=296.5 N/mm?

Case 3: a).

21x6.93x10°(50 x 296.5% cos? 25+ 212.21) cos 25

F, =2121.21+
21x6.93x10°% + /50 % 296.5% cos? 25+ 2121.21

F, =15069.29 N

Step 10: Check for beam strength.
We find Fs > Fq . The design is safe.
Step 11: Calculation of Maximum wear load (Fv):

From PSGDB 8.51.
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o d,xbxQxK,
" cos’ B
Case 1: To find ratio factor (Q).
From PSGDB 8.51.
Q=_2—i= 2x6 171
i+1 6+1
Case 2: To find Load stress factor (Kv).
Assume Ky = 0.919 for 20° FD
F_ 110.34x50x1.71x0
" cos” 25
F, =10555.
Step 12: Check for wear.
*  We find Fw < Fq . .. The design i

* In order to increase the wear ease the hardness (BHN).

So how for steel hardened t 2.553 N/ mm? .

33N .

v > F, , Design is safe.

Step 13: Calculati i of pinion and gear.

d, =110.34mm , d, =" x 7,
cosf

le diameter:

__ 5 120

 c0s25

=662.03mm

m Z+7Z
* Centre distance: a=—" x( 1t 4, )
cosP 2

5 ,(20+120
cos 25 2
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* Face width: b=50mm
* Height factor: f, =1, for 20°FD

* Bottom clearance: €=0.25m,

=0.25x5

=1.25mm

* Tip diameter:dalz( 4 +2f0Jmn
cosP

=( 20 +2><1j5
cos 25

=120.33 mm.

* Root diameter: dg, 2(

__[ 20
c0s 25

=97.83mm.

—2><1)5—2><1.25

=649.52mm.

mit 45 KW at a pinion speed of
eeth are 20° involute with 18

5. Design a spur gear dri

Z, =18
[5,]=180N/mm?’
Material = steel (for both pinion and gear)
Step 1: Selection of Material
Pinion and Gear = Steel
Assume steel is hardened to 200 BHN (BRINELL HARDNESS

NUMBER) from PSGDB 8.16 table 16
Step 2: Calculation of Z; and Z,

Number of Teeth on Pinion Z, =18
Number of Teeth on Gear Z, =ixZ,
=3.5x18
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Z,=63

Step 3: Calculation of Tangential load (Fy)

Case 1: To find the pitch line velocity (v)

V= 7'l?d.11\]1 P
60 tT

v mmZ,;N,
60

B nxmx18x800
-~ 60x1000

=0.754mm/sec

Case 2: To find Ko

K, =1.5 for medium shock conditi

Case 3: To find F

for accurately hobbed and generated F, = C—‘
gears
c .6
6+vVv
With v <20m/sec From
PSGDB 8.51
C, = 6 Assume
6+12 v=12m/sec

Case 2: To find initial dynamic load (Fq)
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89522.5 1
F, = X
m 0.333
F, = 268836.3
m

Step 5: Calculation of Beam Strength (Fs)

Case 1: To find form factor (y): From PSGDB 8.50

y=0.154—(0.912/Z,)

—0.154—(0.912/18)

=0.1033

Case 2: To find the beam strength (Fy)
Lewis equation,

F =[c,]by nm
b = Face width 10xm

y = Form Factor

=0.154—(0.912/Z,) for 20°

Full depth system

268836.3
m

584.15m” >

m=>7.72mm

Fro SGDB 8.2 table 1, the nearest higher standard module value under
choice 1 is 8 mm

Step 7: Calculation of b, d and v
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Case 1: To find the face width
(b)

b=10xm
=10x8
=80mm

Case 2: To find pitch circle
diameter (d:)

d, =mxZ,
=8x18

=144mm

Step 8: Recalculation of Beam Strength
Beam Strength F, =[c,|[by nm
=180x80x0.1

=37385.

Step 9: Calculation o te d

Case 3: To find Pitch line
velocity (v)

c load (Fq)

STEP 9: CALCULATION-OF ACCURATE DYNAMIC LOAD (F.)

Case 1: To find tangential load (F;)

P
Fo==
t L

_ 457103
" 603
= 746268 N

Case 2: To find Deformation factor (C)
€=11860 e
=11860x0.038
= 450,68 N/mm?

Case 3: To find the accurate dynamic load (F,)
Fo=F 4 2lvibc+ F)
A

21v+ bt F;

21x6.03x103 (80x450.68 + 7462.68)

Fy=7462.68 +
21x6.03x103 + VEDx450.68 + 746268

=50908.19 N

21 v (be+ Fy)

21 v+ Jbot Fr

P
We know that F; = Z for accurate
value eliminate K

C= Deformation factor from PSGDR
8.53 , table 41

Fd = FL + from

Po&DE 8.51

C=11860 e, for 20° FD, steel and steel

1
e = 0.038, for module upto 8 and
carefully cut gears from PSEDE
8.53 , table 42

Step 10: Check for Beam strength or Tooth breakage
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Since F, >F, (50908.19N > 37385.45N) the design is unsatisfactory. The

dynamic load is greater than the beam strength

In order to reduce the dynamic load F,, Select the precision gears. Therefore

from PSGDB 8.53 , table 42 take e =0.019 for precision gears
Recalculation of deformation factor:

C=11860x0.019 =225.34

Recalculation of dynamic load:

21x6.03x10° (80 x225.34 +7462.68

F, =7462.68 +
21x6.03x10° +~/80x 225.34 + 74

=32920.46N

Now we find E, >F, (37385.45N > 32920.46

adequate beam strength and it will not f
is safe.

tooth has

herefore the design

Step 11: Calculation of maxi

Case 1: To find ratio factor

PSGDB 8.51

_ 20 2x35
i+1 35+1

w :dlbeQXKW

Q = Ratio factor = A
i+1

Case 2: To
K,, =load stress factor =0.919N/mm”,

for steel hardened to 250 BHN

(Fw)

x1.555%x0.919
16462.6N

Step 12: Check for wear

Since F, >F, (32920.46N >16462.6N)the design is unsatisfactory. That is the

dynamic load is greater than the wear load.

In order to increase the wear load (FW) , we have to increase the hardness

(BHN). So now for steel hardened to 400BHN, K = 2.553N/ mm’

F,=d, xbxQxK,
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=144 x80x1.555%x2.553
=45733.42N

Now we find F, >F, (45733.42N > 32920.46N) . It means the gear tooth is

adequate wear capacity and it will not wear out. Therefore the design is
satisfactory

Step 13: Basic dimensions of Pinion and gear

From PSGDB 8.22, table 26

Module: m =8mm

Number of teeth: Z,=18,7Z,=63

Pitch circle diameter: d, =144mm
d,=mxZ, =8x63
d, =504mm

2)/

Centre distance: a= m(Z

Face width:
Height facto for 20°full depth teeth
0.25m =0.25%x8

c=2mm

eter:d,, =(Z, +2f,)m d,, =(Z,+2f,)m

=(18+2><1)8 =(63+2><1)8
=160mm =520mm

Root diameter: dy, =(Z,-2f,)m-2c dy, =(Z, -2f,)m-2c
=(18—2x1)8—2><2 =(63—2x1)8—2><2
=124mm =484mm
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6. Design a pair of helical gears to transmit 10 KW at pinion speed of
1000rpm. The Reduction ratio is 5. Assume suitable materials and stresses.

Given data:

N, =1000rpm
P =10KW
i=5

Step 1: Selection of Material

Generally we assume C45 steel for both pinion a
[6,]=180N/mm’ |, 400 BHN.
Step 2: Calculation of number of teeth Z; an

No. of teeth on pinion gear Z, =20 ume)

Z,=ix7Z

Virtual no. of t

, table 26. Assume [} =25°

— Z2
cos’

v2

100
cos’25

=134.33mm .
Z ,1135mm

Step 3: Calculation of tangential load on teeth (Fy).

F, =£><K0
v

K, =15 , for medium shock conditions.
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Case 1: To find the pitch line velocity (v)

v nd, N,
60

From PSGDB 8.22, table 26

d, = My xZ,
cosf3

Ve nxm  x20x1000
~ 60x1000 x cos 25°

v=116m, m/sec

_10x10°
" 1.16m

n

x1.5

~12931.03
m

n

Step 4: Calculation of initial

_45213.41

Step 5: Calculation of beam strength (Fy).

F, z[csb]xbxylxnxrnn
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Where,

b=10xm, From PSGDB 8.14
y! =0.154—(0-917Z j From PSGDB 8.50 , 20° FD
vl

01542212
27

=0.12
~ FE =180x10xm,_ x0.12x7mtxm,
F. =678.58 m’

Step 6: Calculation of normal module (my)

From PSGDB 8.51

678.58 m? > 221041

d, = M, xZ.
cosf3
= 5 x 20
cos25
d, =110.34mm
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Case 3: To find Pitch line velocity (v)

v nd, N,
60

WX 110.34x1000
~ 60x1000

v=>5.78m/s

Step 8: Recalculation of beam strength (Fs)

F, =678.58xm’ From step 5

=678.58x5"

F, =16964.5N

Step 9: Calculation of Accurate dynamic (Fa)

From PSGDB 8.51

21V(bc p
21v

F,=F +

t

Case 1: To find (Fy)

o find deformation factor (C)
=11860e From PSGDB 8.53, table 41 , 20° FD.

e=0.025 for module upto 5 and carefully cut gears.
.. C=296.5N/mm’

21x5.78x10° (50><296.5-cos2 25+1730.1)cos 25

- F,=1730.1+
21x5.78x10% +/50x 296.5 - cos? 25 +1730.1

F, =1836.98N
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Step 10: Check for beam strength.
We find F, >F, , . The design is safe.
Step 11: Calculation of maximum wear load (Fw)

Case 1: To find Ratio factor (Q)

From PSGDB 8.51

_2(1) _2x5

=—z =1.67.
i+1 5+1

Case 2: To find Load stress factor (Ky)
K, =2553N/mm”. For 20° FD ,

Case 3: To find maximum wear load.
From PSGDB 8.51

_d;xbxQxK

F
cos’ P

w

~ 110.34x50 %

.. Design is safe.

13: Calcula basic dimension of pinion and gear.

8.22 , table 26.

rmal Module: m,_ =5mm
o. of teeth: Z,=20, Z, =100

* U Pitch circle diameter: d, =110.34mm d, = m, z,
cosf3
= > x 100
cos 25°
=551.68mm
* Centre distance: a= m, % ( Z,+7, j
cosf 2
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5 ><(20+100j
cos 25° 2

a=331.0lmm

* Face width: b=50mm
* Height factor: f,=1 , for 20° FD

* Bottom clearance: C=0.25m

=0.25x5

=1.25mm

*  Tip diameter:

d,, =[ Z, +2f0jmn

cosf

:(C025025+z(1)J5

d,, =120.34m , =561.69mm

* Root diameter:

CcOos

d,, :( Zzﬁ —2f0jmn ~2C

:( 100 —2x1j5—2x1.25
cos 25

d;, =539.19mm

. of teeth: Z , =27 , Z,=135

7.A speedr ing unit using spur gear is to be designed. Power to be transmitted is 60hp and is
oderate shaft loads. The speeds of the shafts are 720 rpm and 144 rpm,
e centre distance is kept as small as possible. Select a suitable material and design

the gears. Give the details of the gears.

continuous
respectively.

Given data:

Thp = 0.746KW
. P=60hp =60x0.746

=44 76KW
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P[] 45KW
N, =720rpm
N, =144rpm

Step 1: To find Gear ratio (i).

N, 144

N, _720

Step 2: Selection of material.
Assume, both pinion and gear = Surface hardened carbon steel.
Surface hardness < 350 BAU with 55 RC.
Step 3: Calculation of Z; and Z,:

No. of teeth on pinion Z, =20 (Assume).
Gear Z,=ixZ,

=5x%20
=100

Step 4: Calculation tangential Lo

jum shock conditions.

_nxmxZ; xN,

60x1000

_ mxmx20x720
60x1000

v=0.754m m /s
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3

“F = 4510 x1.5
0.754m
89522.55

Step 5: Calculation of initial dynamic load (Fq)

From PSGDB 8.51, Assume v=12 m/sec.

6 6

,=——= =0.333
6+v 6+12
89522.55 1
~ F, = X
m 0.333
268836.48
F=—m—

m

Step 6: Calculation of beam strength (Fs).
F =nxmxbx[c,|xy F

Where, b=10xm from PSGDB

F =817.32xm’

Step 7: Calculation of module ‘m’:

F >F,

S

268836.48
m

817.32m” >

From PSGDB 8.50, for 20° FD
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m > 6.90 mm.
From PSGDB 8.2, table 1, choice 1.
The next higher standard module m=8mm
Step 8: Calculation of b, d1 and v.
Facewidth b=10xm
=10x8

=80mm

Pitch circle diameter d;, =mxZ,

=8x%x20
=160mm
v =0.754m

Pitch line velocity From step 4

=0.754x8
v=6.032m/s

Step 9: Recalculation of beam strength (Fs

21v(b, +F,)

—+
21v+b_+F,

Case 1: Tofi gential load (F)
3
P _ B0 001N
v 6.032

Case 2: To find deformation factor (c)
c=11860e
From PSGDB 8.53, table 42

take e =0.038. for precision gears.

From PSGDB 8.51
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c =450.68N / mm?

21x6.03x10° (80 x 450.68 +7460.21)
21x6.03x10° + /(80 x 450.68) + 7460.21

. F, =7460.21+

F, =50903.26 N

Step 11: Check for beam strength.

We find F, > E, .. the design is safe.

Step 12: Calculation of maximum wear load (Fy).

From PSGDB 8.51
F, =d,xbxQxK_

Where in— 2x5

= =1.67
i+1 5+1

K, =2553 N/mm?’
o F, =160x80x1.66x2.553
F, =54246.14N

Step 13: Check for wear.

We find Fy >

=20, Z, =100

*  Pi le diameter:  d, =160mm.
d, =mxZ, =8x100 =800mm.

m(Z, +7Z
*  Centre distance: a:M
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*  Face width: b =80mm.
* Height factor: f, =1, for 20° full depth.

*  Bottom clearance: c=0.25m=0.25x8 =2mm.
* Tip diameter:

d,, =(Z,+2f)m d,, =(Z,+2f)m

=(20+2x1)8 =(100+(2x1))8

=176mm =8l6mm
* Root diameter:

d;, =(Z,+2f,)m-2c

=(20-2x1)8-2x2

=140mm
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9.Design a pair of strength spur gear drive for a stone crusher, the pinion and wheel are made of C15
steel and cast iron grade 30b respectively. The pinion is to transmit 22.5 KW power at 900 rpm. The gear
ratio is 2.5. Take pressure angle of 20° and working life of gears as 10, 000 hours.

Given data:
P =22.5KW; N, =900r.p.m; i = 2.5; ¢ = 20°;N =10000hrs
To find: Design a spur gear

Solution: Since the materials for pinion and wheel are different, therefore we have design the pinion first and
check both pinion and wheel.

1. Gear ratio: i = 2.5

2. Material selection:
Pinion: C15 steel, case hardened to 55 RC and core hardness < 350, and
Wheel: C.I grade 30.

3. Gear life: N = 10000 hrs

Gear life in terms of number of cycles is given by

N =10000 x 60 x 900 = 54 x10%cycles

4. Design torque [Mt]:

[M,]=M, KK,

_1AxK,,
nK,

[0]

©_,, assuming rotation in one direction only.

For steel (HB < 350) and N> 107, Kp; = 1.
For steel case hardened, factor of safety n =2

For steel case hardened, stress concentration factor, K_=1.2

For forged steel,  , =0.25(c, +o,) +50.

AMSCE/MECH/DTS Page 52



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

For C15, 5, =490N/mm? and o, =240N/mm’

o, =0.25(490 + 240) + 50 = 232.5N / mm?

[0y] = 222 2325 2135.625N / mm?
2x12

(iii) To find |o,|: The design contact stress |c,| is given by

[6,]=CaHRCK,,

Where,

C, =22, for C 15 steel

HRC =55 to 63, for C 15 steel

K, = 0.585, for HB > 350, n>25 x 107
[Gc] =22x63x0.585=810.81N/ mm®

6. Calculation of centre distance (a):

We know that,

a> (i +1)i/[ ([)C'ZC‘]‘JZ « EeqiLMt]

The nearest higher standard module, m =5 mm

9. Revision of centre distance:

m(z, +z,) 5(18+45)
2 2

New centre distance, a = =157.5mm

10. Calculation of b, dp, vand ¥ :
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Face width (b): b=Y.a=0.3x157.5=47.25 mm
Pitch diameter of pinion (di): d, =m.z, =5x18=90mm
nd,N,  mx90x10~°x 900

Pitch line velocity (v): v= =4.24m/s
v (v) 60 60
b 4725
=—=——=0.525
Vo= 4, " o0

11. Selection of quality of gear:

For v =4.24 m/s, IS quality 8 gears are selected.

12. Revision of design torque [M,]:

Revise K: For y, =0.525K =1.03

Revise Kg: for IS quality 8 and v = 4.24 m/s, Kq = 1.4,
Revise [M,]:[M,]=M KK, =238.73x1.03x1.4=344.24N-m

13. Check for bending:

Calculation of induced bending stress, o, :

Where,

i+1
0=
a.mb.y
y =Form factor = 0.377, for z, =18
_ (25+1)x344.24x10°

P 157.5x5x47.25%0.3

C

25+1

— —  |x1.7x10° x344.24x10’
2.5x47.25

15. Check of wheel:

(i) Calculation of [o,| . and|c,|, . :

wheel *

wheel

Wheel material: ClI grade 30.

Wheel speed: N, :%:%:360 r.p.m

Life of wheel =10,000x60x 360 = 21.6x10" cycles
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To find|o,|,,.., : The design bending stress for wheel is given by

wheel *

(o]~ 14Ky
Ob fwheet = n.Ka

x o, , assuming rotation in one direction only.

7 7
For cast iron wheel, K, =2 0, L =0.918
N 21.6x10

For cast iron, n = 2.

For cast iron, ¢, =0.45c,

For cast iron, o, = 290N/ mm?

6, =0.45%x290=130.5N / mm?*

~1.4x0.918

(S Jupees = x130.5=69.88N / mm’
el 2x1.2

To find |o,|,, ., : The wheel design contact stress for wheel is giv

wheel "

o] =CgHBK,

wheel
Where,
Cg = 2.3, for cast iron grade 30

HB = 200 to 260, for cast iron

Where

y>=0.471, for z, = 45.

6, =85.89N/mm? and y, =0.377
85.89x0.377 = ,, x 0.471
G,, = 68.75N/ mm?

We find o, <[o,],,., - Therefore the design is satisfactory.

(iii) Check for wear strength: Since contact area is same, therefore o, ..., = =684.76N/mm’. Here

CplﬂlOl‘l

O wheet > [O¢ ) et - 1t Me@NS, wheel does not have the required wear resistance. So, in order to decrease the
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induced contact stress, increase the face width (b)value or in order to increase the design contact stress, increase
the surface hardness, say to 340 HB. Increasing the surface hardness will give

[0.]=2.3x340x0.879=687.34N/ mm?*. Now we find o, <[o,]. So the design is safe and satisfactory.

16. Calculation of basic dimensions of pinion and wheel:

Module: m =5mm

Face width: b = 47.25 mm

Height factor: f, =1 for full depth teeth.

Bottom clearance: ¢ = 0.25m = 0.25x5 = 1.25 mm

Tooth depth: h =2.25 m=2.25 x5=11.25 mm

Pitch circle diameter: d, =m.z, =5x18=90 mm and d, =m.z, =5x45=225m

Tip diameter:
d,, =(z, +2f,)m = (18 + 2x1)5 =100 mm; and
d,, =(z, +2f,)m = (45+2x1)5=235mm
Root diameter:
df, =(z,—2f,)m-2c
=(18-2x1)5-2x1.25=77.5 mm; and
df, =(z, - 2f,)m-2c
=(45-2x1)5-2x1.25=212.5mm
10.A hardened steel worm rotates at 1440 rpm and tr
speed of the worm gear should be 60 rpm. Desig
desired.

or Bronze gear. The
efficiency of at least 82% is

Given data:
N, =1440 rpm, N, =60 1]

1440

Gear ratio required, i=6— 24

1. Material selection:
hor bronze

2. Selectig

Lead angle: y=tan™ 4 tanl(iJ =15.25°
q 11
4. Calculation of Fy in terms my:
. P
Tangential load, F = v K,

Where
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_ md,N,  m(z,xm)xN,
60x1000 60x1000

:w:olzzemx m/s
60x1000

K, =1.25, assuming medium shock
3
_ 1210 <195 — 66371.68
0.226m,

5. Calculation of dynamic load (Fq):

E

t

Dynamic load, F,=—+
CV

c :L, v=5m/sis assumed.

YB+vV

=i=0.545
6+5

_ 66371.68 N 1 121681.4
m 0.545 m

X

Fi

X

6. Calculation of beam strength (Fs) in terms of axial module:

Beam strength, F, =nxm, xbx[c,]xy

Where

[6,]=80N/mm?
y =0.125, assuming o =20°
F, =mxm,x8.25a1, x80x0.1

7. Calculation of axial

We know that

The nearest hi
8. b =66 mm, d2 =576 mm; v=1.808 m/s
9. Fs = 259.18m,?>= 16587.52 N

R

10. Dynamic load, F, =

standard axial pitch is 8 mm.
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6 _ 6 =0.768 and

C =——=
Y 6+v 6+1.808
_ 66371.68 6637168

R =8296.46N
m, 8
F = 8296.46 =10802.68N
0.768

11. Check for beam strength: We find Fq4 < Fs. It means that the gear tooth has adequate beam strength and will
not fail by breakage. Thus the design is satisfactory.

12. Calculation of maximum wear load (Fw):

Wear load, F, =d,xbxK,
Where

K, =0.56N/ mm?
F, =576x66x0.56 = 21288.96N

13. Check for wear: We find Fq < Fy. It means that the gear tooth dequate we acity and will not wear
out. Thus the design is safe and satisfactory.

14. Check for efficiency: We know that,

tany
tan(y +p)

Tlat:tual =Y

Where

p = Frictional angle=tan™{1
=tan(0.03)=1.7°
.25°

teeth on worm wheel: z; = 72
h of worm wheel: b = 66 mm

Centre distance: a=0.5m, (q+z,) =0.5x8(11+72) =332mm
Height factor: fo=1
Bottom clearance: ¢=0.25m, =0.25x8=2mm
d, =gxm,=11x8=88mm
d,=z,xm, =72x8=576mm
L d,, =d, +2f,.m =88+2x1x8=104 mm
Tip diameter:
d,, =(z, +2f)m, = (72+2x1)8 =592 mm
) d, =d, —2f,m —2c=88-2x1x8-2x2=68mm
Root diameter:
di, =(z,— 2f)m, —2.c=(72-2x1)8-2x2 =556 mm

Pitch diameter:
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11. Design a spur gear drive required to transmit 45 KW at a pinion speed
of 800 rpm. The velocity ratio is 3.5:1. The teeth are 20° involute with
18 teeth on the pinion. Both the pinion and gear are made of steel with
a maximum safe static stress of 180 N/mm?2. Assume medium shock
conditions (April/May 2017)

Given data:
P =45KW
N, =800rpm
i=35
o =20°
Z,=18
[6,]=180N/mm®
Material = steel (for both pinion an
Step 1: Selection of Material
Pinion and Gear = Steel
Assume steel is hardened t
NUMBER) from PSGDB 8.16 tabl
Step 2: Calculation of Z; and Z,
Number of Teeth on Pini

LL HARDNESS

Number of Teeth on

Ft =—X KO
v
P =45KW
60 K,=1.5
_ mxmx18x800 nd,N,
60x1000 V=760
=0.754mm/sec d, =mxZ,
Case 2: To find Ko From PSGDB
8.22
K, =1.5 for medium shock conditions

Case 3: To find F
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Ft =£><K0
A%

_45x10°
Y 0.754m

x1.5

=89522.5/m
Step 4: Calculation of Initial Dynamic Load (Fq)

Case 1: To find velocity factor (Cv)

C, = G 6 for accurately hobbed and generated
+Vv

gears

With v <20m/sec rom

PSGDB 8.51
Assume

v=12m/sec

C, = 6
6+12

Case 2: To find initial dyna oad

89522.5
= X
m

Fy

F, = 268836.3

Step 5: Calc Strength (Fs)

From PSGDB 8.50

F =[o,]byP,
Where
P =circular pitch = % =mm
m=d/z
Finally we write
E =[c,]bynm

Where
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Case 1: To find form factor (y): b = Face width 10xm
y = Form Factor

=0.154-(0.912/Z,) for 20°
y=0.154—(0.912/Z,)

Full depth system
=0.154 - (0.912/18)

=0.1033

Case 2: To find the beam strength (F)

Lewis equation,
F =[c,]bynm
=180x10mx0.1033 T m

=584.15m"
Step 6: Calculation of Module (m):

From PSGDB 8.51

From PSGDB he nearest higher standard module value under
choice 1 ig 8 mm

ofb,dand v

Case 1: To the face width
(b)
b=10xm
=10x8
=80mm

Case 2: To find pitch circle
diameter (d1)
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Case 3: To find Pitch line
velocity (v)

MS

60
d, =mxZ
' '  x144x107° x800
=8x18 60
=144mm =6.03m/sec

Step 8: Recalculation of Beam Strength

Beam Strength F, =[c,|[by n m
=180x80x0.1033xtx 8
=3738545N

Step 9: Calculation of accurate dynamic load (E

STEP 9: CALCULATION OF ACCURATE DYNAMIC LOAD (Fy)

Case 1: To find tangential load (F,) _ 210 (bot F)
P Fa=Fet 350 ear
g =F Jbc+ Fe
L P5&EDE 8.51
= d5x0
T 0z
. - ?462'?8 N We know that FL = % for accurate
Case 2: To find Deformation factor (C) value eliminate K,
C=11860 e '
=11860x0.038
= 450,68 N/mm? C= Deformation factor from PSGDR
Case 3: To find the accurate dy{mrlic Fluud (F.) 8.53 , table 41
v'(bc
Fa=F gl g
2lv+ Jbct+ F C=11860 &, for 20° FD, steel and steel
F. = 7462.68 4 21x6.03x103 (80x450.68 + 7462.68) I
A T S 1x6.03x103 + vB0X450.66 1 7462.68 © - 0.038., for module upto 8 and
- carefully cut gears from PSEDE
=50908.:19 N 8.53 , table 42

b4

Beam strength or Tooth breakage

>F (50908.19N > 37385.45N) the design is unsatisfactory. The

c load is greater than the beam strength

In order to reduce the dynamic load F,, Select the precision gears. Therefore
from PSGDB 8.53 , table 42 take e =0.019 for precision gears

Recalculation of deformation factor:
C=11860x0.019=225.34

Recalculation of dynamic load:
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21x6.03x10° (80 225.34 + 7462.68)
21x6.03x10° +/80x 225.34 + 7462.68

F, =7462.68 +

=32920.46N

Now we find E, >F, (37385.45N > 32920.46N) . It means the gear tooth has

adequate beam strength and it will not fail by breakage. Therefore the design
is safe.

Step 11: Calculation of maximum wear load (Fw)

Case 1: To find ratio factor (Q)

From PSGDB 8

2 2x35

=——= =1.555
i+1 35+1

Case 2: To find maximum wear load
(Fw)

F,=d, xbxQxK,

=144 x80x1.555%0.9
=16462.6N
Step 12: Check for w

.6N) the design is unsatisfactory. That is the

dynamic loai n the wear load.

wear load (Fw) , we have to increase the hardness
teel hardened to 400BHN, K = 2.553N/ mm’

F, =d, xbxQxK,

44 x80x1.555x2.553

=45733.42N

Now we find F, >F, (45733.42N > 32920.46N). It means the gear tooth is

adequate wear capacity and it will not wear out. Therefore the design is
satisfactory

Step 13: Basic dimensions of Pinion and gear

From PSGDB 8.22, table 26
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Module: m=8mm

Number of teeth: Z,=18,7Z,=63
Pitch circle diameter: d, =144mm
d,=mxZ, =8x63

d, =504mm

Centre distance: a=m(Z,+Z,)/2
=8(18+63)/2

a=324mm
Face width: b=80mm

Height factor: f, =1, for 20°full de

Bottom clearance: c¢=0.2bm=

c=2
Tip diameter:d,, =(Z =(Z,+2f,)m
= (63 +2x 1) 8

=520mm

Root diameter? ,—2f,)m—2c dy, =(Z, -2f,)m—-2c
><1)8—2><2 =(63—2><1)8—2><2

=484mm

shaft speed is 475 rpm. Velocity ratio is 4. it is desired to have standard
Centre distance. Design a gear drive. (April/May 2017)
Given Data:

Gear life=36000 hours
M,=411 Nm

N: =475 rpm
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i=4
***Similar to this problem, gear life and materials has to be changed, refer the question paper
STEP 1: CALCULATION OF GEAR RATIO AND VIRTUAL NUMBER OF TEETH
Gear ratio (i)
i=4 (given)

STEP 2: SELECTION OF MATERIAL

Pinion and Gear = C45 steel
STEP 3: CALCULATION OF GEAR LIFE
Given that the gear is to work 36000 hours
Case 1: To find gear life
Gear life=36000 hours
= 2160000 mins
Case 2: To find life in number of cy
N=2160000xN;

=2160000x47

SIGN TORQUE [M;]

For C45 steel, take E.q=2.15x105 N/mm?

Case 2:

1. To find Endurance limit stress in bending (0-1 )
0-1 =0.35x670+120

= 354.5 N/mm?2
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2. To find design bending stress [o]

=115.80 N/mm?
Case 3: To find design contact stress [o(]
[ﬂ'c] = CR' HRCKE-!

= 265x55 5

=8526.3 gf/cm?

.64

STEP 6: CALCULATION OF CEN DI

From PSGDB 8.13, tai—8—

1gni

0.7 | _ Eu-IM.]
[e.] 1w

a = (i+1)- 3(

STEP 7: SELECTION OF z; AND 2z,

¢ Number Of Teeth On Pinion z; = 20
¢ Number Of Teeth On Gear z, =1 X 71

=4x20

Zy = 80
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STEP 8: CALCULATION OF NORMAL MODULE (mu)

From PSGDB 8.22 table 26

2a

m, = Xcos
ZytEg "S
2x201

T 20480

Xcos15® (Assume fi= 15°)

m,, =3.88mm

v The nearest higher standard module From PSGDB 8. le 1 choice

1, take m,=4mm
STEP 9: REVISION OF CENTRE DISTANCE (a)

From PSGDB 8.22, table 26

Centre distance a = (G:’:ﬂ) ¥ (i:z)

( 4 ) (ZIZI-I-B
= X
coel5® 2

a= 207.05m

y

cosl5®
d; = 82.82mm

Case 3: To find pitch line velocity (v)

mrd g Ny
&0
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_ mx8l.82x107 %% 475
B &0

v=2.06 m/sec

Case 4: To find ¥,
Y,=b/d;

=62.12/82.82

Y.=0.75
STEP 11: SELECTION OF QUALITY OF GEAR
From PSGDB 8.3, table-2
For pitch line velocity 2.06 m/sec, I lity 8 gears a
STEP 12: REVISION OF DESIGN TORQUE [M
[M]=M: . K. Kq
=411x 1.06x1.1
[M¢]=479.23Nm
STEP 13: CHECK FOR B

Calculation of inducet g stress (g,

4+1

¥ x¥479.23x1083
207.05x62.12x420.402

= 81.09N/mm?

gy = [ob] (BL.09N/mm? < 115.80N/mm2). Therefore the design is safe
isfactory

STEP 14: CHECK FOR WEAR STRENGTH (o.)
Calculation of induced contact stress (o)

From PSGDB 8.13 table 8, For checking

i+1 i+l
o, =07x :Tx :; xEgqx[M,] = [o,]
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4+1 4+1
207.05 4x62.12

=0.74x x¥2.15x10%x479.23x 103

=769.70N/mm? We find o, < [oc](769.70 N/mm?
< 852.64N /mm?3). Therefore the design iz safe and satisfactory

STEP 14: BASIC DIMENSIONS OF PINION AND GEAR

4 From PSGDB 8.22, table 26

Normal Module:mn=4mm

Virtual Number of teeth:z,1=22 , zy= zi ==
cosffl cos®15°

>
» Number of teeth: z;=20, z,=80
>

> Pitch circle diameter: d;=82.82mm

Mn &
do= X Zg= x 80
cosf cosl5”

d>=331.28mm

Centre distance : a=207.05 m
Face width: b=62.12 mm
Height factor: fo=1 , for 20°

vV VYV V V

Bottom clearance:

=( =0 +2x1)x4

cos15®

=339.28mm

> Root diameter:

20

cosl5®

g

dpy = (225~ 2fo Jmn — 2 =

- 2x1) x4 — 2x1

=72.82mm
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Iz

dep = (.-:as,t? - Efu) mn — 2¢ =( = _ le) xd—2x1

cosls®
=321.28mm

13. Design a pair of helical gears to transmit 10 KW at pinion speed of
1000rpm. The Reduction ratio is 5. Assume suitable materials and
stresses. (Nov/Dec 2017)

Given data:

N, =1000rpm
P =10KW
i=5

Step 1: Selection of Material

Generally we assume C45 steel for bo

[c,] =180N/mm*
Step 2: Calculation of number of te

No. of teeth on pinio

irtual no. eth Zv1 & Zv»

PSGDB 8.22 , table 26. Assume 3 =25°

— ZZ
2 cos’B
20 100
cos’ 25 cos® 25
7., =27 ~134.33mm.
Z , [135mm

Step 3: Calculation of tangential load on teeth (F).
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Ft :EXKO
A%

K, =15 , for medium shock conditions.

Case 1: To find the pitch line velocity (v)

v nd,N,
60

From PSGDB 8.22, table 26

d =—2xZ
' ocosp !

g o xm, x20x1000
60x1000 x cos 25°

v=116m,_ m/sec

3
10x10 1

Case 1: To find the ve

" 6+15
C, =0.286.
12931.03 1
. Fd = X
m, 0286
_ 45213.41
m

n
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Step 5: Calculation of beam strength (F;).
F = [Gb]XbX y1 XXM,
Where,

b=10xm_ From PSGDB 8.14

y! =0.154—(0-9172 j From PSGDB 8.50 , 20° FD
vl

=0.154- 0912
27

=0.12
. FE =180x10xm_ x0.12x7mxm,

F. =678.58 m’

Step 6: Calculation of normal module

From PSGDB 8.51

=10x5

=50mm.
Case 2: To find Pitch circle diameter (d.).

d, = My xZ,
cosf3
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5

= x 20
cos25

d, =110.34mm

Case 3: To find Pitch line velocity (v)

v nd,N,
60

_ nx110.34x1000
60x1000

v=5.78m/s
Step 8: Recalculation of beam strength (F;)
F, =678.58xm> From step 5
=678.58x5"
F, =16964.5N

Step 9: Calculation of Accurate

From PSGDB

10x10°
5.78

F, =1730.IN

Case 2: To find deformation factor (C)
C=11860e From PSGDB 8.53, table 41 , 20° FD.

e=0.025 for module upto 5 and carefully cut gears.

.. C=296.5N/mm’
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21x5.78x10° (50x296.5-cos2 25+1730.1)cos 25

- F,=1730.1+
21x5.78x10% +/50%296.5 - cos? 25 +1730.1

F, =1836.98N

Step 10: Check for beam strength.

We find F, >F, , . The design is safe.

Step 11: Calculation of maximum wear load (Fvw)

Case 1: To find Ratio factor (Q)

From PSGDB 8.51

_2(1) _2x5

=— =1.67.
i+1 5+1

Case 2: To find Load stress factor (Kw)
K, =2553N/mm” .
Case 3: To find maximum loa

From PSGDB 8.51

e find F, >E,, . Design is safe.

ation of basic dimension of pinion and gear.

From PSGDB 8.22 , table 26.

*  Normal Module: m,_ =5mm
* No. of teeth: Z, =20, Z,=100

*  Pitch circle diameter: d, =110.34mm d,=—2"-xZ,
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= 5 x 100
cos 25°

=551.68mm

+ Centre distance:  a=—on X(Zl +Z, )
cosf3 2

5 ><(2O+1OO]
cos 25° 2

a=2331.0lmm

* Face width: b=50mm

* Height factor: f,=1 , for 20° FD

* Bottom clearance: C=0.25m

=0.25x5
=125

* Tip diameter:

d, =( Z, +2f0Jmn
cosf3

=( 100 +2><1j><5

cos 25

d,, =561.69mm

df2=[ Zs —2fojmn—2C
cosf3

(2 -2x1|5-2x1.25 _( 1% -2x1|5-2x1.25
cos25 cos25
d;, =97.84mm d;, =539.19mm
* Virtual no. of teeth: Z ;, =27 Z,=135
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14. Design a pair of strength spur gear drive for a stone crusher, the pinion
and wheel are made of C15 steel and cast iron grade 30b respectively.
The pinion is to transmit 22.5 KW power at 900 rpm. The gear ratio is
2.5. Take pressure angle of 20° and working life of gears as 10, 000
hours. (Nov/Dec 2017)

Given data:
P =22.5KW; N, =900r.p.m; i = 2.5; ¢ = 20°; N =10000 hrs

To find: Design a spur gear

Solution: Since the materials for pinion and wheel are differen refore we have
design the pinion first and check both pinion and wheel.

1. Gear ratio: 1= 2.5

2. Material selection:

Pinion: C15 steel, case hardened to 55 R d core ha ss < 350, and
Wheel: C.I grade 30.
3. Gear life: N = 10000 hrs

Gear life in terms of number of cy

.3=310.35N-m
5. Calcul |o,|and|o,| :

eq: For pinion steel and cast iron (> 280 N/mm?), equivalent
Young’s modulus, E,, =1.7x10°N/mm’

To find [o,|: The design bending stress [o,] is given by

14xK . . . . .
[c,] —="*Bu s, assuming rotation in one direction only.
n.K

For steel (HB < 350) and N> 107, Ky; = 1.

For steel case hardened, factor of safety n = 2
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For steel case hardened, stress concentration factor, K_ =12
For forged steel, o, =0.25(c, +o,)+50.
For C15, o,=490N/mm’ and o, =240N/mm?

o, =0.25(490 + 240) + 50 = 232.5N / mm*

[0y] = 222 2325 -135.625N / mm?
2x12

(iii) To find |o,|: The design contact stress |c|is given by

[cc] =Cs.HRC.K,

Where,
C, =22, for C 15 steel
HRC = 55 to 63, for C 15 steel
K, = 0.585, for HB > 350, n 2 25 x 107
[6.]=22x63x0.585=810.81N / mm?

6. Calculation of centre distanc

We know that,

x10° x 310.35x10°
2.5x0.3

(i) For 20° depth system, select z; = 18.
(ii) z,=ixz,=25%x18=45
8. Calculation of module (m):

We know that,

_2a  2x136
z,+z, 18+45

=4.32 mm

The nearest higher standard module, m = 5 mm
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9. Revision of centre distance:

m(z,+z,) 5(18+45)

New centre distance, a= 5 5

10. Calculation of b, d;, vand v, :

Face width (b): b=¥.a=0.3x157.5=47.25mm

=157.5mm

Pitch diameter of pinion (di): d,=m.z, =5x18=90mm

_nd,N,  x90x107°x900

=4.24m/s

Pitch line velocity (v): v
60 60

b 4725
\Vp —d—=w=0525
1

11. Selection of quality of gear:

For v=4.24 m/s, IS quality 8 gears are selected.

12. Revision of design torque [M,]:

Revise K: For v, =0525K =103

Revise Kq: for IS quality 8 and v =
Revise [M,]:[M,]=M KK, =238

13. Check for bending:

Calculation of ind

Where,

_(i+D)
am.b.y

p

i+1 [i+1
c.=074——,|—xE_ (M
¢ a ib eq[ t]

Calculation of induced contact stress, o,

25+1

=0.74 25+1 x1.7x10° x 344.24x10°
1575 2.5x47.25

=684.76N / mm?

We find o, <|s,|. Therefore the design is safe and satisfactory.

15. Check of wheel:
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(i) Calculation of |s,| ,  and|c,|

wheel wheel *

Wheel material: CI grade 30.
Wheel speed: N,=—2= 55" 360r.p.m

Life of wheel =10,000x60x 360 = 21.6x10" cycles

To find|s,|,, : The design bending stress for wheel is given by

14xK
[Gb ]Wheel = n.Ka =

7 7
For cast iron wheel, K, =,9f£ =§/L7 =0.918
N 21.6x10

For cast iron, n = 2.

xc ,, assuming rotation in one direction onl

For cast iron, o ,=0.45c,
For cast iron, o, =290N/mm?

6, =0.45x290=130.5N/ mm*

1.4x0.918

[0, ) ==y 1305 =60.88N

: The wheel

wheel

To find || or wheel is given by

|0-C|wheel = CBHBK

(ii) Check for bending:

Calculation of induced bending stress for wheel o,

Op X Y1 =0py XY,

Where c,, and 5,, = Induced bending stress in the pinion and wheel

respectively, and

y,and y, = Form factors for pinion and wheel respectively.
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ya2 = 0.471, fOI‘ Zo = 45,

G, =85.89N/mm? and y, =0.377
85.89x0.377 = G,, x 0.471
G,, = 68.75N / mm?

We find o,, <[o,],., - Therefore the design is satisfactory.

(iii) Check for wear strength: Since contact area is same, therefore

O wheel = Ocpinion = 0684.76N/mm?.  Here o, e >[0] It means, wheel does not have the

wheel *

required wear resistance. So, in order to decrease the induce tact stress,
increase the face width (b)value or in order to increase the d contact stress,
increase the surface hardness, say to 340 HB. Increasing th rdness will
give [o,]=23x340x0.879=687.34N/mm?. Now we find o, <[c,].

satisfactory.
16. Calculation of basic dimensions of pinion

Module: m = 5mm
Face width: b = 47.25 mm

Height factor: f,=1 for full depth
Bottom clearance: ¢ = 0.25m
Tooth depth: h = 2.25 m=2.
Pitch circle diameter: d,=m. d d,=mz,=5x45=225mm
Tip diameter:

d,, =(z,+2f;)m=(18+2x
d,, =(z,+2f,)m=(45+2x1

Root diamet

df, =(z, - 2f
=(18-2x1) ; and
df, =(z, - 2f,)m -
5 mm

15. ur gear drive to transmit 20kW at a pinion speed of
transmission ratio is 4. Assume 15 Ni2 Crl Mo 15 for
d C45 for gear. (April/ May 2018)
ata:
20 kW
N;=1400 rpm
i=4
Material = 15 Ni2 Cr1 Mo 15 for pinion and C45 for gear
pinion and gear)
Step 1: Selection of Material
15 Ni2 Crl Mo 15 for pinion and C45 for gear
Assume steel is hardened to 200 BHN (BRINELL HARDNESS
NUMBER) from PSGDB 8.16 table 16
Step 2: Calculation of Z; and Z,
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Number of Teeth on Pinion

Number of Teeth on Gear

Z, =18

Z,=1x7Z,

~35x18
Z,=63

Step 3: Calculation of Tangential load (Fy)

Case 1: To find the pitch line velocity (v)

v nd, N,
60

v mmZ N,
60

_ mxmx18x800
~ 60x1000

=0.754mm/sec

Case 2: To find Ko
Ko =15 for medium s

Case 3: To find F;

o find velocity factor (C.)

From PSGDB
8.22

alculation of Initial Dynamic Load (Fq)

From
PSGDB 8.51
Assume
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C, = c 6 for accurately hobbed and generated v =12m/sec
+Vv

gears

With v <20m/sec

C, = 6
6+12

Case 2: To find initial dynamic load (Fq)

89522.5 1
F, = X
m 0.333
268836.3
Fi=—m
m

Step 5: Calculation of Beam Strength (Fs

Case 1: To find form factor (y): GDB 8.50

Fs =|:(5‘bj|b y Pc

Where

P, = circular pitch = md_ nm
z

m=d/z

Finally we write

F =[c,]bymm
Where

b = Face width 10xm

=180x10mx0.1033 ® m

=F Fact
_ 584.15m> y = Form Factor

Step 6: Calculation of Module (m): - 0'154_(0'912/ Zl) for 20°

From PSGDB 8.51 Full depth system

F >F,

s

268836.3
m

584.15m” >
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m>7.72mm

From PSGDB 8.2 table 1, the nearest higher standard module value under
choice 1 is 8 mm

Step 7: Calculation of b, d and v

Case 1: To find the face width

(b) Case 3: To find Ritch line
velocity (v)
b=10xm
=10x8
=80mm

Case 2: To find pitch circle

diameter (d:) 6.03 m/seC

d,=mxZ,

=8x18

=144mm

Step 8: Recalculation of B

on of accurate dynamic load (Fq)
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STEP 9: CALCULATION OF ACCURATE

DYNAMIC LOAD (Fy)

Case 1: To find tangential load (F;)

F="

v
_ 452103
LT g0z

= T462.68 N
Case 2: To find Deformation factor (C)
€=11860 e
=11860x0.038
= 450,68 N/mm?
Case 3: To find the accurate dynamic load (Fy)

21v(bc+ F)
Fa=Fit —————=
21v+ Jbet+ F
21x6.03x103 (80x450.68 + 7462.68)
F; = T7462.68 +

21x6.03x103 4+ VBOx450.68 + 7462.68

=50908.19 N

In order to reduce the dyna
from PSGDB 8.53 , table 42

21 v (bo+ Fr)

21 v+ Jbe+ F

P
We know that Fc =7 for accurate

Fd = FL +
P5GDE 8.51

from

value eliminate Ky

C= Deformation factor from PSGDRE
8.53 , table 41

C=11860 e, for 20° FD, steel and steel

e = 0.038, for module upto 8 and
carefully cut gears from PSE0E
8.53 , table 42

21x6.03x10° (80x225.34 +7462.68)

x6.03x10% + /80 x 225.34 + 7462.68

find F, >F, (37385.45N >32920.46N). It means the gear tooth has
beam strength and it will not fail by breakage. Therefore the design

Step 11: Calculation of maximum wear load (Fw)

From PSGDB 8.51

F,=d, xbxQxK_
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Case 1: To find ratio factor (Q) . 2i
Q =Ratio factor = o]
i+

2 2x35

=——= =1.555
i+1 35+1

K, =load stress factor =0.919N/mm?,
for steel hardened to 250 BHN

Case 2: To find maximum wear load (Fy)

F,=d, xbxQxK,

=144 x80x1.555x0.919
=16462.6N

Step 12: Check for wear

Since F, >F, (32920.46N > 16462.6N) the de . That is the

dynamic load is greater than the wear lo

In order to increase the wear load (F ) , i ase the hardness

(BHN). So now for steel harde
F, =d, xbxQxK
=144x80x1.
=45733.42N

42N > 32920.46N) . It means the gear tooth is

d it will not wear out. Therefore the design is

B 8.22, table 26

m =8mm
Number of teeth: Z,=18,Z7,=63
Pitch circle diameter: d, =144mm
d,=mxZ, =8x63
d, =504mm

Centre distance: a=m(Z,+Z,)/2
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~8(18+63)/2

a=324mm
Face width: b=80mm

Height factor: f, =1, for 20°full depth teeth

Bottom clearance: ¢=0.25m=0.25x8

c=2mm
Tip diameter: d,, =(Z, +2f,)m
=(18+2x1)8
=160mm
Root diameter: dy, =(Z,-2f,)m-2
:(18—2><1)8—2><

=124mm

16. Design of helical gear drive to
transmit 7 , speed ratio 6 , pinion speed 1200 rpm ,
helix angle suitable material and design the gear. (April/

May 2018)

Given

P=14.7

i=6

N, =1200 rp

B=25°

Step 1: Selection of Material.

15 Ni2 Cr1 Mo 15 for pinion and C45 for gear
-. [5,]7180 N/mm?

Step 2: Calculation of no. of teeth:
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Case 1: Calculation of Z; & Zs.

No. of teeth on pinion Z; = 20 Assume
Gear Z, =ixZ,

=6x20 6* 20

=120

Case 2: Calculation of Zy1 & Zys:

From PSGDB 8.22 , table 2b

z, 20
cos’p  cos®25°

Virtual no. of teeth on pinion Z, =

Step 3: Calculation of tangential 1

Case 1: To find the

d=—"xZ
' ocosp !

v nxm, x20x1200
~ 60xC0s25x100°

v=139m_ 6 m/sec

Case 2: To find Ko

Ko= 1.5, for medium shock condition.

3
- _147x10°

. =——x1.5
1.39xm,
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15902.83
F=—"(N)
m

n

Step 4: Calculation of initial dynamic load (Fq)

F
F ==
CV
Case 1: To find the velocity factor (C,)
C, = 5 6 for carefully cut gears , v<20 m/s From BSGD Assume v
+V
=15m/s

b6
6+15

C,=0.286

Case 2: To find initial dynamic load (Fq)

Step 5: calculation of beam
™m From PSGDB 8.51

Where,

_(0-9172 ) From PSGDB 8.50 , 20° Full depth system.
vl

0.154-(0-912/_)

y'=0.12
F, =180x10xm, x0.12xmtxm,
=678.58m?

Step 6: Calculation of normal module (mu).

From PSGDB 8.51
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F>F,

S

55604.3
m

n

678.58m? >

m, > 4.34 mm.

From PSGDB 8.2, table 1, the nearest higher standard module value
under choice 1 is;

m, =5 mm.

Step 7: Calculation of b; d: and v:

Case 1: To find the face width (b)

b=10xm

Case 2: To find the Pitch circle diam

x 20
cos 25

Case 3: Tq find the pit velocity (v)

tx110.34x107° %1200
60

v=6.93m/s

Step 8: Recalculation of beam strength (Fs)
F =[c,]xbxy'xnxm,
=180x50x0.12x x5

F =16964.6 N
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Step 9: Calculation of accurate dynamic load (Fa)
From PSGDB 8.51

. 21v(bc.cos® B +F,) cosPB

F=F
v 21v+\/(bc.cosz[3+Ft)

Case 1: To find (Fy).

P
Ft:v

14.7x10°
6.93

F =2121.21N

Case 2: To find deformation factor (C).
C=11860¢ From PSGDB 8.53 , table

e=0.025 From PSGDB 8.53
cut gears.

42 , upto 5 and carefully

1860% 0.025

/mm?

Case 3: To find (Fq).

x 6.93x10° (50 x 296.5% C0s? 25 + 212.21) cos 25
1x6.93x10° + /50 x 296.5x cos® 25+ 2121.21

F, =15069.29 N

strength.

We find Fs . The design is safe.
Step 11: Caleulation of Maximum wear load (Fy):
From PSGDB 8.51.

_d;xbxQxK,

F
cos’ B

Case 1: To find ratio factor (Q).

From PSGDB 8.51.
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_2i 2x6

=——= =171
1+1 6+1

Q

Case 2: To find Load stress factor (Kv).
Assume Ky = 0.919 for 20° FD

E_ 110.34x50%x1.71x0.919
" cos? 25

F, =10555.12 N

Step 12: Check for wear.

* We find Fyw < Fq . .. The design is not safe.
* In order to increase the wear load, we have to increas

So how for steel hardened to 400 BHN, K =
F, =293

(BHN).

N .

-k, >F ,D is safe.

Step 13: Calculation of basic dimensi
From PSGDB 8.22 , table 26

* Normal module:

* No. of teeth: Z, =20

34mm , d, =07,

* Pitch circle

cosf
= 5 x120
cos 25
=662.03mm
m, (Zf+zzj
* stance: a= X
cosf 2
5 *( 20+120j
cos 25 2
x Face width: b=50mm
* Height factor: f, =1, for 20°FD
* Bottom clearance: ¢=0.25m,
=0.25x5
=1.25mm
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* Tip diameter: da1=[ % +2f0jmn da2=[ Z; +2f0Jmn

cosP cos3

:( 20 +2><1j5 =( 120 +
cos 25 cos 25
=120.33 mm. =672 mm.
. Zl ZZ
* Root diameter: di, = -2f, |m,—-2c d,, = ,—2C
cosf cosf
:( 20 —2><1)5—2><1.25 =( 120
cos 25
=97.83mm.

17. A compressor running at 300rpm is driv m motor

through a 14;“ full depth spur gears.

The motor pinion is to be C30 forg
tempered, and the driven gear is to
shock condition and minimu
drive completely. (Nov/Dec
Given data:

d (BHN 250) and
Assuming medium
18. Design the gear

ion of Material

d Gear = Steel
Assume steel is hardened to 200 BHN (BRINELL HARDNESS
NUMBER) from PSGDB 8.16 table 16

alculation of Z; and Z,

Number of Teeth on Pinion Z,=18

Number of Teeth on Gear Z,=ixZ,
=3.5x18
Z,=63

Step 3: Calculation of Tangential load (Fy)
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Case 1: To find the pitch line velocity (v)

v nd,N,
60

v mmZ N,
60

_ mxmx18x800
60x1000

=0.754mm/sec

Case 2: To find Ko

K, =1.5for medium shock conditio

Case 3: To find F;

gears

ith v <20m/sec

C, = 6
6+12

Case 2: To find initial dynamic load (Fq)

895225 y 1
m 0.333

Fy

AMSCE/MECH/DTS

From
PSGDB 8.51
Assume
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_ 268836.3
m

Fy

Step 5: Calculation of Beam Strength (Fs)

Case 1: To find form factor (y):

y=0.154—(0.912/Z,)
=0.154-(0.912/18)

=0.1033
Case 2: To find the beam strength (F)
Lewis equation,
F =[c,]bynm
=180x10mx0.1
=584.15m">

Step 6: Calculation

From PSGDB 8.51

choice 1 is m

Step I7: Calculation of b, d and v

Case 1: To find the face width
(b)

b=10xm
=10x8

From PSGDB 8.50
Fs = [Gb]b y Pc

Where

P, = circular

e width 10xm

y = Form Factor
=0.154-(0.912/Z,) for 20°

Full depth system

DB 8.2 table 1, the nearest higher standard module value under
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=80mm

Case 2: To find pitch circle
diameter (d:)

d,=mxZ,
=8x18

=144mm

Step 8: Recalculation of Beam Strength
Beam Strength F, =[c,|by nm

=180x80x0.1033
=37385.45N

Step 9: Calculation Kura namj

Case 3: To find Pitch line
velocity (v)

nd,N,
60

V=

_ mx144x 107° x 800
60

=6.08m/sec

d (Fa)

STEP 9: CALCULATION OF ACCURATE DYNAMIC LOAD (Fy)

Case 1: To find tangential load (F;)

P
Fy==
t v
_ 452103

£ R0E
= 7462 68 N

Case 2: To find Deformation factor (C)
C=11860 e
=11860x0.038
= 450,68 N/mm?

Case 3: To find the accurate dynamic load (F,)
vibc+ Fp)

21v+ Jbc+ F,

21x6.03x103 (80x450.68 4+ 7462.68)

FLT=F5

Fy=T7462.68 +

21x6.03x103 + vBOx450.68 + 7462 68
=B0908.19 N

21 v (be+ Fr)

21 v+ Jbe+ By

P
We know that Ft == for accurate

Fd —_ Ft + from

P5E0DB 8.51

value eliminate Ky
1

C= Deformation factor from PSGLE
8.53, table 41

C=11860 e, for 20° FD, steel and steel

1
e = 0.038, for module upto 8 and
carefully eut gears from PSGDE
8.53 , table 42

Step 10: Check for Beam strength or Tooth breakage

Since F, >F (50908.19N > 37385.45N) the design is unsatisfactory. The

dynamic load is greater than the beam strength

AMSCE/MECH/DTS
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In order to reduce the dynamic load F,, Select the precision gears. Therefore
from PSGDB 8.53 , table 42 take e =0.019 for precision gears

Recalculation of deformation factor:
C=11860x0.019=225.34

Recalculation of dynamic load:

21x6.03x10° (80x225.34 +7462.68)

F, = 7462.68 +
21x6.03x10° +/80 x 225.34 + 7462.68

=32920.46N

Now we find E, >F, (37385.45N > 32920.46N) . It mean

adequate beam strength and it will not fail by
is safe.

Step 11: Calculation of maximum wear 1

Case 1: To find ratio factor (Q)

2i 2x35 DB 8.51

F,=d, xbxQxK,,

Q =Ratio factor = i
i+1

K,, =load stress factor =0.919 N/ mm?
for steel hardened to 250 BHN

ic load is greater than the wear load.

In order to increase the wear load (Fw) , we have to increase the hardness

(BHN). So now for steel hardened to 400BHN, K = 2.553N/ mm?
F,=d, xbxQxK,

=144 x80x1.555x2.553 = 45733.42N
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Now we find F, >F, (45733.42N > 32920.46N) . It means the gear tooth is

adequate wear capacity and it will not wear out. Therefore the design is
satisfactory

Step 13: Basic dimensions of Pinion and gear

From PSGDB 8.22, table 26

Module: m=8mm

Number of teeth: Z,=18,7,=63

Pitch circle diameter: d, =144mm
d, =mxZ, =8x63
d, =504mm

Centre distance: a=m(Z,+Z,)/2
=8(18+63)/

a=2324
Face width: b=80

Height factor: 20° epth teeth

25x8

d,, =(Z,+2f;)m
~(63+2x1)8

=520mm

d;, =(Z, -2f,)m-2c d;, =(Z,-2f,)m-2c
—(18-2x1)8-2x2 —(63-2x1)8-2x2

=124mm =484mm
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18. Design a carefully cut helical gears to transmit 15kW at 1400rpm to
the following specifications. Speed reduction is 3. Pressure angle is 20°,
Helix angle 15°. The material for both the gears is C45 steel. Allowable
static stress is 180 N/mm?2, endurance limit is 800 N/mm?2. Young’s
modulus of the material =2x105 N/mm?2. Assume minimum number of
teeth as 20 and medium shock conditions, v= 15m/s. (Nov/Dec 2018)

Given data:

N, =1440rpm
i=5

P =37KW
$=20°=a,

B =25°

*** similar to this problem, change the speed as 1400rp
Step 1: selection of Material.

Generally we assume C45 steel fo

[00]=

gear.

From PSGDB 8.22
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0 x 20

 c0s25°

d =—n_
22.06

Ve nxm, %1440
"~ 60x22.06x1000

=1.66m_ 1

sec
Case 2: To find Ko:

K, =1.5 for medium shock conditions.

efully cut gears, v<20m/s

. =0.286

o find initial dynamic load (Faq):

~33433.73 N 1
m 0.286

n

E,

116901.17
m

n

Step 5: Calculation of beam strength (Fs):
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E =[c,]by P, From PSGDB 8.51 P, =mm,

. E =[o,|by'nm,

Where,
b=10xm,_,6 From PSGDB 8.14
y' =0.154—(0-9172 j From PSGDB 8.50 , 20° full depth
vl
system.

— Zl
cos’ B

vl

0
cos® 25

Z,, =26.860127

F. >F,

S

116901.17
m

n

678.58m> >

m_>5.56mm

From PSGDB 8.2 , table 1. The nearest higher standard module value under
choice 1, is
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m_=6mm
Step 7: Calculation of b , d;, and v:
Case 1: To find the face width (b)
b=10xm,
=10x6

=60mm

Case 2: To find Pitch circle diameter (d.)

Case 3: To find Pitch line velo

23x107° x 1440
60

= 9.37%

of Beam strength (F;)

E =[c,]|by'mm,
=180x60x0.12x6x 1
F. =24429.02N

Step 9: Calculation of Accurate dynamic load (Fq)

From PSGDB 8.51

21v(6c.cos’ B+F, )cosp

F,=F +
21v+,J6c.cos* B+F,

Case 1: To find (Fy)
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F =

t

P
v

_37x 10°
9.37

F, =3948.77N

Case 2: To find deformation factor (C)

C=11860 ¢ From PSGDB 8.53, table 41 , for 20° F
steel.

e=0.030 , for module upto 6 and carefully c
table 42

. C=11860x%0.030
=355.8 N/mm

Case 3: To find (Fq)

21x9.37 60 xcos” 25°+ 3948.77)COS 25°

F, =3948.77 +
21 55.8x cos” 25° + 3948.77

F, =23398.68
Step 10: Check for gth or tooth breakage.

. the design is safe

2i  2x5

== =1.67
i+1 5+1

Case 2: To find Load stress factor (Kw)

From PSGDB 8.51

+
El EZ

L 11

Assume f_ =618 N/mm’
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6182 sin 20 { 1 1 }
w = X +
14 2.15x10° 2.15x10°

=0.867 N/mm?’

Case 3: To find Maximum wear load (Fw).

From PSGDB 8.51

_d; xbxQxK

F
cos’ B

w

B 124.23x60x1.67 x(0.867
cos? 25°

F,=1313
Step 12: Check for wear:

* Wefind F, <F, .

*

have to increase the hardness
00 BHN, Kw = 2.41 N/mm?2:
44N

In order to increase t
(BHN). So now for st

m_=6mm
=20,Z, =100

d, =124.23mm , d, =22 xZ7,
cosf3
6
=—————— =662.03mm.
c0s25°x100
x Centre distance:  a=—\n X(Zl +2Z, j
cosf3 2
__6 ( 20+ 100)
cos 25° 2
a=2397.22mm
* Face width: b=60mm
* Height factor: f, =1, for 20° full depth teeth.
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* Bottom clearance: C=0.25m_

=0.25%x6
C=1.5mm

* Tip diameter:d,, =( Zy +2f0jmn
cosf3

:( 20 +2><1Jx6
cos 25°

d,, =144.41mm

d,, =( Z, +2f0jmn
cosf3

:[ 100 +2><1jx6
cos 25°
d,, =674.03mm

* Root diameter:

dﬂ:( ZI—ZQJmn—2

cosf3

= 100 —2x1j6—2x1.5
cos 25°

d,, = 647.03mm.

L, =13433 =135

19. Design a spur gear drive to transmit 22

kW at 900rpm, speed reduction is 2.5. materials for pinion and wheel are C15 steel
and cast-iron grade 30 respectively. Take pressure angle of 20° and working life of
the gears as 10,000 hours. (April/May 2019)

Given data:
P =22.5KW; N, =900r.p.m; i = 2.5; ¢ =20°; N =10000hrs

To find: Design a spur gear
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Solution: Since the materials for pinion and wheel are different, therefore we have
design the pinion first and check both pinion and wheel.

1. Gear ratio: i = 2.5
2. Material selection:
Pinion: C15 steel, case hardened to 55 RC and core hardness < 350, and

Wheel: C.I grade 30.

3. Gear life: N = 10000 hrs
Gear life in terms of number of cycles is given by

N =10000 x 60 x 900 = 54 x10%cycles

4. Design torque [Mt]:

[M,]=M, KK,

_60xP  60x225x10°
' 27N, 2% 900
KK,=13

M =238.73N-m

Design torque [M,]=238.73x1.3=310.35
5. Calculation of Eeq, |c,|and|o,[¢

To find Eeq: For pini on (> 280 N/mm?2), equivalent

Young’s modulus, E,

To find |o,|; stress [o,] is given by

rotation in one direction only.

For stee > 107, Kp; = 1.
For steel rdened, factor of safety n = 2

For steel c ardened, stress concentration factor, K_ =1.2

For forged steel, o ,=0.25(c, +0,) +50.
For C15, c,=490N/mm’ and &, =240N/mm?

o, =0.25(490 + 240) + 50 = 232.5N / mm”*

[6,]= L4x1  232.5-135.625N / mm?
2x1.2

(iii) To find |o|: The design contact stress |s.|is given by
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[6,]=CqHRCK,
Where,
Cr =22, for C 15 steel

HRC = 55 to 63, for C 15 steel
K, = 0.585, for HB > 350, n 2 25 x 107

[6.] = 22x63x0.585=810.8IN / mm’

6. Calculation of centre distance (a):

We know that,

0.74) E.[M]
a>(i+1)3) — el

[GC] ¥
v=2-03

2 3 3
a2(2.5+1)3( 0.74 ]  1.7x10°x310.35x10
810.81 25x03

>135.94mm ora =136mm

7. To find z; and z3:

(i) For 20° full depth syste
(ii) z,=ixz,=25x18=45
8. Calculation o

We know that,

The near er standard module, m = 5 mm
9. Revisio centre distance:

m(z,+z,) 5(18+45)
2 2

New centre distance, a= =157.5mm

10. Calculation of b, dp, vand v, :

Face width (b): b=¥.a=0.3x157.5=47.25 mm
Pitch diameter of pinion (di): d,=m.z, =5x18=90mm

~md,N;  1x90x10°° x900
60 60

=4.24m/s

Pitch line velocity (v): v
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b 47.25
Wp =d—=T20525
1

11. Selection of quality of gear:
For v=4.24 m/s, IS quality 8 gears are selected.

12. Revision of design torque [M,]:

Revise K: For vy, =0.525K=1.03
Revise Kq: for IS quality 8 and v=4.24 m/s, Kqa = 1.4,
Revise [M,]:[M,]=M KK, =23873x1.03x1.4=344.24N-m

13. Check for bending:

Calculation of induced bending stress, o, :

Where,
(i+1)
Gp = [Mt]
a.mb.y
y =Form factor = 0.377, for z, =18
_ (2.5+1)x344.24x10°

=58.89N/

c. =
P 157.5x5x47.25%0.377

We find o, <[c;]. Therefore t n is sfactory.

14. Check for wear streng

x1.7x10° x 344.24x10°

N—

herefore the design is safe and satisfactory.

(i) Calculation of |s,| , and|c,|

wheel wheel *

Wheel material: CI grade 30.

Wheel speed: N, = % = % =360r.p.m

Life of wheel =10,000x60x360=21.6x10 cycles

To find|s,|,  : The design bending stress for wheel is given by

wheel
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1.4xK . . . . .
(60 | nees = “xo ,, assuming rotation in one direction only.
eel

n.K

a

7 7
For cast iron wheel, K, =$’£ =49/L7 =0.918
N 21.6x10

For cast iron, n = 2.

For cast iron, o ,=0.45c,

For cast iron, o, =290N/mm?®

6, =0.45x290=130.5N / mm?

[04] 140918 130.5-69.88N / mm?
wed T 2x1.2
To find |c|,  : The wheel design contact stress for wh give
|GC|wheeI = CB'HB'KC|

Where,
Cg = 2.3, for cast iron grade 30

HB = 200 to 260, for cast ir

D I
¢ N 21.6x107

[0,],,.., = 2:3% 260 0.879 =

(ii) Check for be

Calculation ding stress for wheel o,,

Op1 %Y1 =0p XY,

duced bending stress in the pinion and wheel

= Form factors for pinion and wheel respectively.
V2 = 0471, fOI‘ Zo = 45

c,, =85.89N/mm? and y, =0.377
85.89x0.377 =c,, x0.471
G,, =68.75N / mm?

We find o, <[o,],., - Therefore the design is satisfactory.

(iii) Check for wear strength: Since contact area is same, therefore

o =68476N/mm’. Here o, >[c.],. - It means, wheel does not have the

¢, wheel = cycpinion
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required wear resistance. So, in order to decrease the induced contact stress,
increase the face width (b)value or in order to increase the design contact stress,
increase the surface hardness, say to 340 HB. Increasing the surface hardness will
give [o,]=2.3x340x0.879=687.34N/mm*. Now we find o, <[c,]. So the design is safe and

satisfactory.
16. Calculation of basic dimensions of pinion and wheel:

Module: m = Smm
Face width: b = 47.25 mm
Height factor: f,=1 for full depth teeth.

Bottom clearance: ¢ = 0.25m = 0.25x5 = 1.25 mm
Tooth depth: h = 2.25 m=2.25 x5 =11.25 mm
Pitch circle diameter: d, =m.z, =5x18=90 mm and d,=m:

Tip diameter:
d,, =(z, +2f;)m = (18 + 2x1)5 =100 mm; and
d,, =(z,+2f,)m=(45+2x1)5=235mm
Root diameter:
df, =(z, - 2f,)m-2c

=(18-2x1)5-2x1.25=77.5mm; and
df, =(z, - 2f,)m-2c
=(45-2x1)5-2x1.25=212.5mm

transmit 30kWat a pinion speed
ting 15Ni2Cr1Mol5 steel as the
e gears. (April/May 2019)

20. A pair of helical gears is t
of 1500rpm. The velogity r
material. Determin i

Given data:

this problem

ection of Material

enerally we assume C45 steel for both pinion and gear.
[6,]=180N/mm* |, 400 BHN.
Step 2: Calculation of number of teeth Z; and Z»:
No. of teeth on pinion gear Z, =20 (assume)
Z,=ix2Z,

=5x%20

AMSCE/MECH/DTS Page 109



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

=100.

Virtual no. of teeth Zv1 & Zy»

From PSGDB 8.22 , table 26. Assume [ = 25°

_ Zl _ ZZ
1 cos’B 2 cos’B
20 100
cos’ 25 cos® 25
Z. =27 —~134.33mm.

Z.,0135m

Step 3: Calculation of tangential load on (F9).

F = E xK,
v
K, =15, for nditions.

Case 1: To find the pi

v o XM, x20x1000
60x1000 x cos 25°

v=1.16m, m/sec

~10x10°
* 1.16m

n

x1.5

~ 12931.03
m

n

Step 4: Calculation of initial dynamic load (Fq)
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Case 1: To find the velocity factor (Cv)

C, = 6L for carefully cut gears v <20m/s. From PSGDB 8.51 Assume
+Vv

v=15m/s.

6
6+15

C, =0.286.

_12931.03 1
m,  0.286

" F,

_45213.41
m

n

8.58 m?

Step 6: Calculation of normal module (mu)
From PSGDB 8.51

F >F,

s

45213.41
m

n

678.58 m> >

AMSCE/MECH/DTS Page 111



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

m_ >4.05mm.

From PSGDB 8.2, table 1. The nearest higher standard module
value under choice 1 is m =5mm.

Step 7: Calculation of b , d; , and v:
Case 1: To find face width (b).

b=10xm

=10x5
=50mm.

Case 2: To find Pitch circle diameter (d:).

d, =—2-xZ
lCosB !

5

= x 20
cos 25

d, =110.34m

Case 3: To find Pitch lide ve

ation of beam strength (Fs)
L= 678.58><mf1 From step 5
=678.58x 5

F, =16964.5N

Step 9: Calculation of Accurate dynamic load (Fq)

From PSGDB 8.51

21V(bC -cos’B+F, )cos B
+

21v +4/bc-cos® B+F,
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Case 1: To find (Fy)

£l
\%

_10x10°
5.78

F, =1730.IN

Case 2: To find deformation factor (C)
C=11860e From PSGDB 8.53, table 41, 20° E

e=0.025 for module upto 5 and carefully

. C=296.5N/mm”’

21x5.78x10° (50><2
21x5.78x10°% +

- F,=1730.1+
+1730.1

F, =1836.98N

Step 10: Check for beam st

safe.

o find Load stress factor (Kw)
K, =2553N/mm?”. For 20° FD , 400BHN.

Case 3: To find maximum wear load.
From PSGDB 8.51

_d;xbxQxK

F
cos’ B

w

B 110.34x50x1.67 x2.553
cos? 25°
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F,, =23521.78N
Step 12: Check for wear
We find F, >F,, .. Design is safe.

Step 13: Calculation of basic dimension of pinion and gear.
From PSGDB 8.22 , table 26.

* Normal Module: m,_ =5mm
* No. of teeth: Z, =20, Z, =100

*  Pitch circle diameter: d, =110.34mm

* Centre distance:

f,=1 , for 20° FD

C=0.25m,,
=0.25%x5
=1.25mm
ip diameter:
d, = Z, +2f |m_ d, = Z; +2f, Im
cosf3 cosf3
:( 20 +2(1))5 =( 100 +2x1jx5
cos 25 cos 25
d,, =120.34mm d,, =561.69mm

* Root diameter:
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d;, = Z, -2f, |m_ -2C d,, = Z; -2f, |m_ —-2C
cosf3 cosf
= 20 -2x1|5-2x1.25 = 100 —-2x1(5-2%x1.25
cos25 cos25
d;, =97.84mm d;, =539.19mm
* Virtual no. of teeth: Z , =27 , Z,=135
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ME-6601 DESIGN OF TRANSMISSION SYSTEMS

UNIT-III BEVEL GEAR AND WORM GEARS
(PART-A)

1. What is virtual number of teeth in bevel gear?

An imaginary spur gear considered in a plane perpendicular to the
tooth of the bevel gear at the larger end is called as virtual spur gear.

The number of teeth z, on this imaginary spur gear is called virtual
number of teeth in bevel gears.

Z

z’ =
Y cosé
Where, z= Actual number of teeth on th

6 = Pitch angle

2. Mention the advantages of worm gear ?
+ The worm gear driv an be us
high as 300:1
+ The operation i

or speed ratios as

It eliminates the exi
Because, in herringbone ge

hrust load in the helical gears.
rce of the right hand is balanced

% Wh bevel gears connect two shafts whose axes intersect at
er than a right angle, then they are known as angular

are known as miter gears.

ind contact occurred between worm and wheel? How does it

om other gears?

% The worm gears are used to transmit power between two non-
intersecting, non-parallel shafts.

% The worm gears drives are compact, smooth and silent in
operation.

7. How bevel gears are manufactured?

Bevel gears are not interchangeable. Because they are designed and

manufactured in pairs.

8. What is helical angle of worm?
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Helical angle is the angle between the tangent to the thread helix on
the pitch cylinder and axis of the worm. The worm helix angle is the

complement of worm lead angle, that is 8=90°-}
9. What is a crown gear?

A bevel gear having a pitch angle 90° and a plane for its pitch surface is known as
crown gear.

10. Write some applications of worm gear drive?

Worm gear drives are widely used as a speed reducer in material
equipment, machine tools and automobiles.

11. When do we use worm-gears?
When we require to transmit power bet d non-
intersecting shafts and very high velocity rati gears, can

Worm gear, drive find wi icati ike milling machine indexing

nd so on.

surfaces. The st

of a cone.

Bevel gears are classified in two ways
Based on the shape of teeth.
» Straight bevel gears.
= Spiral bevel gears
2. Based on the included angle between the shaft axes, called as shaft
angle
» External gears < 90 deg)
» Internal gears > 90 deg)

= Crown gears 90 deg
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16. What is a crown gear?
A crown gear is a type of bevel gear whose shaft angle is 90 degree and angle of

pinion is not equal to the pitch angle of gear. Let Shaft angle

17. What is the specific feature of mitre gear?
Mitre gear is the special type of crown gear In which the shaft, 90 deg and the

pitch angles of pinion and gear are equal and each angle to 45 deg.

18. Fill in the blanks of the following
a) Bevel gears having shaft, Angle of, 90deg are know
b) When the spiral angle of a.bevel gear is zero,_itgi§ calle
Answers

a) Crown gears. b) Zerol bevel gear.

19. Define the following te

b) Face angle.

a) Cone distance or
distance between the apex oint of tooth of bevel gear.

b) Face angle is the ended by the face of the teeth at the cone

centre. It is equ i lus addendum angle. It is also called as tip

angle.

20. i drive, self-locking is available?

cylinder having a radius of curvature at a point at the tip of minor axis of an
ellipse obtained by taking a section of the gear in the normal plane.

22. Write the conditions of self-locking of worm gears in terms of lead and
pressure angles. (April/May 2017)
The conditions of self-locking of worm gears in terms of lead and
pressure angles can be
If W = cosa.tany

23. What are the disadvantages of worm gear drive? (Nov/Dec 2017)
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% Manufacturing cost is heavy as compared with manufacturing
cost of bevel gear
% Cost of raw material to manufacture the worm and worm gear
set will be quite high
% Worm and worm gear set will have heavy power losses.
« Efficiency will be low
« If speed reduction ratio is large, worm teeth sliding action will
create lots of heat
¢ Lubrication scheduled must be strictly maintained for
healthiness of worm and worm gear as this unit gequires much
lubrication for smooth working of gearbox.
24. What is Meant by miter gears? (Nov/Dec 2017)

When equal bevel gears (having equal teet
connect two shafts whose axes intersect at right angle
as miter gears

25.When do we use bevel gears? (April/May 2

Bevel gears are used to transmit power een two i secting shafts

26.In which gear drive, self-locking i i ay 2018)

Worm and Worm Wheel

wheel to the worm. This property of irreversible is
ing applications like cranes and lifts.

two shafts whose axes intersect at right angle, then they are known as miter
gears

30. Define the pitch and lead of worm gears. (April/May 2019)

It is distance measured along the normal to the threads between two
corresponding points on two adjacent threads of the worm.
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PART B

1. Derive expressions for determining the forces acting on a bevel gear
with suitable illustrations.

In force analysis of bevel gears, it is assumed that the resultant tooth
force between two meshing gears is concentrated at the midpoint

along the face width of the tooth. The forces acting at the centre of the
tooth are shown in figure.

The components of the resultant force are,

(a) Tangential or useful component (Fy).
(b) Separating Force (Fy): It is resolved into t
(i) Axial force (F3) (ii) Radial force (Fy) l

Dyiven jfa

*Ni \/"1 f)<‘ /
th N'Fe
= 4V

~» A
D'rivhﬂ

P r\;af\v

the tooth force on the pinion:

he tangential force can be determined using the familiar

£ _2M, M,
t dlav I.m
. P
Where, M, = Transmitted torque = 60x
27N

P =Power transmitted

N =speed of the gear
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d,,, = Average diameter of the pinion, at midpoint along the face width.

To find F:and F.:

The separ,
forces, as sho

resolved into radial and axial

rom the geometry of the figure, we can write

Radial force, F, =F xcos 6
Axial force, F, =F xSin 9
Substituting equation (1) in the above equations,
F =F, tanoa-cos 6

F =F tana-Sin 6
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The above derived expressions are used to determine the
components of the tooth force on the pinion.

(ii) Components of the tooth force on the gear:

From the figure a and b, the following conclusions can be made for the right
angle bevel gears:

* The radial component on the gear is equal to the axial component on
the pinion but in opposite direction.

(E.)gear =—(F, ) pinion

*  Similarly, the axial component on the gear is e tot

component on the pinion, but in opposite dir

(E,)gear = —(F, ) pini

Note: The three forces Fy, F: and F i r to each other
and can be used to determine the beari ing the methods of
statics.

transmits 12KW to a
orm wheel should be 60 +
iciency of atleast 82% is

2. A hardened steel worm rota
phosphor bronze gear. Th
3%rpm. Design a worm ge
desired.

Given data:
N, =1440rp
P=12KW

0+3%rpm

: To find gear ratio (i) :

=Nz
2

_1440
60

=24+0.72
takei=24

AMSCE/MECH/DTS Page 7



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

Step 2: Selection of Material:
Worm = Hardened steel
Worm wheel = Phosphor bronze
Step 3: Calculation of Z; and Z,:
From PSGDB 8.46, table 37.

For n=82% ,7Z, =3

Z,=ix7Z,
=24x3
Z,=72

Step 4: Calculation of q and H:

Case 1: To find diameter factor (q):

From PSGDB 8.43, table 3

Initially we a

Case 2: To find Lead

H=15.25°

Step 5: Calculation of ‘F¢’ in terms of ‘m,’:

P
Tangential Load F, =—xK,
v

Case 1: To find the velocity v

v nd,N,
60x1000
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From PSGDB 8.43 , table 35
d,=Z,xm_

_mxZ,xm xN,
60x1000

B x72xm _x60
~ 60x1000

v=0.226m, m/

Case 2: to find shock factor (KO):

Assume medium shock,

K,=15
3
- 12x10 <15
0.226m _
F = 79646.02

t

Case 1: To fin

c 6

6+v

_ 6

6+5

C, =0.545
Case 2: To find (F,):
79646.02 1
F, = X
m, 0.545
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_ 1460177.70
m

X

Step 7: Calculation of beam strength (F,) in terms of (m)

From PSGDB 8.51

F, =nxm xbx[c,|xy'

Where ,
b=0.75d, From PSGDB 8.48 , table 38
=0.75xgxm,
=0.75x11xm,
=8.25m_
y' =0.125 8.5 sume o =20°

Form factor V=

From PSGDB 8.45 , table 33
=nxm x825m x80x0.125

=259.18 m’
: Calculation of Axial module (mx)

W.K.T F >F,

. _ 146017.70
*  m

X

259.18 xm

m_>8.26mm
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From PSGDB 8.2 , Table 1.

The nearest higher standard axial module
m, =10mm.
Step 9: Calculation of b, d2> and v:
Case 1: To find the face width (b):

b=825m_  From step 7

=82.5mm
Case 2: To find pitch diameter of the worm wheel (d

d,=Z,xm_ From step

From step 7

6 6

=0.726

" 6trv  6+226

F

t

_ 79646.02 _ 796;15.02 ~7964.602N From step 5 case 2

m

X

AMSCE/MECH/DTS Page 11



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

_ 7964.602
4 0.726

F, =10970.53N

Step 12: Check for beam strength.

We find F, <E. the design is safe.

Step 13: Check for Maximum wear load (F,):

From PSGDB 8.52
F,=d,xbxK

K, =0.56N/mm” From PSGDB 8.54 , table
F, =720x82.5x0.56

F, =33264N

Step 14: Check for efficienc

rom PSGDB 8.49

=0.03 From PSGDB 8.49

tan15.25
tan(15.25 + 1.7)

We find that the actual efficiency is greater than
the desired i . .. The design is safe.

T'lactual = 8498%

Step 15: Calculation of basic dimensions of worm and worm gears.

From PSGDB 8.43 , table 35

Axial module: m, =10mm

No. of starts: Z, =3
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No. of teeth on the worm wheel: Z, =72

Face width of the worm wheel: b=_82.5mm

Length of the worm: L >(12.5+0.09Z, )m,
=(12.5+0.09x72)10

=189.8mm

Take L=190mm
Centre distance:  a=0.5m, (q+Z,)
a=0.5x10(11+72)

a=415mm

Height factor:
Bottom clearance:

Pitch diameter:

Root diameter: q=d, —2f,xm _—2C

—2x1x10-2x25

=85mm
d, :(Zz _2f0)mx —2C
=(72—2><1)><10—2><2.5

=695mm.
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3. Design a pair of strength bevel gears for two shafts whose axis are at

right angles. The power transmitted is 25 KW. The speed of pinion is
300 rpm and the gear is 120 rpm.

Given data:
P =25KW

N, =300rpm

N, =120rpm

Step 1: Selection of Material:

From PSGDB Pg No. 1.40. Both pinion and gears C45 stee

Step 2: Calculation of no. of teeth, virtual number of

Case(1): Calculation of no. of teeth

Case 2: Calculation of no. of teeth Zy; & Z.»

From From PSGDB 8.39

Y1 cosd, ' ?
__ 2O 55402 tans, =i
c0s21.8°
z, 50

v2

= = §,=tan'2.5=68.2°
cosd, €0s68.2

=134.6411135 o9, =21.8°
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Step 4: Calculation of tangential load (F).

F =E><K0
\Y

t

Where

* K, =1.5 for medium shock conditions.
Ve nd, N,
60

From PSGDB 8.38 , table 31

Step 5: Calculation of initi

From PSGDB 8.52

5.5
C,=— ,assumingv=5m/s
5.5+4/V

5.5

5.5++/5

C,=0.711

_119366.21 1
m 0.711

. R

t

_ 167895.48

F, -

t
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Step 6: Calculation of beam strength (Fs)

From PSGDB 8.52,

F =nxm, x[c,]x bxyl(RT_bj

Where,

b=10xm, From PSGDB 8.38, table 31

[6,]1=180 N/mm?* , for C45 steel

y' =054 2912

From PSGDB 8.50, 20 FD

vl

01542212
22

y'=0.112

R = cone radius =0.5m+,/Z +Z;

B 8.38, table 31

R =26.93m,

x10x M, x180x 0.112x [26'93”“ —10m, }

26.93m,

=398.16 m’
Step 7: C ion of transverse module (m):
From PSG
F>F,
398.16 m? > %
m,>7.5

From PSGDB 8.2 , table 1, choice 1. The next nearest higher standard module
m, =8mm .
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Step 8: Calculation of b; d; and v:
*  Face width b=10xm,
=10x8
=80 mm
Pitch circle diameter, d, =m,xZ,

=8x20

d, =160 mm

nd, N,
60

Pitch line velocity V=

_ nx160x300
60 %1000

v=251m/s

Step 9: Recalculation of beam stren

m step 6

6 x 82
F =25482.24 N

Step 10: Calcul dynamic load (Fg).

From PSGDB 8.51

21v(bc+F)

21v+,/bc+F,

F=F+

_ 25x10°

2.51
=9960.16N 7961.78N
* (C=11860 e From PSGDB 8.53, table 41, for 20° FD

e=0.019 , for module upto 8 , precision gears. Table 42
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..C=11860x0.019 = 225.34N/ mn

21x2.51x10° (80 x 225.34 +9960.16)
21x2.51x10°% ++/80x 225.34+9960.16

~.F, =9960.16 +

F, =37858.96 N

Step 11: Check for beam strength.

We find Fq > Fs . Design is not safe.

In order to overcome this issue, increase the module 10mm.

. F,=30415.23N
& F =39816N

. K >F, . Designis safe.

S

Step 12: Calculation of maximum wear load. (F

GDB 8.51

* Ql = —22\/2
Zvl + Zv2

_ 2x135
22+135

Q'=1.72
steel hardened to 400 BHN,

F_ 0.75x200x100x1.72x 2.553
v c0s21.8°

F, =70940.66N

Step 13: Check for wear:
Fw > Fq4 . Design is safe

Step 14: Calculation of basic dimensions of pinion and gear.

From PSGDB 8.38 , table 31.

* Transverse module: m, =10mm
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* Number of teeth: Z, =20, Z,=50

*  Pitch circle diameters: d, =200mm
d, =500mm.
* Cone distance: R =26.93x10=269.3mm

+ Face width: ©=100mm
* Pitch angles: §, =21.8° , §,=68.2°
d,, =m,(Z,+2cos3,)

* Tip diameter:

=10(20+ 2c0s21.8°)
d,, =218.56mm

* Height factor: f, =1
# Clearance: ¢€6=02

* Addendum angle:

* Deddendu

tan0,, =tan0,,

269

0.045

0;, =0, =2.55°
* Tip angle:  0,,=90,+0,, d,,=0,+0,,
=21.8+213 =68.2+2.13
3, =23.93° d,, =70.33°
* Root angle: 9;, =9, +0,, S, =0, +0,,
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=21.8+255 =68.2+2.55
8, =19.25° O, =65.65°
*  Virtual number of teeth:

z,=22, Z,=135

vl

4. Design a worm gear drive to transmit 22.5KW at a worm speed of 1440
rpm. velocity ration is 24:1. An efficiency of atleast 85% is desired. The
temperature raise should be restricted to 40°C. Determi e required
cooling area.

Given data:

P =22.5KW

N, =1440 rpm
i=24

Netesireq = SO %

A, =t,—t, =40°
Step 1: To find gear ration (i);

i=24 (given)

Z,=ixZ, 113140 =24
2
=24x3 N, = 60rpm.
Z,=72.
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Step 4: Calculation of q and H:
Case 1: To find diameter factor (q).

From PSGDB 8.43 , table 35, and PSGDB 8.44

q=m, xd,

Initially we assume q = 11.
Case 2: To find Lead angle (H) .

From PSGDB 8.43 , table 35

tan H= é
q
H=tan™ (ij
11

H=15.25°
Step 5: Calculation of F¢’ in terms of *

P
Tangential load F =—x
v

Case 1: To find the velocit

v nd,N,
60x1000

From PSGDB 8.43 ,

v=0226 m m/s

Case 2: To find tangential load

Assume medium shock

K,=15 .
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225%x10°
= —X

= 1.5
0.226m_

149336.28

Step 6: Calculation of dynamic load (Fq)

Case 1: To find velocity factor (C,).

From PSGDB 8.51 , assume v= 5 m/s

Case 2: To find (Fq).

X —_—
0.545

27401153
m

X

Step 7: Calculation of strength (Fs) in terms of (my).

From

F =nxm, ><b><[csb]><y1

Where,
* b=0.75d, From PSGDB 8.48 , table 38

=0.75xqxm,

=0.75x11xm,

=8.25m,
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* y' =0.125 From PSGDB 8.52,

Assume o=20°

Form factor y=0.392

y' = y From PSGDB 8.53 , table 40
T

0392
T

=0.125

+ [0,]=80 N/mm® From PSGDB 8.45 , table 33
F =nxm x8.25xm x80x0:

=259.18

Step 8: Calculation of Axial module (my).

From PSGDB 8.51

PSGDB 8.2, tab
The next nearest hi axial module
m, =12 mm.
Step 9: ¢ , de and v:
d face width (b).
b=825m_ From step 7
=8.25x12
b=99 mm
Case 2: To find Pitch diameter of the worm wheel (d2).

d,=Z,xm, From step 5, case 1.

=72x12

AMSCE/MECH/DTS Page 23



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

d, =864 mm

Case 3: To find the Pitch line velocity of worm wheel (v)
v=0.226 m_From step 5, case 1.
=0.226x12
v=2712m/s

Step 10: Recalculation of beam strength.

F, =259.18 m’ From step 7.
=259.18x12?
F =37321.92 N

Step 11: Recalculation of dynamic load (Fg).

6 6

= =0.688
6+v 6+2.712

From step 5, case 2.

Step 12: n strength.

. the design is safe.
Step 13: Ch for maximum wear load (Fw).
From PSGDB 8.52
F,=d,x6xK
+ K, =056 N/mm? From PSGDB 8.54 , table 43.

F, =864x99x0.56
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F, =47900.16 N .

We find F, >F, . - the design is safe.

Step 14: Check for efficiency.

H
T'lac’cual = 095XL From PSGDB 8.49

tan(H+p)

Where , p=tan™ (H) Assume H = 0.03From PSGDB 8.49

p=tan~ (0.03)
=1.7°
Nactual = 0.95x tan15.25

tan(15.25+1.7)
=0.85
T‘Iactual = 85%

We find that the actual efficiency i the desired efficiency.

. The design is safe.

ave to find cooling area.

oss) = Heat emitted into the atmosphere.

ut Power =K A (t, —t,).

ing Area, A =8.44 m’
Step 16: Calculation of basic dimension of worm and worm wheel.

From PSGDB 8.43 , table 35.

Axial module: m, =12 mm

No. of starts: Z, =3
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No. of teeth on worm wheel: Z,=72
Face width: b=99 mm.

Length of the worm: L >(12.5+0.09Z, )m,

= (12.5+0.09x72)12

=227.76 mm.

L] 228 mm.
Centre distance:  a=05m_(q+Z,)
=0.5x12(11+72)

a =498 mm.
Height factor: f,=1.
Bottom clearance: c¢=0.25m_=0.25x
c=3 mm.
Pitch diameter: d, =qx
d, =864 mm
Tip diameter: d_, d,=2Z,+2f,xm,_

=(72+2(1))12

=888 mm.

:(72—2><1)12—2><3

d,, =834 mm
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5. Design a straight bevel gear drive between two shafts at right angles to
each other. Speed of the pinion shaft is 360 rpm and the speed of the
gear. Wheel shaft is 120 rpm. Pinion is of steel and wheel of cast iron.
Each gear is expected to work 2 hours / day for 10 years. The drive
transmits 9.35 KW.

Given data: 0=90°; N, =360rpm ; N, =120rpm;
P =9.37KW

To find: Design the bevel gear drive.

Solution: Since the materials of pinion and ge e di t, w,

to design the pinion first and check the gear.
N, _ 360 3

1. Gear ratio: i=—1-—-—"""=
N, 120

Pitch angles: tand, =1=3 or §, =tan™ (3)=71.56°fro GDB 8.39

Then, &, =90°—3, =90°—71.562

2. Material selection: , O, =700N/ mm?® and

6, =360N/m*

ade 35, o, =350N/mm’

5days/year x 10years ) =7300hours

=7300x360x60 =15.768x10’ cycles
ial design torque [M¢]:

[M,]=M, xKxK,

_60xP  60x9.37x10°
©o2nN, 271x 360

M =248.6N —mand

K-K,; =13, initially assumed.

[M,]=248.6x1.3=323.28N-m

5. Calculation of Eeq , [Gb] and [GC]:

To find Eeq: E,, =1.7x10° N/mm® From PSGDB 8.14

e
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To ﬁnd[cbl] : We know that the design bending stress for pinion,

14K L S
[Gbl] = bl x5 _,, for rotation in one direction

c

Where K, =1, for HB<350 and N >10" From PSGDB 8.20, table 22

K, =1.5, for steel pinion From PSGDB 8.19, table 21

n=25, steel hardened  table 20, PSGDB 8.19

G, = O.25(Gu +Gy)+50 , for forged steel - From PSG .19 )table 19

=0.25(700+360)+ 50 = 315N/mm?

1.4x1
25x%x1.5

[0 ]= x315=117.6N/mm®

To find [Gcl] : We know that the for pinion,
[Gd] =C; -HRCxK,

Where  C;=23

ne distance (R):

2
E_[M
now that,R > \|Jy\/i2 +153 0.72 x —3 [ J From PSGDB
(v, -05)[c.] i

8.13

Where vy, =R/b=3, initially assumed.

2 5 ;
R>3 /—32+1i/{( 0.72 } L 17x10°x323.28x10

3-0.5)1150 3

>99.36
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or R=100mm.

7. Assume Z, =20; Then Z, =ixZ, =3x20=60

022; and

Virtual number of teeth: VAR Z, = 20
cosd, cos18.44°

From PSGDB 8.39 Z,= Z, 0 9.
cosd, €0s71.56°

8. Calculation of transverse module (m):

R
We know that, m =———-
C 0522+ 22

100

=—— =31
0.5/20% +60?

From PSGDB 8.2, table 1. Unde
transverse module is 4mm.

t higher standard

9. Revision of cone distanc
5x 44207 +60% =126.49mm

nd y, :

We know that,
10.Calculation of b,

= 126.49 =42.16mm From PSGDB 8.38

=4_4l2.16><su’118.44 PSGDB 8.38

20

=3.333

Average pcd of pinion (d,,, ): d,,, =m,, xZ, =3.333x20 = 66.66mm

lav

Pitch line velocity (V) :
_mxd,,, xN;  7x66.66x107° x360

v =1.256m/s
60 60
b 4216
_ b 42160
YT d T 66.66

lav
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11.1IS quality 6 bevel gear is assumed From PSGDB 8.3 , table 2
12.Revision of design torque [Mt]:

We know that, [M,]=M, xKxK,

Where K=11

K, =135

[M,]=248.6x1.1x1.35=369.28N—m

13.Check for bending of pinion: We know that the indu ending stress,

RyiZ+1[M,]

= 5 From PSGDB
(R-0.5b)" xbxm, xy,,

Op1

Where y,, =0.402, for Z , =22

126.49/3% +1x369.28 x 1

sind, _ . 527xsin1844 .

Z, 20

av = mav X Z] = 4‘166 X 20 = 83.33mm

3
v nxd,,, xN; _ 1x83.33x10™ x360 —157m/s
60 60
b 527
_ 5 227 63
YWT1 T8333

lav
IS quality 6 bevel gear is assumed.

K=11; K,=135
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M, =248.6x1.1x1.35=369.28N —m

2 3
o - 158.114/3 +1x369.28x10° 00 4N /mm?
(158.11-0.5x52.7) x52.7 x 5x 0.402

Now we find o,; < [Gbl] , thus the design is satisfactory.

14.Check for wearing of pinion: = We know that the induced contact stress,

_( 0.72 j (i21+1)3><E

1\ R-05b

:( 0.72 ) (3*+1) )

158.11-0.5%x52.7 )| 3x52.7

=612.33N/mm’

We find o, < [GCl]. Thu

_ 15.768x 10

=5.256x10" cycles

.| 107
5.256 x 10"

=0.832

o, =0.450, = 0.45%x350 =157.5N/mm’

[0,] = % x157.5 =76 44N/mm?
X 1.
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To find [sz] : We know that the design contact stress for gear,
[GCZ] =Cy; xHBxK,
Where C;=23

HB =200 to 260

K_i/107_§/ 107 —0.758
NN \5256x107

[6c,]=23%260x0.758 = 453.284 N/mm?’

(@) Check for bending of gear: The induced ben ar can
be calculated using the relation

Op1 XYv1 =02 XYy

Thus the design is okay and it

. In order to increase the wear strength of the gear, surface
may be raised to 360 BHN. Then we get

[0, ]=2.3x360x0.758 = 627.62N/mm”

Now we find &, > [sz],thus the design is safe and satisfactory.
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6. The input to the worm gear shaft is 18KW at 600rpm. Speed ratio is 20.
The worm is to be of hardened steel and the wheel is made of chilled
phosphor bronze. Considering wear and strength, design worm and
worm wheel.

Given data:
N, =600rpm

P=18KW

i=20
Step 1: To find gear ratio (i)

i= E—: =20(given)
600
X,

20

N, =30rpm.
Step 2: Selection of Materai

Worm =

Worm wheel

table 37
Z, =3
Z,=ix7Z,=20x3
Z,=60
alculation of q and H:

Case 1: To find diameter factor (q)

From PSGDB 8.43 , table 35, and PSGDB 8.44

Initially we assume q= 11.
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Case 2: To find Lead angle (H)

From PSGDB 8.43, table 35

tanH = é
q

H=tan (%)

H=15.25°

Step 5: Calculation of (F7) in terms of (mx).

F, =£><K0
v

Case 1: To find the velocity v’

v nd,N,
60x1000

From PSGDB 8.42 , tabl

Case 2: To

Case 1: To find velocity factor (C,):

From PSGDB 8.51, assume v=5m/s
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c -5
6+vVv
6
6+5
C,=0.545
287234.04 1
F, = X
m, 0.545
_527034.94
m

Step 7: Calculation of beam strength (Fs)

From PSGDB&.51,
F =nxm, ><b><[<yb]><y1
Where,

b=0.75d, From P
=0.75xqxm,

=0.75x11xm,

m,_ x8.25m x110x0.125

= 356.37mi
Step 8: Calculation of axial module (my).
F >F,

527034.94
m

X

356.37m? >

m,_ >11.4mm.
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From PSGDB 8.2, table 1. The next nearest higher standard module mx =
12mm.

Step 9: Calculation of b , d2 and v:
From step 7 = b=825xm_

=8.25x12

b=99mm

From step 5,Case 1 = d,=Z,xm_=60x12

=720mm

From step 5, Case 1 = v=0.094xm_=0.094x1

=1.13m/s
Step 10: Recalculation of beam strength

F, =356.37xm_ st

=356.37 x12°

4.04  287234.04

=23936.17N
mX
. F, =28495.44N
We find F>F, . The design is safe.

Step 12: Check for maximum wear load (Fy):

From PSGDB 8.52

E, =d,xbxK,

K, =0.88N/mm” From PSGDB 8.54 , table 43.
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F, =720x99x0.88 = 62726.4N

We find F, >F, The design is safe.

Step 13: Check for efficiency.

tanH
Nactual = 095XL From PSGDB 8.49

tan(H+e)

Where, e=tan"' (M), Assume M =0.05

e=tan™' (0.05)=2.86°

tan15.25
g T‘]ac’cual = 0’9 X
tan (15.25+2.86)

=0.792
nactual =79.2%

We find that the actual n the desired efficiency.

The design is

n the worm wheel: Z, =60

worm wheel: b=99mm
the worm: L >(12.5+0.09Z, )m,

=(12.5+0.09x60)12

=214.8mm

LU 215mm

* Centre distance:  a=0.5m, (q+Z,)

=0.5x12(11+60)

a=426mm.

* Height factor: f,=1

* Bottom clearance: C=0.25m =0.25x12=3mm
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* Pitch diameter: d, =gxm, =11x12=132mm
d, =720mm
* Tip diameter:
d,,=d, +2f, xm, d,, =(Z,+2f,)m,

=132+2x1x12 =(63+2(1))12

=156mm =744mm

* Root diameter:
d,, =d, -2f, xm _—2c
=132-2x1x12-2x3
d;, =102mm
7. Design a bevel gear devi

shaft speed =200rpm. Th
wheel of CI. Assume 4 li

.5KW speed ratio =4. Driving
versible. Pinion is of steel and

Given data:

P =3.5KW
i=4

N, =200rpm.
Pinion — Ste

The mat pinion and gear are different, we have to design the pinion first
and chec
Step 1: Gea
i= N, =4
NZ
N, _,
200
N, =800rpm.

Pitch angles:
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From PSGDB 8.34
tand, =i=4
o8, =tan™ (4) =75.96°
5, =90-35, =90-75.96

=14.04°

Step 2: Material selection:

Pinion: Steel, 6, =700N / mm? c, =360N / m’

Gear: CI grad 35 - 6, =350N / mm®

Step 3: Gear life in cycles:
Gear life in hours  =25000hrs.

Gear life in cycles N =25000x800 x60

Step 5: Calculation of Ecq, [ob] and [o]:

To find Eeq.

E,=17x10°N/mm*  From PSGDBS8.14

To find [ob1] Design bending stress for pinion.
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1.4K
[cbl] = —Kblx c-1 From PSGDB 8.18 rotation in one direction
nxK_
K,, =1 ,for HB<350 and N Z10” From PSGDB 8.20, table 22.
K, =1.5, for steel pinion. From PSGDB 8.19, table 21
n=2.5 steel hardened From PSGDB 8.19, table 20

o, = (0.25(Gu +0y)+50) , for forged steel. From PSGDB 8.19, table

o, =0.25(700+360)+50

=315N / mm®.

14x1

315=117.6N
“onl=55,135" /o’

To find [Gcl] :
[Gcl] =C; HRCxK,
Cr=23

HRC =40to55

KCl =1

[Gcl] =23x

2 ; ;
R>3 /—42“\/{ 0.72 } X[1.7x10 x54.31x10 }

(3-0.5)x 1265 4

>135.29mm.
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R =136mm.
Step 7: Selection of No. of teeth on pinion and gear.
Z,=20
Z,=ixZ7Z,
4x20

=80

Z, 20

= =20.61021
cosd, cos14.04

Virtual no. of teeth: Z , =

Z, 80

= =329.76 1]
cosd, ¢€0s75.96°

From PSGDB 8.22. Z , =

Step 8: Calculation of transverse module: (my).

From PSGDB 8.2,
The nearest andard transverse module m: =4mm.

Step 9: Rewvisi ce: (R)

= 0.5x 4+/20% + 802
=164.92mm.

Step 10: Calculation of b, may , diav, v and oy :

() Tofindb: b= R % =54.97[1 55mm PSGDB 8.38

Py

(ii) Average module  m_ =m —bS;nESl PSGDB 8.38

av t
1
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_ 555IN14.04
20

=4

=3.33mm.

(iii) Average PCD of pinion: d,,, =m, xZ,

lav

=3.33x20

= 66.66mm.

1 XN; _ x66.66x800 _ 279“%
60 60 %1000

(iv) Pitch line velocity v =

b = i =0.83
d,.. 66.66

v) ¢, =

lav
Step 11: Selection of Quality of gears.

able 2.

Is Quality 8 bevel gear is selected. PSGDB

Step 12: Revision of design torque [My]:
[M,]=M, xKx
K=11

.16 table 15.

Step 13: Check for ben

RVIZ+1[M,]

O =
. (R- 0.5b)2 xbxm, xy,,

From PSGDB 8.13[A].

y,, =0402 for Z , =21

. - 164.92/4 +1x66.64x10°
" (164.92-0.5x55)° x55x 4x0.402

., =27.13N/mm’
We find o, < [Gbl]. .. the design is safe.

Step 14: Check for wearing of pinion.
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5 b2
0.72 i*+1
0“1:(R—0.56j (ixb) “Eqyx[M]
(42 +1)

0.72 j

=[164.92—0.5><55 4x55

6o =314.77N /mm’®

We find o, < [GC] . Thus the design is satisfactory fo

Step 15: Cheek for gear.

Gear material: CI grade 30.

First we have to calculate [sz] a

pinion

Gear life of wheel N =

_12x10°
3

=4x10%

To find [Gb2] :

o, =0456, =0.45x350 =157.5N / mm>.

1.4x0.66
2x1.2

x157.5

* [ow]=

From PSGDB 8.13

e

x1.7 x10° x 66.64 x 10°

o\
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=60.64N.mm?.

To find [Gcz] :
[Gc2]=CBXHBXKc1‘

Where C; =23, HB =200 to 260

B
7 7
Kd=§/10 =‘i/ 10 ==0.54
N 4%x10

~[o.,]=2.3x260x0.54

=322.92N /mm”.
Case 1: Check for bending of gear.

Op1 X Yv1 =02 X Y2

y,, =0402 for Z, =21

V. =0521 for Z,=33
27.13x0.402 =5, x0.5

G,, =20.93N / mm?®.

. The design is safe and satisfactory.
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8. Design a worm gear drive to transmit 20KW at 1440rpm. Speed of worm
wheel is 60rpm.

Given data:
P =20KW

N, =1440rpm.

N, =60rpm.

Step 1: To find gear ratio (i).

1440
60

i=24
Step 2: Selection of Material:

Worm = Hardened steel

Worm wheel = Phosphor br
Step 3: Calculation of Z1

From PSGDB 8.46 , table 3

Initially we assume gq=11

Case 2: To find Lead angle (H).
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From PSGDB 8.43 , table 35

tanH = Z = 3
q 11
H=15.25°
Step 5: Calculation of (Fy) in terms of (mx).
F = P XK,
\Y

Case 1: To find the velocity Vv’

Ve nd,N,
60x1000

From PSGDB 8.43 , table 35.

d, =z, xm,

_ mxz,xm xN,
60x1000

_ mx72xm x60
~ 60x1000

Case 1: To find velocity factor (C,):

From PSGDB 8.51, Assume v=5m/s
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c.=-2 - % _osss
6+v 6+5
13262912 1
~ k= X
m, 0545
243356.18
F, = =200
m

X

Step 7: Calculation of beam strength (Fs).

From PSGDB 8.51
F =nmxm_ ><b><[c5b]><y1
Where,
*  b=0.75d, From PSGDB 8.48 | t
=0.75xqxm,

=8.25m,

* y'=0.125 From PSGDB =20°
+  [o,]=110N/mm’ SGDB 8.45 , table 33.
~ E =nxm x825xm_
=356.37m’
E >F,
356.37m? > 22222018
m

X

m, >8.81mm.

From PSGDB 8.2 , table 1.The next nearest higher standard module mx = 10

mm

Step 9: Calculation of b, d2 and v:

From step 7 = b=825m_ =8.25x10

From step 5, case 1 = d,=Z,xm =72x10
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=720mm.

From step 5, case 1 = v=0226xm_ =0.226x10

=2.26r% :

Step 10: Recalculation of beam strength (Fy).

F =356.37 xm’ From step 7

=356.37 x10°

F. =35637 N

Step 11: Recalculation of dynamic load (Fq).

B 6 B 6
Vo 6+v 64226
B 132629.12 B 13262

=0.73

From PSGDB 5.54 , table 43.
F, =720x82.5x0.88

=52272 N

We find F, >F, . .. The design is safe.

Step 13: Check for efficiency.
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tanH
Nactual = 0.95x L From PSGDB 8.49.

tan(H+e)
Where,
e=tan'M , take M=0.04 From PSGDB 8.49, Graph.

e=tan" (0.04)=2.29°

Nactual = 0-95% tan15.25
tan(15.25+2.29)

=0.82

=82%

We find that the actual efficiency is gre efficiency.

..The design is safe.
Step 14: Calculation of basic dimensions.

From PSGDB 8.43 , table 35.

*  Axial module: m, =1
* No. of starts: Z, =3
* No. of teeth on the

LU 190mm

distance:

Ce a=05m, (q+Z,).

=0.5x10(11+72)

a=415mm

* Height factor: f, =1
* Bottom clearance: c=0.25m_=0.25x10=2.5mm.

* Pitch diameter: d;, =qxm, =11x10=110mm.

d, =720mm.
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* Tip diameter:

d,,=d, +2f, xm, d,, =(Z,+2f,)m,
=110+2x1x10 (72+2><1)10
=130mm. =740mm.

* Root diameter:

d;, =d, -2f;xm -2
=110-2x1x10-2x2.5

=85mm. =715mm.

9. Design a bevel gear drive to transmit 3. ivi haft is 200
rpm. Speed ratio required is 4. The i ible pinion is
made of steel and wheel made of s ade of CI. Assume
lite at 25000 hrs.

Given data:

P =3.5KW
i=4

N, =200rpm.
Material = Pinion — Steel
Wheel — CI

The materials o r are different, we have to design the pinion first

and check the gear.

Nl

Y1y
200

N, =800rpm.

Pitch angles:

From PSGDB 8.34

tand, =i=4
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. 8, =tan™" (4)=75.96°
5, =905, =90—75.96
=14.04°

Step 2: Material selection:

Pinion: Steel, 6, =700N / mm® o, =360N / m’

Gear: CI grad 35 - 6, =350N / mm?
Step 3: Gear life in cycles:
Gear life in hours  =25000hrs.
Gear life in cycles N =25000x800x 60
=12x10° cycles.
Step 4: Calculation of initial design torqu
From PSGDB 8.44,

[M,]=M, xKxK

Step 5: C on of E¢q, [ob] and [o(]:
To find Eeq:

E,=17x10°N/mm*  From PSGDBS.14

To find [ob1] Design bending stress for pinion.

[ow]= L 41;’1 -1 From PSGDB 8.18 rotation in one direction
nx
K., =1 ,for HB<350 and N Z10” From PSGDB 8.20, table 22.
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K_ =15, for steel pinion. From PSGDB 8.19, table 21

n=2.5 steel hardened From PSGDB 8.19, table 20
G, = (0.25(011 +Gy)+50) , for forged steel. From PSGDB 8.19, table 19
o_, =0.25(700+360)+50

=315N / mm”.

1.4x1

x315=117.6N /mm?.
25x1.5

[on]=

To find [o,,] :
[6..]=Cr-HRCxK,
Cp=23

HRC =40to55

Ko =1
[0, ]=23x55x1

=1265N / mm’

e \/{ 0.72 :|2X|:1.7x105x54,31x103:|

(3-0.5)x 1265 4

>135.29mm.
R =136mm.
Step 7: Selection of No. of teeth on pinion and gear.

Z, =20
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Z,=ix7Z,
4x20
=80

Virtual no. of teeth: Z , =

From PSGDB 8.22. Z , =

Step 8: Calculation of transverse module: (my).

M

~0.5+/20% + 802
=3.29mm

From PSGDB 8.2, table 1,

K

(ii) Average module

(iii) Average PCD of pinion:

2 __ 20 20.610 21
cosd, cos14.04
Z, 80 _ 329.76 11 330

C 0572 +22

The nearest next highex sta

Py

R 16492

cosd, " 0s75.96°
Rl

From PSGDB 8.38 ta

136

choice 1

e module m: =4mm.

mav ) dlav, Vv al’ld (Py .

=5497[55mm PSGDB 8.38

__bsing,

m PSGDB 8.38

av t
1

_ 555IN14.04
20

=4

=3.33mm.

d,, =m,

xZ,

lav
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=3.33x20
= 66.66mm.
(iv) Pitch line velocity v = T, XNy _ 7x66.66x800 2.79“% .
60 60x1000 S
b 55
= =——=0.83
)9 =4, " 66.66

lav

Step 11: Selection of Quality of gears.

Is Quality 8 bevel gear is selected. From PSGDB 8.3
Step 12: Revision of design torque [My]:
[Mt] =M, xKxK,
K=11 From PSGDB 8

K,=1.45 From PSGDB 8.16 table 15

+1[M,]

)2><b><mt><yV1

From PSGDB 8.13[A].

164.924/4% +1 x66.64x 10°
(164.92-0.5x55)" x 55 4 x 0.402

., =27.13N/mm’
We find o, Gbl]. .. the design is safe.

Step 14: Check for wearing of pinion.

el
xE, x[M,]| From PSGDB 8.13

Gd:( 0.72 j (i2+1)

R-0.56 ixb
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P2
x1.7 x10° x 66.64 x 10°

:( 0.72 j (42 +1)

164.92-0.5x55 4 x55

6oy =314.77N / mm’
We find o, < [GC] . Thus the design is satisfactory for pinion.

Step 15: Cheek for gear.

Gear material: CI grade 30.

First we have to calculate [sz] and [Gcz].

N inion
Gear life of wheel N = —F—2

_12x10°
3

=4x10°
To find [sz]:

1.4xK,, s
T <0

[sz]: hxK_ o

Where,

=0.45c, =0.45%350 =157.5N / mm”.

 1.4x0.66

: _ 157.5
(o)== 75~

=60.64N.mm”.

To find [GCZ] :

[6.,]=Cy xHBxK,.
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Where C, =23, HB =200 to 260

7 7
K, =t§/1§ =1{/41208 =0.54
X

~[0,]=23x260x0.54

=322.92N / mm”.

Case 1: Check for bending of gear.
Op1 XY¥v1 =02 X Y2

y,, =0402 for Z,=21

y,, =0.521 for Z , =330

27.13%0.402 = 5, x 0.521
G,, =20.93N / mm?®.

o, <[00, ]-

We find o,

satisfactory.

10.
sphor Bronze gear. The speed

desired.
Given data:
N, =1440 rpm, N, =60 rpm p=12kW 1 .q =82%

1440

Gear ratio required, i= 50 - 24

s the gear having the adequate beam strength.

ardened steel worm rotates at 1440 rpm and transmits 12 kW to

of the worm gear should be 60

. Design the worm gear drive if an efficiency of at least 82% is

1. Material selection: Worm — Hardened steel, and
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Worm - Phosphor bronze
2. Selection of z; and z»:

For n = 85%,z1 = 3
Then, z; =ixz; = 24x3 = 72.

3. Calculation of q and vy:

d1
m

X

=11

Diameter factor: q=

Lead angle:

4. Calculation of F; in terms mx:
Tangential load, F = 5 xK,

Where

_ md,N,  m(z,xm)xN,
60x1000 60x1000

:w:o,z%mx m/s
60 %1000

K, =1.25, assuming medium shock
12x10° 66371.68

- = x1.25=
0.226m,

5 17 121681.4
0.545 m

X

Beam strength, F =nxm, xbx[c,]xy

Where

b =0.75d,
=0.75xgqm, =0.75x11m,  =8.25m,
[c,]=80N/mm?
y =0.125, assuming oo =20°
F =nxm, x8.25m x80x0.125=259.18m>

y=tan™ 4 tan{
q 11

j=15.25°

of beam strength (Fs) in terms of axial module:
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7. Calculation of axial module (my):
We know that,

121681.4

259.18m? >

X

m, >7.77mm

The nearest higher standard axial pitch is 8 mm.

8. b =66 mm, d; =576 mm; v=1.808 m/s

9. Fs = 259.18mx2= 16587. 52 N

F

10. Dynamic load, F,=—*
CV
¢, =2 =0

' 6+v 6+1.808
~ 66371.68 66371.68

=0.768 and

F =8296.46N
m)(
F, = §296.46 =10802.68N
0.768

eans that the gear tooth has
ge. Thus the design is

11. Check for beam strength: We fi
adequate beam strength and will
satisfactory.

12. Calculation of maxim
Wear load, F, =d,xbxK,
Where

K, =0.56N/mm?

13. Che ind Fq < Fyw. It means that the gear tooth has adequate

wear cap ill not wear out. Thus the design is safe and satisfactory.
14. Check efficiency: We know that,

tany
tan(y +p)

1»|aclual =Y.

Where

p = Frictional angle=tan™p
=tan*(0.03) =1.7°
tan15.25°

x ——— —  — = 0.8498 or 84.98%
tan(15.25° +1.7°)

n=0.95

AMSCE/MECH/DTS Page 58



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

We find that the actual efficiency is greater than the desired efficiency. Thus the
design is satisfactory.

15. Calculation of basic dimensions of worm and worm gears:

Axial module: mx = 8 mm

Number of starts: z; = 3

Number of teeth on worm wheel: z; = 72
Face width of worm wheel: b = 66 mm
Length of worm: L >(12.5+0.09z,)m , L> (12.5+0.09x 72)8=151.84mm
Centre distance: a=0.5m,(q+z,) =0.5x8(11+72) =332mm

Height factor: fo = 1
Bottom clearance: c¢=0.25m, =0.25x8=2mm

d,=gxm,=11x8=88mm

d,=z,xm, =72x8=576mm
d,, =d, +2f,.m, =88+2x1x8=104 mm
d,, =(z, +2f)m, =(72+2x1)8 =592
di, =d, —2f,.m, —2.c=88-2x1x8
di, =(z,—2f)m, —2.c=(72-2x1

Pitch diameter:

Tip diameter:

2=68mm
x2 =556 mm

Root diameter:

d transmits 12KW to a
he worm wheel should be 60 +
n efficiency of at least 82% is

11. A hardened steel worm ro
phosphor bronze gear.
3%rpm. Design a wor
desired. (April/May 20

Given data:

to this problem, power has to be changed to 20HP=15 kW and efficiency is 80%

gear ratio (1) :

=24+0.72
takei=24
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Step 2: Selection of Material:

Worm = Hardened steel

Worm wheel = Phosphor bronze
Step 3: Calculation of Z; and Z,:

From PSGDB 8.46, table 37.

For n=82% ,Z,=3

Z,=ix2Z,

=24x%3

Z,=72
Step 4: Calculation of q and H:

Case 1: To find diameter factor (q):

From PSGDB 8.43, table

Initially we a

Case 2: To find Lead

Step 5: Calculation of ‘F¢’ in terms of ‘m,’:

P
Tangential Load F, =—xK,
v

Case 1: To find the velocity v

v nd,N,
60x1000
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From PSGDB 8.43 , table 35
d, =Z,xm,

_nxZ,xm xN,
60x1000

B nx72xm x60
~ 60x1000

v=0.226m, %

Case 2: to find shock factor (KO):

Assume medium shock,

K,=15
3
= 12x10 <15
0.226m
F = 79646.02

t

Case 1: To fin

GDB'8.51 , assume v=5m/s

c 6

6+Vv

6

6+5

C, =0.545
Case 2: To find (F,):
79646.02 1
F, = X
m, 0.545
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_1460177.70
m

Step 7: Calculation of beam strength (FS) in terms of (mx)
From PSGDB 8.51

E =TEXII1XXbX[Gb]Xy1

Where ,
b=0.75d, From PSGDB 8.48 , table 38
=0.75xqxm,
=0.75x11xm,
=8.25m
y' =0.125 8.5 sume o =20°

Form factor y

From PSGDB 8.45 | table 33
=nxm x825bm x80x0.125
=259.18 mi
Step 8: Calculation of Axial module (mx)
W.K.T F >F,

S

S 146017.70
T m

X

259.18xm’
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m_2>8.26mm
From PSGDB 8.2 , Table 1.
The nearest higher standard axial module
m, =10mm.

Step 9: Calculation of b, d; and v:

Case 1: To find the face width (b):

b=8.25m_ From step 7

=82.5mm

Case 2: To find pitch diameter of the worm whe

d,=Z,xm,_

Case 3: To find the pitch lin ocit m wheel (v)

V= Fr tep 5, case 1.

X

6x10
v=226m/s
Step 10: Recalcu strength.

From step 7

6 6

=0.726

" 6+v 6+226

~79646.02  79646.02
m

X

F

t

=7964.602N From step 5 case 2
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7964.602
F =000
0.726

F, =10970.53N

Step 12: Check for beam strength.

We find F, <E.. the design is safe.

Step 13: Check for Maximum wear load (FN):

From PSGDB 8.52
F, =d,xbxK,
K, =0.56N/mm” From PSGDB 8.54 , table
E, =720x82.5%0.56
F, = 33264N

Step 14: Check for efficiency.

nact From PSGDB 8.49

Where, p=tan" =0.03 From PSGDB 8.49

tan15.25
tan(15.25+1.7)

We find that the actual efficiency is greater than
The design is safe.

Moory = 84.98%

Step 15: Calculation of basic dimensions of worm and worm gears.

From PSGDB 8.43 , table 35

Axial module: m, =10mm

No. of starts: Z, =3
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No. of teeth on the worm wheel: Z, =72

Face width of the worm wheel: b=82.5mm

Length of the worm: L > (12.5 +0.09Z, )mx
=(12.5+0.09x72)10

=189.8mm

Take L =190mm
Centre distance: a=0.5m,_ (q + Zz)
a=05x 10(11 +72)

a=415mm

Height factor: £, =1
Bottom clearance:
Pitch diameter: d, =qx
d,=7
=110+2x1x10=130mm

Tip diameter:d,, =d,

Jm, =(72+2x1)10 = 740mm

Root diameter: =d, -2f,xm _-2C

—2x1x10-2x%x2.5
=85mm

dy, =(Zz —2f0)mx -2C
=(72—2><1)><10—2><2.5

=695mm.
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12. Design a bevel gear drive to transmit 3.5 KW with dividing shaft is
200 rpm. Speed ratio required is 4. The drive is no - reversible
pinion is made of steel and wheel made of steel and wheel made of
CI. Assume lite at 25000 hrs. (April/May 2017)

Given data:

P =3.5KW

i=4

N, =200rpm.

Material = Pinion — Steel
Wheel - CI

The materials of pinion and gear are different, we have
and check the gear.

Step 1: Gear ratio & Pitch angles:

Pitch angles:

From PSGDB 8.34

Pinion: Steel, 6, =700N / mm® o, = 360N /m?

Gear: CI grad 35 - 6, =350N / mm?

Step 3: Gear life in cycles:
Gear life in hours  =25000hrs.

Gear life in cycles N =25000x800x 60
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=12x10° cycles.

Step 4: Calculation of initial design torque [M¢]:

From PSGDB 8.44,

[M,]=M, xKxK_

M

_60xP  60x3.5x10°

" 2aN, -

KK, =13 initially assume.

[M,]=41.

=54.31 Nm.
Step 5: Calculation of Eq,

To find Ecq.

2 xtx800

778x1.3

[ob] and [oc]:

E., =17x10°N /mm? Fro

To find [ob1] Design bending stress

14K,

[Gbl] K. xo—1

=315N / mm”.

[ou]- 1.4x1
P9 5%1.5

To find [Gcl] :

[64]=Cr HRCxK,

x315=117.6N / mm?°.

=41.778N.m

GDB 8.18 rotation in one direction

From PSGDB 8.20, table 22.

From PSGDB 8.19, table 21

From PSGDB 8.19, table 20

, for forged steel. From PSGDB 8.19, table 19
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Cr=23

HRC =40to55
Ko =1

[0, ]=23x55x1

=1265N / mm®

Step 6: Calculation of cone distance (R).

2
E._[M
chpy\/i2+13[ 0'72[ ]] (EeaM]
GC

(¢, -05) i

(Py=R6=3

R23\/42+1\/{ 0.72

(3-0.5)x1265

R =136mm.

Step 7: Selection of No. o inion and gear.

Z, =20

Z, 20

= =20.61021
cosd, cos14.04

Virtual no. eth: Z,, =

Z, 80

= =329.76 [1 330
cosd, €0s75.96°

From PSGDB 8.22. Z , =

Step 8: Calculation of transverse module: (my¢).

M, =

L0522 +22

From PSGDB 8.38 table 31
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136

0.5+/20% +80?
=3.29mm
From PSGDB 8.2, table 1, choice 1.
The nearest next higher standard transverse module m; =4mm.

Step 9: Revision of cone distance: (R)

R=05mZ>+Z2

=0.5x4+/20% + 80>
=164.92mm.

Step 10: Calculation of b, m,, , diav, v and oy :

(vi) To find b: b= R _164.92

Py

=54.97 1155 PSGD

(vii)  Average module m, =m GDB 8.38

=m_ xZ,

(viii) Avera 1y =1

=3.33x20

= 66.66mm.

(ix) Pit velocity v = Sy XNy _ 1x66.66x800 _ 279/

60 60x1000

= i =0.83
66.66

lav

Step 11: Selection of Quality of gears.
Is Quality 8 bevel gear is selected. From PSGDB 8.3 table 2.
Step 12: Revision of design torque [M¢]:
[Mt]th xKxK,

K=11 From PSGDB 8.15

AMSCE/MECH/DTS Page 69



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

K,=145 From PSGDB 8.16 table 15.
[Mt]:41.778><1.1><1.45

= 66.64Nm.
Step 13: Check for bending of pinion.

RVIZ+1[M,]

(0} =
. (R- 0.5b)2 xbxm, xy ,

From PSGDB 8.13[A].

y,, =0402 for Z , =21

164.9242 +1 % 66.64x10°
(164.92 -0.5x55)" x 55

Op1

., =27.13N/mm’
We find o, < [Gbl]. .. the design is safe.

Step 14: Check for wearing of pi

P

rom PSGDB 8.13

ok

»
x1.7x10° x66.64 x10°

Gear material: CI grade 30.

First we have to calculate [sz] and [Gcz].

Gear life of wheel N = %
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B 12x10%
3

=4x10°
To find [sz]:

 14xK,,

[sz] = hX—I<cXG_1

Where,

7 7
Kb1=</10 =§/ 0066

N 4x10°

o, =0450, =0.45x350 =157.5N /

1.4x0.66
[GbZ] = Wx 157.5

=60.64N.mm?.

To find [ccz] :

=322.92N / mm®.
Case 1: Check for bending of gear.
Gp1 x YVl =G X YVZ

vy, =0.402 for Z,=21

y,,=0521 for Z, =330
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27.13x0.402 = 5,, x0.521
6,, =20.93N / mm”.
Opy < [sz]. .. design is safe.

Case 2: Check for wearing of gear.

Since the contact area is same.

. 6, =0, =314.77N / mm’
We find o, < [ccz]. It means the gear having the ade

The design is safe and satisfactory.

13. Design a worm gear drive to transmit 22.5 of 1440
rpm. velocity ration is 24:1. An efficiency ired. The

temperature raise should be restricted to

cooling area. (Nov/Dec 2017)

Given data:

P =225KW
N, =1440 rpm
i=24

ndesired = 85%

Worm = Hardened steel

Worm wheel = Phosphor bronze.
Step 3: Calculation of Z; and Z,

From PSGDB 8.46 , table 37

For, n=85% , Z,=3 DA
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 Z,=1ixZ, N 24
2
=24x3 N, = 60rpm.
Z,=72.

Step 4: Calculation of q and H:

Case 1: To find diameter factor (q).

From PSGDB 8.43 , table 35, and PSGDB 8.44
q=m,xd,

Initially we assume q = 11.
Case 2: To find Lead angle (H) .

From PSGDB 8.43 , table 35

Case

_mxZ,xm xN,

60x1000

~ mx72xm, x60
60x1000
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v=0.226 m m/s
Case 2: To find tangential load
Assume medium shock
K,=15.

_22.5x10°

=———x1.5
0.226m

149336.28
m

X

Step 6: Calculation of dynamic load (Fq4)

Case 1: To find velocity factor (C,).

From PSGDB 8.51 , assume v= 5 m/

Case 2: To find (Fq).

149336.28 " 1

F, =

m,_ 0545
27401153
m

Step 7: Calculation of beam strength (F;) in terms of (m,).

From PSGDB 8.51
E =nxm xbx[c,|xy"

Where,

* b=0.75d, From PSGDB 8.48 , table 38
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=0.75xqxm,
=0.75x11xm,
=8.25m_

* y' =0.125 From PSGDB 8.52,

Assume o=20°

Form factor y=0.392

y' = y From PSGDB 8.53 , table 4
T

- 0.392
T

=0.125

le 33

*+ [0,]=80 N/mm® From PSGDB 8.45

Step 8: Calculation of Axial

From PSGDB 8.51

25018 m? > /201190
m

X

m, >10.18 mm.

The next n t higher standard axial module

m, =12 mm.
Step 9: calculation of b, de and v:

Case 1: To find face width (b).

b=825m_  From step 7

=8.25x12

AMSCE/MECH/DTS Page 75



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

b=99 mm
Case 2: To find Pitch diameter of the worm wheel (dz).
d,=Z,xm,_ From step 5, case 1.
=72x12
d, =864 mm

Case 3: To find the Pitch line velocity of worm wheel (v)

v=0.226 m  From ste case 1.

=0.226x12
v=2712m/
Step 10: Recalculation of beam strength.
F =259.18 m’ From step 7.
=259.18x12°
F, =37321.92 N

Step 11: Recalculation o

B 6 B 6
Vo6+v 6+2.712

=0.688

% =12444.69 N From step 5 , case 2.

F, =18088.21 N

Step 12: Check for beam strength.

We find F, >F, . .. the design is safe.

Step 13: Check for maximum wear load (Fy).

From PSGDB 8.52
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F, =d,x6xK,
* K, =056 N/mm® From PSGDB 8.54 , table 43.
F, =864x99x0.56
F, =47900.16 N .

We find F, >F, . .. the design is safe.

Step 14: Check for efficiency.

tanH
Nactual = 0-95XL From PSGDB 8.49

tan(H+p)
Where , p=tan™ (H) Assume H = 0.03From
p=tan~ (0.03)

=1.7°

 0.95x tan15.25
Mot = (15.25+ 1.7

=0.85

iciency is equal to the desired efficiency.

Step

From PSGDB 8.52 (1—n)xInput Power =K A (t,—t,).
Assume K, =10w /m?*°c

(1-0.85)x22.5x10° =10x A x 40

Required cooling Area , A =8.44 m’

Step 16: Calculation of basic dimension of worm and worm wheel.
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From PSGDB 8.43 , table 35.

e Axial module: m, =12 mm
e No. of starts: Z, =3
e No. of teeth on worm wheel: Z,=72

e Face width: Db=99 mm.
e Length of the worm:L >(12.5+0.09Z, )m,

= (12.5+0.09x72)12

=227.76 mm.
L[] 228 mm.

e Centre distance: a=05m_(q+Z,)
=0.5x12(11+72)

a =498 mm.

e Height factor: f,=1.

e Bottom clearance: ¢=0.25my =
c=3

e Pitch diameter:

d, =Z,+2f, xm_
=(72+2(1))12

=888 mm.

d;, =d, —2f,xm_-2c
=132-2x1x12-2x3

dy, =(Z, -2f,)m, —2c

=(72-2x1)12-2x3

d;, =834 mm
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14. Design a straight bevel gear drive between two shafts at right angles to
each other. Speed of the pinion shaft is 360 rpm and the speed of the gear.
Wheel shaft is 120 rpm. Pinion is of steel and wheel of cast iron. Each gear
is expected to work 2 hours / day for 10 years. The drive transmits 9.35

KW. (Nov/Dec 2017)

Given data: 0=90°; N, =360rpm ; N, =120rpm;
P =9.37KW

To find: Design the bevel gear drive.

Solution: Since the materials of pinion and ge i ave
to design the pinion first and check the gear.
N, 360 3

1. Gear ratio: j=—L=""1=
N, 120

Pitch angles: tand, =i=3 or §, =tan" (3)=71.56° fro GDB 8.39

Then, &, =90°—35, =90°—71.562

2. Material selection: Pinion 7OON/ mm? and c, = 360 N/ m?

o, =350N/mm?®

3. Gear life in hours )% (365days/year x10years) = 7300hours

7300 %360 %60 =15.768x 10 cycles
torque [M¢]:

Gear li

4. Calculation of i

that, [M,]=M, xKxKj

_60xP 60x9.37 x10°
27N, 21 x 360

=248.6N —m and

Mt

K-K,; =13, initially assumed.

[M,]=248.6x1.3=323.28N-m

5. Calculation of E¢q ,[csb] and [GC]:

To find Eeq: E

e

. =1.7x10° N/mm® From PSGDB 8.14

To ﬁnd[cbl] : We know that the design bending stress for pinion,
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1.4K,,
n-K_

[GM] = xo_,, for rotation in one direction

Where K, =1, for HB<350 and N >10" From PSGDB 8.20, table 22
K, =15, for steel pinion From PSGDB 8.19, table 21
n=2.5, steel hardened  table 20, PSGDB 8.19

c,= 0.25(Gu + Gy)+50 , for forged steel - From PSGDB 8.19y table 19

—0.25(700+360)+50 = 315N/mm>

1.4x1

_ _ 2
[00]= T5.s 315=1176 N/mm

To find [Gcl] : We know that the desig
[64]=Ck -HRCxK,

Where C,=23

<350 and N >10" From PSGDB

2
E
0.72 x — [Mt] From PSGDB
(v, -05)[s,]

1

R2\|1y\/12+13[

ere  y, =R/b=3, initially assumed.

2 Z ;
R>3 /—32+1i/{( 0.72 } _17x10° x323.28x10

3-0.5)1150 3

>99.36

or R=100mm.

AMSCE/MECH/DTS Page 80



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

7. Assume 7, =20; Then Z, =ixZ, =3x20=60

Virtual number of teeth: Z, = Z, 20 022; and
cosd, cos18.44°

Z, 60
2 cosd, 0s71.56°

190.

From PSGDB 8.39

8. Calculation of transverse module (m¢):

We know that, From >table 31

R
m=—————
C 0522+ 22

10 3.162

00
0.5+/20% +60°

From PSGDB 8.2 , table 1. Under choice
transverse module is 4mm.

he neare igher standard

9. Revision of cone distance (R):
20% +60* =126.49mm

10.

From PSGDB 8.38

42 16 xsin18.44°
20

PSGDB 8.38

d, =m,_xZ, =3333x20=66.66mm

lav

Pitch line velocity (v):

Ve nxd,,, xN;, 7wx66.66x107°x360 1.256m/s
60 60 '
b 42.16
= =—=0.632
Yy T d T 66.66

lav

11. IS quality 6 bevel gear is assumed From PSGDB 8.3 , table 2
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12. Revision of design torque [M,|:
We know that, [M,]=M, xKxKj

Where K=11

K, =135

[M,]=248.6x1.1x1.35=369.28N —m

13. Check for bending of pinion: We know that the induce ding stress,

RViZ+1[M,]

= 5 From PSG
(R —O.5b) xbxm,xy ,

Op1

Where vy, =0402, for Z , =22

o - 12649437 +1 x369.28
" (126.49-0.5x42.16)° x 42416 x

We find o,, >[o,,]. Thus th

Trial 2: Now we will t i verse module Smm. Repeating
from step 9 again,

R=0.5xm,x

.7mm

_5_ 52.7 x 52151 18.44 — 4166mm

d,,, =m,  xZ =4166x20=_83.33mm

lav

_mxd,,, xN; 7©x83.33x107 x360

60 60

=1.57m/s

b —£=0.632
d

8333

Yy =

lav
IS quality 6 bevel gear is assumed.

K=11; K,=135
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M, =248.6x1.1x1.35=369.28N —m

2 3
.. - 158.11/3% +1x369.28 x 10 _100.4N/mm?

(158.11-0.5x52.7)" x 52.7 x 5% 0.402

Now we find o, < [Gbl] , thus the design is satisfactory.

14.Check for wearing of pinion: We know that the induced contact stress,

erq X[Mt]

_( 0.72 j (i2+1)

<\ R-05b ib

32 41)
=( 0.72 j ( ) x1.7 x
158.11-0.5x52.7 3x52.7

=612.33N/mm’
We find o, < [Gc1]. Thu tisfactory for pinion.

15.Check for gear (i.e., wh : i CI grade 30.

_ 15.768x 107

=5.256x10" cycles

[ 107

0 _ =0.832
N V5.256x10

n=2 & o, =045c, =0.45x350 = 157.5N/mm”

1.4x0.832

_ _ 2
[csbz]_—le2 x157.5="76.44N/mm
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To find [sz]: We know that the design contact stress for gear,
[0c.]=Cs xHBxK
Where C;=23

HB =200 to 260

K—§/107—i/ 10’ =0.758
d N 5256x107

[6cs] =2.3%260x0.758 = 453.284 N/mm?

(c) Check for bending of gear: The induced ben ar can
be calculated using the relation

Op1 XYv1 =02 XYy

Where

or

We find o,is Thus the design is okay and it

can be accepted.
wearing of gear: Since the contact area is same,

» =0, =61233 N/ mm?

> [csd] . It means the gear does not have adequate beam

. In order to increase the wear strength of the gear, surface
may be raised to 360 BHN. Then we get

[6,,]=2.3%360x0.758 = 627.62N/mm”

Now we find o, > [sz], thus the design is safe and satisfactory.
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15. Design a bevel gear drive to transmit 7 kW at 1600 rpm for the following
data. Gear ratio= 3, Material for pinion and gear -C45 steel, Life 10,000
Hours. (April/May 2018)

Given data: N, =360rpm ; N, =120rpm; P=9.37KW

***similar to this problem, Change the power to be N:=1600 rpm and the Material for
pinion and gear -C45 steel,

To find: Design the bevel gear drive.

Solution: Since the materials of pinion and gear are di nt, we have
to design the pinion first and check the gear.

16.Gear ratio: i=&=@=3
N, 120

Pitch angles: tan3, =i=3 or §, =tan™" (3)
Then, &, =90°-5, =90°-71.56° = 18.44°

17.Material selection: Pinion N/ mm?® and

360x60 =15.768x10’ cycles
sign torque [M¢]:

[M,]=M, xKxK,

_60xP _ 60x9.37x10°
" 27N, 271tx 360

M =248.6N —mand

K-K,; =1.3, initially assumed.

[M,]=248.6x1.3=323.28N-m

20.Calculation of Ecq , [Gb] and [GC]I

To find Eeq: E,, =1.7x10°N/mm?” From PSGDB 8.14

(&

To ﬁnd[cbl] : We know that the design bending stress for pinion,
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14K,
n-K

(o2

[Gm] = xo_,, for rotation in one direction

Where K,, =1, for HB<350 and N >10" From PSGDB 8.20, table 22
K, =1.5, for steel pinion From PSGDB 8.19, table 21
n=25, steel hardened table 20, PSGDB 8.19

G, = 0.25((5u +Gy)+50 , for forged steel - From PSGDB 8.1

=0.25(700+360)+50 = 315N/mm”

Lo 315 2117.6N/mm?

2.5x1.5

[0n]=

<350and N >10" From PSGDB

(v,-05 i

Zwy\/i2+13[

2
E, [M
0.72 EalM b pseps
)(o.]

ere  y = R/b =3, initially assumed.

2 s ;
R>3 /—32”{( 0.72 } _17x10°x323.28x10

3-0.5)1150 3

>99.36
or R=100mm.
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22.Assume Z, =20; Then Z, =ixZ, =3x20=60

Virtual number of teeth: Z, = Z, = 20 022 ; and
cosd, cos18.44°

Z, 60
"2 cosd, c0s71.56°

From PSGDB 8.39 [1190.

23.Calculation of transverse module (my):

R

BN

=3.162

We know that, m From P. table 31

100
0.5v/20% + 607

From PSGDB 8.2 , table 1. Under choice
transverse module is 4mm.

he nearest higher standard

24 Revision of cone distance
J20% +60% =126.49mm

We know that, R =0.5m

25.Calculation of b,

Face width =42.16mm From PSGDB 8.38
Average modu
4 42.16xsin18.44 PSGDB 8.38
20
=3.333
cd of pinion (d,,,): d,,, =m,, xZ, =3.333x20 = 66.66mm

Pitch line velocity (V) :
_mxd;,, xN;  1x66.66x 107 x 360

v =1.256m/s
60 60
b 4216
_ b 3216 46ap
YT 1 T 66.66

lav

26.1IS quality 6 bevel gear is assumed From PSGDB 8.3 , table 2
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27.Revision of design torque [Mt]:

We know that, [M,]=M, xKxK,

Where K=1.1

K, =135

[M,]=248.6x1.1x1.35=369.28N—m

28.Check for bending of pinion: We know that the induce ding stress,

RVi2+1[M,]

= > From PSG
(R - 0.5b) xbxm,xy,

Op1

Where vy, =0402, for Z , =22

o __ 126493’ +1x369.28x
" (126.49-05x42.16)" x 4246 %

We find o, > [Gbl]. Thus th

Trial 2: Now we will t i verse module Smm. Repeating
from step 9 again,

R=0.5xm,x

7mm

_5_ 52.7 x 521(1)1 18.44 — 4166mm

d, =m, xZ, =4166x20=8333mm

lav

3
_ nxd,,, xN; _ mx83.33x10™" x360 _157m/s
60 60
b 52.7
= =—=0.632
Yy T4 T 8333

lav

IS quality 6 bevel gear is assumed.

K=11; K, =135
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M, =248.6x1.1x1.35=369.28N —m

158.11\/32 +1x369.28x10°

Gy = - =100.4N/mm”’
(158.11-0.5%52.7)" x 52.7 x 5% 0.402

Now we find o, < [Gbl] , thus the design is satisfactory.

29.Check for wearing of pinion: We know that the induced contact stress,

N =

xE,, x[Mt]

_( 0.72 j (i2+1)°

< {R-05b ib

x1.7 x

3
_( 0.72 j (3°+1)
158.11-05x527 )| 3x52.7

=612.33N/mm’

We find o, < [GCl]. Thu tisfactory for pinion.

30.Check for gear (i. CI grade 30.
First we have to c
15.768x 107
Gear 1 = . =5.256x10" cycles

107

0 _=0.832
5.256x 10

., =0456, =0.45x350 = 157.5N/mm?
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1.4x0.832

[0.]= > x157.5=76.44N/mm*

x1.2
To find [cbz]: We know that the design contact stress for gear,
[0c,]=Cy xHBxK,
Where C; =23

HB =200 to 260

K—§/107—§/ 107 =0.758
d N 5.256x107

[60,]=2.3%260x0.758 = 453.284N

(e) Check for bending of gear: The i
be calculated using the relatio

stress for gear can

Thus the design is okay and it

r wearing of gear: Since the contact area is same,

6., =6, =612.33N/mm’

e find o, > [GC2] . It means the gear does not have adequate beam

strength. In order to increase the wear strength of the gear, surface
hardness may be raised to 360 BHN. Then we get

[0, ] =2.3x360x0.758 = 627.62 N/mm?’

Now we find &, > [Gb2], thus the design is safe and satisfactory.
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16.The input to the worm gear shaft is 18KW at 600rpm. Speed ratio is 20.
The worm is to be of hardened steel and the wheel is made of chilled
phosphor bronze. Considering wear and strength, design worm and worm
wheel. (April/May 2018)

Given data:
N, =600rpm

P=18KW

1=20
Step 1: To find gear ratio (i)

i= II:TI_i =20(given)

_ 600
NZ

20

N, =30rpm.

Step 2: Selection of Materai

table 37
Z, =3

Z,=ix7Z,=20x3

Case 1: To find diameter factor (q)

From PSGDB 8.43 , table 35, and PSGDB 8.44

Initially we assume gq= 11.

Case 2: To find Lead angle (H)
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From PSGDB 8.43, table 35

tanH = é
q

H=tan (%)

H=15.25°

Step S5: Calculation of (F7) in terms of (mx).

Ft =E><KO
A%

Case 1: To find the velocity v’

v nd,N,
60x1000

From PSGDB 8.42 , table 35

Case 1: To find velocity factor (C,):

From PSGDB 8.51, assume v=5m/s
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C, =0.545

_ 28723404 1
m 0.545

X

E,

_ 527034.94
m

X

Step 7: Calculation of beam strength (Fs)

From PSGDB&.51,
F =nxm,_ ><b><[(5b]><y1

Where,

b=0.75d, From PSGDB 8.48,
=0.75xqxm,
=0.75x11xm,
=8.25m_
y' =0.125

From P Assume o =20°

[c,]=110 SGDB 8.45, table 33

527034.94

m

X

356.37m> >

m, >11.4mm.

From PSGDB 8.2, table 1. The next nearest higher standard module mx =
12mm.

Step 9: Calculation of b , d2 and v:
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From step 7 = b=8.25xm_
=8.25x12
b=99mm

From step 5, Case 1 = d,=Z,xm_ =60x12
=720mm

From step 5, Case 1 = v=0.094xm_=0.094x12

=1.13m/s
Step 10: Recalculation of beam strength (Fs)

F, =356.37 xm’ From step

=356.37 x12°

F. =51317.28N

Step 11: Recalculation of dy clo

=23936.17N

The design is safe.
:,Check for maximum wear load (Fv):

From PSGDB 8.52

F,=d,xbxK

K, =0.88N/mm* From PSGDB 8.54 , table 43.

E, =720x99x0.88 = 62726.4N

We find F, >F, The design is safe.
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Step 13: Check for efficiency.

tanH
Nactuar = 0-99% L From PSGDB 8.49
tan(H+e)
Where, e=tan"' (M), Assume M =0.05

e =tan (0.05)=2.86°

. 0.95x tan15.25
. nact'ual : tan (15‘25 + 2.86)

=0.792

T'lactual = 79 2%

We find that the actual efficiency is ter than the desired efficiency.
The design is safe.
Step 14: Calculation of basic dim

*  Axial module:

* No. of starts:

* Face wi : b=99mm
L> (12.5 +0.09Z, )mX

= (12.5+0.09x60)12

=214.8mm

L1 215mm

ntre distance: ~ a=0.5m,(q+Z,)

=0.5x12(11+60)
a=426mm.

* Height factor: f, =1

* Bottom clearance: C=0.25m =0.25x12=3mm

* Pitch diameter: d, =gxm_ =11x12=132mm
d, =720mm

* Tip diameter:
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d,, =d, +2f, xm, d,, =(Z,+2f,)m,
=132+2x1x12 =(63+2(1))12
=156mm =744mm

* Root diameter:
d;, =d, -2f,xm _-2c de:(Zz—Zfo)mx—2

=132-2x1x12-2x3 =(60-2x1)12—
d;; =102mm =690mm

17.Design a pair of bevel gears to transmit speed of
1440rpm. Required transmission ratio is
1Mo 15 steel (BHN 400). The tooth
composite form. Assume minimum nu

medium shock conditions. (Nov/Dec201
Given data:
P =25KW

N, =300rpm

N, =120rpm
bl m, change the power, speeds and material.
Step 1: Selection of
From oth pinion and gears C45 steel is selected.

Step 2: o. of teeth, virtual number of teeth and pitch angles:

N, 300

—_—— = =

N, 120
~i=25,

Case(1): Calculation of no. of teeth Z; & Z»

Z, =20 Assume
Z,=ixZ

=2.5%x20
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=50

Case 2: Calculation of virtual no. of teeth Z¢1 & Z»

From PSGDB 8.39 From PSGDB 8.39
Z
7, =2 5,=90°— 5
V17 Cos s, 1 2
20 _o1s402 tans, =
cos21.8°
- % >0 5, = tan' 2.5 = 68.2°

"2~ c0s5, 00s68.2

=134.6411135 o9, =21.8°

Step 4: Calculation of tangential load (Fy).

Where

x* K,=15 for mediums
Ve nd, N,

60
From PSGDB 8.

d,=m,xZ

v X m, x 20x 300
60x1000

v=0.314 m, m/s

25x10°
F=——7—x1.
0.314m,
119366.21
F=——7——
m

t

Step S5: Calculation of initial dynamic load (Fd).
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From PSGDB 8.52

, assuming v=5m/s

C 5.5
Y 5.5+\/V

5.5

5.5++/5

c,=0711

_119366.21 1
m, 0.71

. F,

Step 6: Calculation of beam strength (Fs)

From PSGDB 8.52,

Where,

b=10xm, From

[c,]=180

=0.154 ——
y'=0.112
R = cone radius = 0.5m+m From PSGDB 8.38 , table 31
= 0.5xm, /20 +50°
R =26.93m,
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. F=m xmtx10x mt><180><0.112><[26'93mt _1om‘:|

26.93m,

=398.16 m’

Step 7: Calculation of transverse module (my):

From PSGDB 8.51

398.16 m? > 10799548

mt
m,=>7.5

From PSGDB 8.2 , table 1, choice 1. The next ne
m, =8mm .

igher stand

Step 8: Calculation of b; d; and v:

* Face width b=10xm,
=10x8

=80 mm

Pitch circle diameter, d, =

60 %1000
v=251m/s

Step 9: Recalculation of beam strength:

F =398.16 m’ From step 6

=398.16x8°

F, =25482.24 N
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Step 10: Calculation of accurate dynamic load (Fq).

From PSGDB 8.51

E_F4 21v(bc+F)
o 21v+./bc+F,
Where,
P
* %
B 25x10°
251

=9960.16N 7961.78N

* (C=11860 e From PSGDB 8.53, table 41,
e=0.019 , for module upto 8 , precision g

..C=11860x%0.019 =225.34N/mn

21x 2.51><103(80
21x2.51x10°

. F,=9960.16 +

F, =37858.96 N

Step 11: Check for beam s

We find Fq > Fs . Design is n

In order to over ncrease the module 10mm.

. F,=3041523 N

~ E>F sign is safe.

Step 12: C tion of maximum wear load. (Fy)
0.75xd, xbxQ'xK,
F,= From PSGDB 8.51
COS O,
x Q'= 22 From PSGDB 8.51
Zv1 + Zv2

_ 2x135
22+135
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Q' =172

x K, =2.553 N/mm? | for steel hardened to 400 BHN,

F_ 0.75x200x100x1.72x 2.553
v c0s21.8°

F, =70940.66N

Step 13: Check for wear:

Fw > Fq4 . Design is safe
Step 14: Calculation of basic dimensions of pinion and gear.

From PSGDB 8.38 , table 31.

* Transverse module: m, =10mm
* Number of teeth: Z, =20, Z,=50

*  Pitch circle diameters: d;, =200mm

d,,=m,(Z,+2cos3,)
=10(50+2c0s68.2°)

* Tip diameter: Ay

d,, =507.43mm

Height factor:

* tan0,, =tanb6,_, = m, xfy
Rl
~10x1
269.3
=0.037

* Deddendum angle:

m, (£, + )

tan0O,, =tan0,, = R
1
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_10(1+0.2)
269.3
=0.045
0;, =0;, =2.55°
* Tip angle:  6,,=9,+0,, d,,=0,+0,,
=21.8+213 =68.2+2.13
5, =23.93° d,, =70.33°
* Root angle: 0o, =9, +06, O, =90, +0,,
=21.8+2.55 =68.2+2.5
O =19.25°

*  Virtual number of teeth:

18. A hardened steel worm rot
phosphor bronze gear. The s
Design a worm gear drive
Assume ¢g=1, mediu
(Nov/Dec 2018)

pm and transmits 12KW to a
wheel should be 60 + 3%rpm.
of at least 82% is desired.
, v=bm/s, pressure angle 20°

Given data:

Step 1: To

=24+0.72
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takei=24

Step 2: Selection of Material:

Worm = Hardened steel

Worm wheel = Phosphor bronze

Step 3: Calculation of Z; and Z,:
From PSGDB 8.46, table 37.
For n=82% ,Z,=3
Z,=1ix7Z,
=24x3
Z,=72
Step 4: Calculation of q and H:

Case 1: To find diameter factor (

From PSGDB 8.43, t

H=tan™ (ij
11

H=15.25°

Step 5: Calculation of ‘F¢’ in terms of ‘m,’:

P
Tangential Load F, = —xK
\

Case 1: To find the velocity v
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ve nd,N,
60x1000

From PSGDB 8.43 , table 35
d, =Z,xm,

_nxZ,xm xN,
60x1000

B nx72xm %60
~ 60x1000

v=0226m, m/

Case 2: to find shock factor (KO):
Assume medium shock,
K,=15

_ 12x10°
©0.226m,

ocity factor (C,) :

rom PSGDB 8.51 , assume v=5m/s

c b
6+v
_ 6
6+5
C,=0.545

Case 2: To ﬁnd(Fd):
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_ 7964602 1

F
d m,  0.545

_ 1460177.70
m

Step 7: Calculation of beam strength (Fs) in terms of (mx)

From PSGDB 8.51

F =nxm xbx[c,|xy'

Where ,
b=0.75d, From PSGDB 8.48 , table 38
=0.75xqxm,
=0.75x11xm,
=8.25m_
y1 =0.125 B 8.52 , Assume o =20°

=0.125

»]=80N/mm*  From PSGDB 8.45 , table 33
~.F, =nxm, x825m, x80x0.125
=259.18 m’
Step 8: Calculation of Axial module (m,)
W.K.T E >F,

S

S 146017.70
. m

X

259.18 xm>
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m,_>8.26mm

From PSGDB 8.2 , Table 1.

The nearest higher standard axial module
m_=10mm.

Step 9: Calculation of b, d> and v:

Case 1: To find the face width (b):

b=825m_ From step 7

Case 3: To find the pitch lin wheel (v)

m step 5, case 1.
=0.226x10
v=226m/s

Step 10:

From step 7

=259.18x10?

F. =25918N

6 6
V. 6+v 6+226

=0.726
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_79646.02  79646.02

F, =7964.602N From step 5 case 2
mX
7964.602
Fi=——
0.726

F, =10970.53N

Step 12: Check for beam strength.

We find F, <E.. the design is safe.

Step 13: Check for Maximum wear load (FN):
From PSGDB 8.52
F,=d, xbxK

e 43

K, =056N/mm* From PSGDB 8.54 ,
F_ =720x82.5x0.5
F, =33264N

Step 14: Check for efficie

nH

——— From PSGDB 8.49
n(H+e)

Assume M =0.03 From PSGDB 8.49

8 tan15.25
tan(15.25+1.7)

=0.8498 We find that the actual efficiency is greater than

the desired efficiency. .. The design is safe.

nactual = 8498%

Step 15: Calculation of basic dimensions of worm and worm gears.

From PSGDB 8.43 , table 35
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Axial module: m, =10mm

No. of starts: Z, =3

No. of teeth on the worm wheel: Z, =72
Face width of the worm wheel: b=82.5mm

Length of the worm: L > (12.5 +0.09Z, )rnX

—(12.5+0.09x72)10

=189.8mm

Take L =190mm

Centre distance: ~ a=0.5m, (q+Z,)

a=05x10(11+72)

Height factor:

Bottom clearance:

=11x10=110mm

Pitch diameter:

Tip diameter: d +2f, xm_=110+2x1x10 =130mm
Z,+2f)m, =(72+2x1)10=740mm
d;, =d, —2f,xm_—2C
=110-2x1x10-2x2.5

=85mm

d,, =(Z,-2f,)m, -2C
=(72-2x1)x10-2x2.5

=695mm.
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19.Design a bevel gear drive to transmit 7kW at 1600rpm for the following data.
Gear ratio=3, Material for pinion and gear= C45 steel, Life 10,000 hours.

(April/May 2019)

Given data:

P =3.5KW

i=4

N, =200rpm.

Material = Pinion —Steel
Wheel - CI

The materials of pinion and gear are different, we have t ig
and check the gear.

*** similar to the probl

Step 1: Gear ratio & Pitch angles:

Pitch angles:

From PSGDB 8.34

Pinion: Steel, 6, = 700N / mm® c, =360N / m’

Gear: Cl grad 35- 0, = 350N/mm2
Step 3: Gear life in cycles:
Gear life in hours  =25000hrs.

Gear life in cycles N =25000x800x60
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=12x10° cycles.
Step 4: Calculation of initial design torque [M;]:
From PSGDB 8.44,

[M,]=M, xKxK,

3
M, = 60xP _60x3.5x10° _ 41.778N m
27N,  2x7mx800

KK, =13 initially assume.
[M,]=41.778x13

=54.31 Nm.
Step 5: Calculation of Ecq, [ob] and [o]:

To find Eeq.

E, = 1.7x10°N/mm®  Fr

To find [ob1] Design bending stress

14Kbl
[Gbl] B nxK_

PSGDB 8.18 rotation in one direction

K,, =1 ,for HB From PSGDB 8.20, table 22.

K_ =1.5, for steel pin From PSGDB 8.19, table 21

From PSGDB 8.19, table 20
c,= (0.2 Gy)+50) , for forged steel. From PSGDB 8.19, table 19

o, =0.25(700+360)+ 50

=315N / mm?.

1.4x1

“owl=5 4 1 £*315=117.6N /mm’,

To find [Gcl] :

[6.,]= Co HRCxK,,

AMSCE/MECH/DTS Page 110



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

C, =23
HRC =40to55
Ke, =1
[6.,]=23x55x1
—1265N / mm?

Step 6: Calculation of cone distance (R).

2

E
RZ(py\/i2+13 0.72 x —1 [Mt]
(9,-05)[c.] i

(py=R6=3

31x10°

1.7x10

RZ3\/42+1\/|:( 0.72

3-0.5)x1265

Tx

zZ, 20

= =20.61021
cosd, cos14.04

Virtual no teeth: ZV1 =

Z, 80

= =329.76 1 330
cosd, €0s75.96°

From PSGDB 8.22. Z , =

Step 8: Calculation of transverse module: (my).

Rl

' 0522 +72

M From PSGDB 8.38 table 31
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136

" 0.5420% + 802

=3.29mm

From PSGDB 8.2, table 1, choice 1.
The nearest next higher standard transverse module m: =4mm.

Step 9: Revision of cone distance: (R)

R =0.5m,Z2 + Z2

=0.5%x4+/20% +80°
=164.92mm.

Step 10: Calculation of b, may , diav, v and oy :

(vi)To find b: b= R 16492

Py

=5497115

no

(viij  Average module m,, =

55

(viii) Avera i : =m_, xZ,

=3.33x20
= 66.66mm.

xN,; _ mx66.66x800 =2_79rr/_
60 60 %1000 S

Step 11: Selection of Quality of gears.
Is Quality 8 bevel gear is selected. From PSGDB 8.3 table 2.
Step 12: Revision of design torque [M]:

[Mt]:Mthde

K=1.1From PSGDB 8.15

AMSCE/MECH/DTS Page 112



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

K, =1.45 From PSGDB 8.16 table 15.
[Mt]:41.778x1.1><1.45

= 66.64Nm.

Step 13: Check for bending of pinion.

RyI* +1
o, = 2+ [M,] From PSGDB 8.13[A].
(R - 0.5b) xbxm,xy,,

y,.=0402 for z =21

164.92V4% +1 x66.64x10°
(164.92-0.5x55)" x55x

Oy

G,, = 27.13N/mm’
We find o,; < [Gbl]. .. the design is safe

Step 14: Check for wearing of pini

o=
{

From PSGDB 8.13

Y

x1.7x10° x66.64 x10°

164.92-0.5 4 x55

Step 15: Cheek for gear.

Gear material: CI grade 30.

First we have to calculate [sz] and [Gcz]-

pinion

3

Gear life of wheel N =
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12x10°8
3

=4x10°
To find [sz]:

14xK,,

[04,]= K. X6,
Where,
-l
K,6=1.2
n=2

6, =045c, =0.45x350=157.5N /

s o] = % x157.5

=60.64N.mm”>.
To find [Gcz] :

[Gcz] =Gy

Where

=322.92N / mm?.

Case 1: Check for bending of gear.
Ob1 X Yvi =OCp2>X¥y2

y,, =0.402 for Z., =21

v

y.,, =0.521 for Z.,, =330

AMSCE/MECH/DTS Page 114



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

27.13x0.402 = &, x0.521
G,, =20.93N / mm’
b2 . .

Oy, < [sz]. . design is safe.

Case 2: Check for wearing of gear.

Since the contact area is same.

.. 6,=0, =31477N /mm’

We find o, < [Gcz]- It means the gear having the ade

The design is safe and satisfactory.

20.A hardened steel worm rotates at 144
phosphor bronze gear. The speed of
3%rpm. Design a worm gear drive i
desired. (April/May 2019)

12KW to a
should be 60 +
f at least 82% is

Given data:

N, =1440rpm
P=12KW

N, =60+3%rpm

ndesired = 827

i=D1 13

2

_ 1440 o,
60

=24+0.72
takei=24

Step 2: Selection of Material:

Worm = Hardened steel
Worm wheel = Phosphor bronze

Step 3: Calculation of Z; and Z,:
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From PSGDB 8.46, table 37.

For n=82% ,Z, =3
Z,=1x2Z,
=24x3
Z,=72

Step 4: Calculation of q and H:

Case 1: To find diameter factor (q):
From PSGDB 8.43, table 35, and PSGDB 8.44

Initially we assume q=11

Case 2: To find Lead angle (H):
From PSGDB 8.43 , table 35

tanH = é

velocity v

nd,N,
60x1000

rom PSGDB 8.43 , table 35

d,=Z,xm,

_nxZ,xm xN,

60x1000

_ mx72xm, x60
~ 60x1000
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v=0226m,_ m/

Case 2: to find shock factor (KO):

Assume medium shock,

K,=15
3
- 12x10° 15
0.226m
F = 79646.02
m

X

Step 6: Calculation of dynamic load: (Fd)

Case 2: To find

646.02 8 1
m 0.545

X

_ 1460177.70
m

X

Step 7: Calculation of beam strength (Fs) in terms of (mx)
From PSGDB 8.51
E =nxm xbx[c,]xy'
Where ,

b=0.75d, From PSGDB 8.48 , table 38

AMSCE/MECH/DTS Page 117



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

=0.75xqxm,

=0.75x11xm,

=8.25m_

y1 =0.125 From PSGDB 8.52 , Assume o = 20°

Form factor y =0.392

5 y1=X
T

0.392
n

=0.125

[6,]=80N/mm* From PSGDB 8 45, table 33

S B =nxm x825m x80x

=259.18

Step 8: Calculation of Axial mod

W.K.T

m? > 146017.70
m

X

m,_>8.26mm

, Table 1.
e nearest higher standard axial module

m_=10mm.
Step 9: Calculation of b, d> and v:
Case 1: To find the face width (b):
b=825m  From step 7

=82.5mm

Case 2: To find pitch diameter of the worm wheel (dy)
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d,=Z,xm_ From step 5 case 1.

=72x10
=720mm

Case 3: To find the pitch line velocity of worm wheel (v)

v=0.226 m_ From step 5, case 1.

=0.226x10

v=226m/s
Step 10: Recalculation of beam strength.
F, =259.18m? From step

=259.18x10°
F, =25918N

Oﬂ)

Step 11: Recalculation of dynamic loa

6 6
Vo6+v 64226

2N From step 5 case 2

_ 7964.602
40726

F, =10970.53N

Step 12: ck for beam strength.
e find F, <E. the design is safe.
Step 13: Check for Maximum wear load (FN):
From PSGDB 8.52
F, =d, xbxK
K, =056 N/mm* From PSGDB 8.54 , table 43

F, =720x82.5x0.56
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F, =33264N

Step 14: Check for efficiency.

tanH
Mooy =0.95x — " From PSGDB 8.49
tan(H+e)
Where, p=tan'M , Assume M=0.03 From PSGDB 8.49

p=tan (0.03)

=1.7°

tan15.25
nactual = 09 X
tan(15.25+1.7)

=0.8498 We find that the a ficien ter than
the desired efficiency. .. The design is safe.

T]actual = 8498%

Step 15: Calculation of basic dimensions' of m gears.

From PSGDB 8.43 , ta

Axial module: m, =10

No. of starts: Z, =3

Length of the : 5+0.092, )mX
(12.5+0.09x72)10

=189.8mm
L =190mm

a=05m, (q+Z,)

distance:

a=0.5x 10(11 + 72)
a=415mm
Height factor: f,=1
Bottom clearance: C=0.25m =0.25x10=2.5mm.

Pitch diameter: d, =qxm, =11x10=110mm
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d, =720mm
Tip diameter:d ; =d, +2f;xm_=110+2x1x10=130mm
d,= (22 +2f0)1rnX = (72+2><1)10 =740mm
Root diameter: d;, =d, -2f;xm _-2C

=110-2x1x10—-2%x2.5

=85mm

dg, :(Zz _ZfO)mx -2C
=(72—2><1)><10—2><2.5

=695mm.

AMSCE/MECH/DTS Page 121



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

ME-6601 DESIGN OF TRANSMISSION SYSTEMS

UNIT-IV DESIGN OF GEAR BOXES
(PART-A)

1. What are the preferred numbers?

Preferred numbers are conventionally rounded of values derived from
geometric series. There are five basic series, denoted as R5, R10, R20, R40
and R80 series.

2. Specify four types of gear boxes?
+ Sliding mesh gear box
+ Constant mesh gear box
s Synchromesh gear box
« Planetary gear box
3. Draw the ray diagram for a six speed gear box?

A typical ray diagram for a 6 spee
structural formula 3(1) 2(3), is shown in fi

box, preferred

elow.

HH'\-\.«.._: b __:-:__:1_{._-:__ -

= — —— 1B

L T = —
STASE -1 _STASE -2 i |

— ~ A
E = -
= 3(1) = 2(3) “
n & =

In which i -loc‘g is available?

he significance of structural formula.
« STRUCTURAL FORMULAE:
No.of Stages: {(p1 (X1) . p2 (X2). Ps (X3) }
1st stage. 2nd stage 3rd stage
Note:Where X; =1 Xo= p1 X3= p1 p2

7. What is multispeed gear box?
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The gear box containing variable spindle speeds are known as
multispeed gear box

8. What is R20 series?
R20 is one of the series of five basic geometric series. The symbol R’ is
used as a tribute to French engineer Charles Renard, whom introduced the
preferred number first.

9. Differentiate ray diagram and structural diagram.

The structural diagram is a kinematic layout that shows the
gears in a gear box

The speed diagram, also known as ray diagram, is a gra
of the structural formula.

| representation

10. List out two methods used for changing spe

Sliding mesh gear box
Constant mesh gear box

11.

(b) In a gear- box, -for a set of gears, if the centre distance and module are same,

then the sum of teeth of engaging pair will be .....
Answers
a) Geometric series.

b) Equal.
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14. What is a speed diagram? (or) What is the structural diagram-of -
&.gear-box
Speed diagram or structural diagram is the graphical representation different

speeds of output shaft, motor shaft and intermediate shafts.

15. For what purpose we are using gear-box?
Since the gear-box is provided with number of gears of different size arranged is

different forms, we can get number of output speeds by operated

speed.

16. Name the types of speed reducers.
a) Single reduction speed reduces.

b) Multi reduction speed reducers.

18. What is step
Step ratio is the ratio of on

spindle speeds are arrange tric progression, the ratios adjacent speeds

ctions of spacers in gear box?
cers in gear box is to provide the necessary distance
the bearings

hat are the methods of lubrications in speed reducers?
+ Splash or spray lubricating methods
¢ Pressure lubricating methods

21. Why geometric progression is selected for arranging the
speeds in gear box? (April/May 2017)

» The speed loss is minimum , if geometric progression is used

The number of gears to be employed is minimum, if geometric

progression is used

Geometric progression provides more even the range of spindle speeds

at each step

DS

X3

%

R/
0.0
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+ The layout is comparatively very compact, if geometric progression is
used
22. What does the ray diagram of gear box indicate? (April/May 2017)

The ray diagram is a graphical representation of the drive
arrangement in general form. It serves to determine the specific values of all
the transmission ratios and speeds of all the shafts in the drive.

23. Draw the ray diagram of 12 speed gear box. (Nov/Dec 2017)
3(1) 2 (3) 2 (6)

ST e .
NONE

d . . .
)I
o
A
.
Al

h
]
[}
)
S
'
.
¢ "
‘

’
’\
L)

'
’

M K KO K
’
\l v

Y < = +71
£ 5 sl N:.
7] Stage 1 v | Stage 2 & Stage 3 75
' A
Ray diagram for 12 speed gear box
24. Write any two gprinci o Wlowed to obtain optimum design in gear

25. are using gear box? (April/May 2018)

s are required wherever the variable spindle speeds is necessary

26. What i eed diagram? (April/ May 2018)
The ’‘speed diagram is also known as ray diagram, is a graphical
representation of the drive arrangement in general form. It serves to determine

the specific values of all the transmission ratios and speeds of all the shafts in
the drive.

27. Define progression ratio. (Nov/Dec 2018)
When the spindle speeds are arranged in geometric progression, the

the ratio between the two adjacent speeds is known as step ratio or
progression ratio.
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28. List out the all possible arrangements to achieve 16 speed gear box.
(Nov/Dec 2018)
i.  4X2X2 Scheme
ii. 2 X4 X2 Scheme
iii. 2 X 2 X4 Scheme
29. What is torque converter? (April/May 2019)

(i) A torque converteris a type offluid coupling which transfers
rotating power from a prime mover, like an internal combustion
engine, to a rotating driven load.

(ii) In a vehicle with an automatic transmission, the t
connects the power source to the load.

ue converter

30. Draw the kinematic layout for the 6-speed gear box. (A

KINEMATIC LAYOUT: 6 speed gear box

3
1 -
________ I:ﬂ e N IR

EI SHAFT-2

 SHAFT-30/P
STRUCTURAL FORMULAE: 3(1) 2(3) - "
) 4
PART B
1. A N ST gear box is required to furnish output speeds in the

Given data:
M=16
N_,, =100rpm
N_.. =560rpm

Step 1: Selection of spindle speeds.

max _ 16-1

Z|Z

min
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560 s
100'_¢

b=(56)"
9=1.12

We find ¢ =1.12 is the standard ratio, it satisfies the requirement.

Select the spindle speeds using the series of preferred numbers.
PSGDB 7.20

Basic series R20 ((I) = 1.12)

Spindle speeds are 100, 112, 125, 140,
250, 280, 315, 355, 400, 450, 500, 560 rpm.
Step 2: To find the structural formulae.

16 Speeds =4(1

Step 3: Construct the speed dia

* Structural formula =4 1)

* No. of stages =3

stages +1

=4 (Draw 4 vertical lines)

speeds =16 (Draw 16 horizontal lines).
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4C0 z s — s

~
b A
= 7k / /
H ~ = / 7
g <>‘\/ /\\/< 7 5—50
R o AT T I | —
l’(<\ ”’/ \/ >\ Pas
S .—\\ bl 7 ~/ B ~¢ 7
- ___,,/_,..\7\. = » ~ 224
~ N =~ * 7/ ~
N ~ ~ > PN ~
= < > SN s ™ 200
E iy 7/ N =
> N | > S x
~ \<_,;7_\_ ,,,,,,,, -~ 4 180
™ =
~ 7‘\ ~ >
~ S A
— — —— N ~ N Tae o
~ ~
~ B ~
\\_ o 140
o = = :
e |
A \\O
o “l25
L i
~d
S0 E S —_ - ez
!
e » I0D

%:0.7214 7 112<2

" N, =200rpm.

input

Stage 1:
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200 _ 0.44>1
450 4

280 0.622<2
450

~ N, . =450rpm.

input

Step 4: Kinematic Layout - 16 Speed gear box
No. of shafts = 4
No.of Gears =2 (4+2+2) =16

a@

. j 7 . »  Shad-t
g} My '

‘ E: .
l 10 ] A %C‘ Lﬁﬁ_‘} .

b

ol

&
™
Al

|
Y
5]

F
[

|

_&]

<hays 4 o

2. Design a nine spee
from 100rpm to 1
1440rpm. Assume a

ine to provide speeds ranging
is from a motor of 5KW at
teel for the gears.

Given data:

Note: In this problem the given max speed is 1500rpm. But as per R 20 series am
taken the 9t speed 1400rpm. If you want to take 1500rpm as the 9th speed also
correct. No issues. Anyhow maximum cases we should follow the standard values.

Step 1: Selection of spindle speeds:

Nmax _ 4n-1
Nmin (1)
1500 _ o3
100
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15=¢°
¢ =1.403.

*  We find ¢ =1.403is not a standard ratio. So let us find out whether multiples
of standard ratio 1.12 or 1.06 come close to 1.403.

1.12x1.12x1.12=1.405 Skip 2 speeds.

* ¢ =1.12 Satisfies the requirement. Therefore the spindle speeds from R 20
series skipping 2 speeds, are.

From PSGDB 7.20,

100, 140, 200, 280, 400, 560, 800, 1000, 1400 rpm.

Step 2: To find the structural formula:
9 speeds = 3(1) 3(3)

Step 3: Kinematic diagram for 9 speeds.
Structural formula =3(1) 3(3).

No. of shafts = No. of stages +1 = 3

No. of gears = 2(P1+P2) = 2(3+ii =1

1
|
.

ay=iz.5mm

Yt

=i25mm

o

g.

oy
[___— 4
r QO iIF <1
> —
g

et e

ag =

Shaty 2 ole.

Step 3: Ray diagram for 9 speed.
Structural formula = 9 speeds = 3(1) 3(3).
No. of shafts =3 (3 vertical lines)

Speeds = 9 (9 horizontal lines)
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For stage 2
Nmin > ]_ 4 Nmax < 2
Nl/p NI/p
@21 :Nmin=y21 h=@=2£2
400 /4 "N, /474 N,, 400
~.Nj,, =400rpm.

For stage 1
Nmin > 1
Nl/p
N _ 400 _ 029>1 /
N,, 1400

- N, =1400rpm.

2L
lJI e e ""‘}‘“""' Ny o e — 1400
{ =

looo

gDO

Step 4: Calculation of no. of teeth on all the gears.
Let Z1,Z2,7Z3... 7212 = No. of teeth of the gears 1, 2, 3.... 12 respectively.

Ni, No, Ns... Ni2 = No. of speed of the gears 1, 2, 3.... 12 respectively.
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We know that , é = %

2 1
Case 1: consider stage 2.
First pair:

* Gears 11 and 12
* From the ray diagram consider Ray DA.
*  Maximum speed reduction from 400 rpm to 1000 rpm .

Z,, =20 (driver).

* Gears 7,8 &
*  Minimum spe ion to 280 rpm.

Z,=07Z, 1

Note: The
number of

tre distance between the shafts are fixed and same. .. The sum of
of mating gears should be equal.

Z,+72,=2,+7Z,=100
0.7Z;+Z, =100
Z,=58.82159

L Z,=41, Z,=59
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Third Pair:

* Gears 9 & 10, Ray DC
* Speed increase from 400 to 800 rpm.

Zy Ny
ZlO N9

Z, 800

Z, 400

Z9 = ZZ10

WKT Z,+Z,=100=2Z,

Case 2: Consider stage 1:
First Pair:

* Gears 5 and 6
*  Maxi

Z,=20 (driver)

20 400
Z, 1400
Z, =70

Z.=20, Z,=70.
Second Pair:

* Gears 1 and 2 , Ray GE
*  Speed reduction from 1400 to 560 rpm.
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Z _N,
ZZ Nl
Z, _ 560
Z, 1400
Z,=04Z7,
We know that Z,+Z,=90=2,+7Z,
047,+7,=90
Z,=64.281] 65

Z, =25
Third Pair

* Gears 3 and 4, Ray GF
*  Speed reduction from 1400 00

Zs _N,

4 3
Z, 80 _ 7 _o0s7z,
Z, 1400

Z.+72,=90=2,+27,
0.572,+72,=90
Z,=57.32158
Z,=32
Step S:
O Ni 2 Cr 1M028 (Hardened and tempered).
Material constant M=100 , [i]=55 N/mm?2 .

Step 6: Calculation of module (m).

Case 1: To find the torque (T)

Calculate the torque for the gear (12) has the lowest speed of 100 rpm using
the relation.
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60P
T. =
2 2aN

B 60x5x10°
2xmx100

T,, = 477.46 Nm.

Case 2: To find the tangential force on gear 12.

From PSGDB 8.57 , table 46

— I — 2T12

Ft12 Z
T 1IN

2x477.46x10°

Case 3: To find the module (m).

Where ¢, =B/ =10 PSGDB 8.1 and 8.14 , (table 12).

M=100

m=2.28 mm.

From PSGDB 8.2 , table 1. Choice 1.
The next nearest higher standard module m= 2.5 mm

Step 7: Calculation of centre distance in all stages.

From PSGDB 8.22 , table 26
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(ZX+Z j
a= ~ m.
2

Zx and Zy = No. of teeth on the gear pair in engagement in each stage.
Case 1:

Centre distance for stage 1.

a, =(—Zs ;Z‘l jm

=(32+58)2'5
2

a, =112.5 mm

Case 2:

Centre distance for stage 2.

a, :(Zg -;—Zlo jm

:(66+34j2'5
2

L=25+10+7b+20+7b+10+25
=90+14b

=90+14x25

L =440mm

* Bearing width = 25 mm.

* Gear & Bearing clearance = 10 mm.
* Adjacent group distance = 20 mm

* If two pair gear group = 4b

AMSCE/MECH/DTS Page 15



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

* Three pair gear group = 7b
Step 10: Design of shafts.
Case 1: Design of spindle (or) output shafts.

(i) To find normal load on gear 12 (Fu)

F-Fi/
n Ccosa

o _A7776
" cos20°

[ &= 20°FD]

F, =5084.22 N.

(ii)) To find maximum bending moment (M).

4

_ 5084.22x 440
4

M =5.59%10°

(iii) To find the equivalen

_ 3/16x7.35><105
nx55

d, =40.82 mm

From Ry series, the standard diameter

d, =45 mm.
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Case 2: Design of other shafts.
(a) Diameter of shaft 1.

Input speed = 1400 rpm.

60P

Torque T =
21N

B 60x5x10°
2 xmtx1400

T=34.10 Nm
W.K.T T=0.2dZ []
34.10x10° =0.2xd>, x55
d, =1458 mm.
From Ry series, the standard diameter
d, =16 mm.

(b) Diameter of shaft 2.

W.K.T T=0.2d2 (1]
119.37x10° =0.2xd?, x55

d, =22.14 mm.

From Ry series, the standard diameter

d, =25 mm.
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3. Design of 12 speed gear box for a lathe. The minimum and maximum

speeds are 100 and 1200 rpm. Power is 5 KW from 1440 rpm induction
motor.

Given data:

n =12 speeds
Nmin =100rpm.
Nmax =1200rpm.
P=5KW

N, .« =1440rpm.

input

Step 1: Selection of spindle speeds.

800, 1000 and 1200rpm.
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shatt @)

14 3 k
Shoitay ofpy
Z5 - ;_? I_Jz'*t n >

Step 3: Ray diagram for 12 speed.
Structural formula = 3(1) 2(3) 2(6)
No. of shafts = 4 (4 vertical lines)
Speeds = 12 (12 horizontal lines)

For stage 3:
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ACD 203 2 (b)

For stage 2:

Nmin 21
N
Yo

4

250 _ 0.625>1
400 4

N%) =400 rpm .

=1000 rpm .

Step 4: Calculation of no. of teeth on all the gears.
Let Zi,Zs, Zs... Z1a = No. of teeth of the gears 1, 2, 3.... 14 respectively.

Ni, No, Ns... Ni1s = No. of speed of the gears 1, 2, 3.... 14 respectively.
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We know that, ;1

2
Case 1: Consider stage 3

First Pair:

N,

1

* Gears 13 and 14 , Ray CA
* Speed reduction from 250 to 100 rpm.

Zi Ny
Zy, N13

20 100

Z, 250
Z,, =50
Z,=20, Z, =50

Second Pair:

* Gears 11 and 12, Ra
* Speed increase from

Case 2: consider stage 2:

First Pair:

Z,;=20 (driver)

Zy _ 400
Z, 250
Z,=16Z,

2,+72,=70=2,+7Z,

v 1.6Z,+7,,=70
Z,=2692027

Z, =43

Z,=27 ,Z, =43

* Gears 9 and 10, Ray EC

AMSCE/MECH/DTS
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*  Speed reduction from 400 to 250 rpm.

Zy Ny Z,=20 (driver)
ZlO N9

20 _250
40 400

Z, =32

Z,=20 , Z,=32

Second Pair:

* Gears 7 and 8, Ray ED
*  Speed increase 400 to 500 rpm.

W.K.T.Z,+Z,, =52

1.25Z,+Z, =

Case 3: co
First Pair:

* Gears 5 and 6, Ray HE
* Speed reduction 1000 to 400 rpm.

Z,=20 (driver)
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Z, =50
Z.=20 , Z, =50

Second Pair:

* Gears 1 and 2, Ray HF
* Speed reduction from 1000 to 500 rpm.

Zi N,
ZZ Nl

Z, 500

z_i 1000
Z, =052,
W. K. T. Z.+7Z,=70=
1.5Z, =70

Z,=46.70 47

Z, =23

Third Pair:

ion from 1000 to 630 rpm.

, 630

Z, 1000
Z,=0.63Z,

W. K. T. Z,+Z,=Z.+Z, =70
1.63Z, =70

Z,=4294143
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Z,=27.
Z,=27 , Z, =43

Step 5: Selection of material,

40N: 2cr 1MO 28 (Hardened and tempered) material is selected.

Material constant M=100 , [t]=55N/ mm®

Step 6: Calculation of module (m)
Case 1: To find the torque (T)

Calculate the torque for the gear (14) has the lowest
the relation.

Case 2: To find the tangenti

From PSGDB 8.57 , table 4

I_ 2T,
r Z,xm

_ 2x477.46x10°
50xm

190984
m

t14

Case 3: To the module (m).

Ft14
em.m

m-=

Where , ¢, =%1 =10 From PSGDB 8.1 , and 8.14 (table 12).
19098.4
- / Y
10x100
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, 19.098
m =

m
m=2.67 mm.
From PSGDB 8.2 , table 1, choice 1.
The next nearest higher standard module

m=3mm.

Step 7: Calculation of centre distance in all stages. From B 8.22,

table 26.

Z, and Z No. of teeth on the gear pair in enga

Case 1: Centre distance for stage 1.

Case 2: Centre dista

Case 3: Centre distance for stage 3.
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a, =105mm .
Step 8: Calculation of Face width (b).
WKT=b=10xm
=10x3
b=30mm

Step 9: Calculation of Length of the shafts.

L=25+10+7b+20+4b+20+4b+10+25
=110+15b
=110+15%x30
L =450 mm

Step 10: Design of shafts.

(i)

F =67747 N
bending moment (M).

< Fol)
4

_ 6774.7x450
4

M =7.62x10° Nmm.

(il  To find the equivalent torque. (Teg)
Ty =+ /Mz +T;

_ \/(7.62><105 ) +(477.46x10°)’
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=8.99x10° Nmm

(iv)  To find the diameter of the spindle (ds)

16T
=3 “q

© Nl

~ i/16><8.99><105
ntx55

d, =43.66 mm

From Rio series, The standard diameter.

d, =50

Case 2: Design of other shafts.
(a) Diameter of shaft 1.
Input speed = 1000 rpm.

Torque T = oor
27N

_ 60x5x10°
2xmtx1000

=47.75 Nm .

W.K

From Ri¢ series., The standard diameter ds;=20 mm.
(b) Diameter of shaft 2.

Input speed = 400 rpm.

T 60x5x10°
2xmtx400

=119.36 Nm .
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WK.T= T=02d][<].
119.36x10° =0.2xd%, [55]

d, =22.14 mm.

From Rio series., The standard diameter dsx=25 mm.

(c) Diameter of shaft 3.

Input speed = 250 rpm.

60x5x10°

" 2xmx250
T=190.98 Nm .

W.K.T = T=02d][t].
190.98x10° = 0.2xd, [55]

d.; =25.89 mm.

From Rio series. The standard

4. A nine speed box,
provide a speed ran
ratio, draw the spee
number of i

Given data:

selection of spindle speeds

e the progression ratio (¢) using the relation

1800
180 =0

b= 00"
$¢=1.333

v' We find ¢ =1.333 is not a standard ratio. So let us find out whether
multiplies of standard ratio 1.12 or 1.06 come close to 1.333
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v' For example we can write, 1.12x1.12=1.2544 &1.12x1.12x1.12 =1.405

Then 1.06x1.06x1.06x1.06=1.338 skip 4 speeds

So we take ¢= 1.06, because satisfies the requirement, select the standard spindle
speeds using the series of preferred numbers

Take Step Ratio from R40 series $=1.06
Spindle Speeds are 180, 236, 315, 425, 560, 750, 1000, 1320 and 1800rpm
Step 2: To find the structural formulae

Structural formulae: 3(1) 3(3)

Step 3: Construct the kinematic arrangement for 9 sp

v' Structural formulae: 3(1) 3(3)

v' P1=3p2 =3 Note: where X; = 1; Xz = p1 =
v" No. of shafts = No. of stages +1 (2+1=3 s (so draw rizontal lines)
v' To find the no. of gears by using
No. of gears =2(p,+p,){[2(3+3)] =12gears}
zz24 25
e PP 3 5 _zi.z_o SHAFT-11/p
- Z,=53
Z,235 7[: 2,20
Z,=44 || 8 _
Z,=39 Z=48 10
B S G oo - - oo _ SHAFT-30/P
Zg=48 U J Z,,=63
STRUCTURAL FORMULAE: 3(1) 3(3) )
h 4
Step 4:- ay diagram for 9 speed gear box
> St al formulae: 3(1) 3(3)

No .of sta {(pl(Xl).pz(Xz)}
p,=3p,= Note: Where X; = Xy =p1 =3

v" No. of shafts = No. of stages +1 (2+1= 3 shafts) (so draw 3 vertical lines)
v" No. of speeds = 9 (Draw 9 horizontal lines)
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7 N,=1800
Ng=1320
N,=1000
N,=750
N5=560
N,=425

N,=315
N;=236
N,=180

SHAFT -1

STAGE -1 STAGE -2

3(1) 3(3)

Step 5: Calculation of No. of teeth

e Calculation of numbers of teeth on all the gears
Let Z1, Zo, Zs, ..... Z12 = Number of teeth of the gears 1, 2, 3, ...

. z, N
Formulae given -t=—2
ZZ Nl

Take stage — 2

e Consider the first pair of gear 11 and 12
e From ray diagram consider ray DA

e Maximum speed reduction 560r 18

We know that, Znin> 17, assume Z 0 (

Zy _Nip
ZlZ 11
20 180
2, 560

2, =62.22~63
Z11=20,Z12=6
Take stage — 2

econd pair of gear 7 and 8
ag consider ray DB
speed reduction 560rpm to 425rpm

62z, ——=()

NOTE: The centre distance between the shafts are fixed and same. The sum of
number of teeth of mating gears should be equal.

So we can write
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Z,+2,=2,,+2,=20+63=83 (i)

Solving equations (i) and (ii), we get

7, =47.16~48
z,=83-48=35
z,=35 z,=48

Take stage — 2

e Consider the third pair of gear 9 and 10
e From ray diagram consider ray DC
e Speed increase from 560rpm to 1000rpm

We know that,

2z _Ny
N9

ZlO

z, 1000

7, 560
Z,-1.7862,,

So we can write
Zy+ 2, =2, +Z,=20+63=83
Solving equation (iii) and (

Z,,=29.79~30

Z., =17 «~ assume Zs = 20 (Driver)

min =

5 =47.14~48

Take stage — 1

e Consider the first pair of gear 5 and 6
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e From ray diagram consider ray GD
o Maximum speed reduction 1320rpm to 560rpm

We know that,

2

z

= 2
Z,
Z

P4

1
50

~

z, 1320
Z, =057z, ———(Vv)

NOTE: The centre distance between the shafts are fixed and s e sum of

number of teeth of mating gears should be equal.
So we can write
2, +2,=2,+2,=20+48=068 ———(vi)
Solving equations (v) and (vi), we get
z, =43.3~ 44
z,=68.44 =24
Z,=24 Z,=44
Take stage — 1

e Consider the third

— — (vii)
Solving eq s (iii) and (iv), we get

Z,=38.64~39
Z,=68-39=29
Z,=29 Z,=39

5. A gear box is to give 18 speeds for a spindle of a milling machine.
Maximum and minimum speeds of the spindle are to be around 650 and
35 rpm respectively. Find the speed ratios which will give the desired
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speeds and draw the structural diagram and kinematic arrangement of
the drive.

Given data:

n=18
N_.;. =35rpm
N_.. =650rpm

Step 1: Selection of Spindle speeds

Determine the progression ratio ((I))using the relati

Nmax / Nmin :¢n71

650/35 =¢'*"!

¢=(18.571)""
$=1.87

We find ¢=1.87is not io. So let us find out whether

multiples of standard ratio e close to 1.87

For example w;

=1.2544
.. Skip 2 speeds

So

standard sp
PSGDB 7.20,

, because satisfies the requirement. Select the

sing the series of preferred numbers From

R40 series ¢ =1.06

pindle speeds are 35.5, 42.5, 50, 60, 71, 85, 100, 118, 140, 170,
, 280, 335, 400, 475, 560 and 670 rpm

o find the Structural Formulae

Structural formulae: 2(1)3(2)3(6)

Step 3: Construct the Kinematic arrangement for 18 speed gear box

Structural formulae: 2 (1) 3 (2) 3 (6)

No. of shafts = No. of stages + 1 (3 + 1 = 4 shafts) (so draw 4
horizontal lines)
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To find the no. of gears by using

No. of gears =2(p, +p, +p3){|:2(2+3+3):| =16gears}

KINEMATIC LAYOUT: 18 speed gear box

SHAFT-11/P

SHAFT-2

iiﬁ __shaFT3

STRUCTURAL FORMULAE: 2(1) 3(2) 3(6)

Step 4: Construct the ray diagram for 18 speed gear

Structural formulae: 2 (1) 3 (2) 3 (6)

Note: Where X, =1 X, =p, =2

No. of shafts = No. of stages + (so draw 4 vertical

lines)

No. of speeds = 18 (D 1 lines)

V'S

RAY DIAGRAM: 18 SPEED GEAR BOX Ki5670
| 2(1) 3(2) = 50
4 - ’/ N,;=475
T N,g=400
- N,,=335
Ny;=280
“N,=236
Ny=200
——NLE170
N,=140
o118
RO N,=100
Ot N85
N \\ JNs=71
Tt NGe60
i

5 s
= e
Bl N=355

SHAFT {2

SHAFT -1

STAGE -2 STAGE -3

STAGE -1

y

6. Draw the speed diagram, and the kinematic layout of the head stock
gear box of a turret lathe having arrangement for 9 spindle speeds,
ranging from 31.5rpm to 1050rpm. Calculate the no. of teeth on each
gear. Minimum number of teeth on a gear is 25. Also calculate the
percentage deviation of the obtainable speeds from the calculated ones.

GIVEN DATA:
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n=9

N, .. =31.5rpm
N, .. =1050rpm
Z jiver =25

driver

Step 1: Selection of Spindle Speeds

Determine the progression ration (¢) using the relation

Nmax /Nmin = ¢“—1

1050/31.5= ¢
$=(33.33)"

0=1.55

v' We find ¢$=1.55is not a standard ratio.

of standard ratio 1.12 or 1.25 come clos
v For example we can write 1.12
1.405

whether multiples

1.12 x 1.12 x 1.12 =

Then 1.25 x 1.25=1.55 .....

So we takep=1.25,

spindle speeds using the se

requirement. Select the standard
mbers — From PSGDB 7.20, 7.19

Take step Ratio fro
. Spindle s , 50, 80, 100, 160, 250, 400, 630, 1000rpm
Formulae
3(1) 3(3)
inematic arrangement for 9 speed gear box
3(1) 3(3)
Note: Where X, =1X, =p, =3
No. of shafts = No. of stages + 1 (2+1=3 shafts) (so draw 3 horizontal lines)

To find No. of gears = 2(p1 + p2) {{2(3+3)]=12gears}
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KINEMATIC LAYOUT: 9 speed gear box

P ' a0
ey

L4280 \ i
[ i'-J-v p29 SHAFT-1 I/P
= ) ¥ 750165
'l -
Zysl? 9 =29
[ : SHAFT-2

| “ e lz
Zorold o 7,80 10
i SHAFT-3 O/P
Tav1B3
™ Ziwio || Zw0e250

HSTRUCTURAL FORMULAE: 3(1) 3{ ¢

Step 4: Construct the Ray diagram for 9 speed ge
Structural Formulae: 3(1) 3(3)

Note: Where X; =1 X2 =pl =3
vertical lines)

No. of shafts = No. of stages + 1 (2+

No. of speeds = 9 (Draw 9 horizont

Stage 2:

v' For stage 2 = 3(3),
the points A, B & C

age 2=315rpm

RAY DIAGRAM: 9 SPEED GEAR BOX

Gy - -~ alN,y=1250
e K e T 4 Na=B00
Bl “h v Y
et R emiae et B4 B OO
(S} e G |
N IS gia. Y| ' . < L ¥ S e .-.‘.,l'.N.,-_315
. -.:N,,:ZOO
: i 2Bane125
| . aiil
£ e ipsilich 1 §7N2=50
| i {
Bl staser  Hh|  sTaee-2 7iN315
301 3(3)
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Stage 1:

v For stage 1=3(1), 3 points with 1 speed gap or 1 speeds on shaft 2, Make the
points D, E & F
v" Find input speed for the speeds D=315 rpm and F=800rpm by using

315 _pspsl 800

—= ——=0.64 <2 | Ratio requirement satisfied,
1250 4 1250

.. Input speed for stage 1=1250 rpm

Step 5: Calculation of Number of Teeth on all the gears
Let, Z1, Z2, Z3 ...Z12 = Number of teeth of the gears 1, 2, 3...1
Ni, N, Ns... N1z = Speeds of the gears 1, 2, 3 ...12 res

Formulae given Zy = N,
ZZ Nl

Take stage-2-Consider the first pair of gear 11, 12

¢ Maximum speed redu

Z, N, 25
Z, Ny

Take stage-1-Co

,=2Z:+7Z,=25+80=105 ....... (vi)
Solving equations (v) and (vi), we get

Z,=75
Z, =105-75=30

Take stage-1-Consider the second pair of gear 3 and 4

e From ray diagram consider ray GF
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L]

Speed reduction 1250rpm to 800rpm

We know that, é=&=é=@
Z, N, ZzZ, 1250

Z,=064Z, ... (vii)
Z,+7,=Z.+Z,=25+80=105 ....... (vii)

Solving equations (viii) and (vii), we get

Z, =64.020 65
Z, =105-65=40

Step 6: Calculation of Output Speeds

Let N; and No = Input and output speeds of the ge

speed N; = 1250 rpm

N, =N, x£x£:1250x@x7—8=197.96 m
Z, 8 75 197

Ny, =N, ><é

2

Zo _

X

Take stage-2-Consi pair of gear 7 and 8

consider ray DB

. Z, 125

We know — ="
N, Z, 315
Z,=04Z; ....(3J)
Z,+24=2,,+7,,=25+250=275 ....(ii)

Solving equations (i) and (ii), we get

Z, =196.4211 197
Z,=275-197 =78

Take stage-2-Consider the second pair of gear 9 and 10
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e From ray diagram consider ray DC
e Speed reduction 315rpm to 500rpm
Zy, N, Z, 500

N, Z, 315

We know that,
10

Z,=159Z,, ....(i)

Zo+2,y=2,,+7Z,=25+250=275 ....(iv)

Solving equations (iii) and (iv), we get
Z,,=106.1811107
Z,=275-107 =168

Take stage-1-Consider the second pair of gear 5 and

e From ray diagram consider ray GD
e Maximum Speed reduction 1250r

We know that, Z . >17 , .. assume Z (

Zs _ N,

Z, N,

=304.57rpm

250 x 40 X 168 _ 1207.76rpm
65 107

=1250x 40 X 25 =76.92rpm
65 250

N, SN x 2522 21250 2 xS _154.66rpm
7, 7, 80 197
7. 7, 25 168

Ny =N, xZ2x 22 = 1250 x = x —— = 613.32rpm
80 107

6 10

N, =N, Xéxﬁ = 1250x§x£ =39.06rpm
80 250

6 12

Step 7: Calculation of % Deviation:
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Sl. Obtainable speed Calculated speed % deviation="0s"Neal y 1 99
No (N obe, TPT) (le, rpm) Ve

1 39.6 315 25.71

2 50 50 0o

3 76.92 80 -3.85

4 154 .66 125 23.72

5 197.96 200 -1.02

6 304.97 315 -3.18

7 613.32 : 500 22.64

8 . 785.05 800 -1.868 ,
9 1207.76 1250 -3.38

7.A 6 speed gear box is required tput speeds in the range of 125
to 400 rpm, with a step ratio o mit a power SkW at 710 rpm.
Draw the speed diagram and k iagram. Determine the number of
teeth module and face wi , assuming materials for gears.
Determine he length of t he axis of the gear shalft.

GIVEN DATA:

STEP 1: SELECTION OF SPINDLE SPEEDS
9=1.25 (given)

we take (=1.25, because satisfies the requirement. Select the
standard spindle speeds using the series of preferred numbers - From PSGDB
7.20, 7.19

TAKE
STEP RATIO from R10 series 0=1.25
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~SPINDLE SPEEDS ARE 125, 160,200,250,315 and400
STEP 2: TO FIND THE STRUCTURAL FORMULAE
STRUCTURAL FORMULAE: 3(1) 2(3)

STEP 3: CONSTRUCT THE KINEMATIC ARRANGEMENT FOR 6 SPEED GEAR
BOX

STRUCTURAL FORMULAE: 3(1) 2(3)

No.of Stages: 2, {(p1 (Xi1) . p2 (X2)}

Note:Where X; =1 X5= p; =3

v" No. of shafts= No. of stages+1 (2+1=3 shafts) (so d es)
v"  No. of gears= 2(p: + p2) {{2(3+2)]=10 gears}
KINEMATIC LAYOUT: 6 speed gear box
Za: 26
7.=23 [ 3 E|z,,=zu;:r SHAFT-1I/P
E‘ 4 ? Fa=229 a;=78 mm
7| ze=20
3] SHAFT-2 |
10
720 | - as=78 mm
Z Z4=26 ™ Ly=32 Z,=23 8 7,532 r
""""""""""""" SHAFT-3 O/P

STRUCTURAL FORMULAE: 3(1) 2(3) —

STEP 4: C TRUCT THE RAY DIAGRAM FOR 6 SPEED GEAR BOX
STRUCTURAL FORMULAE: 3(1) 2(3)
Note: Where X; =1 X>=p1 =3

v" No. of shafts= No. of stages+1 (2+1=3 shafts) (so draw 3 vertical lines)

v" No. of speeds=6 (Draw 6 horizontal lines)
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RAY DIAGRAM: 6 SPEED GEAR BOX

— My=400
i E 4 N.=315
S —— g NRCL
e =g Ny=200
4 Ne=160
L L Nj=125
3(1) 2(3)
42 WK &
RAY DIAGRAM: 6 SPEED GEAR BOX conft...

- STAGE 2:
v For stage 2 = 2(3)
v 2 points with 3 speed gap
v"Make the points A& B
v'Find input speed for the speeds A=125rpm and
B=250rpm bz using

12> _ 0.625 =

i _ Naaw
i

=

1
4

=

T Nuwewr
200
b = 55 =2
22=125<2
Ratio requirement satisfied,
~Input speed for stage 2= 200 rpm
Mark a point C on shaft 2
Join AC, BC
- -
RAY DIAGRAM: 6SPEED GEAR BOX cont...
- STAGE 1:

v For stage 1 = 3(1)
v 3 points with 1 speed gap
+ Make the points C,D

¥ Find input speed for The‘spe_eds C=200 rpm and F=315rpm

by using 200 )
315 =0.34 = Z Nogew 1
bnin = Joem = g
INET
315
E —_— 1 52 ! _ N £ =2
Ratio requirement satisfied, T Mimesr

~input speed for stage 1 = 315 rpm
Mark a point F on shaft 1
Join CF, DF and EF

STEP 5: CALCULATION OF NUMBER OF TEETH ON ALL THE GEARS
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LET, 2., Z.,Z,,...... Z;0= Number of teeth of the gears 1,2,3,...10
respectively

Ni,N2,Ns,...... Nio= Speeds of the gears 1,2,3,...10 respectively

. &1 _ N2
Formulae given - =
Zy Hl

Take stage-2-Consider the first pair of gear 9 and 10

* From ray diagram consider ray CA
*+ Maximum speed reduction 200rpm to 125rpm

We know that, Znin = 17, . assume Z9=20 (Driver)

Z, _Nuo
Z:ll] N'J
20 125
Z,, 200

Z1o=32

Take stage-2-Consider the secon and 8

to 250rpm

Z:=1.25Z3 ... (i)

Z+ ot Z10 =20+32=52 ... (ii)
Solving equations (i) and (ii) ,we get

Zg=22.22 =23

Z7,=52-23=29
Take stage-1-Consider the first pair of gear 5 and 6

* From ray diagram consider ray FC

* Maximum speed reduction 315rpm to 200rpm
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We know that, Zin = 17, ~. assume Zs=20 (Driver)

Z; Ng

Z, N,

20 200
Z,, 315

Z6=31.5=32

Take stage-1-Consider the second pair of gear 1 and 2

We know that,

Z:l NZ
Z, N,
Z, 250
Z, 315

21+ Z3 =Zs+ Z6 =20+

Solving equations (v) and

eed from 315rpm to 315 rpm

We know
ZS _ N-i
Z, N,
Z, 315
Z, 315

Z3=1 24

Z3t+ Z4 = Zs+ Ze =20+32=52

From ray diagram consider ray FD

Speed reduction 315rpm to 250rpm

iagram consider ray FE
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Solving equations (iii) and (iv) ,we get
Z4,=26

Z3=52-26=26

STEP 6: SELECTION OF MATERIAL:

> Take 40 Ni 2 Cr 1 Mo 28 (Hardened and Tempered) and material
constant M=100

STEP 7: CALCULATION OF MODULE
Case 1: To Find the Torque

v' Calculate the torque for the gear 10 hasthe ts of 125

rpm using the relation,

_60P
"~ 2nN

_ 60x 5x10°
2w x 125

I'=38197 Nm

Case 2: To Find the Tang r 10:

ntial force (F¢) on the gear in terms of
relation, From PSGDB 8.57, table 46

T _ ITiD
* Z10.m

_ 2x381.97x10°

F =
10 3Zxm

_ 2387313

an_

ki d

Case 3: To Find module:

> Now calculate the module (module is defined as the ratio of
pitch circle diameter to number of teeth) using the relation

= —I;l-E
(Y- M)

Where, Pn= Ratio between the face width and module = b/m =10, From
PSGDB 8.1 and 8.14 (table 12)
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M= Material constant = 100 from table 1 (step 6-40 Ni 2 Cr 1 Mo 28

> Module:

m=J F.io _J(zaﬂ?a.m;m}:m

(P,. M) | (10x100)

OR

m2= 23.87/m

~ Module m=2.88mm
From PSGDB 8.2 choice 1 the nearest higher standard mo
STEP 8: CALCULATION OF CENTRE DISTANCE

By using the relation

Z.+I,
a=(357) m

Zx and Zy = Number of t r pair in engagement in each

stage.

26+26
v" Centre distance i (

2 )x3=78mm

_ (m) m= (29+23) *3 =78 mm

v" Centre distance in s 2

STEP 9: CALCU

STEP 10: CALCULATION OF LENGTH OF THE SHAFTS
L= 25+10+7b+20+4b+10+25

=90 + 11b

= 90 + (11x30)

L=420 mm
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8. Design the layout of a 12 speed gear box far a milling machine having an output of speeds
ranging from 25 to 600 rpm. Power is applied to the gear box from a 2.25 KW induction motor at
1440 rpm. Construct the speed diagram using standard speed ratio. Calculate the number of
teeth on each gear and sketch the arrangement of the gear box.

Given data:

n=12

Nmin = 25rpm

Nmax = 1440 rpm

P =2.25KW
1. Selection of spindle speeds:
We know that,

Nmax
N min
12-1 @
J 25

$=1.335

(I)n—l —

We can write, 1.06x (1.6x1.06x1.06x1.06) =1.3

So, ¢ = 1.06 satisfies the requirement. Theref

3(M 2(3)

o~
D
=
©
g
w

Shaft - 1

Stage 1 Stage 2 Stage 3 &
' A
Ray diagram for 12 speed gear box
Step 3:
Nuiw _25_ 315 Lang
N input 80 4
N @ =175<2
N 80

0 series skipping four speeds, are given as
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Step 2:

Now _ 80 57,1
Ny 140 4
M—@:1_36< 2
N

140

Step 1:

= @ = 0.311>1
450 4

_250
450

input

N min
ax

=0.56<2

N,
Nm
N

input

3. Kinematic arrangement: The kinematic arrangement for the given 12 spee
shown in fig.

b e o — p — e e e ® e e &

ﬂ U
v 25=24
e i
Kii ic arrang t for 12 speed gear box

'

e number of teeth on all gears are calculate as below,

4. Calculation of number of teeth o
following the procedure

Second pair: Censider the other ray that gives speed increase form 80 r. p. m. To 140r. p. m. The corresponding
gears are 11 and 12.

z, N, 140 i
A:_H:Eor 2, =175z, -0

We also know that the sun of number of teeth of mating gears should be equal.
2,+2,=2,+2,=20+64=84 ——(ii)

On solving equations (i) and (ii), we get
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z,,=30.5~31and z,, =84-31=53

Stage 2:

First pair: Consider the ray that gives maximum reduction from 140 r.p.m to 8 r.p.m. The corresponding gears

are 9 and 10. Assume zg = 20 (driver).

% Ny, 20 80

il — 2,,=35
z, Ny 2z, 140

Second pair: Consider the other ray that gives speed increase from 140 r.p.m to 190 r.p.m. The corresponding

gears are 7 and 8.

2, _No 190, 13572,  ——qiii)
N, 140

+2,=2,+2,,=20+35=55 ——(iv)

A

ZS
Z7

On solving equation (iii) and (iv), we get
7,=23.3=24 and z,=55—-24=31

Stage 1:

First pair: Consider the ray that gives maximum fro
and 6. Assume zs = 20 (driver)

Second pair: Consider the ray that
3and 4.

Third pair:
are 1and 2.

L NP 20 or z, =0.555z, ——(vii)
N, 450

ZZ
2,+2,=2,+2,=60+25=85 ——(viii)
On solving the equations (vii) and (viii), we get

2, =54.66~55 and z, =85—55=230

corresponding gears are 5

r.p.mto 190 r.p.m. The corresponding gears are

r the ray that gives speed reduction from 450 r.p.m to 250 r.p.m. The corresponding gears
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Sketch the arrangement of six speed gear box for a minimum speed of 460 rpm. Draw the speed
diagram and kinematic arrangement showing number of teeth in all gears. Check whether all the
speeds obtained through the selected gears are within + 2% of standard speeds. The drive is for
an electric motor giving 2.25kW at 1440rpm.

Given data;

Step 1: Selection of spindle speeds

Determine the progression ratio (¢) using the relation

n==6

N,in =460rpm
N,..x =1400rpm
p =2.25kW

N. . =1440rpm

input

So we take , because satisfies the requirement . S ndard ds using the series of preferred

numbers .
Take , step ratio from R10 series $=1.25
Standard spindle speeds are 500, 6
Step 2: Structural Formulae

Structural Formulae 3(

Step 3: Construct the kine for 6 speed gearbox

STRUCTURAL FORMULAE: 3(1) 2(3)

. of gears =2(p, +p,){[2(3+2)] =10 gears}

Hi H 25220 SHAFT-11/P

Step 4: construct The Ray Diagram for 6 speed Gear box

Structural formulae 3(1) 2(3)
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v" No. of shafts = No. of stages +1 (2+1=3)(so draw 3 vertical lines)

v" No. of speeds = 6 (Draw 6 horizontal lines)

——= N,=1600
Ny=1250
—1*N,=1000
N,=800
N;=630
N;=500

STAGE -2 L

SHAFT-2

3(1) 2(3)

Stage 2:

v For stage 2 = 2(3), 2 points with 3 speed gap

v Find input speed for the speeds A = 500 rpm and B = 1000rpm by using

030 _ 0.504> 11000 0.8<2

1250 41250

Ratio requirement satisfied. Input speed for stage 1 = 1250 rpm
Step 5: Calculation of number of teeth on all the gears

Let Z1, Z2, Z3,.....Z10= Number of teeth of the gears 1, 2, 3, ....

N1, N2, N3, .....N1o = Speeds of the gears 1, 2, 3, ....

. zz, N
Formulae given -+ =—%

2 2
Take stage — 2 consider the first pair of

e  From ray diagram consider ray

Take stage — e speed pair of gear 7 and 8

iagram consider ray CB
e 630 rpm to 1000 rpm

Take stage — 1 consider the second pair of gear 1 and 2

e  From ray diagram consider ray FD
e  Speed reduction 1250 rpm to 800rpm
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ME 6601
N, z, 800

We know that, 4 _ N 4 o0
Z2 N1 Zz 1250

z,=0.64z, --)
2,+2,=2,+2,=20+40=60 ——(vi)

Solving equations (v) and (vi), we get
z,=36.58~37, zIl=60-37=23
Take stage — 2 — consider the third pair of gear 3 and 4

e  From ray diagram consider ray FE
e  Speed from 1250 rpm to 100rpm

Weknowthat,ﬁzmzﬁzw
z, N, z, 1250
z;=08z2, —— (vii)
Z,+2,=2;+2,=20+40=60 —— (viii)

Solving equations (iii) and (iv) we get

z,=33.33~34
2,=60-34=26

Step 6:- Calculation of output speeds

Let N1 and No = Input and output speeds 0 gears.

X 20 =682.77rpm
34 28

Z Xé:1250x@x§:446.42rpm
Z, Z 40 28

10

Sl. | Obtainable speed | Calculated % dzviaﬁon:”“’;;"v"' x100
No | (N, mpm) speed (N, rpm)

1 446.42 500 -10.92

2 1186 630 88.05

3 1459 800 82.375

4 954 1000 -4.6

5 555.02 1250 -55.59

6 682.77 1600 -57.32

input speed N1 = 1250rpm
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10. A sixteen speed gear box is required to furnish output speeds in
the range of 100 to 560rpm. Sketch the kinematic arrangement and
draw the speed diagram.

Given data:
M=16
N._., =100rpm
N_.. =560rpm
Step 1: Selection of spindle speeds.

We find ¢$=1.12 is t

Select the spindle sp
PSGDB 7.20

Basic series R

pindle 00, 112, 125, 140, 160, 180, 200, 224,

it satisfies the requirement.

ries of preferred numbers.

structural formulae.
16 Speeds =4(1)2(4)2(8)

struct the speed diagram for 16 speed gear box.
ructural formula =4(1) 2(4) 2(8)

* No. of stages = 3{1’1 (X,)-P,(X,)-P, (X3)}
P=4,P=2,P=2
Note: X, =1, X,=P =4, X,=P xP,=4x2=8.

*  No. of shafts = No. of stages +1

=3+1

=4 (Draw 4 vertical lines)
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* No. of speeds =16 (Draw 16 horizontal lines).

— T 0 g —,1 900
ACD 2 4> 2(8) 7 /; o8
R B G L e A__A_._....‘__.__,,% PR ST F b c' 500
| rard
- — S S - 7 . 40
- § e
| / s Vi
— - — — —— v e "4‘”
7 7 7 2 PGk |
» P g g |
L Lt} 205
{ 2. g A g
i -~ e S R 1
Tl e S / ¥ 2k
e £ A 7 P 7/ 7 i
s S 7 v e 4
% e = ety S A 7 4280
HIS < P 2 A
. S NS i
Pl 3 = & i ;;—‘( = '> 5 ey ® 25D
Ny - ; Wi N i
~_ . =N D ~/ s, 5 I
= e V2 224
~ N =5 R 7/ ks ~
> ~ ~ 5¢ FR -
B ~ > \< > S  gamee \" 200
E N e < N ~
s | S N
> ALK Ngo
b ~ 1
b % \\ Y |
e = B A AN . NS \.4 bo
b =y .
~ e et 4
2y 3 - \
- s A ' 140
c & ~ |
> >l
= S 125
B |
Nl
e -~ ez
- - » 10D

8
+
3
©

=140rpm.
N o5
Ninput
140 _-51 224 _119<
200 4 200
" Njpue =200rpm.
Stage 1:
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@=0.44214 @=0.62232
450 450

~ N, . =450rpm.

input

Step 4: Kinematic Layout - 16 Speed gear box
No. of shafts = 4
No.of Gears =2 (4+2+2) =16

_._.'3-; y
l'ijj » . _ Skt e
5 2 al >
;8 —[7_ ] .‘TL;ﬁ._’_}_ \

11. Design a ni
ranging from 100rp

or a machine to provide speeds
. The input is from a motor of S5KW at
el for the gears. (April/May 2017)

Given data:

Note: In this problem the given max speed is 1500rpm. But as per R 20 series am
taken the 9th speed 1400rpm. If you want to take 1500rpm as the 9t speed also
correct. No issues. Anyhow maximum cases we should follow the standard values.

Step 1: Selection of spindle speeds:

max _ ¢n—1

Z|Z

min
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1500
100

— ¢9—1
15 =¢°
¢ =1.403.

*  We find ¢ =1.403 is not a standard ratio. So let us find out whether multiples
of standard ratio 1.12 or 1.06 come close to 1.403.

1.12x1.12x1.12=1.405 Skip 2 speeds.

* ¢ =1.12 Satisfies the requirement. Therefore the spindl eds from R 20
series skipping 2 speeds, are.

From PSGDB 7.20,

100, 140, 200, 280, 400, 560, 800, 1000, 1400 r

Step 2: To find the structural formula:
9 speeds = 3(1) 3(3)

Step 3: Kinematic diagram for 9 sp
Structural formula =3(1) 3(

No. of shafts = No. of stag (3h

lines).

No. of gears = 2(P:1+P2) = 2(3 ars.
y -
zs
=25 7“
i Yy =20

|
o= \12.5m |
3 k—t———"‘!
e | !
N
o | =+ i
‘ & &
S I —
|

=i25mm

Az

Step 3: Ray diagram for 9 speed.

Structural formula = 9 speeds = 3(1) 3(3).
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No. of shafts =3 (3 vertical lines)

Speeds = 9 (9 horizontal lines)

For stage 2
Nmin > 1 Nmax < 2
NI/p I/p
100 4 :Nmm:y21 N _ 800 _,
400 /47N, 74774 N, 400
=Ny, =400rpm.

For stage 1
h > % h <2
NI/p NI/p
Ny, _ 400 _ 029>1 /
N, /p 1400
=Ny, =1400rpm.

~=¢ 1400

looo

SDO

Shagt ®

Step 4: Calculation of no. of teeth on all the gears.

Let Zi, Zo,Z3... Zi12=  No. of teeth of the gears 1, 2, 3.... 12 respectively.
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N1, Ng, Ns... Ni2 = No. of speed of the gears 1, 2, 3.... 12 respectively.

We know that , é = &
ZZ Nl
Case 1: consider stage 2.

First pair:

* Gears 11 and 12
* From the ray diagram consider Ray DA.
*  Maximum speed reduction from 400 rpm to 1000 rpm .

Z,, =20 (driver).

Z,.=20, Z,=80
Second Pair:

* Gears 7,8 &R

*

400 to 280 rpm.

Z; Ny

Zy N;

z, 280
Z, 400

Z,=07Z, 1

Note: The centre distance between the shafts are fixed and same. .. The sum of
number of teeth of mating gears should be equal.

2.,+72,=2,+7Z,=100
0.7Z,+7Z, =100

Z, =58.82059
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. Z,=41, Z,=59

Third Pair:

* Gears 9 & 10, Ray DC

* Speed increase from 400 to 800 rpm.
Zs _ Ny
ZlO N9

Z, 800

Z, 400

Case 2: Consider stage 1:

First Pair:

eed reduction from 1400 to 400 rpm.

Zs _Ng

Z, N
Z,=20 (driver)

20 400

Z, 1400
Z, =70
Z.=20, Z, =70.

Second Pair:

* Gears 1 and 2, Ray GE
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*  Speed reduction from 1400 to 560 rpm.

Zi N,
ZZ Nl
Z, 560
Z, 1400
Z,=047,
We know that Z.+7Z,=90=7,+727,
04Z,+7Z,=90
Z,=64.280165

Z1 =
Third Pair

* Gears 3 and 4, Ray GF
*  Speed reduction from

KI=Z.+Z,=90=2,+7,
0.57Z,+Z, =90
Z,=57.320058

Z,=32
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12. Design a 12 speed gear box. The required speed range is 100 to
355 rpm. Draw the ray diagram, kinematic arrangement (April/May
2017)

GIVEN DATA:
n=12
Nmin=100 rpm

Nmax= 355 rpm

Step 1: SELECTION OF SPINDLE SPEEDS
Determine the progression ratio (@) using the relatio
Nmax/Nmin=0n-1
355/100=p12-1
@=(3.55)1/11
¢=1.122

For the calculated §=1.
the series of preferred numbers — E

ard spindle speeds using
0, 7.19

TAKE

BOX
FORMULAE: 3(1) 2(3) 2(6)
No.of Sta p1 (X1) . p2 (X2) . p3 (Xa)}
1st stage. 2nd stage . 3rd stage
p1=3 p2=2 p3=2
Note:Where X; =1  Xo=p1 =3 Xz=pi.p2=(3.2)=6
v" No. of shafts= No. of stages+1 (3+1=4 shalfts) (so draw FOUR horizontal lines)

v" To find the no. of gears by using
No. of gears= 2(p1 + p2+p3) {{2(3+2+2)]=14 gears}
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KINEMATIC LAYOUT: 12 speed gear box

» STRUCTURAL FORMULAE: 3(1) 2(3) 2(5)

Step 3: CONSTRUCT THE RAY DIAGRAM FOR 1
STRUCTURAL FORMULAE: 3(1) 2 (6)

No.of Stages: 2, {(p1 (X1) . p2 (X2)} . ps (X3)}
1st stage. 2nd stage . 3rd

p1 =3 p2=2 p3=2

RAY DIAGRAM: 12 SPEED GEAR BOX

- TN=355

H—l:.——q P -
. & TN I MNy=315
— - T - - = Th=280
e O o N;=250
e iN,-224

e HN=180
T T Ng=160
- *N.=140
S tNS=125

v e g
1 Np=200

e P = =l
% - L L, =112
STAGE -1 = STASE -2 & STAGE -3 &
* My=100
31 2031 2061 A
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13. Draw the speed diagram, and the kinematic layout of the head stock
gear box of a turret lathe having arrangement for 9 spindle speeds, ranging
from 31.5rpm to 1050rpm. Calculate the no. of teeth on each gear.
Minimum number of teeth on a gear is 25. Also calculate the percentage
deviation of the obtainable speeds from the calculated ones.
(Nov/Dec 2017)

GIVEN DATA:

n=9

N.,., =31L.5rpm
N, .. =1050rpm
Z griver = 25

driver
Step 1: Selection of Spindle Speeds

Determine the progression ration (¢) using the r
Nmax /Nmin = ¢n_1

1050/31.5=¢""

18

$=(33.33)
$=155

v We find ¢=1.55is no d ratio. So let us find out whether multiples

. me close to 1.55
1.12 x 1.12 = 1.2544 and 1.12 x 1.12 x 1.12 =

skip 1 speed

5, because satisfies the requirement. Select the standard

spindle s sing the series of preferred numbers — From PSGDB 7.20, 7.19

Take step from R10 series ¢$=1.25

.. Spindle speeds are 31.5, 50, 80, 100, 160, 250, 400, 630, 1000rpm
Step 2: To find the Structural Formulae
Structural Formulae: 3(1) 3(3)
Step 3: Construct the Kinematic arrangement for 9 speed gear box

Structural Formulae: 3(1) 3(3)
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Note: Where X, =1X,=p, =3

No. of shafts = No. of stages + 1 (2+1=3 shafts) (so draw 3 horizontal lines)

To find No. of gears = 2(p:1 + p2) {[2(3+3)]=12gears}

KINEMATIC LAYOUT: 9 speed gear box

‘. [N "l)

2030 meds] .
' ﬂ*w-"‘* SHAFT.1 T/P
B - "'T 6 o:.:-l(xb
Zyi 1?7 ) AT
I R SHAFT-2
8 12
Zor 78l o
: Labh 24380 10
B SHAFT-3 O/P
;ra“ln:‘ J
oot || Zyp=250
STRUCTURAL FORMULAE: 3(1) 4, 1) Zy=109 || “1°

)

for 9 speed gear box

Step 4: Construct

Formulae:

Stage 2:

v' For stage 2 = 3(3) , 3 points with 3 speed gap or 3 speeds on shaft 3, Make
the points A, B & C

v" Find input speed for the speeds A=31.5 rpm and C=500rpm by using
31.5 1500

—=01<——=1.58<2 Ratio requirement satisfied,
31.5 4315

~.Input speed for stage 2=315rpm
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RAY DIAGRAM: 9 SPEED GEAR BOX

O = & LRI | 11 1,

A1 0 L IR FESRRSUORDIR -fNFbw
o T, '
L NSRRIV AN VORI O WO ...N‘:als

i 24Ny 200

—

| N AONJ:BO

& - N\ Eo!mﬁso
| Y [
Pl AL DL SPNCE.Nliguis
3(1) 309

Step 5: C ion of Number of Teeth on all the gears

Let, Z1, Zo, Z12 = Number of teeth of the gears 1, 2, 3...12 respectively

N
Formulae given —-=—2
» Ny

Take stage-2-Consider the first pair of gear 11, and 12

e From ray diagram consider ray DA
e Maximum speed reduction 315rpm to 31.5rpm
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We know that, Z . >17, .. assume Z;; =25 (Driver)

Z, N, 25 315

Z, N, Z, 315

Z,, =250

Take stage-1-Consider the second pair of gear 1 and 2

e From ray diagram consider ray GE
e Speed reduction 1250rpm to 500rpm

Z, N, Z, 500

We know that, —L =
ZZ

"N, Z, 1250
Z,=04Z, .. ()
Z,+72,=72.+7Z,=25+80=105

Solving equations (v) and (vi), we get

Z,=75
Z, =105-75=30

Take stage-1-Consider the second of d4

(viii)

Step 6: Calculation of Output Speeds

Let N: and No = Input and output speeds of the gears. From the ray diagram input
speed N; = 1250 rpm
N, =N, xZix 22 21250x 22« 7% _197.96rpm

Z 75 197

2 8
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Ny, =N, xZtx 22 —1250x 22, 18 _ 765 05rpm
7. 75107
N, =N, x Zix 2 _1250x 2% 2> _50rpm
z," 7z, 75 250

Take stage-2-Consider the second pair of gear 7 and 8

e From ray diagram consider ray DB
e Speed reduction 315rpm to 125rpm

We know that, £:&:£:g
Z, N, Z; 315

Z, =047,

250 =275

Z,+24=2,+2,=
Solving equations (i) and (ii), we get

Z, =196.42[1197
Z,=275-197 =78

Z,=159Z7,, ....(iii)
Zo+2Z,y=2,,+2Z,,=25+250=275 ....(iv)

Solving eq s (iii) and (iv), we get

Z,, =106.181 107
Z,=275-107 =168

Take stage-1-Consider the second pair of gear 5 and 6

e From ray diagram consider ray GD
e Maximum Speed reduction 1250rpm to 315rpm

We know that, Z_. >17 , .. assume Z, =25 (Driver)
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7. N,_25 315
7, N, Z, 1250
Z, =79.370180
Ny, =N, x é>< Z _ 1250 x 49 X 78 304.57rpm
7, 7, 65 197
Ny =N, x Z X Za _ 1250 x 40 x 168 _ 1207.76rpm
7 65 107
Ny, =N, x Z2x 21250520 2 _ 76 92rpm
Lz, 65 250
N, =N, xZ2x 22 21250 2 « L5 _ 154 66rp
7, 7, 80 197
N, =N, xZix 2o _1050x 24 18 _ ¢
Tz 80 107
Ny =N, ><é><i =1250x 2
6 12

Step 7: Calculation of % Devi

sl. Obtainable speed Calculated speed % deviation="22"Neal v
No | (Nyy, rpm) (N g, TPM) i
1 39.6 315 25.71
2 50 50 (o]

3 76.92 80 -3.85
4 154 66 125 23.72
5 197.96 200 -1.02
6 304.97 315 -3.18
7 613.32 ‘ 500 22.64
8 . 785.05 800 -1.868
9 1207.76 1250 -3.38
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14. Design of 12 speed gear box for a lathe. The minimum and maximum
speeds are 100 and 1200 rpm. Power is 5 KW from 1440 rpm induction
motor.

(Nov/Dec 2017)

Given data:

n =12 speeds
Nmin =100rpm.

Nmax =1200rpm.
P=5KW
N, ... =1440rpm.

input

*** Similar problem. We have to change the speed range of 100 to 355 rpm a
2017

Step 1: Selection of spindle speeds.

100, 125, 160, 200 0, 500, 630, 800, 1000 and 1200rpm.

tural formula.

ic diagram for 12 speeds.
Structural ula = 3(1) 2(3) 2(6)
No. of shafts = No. of stages +1 = 3+1=4 (4 horizontal lines)

No. of gears = 2(P1+P2+P3) =2(3+2+2) = 14 gears.
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)
Qa, r 10§ M ].v\
iR -
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{ ,‘J — Zg=82 I"’—F-_ia

=

-
=1
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i
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x
)

Ape V0 BWIM

ty
a3
£
)
i
I
3]

Zig = 50

Step 3: Ray diagram for 12 speed.
Structural formula = 3(1) 2(3) 2(6)
No. of shafts = 4 (4 vertical lines)

Speeds = 12 (12 horizonta

For stage 3:
imin > 14 Nmax < 2
Y Yo
@ =16<2
250
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ACD 2 (3 2 (b)
- —-:‘; 1[ U-DO'
M 4 to00
'.._.,..-».;‘._}‘ ‘Do
- e O - )- 1%
.k.-’ ./...._. ,’:,4 »00
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3
]
For stage 2:
N,., =400 rpm .
A P
For stage 1:
Nmin > y MS 2
N, 4 N,
PES PES
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A0 _ 6451

1000 4 1000

N% =1000 rpm .

Step 4: Calculation of no. of teeth on all the gears.
Let Zi, Zo, Zs... Z14 = No. of teeth of the gears 1, 2, 3.... 14 respectively.

Ni, N2, Ns... Ni4 = No. of speed of the gears 1, 2, 3.... 14 respectively.

V4
We know that, —- =

Z,

z|z

=

Case 1: Consider stage 3
First Pair:

* Gears 13 and 14 , Ray CA
*  Speed reduction from 250 to 100

Zp Ny , Z,, rive
Zl4 N13
20 _100
Z, 250

Second Pair:

2, Ray CB
ase from 250 to 400 rpm.

Zn Ny
Z, Ny

Zy _ 400
Z, 250

Z,=1627Z,
WKT. Z,+Z,=70=Z,+Z,

" 16Z,+Z, =70
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Z,=26921127
Z, =43
Z,=27 ,Z.,=43

Case 2: consider stage 2:

First Pair:

* Gears 9 and 10, Ray EC
* Speed reduction from 400 to 250 rpm.

Zy Ny Z,=20 (driver)
ZlO N9

20 _250
40 400

Z, =32
Z, =20 ,

Second Pair:

* Gears 7 and 8

*

Z,=2311024

Z, =28
Z, =28 , Z, =24

Case 3: consider stage 1:
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First Pair:

* Gears S5 and 6, Ray HE
* Speed reduction 1000 to 400 rpm.

Zs _Ng

Z6 N5

20 _ 400 Z,=20 (driver)
Z, 1000

Z, =50

Z.=20 , Z, =50

Second Pair:

* Gears 1 and 2, Ray HF
*  Speed reduction from 1000 to 50

Third Pair:

* Gears 3 and 4, Ray HG
*  Speed reduction from 1000 to 630 rpm.

Z3

z|z

w

4
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Z, 630

Z, " 100
Z,=0.63Z,

W. K. T. 2,+2,=2,+7Z,=70
1.63Z, =70

Z, =42.940 43

Z,=27.
Z,=27 , Z,=43

Step 5: Selection of material,

40N: 2cr 1MO 28 (Hardened and temper aterial is cted.

Material constant M=100 , [’C] = 55N / mm”>

Step 6: Calculation of module (m)
Case 1: To find the torque (T)

Calculate the torque the lowest speed of 100 rpm, using

the relation.

e gear (14

60P
27N

T14 =
B 60x5x10°
2xmx100

T,, =477.46 Nm.

Case 2: T d the tangential force on gear 14.
From PSG .57 , table 46.

T 2T,
S Zxm
14

_ 2x477.46x10°
50xm

~19098.4
m

Ft14

AMSCE/MECH/DTS Page 75



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

Case 3: To find the module (m).

Where , ¢, =0/ =10  From PSGDB 8.1 , and 8.14 (table 12).

19098.4
m = /—m
10x100

, 19.098
m- =
m

m=2.67 mm.
From PSGDB 8.2 , table 1, choice 1.
The next nearest higher standard module

Step 7: Calculation of centre From PSGDB 8.22 |

table 26.

Z, and Z, No. of t r pair in engagement is each stage.

Case 1: tre distance

Case 2: Centre distance for stage 2.
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:(28+24j3
2

a, =78mm.

Case 3: Centre distance for stage 3.

a, :(le ;Zujm

:(43+27)3
2

a, =105mm .

Step 8: Calculation of Face width (b).
WKT=
=1

Step 9: Calculation of Length of th
L=25+10+7b+20+
=110+15b
=110+15x

pindle (or) output shafts.

find normal load on gear 14 (Fu)

F =18 [q=20°FD]
cosa
_ 6366.13
cos 20
F =67747 N
(vi) To find maximum bending moment (M).
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n

4

o (F.L)

_ 6774.7x 450
4

M =7.62x10° Nmm.

(vii)  To find the equivalent torque. (Teg)
T, =M +T?

_ \/(7.62 x10°) +(477.46x10;

=8.99x10° Nm

(viiij To find the diameter of the spindle

From Rjo series,

of shaft 1.
= 1000 rpm.

60P

Torque T =
21N

_ 60x5x10°
2xmx1000

=47.75 Nm .

W.K.T T=02d}[x].
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47.75x10° =0.2xd>, x55
d, =16.31 mm.

From Rio series., The standard diameter ds;=20 mm.
(e) Diameter of shaft 2.

Input speed = 400 rpm.

T 60x5x10°
2 xmtx400

=119.36 Nm .

W.K.T= T=0.2d;[1].
119.36x10° =0.2xd;, [55]
d,, =22.14 mm.

From Rio series., The standard di
(f) Diameter of shaft 3.

Input speed = 250 rpm.

From Riy series. The standard diameter ds3=31.5 mm.

15. Design of 12 speed gear box for a lathe. The minimum and
maximum speeds are 100 and 1200 rpm. Power is 5 KW from 1440 rpm
induction motor. (April/May 2018)

Given data:
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n =12 speeds
Nmin =100rpm.
Nmax =1200rpm.
P=5KW

N, . =1440rpm.

input

Step 1: Selection of spindle speeds.

max ¢n—1

1200

_ p12-1
100 ¢

6=1.25.

Therefore the spindle speeds from R10 series.
From PSGDB 7.20.

100, 125, 160, 200, 250, 315, 400, 500 , 8 1200rpm.

Step 2: To find the structural ul
12 speeds = 3(1) 2(3) 2(6)
Step 3: Kinematic diagra
Structural formula = 3(1) 2(
No. of shafts = 3+1=4 (4 horizontal lines)
No. of gears = 2(P1+P3 =2(3+2+2) = 14 gears.

_ Shen © Yk

1

__Shi @
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Step 3: Ray diagram for 12 speed.
Structural formula = 3(1) 2(3) 2(6)
No. of shafts = 4 (4 vertical lines)

Speeds = 12 (12 horizontal lines)

For stage 3:
Nmin > 1
N
Y

@:0_42 1
250 4

4

N% =250 rpm .

ACH

2 (3

250 _ 0.625>1
400 4

N%) =400 rpm .
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For stage 1:
imin > 1 4 i}max < 2
pra %
400 _ 5451 630 _he3<2
1000 4 1000

N%) =1000 rpm .

Step 4: Calculation of no. of teeth on all the gears.
Let  Zi, Zo, Zs... Z14 = No. of teeth of the gears 1, 2, 3...
Ni, No, N3... Nis = No. of speed of the gears

We know that, % = &

2 1
Case 1: Consider stage 3
First Pair:

* Gears 13 and 14, R
*  Speed reduction fro

ears 11 and 12 , Ray CB
* Speed increase from 250 to 400 rpm.
Zn _ Ny

ZlZ Nll

Z, 400

Z., 250

Z,=1627Z,
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WKT. Z,+Z,=70=Z,+Z,
" 16Z,,+Z,, =70
Z,,=26921127
7, =43

Z,=27 ,Z, =43

Case 2: consider stage 2:

First Pair:

* Gears 9 and 10, Ray EC
*  Speed reduction from 400 to 250 rpm.

Zo Ny

Z,=20 (driv
ZlO N9

20250
40 400
Z,=32
Z,=20

Second Pair:

* Qe

*

to 500 rpm.

WKT.Zy+Z,=52=27,+7Z,
1.25Z, +Z, =52
Z,=23110 24

Z, =28
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Z,=28 , Z,=24
Case 3: consider stage 1:

First Pair:

* Gears S5 and 6, Ray HE
* Speed reduction 1000 to 400 rpm.

Zs _Ng

ZG N5

20 _ 400 Z,=20 (driver)
Z, 1000

Z, =50

Z. =20 , Z, =50

Second Pair:

* Gears 1 and 2, Ray HF
*  Speed reduction from

Zy N,

Z.+Z,=70=2,+Z,

7, =46.710 47
Z, =23
Z, =23 , Z,=47

Third Pair:

* Gears 3 and 4, Ray HG
* Speed reduction from 1000 to 630 rpm.
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W. K. T. Z,+2,=72,+72,=70

1.63Z, =70
Z,=42.941 43

Z,=27.

Z,=27 , Z, =43

Step 5: Selection of material,

40N: 2cr 1MO 28 (Hardened an selected.

Material constant M=100 , [1:] =5

Step 6: Calculation of modu

Calculate th 14) has the lowest speed of 100 rpm, using
the relation.

_ 60P
" 2N

B 60x5x10°
2xmtx100

T, =477.46 Nm.

Case 2: To find the tangential force on gear 14.

From PSGDB 8.57 , table 46.

T 2T
Fai = ? = .

Z,xm

_ 2x477.46x10°
50xm
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19098.4
F, =
m
Case 3: To find the module (m).
m= Fy
em.m

Where , ¢,, =B/ =10 From PSGDB 8.1 , and 8.14 (table 12).

19098.4%n

10x100

, 19.098
m- =
m

m = 2.67
From PSGDB 8.2 , table 1, choice 1.

The next nearest higher standard mo

Step 7: Calculation of i stages. From PSGDB 8.22 |
table 26.

(ZX+Z]
a= Y Im
2

e gear pair in engagement is each stage.

a, =(—Z3 ;Z“jm

2(27+43j3
2

a, =105mm .

Case 1: stance for stage 1.

Case 2: Centre distance for stage 2.
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a, = (—29 ;ZB jm
_ (28 +24 ) 3
2
a, =78mm.
a, = (Zn ;'le jm

2(43+27j3
2

a, =105

Case 3: Centre distance for stage 3.

Step 8: Calculation of Face width (b).

Step 9: Calculation of Len

=110+15x30

esign of shafts.

Design of spindle (or) output shafts.

(ix) # To find normal load on gear 14 (Fu)
Ft14
F =—/ [OL = 20°FD]
cosa
~ 6366.13
cos20
E =67747 N
AMSCE/MECH/DTS
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(%) To find maximum bending moment (M).

o (BL)
4

_ 6774.7x450
4

M =7.62x10° Nmm.

(xi)  To find the equivalent torque. (Teg)
T, = 1/M2 +T;

= (7.62x10°)" + (477.46x10°)

=8.99x10°

(xii)

From Rio series, The s rd diameter.

d, =50mm .

Input speed = 1000 rpm.

60P
27N

Torque T =

_ 60x5x10°
2xmx1000

=47.75Nm .
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W.K.T T=0.2d}[1].
47.75x10° =0.2xd>, x55
d,, =16.31 mm.

From Rjo series., The standard diameter ds;=20 mm.

(h) Diameter of shaft 2.

Input speed = 400 rpm.

T 60x5x10°
2xmtx400
=119.36 Nm .

W.K.T= T=0.2d;[1].
119.36x10° =0.2xd?, [55]
d,, =22.14 mm.

From Rio series., The standard
(i) Diameter of shaft 3.

Input speed = 250 rpm.

From Ri¢ series. The standard diameter ds3=31.5 mm.

16. A gear box is to give 18 speeds for a spindle of a milling machine.
Maximum and minimum speeds of the spindle are to be around 650 and
35 rpm respectively. Find the speed ratios which will give the desired
speeds and draw the structural diagram and kinematic arrangement of
the drive. (April/May 2018)
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Given data:

n=18
N_ ., =35rpm
N, ., =650rpm

Step 1: Selection of Spindle speeds

Determine the progression ratio (d))using the relation

Nmax/Nmm :¢n71
650/35 ="

1/17

¢=(18.571)
=187

nd out whether
1.87

We find ¢ =1.87 is not a standard fatio. So let

multiples of standard ratio 1.12 O

isfies the requirement. Select the

he series of preferred numbers From

tructural formulae: 2 (1) 3 (2) 3 (6)

Step 3: Construct the Kinematic arrangement for 18 speed gear box

Structural formulae: 2 (1) 3 (2) 3 (6)

No. of shafts = No. of stages + 1 (3 + 1 = 4 shafts) (so draw 4
horizontal lines)

To find the no. of gears by using
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No. of gears =2(p, +p, +p3){[2(2+3+3)] =16gears}

KINEMATIC LAYOUT: 18 speed gear box

_____ ﬂ

£1 7
5 g SHAFT-2
o _
- 13
o | K v E 5] sHaFT3
Ll

STRUCTURAL FORMULAE: 2(1) 3(2) 3(¢)

b

Step 4: Construct the ray di eed gear box

Structural formulae:
Note: Where X, =p,'p,=2%x3=6

+1 (3 + 1 = 4 shafts) (so draw 4 vertical
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2(1)

3(2)

SHAFT -1

STAGE -1

17.

A nine-speed

lathe is to
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v' We find ¢ =1.333 is not a standard ratio. So let us find out whether

multiplies of standard ratio 1.12 or 1.06 come close to 1.333
v" For example we can write, 1.12x1.12=1.2544 & 1.12x1.12x1.12 =1.405

Then 1.06x1.06x1.06x1.06=1.338 skip 4 speeds

So we take ¢= 1.06, because satisfies the requirement, select the standard spindle
speeds using the series of preferred numbers

Take Step Ratio from R40 series $=1.06

Spindle Speeds are 180, 236, 315, 425, 560, 750, 1000, 1320 an
Step 2: To find the structural formulae
Structural formulae: 3(1) 3(3)

Step 3: Construct the kinematic arrangement fo

Structural formulae: 3(1) 3(3)
P1 =3 p2 = 3 Note: where X; = 1; Xo=p1 =3
No. of shafts = No. of stages +1 (2+1=3 shafts) ontal lines)

To find the no. of gears by using
No. of gears =2(p,+p,){[2(3+3)]=

z=24 %
3 Zs=20
[ = SHAFT-11/P
5] - ﬁ“ F_Z9=53
Z,=3
7235 9| z,=20
Z,=44 N 8 -l ke
T Z=39 Z,=48 10
el e SHAFT-30/P
Z,=48 e 662
STRUCTURAL FORMULAE: 3(1) 3(3) il )

Step 4:- Construct the ray diagram for 9 speed gear box
» Structural formulae: 3(1) 3(3)
No .of stages: 2{(p,(X,)p,(X,)}

p,=3 p,= Note: Where X; = Xo=p1=3
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v" No. of shafts = No. of stages +1 (2+1= 3 shafts) (so draw 3 vertical lines)
v" No. of speeds = 9 (Draw 9 horizontal lines)

—1 N,=1800
Ng=1320

et J

SHAFT -1

STAGE -1 STAGE -2
3(1) 3(3)

Step 5: Calculation of No. of teeth
e Calculation of numbers of teet

Let Z1, Zo, Zs3, ..... 1, 2, 3, ...12 respectively

Formulae given ZL-—"2

Take stage — 2

e Consider

Zi1 =20, Zi12 =63

Take stage — 2

e Consider the second pair of gear 7 and 8
e From ray diagram consider ray DB
e Maximum speed reduction 5S60rpm to 425rpm
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We know that,

Z7 NB

z N,

z, 425

7, 560

z,=0.76z, ——(i)

NOTE: The centre distance between the shafts are fixed and same. The sum of
number of teeth of mating gears should be equal.

So we can write
z,+2,=2,,+2,=20+63=83 (i)
Solving equations (i) and (ii), we get

z,=47.16~48
z,=83-48=35
z,=35 z,=48

Take stage — 2

e Consider the third pair of ge
e From ray diagram consider
e Speed increase from 5

We know that,

+Z,=20+63=83  ——(iv)
Solving equation (iii) and (iv), we get
Z,,=29.79~30

Z,-83-30=53
Z,=53 Z,=30

Take stage -1

e Consider the first pair of gear 5 and 6
e From ray diagram consider ray GD
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e Maximum speed reduction 1320rpm to 560rpm

We know that, z , >17 - assume Zs = 20 (Driver)

min =

z; N

z, N,

20 1320

7, 560

7, =47.14 ~ 48
Take stage — 1

e Consider the first pair of gear 5 and 6
e From ray diagram consider ray GD
e Maximum speed reduction 1320rpm to 560rpm

We know that,

Zl NZ

7, N,

z, 750

z, 1320

Z, =057z, ———(v)
NOTE: The centre distance betwee ts fixed and same. The sum of
number of teeth of mating ee

So we can write

2,+2,=2,+2

er the third pair of gear 3 and 4
e From ray diagram consider ray GF
e Speed increase from 1320rpm to 1000 rpm

We know that,
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Z,=0.76z, ——(vii)
Solving equations (iii) and (iv), we get

Z,=38.64~39
Z,=68-39=29
7,=29 7,=39

18. Sketch the speed diagram and the kinem
speed gear box the following data. Motor s
output speed 16 rpm, maximum output
2X3X3. List the speeds of all the sha
rpm. (Nov/Dec 2018)

Given data:

n=18
N, =35rpm
N,... =650rpm

*** Similar to this m and maximum speed

Step 1: Selection of S

¢=(18571)"
$=1.87

We find ¢ =1.87 is not a standard ratio. So let us find out whether
multiples of standard ratio 1.12 OR 1.06 come close to 1.87

For example we can write 1.12x1.12=1.2544

Then 1.06x(1.06x1.06)=1.91 ... Skip 2 speeds
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So we take ¢ =1.06, because satisfies the requirement. Select the

standard spindle speeds using the series of preferred numbers From
PSGDB 7.20, 7.19

Step ratio from R40 series ¢ =1.06

.. Spindle speeds are 35.5, 42.5, 50, 60, 71, 85, 100, 118, 140, 170,
200, 236, 280, 335, 400, 475, 560 and 670 rpm

Step 2: To find the Structural Formulae

Structural formulae: 2(1)3(2)3(6)
Step 3: Construct the Kinematic arrangement for 18
Structural formulae: 2 (1) 3 (2) 3 (6)

No. of shafts = No. of stages + 1 (3 +
horizontal lines)

To find the no. of gears by using

No. of gears =2(p, +p

KINEMATIC LAYOUT: 18 speed gear box

H i SHAFT-11/P
7]
i E g SHAFT-2
—

_______________________ ) - sharTaore
il
STRUCTURAL FORMULAE: 2(1) 3(2) 3(6)
Step 4: Construct the ray diagram for 18 speed gear box
Structural formulae: 2(1) 3(2)3 (6)
Note: Where X, =1 X, =p, =2 X;=p, P, =2x3=6

No. of shafts = No. of stages +1 (3 + 1 = 4 shalfts) (so draw 4 vertical
lines)

No. of speeds = 18 (Draw 18 horizontal lines)
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RAY DIAGRAM: 18 SPEED GEAR BOX

- - —&N,;g=670
2(1) 3(2) 36) 7 N,=560
3 € /",A S =
S o - - = - Nie=475
S e e N0
= & N ,2335
\ t‘ . i F ;\'/ \ﬁ\/ -’ C 1
e - e Pt P e, N13=280
i ~ N, s N =236
= SONESN T s 12~
- RN T
- — E ';:\;\-,'\\‘h/./”\.(.\“ - N"=200
=2 e TNw=170
AT R
LR & S Rt
A R -
\-\. \_‘\ .\'~~\. 2 N,=100
N a
\ '\_ N ‘-\_' Z\. N6=85
NN N7
N -
= 5 <1 Na=60
— ~r
- ~—* N,=50
£ = £ N
z € z STAGE -2 - 3 s g
STAGE -1 = STAGE -3 N\
> % ) Dt N,=355

19.
speed of 1600rpm. The requir
(April/ May 2019)

Given data:
n=12
Nmin = 25rpm
Nmax = 1440

P =2.25KW

600
25
$=1335

¢1271 —

We can write, 1.06x (1.6x1.06x1.06x1.06) =1.338

Design a gear box with 12 spee
ge

of motor with a
rpm to 2000rpm.

So, ¢ = 1.06 satisfies the requirement. Therefore the spindle from R 40 series skipping four

speeds, are given as
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25, 33.5, 45, 60, 80, 106, 140, 190, 250, 250, 335, 450 and 600 rpm.
2. Ray diagram: The ray diagram is constructed, as shown in fig.

Structural formula: 3(1) 2(3) 2(6)

3(1) 2 (3) 2 (6) ’
J ——< 600 '
r el
X AT e
R T S a_ e
\X:“. ........ W —"'f‘-' ...... 250
- — 190
140
106
80
60
- o e I
= = -::.'. 4=. S
w© © =] © —e 33.5
- =
» | Stage 1 & | Stage 2 & | stage 3 5
o i
Ray diagram for 12 speed gear box
Step 3:
M=§=0.31> 1and
Ninput 80 4
Ny, _ 140
Ninput 80
Step 2:

Step 1:

_140 _ 0,311>£
450 4

= 250 =0.56<2
450

N input
N max
N._

input

3. Kinematic arrangement: The kinematic arrangement for the given 12 speed gear box is
constructed, as shown in fig.
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s _‘ Z|°=35 12 \
Moator -—-—--—--—--—-_._.hai._._._._._._,, = .__-—--D‘

Kinematic arrangement for 12 speed gear box

ThM on all gears are

First pair: Consider the ray t i ctioni.e,from80r.p.mto25r. p. m.

4. Calculation of number of teeth on alt
calculate as below, following the proced

Stage 3:

r ray that gives speed increase form 80 r. p. m. To 140r. p. m.
11 and 12.

——=()
We also know that the sun of number of teeth of mating gears should be equal.

z2,+2,=2,+2,=20+64=84 ——(ii)

On solving equations (i) and (ii), we get

z,,=30.5~31and z,, =84—31=53

Stage 2:
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First pair: Consider the ray that gives maximum reduction from 140 r.p.m to 8 r.p.m. The
corresponding gears are 9 and 10. Assume zg = 20 (driver).

N, 20 80
=—Lor—=—r:j, 2,,=35
N, z, 140

Zy
ZlO
Second pair: Consider the other ray that gives speed increase from 140 r.p.m to 190 r.p.m.
The corresponding gears are 7 and 8.

2, Ny _190
N, 140
+2,=2,+2,=20+35=55 ——(iv)

or z,=1357z, ——(iii)

-7
Zg
Z;

On solving equation (iii) and (iv), we get

z2,=233=24 and z,=55-24=31

Stage 1:

First pair: Consider the ray that gives maximum fro r.p.m. The

corresponding gears are 5 and 6. Assume zs = 20 (dri

Or.p.mto

from r.p.m to 190 r.p.m. The

50 ..
—— or z,=0.555z ——(vii
450 1 2 (vii)

2,+2,=2,+2,=60+25=85 ——(viii)

On solving the equations (vii) and (viii), we get

z,=54.66~55and z, =85—55=30
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20. A 9-speed box, used as a head stock gear box of a turret lathe, is
to provide a speed range of 180 rpm to 1800 rpm. (April/ May 2019)

Given data:
n=9
N, =180rpm
N,..x =1800rpm

Step 1:- selection of spindle speeds

Determine the progression ratio (¢) using the relation

Nmax _an-1
Nmin ¢
1800 o,
180 =0
o= (10)%

¢ =1333

out whether

e close to 1.333
12x1.12x1.12 =1.405

v" We find ¢=1.333 is not a stand
multiplies of standard ratio
v" For example we can write,

Then 1.06x1.06x1.06x1.06=1.338 skip 4

ruct the kinematic arrangement for 9 speed gear box

ral formulae: 3(1) 3(3)

4 3 p2 = 3 Note: where X; = 1; Xo =p1 =3

v" No. of shafts = No. of stages +1 (2+1=3 shafts) (so draw 3 horizontal lines)
v" To find the no. of gears by using

No. of gears =2(p,+p,){[2(3+3)]=12gears}
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zz04 5D
3 Zs=20
EI SHAFT-11/P
2] I e 53
Za=
! 3 9 Z“:20
sl iﬂ SHAFT-2
Z,=44 [ ] 8| [ ] [
T Z=39 Z,=48 10
iy e m e bete fee N .. NPHAET=3 O/P
Z4=48 — Z15=63
— Z,730 ||

STRUCTURAL FORMULAE: 3(1) 3(3)

Step 4:- Construct the ray diagra

» Structural formulae: 3(1) 3(
stages: 2{(p,(X,)p,(X,)

No .of

No. of spee
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G ..’_,f-

’X Fl " ’7: oo
\\—-\f;;'j_ ez ¢ N,=1000
\ 2 .:'r-r::""“"-- <. o

N RN =1 N,=750

e N5:560

\ =B N,=425
\ W, s,

=] N=DG

e = t" N,=236

* e X STAGE -2

o STAGE -1 = R Ny= 180
3(1) 3(3)

Step 5: Calculation of No. of teeth

e Calculation of numbers of tee all ea
Let Zi1, Zo, Zs, ..... Z12 = Number of 1, 2, 3, ...12 respectively

. z, N
Formulae given —*= WZ
1

ZZ
Take stage — 2

ear 11 and 12

ray DA

uction 560rpm to 180rpm
me Zi: = 20 (driver)

e Consider

Z11 =20,Z12=63

Take stage — 2

e Consider the second pair of gear 7 and 8

e From ray diagram consider ray DB

e Maximum speed reduction 5S60rpm to 425rpm
We know that,
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N NlN N|N
© ~ © ~

o
(GRS

S 8l zlz
oo

7

762, =)

NOTE: The centre distance between the shafts are fixed and same. The sum of
number of teeth of mating gears should be equal.

So we can write

Z,+2,=2,+2,=20+63=83 (ii)

Solving equations (i) and (ii), we get

2, =47.16~48
z,=83-48=35
z,=35 z,=48

Take stage — 2

o Consider the third pair of gear 9 a
e From ray diagram consider ra

e Speed increase from 560rp 100

We know that,

N

Z Ny
ZlO N9
z, 1000

z, 560
Z,=1.786Z,

So we can write

—-=(v)

Take stage -1

e Consider the first pair of gear 5 and 6
e From ray diagram consider ray GD

10

e Maximum speed reduction 1320rpm to 560rpm

We know that, Z

min =

>17 -~ assume Zs = 20 (Driver)
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2,=47.14~48

Take stage — 1

e Consider the first pair of gear 5 and 6
e From ray diagram consider ray GD
e Maximum speed reduction 1320rpm to 560rpm

We know that,

Z1 N2

z N

z, 750

7, 1320

Z =0.57z, ———(v)

NOTE: The centre distance between d same. The sum of

number of teeth of mating gears s

So we can write

the third pair of gear 3 and 4
ay diagram consider ray GF
e Speed increase from 1320rpm to 1000 rpm

We know that,
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Z, 1000
7, 1320

Z,=0.76z, ——(vii)
Solving equations (iii) and (iv), we get

Z, =38.64 ~39
Z,=68-39=29
Z,=29 Z,=39

21. Design an 18 speed gear box from a sour
minimum speeds are to be around 650r
May 2019)

pectively. (April/

Given data:

n=18

ession ratio (¢)using the relation

="'

1/17

¢ =(18.571)
0=187

We find ¢ =1.87 is not a standard ratio. So let us find out whether
multiples of standard ratio 1.12 OR 1.06 come close to 1.87

For example we can write 1.12x1.12=1.2544

Then 1.06x(1.06x1.06)=1.91 ... Skip 2 speeds
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So we take ¢ =1.06, because satisfies the requirement. Select the

standard spindle speeds using the series of preferred numbers From
PSGDB 7.20, 7.19

Step ratio from R40 series ¢ =1.06

.. Spindle speeds are 35.5, 42.5, 50, 60, 71, 85, 100, 118, 140, 170,
200, 236, 280, 335, 400, 475, 560 and 670 rpm

Step 2: To find the Structural Formulae

Structural formulae: 2(1) 3(2)3 (6)
Step 3: Construct the Kinematic arrangement for 18 dg

Structural formulae: 2 (1) 3 (2) 3 (6)

No. of shafts = No. of stages + 1 (3 %
horizontal lines)

To find the no. of gears by using

No. of gears =2(p, +p ﬁ

KINEMATIC LAYOUT: 18 speed gear box

1 3] SHAFT-11/P

Ei 4 5F SHAFT-2
) [g ________________

_______________________ ko dedi e . SHAEV-4 O/P.
i
STRUCTURAL FORMULAE: 2(1) 3(2) 3(¢)
Step 4: Construct the ray diagram for 18 speed gear box
Structural formulae: 2(1) 3(2)3 (6)
Note: Where X, =1 X, =p, =2 X, =p; P, =2x3=6
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No. of shafts = No. of stages +1 (3 + 1 = 4 shafts) (so draw 4 vertical

lines)
No. of speeds = 18 (Draw 18 horizontal lines)
RAY DIAGRAM: 18 SPEED GEAR BOX NL=670
TS 18
2 1 A W
T () 3(2) 3(0).,/’ —N,;;=560
< — N,=475
\‘\\ T Ny5=400
RS e N335
\ x> N,3=280
S 5 —1N,,=236
N \\/\(:\ " ll-
2 > M N,o=170
\\:\ T e
Al O\ Y
- Ng=118
N \"\\"\.?\\\\\P 8
X.\' X % -\‘-.\ N,=100
g, T B
~ %o~ ] Ne=85
Y S S 23
\\ . N oo Ns=71
= - = AN = N‘= 60
v o Ll B v‘ 3 o
£ £ £ T I
I P STAGE-2 = 3 [ Ne=425
) STAGE-1 & - % STAGE-3 & Aj N=35.5

\ g
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ME-6601 DESIGN OF TRANSMISSION SYSTEMS

UNIT-V CLUTCHES AND BRAKES
(PART-A)

1. Differentiate between uniform pressure and uniform wear theories
adopted in the design of clutches?

In clutches, the value of normal pressure, axial load for the given
clutch is limited by the rate of wear that can be tolerated in the brake links.
Moreover the assumption of uniform wear rate gives a lower calculated
clutch capacity than assumption of uniform pressure. He clutches are
usually designed on the basis of uniform wear.

2. In a hoisting machinery, what are the different e pi sorbed by a
brake system?

+ Kinetic energy of tran
+ Kinetic energy of

% Potential or gr
Total energy absor

3. If a multidisc clutch has
shaft, then how many,nu

ng shaft and 7 discs in driven
surfaces it will have?

en an automobile moves forward, the braking force acting in the
opposite direction to the direction of motion of the vehicle. Whereas in
reverse travelling the braking force acts in the same direction to the direction
of motion of the vehicle. So it requires more braking force to applying brake.

5. Name the profile of cam that gives no jerk?

Circle- arc cam gives no jerk. Because the derivative of acceleration of
cam is zero.

6. What is meant by positive clutch?
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Positive clutches means to have interlocking engaging surfaces to
form a rigid mechanical junction.

7. What is the function of clutch in a transmission system?
% To connect and disconnect the shafts at will.
% To start or stop a machine (or a rotating element) without starting
and stopping the prime mover.
+ To maintain constant speed, torque and power.
« For automatic disconnect, quick start and stop, gradual starts,
non-reversing and over-running functions
8. What is the significance of pressure angle in cam design?,

The pressure angle is very important in cam desi
steepness of the cam profile. If the pressure
reciprocating follower will jam in its bearings

as it represents

9. Mention few application of cams.

The cam can be a simple tooth, as i i es of power
to a stream hammer, for example, or an ther shape that
produces a smooth reciprocating (back in the follower,

at is meant by positive clutch?
sitive clutch transmits power from driving shaft to the driven shaft
by jaws or teeth is called positive clutch. No slipping is there.
13. By what means, power is transmitted by clutches?
In clutches, power transmission is achieved through
(a) Interlocking (b) Friction (c) Wedging

14. Why are cone clutches better than disc clutches?

Since the cone discs are having large frictional areas and they can

transmit a larger torque than disc clutches with, the same oil diameter and
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actuating force and hence cone clutches are preferred over disk clutches. But

usually cone clutches are mainly used in low peripheral s applications.

15. What factors should be considered when designing friction
clutches?
¢ The friction materials for the clutch should have high co-efficient
of friction and-they should not be affected by moisture and oil.

72

% May be light in weight.

72

+ The design is in such a way that the engagem ould be made
without shock and fast

% Disengagement without drag.

16. Why should the generated heat

operation?

clutch

In order to save the friction plate i om melting by the

heat produced during operation, the gen

17. i i the design of friction clutches.

18. ining of friction surfacing clutches.

sbestos based friction materials
owdered metal friction materials
e the advantages of cam mechanisms.

ams are used for transmitting desired motion to a follower by direct
. Cam mechanisms are used in the operation of IC engine valves.

20. Why should the temperature rise be kept within the permissible
range in brakes?

Otherwise the brake drawn will be overheated and hence the brake shoes
may be damaged due to overheating.

21. Differentiate a brake and a dynamometer. (April/May 2017)

A dynamometer is a brake incorporating a device to measure the
frictional resistance applied.
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22. Double shoe brakes are preferred than single shoe brake. Why?
(April/May 2017)

In a single shoe brake normal force introduces transverse loading on
the shaft on which the brake drum is mounted two shoes are often used to
provide braking torque.

23. Write the difference between dry and wet clutch. (Nov/Dec 2017)
% When a clutch operates in the absence of a lubricant, then that
the clutch is known as dry clutch. In dry clutch the torque
capacity is high but the heat dissipating capacitiis low
% When the clutch operates ‘wet’ (i.e., wit
torque capacity is low but the heat dissip city is high

25. What are the types of brakes use
(April/May 2018)

Disc brakes, drum brakes and int

26. How does the functi iffer from that of a clutch?
(April/May 2018)

27. friction materials. (Nov/Dec 2018)

Brake'is a mechanical device by means of which motion of a body is retarded
for slowing down or to bring it to rest, by applying frictional resistance

30. Why are cone clutches better than disc clutches? (April/May 2019)
i.  Indisc clutches, friction lined flat plates are used
ii.  In cone clutches, friction lined frustum of cone is used
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PART B

1. An automobile engine has an output of 8OKW at 3000rpm. The mean

diameter of the clutch is 200mm with a permissible pressure of 0.2
N/mm?. Friction lining is of asbestos with M=0.22 . What should be the
inner diameter of the disc? Take both the sides of the plates with
friction lining as effective. There are 8 springs and axial deflection in
spring is limited to 10 mm. Given G=80KN/mm? spring index may be

taken as b.

Given data:

P =80KW

N =3000rpm

d1=200mm

Pmax =0.2N/mm”’

M =0.22

No.ofSprings =8

C=6

G =80KN/mm?

Axial deflection =10
Step 1: To find the inside plate.
Case: 1: To find the

_ 60pP
27N

T

~ 60x80x 10°
2 xtx 3000

=254 65N.m

find the axial force acting on the friction faces.

W=AxP Pk
=27Rb-P b=2

4
:2anx%x0.2 P=P,..
W =0.314 R?
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Case 3

Case 4

Step 2

spring.

: To find the mean radius of the friction lining (R)
T=M-W-R-n
254.65x10% =0.22x0.314xR* xR x2 [n=2]
R=122.61mm

W-K-T=R, _Ltn

100 +1,

122.61=

r, =145.22mm

: To find the inside diameter of the Pl

: To find the axial fi

W =0.314xR?
=4720.43N
spring wire diameter. (d)

for adjustment and for Maximum torque, the spring
verload of 25%

.. Total load on
. =1.25xW
the springs }
=1.25x4720.43
=5900.54N

Since there are 8 springs, therefore the maximum load on each

W, = 5902.54
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=737.56N
We know that Wahl’s stress factor

4C-1 0.615
K= +
4C-4 C

_4x6-1_ 0615
4x6-4 6

23 0615

"2 6

K=1.2525

Maximum stress induced in the wire (Gs

Assume o, =600mpa

BV
nd
8
600 =1.2525x

From PSG e a standard wire of size SWG 6 having
diameter. 4.
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2. Derive an expression to determine the braking torque for an internal
expanding shoe brake.

The figure shows an internal shoe automatic brake. It consists of two
semi-circular shoes S1 and S2 which are lined with a frictional material
such as ferrodo. When brakes are applied, can rotates which pushes the
shoes outwards to press the brake lining against the rim of the drum. As
soon as the brakes are off, the shoes are pushed inside by the spring.

cam opevatrg  devel

@ Tndemal QXP"‘*AQ“f} brake Gk i Bw RhE e

ection the left side shoe is
right hand shoe is known as

It may be noted that for the
known as primary or leadin
trailing or secondary

F1 = Force exerted by the cam on the loading or primary shoe.
F, = Force exerted by the cam on the trailing or secondary shoe.
Rn = Normal force.

F = Frictional force.

M= Co-efficient of friction between shoe and drum.
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My = Moment of normal force
Mr = Moment of Frictional force.

Consider a small element AB of brake lining subtending an angle 00 at the
centre of the drum. Join 0; to O. It is assumed that the pressure distribution
on the shoe is nearly uniform. However the shoe wears out more at the free
end. The rate of wear of the shoe lining varies directly as the perpendicular
distance from 0; to B ie O; c.

From the geometry of the figure b.

0,C=00,sin6

and normal pressure at B,

Pyosin® or B, , sin©

Normal force acting on the element ,

SRy =Normal pressure
=P, x(b-r-80)=P, si

Friction force on the

Braking t

T, =0F -r

=MP, -sinOxbxrx80xr
=MP, sin0-br’30

king torque for whole shoe about O

0,
T, = MP,br’ [ sin 0.d0
0

=MP,br*[-cos 9]2:

T, = MP,br*[cos6, —cos®, |
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3. A Power of 20 KW is to be transmitted through a cone clutch at 500 rpm. For
uniform wear condition, find the main dimensions of clutch and shaft. Also
determine the axial force required to engage the clutch. Assume co-efficient
of friction as 0.25, the maximum normal pressure on the friction surface is

not to exceed 0.08 Mpa, and take the design stress for the shaft materials as
40 Mpa.

Given data:

P =20KW

N =500rpm

M =0.25

P .. =0.08mpa

P, .. =40mpa.

S|

Step 1: To find the Torque transmitted.

Step 2: To find b, R, 11

For cone clutch

I —-r I +r,

sinl5 4

By solving the above equation 1, =1.139 1, 1
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Design Torque [T]=TxK|
Assume K, =25
[T]=382x2.5

=955 Nm.

For uniform wear,

[T]=2rMP, P’b
3 2 R
955x10° =2xtx0.25x0.08x R XE

R =247.7mm.

I, +r,

Also, R=
2

2477 =070
2

I, +1, =4954

Solving 1

b=123.85mm.

Step 3: To find axial force required to engage the clutch (W).
W =2mc(r, —1,).
=2nxP 1, (r,-1,) [ c=P_ x5].
=2x1x0.08x10° x0.2316(0.264 —0.2316).

=3771.84 N.
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Step 4: To find the diameter of the shaft:
[T] = %6 X d:: X Pshaft

955="/ xd’x40x10°

16

d, =0.0495m .

d, =49.5 mm.

4.Design a differential band brake for a winch lifting a load KN through a
steel wire rope wound around a barrel of 600mm diameter.
to the barrel shaft, is 800mm diameter and the angle of

drum is about 240° operating arms of the brake are S0mm a

of operating level is 1.6m. ’

. o mm

B

b)

Given data:

Load =20 KN

T; =Load x Barrel radius.
=20x10° x (%j
2

=6000 Nm
Step 2: Brake drum diameter. (D).

D=800mm (given).
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Step 3: Calculation of T1 and T2:

. . T 25x4.1
Tension ratio , — = e™M° = /418

T, =2849T,
T, =(T, - T, )xr

0.8

6000 = (T, —Tz)x(7j

T, - T, =15000
2.849T, — T, = 15000
T, =3897.12 N

. T,=11102.88 N

Step 4: Thickness of band. (t).

— Tl
_WXt S[Gt]

"+[6,]=50 N/mm? is assumed .

w =55.51
w =56 mm
Step 6: Check for bearing pressure.

Tl
W.I.

P =

~11102.88

56{800J
2
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=0.495 N/mm”*
For steel band on steel drum. [P] =1.5N / mm®

We find P, <[P] , .. the design is safe.

Step 7: Calculation of the force to be applied at the end of the lever.

Refer figure (b) , taking moments about O , we get.

Fx1600+ T, x50 = T, x 250

Fx1600+11102.88 x50 = 3897.12

F=261.96 N.
S. Design a cam for operating the exhaus gine. It is
required to give equal uniform acce retardation during

opening and closing or the valve, eac
cam rotation. The valve should remai en position for 20°

the least radius of

1. Draw a horizontal lin at AS represents the angular

displacementof the c ening (i.e., outstroke) of the valve (equal to
line ST represents the dwell period of 20°
i.e., the per h the valve remains fully open and TP represents
the angular di ment during closing (i.e., return stroke) of the valve

wi h is equal to
'_ Valve open |Fully opep Valve close
' .

G H P

,_
50 mm

2. Divide AS and TP into any number of equal even parts (say six).
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3. Draw vertical lines through points 0, 1, 2, 3, etc., and equal to the lift of the
valve (i.e., 50 mm).

4. Divide the vertical lines 3 f and 3 " into six equal parts as shown by the
points a, b, ¢, .. and a’, b’, ¢’ in Fig.1.

S. Since the valve moves with equal uniform acceleration and retardation,
therefore the displacement diagram for opening and closing of a valve
consists of double parabola.

6. Complete the displacement diagram as shown in Fig.1. Now, the profile of
the cam, with a roller follower when its line of stroke passes through the axis
of the cam, as shown in Fig.2 is drawn in the usual way.

Roller follower

6. Explain with a neat
an expression for th

ii. Uniform we

iction surfaces held together by an axial thrust W, as shown
in Fig. (
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Singla disc

f or plata
N E
I R
|3
:'_ y
Ifz
1 S U S PR—

w

Friction surface

(2) ()
Fig. (A) Forces on a single disc or plate clutch

Let T =Torque transmitted by the clutc
P = Intensity of axial pressure acti

r 1 = External radius of friction su

Consider an elemen i i d thickness dr as shown in Fig.

Normal or e ring, SW =PressurexArea =px2nr-dr

on the ring acting tangentially at radius r is given by
-OW =ppx2nr-dr

nal torque acting on the ring, T =F xr

T =ppx2nr-drxr

= 2nupr’dr

The design of friction clutch is done based on any one of the following
assumptions:

(i) When there is a uniform pressure, and
(ii) When there is a uniform wear.
(i) Considering uniform pressure:
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Area of the friction surface, A = n(rf —r22)

Uniform intensity of pressure (p) is given by

W W

A n(rf —r22)

Total frictional torque acting on the friction
surface or on the clutch is obtained by integrating the equation of the
frictional torque on the elementary ring within the limits fro to ri.

1] 3
T= IZnupr2dr = 2nup {%} = 27‘5},LP|:

1‘2 rz

Substituting the value of p from equation (

3.3
T =2mux EN > {1‘1 1‘2}
TE(I‘1 —rz) 3

or

where R = Mean radius of friction

surface

(ii) Considering uniform wear: For uniform
of pressure varies inversely with the distance.

=C or ng

P =p,,=C

Where p: and p» are intensities of pressure at radii r; and r» respectively.

We know that normal or axial force on the elementary ring,

8W = p2nrdr = 2xt(p-r)dr = 2nCdr [ p= E}
r

.. Total force acting on the friction surface,
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W= IZnCdr =2nC [r]z =2nC(r, -1,)

or W

We know that the frictional torque acting on the
elementary ring,

T, = 2nppr’dr = 2 x Cor dr
r

=2nu-C-r-dr

.. Total frictional torque on the friction surf:

T=IZnu-C-r-dr=2nuC{

T =nuC[r12 —r;]

(4)

R = Mean radius of the friction

Note:

1. In general, total frictional torque acting on the friction surface or on
the clutch is given by

T=n-p-W-R

Where n = Number of pairs of friction or contact surfaces.
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2. For single disc plate clutch, n=2. Since both the sides of the disc are
in contact.

7. A multiplate clutch with both sides effective transmits 30KW at
360rpm. Inner and Outer radii of the clutch discs are 100mm and 200
mm respectively. The effective co-efficient of friction is 0.25. An axial
load of 600N is applied. Assuming uniform wear conditions, find the
number of discs required and the maximum intensity of pressure
developed.

Given data:

P =30KW

N =360rpm.
r, =100mm.
1, = 200mm
M =0.25

w = 660N.

Assuming uniform wear, axial forc

600 =2xnxP,_)
600=2xnxP__
600=2xnxP,  x0.1(0:

P . =09.

max

Torque tr ted by a single friction surface is given by.

TMW(TJ

~0.25x% 600(%)

torque required

}T =22.5Nm
per surface

The total torque is required can be calculated as given below
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Power P=2niNT /60
30x103= 2xx360xT /60

T=795.77 Nm
No.of friction surfaces required= total torque required/ torque required per surface
=795.77/22.5
=35.36
=36
Total number of plates= no. of pairs of contact surface+1
=36+1=37

8. A 50 Kg wheel, 0.5 m in diameter turning at 150 rpm is stationary bearingis brought to
rest by pressing a brake shoe radially against the rim with a force of 1
gyration of wheel 0.2m. How many revolutions will the wheel ma
Assume that the co-efficient of friction between shoe and rim

the radius of

ore,coming to rest?

Given data:

m = 50Kg

D =0.5m.

N =150rpm.
F =100N.
K=0.2m.

M =0.25

Take, 1=0.28m

0=60° From PS

Step 1: To find Braking ue.

0=60x——
180

0=1.05rad.

M6 0.25x1.05
=" =

Gl

T,=13T, 1
Moments about the fulcrum 0O,
Fx1=T, xa

100x0.28 =T, x0.25
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T, =112Nm.
From eqn 1 T, =1.3T,
112 =1.3T,
T, =86.15Nm.
Braking torque is given by T, = (T1 —Tz)r

= (112 -86.15)0.25

=6.46Nm.
Step 2: No. of turns of flywheel before it comes to rests. (n):

We know that kinetic energy of flywheel.

K.E=12><

This kinetic energy is used to ove

246.74 =6.46x2xTXN.

n =6.08 revolutions.

9.A multif { bronze is to transmit 6KW power at 750 rpm. The inner radius of contact
surface is 4 dius is 7cm. The clutch plates operate in oil, so the co — efficient of friction is
0.1. The ave ssure is 0.35 N/mm?2. Determine (i) The total number of steel and bronze friction

discs. (ii) Actualaxial force required. (iii) Actual average pressure (iv)Actual maximum pressure
Given data:

p =6kW

N =750rpm

r, =4cm=40mm
r,=7cm=70mm
M=01

P,,, = 0.35N/mm?

Step 1:- To find Py and Pa.
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_h

p AP435
2

avg
P, +P,=0.7 -——(@1)
P1r1 =P, =C
P _h _@
P, r, 70

4

P1:7XP2 ---(2)

Solving (1) and (2)

P,=0.4454 N/mm? =P, ,
P,=0.2545

Step 2:- To find ‘¢’

C=P X0,
=0.4454 x 40
c=17.82 N/ mm

Step 3:- To find axial force:

W =2nc(r, —r,)
=2xmx17.82(70 - 40)
W =3358.99 N

Step 4:- To find the torque transmitted

Step 6:- To find'number of friction surface required

n= 7639 =4.13=~5
18.48

Step 7:- To find total number of plates
Total number of plates = 5+1 =6 surface

Step 8:- To find the actual torque (T1)
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T, =15.278 Nm

Step 9:- To find the actual axial force (W)

T]_ = NlW(—r1 J’Z- "2 j

15.278x10° =0.1><W(70+4O]

W =2777.82N
Step 10:- To find actual average pressure:

W =2nc(r, - 1,)
2777.82=2xmxc(70-40)
c=14.73 N/ mm
=>c=P, x
14.73=P,_, x40
Actual maximum

pressure }Pmax =0.368 N/ mm2

Step 11:- To find actual average pressure:
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—Z00 mm —==—250 mm —«

omm 7 ? Y j
¥ B~ P=%s0 N
~ PRy 7 d=s50 mm

5 S 282490°
Fulcrum [ L i
~

Since 20 > 90° therefore equivalent co — efficient of friction

_ 4Msin®

" 20+sin20
~ 4x0.35xsin45°

- % +sin90°
—0.385

Taking moments about the fulcrum 0, we get,

750(250 + 200) + Fx500 =R, x 200 = E %200
u

337500 + F(500) = x 200 =520F

0.385
Fo 337500
19.48
F=17325.46N

Torque transmitted by the
block brake

11. A multi plate c th sides effective transmits 30KW at 360rpm.
ii of the clutch discs are 100mm and 200 mm
ive co-efficient of friction is 0.25. An axial load of
uming uniform wear conditions, find the number of

d the maximum intensity of pressure developed.

AMSCE/MECH/DTS Page 24



ME 6601 DESIGN OF TRANSMISSION SYSTEMS

Assuming uniform wear, axial force exerted is given by,
w=2mc(r, -1,).
600 =2xnxP  xr,(r,—1,) [c=P x1]
600 =2x7mxP__ »x100(200-100)

600=2xnxP, x0.1(0.2-0.1)

P, =955x10°N/m?
Torque transmitted by a single friction surface is given by.

I, +1

+0.1j
2

=225Nm

Tzwa(

=0.25x600

No.of friction sur i orque required/ torque required per surface

12. A sin oe brake is shown in figure. The diameter of drum is 250 mm and
tact is 90°. If the operating force of 750 N is applied at the end that
of the leyer and M = 0.35, Determine the torque that may be transmitted by the
brake. (April/May 2017)
Given data:
d =250 mmor r =125mm
20=90° =", rad

P =750N
M=0.35
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—20 mm —={=—250 mm —

Chomm 3 ‘ Y }

F *Rniz “ d =250 mm

~

‘ O AN 29:%‘ t"
Fulcrum e -
b

N

Since 20 > 90° therefore equivalent co — efficient of friction

Ll

_ 4Msin®
20 +5sin20
_ 4x0.35xsin45°
% +5sin90°
=0.385
Taking moments about the fulcrum 0, we get,
750(250 + 200) + Fx 500 = R, x 200

337500 + F(500) et

- _ 337500
19.48
F =17325.46N

=17325.46 N-0.125
=2165.68 NM

13. A differential band brake is operated by the lever of length S00mm. the
brake drum has a diameter of 500mm and the maximum torque on the
drum is 100Nm. The band brake embraces 2/3 of the circumference. One
end of the band is attached to a pin 100mm from the fulcrum and the
other end to the pin 80mm from the fulcrum and on the other side of it
when operating force is also acting. Coefficient of friction 0.3. Find the
operating force. Design the steel band, shaft, and key. The permissible
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stresses may be taken as 70MPa in tension, SOMPa in shear and 20MPa i9n
bearing. The bearing pressure for the brake lining should not exceed
0.2N/mm?2- (Nov/Dec 2017)

Given Data:

=0B=500mm, b=0OA=80mm, c=OD=100mm,

Solution:

To find t

T:=3.5136 T ~  ----- 1

Braking torque is given by
Tp=(I —Tlxr
1x10% = (T, — T»)x 0.25

(I, -T,) =4000 ——m- 2
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Solving the equations 1 & 2
T, =5593.6 Nand T, = 1593.6N
Taking moments about the fulcrum O, we get
Px 0.500 = T3 x0.100 — T,x80x107%
Px 0.500 = 5593.6x0.100 — 1593.6x80x107*

Operating force P =863.34 N

14. A Power of 20 KW is to be transmitted throug
rpm. For uniform wear condition, find the main dim
shaft. Also determine the axial force requir clutch.
Assume co-efficient of friction as 0.25, the ressure on
the friction surface is not to exceed 0.08
for the shaft materials as 40 Mpa. (Nov/

design stress

Given data:

P =20KW
N =500rpm
M =0.25

P . =0.08mpa
P, . =40mpa.

Step 1: To fin

T 60P
27N

_ 60x20x10°
2x1tx500

T =382 Nm.

Step 2: find b, R, r; and r».

R . - .
b= 5 semi cone angle a=15° For cone clutch % =sina

p=h~h
sin o
. T, +1
Mean radius R= 172
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L -, I +1

sina 4

L-n, L+
sin15 4

By solving the above equation 1, =1.139 1, 1

Design Torque [T] =TxK,

Assume K,=25
[T]=382x2.5

=955 Nm.

For uniform wear,

[T] = ZTcMPmaXbe
955%x10° =2xtx0.25 R? x

R=247.7mm.

Inner radius 1, =264mm.

Outer radius 1, =231.6mm.

Face width b= %
2477

2
b=123.85mm.

Step 3: To find axial force required to engage the clutch (W).
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W =2nc(r;, —1,).
=2nxP, 1, (r,-1,) [-c=P x5].
=2x71tx0.08x10° x0.2316(0.264 —0.2316).

=3771.84 N.

Step 4: To find the diameter of the shaft:

[T] = %6 X d: X Pshaft

955:“1 xd? x40x10°

6

d, =0.0495

15. A single disc clutch having one pair
at 720 rpm under normal oper
diameter should be limited to
permissible intensity of p
Uniform wear theory an i dimensions. (April/May 2018)

Given Data:
=10kW

2uaNT
a6l
_ 60x10
© 2xmx720
T=132.64 Nm

1. Uniform Pressure Theory

1muxp,

T = x(D?*—d¥)

s required to transmit 10kW
ue to space limitation the outer
ficient of friction is 0.25 and the
se (a) Uniform pressure theory (b)
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1xmx0.25x0.5
132.64x1000 = Tx{zmﬂ —d¥)
d=226.18 mm
2. Uniform Wear Theory
d
r="2P% (0% - d?)
12
mx0.25x0.5xd
132.64x1000 = B x(250% —d*%)

Rearranging the terms, we get
d (2507 — d*) = 270211.9
d?-(250%d + 270211.9=0

By solving the above equation d= 224.66= 225 mm

16. A single block brake as shown in Figu
The angle of contact is 90° and the coef
and lining is 0.35. if the torque transmi
the force required to operate t

|

—

\
Ty T
N p—— 20mm

< . ot A

|
|

P —
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gl
®Given data; 4 ~ 250 my
orr =

125 = . _— 0 — o I =
mm =(),125 m; 20=90°=90 Xl80°

=3

i 0,000 N.mm or 80 Nm; a =200 mm=02m; b=
| . m,c=50mm=0'05m;l=450mm=0045m_

© Solution: Since the 4y

le - :
coefficient of fictiop 8¢ of contract is more than 40°, therefore equivalent

Erad' =)
2 " p’ -35, TB

o Ausind  4x035xsin 45°
20+sin20 n
2x§)+sin90°

= 0.239

Then the braking torque is given by
Tg = p'Ryr
or 80

0.239 xRy x 0.125 or Ry=267782 N
When the rotation of drum is clockwise:

Taking moment about fulcrum, we get

P.l = Ry-atpRyxe

or P x 045 = (2677.82x0.2) +(0.239 x 2677.82 x 0.05)
or | P = 1261N Ans.
AMSCE/MECH/DTS
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17. A single plate clutch transmits 25kW at 900rpm. The maximum
pressure intensity between the plates is 85 kN/m?2. The ratio of radii is
1.25. both the sides of the plates are effective and the coefficient of
friction 0.25. Determine (i) The inner diameter of the plate and (ii) The
axial force to engage the clutch. Assume theory of uniform wear.
(Nov/Dec 2018)

Given Data: p = 25 kW = 25x 103 W ; N = 900 r.pm.; r‘lrflf'

"= 25 P = 85KN/m2 = 85x 103N/m?; p=0%

© Solution : (i) The inner diameter of the plate :

We know that the Power transmitted, P = 2,‘61?) .

25 x 10? = 21tx96(())0xT

IS maxi i
Mum at the Inner radius (r,),

Ty =
2 & or C=
. =85x 103
and the axial thrust transmitteq 1 the fricg 0
io

W = 2‘ItC(rl

Prax
7, N/mm

nal surface,

—rz) == 27‘><85><1
03 — .o =
1335 x 105 (1,2 r(125r-r) .. [vr=125n]

The mean radius for uniform wear is given by

2 — — = LI25n,

Torque transmitted, T = . L-W-R
265.26 = 2x0.25x 1.335 x 105 ()2 x 1.125 1,
= 75.104x 103 3
or r, = 0.1523m or 1523 mm
and ry = 125r = 1.25x 1523 = 190.375 mm Ans. ©

(ii) The axial force to engage the clutch :
W = 27C (r;—ry) = 1.335x 105 ()2 = 1.335 x 105 (0.1523)?

3096.57 N Ans. ©
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Determine the capacity and the main dimensions of a double
block brake for the following data. The brake sheave is mounted on the
cast iron drum shaft. The hoist with its load weighs 45kN and moves
downwards with a velocity of 1.15 m/s. the pitch diameter of the hoist
drum is 1.2m. the hoist must be stopped within a distance of 3.25m.
The kinetic energy of the drum maybe neglected. Assume sintered
metal block shoe, equal friction force on each shoe, continuous service

and poor heat condition. (Nov/Dec 2018)

18.

GivenData: Load =45KN; v = [1Sms; D=125m; x=32¥m
To find : Capacity and main dimensions of a double block brake.
© Solution :

1. Calculation of the total energy absorbed by the brake :

The various sources of energy to be absorbed are :

o os ’ ) 1 .1 e
(3) Kineuc energy of translation = 5 mn2 = 3 m(vy =v3)

v = Velocity at the time of applying the brake, and
viand v, = Initial and final velocities of the load.

where

(b) Potential energy = Weight x Vertical distance = W xx

-

G % T l
() Kinetic energy of rotation = 5 [ o

2 b |
m(vy -v3)+Wex + 5 le?

1 |

Total energy, E;

Neglecting the kinetic energy of the drum,
|
Er = 5m(v;-v;)+W:x

.15 m/s ... [Given]

Initial velocity of load, v,

o

and final velocity of load, v, =

1, 4;‘;(:0 (1152 - 02) + (45000 x 3.25)

149.283 kKN-m Ans. ®©

Er

. Calculation of braking torque (or torque capacity) :

Bmking torque in terms of energy absorbed is given by
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60 Ey
Ts = 7x N, x1¢
where N, = Initial speed of brake drum, and

-~
I

Time of application of brake.
Given that, the distance travelled by the load, x = 325m

1

But we know that, x =5 W+t
1

or 325 = 5 (LI5+0)x¢

or Time of application of brake, 1 = 5.652 sec
60 X vl n D'N

Initial speed of brake drum, N, = =D [ i =T0| ]

60 x 1.15

R * 25T 17.57 rp.m.

60 x 149.283 x:10%
Braking torque, Tp = 7757, 5 652, ~ 2011 kN-m Ans.-®

3. Calculation of initial braking power :
2N, Ty
60

21 x 17.57 x 28.71 x 103
L o =S282kW Ams.®

4. Selection of brake drum diameter : Assume a brake drum diameter = 1.5m

We know that,  Braking power, P =

5. Selection of brake drum and block shoe material : A cast iron brake drum and
sintered metal block shoe may be chosen, from Table 11.1.

From Table 11.1, safe value of coefficient of friction, p = 0.15.

6. Selection of induced bearing pressure : From Table 11.2, for continuous service, poor
heat condition,

pv 1.05 (MPa) m/s is selected.

pv 1.05 (MPa) m/s

: 1.0
or p < l_% < 0913 MPa

IA

But from Table 11.1,

2.8 MPa
Therefore let us use, bearing pressure p = 2.5 MPa.

Pmax
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p Caleulation of projected areq of the shoe

We know that induced bearing pressure, p = Ry

—

where RN = Normal force, and

A = Projected area of
fofind Ry : Assume equal friction force on each shoea e

Braking torque = F X % x 2

1s
28.7])(]03 = FXTSXZ

o Friction force, F = 19149 N
Normal reaction, R,, = F _ 19140 _
N M 0.15 = 127.6kN
; R
Therefore, projected area of the shoe, A = — = 1276w 10 = 0.051 m2

2.5 x 106

8. Calculation of breadth and width df'the shoe Assummg breadth (&) of the block shoe
stwice its width (w).

Projected area of the shoe, A = Breadth x Width = 2wxw = 2 w2

0.051 = 2w?
or Width, W = 0.15968 m or 159.68 mm Ans. ©
and Breadth, b = 2w = 2x 159.68 = 319.37 mm Ans. ©

\ 4
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19. A multiple disc clutch is to be designed for a machine tool driven by an electric
motor of 12.5 kW running at 1440 rpm the frequency of clutch engagement is 6/ hr
and the machine tool is to operate continuously 8hrs/day. Determine the
appropriate values for disc inside diameter, outside diameter, total number of
discs and clamping force. (April/May 2019)
. Given })ata: -P =22 kW=22x 100 W; N = 1440 rp.m. ; d, = 13 M
ry =65 mm ; p,, = 0.1 N/mm? = 0.1 x 106 N/m?2. o . '
To find : Design the clutch (i.e., determine the outside diameter of disc, tota Numbey
discs, and clamping force).
© Solution : Assume uniform wear. _
1. Outside diameter of disc (d}) : We know that the torque transmitted,
' Px60 _ 22X 103 x 60

T = 5N - 2xnx1440 = 145.89 N-m
Design torque, [T] = Txk
where Service factor, k, = K+t ky
From Table 10.2, k, = 05 (for electric motor)
From Table 10.3, ky, = 125 (for machine tools)
From Table 10.4, ky = 038 (for 1440 r.p.m.)
From Table 10.5, ky, = 0.75 (assuming 32 engagements / shift)

k = 05+125+038+0.75 = 2.88

Design torque, [T] = 145.89 x 2.88 = 420.16 N-m.
We know that maximum intensity of pressure (p,,5,) is at the inner radius (7,). Therefore,

. r, = C or C=0.1x106x65x 103 = 6500 N/m

pmax

For uniform wear, axial force exerted is given by
W = 2rC(r,—rp) 5
= 27 x 6500 (r, — 65 x 10-3) = 40840.7 () — 0.065) U

- e i

we know that number of Pairs of contact surfaces
n = >

Mtn-1=3+2_1=24
- Torque transmitted, [T] = "‘H-W(r1+r2)
2

_ ry + 0.065
420.16 = 4x 03 x 40840.7 (r, — 0.065) (———“" 5 )

or 420.16 = 24504.42 (2 —4.225x10°3)

of 't = 0.14618 m or 146.18 mm

- Outer diameter of the disc, d, = 29237 mm Ans. ®©

2. Total number of disc :

Total number of disc = Number of pairs of contact surface + 1 = n+1

= 4+ 1=5 Ans. ®
. 3. Clamping force (or axial Jorce exerted) :
Substituting the value of 7| in equation (i), we get
Axial force exerted, W = 40840.7 (0.14618 — 0.065) = 331545 N Ans. “®©
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20. A double shoe brake as shown in the figure is capable of absorbing a torque of
1500N-m. The diameter of the brake drum is 400mm and the angle of contact for
each shoe is 100°. If the coefficient of friction between the brake drum and lining
is 0.4, find (i) The spring force necessary to set the brake and (ii) The width of the
brake shoe, if the bearing pressure on the lining material is not exceed 0.3 N/mm?

(April/May 2019)

+ S S +—

40 mm | j¢—>i« ¥ | 40mm

FIITITTI777777

e
' s  S§=I38 v g
give"pam. 0O0N; d=350 mm or r =175 mm = 0.175 m ;

T
o 120° = 120X 755 = 2.094rad; =035, p=03 N/mm2.
(i) Torque absorbed by the brake, and

o find -
T (if) Width of the brake shoe.

5) solulion . .Sincfe a.ngle of contact (20) is greater than 40°, therefore, the equivalent
ent of friction is given by

coem‘;i
K = B vsngd = 30rm i " 040
P Torque absorbed by the brake (Ty) :
Consider the left hand side brake shoe -
Taking moments about O,, we get
S(25+20) = Ry, x20-F,(17.5-4)
458 = Ryyx20—F,x 13.5 [ Fp=# Rz’
F
= [%—13.5] F, RNz’_‘%:(—)—.Iz@]
45x3500 = 354F,

& F, = 44492N
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Consider right hand side brake shoe :
Taking moments about fulcrum O, we get

S(20+25) = Ry x20+F, (175-4)

- |22 - Fy =W Ryis
458 = Fl[0.409+13‘51| [ Fi=#Rn
Fl Fl
45 x 3500 = 6239F, Ryt = o = 0.409)
F, = 2524.IN

or

Braking torque Tg is given by, Tg = (F,+E)r

(2524.1 +4449.2) x 0.175
122032 N-m Ans. ®

(ii) Width of the brake shoe (b):

Let b = Width of ihe brake shoes in mm
We know that projected bearing area for one shoe,
A = 2rbsin® .. [From equatig, . ~
= 2x175x bxsin60° = 303.11 b mm2 L)

- Normal force on the right hand side of the shoe,

F, 25241 _
and normal force on the left hand side of the shoe,
F, 44492
Ryg = ;; = 0409 - 10878.24 N

Since the maximum normal force is on the left hand side of the shoe, therefore we
design the shoe for Ry i.e., the maximum normal force. v

We know that the bearing pressure on the lining material,

Ry .

pP= . ... [From equation (11 g
10878.24

03 = 303.116

or breadth of the block shoe, b6 = 119.63 mm Ans. ©
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