UNIT-1V:
GEAR BOXES

Procedure for typical gear box design.
Step 1: Selection of spindle speeds:

n-1 o

1. Determine the progression ratio=¢ " = —22=

......

(where n= number of specd)
2. Find step ratio series and speed of gears (PSG Data book pg no. 7.20)

3. Write the structural formulae
Zy =1 (x2) * pa(x2) *p3(x3) * pa(xa)

X1 =1, Xo=p1, X5=pip2, X4=p1P2 3

Preferred Structural Formulas

6 speeds | 2x3 (or) 3x2

8speeds |2x4 (or) 4x2 (or) 2x2x2

Ospeeds [3x3

12speeds |3x2x2 (or) 2x2x3 (or) 2x3x2

l6speeds [4x2x2 (or) 2x4x2 (or) 2x2x4

Step 2:

Draw the ray diagram or speed diagram

Step 3:

Draw the kinematic diagram.,

Shaft - 1/ Input

9]
7
Shaft - 2 | Intermediate
B
I_ 1"

Shaft - 3/ Intermediate

E=
s

1 Shaft - 4 /| Output
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Step 4.

Calculate the number of teeth.

Step 5: Select the suitable materials

Materials constant  PSG.1.15

Matcrials Matcrials constant (M)

C45 30

15Ni2Cr1 Mo 15 | 80

40 Ni2Cr 1 Mo 28 | 100

Permissible shear stress(T) N/mm’

S.No | Shaft materials (T) N/mm”
1. C14 (as supplied) 25
2. C45 (case hardened) 30
3. Low carbon alloyed steel (case hardened) 40
4. 40 Ni 2Cr 1 Mo 28 (hardened and tempered) 55

Step 6: calculation of module
Calculate the torque for the gear which has the lowest speed using the relation,

_ PXe0

ZuN

Calculate the tangential force on the gear in terms of module using the rclation

F,=-== Cear

[T=F.xrand rz%n]

Now calculate the module using the relation

m= '\-.-"( ':Fr eﬁlcp-mj =M
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@, = Ratio between the face width and module = E =10

M = Material constant

Standard module in PSG data book pg no: 8.2

Step 7:Calculation of centre distance in all stages:

Calculate the centre distance in cach stage by using the relation

= m

a=|

Z.andZ, = Number of tecth on the gear pair in engagement in cach stage

Step 8: calculation of face width: b=10%m

Step 9:calculation of distance between the bearings ie., length of shafts:

Calculate the distance between the bearings by using the following assumptions

ASSUMPTIONS:

Give 10mm clearance between the gear and the bearings on both sides.

Take the distance between the adjacent groups of gears as 20 mm.

Take the total length for two pairs gear group as 4b and for three pairs gear group as 7b as

shown in figure.

Assume the width of the bearings as 25mm

Distance between the bearings is given by L=25+10+4b (or 7b) + 20 (or 4b) + 10 + 25

[ _ . .
|

= = shar-2

|
|
1
.
|

= — — — shaft-3
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Step 10:Design of shafts:
(i) Design of spindleic.,outpur shaft: Design the output shaft for maximum bending
moment by considering the shaft as simply supported on bearings.

L > —~ e Ft
I | -
— c—ee——_ Shafi-3
F.=F//cosa
Gear

Step 11 Calculate the maximum bending moment due to normal load (F,) using the

relation

Where F, = Normal load on gear =
[adin Fopd

Step 12 Calculate the equivalent torque using the relation
T

2
equ=, HZ+ T=

FX&0

o =
2N o

Where T=Torque on the spindle =

Step 13 Calculate the diameter of the spindle using the relation
4 [15-1@&1;
* % ald

Where [7] = Permissible shear stress,

FX&D
2N

T=Torque on the spindle =

Step 14 Design of other shafts: Determine the diameter of the input and intermediate shafts
using the relation.

T=0.2 ds?[7]
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UNIT-1V: GEAR BOXES (PART - A)

1. What is step ratio? Name the series in which speeds of multispeed gear box are
arranged. (May/June 2014)

Soln. Step ratio is the ratio of one speed of the shaft to its previous lower speed Since the
spindle speeds are arranged in geometric progression, the ratios adjacent speeds (l.e., step
ratios) arc constant.

If Nr is;the maximum speed and N, is the minimum speed, then,

"

—= (Step ratio) = r-1

N

Basic series Step ratio(p)
RS Y10=1.58
RIO =
R 20 \10=1.26
R 40

n10=112
L10=106
B10=103

R 80

2. Sketch the kinematic layout of gears for 3 speeds between two shafts. (May/June 2014)

Soln.

Shaft - 1/ Input

Shaft - 2/ Intermediate

Shaft - 3/ Intermediate

12 Shaft - 4/ OQutput

3. What are preferred numbers? (May/June 2013)

Soln. The scrics of preferred number is obtained by multiplying a step ratio with the first
number to get the second number. The third number is obtained by multiplying a step ratio
with the second number. similarly the procedure is continued until the series is
compcted.(from data book page no.7.20)

4. List four applications where constant mesh gear box is used. (Nov/Dec 2012)

Soln.
1. Automobile

2. Rolling mill
3. Machine tools

4, Crane
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UNIT- 1V: GEAR BOXES (PART - A)

5. Which type of gear is used in constant mesh gear box? Justify. (Novw/Dec 2012)

Soln.
Helical gears arc used in constant mesh gear boxes to provide quicter and smooth operation

6. What are the possible arrangements to achieve 12 speeds from a gear box?

(April/May2015)
Soln.
S.No Number Of Speeds Preferred Structural Formula
L 12speed (D). 3(1) 2(3) 2(6)
(ii). 2(1) 3(2) 2(6)
(iii). 2(1) 2(2) 3(4)
7. Define the term progression ratio? (April /May2015)
Soln.

When the spindle speeds are arranged in gecometric progression, the ratio between the two
adjacent speeds is known as step ratio or progression ratio.

8. What are the points to be considered while designing a sliding mesh type of multi speed
gear box? (April /May2010)

Soln.
1) The transmission ratio in a gear box is limited by ' <i< 2
ii) Speed ratio of any stage should not be greater than 8.

9. Where is multi-speed gear boxes employed? (Apr/May2011)

Soln.
(1) Automobilcs
(i1) Machine tools and

(1)Acronautical.

10. Where multispeed gearbox is used? (May/Jun 2016)

Soln. Multi speed gearbox is used for speed adjustment at constant power level.
Hcavy duty Industrial Multi-spced gearboxcs arc designed for continuous opceration.
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UNITV
CAMS, CLUTCHES AND BRAKES

CAM TYPES
SIMPLE HARMONIC MOTIONS:
A :
\
== :iza;u Ty "

UNIFORM ACCLERATION & RETARDATION
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| Kmfe Fege Pollower
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CLUTCHES

Design of a single plate clutch

Flg. 716.3. Forces om a single disc or plaie clutch

T= Torque transmitted by the clutch,
P=Intensity of axial pressure acting on contact surfaces,

r = External radius of friction surface,

r - Internal radius of friction surface.

Area of the elemental ring = 2 7r.dr

Normal or axial force on the ring,6W r.dr= px2 mr.dr

Friction torque acting on the ring, t,=2 ,uprz.dr
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(1) Considering uniform pressure:

_w

A

7

A= ﬂ(*rf —e
T=H wWR

E__E

_2 [rf_ —r;]
A [
3,y

(1) Considering uniform wear

P|.1’| =p21r2=¢
W
2n(r —ry)

T=H WR

C =

R[]

I

Design of a Multiplate clutch

(Torque transmitted on multiplate clutch)

A RIESBATETE

Friction rings (eplined)
Frichon lning

- --—1|.-
Engine i
shall
Nisn -
{platc)
Flywhee| =

1, = Number of discs on the driving shaft, and

1, = Number of discs on the driven shaft.

Number of pair of contact surfaces,
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n= ﬂi-l—ﬂ:-']

Total frictional torque on the clutch is given by

T=nuWR

R=- [’-;] [For uniform pressure]
3Ty T

R =[ == ][ [For uniform wear]

Design of a cone clutch

Cone surface
b
x
o
a8 I c
(d)

Torque transmitted on the cone clutch is given by

T= K WR cosec &t

2 rf-rd .
R=—1[= :,_] [For uniform pressure]
Ao =

r "
=2 |[For uniform wear]

-
-

R~

Axial force required at the engagement of clutch is given by
W = Wn (sina+ucosa)
And axial force required at the disengagement of clutch is given by

W, = Wn (sino-pcoso)
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BRAKE
SINGLE BLOCK OR SHOE BRAKE

The friction between the block and the brake drum causes the retarding of the drum.

This type of Brake is commonly used on railway trains and tram cars.

Fig. 11.2. Clockwise rotation of brake drum

The block is pressed against the drum by a force applied on one end of the lever. The other end of
the lever is pivoted on a fixed fulcrum O.

Let r= Radius of the drum

Ry= Normal reaction of the block = .:——,u: (clockwise)

F.l

= (anti -clockwise)

2+ e

F = Force applied at the lever end
u= Coefficient of friction

URy= Frictional force

Ts = Braking torque = pRy.r = “c—_,n (clockwise)

1
F.l

=u F!L (anti clockwise)

o=
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DOUBLE BLOCK OR DOUBLE SHOE BRAKE

If only one block is used for brakig, then there will be side thrust on the bearing of
wheel shaft. This drawback can be removed by providing two blocks on the two sides of the
drum, as shown in fig 11.7. This also doubles the braking torque. The double shocs on the
drum rceduce the unbalanced force on the shaft. The blocks or shocs arc held on the drum by
means of spring force.

Let S =Spring force required to set the blocks on the drum.
R = Radius of drum.
Rni and p Ry = Normal Reaction and the braking force on the left hand side shoe,
and

Rn2 and p Ry = Normal Reaction and the bracking force on the right hand side shoe.

¥
4 VA7
| N /" - - A
a | /
. \J
L o O |
| = J
! £, o) ! C — O

Fig. 11.7. Double shoe brake

DESIGN PROCEDURE FOR BLOCK BRAKE
Step I: calculate the total energy absorbed by the brake

ET:%m V2+%]m2+wx

Step 2: calculate the torque capacity by using the relation

60 Ep

Tg-

N - Initial speed of brake drum and

t = Time of application of brake
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Step 3: calculate the initial braking power by using the relation

Zr; Ty

P.

s

=11

Step 4:5elect the brake drum diameter
Step 5:5elect the suitable brake drum and shoe materials. For the chosen materials,
consulting Table 11.1, the coefficient of friction is obtained.

Table 11.1 properties of brake lining materials

Material u Allowable pressure (pmax ) Mpa Max.Temp. (°C)
Wood on metal 0.25 0.48 65

Metal on metal 0.25 1.4 315
Lcather on mctal 0.35 0.17 65
Asbestos on metal in | 0.40 0.34 260

oil

Powdered metal 0.15 2.8 260

lining on C.I in oil.

Step 6: Consulting table 11.2 , calculate the induced bearing pressure (p)
Table 11.2 Limiting values of pv (from PSG 7.130)

Operating conditions Pv (mpa) (m/s)
Continuous service, poor heat dissipation 1.05
Intermittent service, poor heat dissipation 2.1

Continuous service, good heat dissipation as | 3.0

in oil bath

; : . : Ry
Step 7: calculate the projected area of the shoe by using the relation, A = ?'“

Step 8:Finally calculate the breath and width of the shoe by using the relation projected area
of the shoe,
A= Breadth X Width

SIMPLE BAND BRAKES

The band or rope is wrapped round the cylindrical drum. When a force F
is applied to the lever at B, the level turns about the fulcrum pin O and tightens
the band on the drum and hence the brakes are applied. The friction between the

band and the drum provides the braking torque.
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(b) Anticlockwise rotation of drum

(a) Clockwise rotation of drum
Fig. 11.11. Simple band brake

Let F = Force applied on the lever,
R = Radius of the drum,

t

z

T = Thickness of the band,
R¢= Effective radius of the band = r+

a= Length of lever = OB
b = Distance between the fulcrum O and point A.

For clockwisc rotation of drum
F.‘d = T] . b

For anticlockwisc rotation of drum
F.'d. — T2 L b

Braking torque Tj; = (T1- T2).r = [T] = ;] r=Fx: [1——glr

DIFFERENTTAL BAND BRAKE
In a differential band brake the ends of the band are joined to the lever
DOB at points D and A. Point D is the fulcrum. It may be noted that for the

band to tighten, the length OD must be greater than the length OA.

68



- / ]
n/ | i . F Y e -
/ )
4 A 4
L - '
/ ' /

Fig. 11.14. D{[,’a’f&'!!fﬁdt’ band brake

(i) Downward force on lever for clockwise rotation of drum:
This type of arrangement is shown m fig. 11.14(a). Taking moments about O, we
get
F.a=Tsy c—T; .b

Thus T>.¢ >Ti.b (or) §>

Thus ¢>b for the system to work satisfactorily.

lfi = E", the external applied force F = 0, which is the condition for self-locking.

(i1) Downward force on lever for anticlockwise rotation of drum:
Taking moments about O, we get
F.a=T| .b—Tg.C
Thus Ty.b>T>.c (or) = = =
Condition for sclf-locking: If Ty.b=T,. c, then cxternal applicd force F=0

c

b

1|

=]

(i1i)Upward froce on lever for anticlockwise rotation of drum:
This type of arrangement is shown in fig.11.14(b). Taking moments about O, we
get
F.El:T| .b—Tg .C
Thus Ty b>Tsc
i
(iv)Upwards froce on lever for clockwise rotatio of drum:
Taking Moment about O, we get,

F.a=Ty.c—T; b
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Thus T;.c> Ti. b (or) E>;
Condition for self-locking:

If ==-.then F=1
T, b

In this case, ¢ must be less then b for proper braking.

DESIGN PROCEDURE FOR BAND BRAKES

Step 1:Calculate the braking torque required from the data given.

Step 2: If not given, select the suitable diameter (D) of the brake drum, consulting table 11.3

Table 11.3 Dimensions of brake drum (from PSG 7.98)

Power of the motor, KW Brake drum diameter, mm Brake drum width, mm
7.36 160 50
11.04 200 65
14.72 250 80
25.76 320 100
44.16 400 125
73.6 500 160
110.4 630 200
184 800 250

Step 3: Determine the tight and slack side tensions.

Step 4: Calculate the thickness (t) of band: Take thickness of band as 0.005XDiameter of

brake drum.

Step 5. calculate the band width (w)

-

Induced tensile stress, & ;- _'

T, = Tight side tension in the band,
W = width of the band
t = Thickness of the band = 0.005 D

7

¢ = permissible tensile stress = 50 to 80 N

fmm?
Step 6: check for bearing pressure
T
Porax=1,

»= Radius of the drum

Step 7: calculate the force to be applied at the end of the lever
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Table 11.4 Safe bearing pressure in band brakes (from PSG.7.98)

Materials of the rubbing, surfaces
Steel band on Asbestos brake Rolled,press Wood on C.1
C.J or steel band on steel or formed and drum
Types of brake drum CI drum shaped friction
material on
metal drum
Holding 1.5 0.6 0.8 0.6
Lowering 1.0 0.3 0.4 0.4
BAND AND BLOCK BRAKE

This arrangement 1s a combination of both the band and the block brakes, as shown.

The band is lined with a number of wooden blocks, cach of which is in contact with the rim

of the brake drum. When the brake is applied, the blocks are pressed against the drum. The

advantage of using wooden blocks is that they provide higher coefficient of friction and they

can be easily and economically replaced after being worn out.

Let T, = Tension in the band on tight side,

T, = Tension in the band on slack side,

T, = Tension in band between the first and secon block,

T, = Tension in band between second and third block,

T; = Tension in band between third and fourth blocks.

n = Number of wooden blocks,

1 = Cocfficicnt of friction between block and drum.

28 = Angle subtended by cach block at the drum centre.

Ry = Normal rcaction on the block.
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Fie. 11.19. Band and block brake
2.

Resolving the forces radially, we get

(T, + Ty) sind = R,
Resolving the forces tangentialy, we get

(Ty = Ty) cosB = puR,,
Dividing equation (i) by (i1), we get

- Ti-To
anbg = -
H T1 + To
1 ll',Ti-TC'.
1+p tanf 3 \T14To/ 2Ty T
l—utanE'_ _-"1’1—1"-:' _ZT _T
i . l'-\T.1.+T|:p. < "
ar
Ty _ 1+ptand

T 1— u tané

Similarly, it can be proved for each of the blocks that

T, 1+putan@ T; 1+ptand

T, 1—ptank Tz 1—p tan®

T T T Ty 1+ piand
Therefore, Lo 22 =B -7}

Ta R Th-1 1— ptand

T2



So the ratio of tensions forall n blockis given by

= 2y =xXx=X,..X—= ”

m_§L T _T; Tn, 1+ ptanf
Ta Ta T T; Th—1 1— utané

Braking torque on the drum is given by

d4+2E

Ts =(T) - Ty (

)

DESIGN OF INTERNAL EXPANDING SHOE BRAKE
Moment of normal force, My =:1p;.b.r.oo ! [(5' 7, )+ %(SEHZQ  sin20 2]

Moment of frictional force, My = u pub.r. fr(cos a, _wﬁ 2 )+ %{ cos26 , cos20 ]

Braking torque in Block or shoe brake is given by

Ty - *;_T rwhen the rotation of drum is clockwise]

. Ly

F_m_' [when the rotation of drum is anticlockwise]

T, -

where T - Braking torque,

r = Radius of drum,
F = Force applied at lever end,
u=Coefficient of friction, and

a, ¢ & [ = Dimensions of lever.

Equivalent cocfficicnt of friction (u') used when 26 = 40° is given by

Zusind
u j A

28+min28

where 268 = Angle of contact

Braking torque in Double block or double shoc brake is given by

Tg=ur(Ry; + Ryz)

where r = Radius of drum,
RN, & RN; = Normal reaction on the left & right hand side shoes

In Band brake system,
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Tension ratio, == = ¢#* and

Braking torque,Tz= (T)-T2)r

T, and T = Tension in the band on tight and slack sides respectively
B = Angle of lap

r = Radius of drum,
Force applied on the lever in Simple band brake is given by
(h)F=T, Eﬁ]. [For clockwisc rotation of the drum]
F=Ty( E) [For anticlockwisc rotation of the drum]
Tension ratio in Band and block brake is given by
1+ utand |°
_- = [‘l ul:a“:"]
where T, = Tension in the band on tight side (maximum tension),

T, = Tension in the band on slack side (minimum tension),
26 - Angle sub tended by each block at the drum centre, and

n = Number of wooden blocks.

My _nq
Actuating force on leading (or left hand) shoe. F1 = —=

Actuating force on Trailing (or right hand) shoe. F2 = Sty

Energy considerations:
(i) Total energy absorbed by brake: Er = — mv=+ = f w?® + Wx

(1i) Heat generated in brakes: Ho=u xRy xV=up . A. V
(1i1) Heat dissipated in brakes: Hi=C x A x &t =C x A x (15-t;)

E

Temperature risc: At = —

C.F
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