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MES8651 DESIGN OF TRANSMISSION SYSTEMS LTPC
3003
OBJECTIVES:
e To gain knowledge on the principles and procedure for the design of Mechanical power
Transmission components.
e To understand the standard procedure available for Design of Transmission of Mechanical

elements
e To learn to use standard data and catalogues (Use of P S G Design Data Book permitted)
UNIT I DESIGN OF FLEXIBLE ELEMENTS 9

Design of Flat belts and pulleys - Selection of V belts and pulleys — Selection of hoisting wire ropes
and pulleys — Design of Transmission chains and Sprockets.
UNIT 11 SPUR GEARS AND PARALLEL AXIS HELICAL GEARS 9
Speed ratios and number of teeth-Force analysis -Tooth stresses - Dynamic effects — Fatigue strength
- Factor of safety - Gear materials — Design of straight tooth spur & helical gears based on strength
and wear considerations — Pressure angle in the normal and transverse plane Equivalent number of
teeth-forces for helical gears.
UNIT 11 BEVEL, WORM AND CROSS HELICAL GEARS 9
Straight bevel gear: Tooth terminology, tooth forces and stresses, equivalent number of teeth.
Estimating the dimensions of pair of straight bevel gears. Worm Gear: Merits and demerits
terminology. Thermal capacity, materials-forces and stresses, efficiency, estimating the size of the
worm gear pair. Cross helical: Terminology-helix angles-Estimating the size of the pair of cross
helical gears.
UNIT IV GEAR BOXES 9
Geometric progression - Standard step ratio - Ray diagram, kinematics layout -Design of sliding
mesh gear box - Design of multi speed gear box for machine tool applications - Constant mesh gear
box - Speed reducer unit. — Variable speed gear box, Fluid Couplings, Torque Converters for
automotive applications.
UNITV CAMS, CLUTCHES AND BRAKES 9
Cam Design: Types-pressure angle and under cutting base circle determination-forces and surface
stresses. Design of plate clutches —axial clutches-cone clutches-internal expanding rim clutches
Electromagnetic clutches. Band and Block brakes - external shoe brakes — Internal expanding shoe
brake.

TOTAL: 45 PERIODS
OUTCOMES:
Upon the completion of this course the students will be able to:
CO1 apply the concepts of design to belts, chains and rope drives.
CO2 apply the concepts of design to spur, helical gears.
CO3 apply the concepts of design to worm and bevel gears.
CO4 apply the concepts of design to gear boxes.
CO5 apply the concepts of design to cams, brakes and clutches
TEXT BOOKS:
1. Bhandari V, “Design of Machine Elements”, 4 th Edition, Tata McGraw-Hill Book Co, 2016.
2. Joseph Shigley, Charles Mischke, Richard Budynas and Keith Nisbett “Mechanical Engineering
Design”, 8 th Edition, Tata McGraw-Hill, 2008.
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1. Merhyle F. Spotts, Terry E. Shoup and Lee E. Hornberger, “Design of Machine Elements” 8 th
Edition, Printice Hall, 2003.
2. Orthwein W, “Machine Component Design”, Jaico Publishing Co, 2003.
3. Prabhu. T.J., “Design of Transmission Elements”, Mani Offset, Chennai, 2000.
4. Robert C. Juvinall and Kurt M. Marshek, “Fundamentals of Machine Design”, 4 th Edition, Wiley,
2005 5. Sundararajamoorthy T. V, Shanmugam .N, “Machine Design”, Anuradha Publications,
Chennai, 2003.



DEPARTMENT OF MECHANICAL ENGINEERING

ME8651- DESIGN OF TRANSMISSION SYSTEMS
PART — A (2 MARKS)
UNIT -1
DESIGN OF TRANSMISSION SYSTEM FOR FLEXIBLE ELEMENTS
1. State the -Law of Belting' (May/June 2007)

The law of belting states that the centerline of the belt when it approaches the pulley must lie in
the mid plane of that pulley which should be perpendicular to the axis of the pulley. Otherwise
the belts will runoff the pulley.

2. Explain the term crowning of pulleys. (April/May2008) (Nov 19)

Pulleys are provided. a -slight conical shapes (or) convex shapes in their rim's r surface in order
to prevent the belt from running off the pulley due centrifugal force. This is known as crowning,
of pulley. Usually the crowning height t may be 1/96 of pulley face width.

3. Distinguish between open drive and cross drive of a belt drive. (May-11, Nov-04)
Open Belt drive: Used with shafts arranged parallel and rotating in same direction.
Cross Belt drive: Used with shafts arranged parallel and rotating in opposite direction.
4. What are the types of belts? (Nov 18)

(a) Flat Belts

(b) V Belts.

(i) Multiple V belt. (iii) Ribbed Belt.

(c) Toothed or Timing

(d) Round, Belts.

5. What are the materials used for belt? (May/june 2013)

Leather, cotton fabrics, rubber, animal's hair, silk, rayon, woolen etc

6. Indicate some merits and demerits of belt-drive,

Merits

1. Belt drives are used for long distance power transmission.

2. Their operations are smooth and flexible.

3. Simple in design and their manufacturing cost is lower.



Demerits,

1. They need large space.

2. Loss of power due to friction is more.

7. What is meant by the ply of belt? (Apr 19)

Flat belts are made of thin strips and laminated one over the other in order to get thick belt.
These thin strips or sheets are called as plies of belt. Usually flat belts are made of 11 ply, 4 ply,
5 ply, 6 ply and 8ply belt etc And 4 ply belt is thicker hand 3 ply belt and so-on.

8. Mention the different types of joints employed for joining flat-belts.
(1) Cemented joints (ii) Laced joints (iii) Crest joints. (iv) Hinged joints.
9. What is belt rating?

Flat-belts are made of different sizes such as 3 ply, 4 ply and V - belts are made of different
grades such as A, B, C, D and E grade belts. Belt rating is defined as the power transmitting
capacity of unit size flat belt or a particular grade single V belt.

10. Specify the purpose of crowning of belts.
To prevent slipping from pulley due to centrifugal force
11. Explain creep in belts.

Since the tensions produced by the belt on the two sides of the pulley are not equal, the belt
moves with a very negligible velocity, due to the difference of two tensions. This slow
movement of the belt over the pulley is known as creep of belt and it is generally neglected."

12. How is a V-belt designated?

V-belt is designated by a grade letter followed by its inside length in code number, year of
coding. For example, D 3048: IS 2494: 1964. M belts are designated by the grade letter and
inside length only such D - 3048. Sometimes, the inside length may be denoted in inches as D.

13. How is wire-ropes designated?

A wire-rope is designated by the number of strands and the number of wires in each strand. For
example,

a wire rope having six strands, and each strand containing nineteen wires can be denoted as 6 x
19rope.



14. Give the relationship of ratio of tensions in a V-belt drive.(April/May 2008)
TyTo=e (40/sin j)
T1- Tensions on tight side
To-Tensions on slack side

15. Define maximum tension in a belt? (April/May 2008)

Maximum tension in a belt (T) = O .b.t

O =maximum safe stress

b=width of the belt

t= thickness of the belt
16. What is silent chain? In what situations, silent chains are preferred? (Nov/Dec 2007)

A silent chain consists of a series of toothed plates pinned together in rows across the
width of the chain. The silent chains are mostly employed for high speed and high power
applications.

17. Give any three applications of chain drive. What are their limitations? (May-11)
(Apr 18) (Nov 19)

Chain drives are widely used in transportation industry, agricultural industry, metal and wood
working machines.

Limitations: Chain drives cannot be used for velocity ratio more than 10.
18. In what ways the timing belts are superior to ordinary V-belts? (May-15) (Nov 17)

Flat belt and V-belt drives cannot provide a precise speed ratio, because slippage occurs at the
sheaves. But certain applications required an exact output to input speed ratio. In such situations,
timing belts are used.

19. Mention the losses in belt drives. (Nov-14)
Slip and creep of the belt on the pulleys,
Windage or air resistance to the movement of belt and pulleys,

Bending of the belt over the pulleys and Friction in the bearings of pulley.



20. What is meant by “chordal action of chain”? Also name a company that produces
driving chains. (May -15)

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

Some of the company names producing chains are: Roto mechanical equipments, Chennai;
Monal chains limited, Mumbai; Innotech engineers ltd., New Delhi.

21. Briefiy explain about friction and its applications (Apr 18)

Friction is said to be a resisting force that is developed between two relatively -moving surfaces.
For some machines, this frictional force may be, an unwanted force and hence it is to be reduced
to the maximum level. For some other machines. Bearings brakes, clutches are the good
examples.

22.When do you use stepped pulley drive? When do you use fast and loose pulley drive
(Nov 18)
A stepped or cone pulley drive is used for changing the speed of the driven shaft while the
driving shaft runs at constant speed.
A fast and loose pulley drive is used when the driven or machine shaft is to be started or
stopped whenever desired without interfering with the driving shaft.



UNIT — 11
SPUR GEARS AND PARALLEL AXIS HELICAL GEARS
1. Specify the types of gears-failures. (May/june 20013) (Apr 18)
a) Tooth breakage. b) Pitting of tooth surface.
c) Abrasive- wears. d) Seizing of teeth etc.
2. How are the following terms defined? ((May/june 2013)

a) Pressure angle (a) is the angle making by the line of action common- tangent to the pitch
circles of mating pars.

b) Module m is the ratio of pitch circle diameter to the number d of gear teeth, and is usually
represented in millimeters.

3. What factors influence backlash? (April/May 2008)

The factors like errors in tooth thickness, pitch, tooth spacing, mounting misalignment, etc
influence the backlash.

4. Write short notes on backlash of gears. (April/May 2008)
Backlash can be defined as the play between a mating pair of gear assembled condition.
5. What is a herringbone gears? (Nov/Dec 2009)

A herring bone gear is made of two single helical gears attached other hence called as double
helical gear in which the teeth of be set in the opposite direction to the teeth of another gear
arrangement the axial thrust produced in one gear will be null', thrust produced in another gear,
and the resultant thrust is improves the life of the gear. Sometimes, a single cylindrical L block is
ova-played for making, herringbone Gear

6. What is the advantage of helical gear over spur gear? (May -08) (Apr 18) (Nov 19)
Helical gears produce less noise than spur gears.

Helical gears have a greater load capacity than equivalent spur gears.

7. What are the common forms of gear tooth profile? (May -10)

Involute tooth profile and Cycloidal tooth profile.

8. How does failure pitting happen in gears? (Nov-11, May-04)

Pitting is the process during which small pits are formed on the activate surfaces of gear tooth. It
is a surface fatigue failure which occurs when the load on the gear tooth exceeds the surface
endurance strength of the material.



9. Differentiate between circular pitch and diametral pitch. (Nov-13, Nov-08, May-11)
Circular pitch, pc = txm

Diametral pitch, pa = n/pc = 1/m

10. What are the materials used for gear manufacturing? (May- 11, May-09)

Metallic gears: Steel, cast iron, and bronze.

Non-metallic gears: Wood, rowhide, compressed paper and synthetic resins.

11. Where do we use spiral gears? (Nov-13)

Spiral gears are used to connect and transmit motion between two non-parallel and non
intersecting shafts.

12. Why is gear tooth subjected to dynamic load? (Nov-14, May-09)
Inaccuracies of tooth spacing

Elasticity of parts

Deflection of teeth under load

Irregularities in tooth profiles

Misalignment between bearings

Dynamic unbalance of rotating masses.

13. Laws of gearing (Apr 19)

The law of gearing states that for obtaining a constant velocity ratio, at any instant of teeth the
common normal at each point of contact should always pass through a pitch point (fixed point),
situated on the line joining the centre’s of rotation of the pair mating gears.



UNIT - 11
BEVEL, WORM AND HELICAL GEARS
1. In which gear-drive, self-locking is available? (Apr 18)
Self locking is available in worm-gear drive.
2. When do we use worm-gears? (May/June 2013) (Nov 19)

When we require to transmit power between nonparallel and non-intersecting shafts and very
high velocity ratio, of about 100, worm gears, can be employed. Also worm-gears provide self-
locking facility.

3. What are the forces acting on the bevel gears? (May / June 2013) (Nov/Dec 2009, 2018)
(i) Tangential force (i) Axial force (i) Radial force
4. What is the effect of increasing the pressure angle in gears? (Nov-11)

The increase of the pressure angle results in a stronger tooth, because the tooth acting as a beam
is wider at the base.

5. What is working depth of a gear-tooth? (May-11)

Working depth is the radial distance from the addendum circle to the clearance circle. It is equal
to the some of the addendum of the two meshing gears.

6. Name few gear materials. (May-11, May-12)

The materials used in the gear are

Steel, Cast iron and Bronze.

7. Mention the characteristics of hypoid gear. (May -10)

Hypoid gears are similar in appearance to spiral-bevel gears. They differ from spiral gears in that
the axis of pinion is offset from the axis of gear. The other difference is that their pitch surfaces
are hyperboloids rather than cones.

In general, hypoid gears are most desirable for those application involving large speed reduction
ratios. They operate more smoothly and quietly than spiral bevel gears.

8. Calculate the angle between the shafts of a crossed helical gears made of two right
handed helical gears of 15° helix angle each. (May-09)

Shaft angle = 2 (15°) = 30°
9. When is bevel gear preferred? (May-09, May-11) (Apr 18)

Bevel gears are used to transmit power between two intersecting shafts.



10. How can you specify a pair of worm gears? (May -08, May-09)

A pair of worm gears is specified as: (z1/ z2 / q/my)

Where z;=Number of starts on the worm,

z> = Number of teeth on the worm wheel, g = Diameter factor = di/ my, and

mx = Axial module.

11. Give the advantage of worm gear drive in weight lifting machines.(May-08) (Nov 17)

The worm gear drives are irreversible. It means that the motion cannot be transmitted from worm
wheel to the worm. This property of irreversible is advantageous in load hoisting application like
cranes and lifts.

12. State the advantages of herringbone gear. (May -15, Nov-08)

Herringbone gears eliminate the existence of axial thrust load in the helical gears. Because, in
herringbone gears, the thrust force of the right hand is balanced by that of the left hand helix.

13. What is a zerol bevel gear? (May -15, Nov-07)

Spiral bevel gear with curved teeth but with a zero degree spiral angle is known as zerol bevel
gear.

14. What is virtual number of teeth in bevel gears? (May-14, Nov-14)

An imaginary spur gear considered in a plane perpendicular to the tooth of the bevel gear at the
larger end is known as virtual spur gear.

The number of teeth z, on this imaginary spur gear is called virtual number of teeth in bevel
gear. zy = z/cosd

Where z = actual number of teeth on the bevel gear and & = pitch angle.
15. Define the following terms: a. Cone distance, b. Face angle. (May-14)

Back cone distance is the length of the back cone. Back cone is an imaginary cone, perpendicular
to the pitch cone at the end of the tooth.

Face angle is the angle subtended by the face of the tooth at the cone centre.
16. What is the difference between an angular gear and a miter gear? (Nov-13, 17)(Apr 19)

When the bevel gears connect two shafts whose axes intersect at an angle other than a right
angle, then they are known as angular bevel gears.

When equal bevel gears (having equal teeth and equal pitch angles) connect two shafts whose
axes intersect at right angle, then they are known as mitre gears.



UNIT IV
DESIGN OF GEAR BOXES
1. What purpose does the housing of gear-box serve? (Apr 18)

Gear-box —housing or casing is used as container inside which, the gears, shafts, bearings and
other components are “mounted.’ Also it prevents the entry of dust inside the housing and
reduces noise of operation. That is, the housing Safe-guard the inner components.

2. What is step ratio in a gear box? (May-12, Nov-09)

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 (i.e., step ratios) are
constant. I f Nr is; the maximum speed and N, is the minimum speed, then, Nr (r-1) = (Step
ratio).

3. What is step ratio? Name the series in which speeds of multi-speed gear box are
arranged. (May-14)

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

R20 and R40 series are used in the design of multi-speed gear boxes.
4. What are preferred numbers? (May/June 2013)

The preferred numbers are the conventionally rounded off values derived from geometric
series. There are five basic series, denoted as R5, R20, R40 and R80 series.

5. What are the possible arrangements to achieve 12 speeds from a gear box? (May 2013)
(1) 3x2x 2 schemes (ii) 2x3x2 scheme (iii) 2x2x3 scheme
6. Differentiate ray diagram and structural diagram? (Nov/Dec 2009) (Apr 18) (Nov 19)

Ray diagram: The ray diagram (or) kinematic arrangement of gear box indicates the
arrangement of various gears in various shafts of the gear box in order to obtain the different
output speeds from the single speed of motor.

Structural diagram: speed diagram (or) structural diagram is the graphical representation
of different speeds of output shaft, motor shaft and intermediate shaft.

7. Specify four types of gear boxes. (Nov-14, May-11) (Nov 19)
Sliding mesh gear box

Constant mesh gear box

Synchromesh gear box

Planetary gear box



8. List the ways by which the number of intermediate steps may be arranged in a gear box.

(May-10, May-12)

S.No. [Number of speeds Preferred structural formula
I. 3(1) 2(3)
1. |6 speeds
ii. 2(1) 3(2)
I. 2(1)2(2)2(4)
2. B speeds
ii. 4 (1) 2 (4)
3. 9 speeds I. 3(1)3(3)
I. 3(1) 2(3) 2(6)
4. (12 speeds ii. 2(1) 3(2) 2(6)
iii. 2(1) 2(2) 3(4)

9. Which type of gear is used in constant mesh gear box? Justify. (Nov-09, May-11)
Helical gears are used in constant mesh type gear boxes to provide quieter and smooth operation
10. What is speed reducer? (Nov-08, May-10)

Speed reducer is a gear mechanism with a constant speed ratio, to reduce the angular speed of
output shaft as compared with that of input shaft.

11. What are the methods of lubrication in speed reducers? (Nov-11)

1. Splash or spray lubrication method

2. Pressure lubrication method

12. What is the function of spacers in a gear box? (May-12, Nov-04)

The function of spacers is to provide the necessary distance between the gears and the bearings.
13. Define progression ratio. [Nov 18]

In mathematics, a geometric progression, also known as a geometric sequence, is a sequence
of numbers where each term after the first is found by multiplying the previous one by a fixed,
non-zero number called the common ratio.

For example, the sequence 2, 6, 18, 54, ... is a geometric progression with common ratio 3.
Similarly 10, 5, 2.5, 1.25 ... is a geometric sequence with common ratio 1/2.

Examples of a geometric sequence are powers r* of a fixed number r, such as 2% and 3%. The

general form of a geometric sequence is



UNIT V
DESIGN OF CAM CLUTCHES AND BRAKES

1. State about the profile of cam that gives no jerk and mention how jerk is eliminated.
(May-12)

4-5-6-7 polynomial cam profile gives zero jerks. Profile smoothing techniques can remove the
excessive jerks in a cam profile.

2. Why is it necessary to dissipate the heat generated during clutch operation?
(May-13, Nov-11)

When clutch engages, most of the work done will be liberated as heat at the interface.
Consequently the temperature of the rubbing surface will increase. This increased temperature
may destroy the clutch. So heat dissipation is necessary in clutches.

3. What is self-locking in a brake? (Nov-11, May-13) (Nov 18)

When a frictional force is sufficient enough to apply the brake with no external force, then the
brake is said to be self-locking brake.

4. What are the factors upon which the torque capacity of aclutch depends?
(May-11, Nov-10)

Torque capacity of a clutch depends on

Number of pair of contact surfaces,

Coefficient of friction,

Axial thrust exerted by the spring, and

Mean radius of friction surface.

5. When do we use multiple disk clutches? (May -10)

A multiple clutch is used when large amount of torque is to be transmitted. In a multi plate
clutch, the number frictional linings and the metal plates are increased which increases the
capacity of the clutch to transmit torque.

6. What is the disadvantage of block brake with one short shoe? What isthe remedy?
(May-11)

If only one block is used for braking, then there will be side thrust on the bearing of wheels shaft.
This drawback can be removed by providing two blocks on the two sides of the drum. This also
doubles the braking torque.

7. Under what condition of a clutch, uniform rate of wear assumption ismore valid?
(May-09)

If the clutch is an old clutch, then uniform rate of wear assumption is more valid.



8. Name four profiles normally used in cams. (May-10)
The four profiles normally used in cams are

Uniform velocity, Simple harmonic motion, Uniform acceleration and retardation and Cycloidal
motion.

9. How the “uniform rate of wear* assumption is valid for clutches? (May-08)

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 linings. Moreover, the assumption of uniform wear rate

gives a lower calculated clutch capacity than the assumption of uniform Préssuré, Hence clutches
are usually designed on the basis of uniform wear.

10. What are the significances of pressure angle in cam design? (Nov-07)

The pressure angle is very important in cam design as it represents steepness of the cam profile.
If the pressure angle is too large, a reciprocating follower will jam in its bearing.

11. If a multidisc clutch has 6 discs in driving shaft and 7 discs in driven shaft then how
many number of contact surfaces it will have? (May -15)

n=6n="7
Number of pair of contact surface, n = n1+n,-1
=6+7-1=12

12. Why in automobiles, braking action when traveling in reverse is not as effective as
when moving forward? (May -15)

When an automobile moves forward, the braking force acts 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
apply brake.

13. Differentiate between uniform pressure and uniform wear theories adopted in the
design of Clutches. (Nov-14)

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 linings. Moreover, the assumption of uniform wear rate
gives a lower calculated clutch capacity than assumption of uniform pressure. Hence clutches are
usually designed on the basis of uniform wear.

14. Classify clutches based on the coupling methods. (May-14)
Positive contact clutches
Frictional clutches

Overrunning clutches, Magnetic clutches and Fluid couplings



15. What is meant by a self-energizing brake? (May-13) (Nov 17)

When the moment of applied force (F) and the moment of the frictional force (u.Ry) are

in the same direction, then frictional force helps in applying the brake. This type of brake is
known as a self- energizing brake.

16. Define pitch point in cam. (Nov-13)
The pitch point is the point on the pitch curve of the cam having maximum pressure angle.
17. Differentiate between clutch and a brake. (Nov-13)

A clutch connects two moving members of a machine, whereas a brake connects a moving
member to a stationary member.

18 .In what ways, the clutches are different from brakes? (Nov/Dec 2011) (Apr 18) (Apr 19)

The clutch used to engage the driving and driven members and keep them moving (i.e., rotating)
together, where as brakes are employed to stop a moving member or reduce its speed.

19. Differentiate brakes and dynamometer.[A/M -2017]

Brake is a mechanical device by means of which frictional force is applied to a moving machine
member in order to slow or stop the motion.

The function of a dynamometer is to measure the forces or couples which tend to change the
state of rest or of uniform motion of a body.

20. Distinguish between wet and dry operation of clutches. (Nov 17)

SI. No Wet clutch Dry clutch
1 When the clutch operates proper | When the clutch operates without any
lubrication it is said to be lubrication it is said to be operating
operating under wet condition. under dry condition.
2 The coefficient of friction and The coefficient of friction and torque
torque transmitted are transmitted are comparatively high

comparatively low

3 Due to the presence of the Due to the absence of any medium
lubricant , considerable amount of | the rate of heat dissipation is low.
heat is dissipated from the clutch.

21. What is torque converter? (Apr 19)

A torque converter is a type of fluid coupling which transfers rotating power from a prime
mover, like an internal combustion engine, to a rotating driven load.

22. Why are cone clutches better than disc clutches. (Apr 19, Nov 19)

A cone clutch serves the same purpose as a disk or plate clutch. However, instead of mating two
spinning disks, the cone clutch uses two conical surfaces to transmit torque by friction


https://en.wikipedia.org/wiki/Clutch
https://en.wikipedia.org/wiki/Torque

ONIT=00

PESIGN PROCEDURE FOR, LLAT BELTS & -

I (M.O—QJ’%ON od Pu\\ea, Alaraten,

2 .

6.

.

colaulastow 0% o‘,o_ﬁa,w powen O Ko
ZDQX%’N powdy = Ra.t.Q_A]O'o\ﬂS)&b X dew?ca-vfamr xamrco{f

Contalt a ks

_ ka X k-a 1 K Eza,}m]oso, 1.€3 o
154

: cS’Q/Q,a.csHow o& BQNY?,
. Load 'b‘d*\?,

l..oao\'b‘o.d-ﬂ?,ai‘ N mfg = Q_@AAM'?MlOM[,g X T
[Redor Ps6 1-54]

pw)a?v o
o kol Cb) = daci MM
Totl wids og load vast

Roden Puse 152
Dotddraidon © Puﬂﬂﬂ?,w\dﬁCa_)
Raden PSG -S4

C—QLMON o({» flamaxkr CL) - AJ
For ofen bolf antNe L= 2¢ 4 _;(:D-rcl)rf Tmmw

Rader, PLOy 753

Deken wdnation 0€ polt widsk Cb)

R j:v\%{.fo& WON D% BQ,(H'S (,091) 8ot WC‘W =

'Fmr based 0w p*t@ 14/o 06 o

2% (6 pBa3)
Mﬂ P“SGT 1-<3



% 5
Paygry Oﬁ [’%" Reden P£.01. Dasa book TSE"“"""’mm)
| usbg Wma — Wm—%"“‘&'&&mm?
mm‘oiﬂm

ooy of ot bebis- 'Ew\rbmx aquasinr

I Solbet o Jlat beft o dnfee  a Mﬁﬁ ak %Eowpw
dond 10 K, 730 TP ey (onere ddtane, & to

(Ao daka -
A Sttt
Ratsd poweh ¢ = 1D¥W
@I = &kﬂ'ﬂl\\&— C = 2w = 2p00M W/

- ‘}.uAN':;; = 7130 TP Ovax)
Contear)

\gw r\,..‘(‘mue@ = 2S0Tp cw‘@
P“M?AMNM D L w = 1600~

: 80\\!:\30&\(‘-

Raddbiiuntdd_d4 g

Fs Solswton OQT fuﬂna,w

D= \wv

9 . Qaj_cu.o_a.to\ow c%' A&?)%N POW-.@\/ '3" W

A ¥ st of Condath
fDﬂA‘h&N pouhy = KmAfn\w» ¥ Soin Lﬁ)‘%ﬂw & &»wa
loak evecflon
gtum' .

Py Kgx Kg da KW

W



¢« oz D Va_ M
L—ZFT’“J Ny
1,,____'*1-"’:'_533';9:19_
N, 050
ﬁwao-”\% f,:_@,=>9_¢,9_= 1090 () lw'-\oot)wwvj

b P-4
Myt)&» Conbott = 1o — ( T 5(60)

s ks looo-— 34 E - _looomj
2000

= 160-4—

Ky = 108 Refon PSor —1.54

. pp_g%w fyo\»,Q}\, - 0 X|"3¥% .08 = |4 .0AKW

9. Solocon sf B J
| 86 TS %
Aw I:Eﬂti'm f
N/gpuwhf N FopT" ‘M‘l& C}"ﬁb b.tQt%R- mzdl*ﬂ-a
Conarutitons hadd  Sancte ﬂw? nownall - odght 06 Q44 gIn"

o cowmandsd Jor MM and  Jor redBues bolb gpendd.

4. hoad B‘d*tq‘j/i-—

Y}
X —
1'90'& )\Mg\ar at v N‘\/S = Q)Ll 74}“}/“ \OM/S \0
‘ PS@ 1 154
,OJ-’AA 'Iraﬂ‘a,at o m/g = 60269 W")/mw/wz, EFW ':o(UT QMJ
K
w '\f‘; ANy ] :[\( A4S ¥ 7%?_ g 13.2 mfe = [g.p,m/_g
60 bo
SR —

o o ,
|_oad- Tu&\z/ at Vo= O 0289 Pﬂf"‘ o, pY et po -
AN - L sco cwtwt ank 1D W/e .



= (60289 x 22 g u,o + Kedx gy )
X [ s i
&nﬂ:tpl?
Gaxd ow V= l3-2V\/3 S0 OB 1S m/y
Az Bgomm
[
o.o& pﬁ%: 5 at psq 182

ot Standed uMinE  dble oo b Py
Mo

132 \bo 4
(6 6289 ¥ —— X " ok k widdto
LO 1 g0 w/"w\

T 0204 KW py mw (k.

o MWSMON*?% belt  uAdd Cb) I~

Tovad Wikiy 0'@ Debgro poush  hof o
Ch) 'defmsh?? - o /
i '204— k.0 My
Cb) 69 M

PLor -S4
Ty ¢
al colodow a.& lﬂ«va/m =
. ¢p-d)
PR oper bolk dwpve L= 9_c,+.;_-CSD+A.)«+ ac
£<G 7.8

= Clxn.ooo) " Ctmﬂ@+(\m-?74s)2-

L= 6lbbwmay i

©),



—

K P\'JL?L J.dexu{k D= Amph) 1000wmwy
0. DAY POWRR T L4 O4KRD

3. ﬁ)Lu\Q-ﬂP “rort ' q49 & M’c bﬁﬁ*&?

i .\,&cwa, ve 12.2m0
£. DBRolk 'P?»'; b

3 Relk wRddhy o (1227 o
\T

2. DN @ AwaM&o trandndt 2g kv ot
oo P k6 O o Laness S 'Tﬂ\wa’ Machda
Hoo  tpead yodutstw haﬂj 3.0, Jha A banss-
botwooms  Sho- M,‘& gw,w%—nw’?



PES\GN PROCEDURE (OR N B€eLtS

v Selocatow o% Belt oness Sociton '
Bokd ow Powmlbd pse .S58

2. cadedufonw o% QJL} 3L A D) !
Bash o rosfo(t) Y TS

3. CSMO\N o% Cantey Aﬂ&w )"
Bosod OV Forlo Ci) PS4 16

4. Mmﬁm&/ P?%WCL) 9
2c + a) + O by v
L = T Co+ 4 C s T

S powwn  Troasnleeliy. Capaoty

5. M
fodan PSG 762
P X fa
N twbady m% pelts = ——
kK x Fe X Fd
sty T+1®



Doy o v BoftR -
1S kW 40 A
N BQQ_’L W f'jX to Fangnmdt

>4 ey TS gk WSO Tpwd o o LN
&kam {0 Fuw at AO0TPN Do=tof muns- Yolot
bgf_i& Coy vott Con -

_Q%-\QC (‘_a:thrv) Pt daey

Atone Arive Pdﬂ? dfmestr s
¢ nls s, fim- 2010

R oyord ofon B B Soleesad.
'ULC@“\"‘&"’M AR NI, vﬂ?ﬁ-’w Az 125 M
NowOnal hop W ddko W= 1]
Nowdnal Hcknrs T = 1 mw

n'Y

(o) SD,_
AR ]

(Jonge PM,#) o= Na.xi _ nsox g

400

D= 357 3T

P3G 154 Gravdard bsj,», pulley dsavatet, = foomm.
@



:MDN
9, wive . Of (orcth dftone:-

(© "
WET  Gnsn A avdete LD 400 _ o, P9 7-6)
Spadordh § s - o

Foh A Qpead 'wle‘OH o{l 3, ofe 72.0.6 meabob
Clpvalo = \o P<G 7. b

!

C =) 5 =90 = C=400% .

st

2 afial o
Cr= 4.'oow\w b= e ops

4. nowdnel phieks ham‘

L= 00 4%, (9+) + ——
2

L = (2X 400)4—“‘ QAroo +125) &

L = | 67183 e
Pl 4S9 &7THE0 L
poy (F0dS Inofion): 8" i hoat ﬁ\“?@m Noidire

Pq*fﬂ\‘ Q-Oxaww | 694 reurev

J&-ﬁm n{) (ovvestlon faotes, Fo =04

U

)]

5. NIk oy POLY W\LWH-&? c,lf)emﬁ? -
Prom P3G 7.4
fv "B Crepd Seaflon

—0+09 i
Kw = (07?3 R VY ST u

B



S~ belt Speod ) \w!locﬁ?/ 06 Bolt £n w/s

A PONa o [$

.S = m (.&m) AN AA!
bo
S = £ % (012D X SO [\QSMW _ oS ]

bo
S= 153 mMm/g

cqpovelont ek danoton, dp = dp ¥ Fi
dp - SGeallon plﬂgf Afpnaks, = 12sr
Eis = Oalla, dfanoir Jowdnr acedb st 06 AL ogama;_

SPM@Q}QO va?_ljf{)i_ ) % 1% b

P86y 1. 62
cor D)) w0 2 A4 and vy, Fy = Lelg v

~0'0 -. - -
 Kw =(072X7:53 i q_, £0% 132 6 x ‘/»53)‘(&3
o V42. S

= 9.20kW

6. Numbov o% Pl calodaionss—

Fon P84 .10
Px Fa

| | i
N (b o% o o 2 fe XFy

P= MPO“‘)‘U\WY\K(A - Tk

8 mecd%wfamqﬁw Qﬂ'@‘“‘) = 0'U [aﬂﬁﬁa«é\?qfo\uﬁ)

P24 -4
FAT CG‘TT&&RON <}6‘f AM./{)% Cs 9

foon  PSH T-6F

() . 6 0 J'D---Cl
Ave 08— (‘a‘m\wﬁa/B:lgo__éo T
#



9. potudd cortre Albana (O

PSS .6
C= A—lm
A~ _:—_-_ o) 164 7 ( 400 +125)
8 4 8
A= 2171.%3
N o-4)* 80 —10c) %
&= Q Z) = LA{_ 5 ) - QA-S’.S-IQ—S—

a——

'

e 20133 + (9 i7.aD)E (142125

C = AT W

¥ Owsing of v qrsed pullay -
pig 70
o M B orouecidon
plich wdth, Ip = ISl
MO AR danie '0% Adoww 0 P?’jea"
,Q}SNL{ b = 49 v
A b= 3%
b s a[nPtN helow P‘Nd\r Lires I 16+ §

Cordha_ 40 (0 Dgdans zmow& 0= 19mm
tdeo of P bo  Jirst grzovh Coame & = |2 S



T Skachs O% N - bt Ao -
y SPRNTININ o% batd a1 {%r "g' Soodbovo,

j% wo Sainct e Wedlore  dha  Numbd o& bﬂiﬁl
Wl be poducod C Rfo,  PLY -1:10)

mw O/ﬁ Bgﬂi O ¥ewdan W E)ff
2 . imma, = ($4)
P“M“a' () A00Mw

2. Copave ABAdAL = A0omMm

£, MOBmuwvs pow v ﬂmmmw?, C‘uf)d_i-ﬂ'y/ < 0.22KAD
5. Nuwwbaoy o% Rolts calonlatfors = 1\ beltd.

9. Aedwal Consn dysantes  C= 40T

Q. DRysastew o{l N %ﬂbm Pu%mﬁ‘*b Ip, b, A Ja 2 RS
1. SRoich o%» - holt AL -

a3
4. Two Rofts vhol Gonres v | QRS "
CMNLQ;}EA loara V—WW@‘W P‘)'U‘OZ'

P onh Rad an
Su{W Qi L1O0K wmw

' ak
0% g00mm - It Turd e 3{;;_ axﬁﬁ‘b C“&'

M::J oimz Q:ama;ﬁ 40", o poesHi

tha
tonrgton ij 400 - MDMOML DM:;‘:}%W
palts 3 2t MpA P Wn%ow 4o
?% 1100 %/w'"- e w:o'ﬁ-‘&wﬁj«wuhﬂ—
s, oﬁ— allts %M
Hro- Qmim D% caclh '

O,



DES| &N PROCEDURE  £oR, WIRE Ropes

|« Selooston o% wiﬂw-’b‘o-ﬁﬂ— Tn.pu:— PSG g

2, c alolaxdor o,& SDJ_A%N load
Do3ign load - wx NMWWO&JA%&?

3. Soloeston o wine rope dlawenn (4
Rodsn 3G 9.5

4. calodastor 0{7 STt (o) Ao damatsn (2

5. JMON o) o8& — Jookiow ANa (pD:
2=
A= 04 4 R (R

4
L. caledaslon o% Wit dlameed CAW)‘.~

dw *

Lf\yNo- o% Stvandd x yo ,Og Wit pas
Stvand,

7. Eddeorive Q%WM)M cwﬂv) "
\Nea’/: Wy Wy Wy, Rojor PG 9.

8. Actoal (09) warkd Wo&%

_ Mﬁlrx NO 'o% ')»DEE
Eapdialont / edforstia ook

&



Dagge 0 Wing Tope onb P i

B core |
%/f NG‘O% gron? ‘ 6 Wi

y &
Swﬂ{@w&m/@ »Qz/j'- C%b;“}%\,\ @

S. Ak ko 0o 1 EFu 0430 v s?lm, | <Oonme- o& &twtﬁ +0 ba-

Ik up o 0 Famhr of 2o w%m%o/MfOf

0 Wine TOpL o% b6x\a %20, rowtrol ddrmoton
10 ww,  OnA bmwﬁ load (g kN, Dotegmine oo
%«ua{ 0& 3”‘61“3 I e Moo Aot B Sbd
ani WAL my/ﬁ Sudde Sdopped B

| Second  when muwﬂﬂé?, sk o Spesd o& [ 2wy
\»M,?gm,_gﬂwf O{L gﬂ‘%a«z,t% b@«AA"ZfQ»M

3 maﬁumA (nov[pee 1)

(N doska '~
haA t© bexlg@l W= ltone o lmo*?’ = (000%q.8]
H.@ZAf 9\(:9-0 N =ieie N

b x1a Rz2o 10 v dfamatoy, Tope = 2 na'S

P= sbd ; bmam? load =g e = T8e00N

Ree ¢ - | Secana . \mgﬂ},hdﬂ Mgﬁw

®



Solw b~

‘lwcj:o%
W (FOPO/WWW Quigedm AU

6%19 'mpoa guer/ —  orend & KOS puopose-

Qﬂlaﬁﬂ""o
2 . ﬂ)ﬁjﬁﬁw ads~ (nak ?W—mmﬁ;&iﬁkww)

D%hdzwxmww& Sefery

= QBN X S

s&oﬁ““”’\' = I4TI1SON W) 14715 kA
3. Uu)JuL Tope- Am.«\nxnh,&,\,) oL
d \2- CMNNJ.M ?«M M@aﬁﬁ&jﬁw:\dxﬁv
Ke s Coxd - P M%NL“‘A s &
rp - 0 hr
Aprv et uslght = 0-54 kﬁa('/w
W L
e S)\mg&x = 90w yoTe s
Foh 20M = Wy = 054 X290 Longe & ST untts
= 108 ks \Ked = 9.81 o]
= 10:gy 4.¢] P4 142

WW w‘)ﬁj‘“ﬁ\'\@j = |{0bN

4' C A‘k u\ aAR0 v [{.l .(;_L-\_g}n.u‘t (091) A/ﬂw MM@)‘—

D= Sha Cgﬂw)

. D= Shn
= b1oww

<. Solechon o%» orosi-Seofon  Ahea (A) =
PSG 94

¢ C&Q&u&a&?‘ow o.% LULML .:L&ng&a\m) L -
Rope- dfamasek €4)

dw =
"5 {no. m% Styands xmm%w‘impﬂ» $nd.




12—
5| bx\9

= 0'T49d W

1

1. edfectie Cogavaloat) Qoad, (Weq ) -
pRece Qoad Cwy) = +w., = qfip+lob = qatbN
N dw
; Wy ) = =Y v
BU\AJ%QMAC b) E X - X
P& q.)

treveoied roodulndo %M‘ﬁﬂ' €' beg X0 %&/w?—

l N
£ = 0‘8x106>(4~?/x\0 = 18480 N/vme

. _ 18480 X 01493 X 4S-24
Wy _— = 3459W.
610

W+ W
Accelmafon foad (wy) - *TL" < a
acclodalon o = VQ‘Q"&W _ Vg V)

— ——

e t
o Skl \;QQQCQ? ot 3@@«\: C Vs o/'( C vy = lemfs®
“ -0 " “Q—"\’SV 3,%\‘-04\)}

|
A= lhawm/®
W 0 310k 12
Wa = '+WT’£& = Q§E_+-’)

= |212N
8 9.8
" Ezymvah«xloa&,wav: 2qth + 3959 +1213
-~ \Sof¥N

©,



g. Actual 0o%) wm&%gm« %ﬁ Mee?;-
EWW/L{%W'hM

16000 X2o—

R

\So0é%

-—
—

3 10'34'
Bose dhe- bp_,ﬂ}ﬂmd_.i ¥ N.?,DJCM Caﬁ‘ﬂ"“)
loeke A

]

qqlb +1212
= Ul29gN

| Pgrwﬁz»ﬂmaA X Nmagm‘mj
: w(!w.&‘a/i—asm/r o{ SW =

'eq},mlwt Loal Cuﬂm b

)]

—go00¥X2—
e (agq
= 1402
fo= IO, w & &l,%_a C Horbmuns Faokd oé,
_So%ekz =S
R&S(‘mt'— )
|+ Solostors of WIETOPL 2 6 XIg Ccransg uotied)
Q2 . @&&Mow 0% _D,Qbi!g«ro QﬂdA = 47\S kw
3. Selpedon GJQ' wire yope dbamatah (4) = 12
4'- CA&.CLA.Q.M'%ON (6]

6 &K&M&m) druno ABMMQC_D):()7Q.mw
<c. &dlaoj?ﬁm ol onase Seoffonal ahaa C#) = 45,3,{_,““,\?—
b calodasdo ofre Afamets, (dw) = 01493 mm

<. £dfecitue Load (Wey)= 1SOEEN

2. Actuod 0%) Worudg Jasser - 10034
by ey



. T}’PE O% CJ\aﬁm
= jfwa‘fma Trad mlsshon, votfo ()

- -_——-—-’-——‘

e e s

PG 774

4. STHNOHRD prtet CP)

Bare d on Contre dWkane ca) _{;ﬁ(hﬁﬁm
J{MAMA P‘?-bcﬂv CP) Rg{fm PG 179

S. MU Jodiar o% JAM o

Refor psey 177
N = L—- :n Kw
102 n kg
Q: N X102 xn X Ks s kf_(»

V
6‘ (S-@QQ/C*%ON Og MN
Rafor $3G 772



8. Chaow dor bnﬂa%\g,&m%(d’)

PLG 117
AN -

::._-——~————"'M5LUJ

102 Kg

NoLKs o Ka&/waf
AV

9. mwﬂhvmoﬁ 7
psg 1ts L=XpP

q =

=z, +Z (.______.2‘1"
- + ! SOIS o
L) hore &f - Q.a,lo + P
0
S

|0, EXxaok cmtawa[fxw ca)

S§G 118
PR T kR,

4 98- - S
i 2
' 22—"2‘}
& = +Z2 v -
2= & w2 s 29

0. Chhaln whaol ’m&ﬂ(p Aovenddons € odamassn)

pLGy 118 o e
o o spnt, 4+ 5T
P ) m

M“ ogﬂ%&mﬁcmx/ chmm



8&)«\0::\\ b,QJLou:):.

() wowee oukpub = RN

(o) Spask of maiec dRafs = (00TP

@) tlovarss dnbee Je\agt | g‘)uo\ = A0 WpPW

) load = evew

€D, &ﬁng, hodwoon ContBod 0% gmcm
C!_‘:?'gn 'ﬁ'N\ﬁX‘AQﬁ' = 1w

3) paod oﬁl opaory = L& Mmé&}f'

Cﬁ) Pusdod trowen £ rowdtd  on g w»@ﬂf{h?,
hed Jar CorthL dBéanto— dﬂgﬁﬂm&.
(R) Desgns tio- s dodue- [ Nlp —20wb |
(\Suon dase i~
pounfR)=n=3kW.
MMQMMP%&QND Spaad = 100 TP
Blovarry doder Cdsdueny N = 40 wpm.

ek cwdy — b hows [doy "‘D}Ja"*mm

T Aq*°"°‘°‘d\=c= 1206me = \ 2w



L. ype o% han
Rotlon, chain
2. pﬁg_.%wcl pasriston wafo (1) -
?SC,[ ‘1‘7‘: ML’ 7—| . )0’ = .LEP- = 2:38 (:’——Q‘Fﬁ-
A= -’PT‘_’ 2, / A
%, Numbay og- Lo (Z) -
<o T
Fo¥ L =2 A
ND . o% toth o Sprocket =, = 27-25
" Zy = aS (solloeta d)
o 2y = = 2Sx2 4 = "i'é-o
2l e = AL Z
= ; Zg |
4. Shondard preh (p)
PS4 114

iy drseanae, A= (30 to So)f
p- piech 0{5 Raln
" Wit o= \200Mmmw g&Mj

o= A0P > P = L=moiell. 1289 = 3omw
- = il
dopsh e G piedo, Golumn)

He e Sandasd prch value, P = Bitsem

g MW%M o& ,Q,LWCNJ

PSG 77

o\ngjv-tﬂm\&mw ow YRe bzﬂ\/& O% b"’"ﬁﬂ-&&},o‘u
Q\V

N = —_— f/m KW
102-n Kg

0 Pﬂc?rm.w -

Ay (ONENL A% banto

P

g: Nxlo2XnXM f gd

v @




‘“"

_ ptwan = BKw , P3G 11 C“EAMK)
&gﬁm Jcres (ks)  PLG 1T
K_S = k] 'kg‘ kg‘ l‘<4 |<S—KL
(NG e P B

Ky = 1as Codld Koced)

ky = 1.0 C#%fvmb\ﬂ— Suppysts)
Ky = \:0 Car = (3040 s0)P )
P56 117
Kgz V28 (TncdBraston ogsgmcm Horpoual upto 60 &
WL o 60°)
KS‘ = .0 C’N‘OP UukRcasdon)

Ko = 125 Copuble SReft o9) 1 Asars @ day)

Lo Kg s s xIxlas x) x2S = 108 F 2 ()

Pz, o
\j,gﬁb&*ﬂ, 0% M(\L): PjL\h_ teh) 22Ny m /g

6 ox 1000 - boxoo
P qry SO x\000
e D%' ‘5‘1{0‘3( =108 (Rh zeae,
M‘*:lﬂﬁ TPN)
N X102 X X k_s o
(= = )N
3 i
2x7.8%x 2 :
Q: E'X\O u/ >(____ = 36'bwv )
> o

@)



(. Sdaeston 06 haln +-
Fon pldv p= 31-1S e and %Aﬂ?b&é(@

= Bblbkes )

psep 1T
(4]
Chado w0 g0p-) R0 5 Sollactod .

Sra 6% C’WOMPW\“?( bmmﬂ}, laah ; § = §8S0 ke
woghs pah ke = 3-8 K
Boakng-Ala A =63 o
7o Chack Jor 0okual Jawof)— SA%&}CW]
Q,
(n] - )
& - \ymw&f%aa (d) = §gs0 kad
= P+
é? P-t '\‘fc ‘P.S : n
Tangesed Jor - dus io powsh srangediplow §, = ——

. or¥d - 939 Kaér
<392

Gneptdogd ondlow | @, = %?: ?i_g_’qf%“fff: 0- 615 tod
“ToadkoN  FURS J”Zﬁj'\ﬁ o% m,%: K.w a
PS& .3 Co- ef{actent o& Sog. K= 2 (atums oL thaw 44)
Gntre didans A= 12w (Guen dake)
Pm KW = 2% 3.8x 12
= Q-Iﬁka,j

v Eop - _
P= Petbetfs = pap 6-61S+ q.t2

= 249 ked
@ t




o) &, 23S0 ks
- \:V\,] s — = 36:S7

£p 9—4—2—}3}

ACJ‘M‘LJAQW oﬁ Smh&‘(r (26:51) 33 Wﬁmm AT
&WO% &%a;» (1-8)

R o\v%u )3} cs*a.gb.
$ clace for huosirg. STUA()

PSG 117
POWDL drasdnibied ow W0 badt o% swar\s MBZSWD)!&

TV

N = » Neto2-K
oKW o o %4 &

1o ks L / = iy N kﬂ-ﬂ“/dmrl-
' % X102 X 2
S SRR | I(a,f(/cm?#;* LT3

9. bax 32 iy 109
= \7 A‘N/'N\Ma'
P3G 717

[Fov ke=t z,:wm‘mﬂ ,

=215 N fam

SOMO\-"S&Q’N;& .;g&%a,_



gL — 2@F+ =2 +2Zq - Zg— Z 2-
P 2- o, LA
Qo 200 _ ( Toes e
Boprenmmes - 5 = 3% rakoh,)
P 3).15

bo-25

&f 2 G0 B8Y e R T
2
Qp= Tb + 425+ 0-) gre 2F
P ) 47 = g h NG mm
Dy o' P o2 1EX BMIE = 317¢ M

0. Eact Contre 4danw (a)!

pSly 1-71S
L2 + \iel — &N

ol =
2§+60) Jec o TT

e - QP (2'+2" =l\6

ZQ,-—ZI o (60‘—25_ 2_:3’
U (""’”—# e 2%

2%
=4 +r’m
- i SRR AT | i
4—

Oz 1209 waw (o) 1207

n. chodn whel pm&lbl.a-‘ Ararfons ( damaton)
PGy 178 ‘ T
P =0 180
DRt o% Small Sprecet d, = s»w( sm(‘_{;

A/) =253 mww.

Do wmaos o.Py ,o_aJ?uSchumt,cl,,.- = (‘?) m
dz, 567 v



PSG T2
chade No: oA K0S
Pwd\, p = LTS

Roltan, dSamatan Dy = [0S
wilddw betwoow ‘\hmvplwtm \I\JH@V = 19 .l My

Raalaa:-

), ’F—l:p_o,o%m = ollasy chabu .

2 preformol Prangwdlon Tatto (D) = 24

3. Numkorn o% Tooth (Z) 225 2 - o

4. Standond P?*d\) CPI= 8| 1Smm

S, MU Jasker auﬂ Sa.%e,tav (n)= -8

§- Seloodion ol cho®v = 204-) R100

—. Choer R aotuall Jaotor Bﬂ—dnﬁugr Cn] =3687

B+ Chook 407 heantry et (4D = 315 hat{md- Csfe)
q, AM&W& o% chatro (L) = 3178 rew

0+ Exast Condn ddMeue Cad= |+ 209 m

N, Chato whal prodele dfwenstons € dBamaar)

d1 = 2C3 mwm ° d),': 07w,

Howa wabe

i TR TEenAporte o%a hoat  vreatwant dudnace 1
M“Q’“bﬁ a 4 S Kw , | 440 Tpw fhc\xmﬁow NMertoy
M\gﬁ\‘ a Cha®nv  orrdve wWith a &_PAOA Hedisahinm
rasfo Q% 214 e Trand mMilow o) mﬁmv\mﬂaw’fm

A

bax WO’% Uwac@mw'mﬁ?,ug Co adPnuand Wi
) st podap. saige Ll che DR

Chov fpoe 171) (LS ek



ONIT-1
DESIGIN  PROCEDURE pOR.  JpUR GieaR

I, Goanrakle X
5 Matndel Selaeiors (pinion 4 ohael)

3. Gean e
4. Calevlaston a% W’“W (o) 'Uﬁ&ffrgzmm (M)

a ps & LS
L. Calmﬂw'ﬂm O%, BCV/ I R Tp

2€E,

sk ok based on tha ot g Sk valis 8114 P8
1 4-kb

Cptnton R whed R sl PG 8-S

OHr L WRR
Compropia KTRM - T = C s kel Kﬁ*f/ma’ paig-Lh
¢ pndor d\mM) oGl Bt Al E-C
b calolaon ol Condon dtanus Cadn) @ -

3 0
614 EUMe]
o = C?+05 Tl —a  ow PIG

_—

[ LYy §-1%

7. J&QQ,Q}:?ON 0% 2, A=2Z9
2. cladaston a% yodule, €D
R L, e L i

Z|+22
g, Randsed  Corton A derne- (&)
M (=72 g
2

®

a =



. caledatfor && et (d,9) &
C{W?M" Cp) :-

psay 8:22-

L=z = pinion dBmnatn dor phiev
{)?‘kd-u T—— o% whael (D) = Zg M A

rams oldik CB) = Yoo fn

I AM@WWWC%)

4 13 o
PG1?,‘ k __'__:E_)_. ),-H E]:Vl-tj é__[ﬁ"c‘:l
Ve © 074 " ,{,b

. 2. che e%&ﬂfﬂué-&? dﬂ{ﬁCV’b)'-"

PSG) 8134

. At
v, = Cve] = T
a.w\b\/

13, caledaston o% Ofkar.  PAIAMCIAS.




UNIT -
DeSlon o  Ipuk GreaR:~ 1) Nomwak warmod B
A m?’ lowll  and Elu\d?{w»o RpaRiond.,

- P 2\V CQb + Et)

— -

* PO\M?\r Tmml&ov pﬂt\%ON <0 O\gn}.,_(_uJM) \ m\f_l,m
) (Ng) €

| Dafgn o Spwnw metotrm\bw\%t 20 kW ak
400 Tpwo , Speod roduadon B 9.C, Hadd Jor
pirdors  and whadd a%e C1s <taol ond cagt Thow
ﬂmﬁﬂ' 30 m%p&w. Tako Paediuns- a)ﬁlbo-& 20° and
qu‘fl&ﬁ' l@b o% o gcau 2% 16,000 Jpuod .
(A3 vow otaixl'.‘—
i = e
Pomn.CP)r- 2 2 Kuw)
Speod Ny = 00T
Jpﬁn&’h‘aﬁo 1 = 2.¢
p‘\«&)m N\m}ﬁo\ﬁ = C\& &tﬂ_ﬂxq'
whaoll watkal = QM%ONLC'DW%
PTEJ\&\U\L-’ " oL 220 2

Rpe = \0,0004\”*11

pagn & Spun e dne
Sn|wdow ~
g bl
. 0o Tasle (X)
1: 2.5

9., MMQQ ,SMON N's

Pdon — CIS stool

sl — C1 30
a. hear Dofe
L0, 000 Kows

®



4. Calodasfor D% Doifgn wTgueL (0%)
Dapggro mi’zwf mowart ( Hye )

pity &8
EH{:] = MJC kA k kad»,cw
P85 Kw oy 22
Mg = q9420 T ? 4742 900 (n- P“Aﬁﬁwf‘pﬂﬂ-é\
P3Gy 9S >Ny )

k,\‘K = B ( apow ;N%aﬂlﬂv)

22
20X — X3  _— a0 yagt_ Cavo

s Cal-wﬂﬂ-*%m (o) EQ‘V’ Th M\& Uz - — \nnu-’
Fo9 Tb Al
pfons & wheel ane ARt ool o,}mmmmﬁw
XV
PLoy 8124 > EEH, mﬁiﬁ-“\“

. Ecu;ﬁ\‘d-o—“‘t Hau_tﬁ‘s odubut | Eoq = £ 4E, psty §S.
P36 814 ¢ - 25 10" kg om?- L gosuls

0
F, 2 14 xS kav:'f/‘f“‘“
£ (o
i 4
s
1 g X howis
pSy 3.8 1 odo ogc,(b« = 60 XN
|« 4 kb& V) - boxqoo R 10000
Brbj A L = SA X110 G
Phndor "'kr
P3G 820 Kyp =) Elﬁjﬂcﬁcﬂ& >0 ]
P38 g.19

Ke = "2 [ prums steol cate Hogdensd]

P& &19 n= 2.0 C Tempaed %) normalizo d ]

)] vt( = 025 (U—'u_ +¢'y) +S0 0 karj‘/CM-L
PS6 1.9 pladon C1S Aaeocls

ol T 40 k}&/MM“’ = 40600 em3-
yﬁa 07 = 24 %/MML: 24_ookl?:;:k[w““‘ @



e = 025 ( 4000 +2 4060) +S00 Kj,d-/c,.ﬂ—

e 1«4 X
Eﬂjp‘h&om = R ) = 4 ] ¥ 2100
n. V'r o 2
= |} 2
o 122S Ki*/"'“‘
E-ﬁjww o n kcr' U_._‘ /M’L-
e 4i-geor ' a7
PS4 §20 Kl =] 101 Ne = ok =
pSG 819  Kg = L s4¥w
o = " Ceapr ow)
n= 20 pLey 1+5 IS]M;&IIE
0
& i [ ¢y = 300 . N/MM
U_L‘ - 0'4’25(3000 -~ | 260 ka&[amﬂ‘ - 300'5'?*/‘?""
= [@Jw}wﬂ = .l_‘j-__x_’__, 1380
2 X A\
188 Kgd/am"'
Co sprapind— Stretd
I pLe g1k e K k?,;\»[ .
q7 - ¢ Kel e
LC’]P?&ON R
pSq 8§16  cr=229) HRe = 60, Key =059
_ 000 xboxosEs = T12% kdi/wa-
T
L C’j olad = Cp Hre kd )7/&—/%0«
S . | .
PG’ § Uo CBfo%)CQS 2-3/' HRee = 250 drLf LA
Ked = 6 7
N
PSq 817 n= boNT = bo x q00 X 10000
= s4xd
kd = b o7 NP
S Avianl - @



(7] wled = CrHRC kel

bd o
= 23X2SOX 0-82
= ATUS am?
6' C&Qﬁi&'@ow kﬂ&/ -
Conkan dane Cwdw) ai-| Ff & ool
Pscﬁ s e SM) doc vt & whedl
o) w T

oz (2:54)
3014\ 6
&M\S TSY C 3o 4] P24 .14
g 2. %83 g o=
= (3¢ 3\{”’J/—/
(2 4b MM AN S
2°
| (_4—7xm) = aZ 4o

a7\A—0mw
K &@Qawcmo%z, R 2, "
f=-""

Abuwe- Z| =
2y =1\7 opT T2 = U Fem A

Zy= 25 %I = 425 = 4%

8‘ s
¢ slodadow o% vodale fan) P36 8022
230

™M T 2 = __2:_2(/\—@/“‘ = E s il
=2 422 W14+ 42 60

: M2 S

. Rt .
wd  Conm At (a) - PSlG & 22
miZitze) <t
—

~

\0. C/ﬂ,ﬂ.atﬂil}l Lo
Sorv &M Ca,;r\;paz( Qfm_a_wotédhc' )=

ek dicmatar oo e
\ ) og} Adon (d) = 2w = [TXE

~ \SOomn™

Facg,uﬂd.&b Cb)= \wa Cp) - ~ 8< mw .
.a T Zam o
> 43RS -2
= a4 %150 e
= A Shuw .



”'du&&f®www&3m%fww
p<G 313 (Fox Spuaaeafn)

o'j_‘, ®
R S IRy
b

C Coxgidon, +ve ]

A= tSomm = \SOw

Rz oes

b = A4S vy =

£ = 1S X" kg&/cﬂz’
EMt]-'-‘ 3L0+ )(_a,}c,w

b
e Lo 2:6H 4 11s% 0 X 304
Te Fesb ts 2-SXAS

A S Cow

(TC/ = Uty K?"}/OMQ/ £ qu’q’hﬁlmb
So OUN Am\ﬁg» 3 \?a.&-;.

12 Choow fyy poadpg 018 1= (d3)
PG poaa (o7 Spun Gedd

+ e
g =j_£‘___e»— CMe] = @ { foclint J
b awmby
2.€ ) Eglo‘rj £y [ine S ma s 0-Scn]
- IS % 0% 45 %) [ atdares datlociton
y::!j

= 290 K}ﬂ,/MQ—-ﬁ 1206 %AML—"
D50 0w duge Bt e

@



T?F CR‘NJU-/ Aﬁaa.}P‘?Y\%QW = Ccl + 2N\D&uﬁﬂ/)
= (8<+ (2 C)): QLM
(D + 2medule)

~ (21S+ (2%S)) = 225 rwv

Reot s & o{' P%%ON B CA—-Q.N\D
= (&f —QXS)) = 1S mr~

Root els AR O% a&h = (P =2am)

= (215 — (2X £)) = 20Smm

\)

T rde Be of gean

3. Geoh I = 10,000 s
4., codeudasdon o%» Dt TN M) = B104- Kef - e

c. caledasdw o% 6oy, Tp AT P 471S kgglon”
\ T
(1S K kadlomd (88 kad{on>
. coladastor a% Conteh dBbanI Qo) A= 140

b
=l Mm&)m(}@,z\gm, Z, = A3,
3

\ uimwm vodule Cw) =S ey
9. Ruind rondos, dibanes (a) = \ SO ™
o . aaﬁ_a_;ﬂaﬁlm o Az §Smw | Do 21 b 4ASmw

D choew o Te ﬁ&@c/m_, choew. Jor 0% BGG%Q
o e

a & Amq\rﬂ.ad’d‘

@ai“ wpwzr a::;vdwﬂa- mpwomﬁq -t:andmﬁa?? 20 Kw
st 060 Tpry . IO geat railo Sf 8, Guaak X3 40 O 8hmdm%

pn day " gty dayd I T oAb Jar 3 geas . Dafigro e S

Orean fBfe. = £xe2x 6 %3 =7488M3




PESN  pROCEPURE fOR HELICHL 6184~

Q

G;,aﬁwmk?o L

|«
9. Mot Jddaetfon Jor ptndons and geas
. Gion AMfe °
,: ca¥ clotfor @% AM@N fum?/w«cgm wﬁﬂ"? rawart CRe ] |
RG §-ts

M) = Mg ka ke sk cor
e calolatior of Bey, T, ond Tl

WW%N&ME 'Q_ﬁ;ez_

F+f2
OO Wik Wo- dake dha WJN— bayd o tka

Ao prowdor Tp AT, A Sawae o4

pod geod
b caladasfon 0{5 conken, Algpane (o)
P3G &1 2y 5:7 35 w fﬂ\w
a > (D+) (E@ T
9. cadolation 06» nodude Cmp) (7)) (0
PsG 213 A

™\ = Mp, = \'\fcﬂl)é YV ]:rbj \.\)WLZ)
8. CA@MGN o =) A Zo
= _weo

My, (2t

®

=z, =



2. caladaston dfeeor, Cd,9)

p<SGe € .‘.LQ.-

pleck Abawuton. © %Pn&om o= 5, B i

(ol P

P;’)tok&mmm %wm ey .
wee == B P- _2d Do,

0. RulSed Cowdre Addanie ca)

fDd—-OL &
T —— W O
2

e Sl CV"c,D

Uv MM QOWM
s s

o
el L) g pwe) 2 [

—u OF e
UZ/ aa\} },b

10, chaow ¥ w/m? \evald Crb)

py 8138
e Cmed £ [7]

= 7——-"""*_"
b abtw Yy

cal eulostor 0,62 DRI ‘O&)AN\M.



(:1‘7 ool woetkod (03D Baged ows Wﬁg oy
ab WW? QowX® g Bucm‘\\gb,w .
®M’Q”“A CFa) = Fedfd
< B 2 (Ch+fe) |
R
Helltn ovgls. Cpmiall angleD(p) -
B Tt 3 dho m?hbmwmwommﬁw
o plana cm\mi\\ﬁ\g, akaol and
g to 28° > F{*MW (gﬂma&m £°)
0c® o 40 > HW@&W,(WW 20" )
Node o pow 8/9““*’ on Jvf S (enient Tnto KW
W = T4b wakts [ piG 1497
&o
©) Daign jkhmﬂﬂ‘ gean Jodur 0 frangmdt dho powdy
pdow . Fodutiow

ok |0k kOO0 TPw 0,6 tho- P MLL
T?Zﬁ‘ﬁo 0% c N TW&’ gj)uu AoV Dg ko

tr dra pasoulad, Colowmn forw.

GRon doka -
P'b\))&l = 0 KW
pinRon Lpead Ny = 0000pM

SWTMO ,?/ = O

N l0od
. o_ N . & 5 - — =2007Tpw
A" —@ ; N2 9 <
Halby onga = (ST adlume
LDsu\Bgm a Nalpall 320&,

O,



o ALah Foklo
1z &
0. pasasal solocbon .
PG 9.5
Alume  lLordha Pfiow ank Je matpel a3

A0 NY2 CF) Mo 28 (sﬂml)
[97%] = Nooo Kd/em?-
[vp] = 4000 kad/ow’
3. e Jads

NoE &%m:v —

4. call adastow a% A terqe 03) T iy womat ()
P3§ 8aS
L/M\ﬂc M{;kAk ka&.éw

My- a7420 X 5 = q7420 x 12
v 1000

kApK 25, %y C 10 AR “ ) Cn- PRY\%NSPZOA:N;)

[MJC] ~  qt420 %%%BXLS = 1266 k&\f&w

<.
CO\,QCLLQGJ'&SN o& ) o 'Q"'b ond W3 .

T PO aYumsd phndow ond WL“’Q AL Same-
vasddal - 4opte crlMong (Stel)

PG 814 €= 9..\le0/° ot/ em?—
“y g& /
Py 8
(@] = Meee ka4 Jout—

Ceu] 2 A gt /o



6 cal eudartor 0% o, A dane () -
PSy g2 oy Il gran

> (1) 3&/’—@4
ﬁd‘(_,j o‘ lP ’

Na 214 0 y= o< (Bsume) Le

az (s+) 2 2.5 x16° x12.64 A
\) ( looo> X0 S ; e

[ N4 ‘HA’)—MW 807 A Qv
R L cwow a,% Ho dade € v 1) ()
PLg g.124  war WW

2l
M=y, = LIS o3 p J

]
W T G =

PRt 20 = 90

Py 814 Yo = 2 1o (aMumad) [W=5a
Mnlo%) rms
Vv~ 6.4 (oMume)

3 (264
My = |18 0315
04 X 4000 x10X20D

M = 0150w = [ ICram

szs, Mp > 0:2 O (03) o v

8. caladwt of = k2, - pso & 22

= = %4&2’# = lxq.gxﬁia:\b
WYt o
o = ....———22— . s 22'; iz,
=3
= S Xl
= &



q., - caledasn o Aﬁwntv» CA,:D) -

PLG §-
P?&UN ABenade) % preXo @g#
A‘ = f_’_f_’ﬁ_‘f; = URew
Gx» s’

pheehs Aawwxq% ohoel ¢2) =
wkt L= 2P 5 9= Id = Sx33
a

— |8 Cewn

0. fofoX mwre S ()

D+d -5 +3.3
0\"'/ -
2

=~ 94.9cwd

. Chew Jir dmproadi- SO () t-
Py £ Cron RolRed gd)

1]
I ,L-H
T = 07

- ELM¢] <~ [de]
Ab ;
Dz 9.9 ca (corin, +ua- )
e P &2 ¥
o~ ):bwpou»o;mq 435 € Sed]

E- 2.15X\0 MZ«J’/CW

EMtj = )9_66 kzj-cw

07 s _(Ei‘z %2 A X\D xm.laé ACTc_j
. =

39 \ S¥S

To = 10643 kgd/foul £ 11000 kg fonl

So oWy lu% 3 $a%c-



2. Chaow Jov wﬁﬁ% S ()

PG g2 b (v W&@&)

Y4
d"b = :

-—
—

42 Kﬂ,d-/wof <. 4600 Wma——
So pun duggm A <

‘13 cdoda R o osposn, ~l
Mdendums 2 podulls Ty s @r2cmz MY fedpradeld
 Dedupdien = 1.2S XMy = WS X2

e s Ao A mave, pirfon = ay+. (2 % addendsen ) = 2234 (2% 2) = RTmmv
) " w el D + (2nadddind =165 H2%2) = [bdmm
RooT ¢ Y plndow A = (2 X dsdeadiun) = 33 -(242) 2 28 vy

n ‘lw N W - (an Asdondsen) :lBSFQNQ:l{)Ow‘N
Rl rpdade. the- voauWrd procdude- Lo (2-

4. Qg a Mﬁwg»gmﬁv dsfue «o 4and mit o PO
o% 20)\? S{M«A\nufo b, f?n%bm' SPQQA— 12.00TPN
Jalor angh B s’

P?r&om LS N2 cr) Mols

ng.ad CAS

S,D,aﬁ&?gwf&éeﬂv dsque-

= Q_rgmw

]\1\1\

-—



HWOW awv-'—,_

T B dha Doubﬁvwc?gmlm Powy

Al’;%’“, we Sj\ﬂﬂu Qﬁhﬁm-”v Oluu?r D\AQ% a,&,m Pmpm.

g. W A\h&\hgbou_ WQ"(M MWNWO

POU)”D ’:-_ 4@{1\9‘ ‘

oo =4
i oxgfon AR i o
Hwaﬂ.m': CAx S .
Solne- . e
CorsSdin  wald powsn 04 Wbﬁaw —

= Hokd

Ko NNMR'PFG@M::& Cupde, <BF
vialtcal gesd-



UNIT I
PART B
STRAIGHT BEVEL GEAR:

The bevel gears are used for transmitting power at a constant velocity ratio between two

shafts whose axes intersect at a certain angle.

Classification of Bevel Gears

The bevel gears may be classified into the following types, depending upon the angles between
the shafts and the pitch surfaces.
1. Mitre gears: When equal bevel gears (having equal teeth and equal pitch angles) connect two

shafts whose axes intersect at right angle, as shown in Fig. then they are known as mitre gears.

P—-—_

@ ]

i
|
l Op;
|

Gnuag |

05=90" |

Op

Mitre gears.
2. Angular bevel gears: When the bevel gears connect two shafts whose axes intersect at an
angle other than a right angle, then they are known as angular bevel gears.
3. Crown bevel gears: When the bevel gears connect two shafts whose axes intersect at an angle
greater than a right angle and one of the bevel gears has a pitch angle of 90°, then it is known as a

crown gear. The crown gear corresponds to a rack in spur gearing, as shown in Fig.

Crown bevel gear.

4. Internal bevel gears: When the teeth on the bevel gear are cut on the inside of the pitch cone,

then they are known as internal bevel gears.




CROSS HELICAL GEAR
A pair of crossed-helical gears also known as spiral gears is used to connect and transmit
motion between two non-parallel and non- intersecting shafts. As the contact between the
mating teeth is always a point, these gears are suitable only for transmitting a small

amount of power.

Pitch cylinder
aof B

Fig View of the pitch cylinder of a pair of crossed helical gear

BEVEL GEAR DESIGN
Design Procedure for Bevel gear:

1. From the statement of the problem find the power transmitted (P), speed of driver (n;)and
speed reduction required (i)

2. Select the suitable materials and Select corresponding material related mechanical
properties. [PSG DB 8.5]

3. Calculate the minimum cone distance (R). [PSG DB 8.13]

2
szymaj( Gz )E[’.‘“

(% - 0.5)[oc] l

Select the value of ¥,, =R/b, based on gear ratio.[PSG DB 8.15, Table 13]

[Mt] = Mt xkxky[PSG DB 8.15]

hp kw
M, = 71620 — = 97420 —
n n

k.kq = 1.3 (For symmetric Arrangements)
k.kg = 1.5 (For unsymmetric and over-hanging Arrangements)

4. Calculate the minimum average module (mg,). [PSG DB 8.13A]




10.

11.

w ' Vyl0p|¥mZy
b

Y= =10 (Assume initially)

May

Assume Z; = 20 initially
Y, = Form factor based on number of teeth [PSG DB 8.18]

Calculation of transverse module:

My = MeyX > Sind [PSG DB 8.13A]
Standardize the transverse module. [PSG DB 8.2]
Correct the number of teeth of pinion [PSG DB 8.38]

R=0.5x mXZ; X Viz + 1
7 i
! 0.5% mtxViz+1

. Z g
1=—2; Zo=1X7Z;
Zy

Final cone distance:

R=0.5X mXZ;X Vi + 1 [PSG DB 8.38]
Calculation of face width:

R
b=—
y

¥, =R/Db. [PSG DB 8.15]
Check for compressive stress

0.72 J,X(iz ¥ 1)3

O = R=05b) B E[M,] <[o.] [PSG DB 8.13]
Check for bending stress:
Op = RuREFIRIM)) X — [PSG DB 8.13A]
(R—0.5b)2xbxmxy, cosa
Other parameters of gear drives [PSG DB 8.38 & 8.39]

Tip diameters for piniond,, = m.(Z; + 2cosé;)
Tip diameters for gear dg; = my(Z, + 2¢0s65)
meXfo

Addendum angle 0, = 05 = tan'l(—-R—)




Dedendum angle 6g = 6 = tan'l(W)
Tip angle for pinion 3,1 = 8; + 041

Tip angle for Gear 6, = 62 + 0

Root angle for pinion 8¢ = 81: - 0

Root angle for Gear dp = 3, - 6p

Tooth height h = h, + h¢

Working depth h,, = 2m;

1. Design a bevel gear drive to transmit 7 kW at 1600 rpm for the following data.
Gear ratio =3
Material for pinion and gear = C43 Steel
Life =10,000 hours
(April/May 2010, R2004) (May/June 2013) (April/May 2009, R2004) (May/June 2014, 2018)

Solution:

1. Calculation of minimum cone distance

3 2
R2¥NiZ+1 ((wy_o('::)[%]) 2 [’ft] [PSG DB 8.13]

Design Torque, [Mt] = M; xkXxkqy
Assume kxkg = 1.3 initially assumed

97420xXkwxkgxXk  97420X7X1.3
n 1600

[Mt] = = 554.07 kgf.cm

For C45 steel,Eeq = 2.15%10° kgflem® [PSG DB 8.16]

¥y = % = 3 (Selection of ¥, value based on reduction ratio from PSG DB 8.15)

Design Compressive stress [6.] = Cg HB K (OR) [0;] = Cr HRC K; [PSG DB 8.16]
[a.] For C45 steel:
Cq = 265
HRC = 40 to 55 (Now Take HRC=50)

Life in number of cycles (N) = 60n; T [PSG DB 8.17]




(Life in hours (T) = 10000 hours given)
N= 60x1600x10000 = 96x 107 cycles
K.,= 0.585 (For steel N> 25% 107) [PSGDB 8.17 Table'17]

[o.] For Pinion & Wheel = Cr HRC K_; = 265 X 50 X 0.585 = 7751.25K g f / cm?

0.72 )2 2.15 x 106 x 554.07

3
> 2
R = 3% ((3 ~05)7751.25 3

R> 7.8 cm (or) 78 mm

. Calculation of Average module

= 3#%
Mgy = 1.28 [~ =0 — [PSG DB 8.13A]

b

May

¥Y.= =10 (initially assumed)

Assume Z; = 20 (initially assumed)

Y, = Form factor =0.4

[0,] = 22btg_, [PSG DB 8.18]

nKqg

o_y = 0.25 (0, + ;) + 500 [PSG DB 8.19 Table 19]
o_; = 0.25 (6300 + 3600) + 500 = 2975 Kgf /cm®>  (0y, 0y from PSG DB 1.9)

Ky =07 —>P8S& §-20

0 —12% oo PSh el Tabled

=12 n 2'06”1’)8"‘1 ~tadle 20
1.4 x 0.7

o 2
5 X 2975 =1214.79 Kgf/em

[op] =

[op] = 1214.79 Kgf/cm?

3 554,07
my, = 1.28
0.4%1214.79X10x%20

Mmy,> 0.228 cm (Or) 2.28 mm




. Calculation of transverse module

m,=my,X > sind (PSG 8134) = =myXy “Y_ (PSG 8.38)
PSG 81 Tablel? @y, =3 ng3 1= | t0 4
m, = 2.28X 3_30 - = 2.736mm=3mm (or) 0.3 em standard module [PSG DB 8.2]

. Correct the number of teeth of pinion [PSG DB 8.38]

R=0.5%X mXZ;X Viz + 1

R 7.8
7. = — =
L 05x mtxViZ+1  0.5x 0.3xV32+1

!

16.5 = 20 (Standard number of teeth)

i=2  7,=3%20=60
Zy

. Final cone distance
[PSG DB 8.38] ‘

R=0.5% m;XZ;X Viz +1

R=0.5% 0.3% 20%x V32 + 1 = 9.48 cm (OR) 94.8 mm

Since the final cone distance is greater than initial cone distance,
Our Design is safe.
. Calculation of face width (PSGDB 8.15)

R _9.48
b=—="—=3.16cm
¥y, 3

. Check for compressive stress (PSG DB 8.13 )

0.72 \/v(f;”BE[Mt] < [a]

g, =
¢ (R-05b)

072 J"“z“)g 2.15 x 106 X 554.07
(9.48—0.5%3.16) \| 3%3.16

o= 5745.16 kgflem® < 7751.25K gf /cm?
2 Our Design is safe.

. Check for bending stress




RVi?+1x[M¢] 5¢ 1

G —
R (R-0.5b)%2xbxXmxy, cosa

[a@ = 20 usually from PSG DB 8.134]

) 9.48V32+1x554.07 g
(9.48-(0.5%3.16))2x3.16X0.3x0.4 ~ c0520°

o, = 107 kgf/em?® < 1214.79 Kgf /cm?

~ Our Design is safe.
. Other parameters of gear drives [PSG DB 8.38]
tan §,=i=3 [PSG DB 8.39]

8, =tan” (3) ="71.56"
8 =90-71.56"=18.44" (8, +8,=90%
Tip diameters for pinion d,; = m(Z; + 2cosé;) = 3(20 + 2c0s18.44) = 65.69mm

Tip diameters for gear d,, = m.(Z, + 2c0s8;) = 3(60 + 2cos71.56) = 181.89 mm

Addendum angle 8,1 = 0, = tan'l(m—t;ﬁ)= tan'l(-:;l:—:) =Ll

Dedendum angle 0 = Op, = tm’l(ﬂﬁ%k tan” (%%%'2)-)= 2.17°

Tip angle for pinion 8, = 8; + 0= 18.44 +1.81=20.25°
Tip angle for Gear 8, = 8, + 0= 71.56 + 2.17 = 73.73°
Root angle for pinion 85 = 8; - 05 = 18.44-2.17 = 16.27°
Root angle for Gear 8 = 8, - 0 = 71.56 — 2.17 = 69.39°
Addendum h, =m;=3 mm

Dedendum hy = 1.1236 m, = 1.1236x3 = 3.37 mm

Tooth height h = h, + hy =3+3.37 =6.37 mm

Working depth h,, = 2m, =2x3 = 6 mm.




2. A Pair of bevel gears is to be used to transmit 12 kW from a pinion rotating at 360 rpm to a
gear mounted on a shaft which intersects the pinion shaft an angle of 70", Assuming that
the pinion is to have an outside pitch diameter of 200 mm, a pressure angle of 20°,.a face
width of 40 mm, and the gear shaft is to rotate at 120 rpm, determine the a) pitch angle of
the gear b) The forces on the gear c) the torque produced about the shaft axis and d)
Calculate dia. Of pinion shafts, if T = 450 N/mm’and if pinion shaft overhangs by 120 mm.

(Nov/Dec 2007)(Nov/Dec 2012)

Given Data:

P=12kW

Pinion speed (n;) = 360 rpm

Angle between two shaft = 70°

Pitch circle diameter of pinion (Outside) = d; =200 mm
Pressure angle = 20°

Facewidth b =40 mm

Gear shaft speed = 120 rpm.

Solution:
Gearratio | = —* = SEe 3
s 120
i=2  7,-3%20=60
Zy
Pitch circle diameter (d;) = mZ; = 200 (Assume Z1 = 20)
m= 200/20 = 10 mm
R=0.5x mXZ;XVi2 +1 [PSG DB 8.38]

R =0.5% 10 x20% V3Z + 1 =316.22 mm
8 +8,=70"=9

sin@ __ sin70
i+cos@  3+cos70

tan 61 = (Formula to remember)

8,=15.7°

15.7°+ 8, = 70°

8,=54.3"

pitch angle of the gear [PSG DBB 8.38]
n _ 1 MeXfon_ 21, 10X1 0

Addendum angle 0,, = 0,, = tan (—t};—°)— tan” (5 -)= 1.48




Dedendum angle 8 = 05, = tan™ (E(-(—;(LFQ-)= tan™' (m:—iz;};i)) =070

Tip angle for pinion 8, = 8; + 0,,= 15.7 +1.48 = 17.18°
Tip angle for Gear 8a2 = §2 + 0a2= 54.3+ 2.17 = 56.47°
Root angle for pinion 8f1 = 81 - 6f1 = 15.7-2.17 = 13.53°
Root angle for Gear 82 = 82 - 6f2 = 54.3 = 2.17 = 52.13°
b) The forces on the gear [PSG DB 8.57]

2My 2M;
dav dl(l_O.Sb/R)

Tangential force (Py) gy =

97420Xkw _ 97420X12
t= - = 360 = 3247.33 kgf.cm [PSG DB 8.15]

R 2 X 3247.33
£av = 20(1 — 0.5 x 4/31.622)

= 346.65 kgf

Radial Force (B.) = (Py)gytana cosd
= 346.65tan 20 cos 15.7 = 121.46 kgf
Axial Force (P,) = (P;)g,tanasiné
= 346.65 tan 20 sin 15.7 = 34.14 kgf

¢) Torque produced about the shaft axis
Assume P, and B, induces bending moment:
M, = (B. X overhang) — PR,

0.5b
(Where,R,,, = dav _ dl(l_T) __20(1—0.5x4/31.622)
siim — L] —_—

= 9.367 cm)
2 2 2

M, = (121.46 x 12) — (34.14 X 9.367) = 1137.73 kgf — cm
P, Induce also bending moment:
M, = (P, X overhang) = 346.65 X 12 = 4159.8 kgf — cm
Resultant bending moment:

M= |M2+M2? = /1137.732 + 4159.82 = 4312.58 kgf — cm

Equivalent Torque on shaft:

T,= M2 +T2 [T =M, =3247.33kfg — cm]

T, = /4312.582 + 3247.332 = 5398.47 kgf — cm

Q}'




d) Calculate diameter of pinion shaft:

- 3
Te= E’l’d

539847 = — x 450 X d°
* v 6

d=3.93 cm ~ 4.0 cm (OR) 40 mm
Pinion shaft diameter = 40 mm

HOME WORK
3. A Pair of bevel gears is to be used to transmit 8 KW from a pinion rotating at 240 rpm to a
gear mounted on a shaft which intersects the pinion shaft an angle of 70°. Assuming that the
pinion is to have an outside pitch diameter of 180 mm, a pressure angle of 20", a face width
of 30 mm, and the gear shaft is to rotate at 80 rpm, determine the forces on the gears and the
torque produced about the shaft axis. (Nov/Dec 2012)

4. Design a bevel gear drive to transmit 3.5kW.Speed ratio =4.Driving shafi speed 200 rpm.
Pinion is of steel and wheel of CL. Assume a life of 25000 hrs.(Nov-2018)

5. Design a bevel gear drive to transmit 7.5 KW at 1440 rpm. Gear ratio 3. Pinion and gear are
made of forged C45 steel. Life of gears 10,000 hours. Assume surface hardened treatment
and IS quality 6.[ May- 2017,Dec-2017]

WORM GEAR DESIGN !

1. From the given problem, note down the amount of power to be transmitted, speed ratio,

worm speed, material required. Usually the steel for worm and bronze for wheel are
preferred.

2. Calculation of minimum centre distance (a)

2

z 1l 540
az (— + 1) 5 [Mt] [PSG DB 8.44]
q E [Uc]

[Mi] = Mk kg (For worm gear k kq = 1 initially assumed)

M= 97420 X "= X 0 X i
1

Selection of number of teeth based on power transmission capacity. (i.e. For hp>20, z =
60 to 70; For small hp, z =30 to 50)

Diamerter factor (q) = ;d— (Initial Choose q=11)
n - Efficiency of worm gear [PSG BD 8.46 Table 37]
[oc] Design compressive stress which depends on sliding velocity (Vs).

(Initially Vis assumed 3 m/s)
3. Calculation of minimum axial module (my)

10




3a..Calculation of centre distance [PSG DB 8.43]
a=0.5 M, (q+z+2x)
a=0.5x10 (11+60) = 3|55 mm (x=0 initially assume)

Since this is less than the minimum centre distance (=375 mm)

Let M, = 12 mm (or) 1.2 cm (PSG DB 8.46 Table 36)

a=0.5%12 (11+60) = 426 mm (or) 42.6 cm ,
Since this is greater than the minimum centre diitance (=375 mm)

~ Our design is safe

4. Calculation of actual Sliding velocity

vy myn ——
Vg = - 191001/(21) +q [PSG DB 8.44]

12X600
Vs = o v (3)2 + 112 = 4.129m/sec

Next Select corresponding design compressive stress [o,] from PSG DB 8.45 Table 32.
[0.] = 1490 kgf /cm?

5. Check for bending

1.9 [M,]
= < PSG DB 8.44
=g —oslal I ]
0y = o =07 kgf /em? < [0,] = 550 kgf/cm?

1.23 X 11X 60X 0.4

~ Our design is safe

6. Check for wear

z+ 3
N (5&;0) (%) M,] < [6]  [PSG DB 8.44]

q

11 42.6

60,1\3
0, = (56#) J (ﬁ) X 50270 = 1300kgf/cm? < [o,] = 1490kgf/cm?

~ Our design is safe

7. Calculation of length of the worm [PSG DB 8.48 Table 39]
Length of worm L = (12.5 4+ 0.09z2)m,, (Number of starts 3 or 4)
L > (12.5+0.09 x 60)12
>214.8 mm
L=>215mm

(W




z | 540
a> (— + 1) E["C} [M,] [PSG DB 8.44]

[M¢] = M¢k kg (For worm gear k kq = 1 initially assumed)

[M]=97420 X = X n X i

Z1 = No. of starts on the worm = 3 (PSG DB 8.44)

n = 0.86 (Assume) Form [PSG DB 8.46 Table 37]

[Mi] =97420 X — x 0.86 X 20 = 50270 kgf — cm
(Power = 18 kW = 24.13hp, For hp>20, z = 60 to 70)

Take z=60 (PSG DB 8.44)

Diamerter factor (q) = mi (Initial Choose q=11) (PSG DB 8.44)
X

[oc] Design compressive stress which depends on sliding velocity (Vs).

(Always Initially V,is assume 3 m/s)
[6c] = 1590 kgf/cm® (PSG DB 8.45 Table 32)

az=

60 : 540
( ) X 50270

= gy S S
11 §x1590

a=37.4cm
. Calculation of minimum axial module (m,)

M
M, > 124" | [PSG DB 8.44]
zq Yy, [op]

[a,] = 550 kgf/em® [PSG DB 8.45 Table 33]
¥ = 0.4
M, >1.24 ] poerd
et 60 X 11 X 0.4 x 550

M, = 0.82cm (OR)M, = 8.2 mm

Take M, = 10 mm

AL




2 [M;]

M, =124 |[———— PSG DB 8.44
> zq ¥y 0] [ :

[op] = Design bending stress [PSG DB 8.45 Table 33]
4. Calculation of centre distance [PSG DB 8.43]

a=0.5 M, (q+z+2x)

Find out the diameter factor (q) form [PSG DB 8.46 Table 36]
X= mi — 0.5 (q + z) (x=0 initially assumed)

5. Calculation of actual Sliding velocity

i mdiny
vS_
60x1000xcosy
vy men ——
= = i PSG DB 8.44
Vs cosy 19100 2R [ ]

v, = Pitch line velocity of worm  [PSG DB 8.15]
Next select corresponding design compressive stress g, from PSG DB 8.45 Table 32.
6. Check for bending

_19[M
gp = 3 < [O'b] [PSG DB 844]
my.q.z.Y,

7. Check for wear

q

z, 3
7, = (Sfo) (%) (M] < [6,]  [PSG DB 8.44]

8. Calculation of length of the worm [PSG DB 8.48 Table 39]
Lengthof worm L > (11 + 0.06z)m,, (Number of starts 1 or 2)
(OR)
Length of worm L > (12.5 + 0.09z)m, (Number of starts 3 or 4)
For ground worm, the length L is increased to L1.

L1=L+25mm (my< 10 mm)
L1=L+40mm (my = 10 to 16 mm)
L1=L+50mm (my> 16 mm)

9. Calculation of Number of teeth on worm gear

Ly
My

A= Should be rounded off

4D




Find the actual length of worm L2 = Anrm,,
10. Determine the Face width of the worm wheel (b) [PSG DB 8.48 Table 38]
11. Determine the Parameters of worm and worm wheel [PSG DB 8.43]

Parameters of worm:

Reference diameter d,= q X m,,
Tip diameter da1=d,,2f,m,
Root diameter dry = ¢, —2 5. m, ~2¢ (take f,= 1 and c= 0.2)
Pitch diameterd; = m,(q + 2x) (assume x=0)
Parameters of wheel
Reference diameter dy=7,Xmy
Tip diameter da, = (Z, + 2f; + 2X)m,
Root diameterdf, = (Z, — 2f;)m, — 2C
Pitch diameterd,= d,

12. Efficiency of worm gear drive [PSG DB 8.49]

tan y

Efficiency of worm gear drive 1) = m

tanp = u = friction co ef ficient

PROBLEMS:

1. The input of worm gear shaft is 18 kW and 600 rpm. Speed ratio is 20. The worm is to be of
hardened steel and the wheel is made of phosphor bronze. Considering wear and strength,
design worm and worm wheel.

(April/May 2012, 2018)(Nov/Dec 2012) (Nov/Dec 2015) (Nov/Dec 2010 R2004)
Given:
Power (P) = 18 kW
Speed of worm (n;) = 600 rpm
Speed ratio (i) =20
Material for worm = Hardened steel
Material for wheel = phosphor bronze.
Solution:
1. Calculation of minimum centre distance (a)

4t




Calculation of Nv*mber of teeth on worm gear

1= L _ /215
nmxt; T X12

= 5.7 (PSG DB 8.48)

Take A =6

Actual length of worm = Anrm,= 6xm X 12 =226 mm
8. Calculation of Face width of the worm wheel (b) [PSG DB 8.48 Table 38]
b=0.75 d, =0.75%(q X m,) = 0.75x11x12 = 99 mm = 100 mm (say) (or) 10 cm
where d,;=q X m, (PSG DB 8.43)
9. Calculation of the Parameters of worm and worm wheel [PSG DB 8.43]

Parameters of worm:

Reference diameter d;= q X m,=11 x 12 =132 mm
Tip diameter da1 = d,, 2fym,— 132+ (2x1x12) =156 mm ( fo=1 PSG 8.43)
Root diameter dfy = g, —2f,m,~2c= 132~ (2x1x12) - (2x0.2x12) = 103.2 mm

c=02m, ) PSG DB 8.43

Pitch diameter  df = m,(q + 2x)=12 (11+0) =132 mm
Parameters of wheel

Reference diameter d =Z£<mx= 60 x 12 =720 mm
Tip diameter da, = (Z&+ 2fy + 2X)m,= (60 +2+0)12 = 744 mm
Root diameter df, = (Z, — 2fy)m, — 2C = (60 —2)12 - (2x0.2x12) = 691.2 mm

Pitch diameterd;= d, = 720 mm

10. Efficiency of worm gear drive [PSG DB 8.49]
Effici £ driveny 2 AR Y=
iciency of worm gear drive 1] = an+p)

Y= tan‘l(%) = tan~(=) = 15.25° [PSG DB 8.43]

tanp = p (PSG DB 8.49)

friction co ef ficient
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(Take u value from friction co efficient graph PSG DB 8.49)

tanp =0.03 p=tan"10.03=1.72
5.
tan 1525 _ 0.893 = 89.3 %

N = Gn@szs+1.72)

2. A 2 kW power is applied to a worm shaft at 720 rpm. The worm is of quadruple start type
with 50 mm as pitch circle diameter. The worm gear has 40 teeth with S mm module. The
pressure in the diametral plane is 20°. Determine (i) the lead angle of the worm, (ii) velocity
ratio, and (iii) centre distance. Also calculate efficiency of worm gear drive, and power lost
in friction.

(May/June 2008, May/June 2014)

Given Data:
Power (P) =2 kW
n; = 720 rpm

Z1 = No. of starts on the worm = 4 (The worm is quadruple star type)
Pitch circle diameter (d;) = 50 mm

22 =40

Module (m,) =5 mm

Solution:
Material Selection:

Material for worm = Hardened steel

Material for wheel = phosphor bronze.

[6.] Design compressive stress which depends on sliding velocity (Vs). (Initially Vi is
assume 3 m/s)

[oc] = 1590 kgf/em® [PSG DB 8.45 Table 33]
[0,] = 550 kgf/em® [PSG DB 8.45 Table 33]

(i) The Lead angle of the worm(y = lead or helix angle) :
1,2
y=tan 1(?1) [PSG DB 8.44]

Diamerter factor (q) = 4o -5;0=.10

i —104y 0
y = tan (10) =218
y = 21.8°

(ii)  Velocity ratio (i)

16




(iii)

(iv)

v)

- ok Z 40
Velocity ratio (i) = 22- = 10
1

centre distance (a) [PSG DB 8.43]
a= 0.5 M, (q+z+2x)

a= 0.5x5 (10+40) = 125 mm (x=0 initially assume)
Efficiency of worm gear drive [PSG DB 8.49]

tan y

Efficiency of worm gear drive ) = —=—""— 40)

tanp = u = friction co ef ficient
(Take p value taken from friction co efficient graph PSG DB 8.49)

=), AT 21 g2
oA cosy 1910 m [PSG DB 8.44]
Vs = 51:;;3 (4)2 + 102 = 2.03m/sec
tanp = 0.045
p =tan~10.045 =2.57°
tan 21.8

n= m = (0.8829 = 88.29 %

Power lost in friction (Q)
Q=P({m)=2 (1-0.8829) = 0.234 kW
Q=0.234 kW

HOME WORK

3. Design worm and gear speed reducer to transmit 22.5 kW at a speed of 1440 rpm. The
desired velocity ratio is 24:1. An efficiency of at least 85% is desired.The temperature rise
should be restricted to 40° C.Determine the required cooling rate.(Dec-2009,2017)

Given:

Power (P) =22.5 kW

Speed of worm (n;) = 1440 rpm

Velocity ratio (i) = 24:1

Efficiency = 85 %

Material for worm = Hardened steel (Assume)
Material for wheel = phosphor bronze.(Assume)

4. A hardened steel worm rotates at 1440rpm and transmits 12kW to a phosphor bronze
gear. The speed of the worm gear should be 60 rpm. Design the worm gear drive if an
efficiency of at least 82% is desired. (Nov-2018) (By AGMA using PSG design Data)

Given data:

ol 7




5.Design a worm gear drive to transmit 20 hp from a worm at 1440 rpm to a worm wheel.
Assume the bronze is sand chill cast. The speed of the wheel should be 40 + 2 rpm, initial
sliding velocity can be assumed as 3 m/s and efficiency as 80%.[May—2017]

Given:

Power transmitted, P =20 hp=20 x 736 = 14720 W
Worm speed, n = 1440 rpm

Worm wheel speed, n; =40 +2 rpm

Sliding velocity.Vs =3 m/s

Efficiency, = 80 % = 0.8 [ As the method is not given, we can select any method]

Solution:
Steps:
o, 1= 1= 1440 _
1. Speed ratio,ii = = 36

2. Materials: Number of thread on worm, Z; number of teeth on worm wheel, z:
Worm — steel ;Worm wheel — bronze (assumed)
Z=3 (assumed) z=iZ =36 x 3 = 108 teeth
3. Design worm wheel torque, [My]:
PSG DATA BOOK PAGE No: 8.44
M= M, xkXkgy

k=1andkd=

Px60
2Tny

Torque transmitted M, =

Table 37, PSG DATA BOOK PAGE No: 8.46
For Z = 3 threads, n = 0.8 (assumed)

—60)(14720x08—281131N m
T oxmx40 T '

[M]=281131%x1 x1=281131N-m
4. Design bending stress [oy] ; design surface compressive stress [6] :

PSG DATA BOOK PAGE No: 8.45




Table 32: [6c]= 1590 kgf/cm?=156 x 10° N/m’
Table 33:[cp]= 550 kgf/lem?=53.955 x 10° N/m®

5. Minimum centre distance, a:

PSG DATA BOOK PAGE No: 8.44

e (5+1)3 Zi‘w x {[M,] X 105}

Diameter factor, ¢ = 11 (assumed)

(108 + 1) : 240 x {2811.31 x 105}
a=|— !
11 108 < 156 x 106

11
a = 0.3537m = 353.7mm

6. Axial module, my:

m, = 1.24 [——M——
z.q.Y, X [op]

PSG DATA BOOK PAGE No: 8.43

Z 3 3
tany 7= 11 lead angle ,,y = tan ( 1 1) 5

Virtual no. of teeth on worm wheel,

Zq 108

1 = cos3y = C0s315.255 120.27

PSG DATA BOOK PAGE No: 8.18, Table 18:

For zv = 80; yy = 0.499 at X = 0 (approx.)

2811.31
m, = 1.241/[7 ] =5.48 X 1073m = 5.48 mm

108 x 11 x 0.509 x 53.955 x 106

PSG DATA BOOK PAGE No: 8.2 Table 1:
Taking next higher standard module: mx = 8 mm

7. Revision of centre distance, a:
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PSG page 8.45:

a=0.5 mx (q+z+2x) = 0.5x(mx(q+z) = 0.5x6(11+108) = 357 mm

8. Pitch diameters; d, pitch line velocity of worm, v, and sliding velocity, vs:
PSG DATA BOOK PAGE No: 8.43:

Pitch diameter — worm, d1 = g.mx = 11x6=66 = 0.066 m.

Pitch diameter — worm wheel, d2 = z.mx = 108x6 = 648 mm = 0.648 m

Pitch line velocity of worm,

ndin 7 X 0.066 X 1440
cosy  cos15.255

Pitch line velocity, v, = =498 m/s

9. Revision of [oc]:
The sliding velocity, vs> 3 m/s ‘
The design stress [oc] has to be revised & reduced.
Table 32 , PSG DATA BOOK PAGE No: 8.45:
For steel — bronze combination, vs = 5.16 m/s
Assume [csc]:1490kgf/cm2 (approx.) = 146.2 x 106 N/m?
10. Revision of design torque, [M;]:
[M] =M, Xk Xkgy
k=1landkz=1
[M] =281131%x1x1=25465N—-m
11. Check for induced bending stress, op:

PSG DATA BOOK PAGE No: 8.44:

= < [op]
T T
1.9 x 2811.31

= 40.9 x 10% N/m?

% = 0.006% x 11 x 108 x 0.509

Which is less than the design bending stress,[0,] = 53.955 x 106 N/m?

The design is safe.

20




12. Check for induced surface compressive stress, o.:

3
41
o = ?43’ ¢ - I 10 <1
q
ﬁ 3
o, = (s;g) l( })1.3:71)] .{2811.31 x 105} < [o]
11

g, = 153.83 X 106N /m? which is less than the design surface compressive stress
[0.] = 146.64 x 106N /m?

The design is safe.

13. Check for efficiency, 0, if required:

PSG DATA BOOK PAGE No: 8.49:

tan
ef ficienty ,n = m
For bronze worm wheel and sliding velocity, vs = 6.02 m/s
Using extrapolation; u = tan p = 1.1476 (approx)
Friction angle p = tan™1 0.02 = 1.14576°

N tan(15.255)
= fan(15.255 + 1.14576)

= 0.9263 or = 92.63 %

This is satisfactory.
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UNITYV.

DESIGN OFSINGLE PLATE (OR DISC) CLUTCH:
'F Single disc or plate

s o ' - Sedr
Ny [ T Lo D
e : [ e ‘{

Friction surface

=T n="n

@) Uniform pressure theory

w
Intensity of pressuréP __(T 7

Y

Total Frictional torque Ty = = Il W ["a —Tz]

?‘0 Hri
T = uWr
Where r = mean radius of the friction surface

3 3

T_Z[ro —ril
=-|2—
3¢ —ry

w

— for uniform pressure
T (192 -1%) f f p

Maximum Intensity of pressure Py, =

(ii)  Uniform wear theory
o The intensity of pressure is maximum at inner radius r;
Praxty =C
e The intensity of pressure is minimum at outer radius 7,
Praxto = C

. . w .
Maximum Intensity of pressure P4 = ————=for uniform wear
2n To(r6=T})




Total Frictional torque T = uWr

Where r = mean radius of the friction surface

. T, + 1
2
Axial thrust = W= 2nC (r, — 17)
In general
Total Frictional torque T = n uWr
Where n= no. of pairs contact surfaces
u = Coefficient of friction
W= axial load
r = mean radius
2 [ —=r? _
r=3 [r{f = 7'12] For uniform pressure
ri= L -2|- £ For uniform wear
For a single plate clutch, n= 2 (both sides of the plate are effective)
For a multi disc clutchn=n, + n, — 1 AN

N
Where n, = no.of discs on driving shaft Ni= =

n, = no.of discs on driven shaft “’}L =Ny 4|

1. A single dry plate clutch is to be designed to transmit 10 HP at 900 rpm. Find (a)
diameter of the shaft (b) mean radius and face width of the friction lining assuming the
ratio of the mean radius to the face width as 4 (c) outer and inner radii of the clutch

plate. Take o, for the shaft material as 38 kg/mm2 (Nov/Dec 2009)

Given:
Power = 10 HP = 10x736 = 7.36 kW
Speed = 900 rpm
Maen Radius _ Tm _ A
face width b

oy = 38kg/mm?




Solution:

(a) To find diameter of clutch shaft (d)

Diameter of clutch shaft ~ d = /ﬂ% [PSG DB 7.89 ]

ky =ki+ky,+ks+ky
ki =0.5,k, =1.25,k; = 0.32,ky = 0.75
k, = 2.82
Assume material of shaft as C50
oy = 38kg/mm?* FOS=2
o =B
2FO0S 2x2
[t] =950 kgf/cm?

[1] = 9.5 kgf /mm?

_2[495000 x 7.36 X 2.82
B 900 x 950

d=2.3 ¢m (or) 23 mm
(b) To find the face width and mean radius

M
_ M) [PSG DB 7.89]
2mpa b

lmin
imin = 2 (For single plate clutch)
Allowable Pressure (p,) = k.P, ,Assume k =1
Basic Pressure (Ppy = 2.5 to 3 kgf /cm? (For steel plate dry running)

Take P, = 3 kgf /cm?

[M.] = Mk,
97400 kW _ 97400 x 7.36
L= =

n 900

g e 12X 2§12
My =795.77 kgf —em My = Mt ko= 116
. : =92249

. 2249 C et

27 X 3 X ™ % 0.25 X 1;2
4

Ty = 9.8 cm (0r)98 mm

Face width b = %’" = 1—8 = 24.5mm

(c) To find the inner and outer radius

b = face width of the plate = 7, — 1; = —4— =245 ————— = ——— (1)
T - ' Jo = f’—“—-
24 {ﬁfﬁ"e"’) b +




¢ o . Juner r‘a(‘ilil}s

Tin 5 ' P33y °T-89

Tp+ 13 =196 =—==m= == (2)
By Solving equ (1) and (2) we get r, = 110.25 mmr; = 85.75 mm

2. Find the torque that a two surface, dry disk clutch can transmit if the outside and inside
lining diameters are 120 mm and 70 mm, respectively, and the applied axial force is 10
kN. Assume uniform wear and g = 0.4. Is the pressure on the:lining acceptable? What
lining material would be suitable? (May/June 2010)

Given:
Outer diameter (dg) = 120mm
Inner diameter (d;) = 70mm
Co-efficient of friction (u) = 0.4
Axial force (F) = 10KN
No . op Jurfacs (n) = 2
To Find:
@) Torque capacity (T)
(i)  Maximum lining pressure (Pmax)
(ili)  Lining material
Solution:
Outer radius
ro=0.5do
rp=0.5 X120

ro = 60 mm

r=054"
r;=0.5%x70
ri=35 mm

Calculate torque capacity:

n = Number of surfaces (Given = 2)
. { ™ S Nar "
" 4

A




60+35

)

T = 2%0.4 x10000x(

T =380 N-m

Calculate the maximum lining pressure (Pay):

N F
2nri(ro—"ri)

Prax = 1.819KPa (or) KN/mm®

Properties of common clutch, brake lining materials the obtained Pp,x = 1819KPa falls in the

max

range. Therefore, the suitable lining material are molded and sintered metal
3. A single plate CJ(y“i‘?"_\)effective on both sides, is required to transmit 25 KW at 3000
rpm. Determine the outer and inner diameter of frictional surfaces if the coefficient of
friction is 0.25, ratio of diameter is 1.25 and the maximum pressure is not to exceed 0.1
N/mm?’. Determine (i) the face width required and (ii) the axial spring force necessary to

engage the clutch. Assume uniform wear condition. (Nov/Dec 2009 R2001).

Given:
Power (P) =25 KW
Speed (N) = 3000 rpm
Co-efficient of friction (i) = 0.25

Maximum pressure (Ppay) = 0.1 N/mm?

Ratio of digmeter (fi’- =1.25
S ?Uiéf_)umk en)= 2
To Find:
6)) The face width required

(i)  The axial spring force necessary to engage the clutch.

Solution: oOANT
wir P-= 6o

. 60P 60x25000
Torque to be transmitted, T=—— =
2N 2mx3000

= 79,577 N —m = 79.577 X 103 N — mm

Also we know that,

T=FpReny




Fa = 2AP naxRi(Ro - Rl)
=2nx0.1 XR;(] 25R;- R,’)

=0.157 R o R .
Re="2tRe 1 125 R, (fw- tﬁi&g&“ = RS
T=FuReny
79.577 X 10°=0.25 X0.157 R x LI2SRX2 | facs widtv b= Do <l
R; =96.58 = 97 mm say; D; = 193 mm = 242~ 193
Ry=1.25%97 = 121 mm; Dy =242 mm - 4—‘{ N

F,=0.157 R% = 0.157x(97)
F,= 1477213 N

4. A single plate clutch transmits 25kW at 900 rpm. The maximum pressure intensity

between the plates is 85 kPa. The ratio of raii is 1.25. Both the sides of the plates are
effective and the coefficient of friction is 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-
2018)
Given:

Power (P) =25 KW

Speed (N) =900 rpm

Co-efficient of friction (pn) = 0.25

Maximum pressure (Pmax) = 85kPa = 85 x10° N/m?

Ratio of diameter (i—") =1.25
1
To Find:
(i) The face width required

(ii)  The axial spring force necessary to engage the clutch.

Solution:

(i) Inner diameter of plate

Torque to be transmitted, Te—— = 2223900 — 96526 N —m = 265.26 x 10° N —mm
21N 2mx900

Also we know that,
T= Fp, Rf np
Fa . 2anaxR|(RO - Rl)




=271x 85X10% xR;(1.25R;- R))
=133517.68 R,

_ Ro+ Ry
2

T=FpReng

265.26= 133517.68 R% x 0.25X 1.125 R;x2
Ri=0.1523m = 152.3 mm say;
Inner diameter (D;)= 304.6 mm

Rf =1.125 Ri

(ii) Axial force at engage the clutch

F. = 133517.68 R% = 133517.68x(0.1523)*

F,=3097N
5. A multi plate clutch with both sides effective transmits 30 kW at 360 rpm. Inner and
outer radii of the clutch discs are 100 and 200 mm respectively. The effective coefficient of
friction is 0.25. An axial load of 600 N is applied. Assuming uniform wear conditions find

the number of discs required and the maximum intensity of pressure developed.

Given:
Power (P) = 30 kW
N =360 rpm.
Axial Load (W) =600 N
7, = 200 mm
r; = 100 mm
u=0.25
Solution:

60P _ 60x30000
21N 2w %360

=796 N —m =796 X 103 N — mm

Torque to be transmitted, T=

(a) To find the number of discs required:
Total Frictional torque T = n uWr
Where n= no. of pairs contact surfaces
u = Coefficient of friction
W= axial load

r = mean radius

o + T;
2

r= For uniform wear

'.?




_ 200 + 100

r = 5 =100 mm
796 X 10% =n % 0.25 X 600 x 100
n=36 2, he 3%

For a multi disc clutchn=n; + n, — 1
Where n; = no.of discs on driving shaft

n, = no.of discs on driven shaft

n 36
n1=5= 7=18;n2=18+1=19

(b) Maximum Intensity of pressure (Ppqy)
w

21 v (ré-1f)

Maximum Intensity of pressure B, 5, =

2 600
~ 2m x 100(200 — 100)

= 0.0095 N/mm?

6. A multi disk clutch consists of five steel plates and four bronze plates. The inner and

outer diameters of friction disks are 75Smm and 150mm respectively. The coefficient

of friction is 0.1 and the intensity of pressure is limited to 0.3. N/mm2. Assuming the

uniform wear theory, calculate (i) the required operating force, and (ii) power

transmitting capacity at 750 rpm. (April/May 2008)
GIVEN:
Outer diameter (Do) = 150mm,
Inner diameter (D;) = 75 mm
Intensity of pressure (Ppax) = 0.3 N/mm?
Power transmitting capacity (N) = 750 rpm
Number of driving plate m; =5
Number of driven plate m, =4
To Find:
(i) The required operating force

(i)  power transmitting capacity at 750 rpm

Solution:

(i) The required operating force




For uniform wear condition
PmaxX Ri=C
C=03x375=1125N/mm
Hence required operating force
F=W=2zC (R - R))
F=2650.7 N

(i)  Power transmitting capacity at 750 rpm
Nominal torque = T = Fu R¢n,

We know that

Ru+ H'I'

Rf=T and,
n=m;+my—-1=5+4-1 (PSG7.89)
n,=8
T=FuR¢n,
=2650.7 x 0.1 X(Z=22) x 8
=119.2 N-m

_ 27NT
60

P =9361.94 W=9.36 KW

7. A single disc clutch having one pair of contacting surface is required to transmit
10kW at 720 rpm under normal operating condition. Due to space limitation the
outer diameter should be limited to250mm.The co efficient of friction is 0.25 and the
permissible intensity of pressure is 0.5N/mm?.Use(a) uniform pressure theory and(b)
uniform wear theory and determine the clutch dimensions.(May-2018)

Given:
Power (P) =10kW; Speed (N)=720rpm; Pressure =0.5N/mm?;Outer diameter (D,)= 250mm;
Co-efficient of friction(p) =0.25
Solution
Let D; ,D, be the inner and outer diameter of the disc respectively, and R;, R, the corresponding
radii in mm
For uniform wear
“ Ro = 125mm

Now




60P _ 60X10X10°

Torque to be transmitted,] = = = 132.62N.m
- ; 21N 2X1tX720

Assuming ratio of the diameter is 1.5

& R; = 83.33mm

We know that
T =nuFyRy,
Where
n = Number of friction surfaces
n=2and u=0.25
~ F, = Axial thrust supplied by springs

= 2mPnaxRi(Ro — Ry)

= 21X500x103x0.083(0.125 — 0.083)
= 10951 Newtons

For uniform pressure

w

a2 el
(g =r{)

Intensity of pressureP =

W = PXn(r2 —rf)
= 500X103Xm(0.125% — 0.083%)
Axial thrust=13722 Newtons

0




DESIGN OF SHOE OR BLOCK BRAKE:

8. A single block brakes as shown in figure has the drum diameter 250 mm. the angle of

contact is 90° and the coefficient of friction between the drum and the lining is 0.35. if the
torque transmitted by the brakes is 80 N-m, find the force required to operate the
brake.(May-2018)

L—- 200 mm P 250 mm ———>

i
~

P
(o]
Given data:
Brake drum diameter, D=250 mm
Angle of contact, 2¢ = 90°
Coefficient of friction 4 = 0.35
Torque transmitted, T, = 80 N —m
Solution:
Equivalent coefficient of friction, u' = M
2¢p+sin 2¢
, _ 4x035sin45 N
= T57+sin90
Now take moment about the fulcrum O, We get
(P x 450) + (F, x 50) = F, x 200 (1)
. : . Torque Tp 80000
Where, F,, = Braking force (i. e tangential force) = e mralhe— R a5 640 N
Normal reaction force (F,) = E = £4—0— = 1662 N
p' 0.385

Substitute the above values in equation (1), we get
(P x 450) + (640 x 50) = 1662 x 200
P =668 N




The force required to operate the brake is not to be less than 668N. i.e.P = 668 N
9. A double shoe brake as shown in figure is capable of absorbing a torque of 1500 N-m.
The diameter of the brake drum is 400 mm 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 (a) the spring force
necessary to set the brake and (b) the width of the brake shoe, if the bearing pressure on

the lining material is not to exceed 0.3 N/mm?.

__b.s

250mm

40 mm
st il

!

40 mm

Given data:
Brake drum diameter, D=400 mm
Angle of contact, 2¢ = 100°
Coefficient of friction u = 0.4
Braking Torque, T, = 1500 N —m
Bearing pressure P, = 0.3 N/mm?
Solution:
(a) the spring force necessary to set the brake:
Let S = spring force necessary to set the brake
F,,&F,; = Normal reaction and braking force for the left hand side

F,,&F,; = Normal reaction and braking force for the right hand side

g . g g 4usin
Equivalent coefficient of friction, ' = SlAa
2p+sin 2

{2




4 % 0.4sin 50

W= T7g+smio0 0¥
Now taking moment about the fulcrum O,, we get
(S x 450) + F,1(200 — 40) = F,; x 200 (Fpy = FHL

F,
(S X 450) + F,, (200 — 40) = % X 200

Fpy = 1588
Similarly taking moment about O,, we get,
(S x 450) = F,,(200 — 40) + F,; X 200
Fp = 0758
For the double shoe brake, the braking torque.
Ty = (Fpy + Fp2) R
1500x10° = (1.58S + 0.75S) 200
S =3219N
(b) the width of the brake shoe
Let w = width of brake shoe

The bearing pressure for the brake shoe is given by,

E,
Pb =) ======m=-
2Rwsing
Now, Fpy = 2= 20 = G539 — 11302 N
F,, = Fa _ (0755) _ (075X3219) _ gapc

u’ 0.45 0.45
In this double shoe brake, since the left hand side shoe is facing maximum normal reaction, the

width is designed based on this maximum normal reaction.

11302

P 2 X200 X w Xsin50

w =123 mm
10.A single block brake, the diameter of drum is 250mm and the angle of contact is 90°.
The operating force of 700N is applied at the end of lever which is at 250mm from the
centre of the brake block. Determine the torque that may be transmitted. Fulcrum is at
200mm from the centre of brake block with an offset of 50mm from the surface of contact.
The coefficient of friction is 0.35 (May/June 2010)

Solution:
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(a) Consider clockwise direction:

Taking moments at “O”
P x 450 + F;x 50 =RnX 200

But P = 700N,
700 X 450 + F;x 50 = RyXx 200
700 X 450 + (uRn)X 50 =RyXx 200
Ry=1726 N
Fi= pRy
Fi=604.109 N

Braking Torque, Tg=F;xr

Tg =604.109 x %

=75513.6 N-mm
=75.513 N-m
(b) Consider anti-clockwise direction:
Taking moments at “O”
P x 450 =Fx 50 + RyXx 200
But P = 700N,
700 x 450 =Fx 50 + RyXx 200
700 X 450 = (uRn)x 50 + RyXx 200
Ry =1448.27N
Fi= uRn
Fi=506.89 N
Braking Torque, Tg=F;xr

Tg =506.89 x %9

=75513.6 N-mm
=63.36 N-m

DESIGN OF BAND BRAKE

11. Design a differential band brake for a winch lifting a load of 20 KN through a steel wire
rope wound round a barrel of 600 mm diameter. The brake drum, keyed to the barrel

shaft, is of 800 mm diameter and the angle of lap of the band over the drum is about 250",

14




Operating arms of the brake are 50 mm and 250 mm. the length of operating lever is 1.6 m.
Given:
Load to be lifted =20 KN = 20000 N
Barrel diameter D' = 600 mm
Brake drum diameter, D = 800 mm
Angle of lap, 8 = 240°
Length of arms, by = 50 mm; b, = 250 mm
Length of lever, a= 1.6 m = 1600 mm

Solution:

Hois:dmm\
e
oad
P
|
P

Braking torque, T, = load to be lifted X barrel radius = 20000 x 0.3 = 2000N —m

This torque is absorbed by the band brake during braking.
Let F; and F, be the tensions in the tight side and slack side of the band.

F, - F, = F, [PSG DB 7.98]
F— F = fo_ Torque _ 6000 . v
1 27 T drumradius T 0.4
F, — F, = 15000 N M
F.
Fi_ [PSG DB 7.98]
F,
% _ 03X(240x7/180) — 3 E14 )
; _

Solve the equ (1) & (2), we get
F; = 20968 N

ol iy




F, = 5967 N
Calculation of band width and thickness:

Material for band brake = steel (Allowable tensile stress (a;) = 60 N/mm?)

Tension on tight side

The Maximum induced tensile stress in the band g; = _
Area of cross section of band

F
Op = ——
Now take, t = 0.005D =4 mm
20968
T w4
w = 87.4 mm

Take w =90 mm
Checking for bearing pressure:
Bearing pressure,Py g, = % = % = .581111:1’12 < [P]

Since the developed bearing pressure is less than allowable bearing pressure [P] = 1.5 N/mm?

(PSG DB 7.98) our design is satisfactory.
Force to be applied at the end of the lever:
Taking moments about the fulcrum O, we get
PXa+F Xby= F,Xb,
P x 1600 + 20968 x 50 = 5967 x 250
P=277TN
Specifications:
Material for band brake = steel
Width of band = 90 mm
Thickness of band = 4 mm
Diameter of barrel = 600 mm
Diameter of brake drum = 8§00 mm
Force applied at the end of the lever =277 N
12 .Two way band brake shown in figure. Has the following data
Drum diameter — 480 mm
Coefficient of friction — 0.25
Contact angle - 260’
Band width — 90 mm

to




Calculate (i) the torque sustained by force P of 750 N and (ii) thickness of band
when allowable stress for band is 70 N/mm?. Take moment arm length for tensions

as 90 mm.

Cross-section
at x-x

Solution:
Let F;, F, = Tensions at tight side and slack side respectively

t = thickness of band.

Now, the torque T=(F; — F,) R = (F; — F;) 200 (1)
;’71 = H0 — 0.25%260xm/180 — 3 1 Q)
2

Taking moment about the fulcrum, we get
Pxa=F,Xb+F,Xb=b(F,+F,)

Fi +F, = 6333 -~—-—--ememrmm-- 3)
Solve Equ (2) & (3)

F, = 4788 N

F, =1545N
Substitute the above value in equ (1), we get

T= (F,— F,) 200

T =(4788-1545)200
T =778.32 N-m
Maximum tension, F; = Allowable stress X area of cross section of band

1.e4788 = g, x w.t

A7




A 4788
70 %90

For safety, take thickness of band as 1 mm.

=0.76 mm

INTERNAL EXPANDING SHOE BRAKE:

13.The internal expanding shoe brake is shown in figure having following particulars.

Drum inner diameter — 300 mm

Face width of the shoes —32 mm
Coefficient of friction for linings — 0.32
Maximum pressure — 1.05 N/mm?

Determine (a) The actuating force and (b) braking capacity

Solution:

(a) The actuating force:

For the right shoe Py = ~/ [PSG DB 7.99]
For the left shoe P, = M”—Jchf—

Where M,,, M,," - Moment of the normal force on the right and left shoe
Mg, Mf' - Moment of the frictional force on the right and left shoe

C — Moment arm of the actuating force




D Jhae 02

WPy, b )

My = ——f sin § (r — acos 6)d6 [PSG DB 7.99]
Sin Oy, Jg,

by br
f =

a
Sin6, [r (cos 8, — cos 8,) + 7 (cos26, — cos26,)]

6, = 69, = 126°, P, = 1.05 N/mm? r=150 mm, 6,, = 90°,a = 125 mm,c = 112 +
100 = 212 mm (Ref figure)

_0.32x1.05x32x125
;- sin 90

a
[150 (cos 6 — cos 126) + Z(cosZSZ — cos12)]

Mf=318><103N—m

P.bra (% .
M, = — f sin“6 d6 [PSG DB 7.99]
sin by, Jg,

B, bra
2sinf,,

n

1
[(02 = 91) . E (Sl'n292 S sin291)]

1.05 x 32 x 150 x 125
M. =

1 .
i — [(126 - 6)(w/180) — 5 (sin252 — sin12)]

M, =842.3 x 103N —m

_ 8423 x 103 — 318 x 103

) = 212 = 2475 N
842.3 x 10% + 318 x 103
Zh 212 = 5475 N

Even though P;<P,, the total actuating force may be taken as 2P, for safety. i.e Total
actuating force P=2P, = 2 X 5475 = 10950 N

(b) Braking capacity:
Braking torque by the right shoe,

Py, br?
M, = si:E?m (cos 8, — cos6,)
0.32 x 1.05 x 32 x 1502
t = . (cos6 —cos126) =383 N—m
sin 90

Torque applied on the left side shoe is also same as the torque applied on right side shoe.
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Hence, the total torque (i.e., braking capacity) is

T=2M; =2x382 =766 N-m

i

14. Describe with the help of a neat sketch the principle of an internal expanding shoe.

Also deduce the expression for the braking torque.(Nov-2018)

Refer PSG 7.99 Draw the drawing and write the formulas

HOME WORK PROBLEMS:

1.

A 360 mm radius Brake drum contacts a single shoe as shown in figure and resists a torque
of 250 Nm at 500 rpm. The co-efficient of friction is 0.3. Determine (i) The normal reaction
on the shoe, (ii) The force to be applied at the lever end for counter clockwise rotation of the
drum if e= 0(iii) The force to be applied at the lever end for clockwise rotation of the drum if

e= 40 mm.(iv) The force to be applied at the lever end for counter clockwise rotation of the

. drum if e = 40 mm. (May/June 2009)
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DEPARTMENT OF MECHANICAL ENGINEERING

ME8651- DESIGN OF TRANSMISSION SYSTEMS
PART — A (2 MARKS)
UNIT -1
DESIGN OF TRANSMISSION SYSTEM FOR FLEXIBLE ELEMENTS
. State the -Law of Belting' (May/June 2007)
. Explain the term crowning of pulleys. (April/May2008) (Nov/Dec 19)
. Distinguish between open drive and cross drive of abelt drive. (May-11, Nov-04)
. What are the types of belts? (Nov 18)
. What are the materials used for belt? (May/june 2013)
. Indicate some merits and demerits of belt-drive,
. What is meant by the ply of belt? (Apr 19)

. Mention the different types of joints employed for joining flat-belts.

© o0 ~N o o B~ W N P

. What is belt rating?

10. Specify the purpose of crowning of belts.

11. Explain creep in belts.

12. How is a V-belt designated?

13. How is wire-ropes designated?

14. Give the relationship of ratio of tensions in a V-belt drive.(April/May 2008)

15. Define maximum tension in a belt? (April/May 2008)

16. What is silent chain? In what situations, silent chains are preferred? (Nov/Dec 2007)
17. Give any three applications of chain drive. What are their limitations? (Apr -11,18, Nov 19)
18. In what ways the timing belts are superior to ordinary V-belts? (May-15) (Nov 17)
19. Mention the losses in belt drives. (Nov-14)

20. What is meant by “chordal action of chain”? Also name a company that produces driving
chains. (May -15)

21. Briefiy explain about friction and its applications (Apr 18)
22.When do you use stepped pulley drive? When do you use fast and loose pulley drive (Nov 18)



UNIT — 11
SPUR GEARS AND PARALLEL AXIS HELICAL GEARS
. Specify the types of gears-failures. (May/june 20013) (Apr 18)
. How are the following terms defined? ((May/june 2013)
. What factors influence backlash? (April/May 2008)
. Write short notes on backlash of gears. (April/May 2008)
. What is a herringbone gears? (Nov/Dec 2009)
. What is the advantage of helical gear over spur gear? (May -08) (Apr 18) (Nov 19)
. What are the common forms of gear tooth profile? (May -10)

. How does failure pitting happen in gears? (Nov-11, May-04)
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. Differentiate between circular pitch and diametral pitch. (Nov-13, Nov-08, May-11)
10. What are the materials used for gear manufacturing? (May- 11, May-09)

11. Where do we use spiral gears? (Nov-13)

12. Why is gear tooth subjected to dynamic load? (Nov-14, May-09)

13. Laws of gearing (Apr 19)

UNIT — 11

BEVEL, WORM AND HELICAL GEARS
1. In which gear-drive, self-locking is available? (Apr 18)
2. When do we use worm-gears? (May/June 2013) (Nov 19)
3. What are the forces acting on the bevel gears? (May / June 2013) (Nov/Dec 2009, 2018)
4. What is the effect of increasing the pressure angle in gears? (Nov-11)
5. What is working depth of a gear-tooth? (May-11)
.6. Name few gear materials. (May-11, May-12)
7. Mention the characteristics of hypoid gear. (May -10)

8. Calculate the angle between the shafts of a crossed helical gears made of two right handed
helical gears of 15° helix angle each. (May-09)

9. When is bevel gear preferred? (May-09, May-11) (Apr 18)



10. How can you specify a pair of worm gears? (May -08, May-09)
11. Give the advantage of worm gear drive in weight lifting machines.(May-08) (Nov 17)
12. State the advantages of herringbone gear.(May -15, Nov-08)
13. What is a zerol bevel gear? (May -15, Nov-07)
14. What is virtual number of teeth in bevel gears? (May-14, Nov-14)
15. Define the following terms: a. Cone distance, b. Face angle. (May-14)
16. What is the difference between an angular gear and a miter gear? (Nov-13, 17) (Apr 19)
UNIT IV
DESIGN OF GEAR BOXES
1. What purpose does the housing of gear-box serve? (Apr 18)
2. What is step ratio in a gear box? (May-12, Nov-09)

3. What is step ratio? Name the series in which speeds of multi-speed gear box are arranged.
(May-14)

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

5. What are the possible arrangements to achieve 12 speeds from a gear box? (May 2013)
6. Differentiate ray diagram and structural diagram? (Nov/Dec 2009) (Apr 18) (Nov 19)
7. Specify four types of gear boxes. (Nov-14, May-11) (Nov 19)

8. List the ways by which the number of intermediate steps may be arranged in a gear box.
(May-10, May-12)

9. Which type of gear is used in constant mesh gear box? Justify. (Nov-09, May-11)

10. What is speed reducer? (Nov-08, May-10)

11. What are the methods of lubrication in speed reducers? (Nov-11)

12. What is the function of spacers in a gear box? (May-12, Nov-04)

13. Define progression ratio. [Nov 18]

14. What is torque converter? (Apr 19)



UNIT V
DESIGN OF CAM CLUTCHES AND BRAKES
1. State about the profile of cam that gives no jerk and mention how jerk is eliminated. (May-12)

2. Why is it necessary to dissipate the heat generated during clutch operation? (May-13,
Nov-11)

3. What is self-locking in a brake? (Nov-11, May-13) (Nov 18)

4. What are the factors upon which the torque capacity of a clutch depends? (May-11,
Nov-10)

5. When do we use multiple disk clutches? (May -10)

6. What is the disadvantage of block brake with one short shoe? What is the remedy? (May-11)
7. Under what condition of a clutch, uniform rate of wear assumption ismore valid? (May-09)
8. Name four profiles normally used in cams. (May-10)

9. How the “uniform rate of wear* assumption is valid for clutches? (May-08)

10. What are the significances of pressure angle in cam design? (Nov-07)

11. If a multidisc clutch has 6 discs in driving shaft and 7 discs in driven shaft then how many
number of contact surfaces it will have? (May -15)

12. Why in automobiles, braking action when traveling in reverse is not as effective as when
moving forward? (May -15)

13. Differentiate between uniform pressure and uniform wear theories adopted in the design of
Clutches. (Nov-14)

14. Classify clutches based on the coupling methods. (May-14)

15. What is meant by a self-energizing brake? (May-13) (Nov 17)

16. Define pitch point in cam. (Nov-13)

17. Differentiate between clutch and a brake. (Nov-13)

18 .In what ways, the clutches are different from brakes? (Nov/Dec 2011) (Apr 18, 19)

19. Differentiate brakes and dynamometer.JA/M -2017]
20. Distinguish between wet and dry operation of clutches. (Nov 17)
21. Why are cone clutches better than disc clutches. (Apr 19, Nov 19)



PART-B & C

UNIT-I

Flat Belts
1. A leather belt 9mm x 250mm is used to drive a Cl pulley 900mm in diameter at 336rpm. If the
active arc on the smaller pulley is 1200 and stress in tight side is 2Mpa, find the power capacity
of the belt. The density of the leather may be taken as 980 kg/ms and coefficient of friction of
leather on Cl is 0.35.

2. Design a FLAT belt drive to transmit 10 KW at 400 rpm. The speed ratio is 3. The distance
between the pulley centres is 600 mm. the drive is for a crusher.

3. Design a flat belt drive to transmit 10KW @1000rpm. The centre distance is 2m and the speed
ratio is 3.

4. It is required to design a leather crossed belt drive to connect 7.5 KW, 1440rpm electric motor
to a compressor running at 480rpm. The distance between the centers of the pulley is twice the
diameter of the larger pulley. The belt should operate at 20m/s and its thickness is 5mm. Density
of leather is 950kg/ms and permissible stress is 5.6MPa.
V- Belts

1. A V- belt drive consists of three V- belts in parallel on grooved pulleys of the same size. The
angle of groove is 30° and the coefficient of friction 0.12. The cross sectional area of each belt is
800 mm?2 and the permissible safe stress in the belt material is 3MPa. Calculate the power that
can be transmitted between two pulleys 400mm in diameter rotating at 960rpm.

2. (i) Select a suitable V-belt drive to connect a 7.5Kw, 1440 rpm induction motor to run a fan at
a approximately 480 rpm for a service of hr per day. The space available for center distance is
1m. (ii) Enlist the merits and demerits of V -belt over flat belt.

3. A V-belt drive is to transmit 40KW in a heavy duty saw mill which works in two shifts of
8hours each. The speed of motor shaft is 1440 rpm with the approximate speed reduction of 3 in
the machine shaft. Design the drive and calculate the average stress induced in the belt.

4. Design a V-belt drive and calculate the actual belt tension and average stress for the following
data. Driven pulley diameter, D= 500 mm, driver pulley diameter, d=150 mm, center distance
C=925 mm, speed n1= 1000 rpm, n2= 300 rpm and power, P = 7.5 kW.

5. Design a V-belt drive to transmit 50KW at 1440 rpm from an electric motor to a textile
machine running 24 hours a day. The speed of the machine shaft is 480 rpm.

6. A V-belt drive is to transmit 50KW in a heavy duty saw mill which works in two shifts of
8hours each. The speed of motor shaft is 1440 rpm with the approximate speed reduction of 2 in
the machine shaft. The peripheral speed of the belt should not exceed 24m/s. Design the drive
and calculate the average stress induced in the belt.



7. Two shafts whose centers are 1 meter apart are connected by a VV — belt drive. The driving
pulley is supplied with 95 kW power and has an effective diameter of 300mm. It runs at 1000
rpm, while the driven pulley runs at 375 rpm. The angle of groove on the pulleys is 40o.
Permissible tension in 400 mmz2 cross— sectional area belt is 2.1MPa. The material of the belt has
density of 1100 kg/ mms. The driven pulley is overhung, the distance of the centre from the
nearest bearing being 200 mm. The coefficient of friction between belt and pulley rim is 0.28.
Estimate the number of belts required.

Chain Drives

1. The reduction of speed from 360 rpm to 120 rpm is desired by the use of chain drive. The
driving sprocket has 10 teeth. Find the number of teeth on the driven sprocket. If the radius of
driven sprocket is 250mm and the center to center distance between the two sprockets is 400mm,
find the pitch and length of the chain.

2. Design a CHAIN drive to connect at 15 KW, 1440 rpm electric motor to a transmission shaft
running at 350 rpm. The operation involves, moderate shocks

3. A roller chain drive is used between a driver shaft running at 1440rpm and a driven shaft
running approximately at 720rpm. The power transmitted is 15KW. The drive is to be used for 2
shifts/day with 8hours/shift. The centre distance is approximately 1000mm and the chain tension
can be adjusted by moving the motor in the rails. Design the drive.

4. Design a chain drive to run a compressor from an 11 KW electric motor running at 970 rpm,
the compressor speed being 330 rpm. The compressor operates 16 hr per day. The center
distance should be approximately 500mm. The chain tension can be adjusted by shifting the
motor on slides.

5. Design a chain drive to actuate a compressor from a 12 kW electric motor at 900 rpm, the
compressor runs at 250 rpm. Minimum centre distance should be 500 mm; the chain tension may
be adjusted by shifting the motor on rails. The compressor is to work 8 hour/day.

6. A blower is to run at 600 rpm. Power to the blower is available from a motor rated 8kW at
1500 rpm. Design a chain drive for the system if the centre distance is to be 800mm.

7. Design a chain drive to actuate a compressor from 15kW electric motor running at 1,000 rpm,
the compressor speed being 350 rpm. The minimum centre distance is 500 mm. The compressor
operates 15 hours per day. The chain tension may be adjusted by shifting the motor.

Rope Drives
1. A crane is lifting a load of 18 KN through a wire rope and a hook. The weight of the hook etc.
is 10kN. The load is to be lifted with an acceleration of 1m/s2.Calculate the diameter of the wire
rope. The rope diameter may be taken as 30 times the diameter of the rope. Take a factor of
safety of 6 and Young’s modulus for the wire rope 0.8 x 105 N/mm2. The ultimate stress may be



taken as 1800 N/mma2. The cross-sectional area of the wire rope may be taken as 0.38 times the
square of the wire rope diameter.

2. A crane is used to lift a load of 32KN through wire rope. Weight of crane hook is 6KN. The
load is to be lifted with an acceleration of 1.2 m/s2. Design the drive.

UNIT-I1I
PART-B
Spur Gear drive
1. Design a pair of straight SPUR gears to transmit 15 KW at 1440 rpm. Speed reduction is 3.
State clearly all assumptions made. Check for compressive and bending stresses. Also check for
plastic deformation of teeth. Tabulate the results neatly.

2. Design a spur gear pair to transmit 5KW at 1440 rpm from an electric motor to an air
compressor running at 720rpm. Take working life as 10,000 hrs.

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

4. A 27.5 kW power is transmitted at 450 rpm to a shaft running at approximately 112 rpm
through a spur gear drive. The load is steady and continuous. Design the gear drive and check the
design. Assume the following materials: Pinion-heat treated cast steel; Gear-High grade cast
iron. [AUC: Dec 2010]

5. A motor shaft rotating at 1440 rpm has to transmit 15 KW power to a low speed shaft at 500
rpm. A 20° pressure angle involute tooth gear pinion is used. The pinion has 25 teeth. Both gear
and pinion are made of cost iron having allowable strength of 55 N/ mmz. Design a suitable gear
drive.

6. Design a spur gear which is required to transmit 10KW power. The speed of the driving motor
and the driven machine are 400 rpm and 200 rpm, respectively. The approximate center distance
may be taken as 600 rpm. The teeth have 20° full depth involute profile. Assuming that the gear
is made of cost iron FG200 , Having allowable strength 75 N/mm2and 180 BHN

Core hardness.

7. A motor shaft rotating at 1500 rpm has to transmit 15 kW to a low speed shaft with a speed
reduction of 3:1. Assume starting torque to be 25% higher than the running torque. The teeth are
20 degree involute with 25 teeth on pinion. Both the pinion and gear are made of C45 steel.
Design a spur gear drive to suit the above conditions and check for compressive and bending
stresses and plastic deformation. Also sketch the spur gear drive.

8. Design a straight spur gear drive to transmit 8 KW. The pinion speed is 720 rpm and the speed
ratio is 2. Both the gears are made of the same surface hardened carbon steel with 55RC and core
hardness less than 350 BHN. Ultimate strength is720 N/mmz and yield strength is 360 N/ mma2.



9. Design a spur gear pair to transmit 1.5KW at 1440 rpm from an electric motor to an air
compressor running at 720rpm. Take working life as 10,000 hrs.

10. An electric motor is to be connected to a reciprocating pump through a gear pair. The gears
are overhanging in their shafts. Motor speed = 1440 rpm. Speed reduction ratio = 5. Motor power
= 36.8 kW. The gears are to have 20° pressure angles. Design a spur gear drive.

11. Design a gear drive to transmit 22 kW @ 1000rpm. Speed reduction is 2.5. The centre
distance between the shafts is 350mm. The materials are: pinion-C45, gear wheel: CI grade 30.
Design the drive using Lewis and Buckingham equations.

12. Referring figure: 1, spur gear A receives 3KW @ 600rpm through its shaft and rotates
clockwise. Gear B is an idler and C is the driven gear. The teeth are 20 degree full depth.
Determine: (i) the torque each shaft must transmit (ii) The tooth load for which each gear must
be designed (iii) The force applied to the idler shaft

as a result of the gear tooth load.
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Helical Gear drive
1. Design a pair of helical gears to transmit 25KW at a speed reduction ratio of 5:1. The input

shaft runs at 2000rpm.

2. A helical gear with 30 degree helix angle has to transmit 35kW at 1500 rpm with a speed
reduction ratio 2:5. If the pinion has 24 teeth determine the necessary module, pitch diameter and
face width for 20 degree full depth teeth. Assume 15Ni 2Cr 1 Mo15 material for both pinion and
wheel.

3. Design a HELICAL gear drive to transmit 5 KW at 1440 rpm. Desired speed ratio is 2.5. Take
helix angle as 15°. Use C45 steel for the gears. Check for strength of materials under different
modes of failure. Make a clear sketch showing important values of parameters. [AUT-Dec2010]

4. A pair of helical gear subjected to moderate shock loading is to transmit 20KW at 1500 rpm of
the pinion. The speed reduction ratio is 4 and the helix angle is 20°.

The service is continuous and the teeth are 20°full depth in the normal plane. For the gear life of
10,000 hours, design the gear drive.



5. Design a pair of helical gears to transmit 30KW power at a speed reduction ratio of 4:1. The
input shaft rotates at 2000 rpm. Take helix angle and normal pressure angles equal 25° and 20°
respectively. Both pinion and gear are made of steel .The number of teeth on the pinion may be
taken as 30.

Name of the part Permissible stress BHN

Pinion 55MPa 340

Gear 40MPa 300

6. A pair of helical gears with 23° helix angel is to transmit 2.5 KW at 1000 rpm of the pinion.
The velocity ratio is 4: 1. The pinion is to be forged steel and the driven gear is to be cast steel.
The gears are of 20° full depth involute form and the pinion is to have 24 teeth. Deign the gear
drive

7. A pair of helical gears is used to transmit 5 KW at 720 rpm of the pinion. Gears are of made
of C45 steel. The speed reduction ratio is 2. Number of teeth on pinion is 20. Normal pressure
angle is 20°. Normal module is 5mm. helix angle is 30°. Design the gear drive. (Use Lewis and
Buckingham’s equation)

8. A helical gear with 30° helix angle has to transmit 35kW at 1500 rpm. With a speed reduction
ratio 2.5. If the pinion has 24 teeth, determine the necessary module, pitch diameter and face
width for 20° full depths the teeth. Assume 15Ni 2Cr 1 Mo 15 material for both pinion and
wheel.

9. Design a pair of helical gears to transmit 30KW at a speed reduction ratio of 4:1. The input
shaft runs at 2000rpm. Both pinion and gear are 15Ni2Cr1 Mo 15 under carburized condition.

UNIT-I11I

PART-B
Bevel Gear Drive

1. Design the teeth of a pair of bevel gears to transmit 18.75 kW at 600 rpm of the pinion. The
velocity ratio should be about 3 and the pinion should have about 20 teeth which are full depth
200 involutes. Find the module, face width, diameter of the gears and pitch cone angle for both
gears. [AUC-2017]

2. Design a pair of bevel gears for two shafts whose axes are at right angles to transmit 20KW @
1000 rpm. The speed of gear is 250rpm.

3. Design a BEVEL gear drive to transmit 4 KW. Speed ratio = 4. Driving shaft speed 225 rpm.
The drive is non-reversible. Assume a life of 25000 hours.

4. A Pair of bevel gears is to be used to transmit 14KW from a pinion rotating at 400rpm to a
gear mounted on shaft running at 200rpm. The axes of the two shafts are at 90°. Design the pair
of bevel gears. .



5. Design a pair of bevel gears for two shafts whose axes are at right angles to transmit 10KW @
1440 rpm. The speed of gear is 720rpm. Use Lewis & Buckingham’s equation.

6. Design a pair of bevel gears to transmit 10 KW at a pinion speed of 1440 rpm. Required
transmission ratio is 4. Materials for gears is 15 Ni 2Cr 1 Mo 15.

7. Design a cast iron bevel gear drive for a pillar drilling machine to transmit 1.5KW at 800 rpm
to a spindle at 400 rpm. The gear is to work for 40 hours per week for 3 years. Pressure angle is
20°. Check the design and calculate the basic dimensions.

8. A pair of straight tooth bevel gears has a velocity ratio of 4/3. The pitch diameter of the pinion
is 150 mm. The face width is 50mm. The pinion rotates at 240 rev/min. The teeth are 5mm
module, 14 10 involutes. If 6 kW is transmitted, determine (i) the tangential force at the Mean
radius (ii) the pinion thrust force (iii) the gear thrust force. Draw the free body diagrams
indicating the forces.

9. Design a straight bevel gear drive between two shafts at right angles to each other. Speed of
the pinion shaft is 360 rpm and 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
9.37 KW.

10. A 1 kW motor running at 1200 rpm drives a compressor at 780 rpm through a 900 bevel
gearing arrangement. The pinion has 30 teeth. The pressure angle of the teeth is 200. Both the
pinion and gear are made of heat treated cast iron grade 35. Determine the cone distance, average
module and face width of the gears.

Worm and Wheel Drive
11. Design worm gear drive to transmit 50KW @ 1440 rpm. Velocity ratio is 24.

12. A hardened steel WORM rotates at 1440 rpm and transmits 12 KW to a phosphor bronze
gear with gear ratio of 16. Design the worm gear drive and determine the power loss by heat
generation.

13. Design a worm gear drive to transmit 15 KW form a worm at 1440 rpm to the worm wheel.
The speed of the worm wheel should be 40£2% rpm.

14. A hardened steel worm rotates at 1440 rpm and transmits 12KW to a phosphor bronze gear.
The speed of the worm wheel should be 60+3%rpm. Design the worm gear drive if an efficiency
of at least 82% is desired

15. Design a worm gear drive to transmit a power of 22.5 KW. The worm speed is 1440 rpm and
the speed of the wheel is 60 rpm. The drive should have a minimum efficiency of 80% and
above. Select suitable materials for the worm and the wheel and decide upon the dimensions of
the drive.



16. A 2 kW power is applied to a worm shaft at 720 rpm. The worm is of quadruple start with
50mm as pitch circle diameter. The worm is of quadruple start type with 50mm as pitch circle
diameter. The worm gear has 40 teeth with 5mm module. The pressure angle in the diametral
plane is 20°. Determine (i) the lead angle of the worm, (ii) velocity ratio, and (ii) centre distance.
Also, calculate efficiency of the worm gear drive, and power lost in friction.

17. Design a worm gear drive to transmit 22.5 kW at a worm speed of 1440 rpm. Velocity ratio
is 24:1. An efficiency of at least 85% is desired. The temperature rise should be restricted to 400
C. Determine the required cooling area

UNIT-IV

PART-B
1. A six speed gear box is required to provide output speeds in the range of 125 to 400 rpm with
a step ratio of 1.25 and transmit a power of 5 kW at 710 rpm. Draw the speed diagram and
kinematics diagram. Determine the number of teeth module and face width of all gears, assuming
suitable materials for the gears.

2. Design a 9 speed gear box for the following data. Minimum speed: 100rpm, step ratio: 1.25.
The input is from a 4KW, 1440rpm motor. Draw the speed diagram, kinematic diagram and
indicate the number of teeth on each gear.

3. Design a nine — speed gear box for a machine to provide speeds ranging from 100 to 1500
rpm. The input is from a motor of 5 kW at 1440 rpm. Assume any alloy steel for the gear.

4. A machine tool gear box is to have 9 speeds. The gear box is driven by an electric motor
whose shaft rotational speed is 1400 rpm. The gear box is connected to the motor by a belt drive.
The maximum and minimum speeds required at the gear box output are 1000 rpm and 200 rpm
respectively. Suitable speed reduction can also be provided in the belt drive. What is the step
ratio and what are the values of 9 speeds? Sketch the arrangement. Obtain the number of teeth on
each gear and also the actual output speeds.

5. Select speeds for a 12 speed gear box for a minimum speed of 16 rpm and a maximum speed
of 900rpm. Draw the speed diagram, kinematic diagram and indicate the number of teeth on each
gear.

6. Design the layout of a 12 speed gear box for a milling machine having an output of speeds
ranging from 180 to 2000 rpm. Power is applied to the gear box from a 6 kW induction motor at
1440 rpm. Choose standard step ratio and construct the speed diagram. Decide upon the various
reduction ratios and number of teeth on each gear wheel sketch the arrangement of the gear box.
[AUC-May2008]

7. Design the headstock gear box of a lathe having nine spindle speeds ranging from 25 to 1000
rom. The power of the machine may be taken as 6 kW and speed of the motor is 1450 rpm.
Minimum number of teeth on the gear is to be 25. a) Draw the speed diagram b) Sketch the
layout of the gear box. c) Calculate the number of teeth on all gears.



8. A gear box is to be designed for the following specifications:

Power to be transmitted = 5.5KW

Number of speeds =9

Minimum speed = 280 rpm

Maximum speed = 1800 rpm

Input motor speed = 1440 rpm

Draw the kinematic layout diagram and the speed diagram. Determine the
number of teeth on all gears.

9. Draw the ray diagram and kinematic lay out of a gear box for an all geared headstock of a
lathe. The maximum and minimum speeds are to be 600 and 23 rpm respectively. The number of
steps is 12 and drive is from a 3 kW electric motor running at 1440rpm.

10. Select speeds for a 12 speed GEAR BOX for a minimum speed of 112 rpm and maximum
speed of 1400 rpm. Drive speed is 1400 rpm. Draw speed diagram and a kinematic arrangement
of the gear box showing the number of teeth in all the gears.

11. The spindle of a pillar drill is to run at 12 different speeds in the range of 100rpm and 135
rpm. Design a three stage gear box with a standard step ratio. The gear box receives 5KW from
an electric motor running at 360rpm. Sketch the layout of the gear box, indicating the number of
teeth on each gear. Also sketch the speed diagram.

12. Design a 16 speed gear box for the following data. Minimum speed: 100rpm, step ratio: 1.25.
The input is from a 5KW, 1000rpm motor. Draw the speed diagram, kinematic diagram and
indicate the number of teeth on each gear

13. In a milling machine, 18 different speeds in the range of 35 rpm and 650 rpm are required.
Design a three stage gear box with a standard step ratio. Sketch the layout of the gear box,
indicating the number of teeth on each gear. The gear box receives 3.6 kW from an electric
motor running at 1440 rpm. Sketch also the speed diagram.

14. For a load lifting arrangement transmitting 7.5 KW with electric motor running at 1440 rpm,
constant mesh type SPEED REDUCER is required with reduction ratio 16. Design a suitable
arrangement and make a neat sketch.

UNIT-V
PART-B
Plate Clutches

1. A single plate sketch, effective on both sides, is required to transmit 25 KW at 3000 rpm.
Determine the outer and inner diameter of frictional surfaces if the coefficient of friction is 0.25,
ratio of diameter is 1.25 and the maximum pressure is not to exceed 0.1 N/mmz. Determine (i)
the face width required and (ii) the axial spring force necessary to engage the clutch.

2. A dry single plate clutch is to be designed for an automotive vehicle whose engine is rated to
give 100KW at 2400 rpm and maximum torque 500 N-m. The outer radius of the friction plate is



25% more than the inner radius. The intensity of pressure between the plates is not to exceed
0.07 N/mmz2. The coefficient of friction may be assumed to be equal to 0.3. The helical springs
are required by this clutch to provide axial force necessary to engage the clutch are 8. If each
spring has a stiffness of 40N/mm, determine the dimensions of the friction plate and

initial compression in the springs.

3. A plate clutch with maximum diameter 60mm has maximum lining pressure of 0.35 MPa. The
power to be transmitted at 400 rpm is 135 KW and p= 0.3. Find inside diameter and spring force
required to engage the clutch. Springs with spring index 6 and material spring steel with safe
shear stress 600 MPa are used. Find the diameters if 6 springs are used.

4. A single plate clutch, both side being effective is required to connect a machine shaft to a
driver shaft which runs at 500rpm .The moment of inertia of the rotating parts of the machine is
1Kgm2.The inner and the outer radii of the friction discs are 50mm&100mm respectively
Assuming uniform pressure of 0.1N/mmzand p =0.25, determine the time taken for the machine
to reach full speed when the clutch is suddenly engaged. Also determine the power transmitted
by the clutch, the energy dissipated during the clutch slip and the energy supplied to the machine
during engagement.

Multi-plate Clutch
1. A multi disk clutch consists of five steel plates and four bronze plates. The inner and outer
diameters of friction disks are 75mm and 150mm respectively. The coefficient of friction is 0.1
and the intensity of pressure is limited to 0.3. N/mm2. Assuming the uniform wear theory,
calculate (i) the required operating force, and (ii) power transmitting capacity at 750 rpm.

2. A plate clutch has 3 discs on the driving shaft and 2 discs on the driven shaft, providing 4 pairs
of contact surfaces. The OD of contact surface is 240mm and ID is 120mm. Assuming uniform
pressure and p=0.3, find the total spring load for pressing the plates together to transmit 25KW
@ 1575 rpm. If there are 6 springs each of stiffness 13KN/m and each of contact surfaces have
worn away by 1.25mm, find the power that can be transmitted, assuming uniform wear.

3. A multi disc wet clutch is to be designed for a machine tool driven by an electric motor of 12.5
KW running at 1440 rpm. Space restrictions limit the outside disc diameter to 100mm.
Determine the appropriate value of inside diameter, total number of discs and clamping force.

4. A hydraulically operated clutch is to be designed for an automatic lathe. Determine the
number of plates and operating force required for the clutch to transmit 35 Nm. The clutch is to
be designed to slip under 300% of rated torsional moment to protect the gears and other part of
the drive. The limits for the diameter of friction surfaces due to space limitation are 200mm and
62.5mm. This clutch is to operate in an oily atmosphere.

Cone Clutches
1. An engine developing 45kW at 1000 rpm id fitted with a cone clutch built inside the fly wheel.
The cone has a face angle of 12.5 degree and a maximum mean diameter of 500 mm. The
coefficient of friction is 0.2. The normal pressure on the clutch face is not exceeded 0.1N/mm 2.
Determine (i) The face width required (ii) the axial spring force necessary to engage the clutch.



2. A cone clutch has a cone angle of 11.50, a mean frictional diameter of 320 mm, and face width
of 60 mm. The clutch is to transmit a torque of 200 Nm. The coefficient of friction is 0.26. Find
the activating force and pressure using the assumption of uniform pressure.

3. A power of 20 KW is to be transmitted through a cone clutch at 500rpm. For uniform wear
condition, find the main dimensions of the clutch and shaft. Also determine the axial force
required to engage the clutch. Assume the coefficient 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
material as 40MPa.

4. A cone clutch is to transmit 7.5KW at 900rpm. The cone has a face angle of 120. The width of
the face is half of the mean radius and the normal pressure between the contact faces is not to
exceed 0.9 N/mmz. Assuming uniform wear and the coefficient of friction between contact faces
as 0.2, find the main dimensions of the clutch and the axial force required to engage the clutch.

5. A leather faced conical clutch has cone angle of 30 degree. The pressure between the contact
surfaces is limited to 0.35N/mmz and breadth of the conical surface is not to exceed 1/3 of the
mean radius. Find the dimensions of the contact surfaces to transmit 22KW at 2000rpm. Also
calculate the force required to engage the clutch. Take coefficient of friction as 0.15.

6. 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 the clutch and shaft. Also determine the axial force
required to engage the clutch. Assume the coefficient 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
material as 40 MPa.
Brakes
Single block brake

1. A single block brake, the diameter of drum is 250mm and the angle of contact is 900. The
operating force of 700N is applied at the end of lever which is at 250mm from the centre of the
brake block. Determine the torque that may be transmitted.Fulcrum is at 200mm from the centre
of brake block with an offset of 50mm from the surface of contact. The coefficient of friction is
0.35

2. Calculate the average bearing pressure and the initial and average braking powers for the
block shoe shown in fig.B1. The diameter of the drum is 400 mm and it rotates at 200 rpm.
Coefficient of friction is 0.2 and drum width is 75 mm.
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3. A 360 mm radius Brake drum contacts a single shoe as shown in figure (B2) and resists a
torque of 250 Nm at 500 rpm. The co-efficient of friction is 0.3.

determine

(1) The normal reaction on the shoe,

(i) The force to be applied at the lever end for counter clockwise rotation of the

drumife=0

(iii) The force to be applied at the lever end for clockwise rotation of the drum if

e=42 mm.

(iv) The force to be applied at the lever end for counter clockwise rotation of the

drum if e = 42 mm. [AUT-Dec2010]
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Double block brake
4. A rope drum of an elevator having 650mm diameter is fitted with a brake drum of 1m
diameter. The brake drum is provided with 4 cast iron brake shoes each subtending an angle of
450 . The mass of elevator when loaded is 200Kg and moves with a speed of 2.5m/s. The brake
has sufficient capacity to stop the elevator in 2.75m. Assuming the coefficient of friction as 0.2,
find (i) Width of shoe if the allowable pressure on the brake shoe is limited to 0.3 N/mma2. (ii)
Heat generated in stopping the elevator.

5. The double shoe brake shown in figure: B3 must provide a braking torque of 280.5Nm @
720rpm. Assuming coefficient of friction 0.3 for brake lining and pVV=1100 KPa m/s, determine
(a) Spring force P required to set the brake

(b) Width of shoes (c) Which shoe will have greater rate of wear?

6. The layout of a double block brake is shown in figure (B4). The brake is rated at 250N-m @
650rpm. The drum diameter is 250mm.assuming the co-efficient of friction as 0.3 and for
conditions of service a pV value of 1000(Kpa) m/s may be assumed. Determine (i) The spring
force “S” required to set the brake (ii) Width of shoes (iii) Which shoe will have greater rate of
wear?

Projected
lengtk of shos

Rrr

Figure: B4



Internal Expanding Brake
1. An internal expanding shoe brake has the following dimensions:
Diameter of the drum = 300 mm, distance between the fulcrum centers = 80 mm,
distance of fulcrum centers and that of cam axis, both from the drum centre= 100
mm, distance of the line of action of braking force from the cam axis = 90 mm,
distance between the points where the cam acts on the two brake shoes = 30 mm.
Each shoe subtends an angle of 90° at the drum centre. If the braking force is 750
N and the coefficient of friction is 0.3, find the braking torque on the drum.
Assume the reaction between the brake shoes and the drum passes through the
point bisects the contact angle. Also assume that forces exerted by the cam ends
on the two shoes are equal.

2. The figure: B4 show the arrangement of two brake shoes which act on the internal surface of
the brake drum. The width of brake lining is 35mm. The intensity of pressure at any point is 0.4
Sin® N/mm2. The coefficient of friction is 0.4. Determine the braking torque and the magnitude
of F1 & F2.

Band Brake
1. In a band brake the drum diameter is 800 mm and the band thickness is 5 mm. The brake
facing has a coefficient of friction of 0.25. The arc of contact is 2500. This brake drum is
attached to a hoisting drum that sustains a rope load of 8 kN. The operating force has a moment
arm of 1.5 m and the band is attached 150 mm from the pivot point. Determine a) the force
required to just support the load b) the required force when the direction is reversed, and c) the
width of steel band, limiting its tensile strength to 50 N/mma2.

2. Design a differential band brake for a winch lifting a load of 20KN through a steel rope wound
round a barrel of 600mm diameter. The brake drum, keyed to the barrel shaft, is of 800mm
diameter and the angle of lap of the band over the drum is about 2400. Operating arm of the
brake are 50mm and 250mm. Length of operating lever is 1.6m. Also calculate the effort applied.
[AUC-May 2006]

3. Design a differential band brake for a winch lifting a load of 20KN through a steel rope wound
round a barrel of 600mm diameter. The brake drum, keyed to the barrel shaft, is of 800mm
diameter and the angle of lap of the band over the drum is about 2400. Operating arm of the
brake are 50mm and 250mm. Length of operating lever is 1.5m. Also calculate the effort applied.

4. A differential band brake is to be designed for a winch lifting a load of 45KN through a rope
wound round a barrel of 500mm diameter. The brake drum, (to be keyed to the barrel shaft, is to
be 600mm diameter and the angle of lap of the band over the drum is 2500. Determine the width
and thickness of band. Operating arm of the brake are 40mm and 200mm. Length of operating
lever is 1.5m. Also calculate the effort applied.



Band & Block Brake

5. Determine the maximum braking torque for a band and block brake having 12 blocks, each of
which subtends an angle of 160at the centre. The brake is applied to a rotating drum of diameter
600mm. The blocks are 75mm thick. The two ends of bands are attached to a pin on the opposite
sides of the brake fulcrum at distances 40mm and 150mm from the fulcrum. A force of 250N is
applies at a distance of 900mm from the fulcrum.

Design of Cam

6. Draw the displace time , velocity time and the acceleration time curves for the follower in
order to satisfy the following conditions (1) Stroke of the follower 25mm (2) Outstroke takes
place with SHM during 900 of cam rotation (3) Return stroke takes with SHM during 750 of cam
rotation (4) Cam rotates with a uniform speed of 800 rpm.

7. A cam is to give the following motion to a knife-edged follower :

Outstroke during 600 of cam rotation;

Dwell for the next 300 of cam rotation;

Return stroke during next 600 of cam rotation and

Dwell for the remaining 2100 of cam rotation. The stroke of the follower is 40mm
and the minimum radius of the cam is 50mm. the follower moves with uniform
velocity during both the outstroke and return strokes. Draw the profile of the cam
when the axis of the follower passes through the axis of the cam shaft.

8. A radial cam rotates at 1200 rpm with the follower rising 20mm with SHM in 1500 of the cam
rotation .The roller is 32mm in diameter and the prime circle is 80mm in diameter. Check
whether undercutting will occur.

9. A cycloidal cam with a central roller follower has a rise of 25mm in cam angle of 700.. Base
circle radius is 90mm and the follower roller radius is 20mm. Speed of cam is 5000rpm. Mass of
follower is 0.5Kg. Find the maximum value of acceleration of the follower, corresponding
pressure angle, stiffness of the spring used with the follower and maximum cam force. The
friction between the follower and the guide may be ignored.

10. Design a cam for operating the exhaust valve of an oil engine. It is required to give equal
uniform acceleration and retardation during opening and closing of the valve, each of which
corresponding to 60° of cam rotation. The valve should remain in the fully open position for 20°
of cam rotation. The lift of the valve is 37.5 mm and the least radius of the cam is 50 mm, the
follower is provided with a roller of 50 mm diameter and its line of stroke passes through the
axis of the cam.



OO Reg. No. :

Question Paper Code : 42854

B.E./B.Tech. DEGREE EXAMINATION, APRIL/MAY 2018
Sixth Semester
Mechanical Engineering
ME 2352 — DESIGN OF TRANSMISSION SYSTEMS
(Common to Mechanical and Automation Engineering)
(Regulations 2008)
(Also common to PTME 2352 — Design of Transmission Systems for B.E.
(Part-Time) Fifth Semester — Mechanical Engineering — Regulations 2009)

Time : Three Hours Maximum : 100 Marks

Usage of Approved design data book is permitted.
Answer ALL questions.

PART - A (10%x2=20 Marks)

1. Mention the important characteristics of Worm gear.

2. Differentiate crown gears and mitter gears.

3. Classify brakes based on the direction of application of braking force.
4. What is a wet clutch ? State its advantage.

5. Why thin flat belt is preferred than thick narrow belts ?

6. State any two advantages of V belt drive over the flat belt drive.
7. Enlist any two main advantages and disadvantages of helical gears.

8. What are the modes of gear failure ?
9. What is ray diagram ?

10. State the main difference between sliding mesh and constant mesh gear box.
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PART - B (6x16=80 Marks)

11. a) Design a gear box to provide 12 output speeds ranging from 25 to 600 rpm. The
input speed of 2.25 kW motor is 1440 rpm. Assume standard step ratio and
minimum number of teeth in any stage as 20. List the speeds of all shafts.

(OR)

b) Sketch the speed diagram and the kinematic layout for an 18 speed gear box
for the following data : Motor speed = 1440 rpm, Maximum and minimum

output speed = 800 and 16 rpm respectively. Arrangement = 2x3x3.

12. a) Design a Fort duck flat belt drive to transmit 20kW at 720 rpm to an aluminium
rolling machine, the speed ratio being 3. The distance between the pulleys is
3 m. Diameter of rolling machine pulley is 1.2 m.

(OR)

b) A V-belt having a lap of 180° has a cross section area of 2.5 cm? and groove
angle as 45°. The density of a belt is 0.0015 kg/cm3 and maximum stress is
limited to 400 x 104 N/m2. If p=0.15, find the power that can be transmitted,
if the wheel has a mean diameter of 300 mm and runs at 1000 rpm.

13. a) 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° full depth 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? and hardness 400 BHN. Assume carefully cut
wheels, medium shock conditions (Ky=1.25) with arbitrary initial velocity as
12m/s.

(OR)

b) A compressor running at 360 rpm is driven by a 140 kW, 1440 rpm motor through
a pair of 20° full depth carefully cut precision helical gears having helix angle
of 25 °. The centre distance is approximately 400 mm. The motor pinion is to
be forged steel (40 Ni,Cr;Moyg) and the driven gear is to be cast steel Grade 1
(CS 65). Assume medium shock conditions, minimum number of teeth in any
stage as 20 and hardness 400 BHN. Design the gear pair.

14. a) Apair of straight bevel gears has a velocity ratio of 2:1. The pitch circle diameter
of the pinion is 80 mm at the large end of the tooth. A 5 kW power is supplied
to the pinion, which rotates at 800 rpm. The face width is 40 mm and the
pressure angle is 20°. Calculate the tangential, radial and axial components
of the resultant tooth force acting on the pinion and wheel.

(OR)
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b) A double threaded worm drive is required for power transmission between two
shafts having their axes at right angles to each other. The worm has 14,,,°
involute teeth. The centre distance is approximately 200 mm. If the axial
pitch of the worm is 30 mm and lead angle is 23°, find 1. Lead, 2. Pitch circle
diameters of worm and worm gear 3. Helix angle of the worm 4. Efficiency of
the drive if the coefficient of friction is 0.05. Determine whether or not the
drive is self-locking.

15. a) A multi plate disc clutch transmits 55 kW of power at 1800 rpm. Coefficient
of friction for the friction surfaces is 0.1. Axial intensity at pressure is not to
exceed 160 kN/m2. The internal radius is 80 mm and is 0.7 times the external
radius. Find the number of plates needed to transmit the required torque.

(OR)
b) A short shoe block brake shown in fig has a coefficient of friction 0.3, has to

absorb a frictional power of 14.924 kW at 6560 rpm. What is the actuating force
required ? Can the brake be self-locking ?

b=1m

r =0.375m
a =0.375m
¢ =0.05m
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PART - A (10x2=20 Marks)
Define Co-efficient of friction.
What are the advantages of chain drives ?
Specify the types of gear-failures.
In what ways helical gears are different from spur gears ?
When do we use bevel gears ?
In which gear-drive, self-locking is available ?
For what purpose we are using gear-box ?

What is a speed diagram ?
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What are the types of brakes used in modern vehicles ?

|
e

How does the function of a brake differ from that of a clutch ?
PART-B (56%x13=65 Marks)

11. a) Select a flat belt to drive a mill at 250 rpm from a 10 kW, 730 rpm motor. Centre
distance is to be around 2000 mm. The mill shaft pulley is of 1000 mm diameter.

(OR)

b) Design a chain drive to actuate a compressor from a 10 kW electric motor at
960 rpm. The compressor speed is to be 350 rpm. Minimum centre distance should
be 500 mm. Motor is mounted on an auxiliary bed. Compressor is to work for
8 hours/day.
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12. a) Design a pair of spur gears to transmit 20 kW at a pinion speed of 1400 rpm.
The transmission ratio is 4. Assume 15 Ni2Cr1Mo15 for pinion and C45 for
gear.,

(OR)

b) Design a helical gear drive to transmit the power of 15 kW. Speed ratio 6, pinion
speed 1200 rpm, helix angle is 25°. Select 15 Ni2Cr1Mo15 for pinion and C45
for gear and design the gear pair.

13. a) Design a bevel gear drive to transmit 7 kW at 1600 rpm for the following

data.

Gear ratio =3 -
Material for pinion and gear = (45 steel
Life = 10,000 hours

(OR)

b) The input to worm gear shaft is 18 kW and 600 rpm. Speed ratio is 20. The
worm is to be of hardened steel and the wheel is made of chilled phospher
bronze. Considering wear and strength, design worm and worm wheel.

14. a) Design the layout of a 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.
Construct the speed diagram using a standard speed ratio. Calculate the
number of teeth in each gear wheel and sketch the arrangement of the gear
box.

(OR)

b) Design a gear box to give 18 speeds for a spindle of a milling machine. The drive
is from an electric motor of 4 kW at 1000 rpm. Maximum and minimum
speeds of the spindle are to be around 650 rpm and 35 rpm respectively.

15. a) A single disk clutch having one pair of contacting surface is required to
transmit 10 kW at 720 rpm under normal operating condition. Due to space
limitation the outer diameter should be limited to 250 mm. The coefficient of
friction is 0.25 and the permissible intensity of pressure is 0.5 N/mm?2. Use (a)
uniform pressure theory and (b) uniform wear theory and determine the clutch
dimensions.

(OR)
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b) Asingle block brake as shownin fig. has the drum diameter 250 mm. The angle
of contact is 90° and the coefficient of friction between the drum and the lining
is 0.35. If the torque transmitted by the brake is 80,000 N-mm, find the
force required to operate the brake.

PART -C (1x15=15 Marks)

16. a) Select a V-belt drive for 15 kW, 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, K = 1.1, design factor N, = 1.0, Vg = 2.5.

(OR)

b) A temporary elevator is assembled at the construction site to raise building
materials, such as cement, to a height of 20 m. It is estimated that the maximum
weight of the material to be raised is 5 kN. It is observed that the acceleration
in such applications is 1m/s2, 10 mm diameter, 6 x 19 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 preliminary calculations.
Determine the number of wire ropes required for this application. Neglect
bending stresses.
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PART A — (10 x 2 = 20 marks)

1.  Name the fo.ur"' types of belts used for transmission of power,
2. . When do you use stepped pulley drive?

3 State the advantages of toothed gears over the other types of transmission
systems.

4, Why pinion is made hard_ei' than gear?

5.  List the forces acting on bevel gears.

6. What isirreversibility in worm gear?

7..  Define progression ratio.

8.  List out the all possible arrangements to achieve 16 speed gear box '

9. Name few commonly used friction materials.

10. What do yéu meant by self-locking brake?



11.

12.

13.

14.

(a)

(b)

(a)

(b)

(@)

(b)

(a)

PART B — (5 x 13 = 65 marks)
A nine speed gear box used as a headstock gear box of a turret lathe is to
provide a speed range of 180 rpm to 1800 rpm. Using standard step ratio,
draw the speed diagram, and the kinematic lay out. Also find and fix the
number of teeth on all gears.

Or

Sketch the speed diagram and the kinematic layout for an 18 speed gear
box for the following data: Motor speed = 1440 rpm, minimum output
speed = 16 rpm, maximum output speed = 800 rpm, arrangement 2x3x3.
List the speeds of all the shafts when the output speed is 16 rpm.

Select a High speed duck.flat belt drive for a fan running at 360 rpm
which is driven by 10 kW, 1440 rpm motor. The belt drive is open type
and space available for a center distance of 2 m approximately. The
diameter of the driven pulley is 1000 rpm.

Or

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

pump shaft is 1200 mm. Suggest a suitable multiple V belt drive for this
application.

A Compressor running at 300 rpm is driven by a 15 kW, 1200 rpm motor
through a 14%° full depth spur gears. The center distance is 375 mm. The
motor pinion is to be of C30 forged steel hardened (BHN 250) and
tempered, and the driven gear is to be of cast iron. Assuming medium
shock condition and minimum number of teeth as 18, design the gear
drive completely.

Or

Design a carefully cut helical gear to transmit 15 kW at 1400 rpm to the
following specifications. Speed reduction is 3. Pressure angle is 20°, Helix
angle is 15°. The material for both the gears is C45 steel. Allowable static
stress is 180 N/mm? surface endurance limit 800 N/mm2. Young’s
modulus of the material = 2 x 105 N/mm2. Assume minimum number of
teeth as 20 and medium shock conditions. v = 15 m/s.

Design a pair of bevel gears to transmit 10kW at a pinion speed of
1440 rpm. Required transmission ratio is 4. Material of gears is
15 Ni 2Cr 1 Mo 15 steel (BHN = 400). The tooth profiles of the gears are
of 20° composite form. Assume minimum number of teeth as
20,v = 5m/s and medium shock Conditions.

Or

2 - 20817



15.

16.

(b)

(a)

(b)

(a)

(b)

A hardened steel worm rotates at 1440 rpm and transmits 12 kW to a
phosper bronze gear. The speed of the worm wheel Should be
60 +3% rpm. Design the worm gear drive if an efficiency of atleast 82% is
desired. Assume q = 1, medium shock conditions v = 5 m/s, pressure
angle = 20°.

A single plate clutch transmits 25 kW at 900 rpm. The maximum
pressure intensity between the plates is 85 kN/m2. The ratio of radii is
1.95. Both sides of the plates are effective and the co efficient of friction is

0.25. Determine (i) The inner diameter of the plate and (i) the axial force

to engage the clutch. Assume theory of uniform wear.

Or . =u

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 45 kN and moves downwards
with a velocity of 1.16 m/s. The pitch diameter of the hoist drum is
1.25 m. The hoist must be stopped within a distance of 3.25 m. The
kinetic energy of the drum may be neglected. Assume sintered metal
block shoe, equal friction force on each shoe, Continuous service and poor
heat condition. p '

PART C — (1 x 15 = 15 marks)

The transporter of a heat treatment furnace is driven by a 4.5 kW,
1440 rpm induction motor through a chain drive with a speed reduction
ratio of 2.4. The tr_ahsmission is horizontal with bath type of lubrication.
Rating is Continuous with 3 shifts per day. Design the complete chain
drive. Assume center distance as 500mm and service factor as 1.5.

Or

A workshop crane is lifting a load of 25 kN through a wire rope and hook.
The weight of the hook ete., is 15 kN, The rope drum diameter may be
taken as 30 times the diameter of the rape. The load is to be lifted with
an acceleration of 1m/s2. Calculate the diameter of the wire rope. Take a
factor of safety of 6 and E for the wire is 80 kN/mm?. The ultimate stress
may be taken as 1800 MPa. The cross sectional area of the wire rope may
be taken as 0.38 times the square of the wire rope diameter. i E
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(Usage of approved design data book is permitted)
. Answer ALL questions.
PART A — (10 x 2 = 20 marks)
1.  Which side of the belt should be on thé bottom side of the pulley and why?
2.  What are the various stresses induced in wire ropes?
3.  State the law of gearing.
4.  What is meant by virtual number of teeth?
5. What ié crown and miter gear?
6. Define pitch and lead of worm gears.
7.  'What is a torque converter?
8.  Draw the kinematic layout for t};e 6-speed gearbox.
9.  How does the function of a brake differ from that of a clutch?

10. Why are cone clutches better than disc clutches?



11.

12.

13.

14.

15.

(a)

(b)

(a)

(b)

(a)

(b)

{(a)

(b)

(a)

PART B — (5 x 13 = 65 marks)

« A motor driven blower is to run at 650 rpm driven by an electric motor of
7.5 kW at 1800 rpm. Design a suitable V-belt drive.

Or

- Design a chain drive to actuate a compressor from a 10 kW electric motor
at 960 rpm. The compressor speed is to be 350 rpm. Minimum center
distance should be 0.5m. Motor is mounted on an auxiliary bed.
Compressor is to work for 8 hours/day.

Design a spur gear drive to transmit 22 kW at 900 rpm, 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.

Or

A pair of helical gears is to be designed to transmit 30 kW at a pinion
speed of 1500 rpm. The velocity ratio is 3. Selecting 15 Ni2Cr1 Mo15 steel
as the material, determine the dimensions of the gears.

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.

Or

A hardened steel worm rotates at 1440 rpm and transmits 12 kW to a
phosphor bronze gear. The speed of the worm gear should be 60rpm.
Design the worm gear drive if an efficiency of atleast 82% is desired by
using AGMA method.

Design a gearbox with 12 speeds from a source of motor with a speed of
1600 rpm. The required range is from 160 rpm to 2000 rpm.

Or

Design a gearbox with- 9 speed output from a single speed input. The
required speed range is from 180 rpm to 1800 rpm.

A multiple disc wet 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.

Or

2 53313



16.

(b)

(a)

(b)

A double shoe brake as shown in the figure is capable of absorbing a
torque of 1500 N-m. The diameter of the brake drum is 400 mm 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 to exceed 0.3 N/mmz2.

S § +—1
! X

2500w

200mm

'=1-
o
|
ik
§
—

40 mm
11///7/ e

PART C — (1 x 15 = 15 marks)

Design an 18-speed gearbox from a source of 1000 rpm. Maximum and
minimum speeds are to be around 650 rpm and 35 rpm respectively.

Or

Select a suitable wire rope for a mini hoist carrying a load of 2 tonnes to
be lifted from a depth of 100m. A rope speed of 10m/s must be attained in
10 seconds. Assume minimum factor of safety as 10.

3 - 53313



0 S Reg. No. :

Question Paper Code : 91848
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Time : Three Hours Maximum : 100 Marks

10.

Use of Design Data book is permitted.
Answer ALL questions.

PART - A (10x2=20 Marks)

. What do you mean by crowning of pulleys ?

. State the advantages of chain drives.

What are the advantages of toothed gears over the other types of transmission
systems ?

Why do you prefer helical gears than spur gears ?
Differentiate a straight bevel gear and a spiral bevel gear.

For transmitting large power, worm reductions gears are not generally preferred.
Why ?

What does the ray diagram of gear box indicate ?
Specify four types of gear boxes.
Define base circle and pitch circle with respect to cam.

Why are cone clutches better than disc clutches ?
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PART - B (5%13=65 Marks)

11. a) Design a V-belt drive to run a centrifugal pump at 340 rpm is to be driven by a
100 kW motor running at 1440 rpm. The drive is to work for atleast 20 hours
per day. The centre distance between the motor shaft and the pump shaft is

1200 mm. (13)
(OR)
b) Select a wire rope for a vertical mine hoist to lift a load of 20 kN from a depth
of 500 metres. A rope speed of 3 m/s is to be attained in 10 seconds. (13)

12. a) Design a spur gear drive to transmit a power of 8 kW. Pinion speed is 764 rpm.
Speed ratio is 2. The gears are to be made of C45. Life is to be 10,000 hours. (13)

(OR)
b) A pair of helical gears subjected to moderate shock loading is to transmit
37.56 kW at 1750 rpm of the pinion. The speed reduction ratio is 4.25 and the

helix angle is 15°. The service is continuous and the teeth are 20° full depth
in the normal plane. Design the gears, assuming a life of 10,000 hours. (13)

o

13. a) 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. (13)

(OR)

b) The input to worm gear shaft is 18 kW and 600 rpm. Speed of worm wheel
1s 30 rpm. The worm is to be hardened steel and the wheel is made of chilled
phosphor bronze. Considering wear and strength, design worm and worm
wheel. (13)

14. a) Design the layout of a 12 speed gear box for a lathe. The minimum and
maximum speeds are around to be 30 rpm and 1400 rpm respectively. Construct
the speed diagram using a standard speed ratio and sketch the arrangement of
the gear box. (13)

(OR)

b) Design a 16 speed gear box, the minimum speed is 100 rpm and maximum
speed is 560 rpm. Construct the speed diagram using a standard speed ratio
and sketch the arrangement of the gear box. (13)

15. a) A single plate clutch, effective on both sides, is required to transmit 25 kW at
1500 rpm. Determine the inner and outer diameter of friction surface if the
coefficient of friction is 0.25, ratio of diameter is 1.5 and the maximum pressure
is not to exceed 2 N/mm?2. Also, determine the axial thrust to be provided by
springs. Assume the theory of uniform wear and max. pressure theory. (13)

(OR)



A B 91848

b) A double shoe brake as shown in fig 15 (b) is capable of absorblng a torque of

1500 N-m. The diameter of the brake drum is 400 mm 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

to exceed 0.3 N/mm?. (13)
T *S S+ )
i
!
40 mm | (¢ ¥ 40 mm
ClrP7lPTI77777
Fig 15 (b)
PART -C (1x15=15 Marks)
16. a) i) State the condition and approaches to be followed to avold under cuttlng
ih cam. (8)
il) Discuss the forcg amalyms @nd derive equation te determme the torque
transmitted by it. 7
(OR) |
b) i) Design a chain drive to actuate a compressor from a 10 kW elgctric motor at
960 rpm, The compressor speed is to be 350 rpm. Minimum centre dlstance
should be 0.5 m. Motor is mounted on an auxiliary bed. Compressor 1s to
work for § hours per day. (7
ii) Variable speed drive is to be design to vary speed from 300 rpm to

600 rpm, Suggest a variable speed drive system and explain its kingmatic
arrangement, (8)







11.

12

(a)

(b)

(a)

(b)

PART B — (6 x 13 =65 marks)

rope with fiber core and ultimate tensile strength of
1570 N/mm? is used to raise the load of 20 kN as shown in figure 1. The
nominal diameter of the wire rope is 12 mm and the sheave has 500 mm
pitch diameter. Determine the expected life of the rope assuming 500

A 6 x 19 wire

bends per week.

20 kN

Figure 1
Or

Design a chain drive to connect 5kW, 1400 rpm electric motor to a
drilling machine. The speed reduction is 3:1. The centre distance should
be approximately 500 mm. (i) Select a proper roller chain for the drive.
(i) Determine the number of chain links. (iii) Specify the correct centre

distance between the axes of sprockets.

A pair of spur gears with 20° full-depth involute teeth consists of a 20
teeth pinion meshing with a 41 teeth gear. The module is 3 mm while the
face width is 40 mm. The material for pinion as well as gear is steel with
an ultimate tensile strength of 600 N/mm2. The gears are heat treated to
a surface hardness of 400 BHN. The pinion rotates at 1450 rpm and the
service factor for the application is 1.75. Assume that velocity factor
accounts for the dynamic load and the factor of safety is 1.5. Determine

the rated power that the gears can transmit.
Or

A pair of parallel helical gears consists of a 20 teeth pinion meshing with
a 100 teeth gear. The pinion rotates at 720 rpm. The normal pressure
angle is 20°, while the helix angle is 25°. The face width is 40 mm and the
normal module is 4 mm. The pinion as well as the gear is made of steel
40C8(Sut = 600 N/mm?) and heat treated to a surface hardness of
300 BHN. The service factor and the factor of safety are 1.5 and 2
respectively. Assume that the velocity factor accounts for the dynamic
load and calculate the power transmitting capacity of gears.

2 90866



13.

14.

15.

(a)

(b)

(a)

(b)
(a)

(b)

A pair of bevel gears transmitting 7.5 kW at 300 rpm is shown in
figure 2. The pressure angle is 20°. Determine the components of the
resultant gear tooth force and draw a free-body diagram of forces acting

on the pinion and the gear.

== 2 00@

75KW !
300 rpm |
|

l

—————

Figure 2
Or

1 kW power at 720 rpm is supplied to the worm shaft. The number of
starts for threads of the worm is four with a 50 mm pitch — circle
diameter. The worm wheel has 30 teeth with 5 mm module. The normal
pressure angle is 20°. Calculate the efficiency of the worm gear drive and
the power lost in friction.

Design a sliding mesh nine speed gear box for a machine tool with speed
ranging from 36 rpm to 550 rpm. Draw the speed diagram and kinematic
arrangement showing number of teeth in all gears.

Or
Explain about torque converters in automotive industries.

A plate clutch consists of one pair of contacting surfaces. The inner and
outer diameters of the friction disk are 100 and 200 mm respectively. The
coefficient of friction is 0.2 and the permissible intensity of pressure is 1
N/mm?2. Assuming uniform-wear theory, calculate the power-transmitting
capacity of the clutch at 750 rpm.

Or

A four-wheeled automobile car has a total mass of 1000 kg. The moment
of inertia of each wheel about a transverse axis through its centre of
gravity is 0.5 kg-m2 The rolling radius of the wheel is 0.35 m. The
rotating and reciprocating parts of the engine and the transmission
system are equivalent to a moment of inertia of 2.5 kg-m?, which rotates
at five times the road-wheel speed. The car is traveling at a speed of
100 km/h on a plane road. When the brakes are applied, the car
decelerates at 0.5 g. There are brakes on all four wheels. Calculate the
energy absorbed by each brake and the torque capacity of each brake.
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10.

Use of Design Data book is permitted.
Answer ALL questions.

PART - A (10x2=20 Marks)

. What do you mean by crowning of pulleys ?

. State the advantages of chain drives.

What are the advantages of toothed gears over the other types of transmission
systems ?

Why do you prefer helical gears than spur gears ?
Differentiate a straight bevel gear and a spiral bevel gear.

For transmitting large power, worm reductions gears are not generally preferred.
Why ?

. What does the ray diagram of gear box indicate ?

Specify four types of gear boxes.
Define base circle and pitch circle with respect to cam.

Why are cone clutches better than disc clutches ?
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LB

13.

14.

15.

a)

b)

. a)

b)

a)

b)

a)

O

PART - B U
5 .« to be driven by a
Design a V-belt drive to run a centrifugal pump _at 340 rpkn}IS Z:;least 20 hours
100 kW motor running at 1440 rpm. The drive 1s to WOX ; 0;'1 arap shaft is
per day. The centre distance between the motor shaft and the P (13)

1200 mm.

(OR)
Select a wire rope for a vertical mine hois : :
of 500 metres. A rope speed of 3 m/s is to be attained 1n

nion speed is 764 rpm.
s to be 10,000 hours. (13)

t to lift a load of 20 kN from a depth
10 seconds. (13)

Design a spur gear drive to transmit a power of 8 kW..Pi :
Speed ratio is 2. The gears are to be made of C45. Life 1

(OR)

A pair of helical gears subjected to moderate shock lo
37.5 kW at 1750 rpm of the pinion. The speed reduction
helix angle is 15°. The service is continuous and the teet
in the normal plane. Design the gears, assuming a life of 10,000 hours.

ading 1s to transmit
ratio is 4.25 and the
h are 20° full depth
(13)

1600 rpm for the following data.

Design a bevel gear drive to transmit 7 kW at
(45 Steel, Life = 10,000 hours. (13)

Gear ratio = 3, Material for pinion and gear =
(OR)

The input to worm gear shaft is 18 kW and 600 rpm. Speed of worm wheel

is 30 rpm. The worm is to be hardened steel and the wheel is made of chilled

phosphor bronze. Considering wear and strength, design worm and worm

wheel. (13)

Design the layout of a 12 speed gear box for a lathe. The minimum and
maximum speeds are around to be 30 rpm and 1400 rpm respectively. Construct

the speed diagram using a standard speed ratio and sketch the arrangement of

the gear box. (13)

(OR)

Design a 16 speed gear box, the minimum speed is 100 rpm and maximum
speed is 560 rpm. Construct the speed diagram using a standard speed ratio
and sketch the arrangement of the gear box. (13)

A single plate clutch, effective on both sides, 1s required to transmit 25 kW at
1500 rpm. Determine the inner and outer diameter of friction surface if the
coefficient of friction is 0.25, ratio of diameter is 1.5 and the maximum pressure

is not to exceed 2 N/mm?2. Also, determine the axial thrust to be provided by
springs. Assume the theory of uniform wear and max. pressure theory. (13)

(OR)
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: ?5%(())u§1jns.}'ll(‘)}?eb§;ke as shown in fig 15 (b) is capable of absorbing a torque of
for each shoe is 106‘363}:? of the b?ake drum is 400 mm and the angle of contact
lining is 0.4, find (j - I the Cgefflcient of friction between the brake drur_r} and

%5 406 () the spring force necessary to set the brake and (i1) the

width of the brake shoe. i ; a
i if R
to exceed 0.3 N/mm?2, the bearing pressure on the lining material 1s not

16. a) 1)

11)

b) i)

1)

(13)

%S S e Ty

Fig 15 (b)
PART - C (1x15=15 Marks)
State the condition and approaches to be followed to avoid under cutting
in cam. (8)
Discuss the force analysis and derive equation to determine the torque
(7)

transmitted by it.

(OR)
Design a chain drive to actuate a compressor from a 10 kW electric motor at
960 rpm. The compressor speed is to be 350 rpm. Minimum centre distance
should be 0.5 m. Motor is mounted on an auxiliary bed. Compressor is to

work for 8 hours per day. (7

Variable speed drive is to be design to vary speed from 300 rpm to
600 rpm. Suggest a variable speed drive system and explain its kinematic

arrangement.

(8)




