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Unit 1 Design of Flexible Drives – SME1307 
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DESIGN OF FLAT BELT DRIVE 

 STEPS IN FLAT BELT DRIVE 

1. Calculation of velocity ratio 

2. Find the velocity of the belt 

3. Take load correction factor(Ks) from DDB 7.53 based on given application 

4. Calculation of Arc of contact from DDB 7.54 and take the value of correction 

factor(K) for arc of contact from the table DDB 7.54 

5. Calculation of corrected power 

6. Calculation of belt rating from DDB 7.54 

7. Calculation of width of belt 

8. Calculation of length of belt from DDB 7.53 

 

1. Design a flat belt drive to transmit 10kW at 1500 rpm to a line shaft to run at 500 rpm. 

Approximate centre distance is m. the diameter of the larger pulley is around 750mm. 

Solution 

P-10kW                    N1= 1500rpm                     N2= 500rpm                     C=2m             D=750 mm 
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2. Design a fabric belt to transmit 10 kW at 450 rpm from an engine to a line shaft as 1200 rpm. The 

diameter of the engine pulley is 6—mm and the distance of the shaft from the engine is 2m. 

Solution: 

P=10 kW                  N1=450 rpm                    N2= 1200 rpm 

D=600 mm               C=2m 
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DESIGN OF V-BELT DRIVE 

STEPS IN FLAT BELT DRIVE 

1. Select the cross selection of the belt  depending on the power to be transmitted. 

2. Calculate the speed ratio. 

3.  Calculate the length of the belt from DDB 7.53. 

4. Calculate the design power from DDB 7.64. 

5. Find number of belts from DDB 7.70 

6. Calculate new centre distance from DDB 7.61 

 

1. A 30 kW 1440 rpm motor is to drive a compressor by means of V-belts. The Diameter of 

the pulleys are 220 mm and 750 mm. the centre distance between the compressor and the 

motor is 1440 mm. design a suitable drive. 

 

Solution: 

 P=30 kw               N1=1440 rpm                           d = 220mm 

 D=750 mm    C=1440 mm 
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2. Design a V belt drive to the following specification 

Power to be transmitted -75 kW, speed of the driving wheel (N1)=1440 rpm, speed of the 

driving wheel (N2)=440 rpm, diameter of the driving wheel (d) =300 mm, Centre 

distance=2500mm, service =16hrs/ day. 

 

Solution : 

P=75kw   N1=1440 rpm   N2=440 rpm     d =300mm 

C=2500mm  service =16hrs/ day 
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DESIGN OF CHAIN DRIVE 

STEPS IN CHAIN DRIVE 

1. Calculate transmission ratio 

2. Select number of teeth on sprocket pinion Z1 from DDB7.74. calculate the number of teeth on 

sprocket wheel Z2. 

3. Calculate pitch from DDB 7.74 and select the standard pitch from DDB 7.71-7.73. and select 

the std pitch with in Pmax and Pmin 

4. Select chain number from DDB 7.71-7.73. 

5. Check for breaking load from DDB 7.77 

6. Check for actual factor of safety from DDB 7.78. 

7. Find the length of chain from DDB.7.75 

8. Find exact centre distance from DDB 7.76 

9. Check for bearing stress from DDB 7.77 

10. Calculate number of teeth on pinion and wheel (d1 and d2) from DDB 7.78 

 

Problem 

Design a chain drive to operate a compressor from a 15kW electric motor at 900 rpm. The compressor 

is to run at a speed of 300 rpm, the minimum centre distance should be 550mm. 

Solution: 

P=15Kw  n1=900rpm  n2 = 300 rpm              C=550 mm 
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UNIT 2 – DESIGN OF SPUR  AND PARALLEL AXIS HELICAL GEAR 
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UNIT 2 

 

SPUR GEARS AND PARALLEL AXIS HELICAL GEARS 
 

 

DESIGN PROCEDURE FOR SPUR GEARS 

 

1. Selection of materials from DDB 8.4. 

2. Calculation of life N in cycles 

3. Calculation of equivalent youngs modulus From DDB 8.14 

4. Calculation of design bending stress [σb ] from DDB 8.18 

5. Calculation of design contact stress [σc] from DDB 8.18 

6. Calculation of design twisting moment [Mt] from DDB 8.15 

7. Calculation of approximate centre distance (a) from DDB8.13 

8. Calculation of  Z1 and Z2. 

9. Calculation of normal module (mn) from DDB 8.22, take nearest value fr DDM8.2 

10. Re Calculation of centre distance from DDB 8.23 

11. Calculation of face width b from DDB 8.14, table 10 

12. Calculation of velocity 

13. To find the constant K and Kd 

14. Recalculation of design twisting moment [Mt] from DDB 8.15 

15. Check for bending stress σb 

16. Check for contact stress σc 

 
 

1.   Calculation of gear ratio (i): 
 

i=       = 
 
 

where, NAand NB=speed of the drive rand driven respectively, and 

ZA and ZB=Number of teeth on driver and driven respectively. 

 
2.   Selection of material 

Consulting Table8.4, knowing the gear ratio i, choose the suitable material. 

 
3. If not given, assume gear life(say20000 hrs) 

 

Life in cycles – life in hrs x 60 x RPM 

 
4.   Calculation of initial design torque: 

[Mt]=Mt.K. Kd 
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where,         [Mt]=transmission torque 

K     =Load factor, Table5.11 

Kd     =Dynamic load factor, Table5.12 

 
Assume K. Kd=1.3 ( ifnot given) 

 

5.   Calculation of Eeq,[ϭb]and[ϭc]: 

✓From table8.14,T.NO.9 Calculate Eeq 

✓Calculate Design bending stress [ϭb] 
 

✓Calculate Design contact stress  [ϭc]by 

[ϭc]=CB. HB. Kcl  (or) 

[ϭc]=CR. HRC. Kcl 

where,          CBCR=Coefficient of surface hardness from table8.16,T.No.16 
 

HBHRC =Hardness number 

 

6.  Calculation of centre distance 

≥(i+1)             ×            
]

 

=b/a from table5.21 
 

7.   Select number of teeth on gear and pinion: 
➢On pinion,     Z1=Assume18 
➢On gear,         Z2=i X Z1 

 
8.   Calculation of module: 

 

m = 
( 

 
Choose standard module from table5.8 

 
9.   Revision of centre distan     ( 

a=  
( 

 

 

10. Calculate b, d1, v and ѱp: 
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✓ Calculate face width, b =ѱ.a 

 

✓ 

 
✓ 

 
✓ 

 

Calculatepitch dia, 

Calculatepitch linevelocity, 

Calculatevalueof 

 

d  =m.z1 

 
v  =(πd1N1)/60 

 
ѱp  =b/d1 

 
 
 
 

11. Selection of quality of gear: 

Knowing the pitch linevelocityandconsultingtable5.22, select a suitable quality 

Of gear. 

 
12. Revision of design torque [Mt]: 

Revise K: 
Using the calculated value of ѱp revise the K value by using table5.11 

 

 [Mt]=Mt.K. Kd 

 

13. Check for bending: 

Calculate induced be             es 
 

 

Ϭb=                [    ] .

 
✓Compare Ϭband [Ϭb]. 

✓If Ϭb≤[Ϭb],then design is safe. 
 

 

14. Check for wear strength: 
 

Calculate induced contact str 
 

 

Ϭc=0.74
(               (                                 

]
 

✓Compare Ϭcand [Ϭc]. 

✓If Ϭc≤[Ϭc],then design is safe. 
 
 

15. If the design is not satisfactory(ϭb >[ϭb]and/orϭc>[ϭc]), then increase the module of face width  

value of the gear material 
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PROBLEM 

Design a spur gear to transmit 22.5 kW at 900 rpm, speed reduction is 2.5, material for 

pinion and wheel are C15 and Cast iron grade 30. Take pressure angle of 20o and 

working life of the gears are 10,000 hrs. 
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DESIGN PROCEDURE FOR HELICAL GEARS 

 

1. Selection of materials from DDB 8.4. 

2. Calculation of life N in cycles 

3. Calculation of equivalent youngs modulus From DDB 8.14 

4. Calculation of design bending stress [σb ] from DDB 8.18 

5. Calculation of design contact stress [σc] from DDB 8.18 

6. Calculation of design twisting moment [Mt] from DDB 8.15 

7. Calculation of approximate centre distance (a) from DDB8.13 

8. Calculation of  Z1 and Z2. 

9. Calculation of normal module (mn) from DDB 8.22, take nearest value fr DDM8.2 

10. Re Calculation of centre distance from DDB 8.23 

11. Calculation of face width b from DDB 8.14, table 10 

12. Calculation of velocity 

13. To find the constant K and Kd 

14. Recalculation of design twisting moment [Mt] from DDB 8.15 

15. Check for bending stress σb 

16. Check for contact stress σc 

 
 

1. Calculation of gear ratio(i): 
 
 

 
i=       = 

 
 

where, NAand NB=speed of the driver and driven respectively, and 

ZAand ZB=Number of teeth on driver and driven respectively. 
 

2.   Selection of material 
Consulting Table8.3, knowing the gear ratio i, choose the suitable material. 

 

3.   If not given, assume gear life(say20000 hrs) 
 

Life in cycles – life in hrs x 60 x RPM 
 

4.   Calculation of initial design torque: 
[Mt]=Mt.K. Kd 
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where,         [Mt]=transmission torque 

K     =Load factor, Table 

Kd     =Dynamic load factor, Table 

 
Assume K. Kd=1.3 ( if not given) 

 

5.   Calculation of Eeq,[ϭb]and[ϭc]: 

 
✓From table8.16 Calculate Eeq 

 

✓From table8.16 Calculate Design bending stress [ϭb] 
 

 

✓Calculate Design contact stress  [ϭc]by 

[ϭc]=CB. HB. Kcl  (or) 

[ϭc]=CR. HRC. Kcl 

CBCR=Coefficient of surface hardness from table8.16 
 

HBHRC =Hardness number 

 

 

6.  Calculation of centre distanc 

≥(i+ 1)             ×            
]

 

=b/a from table5.21 
 

7.   Select number of teeth on gear and pinion: 
➢On pinion,     Z1=Assume≥ 17 
➢On gear,         Z2=i X Z1 

 
8.   Calculation of module: 

 

 

m =            × cos ( 
 

Choose standard module from table5.8 

 
9.   Revision of centre distan         : 

a=        
( 
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10. Calculate b, d1, v andѱp: 

 

✓ Calculate face width, b =ѱ.a 

 

✓ 

 
✓ 

 
✓ 

 

Calculate pitch dia, 

Calculate pitch line velocity, 

Calculate value of 

 

d  =(mn.z1)/ cos β 

 
v  =(πd1N1)/60 

 
ѱp  =b/d1 

 

11. Selection of quality of gear: 

Knowing the pitch line velocity and a consulting table, select a suitable quality 

Of gear. 

 
12. Revision of design torque[Mt]:  

 

[Mt]=Mt.K. Kd 

 

 Check for bending: 

Calculate induced   be              ss, 
 

 

Ϭb=                     [    ] .

 
✓Compare Ϭband [Ϭb]. 

✓If Ϭb≤[Ϭb],then design is safe. 
 

 

14. Check for wear strength: 
 

Calculate induced contact s    e 

Ϭc=0.7
(               (                                 

]
 

✓Compare Ϭcand [Ϭc]. 

✓If Ϭc≤[Ϭc],then design is safe. 
 

 

15. If the design is not satisfactory(ϭb >[ϭb]and/orϭc>[ϭc]), then increasethe module of 

face width  value oft heg earmaterial. 

 
16. Check for gear: 

c.  Check for bending: 
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.

 

Using Ϭb1.y1  and 
 
 

Ϭb2= 
 
 

✓Compare Ϭb2and [Ϭb2]. 

✓IfϬb2≤[Ϭb2],then design is safe. 
 
 
 

d. Check for wear strength: 
 

Calculate induced contact stress will be same for pinion and gear, So, 

Ϭc2= Ϭc 

 

✓Compare Ϭcand [Ϭc] 

✓If Ϭc≤[Ϭc],then design is safe 

 

PROBLEM 

Design a pair of helical gears for the following data: 

Power- 7.5 kW, speed of pinion -1440 rpm, speed reduction -3, pressure angle-20o, Helix angle – 10o. 

Select the materials and heat treatment. 

 

Solution: 

Step:1 

Selection of material and heat treatment fromDDB.8.16, assume same material for both pinion and 

wheel 
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UNIT 3 – DESIGN OF BEVEL AND WORM AND WORM WHEEL GEAR 
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 Bevel gears are gears where the axes of the two shafts intersect and the tooth-

bearing faces of the gears themselves are conically shaped. Bevel gears are most often 

mounted on shafts that are 90 degrees apart, but can be designed to work at other angles 

as well. The pitch surface of bevel gears is a cone. 

TYPES 

• Straight bevel gears have conical pitch surface and teeth are straight and tapering 

towards apex. 

• Spiral bevel gears have curved teeth at an angle allowing tooth contact to be 

gradual and smooth. 

• Zerol bevel gears are very similar to a bevel gear, but the teeth are curved: the 

ends of each tooth are coplanar with the axis, but the middle of each tooth is swept 

circumferentially around the gear. Zerol bevel gears can be thought of as spiral 

bevel gears, which also have curved teeth, but with a spiral angle of zero, so the 

ends of the teeth align with the axis. 

• Hypoid bevel gears are similar to spiral bevel, but the pitch surfaces are 

hyperbolic and not conical. The pinion can be offset above or below the gear 

center, thus allowing larger pinion diameter, longer life, and smoother mesh. If the 

beveled surface is made parallel with the axis of rotation, this configuration 

resembles a worm drive. Hypoid gears were widely used in automobile rear axles 

MITER GEAR 

 

Miter gears are a special case of bevel gears that have equal numbers of teeth. The 

shafts are positioned at right angles from each other, and the gears have matching 

pitch surfaces and angles, with a conically-shaped pitch surface. Miter gears are 

useful for transmitting rotational motion at a 90-degree angle with a 1:1 ratio 
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MITER GEAR 

APPLICATIONS 

 

The bevel gear has many diverse applications such as locomotives, marine 

applications, automobiles, printing presses, cooling towers, power plants, steel 

plants, railway track inspection machines, etc. 

 

For examples, see the following articles on: 

 

• Bevel gears are used in differential drives, which can transmit power to two 

axles spinning at different speeds, such as those on a cornering automobile. 

• Bevel gears are used as the main mechanism for a hand drill. As the handle 

of the drill is turned in a vertical direction, the bevel gears change the 

rotation of the chuck to a horizontal rotation. The bevel gears in a hand drill 

have the added advantage of increasing the speed of rotation of the chuck 

and this makes it possible to drill a range of materials. 

• The gears in a bevel gear planer permit minor adjustment during assembly 

and allow for some displacement due to deflection under operating loads 

without concentrating the load on the end of the tooth. 

• Spiral bevel gears are important components on rotorcraft drive systems. 

These components are required to operate at high speeds, high loads, and 

for a large number of load cycles. In this application, spiral bevel gears are 

used to redirect the shaft from the horizontal gas turbine engine to the 

vertical rotor. Bevel gears are also used as speed reducers 
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ADVANTAGES 

 

• This gear makes it possible to change the operating angle. 

• Differing of the number of teeth (effectively diameter) on each wheel 

allows mechanical advantage to be changed. By increasing or decreasing 

the ratio of teeth between the drive and driven wheels one may change the 

ratio of rotations between the two, meaning that the rotational drive and 

torque of the second wheel can be changed in relation to the first, with 

speed increasing and torque decreasing, or speed decreasing and torque 

increasing. 

DISADVANTAGES 

▪ One wheel of such gear is designed to work with its complementary wheel 

and no other. 

▪ Must be precisely mounted. 

▪ The shafts' bearings must be capable of supporting significant forces. 

 

DESIGN PROCEDURES 

 

1. Calculation of gear ratio from psg data book pg 8.6 

2. Selection of materials. from psg data book pg 1.40 

3. Selection of gear life based on given data. 

4. Calculation of initial design torque from psg data book pg 8.15. table no13 

5. Determination of equivalent young’s modulus from psg data book pg8.14. table 

no.9 

6. Calculation of design contact stress from psg data book pg 8.16. table no.15 

7. Calculation of design of bending stress from psg data book pg 8.18. 

8. Calculation of cone distance from psg data book pg8.13. table no.8 
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9.  Selection of Z1 and Z2 assume Z1 initially as ≥17. 

10. Calculation for transverse module psg data book pg8.38 table no31. 

11. Revision of cone distance psg data book pg8.38 table no.31. 

12. Calculation of face width from psg data book pg8.15 table no. 13 

13. Calculation of reference diameter from psg data book pg8.38 table no. 31. 

14. Selection of quality of gear from psg data book pg8.3 table no. 2 

15. Revision of design torque from psg data book pg8.15  

16. Check for contact stress from psg data book pg8.13 

17. Check for bending stress from psg data book pg8.13 A. 
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1. DESIGN OF WORM AND WORMWHEEL 

 

When the shafts are non-parallel and non-intersecting worm and worm wheel drive 

is used. It can be treated as screw and nut pair. Since the sliding occurs the 

materials used should have low coefficient of friction. 

A worm gear is a species of helical gear, but its helix angle is usually somewhat 

large (close to 90 degrees) and its body is usually fairly long in the axial direction. 

These attributes give it screw like qualities. The distinction between a worm and a 

helical gear is that at least one tooth persists for a full rotation around the helix. 

Worm : It is made of steel. The threads are grounded and polished to reduce the surface 

hardness as low as possible. 

Worm wheel: They are made of bronze and cast iron. 
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ASSIGNMENT PROBLEMS 

1. Design a pair of straight bevel gears to transmit 10 kW at 1000 rpm between 

two perpendicular shafts. A speed ratio desire is 3.5; Select 

suitablematerials. 

 

2. Design a suitable worm and wonn wheel drive to transmit 10 kW at 1000 

rpm of worm. Select suitable materials. The speed of wheel is to be around 

40rpm. 

 

3. Design a bevel gear drive to transmit 7.4 kW at 1440 rpm for the following 

data: Gear ratio=3 ,Material for pinion and gear :C45 steel 

,Life=10,000hrs.7 
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UNIT 4 – DESIGN OF GEAR BOX 
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Geometric progression - Standard step ratio - Ray diagram, kinematics layout -Design of sliding mesh 

gearbox -Constant mesh gear box. - Design of multi speed gear box. 

 

Gear boxes are employed to convert input from a high speed power sources to low speed (Eg. Lift, Cranes 

and Crushing Machine) or into a many of speeds (Lathe, Milling Machine and Automobiles).A gearbox that 

converts a high speed input into a single output it is called a single stage gearbox. It usually has two gears 

and shafts.  

A gearbox that converts a high speed input into a number of different speed output it is called a multi-speed 

gear box. Multi speed gear box has more than two gears and shafts. 

Requirements of Gear Box: 

• Provides the designed series of spindle speeds  

•  Transmits the required amount of power to the spindle  

•  Provides smooth silent operation of the transmission  

• Simple in construction  

•  Mechanism of speed gear boxes should be easily accessible so that it is easier to carry out 

preventive maintenance  

Law of speed in Multispeed Gear box  

• ARITHMATIC PROGRESSION 

• GEOMETRIC PROGRESSION 

• HARMONIC PROGRESSION 

ARITHMATIC PROGRESSION: The difference between and two successive spindle speed is constant. 

GEOMETRIC PROGRESSION: The ratio of any successive spindle speed is constant. 

HARMONIC PROGRESSION: The difference between reciprocal of any two successive speed is constant. 

Advantages of Geometric Progression 

• In order to get a series of output speeds from a gearbox. 

• The speed is reduced uniformly in different stages.  

• The speed loss is minimum i.e., Speed loss = Desired optimum speed – Available speed  

• The number of gears to be employed is minimum  

• G.P. provides a more even range of spindle speeds at each step  

• The layout is comparatively very compact.  

• Productivity of a machining operation, i.e., surface area of the metal removed in unit time, is 

constant in the whole speed range. 

• G.P. machine tool spindle speeds can be selected easily from preferred numbers. Because 

PREFERRED NUMBERS are in geometric progression.  

• Geometric progression, also known as a geometric sequence 
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p r . 

Standard progression 

 
When the spindle speed are arranged in geometric progression then the 

ratio between thetwo adjacentspeeds as step ratio or progressionratio 

 
= = =……………… = = constant = φ 

( ) 

Step ratio 

• The ratio between the two adjacent speeds is known as step ratio or progression ratio. It is 

denoted by ф. 

Basic 
series 

Step ratio 
(φ) 

R5 1.58 
R10 1.26 
R20 1.12 
R40 1.06 
R80 1.03 

 

Preferred basic series (or) Preferred Numbers: 

• Preferred numbers are the conventionally rounded off values derived from geometric series.  

• There are five basic series, denoted as R 5, R 10, R 20, R 40 and R 80 series.  

• Each series has its own step ratio i.e., series factor. 

• The series of preferred numbers is obtained by multiplying a step ratio with the first number to get 

the second number. The third number is obtained by multiplying a step ratio with the second 

number. Similarly the procedure is continued until the series is completed 

•  

Basic series Preferred number 

R5 (φ=1.6) 1.00, 1.60, 2.50, 4.00, 6.30,10.00 

R10 (φ=1.26) 1.00, 1.25, 1.60, 2.00, 2.50, 3.15, 4.00, 
5.00, 6.30, 8.00, 10.00 

R20 (φ=1.12) 1.00, 1.06, 1.25, 1.18, 1.60, 1.25, 2.00, 

2.24, 2.50, 2.80, 3.15, 3.55, 4.00, 4.50, 

5.00, 5.60, 6.30, 7.10, 8.00, 9.00, 
10.00 

R40 (φ=1.06) 1.00, 1.06, 1.18, 1.25, 1.32, 1.18, 

1.40,1.60, 1.70, 1.25,1.80, 1.90, 2.00, 

2.10, 2.24, 2.36, 2.50, 2.65, 2.80, 3.00, 

3.15, 3.35, 3.55, 4.00, 4.25, 4.50, 4.75, 

5.00, 5.30, 5.60, 6.00, 6.30, 6.70, 7.10, 
7.50, 8.00, 8.50, 9.00, 9.50, 10.00 
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Design of gear box 

1. Selection of SpindleSpeed: 

 Find thestandardstep by using therelations,= φn-1 

2. Structuralformula 

It can be selected based on the number of speed: 
Number of speed Structural formula 

 

6 

3(1) 2(3) 

2(1) 3(2) 

 

8 

2(1) 2(2) 2(4) 

4(1) 2(4) 

 
9 

3(1) 3(3) 

 

12 

3(1) 2(3)2(6) 

2(1) 3(2)2(6) 

2(1) 2(2)3(4) 

 

14 

3(1) 3(3)2(5) 

4(1) 2(4)2(6) 

15 3(1) 3(3) 2(6) 

 

16 

4(1) 2(4)2(8) 

2(1) 4(2)2(8) 

2(1) 2(2)4(4) 

 

18 

3(1) 3(3)2(9) 

3(1) 2(3)3(6) 

2(1) 3(2)3(6) 

 
3. Ray Diagram 

The ray diagram is the graphical representation of the drive 

arrangement in general from. In other words, The ray diagram is 

the graphical representation of the structural formula. 

The basic rules to be followed while designing the gear box as 
✓ Transmissi n ration (i): 

 

≤ i ≤ 2 

(or) 
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Nmin / Ninput ≥ 

imax = Nmax / Ninput ≤ 2 

For stable operation the speed ratio at any stage should not be greaterthan 8. 

Nmax / Nmin ≤ 8 

 

 

4. KinematicLayout: 

The kinematic arrangement shows the arrangement of gears in a gear box. 

Formula for kinematic arrangement, 

n = p1(X1) . p2(X2) 
 

 
 
 
 
 
 
 

5. Calculation of number of teeth. 

In each stage first pair, 

 
Assume, driver Zmin ≥ 17, 
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Assume Z = 20 (driver) 
 

 

SOLVEDPROBLEMS: 

1. Design a 12 speed gear box with a minimum and maximum speed of 100 rpm and 355 rpm. 

Draw the ray and kinematic diagram and calculate number of teeth in each gear. 

Given Data: 

Z = 12, N1 = 100 rpm, N2 = 355 rpm  

To Find: Design a Gear Box 

Solution: 

Step 1: Calculation of Step Ratio (ф) : 

 

STEP 2: Selection of Intermediate speed from DB: 7.2 

Based on the Step ratio 1.12 select the values 

 

Step 3: Formation Of Structural Formula 

For 12 speed 3 x 2 x 2 

 

No. of Speed, Z = P1 (X1)  .  P2 (X2)  . P3(X3) 

   Z = 3 (1)     .  2 (3)      . 2 (6) 

    I    II          III STAGE  

Step 4: FORMATION OF RAY DIAGRAM 

U – No. of Stages + 1 = 3 +1 
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4 vertical lines to be drawn and 12 Horizontal lines to be drawn 

   I  II  III 

Location of C 
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STEP 5: CONSTRUCTION OF KINEMATIC DIAGRAM 

 

 

STEP 6:Calculation of  No. of  Teeth:  
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(Note: In every Stage Driver Speed should be constant) 

IIIrd  Stage: 

Driver Speed (C) = 125 rpm 

N2 = N4 = 125 rpm 

Driven Speed (A, B) : N1 (A) = 100 rpm, N2 (B) = 200 rpm 
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UNIT 5 – INTRODUCTIO N TO FINITE ELEMENT ANALYSIS 
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Objectives of Analysis: 

Engineering analysisis  adopted for machineries and buildingstructures beforeandafter 

assemblingtheirparts inordertodetermine 

 

i.     Thetypeandqualityofload ii.     

Locationofloading 

iii.     Developedstress 
 

iv.     ermissibledeflection v.

 Vibrationproperties 

vi.     Pressureandtemperaturevariation 
 

 

Methods ofEngineeringAnalysis: 
 

 

Thethreemethods adoptedforanalyzingengineeringproductstoevaluatetheir 

mechanicalandotherproperties are: 

 

1)  Experimental methods 
 

2)  Analyticalmethods 
 

3)  Numericalmethods orapproximationmethods 
 

 

Experimentalmethods: 

 
1) Inthesemethods,theactualproductortheirprototype        modelarereallytested 

byusingtestingequipment. 

2) Ifthereis aneedtochangethedimensions oftheprototype, theentireprototypeis 

tobedisassembledandtobe reassembledandthentesting shouldbecarriedout. 

3) Itneedsmanpowerandmaterials. 
 

 

AnalyticalMethods: 

 
1) Thesemethodsaretheoreticallyanalyzing methods. 
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2) Onlysimpleandregularshapedproducts likebeams,columns,shafts,plates can 

beanalyzedbythesemethods 

3) Theproducts andtheirloadings specifiedbymathematicalexpressions andthey 

areanalyzed. 

 

NumericalMethods: 
 

 

1)  For the products of complicated sizes, shapes with complicated material 

propertiesandboundary conditions,gettingsolutionsusinganalyticalmethodis 

highlydifficult.Insuchsituation engineerprefersnumericalmethodsthatgives 

approximatebutacceptablesolutions. 

2) Bythismethod, theapproximatebutacceptablesolutions willbeobtained. 
 

 

Threemethods inNumericalmethods 

 
i.     FunctionalApproximatingMethod 

ii.     FiniteDifferenceMethod(FDM). iii.     

FiniteElementMethod(FEM). 

 

FunctionalApproximation: 
 

 

1.   Inthismethod, thephysicalproblems arefirstwritteninterms ofdifferentialequationor 

anypossiblemathematicalexpressions. 

2.   Thentheapproximatesolutioncanbeobtainedbyintegrationandbyapplyingboundary 

condition. 

3.   Thevariationmethodspecificallyknownas Rayleigh-Ritzmethods andweighted 

residualmethods aresomeofthefunctionalapproximatingmethods. 

 

FiniteDifferenceMethod(FDM): 
 

 

1.   Thefinitedifferencemethodapproximates thederivativesinthegoverningdifferential 

equationusingdifferenceequations. 
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2.   Finitedifferencemethodis usefulforsolvingheattransferandfluidmechanics problems. 
 

3.   Thismethodcannotbeeffectivelyusedforregionshavingorirregularboundaries. 
 

 

FiniteElement Method(FEM): 

1.   Inthismethod, thecomplexregiondefiningthedomainis dividedintosmaller elements 

calledfiniteelements. 

2.   Thephysicalpropertieslikeshape,dimensions andotherboundaryconditions are 

imposedontheelements. 

3.   Thentheseelements areassembledinaproperwayandthesolutionfortheentiresystem 

canbeobtained. 

 

Steps inFEA 
 

 

1.   Discretizationofstructure-Dividingthewholecomplexstructureintofiniteelements 

bylines orsurfaces. 

2.   Numberingofnodes andelements-InFEM,physicalproblems aresolvedusing 

matricesandthesizeofthematrixdepends onthenumberofnodes oftheelement. 

3.   Selectionofdisplacementfunction-Linear,quadraticandcubicpolynomialsareusedto 

evaluatethevalueofthefieldvariableatanypartoftheelement. 

4.   Formationof elementstiffness matrixandloadvector-Basedonequilibrium 

conditionsorvariationalprinciples stiffnessmatrixisformulated. 

5.   Formationofglobal stiffness matrixandloadvector-Theelementstiffnessmatrices 

areassembledusingthefollowingformulaetogettheglobalstiffnessmatrix 

 
 

 
 

6.   Incorporationofboundaryconditions 
 

7.   Computeelementstresses andstrain 
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8.   Analysis andinterpretationofresults 

 
ClassificationofFunctionalApproximationMethods: 

 
1.   Variational Methods 

 

2.   Weightedresidualmethods 
 

 

VariationalMethod: Rayleigh- Ritzmethod: 

1.   Itisatypicalvariationalmethodinwhichtheprincipleofintegralapproachis adopted 

forsolvingmostlythecomplexstructuralproblems. 

2.   Inthismethod, thepotentialenergyπis consideredas thefunctionofRitzparameters 
 

whichareonetoinfinity. 
 

3.   Inpractice,thedisplacementfunctiony(x)canbeexpressedinterms ofpolynomialseries 

ortrigonometricseries suchas, 

 
 

y(x)= a1+a2x+a3x
2
+a4x

3
+….                                                             (1.1) 

 

 
 
 
 
 

wherea1,a2, a3  …areknownas RitzparametersorRitzcoefficients. 
 

 
 

4.   Selectinganyoneoftheabovetwofunctions appropriatelyas atrialfunction,thetotal 

potentialenergycanbeformulated. 

5.   Thetotalpotentialenergyis thealgebraicsumof “Integralstrainenergyandexternal 

workdone”. 

Mathematically,Totalpotentialenergy,π=U–W 
 

WhereU–InternalstrainenergyandW–Workdonebyexternalforce 
 

6.   Bymakingthetotalpotentialenergytoreachminimumvalue(i.e.,stationarycondition), 



 
 

                                                                                           1 

theapproximatesolutioncanbedetermined. 

7.   Theaccuracyofthesolutiondepends onthenumberofRitzcoefficients. 
 
 
 

 
Problem1 

 

 

Findthedeflectionatthecenterofasimply supportedbeamofspanlengthl,subjectedtoa 

concentratedloadPatitsmid-point. 

 
 

Thetotalpotentialenergyforabeamis givenby,π=U–W 
 

 

 
 

WhereEis themodulus ofelasticity,Iis theareamomentofinertiaofthebeam sectionandyis 

thedeflectionwhichcanbeexpressedas, 
 

y=a1+a2x+a3x
2
+a4x

3
+…. 

 

tosimplifytheproblem,considerthefirstthreeterms suchas, 

 

(1) 

 

y=a1+a2x+a3x
2
 

 

Theboundaryconditions are y=0atx=0andx=l 

 

(2) 

 

Henceequations (2)becomes 0=a1and0=a2l+a3l
2
whichgives a2=-a3l 

 

 

Thenycanbeexpressedas,  
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y=-a3lx+a3x
2
=a3(x

2
-lx) 

Differentiatingtwotimes weget, 

 
(3) 

 

 
 

 
 

Thenstrainenergyis givenby, 
 

 

 

 
Workdone,W=P*  yatx=l/2 

 

=Pa3(x
2
-lx)atx=l/2(fromequation(3)) 

 
 

Thetotalpotentialenergyis givenby, π=U–W 
 

 

 
 
Forminimumpotentialenergycondition, 

 

 

 

 
 

Substituting hevalueofa3inEquation(3) weget, 
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Maximumdeflectionoccurs atx=l/2 

 
Hence, 

 

 

 
 

Therefore 
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is theappaccuratesolution,thedisplacementfunctionshouldcontainmorenumberofRitz parameters. 
 

Problem2 
 

 

Findthedeflectionatthecenterofasimply supportedbeamofspanlengthlsubjectedtoa 

concentratedloadPatitsmid-pointusingtrailfunctionfromtrigonometricseries. 

 
 
 
 
 
 

y=a1               +a2         
3    +a3         

5  +…
 

Tosimplytheproblem,selectonetermfunctionas, 
 

 

y=a1                =a                                                              (1) 
 

 
 
 
 

Nowconsiderthepotentialenergyasπ=U–W 
 

 

 

 
Differentiatingthedisplacementfunctiontwotimes weget, 
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Nowtheequation(2)implies 
 

 

 
 
 
 

 
WorkDone,W=P*ymax 

 

 

=P*  yatx=l/2  
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The totalpotentialenergy, π= U– W 

 

 

 
 

 
 

Maximumdeflectionoccurs 

atx=l/2 
 

 

 

 

 
 

 

WeightedResidualMe

thod 
 

 

Theweightedresidual methodisemployed to obtain approximatesolutionstolinearandnon 

linearnonstructuralproblemswhosecharacteristicsareexpressedintermsof differential 

equations.Therequiredsimultaneousequationstofindthesolutioncanbederivedfrom the 

governingdifferentialequation, withoutknowingthefunctional.Themethods are 

 

1.   PointCollocationmethod 
 

2.   Subdomaincollocationmethod 
 

3.   Leastsquaremethod 
 

4.   Galerkin’smethod. 
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S 

 
1.   Letye(x)is theexactsolutionofthedifferentialequation 

 

2.   Anapproximatefunctioncalledthetrialfunctionisconsideredy(x)=f(x,ai),i=1,2…. 
 

AndissubstitutedinthedifferentialequationtofindtheresidualR.Thetrialfunction 

shouldsatisfytheboundaryconditions. 

3.   Thisresidualisfurthertreatedtoevaluatetherequiredsolution.Itisessentialthatthe 

residualmultipliedbyaweighingfunction andthedomainintegral oftheproductshould 

bezero. 

4.   Thenumberofweighingfunctionsis equaltothenumberofunknowncoefficients inthe 

approximatefunction. 
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                                                                                           1 
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Inthismethodtheresidual is set to zero. 
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Solving weget 
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Problems forpractice 
 

 

1.   Derivetheexpressionfordeflectionandbendingmomentinasimplysupportedbeamof 

spanoflengthl,subjectedtoUDLoverentirespanusingtwoterm  trigonometrictrial 

functionusingRayleighRitzmethod. 

 
 

2. 
 

 
 

3. Solve thefollowingequationusingatwoparametertrial solutionby(a)Point 
 

Collocationmethodand(b)Galerkin’s method. 
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ONE DIMENSIONAL ELEMENT 
 

 

Barandbeam elementsareconsideredasOneDimensional elements.Theseelementsare 

oftenusedtomodeltrusses andframestructures. Baris amember whichresists onlyaxialloads. 

Abeamcanresistaxial,lateralandtwistingloads.Atrussisanassemblageofbarswithpin joints 

andaframeis anassemblageofbeamelements. 

 

 
 
 
 

 
As showninthefigure,aonedimensional structureis dividedintoseveralelements andtheeach 

elementhas 2nodes. 

 

Shapefunction 
 

N1N2N3areusuallydenotedas shapefunction.Inonedimensionalproblem,thedisplacementu 
=∑Niui=N1u1 

 
Fortwonodedbar element, thedisplacementatanypointwithintheelementis givenby, 

u=N1u1+N2u2 

Forthreenodedtriangular element, thedisplacementatanypointwithintheelementis givenby, 

u=N1u1+N2u2+N3u3 

v=N1v1+N2v2+N3v3 

 
Shapefunctionneedtosatisfythefollowing 

 

 

4) Firstderivatives shouldbefinitewithinanelement; 
 

 

5) Displacementshouldbecontinuous acrosstheelementboundary 

PROBLEMS 
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Problem2. 
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