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CIRCULAR
DATE: 19.05.2020

Intimation of course allotment for faculties in the Department of Mechanical Engineering during
ODD SEMESTER for B.E-MECHANICAL ENGINEERING.

S.NO NAME OF THE TITLE OF COURSE CODE | YEAR/SEM
FACULTY COURSE
Dynamics of ME 8594 1087AY
machines

Mechatronics ME 8791

(PRINCIPAL) IV/VII
Dynamics of ME 8594 1107AY
P.PRADEEP CASTRO | Machines
2 ASST-PROFESSOR &

Mechatronics ME 8791
MECH IV/VII

Note: Faculties are asked to follow the syllabus issued by Anna University, Chennai.

Copy to

1. The HOD
2. All the faculties of Mechanical Engineering Dept.

3. File copy
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MEB594 DYNAMICS OF MACHINES I; g (F)’

&0

OBJECTIVES:

* To understand the force-motion rolationship in components subjected to external forces
and analysle of standard mochanisme.,

* To undarstand the undesirable effects of unbalances resulling from prescribed maotions
In mochaniam,

* Tounderstand the effect of Dynamics of undesirable vibrations,

* To understand the principles In mechanisms used for spoed control and stability
control

UNIT I FORCE ANALYSIS 12
Dynamic force analysls ~ Inertia force and Inertia torque— D Alembert's principle ~Dynamic Analysis
In reciprocating engines — Gas forcas - Inertia effoct of connacling rod- Bearing loads — Crank
shall torque ~ Turning moment diagrams ~Fly Whoels — Flywheals of punching presses- Dynamics
of Cam- follower mechanism,

UNIT Il BALANCING 12
Static and dynamic balancing - Balancing of rotating masses — Balancing a single cylinder engine —
Balancing of Multi-cylinder Inline, V-engines — Partial halancing in engines ~ Balancing of linkages ~
Balancing machines-Fleld balancing of discs and rotors,

UNIT 1Nl FREE VIBRATION 12
Basic features of vibratory systems — Degrees of freedom — single degree of freedom — Free
vibration-- Equations of motion ~ Natural frequency — Types of Damping — Damped vibration—
Torslonal vibration of shaft ~ Critical speeds of shafts — Torsional vibration ~ Two and three
rotor torsional systems,

UNIT IV FORCED VIBRATION 12
Response of one degree freedom systems lo perlodic forcing — Harmonic disturbances —
Disturbance caused by unbalance ~ Support motion ~transmissibility — Vibration isolation vibration
measurement.

UNITV MECHANISM FOR CONTROL 12
Governors ~ Types — Cenlrifugal governors ~ Gravity controlled and spring controlled centrifugal
governors — Characteristics — Effect of friction — Controlling force curves. Gyroscopes ~Gyroscopic
forces and torques - Gyroscoplc stabllization — Gyroscopic effects in Automobiles, ships
and airplanes,

TOTAL : 60 PERIODS
OUTCOMES:

Upon the completion of this course the students will be able to

CO1 Calculate static and dynamic forces of mechanisms.

CO2 Calculate the balancing masses and their locations of reciprocating and rotating masses.

CO3 Compute the frequency of free vibration,

CO4  Compute the frequency of forced vibration and damping coefficient.

CO5  Calculate the speed and lift of the governor and estimale the gyroscopic effect on
automobiles, ships and airplanes.

TEXT BOOKS:
1. F. B. Sayyad, "Dynamics of Machinery”, McMillan Publishers India Ltd., Tech-Max Educational
resources, 2011, th
2. Rallan, 8.8, “Theory of Machines”, 4" Edition, Tata McGraw-Hill, 2014.
3. Uicker, J.J.,, Pennock G.R and Shigley, J.E., “Theory of Machines and Mechanisms”,
4" Edition, Oxford University Press, 2014,

REFERENCES:
1. Cleghomn, W. L, “Mechanisms of Machines’, Oxford University Press, 2014
. Ghosh. A and Mallick, A.K., “Theory of Mechanisms and Machines", 3" Edition Affiliated
. East-West Pvt. Ltd., New Delhi, 2006. th
.~ Khurmi, R.S.,"Theory of Machines”, 14" Edition, S Chand Publications, 2005.
; Rao‘J,fg.ggnd Dukkipati.R.V. “Mechanisms and Machine Theory", Wiley-Eastern Ltd., New
Delhi, ’
. Robert L. Norton, "Kinernatics and Dynamics of Machinery", Tata McGraw-Hill, 2009,
. V.Ramamurthi, "Mechanics of Machines", Narosa Publishing House, 2002, ,
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SRI RAAJA RAAJAN COLLEGE OF ENGINEERING & TECHNOLOGY

AMARAVATHIPUDUR, KARAIKUDI-630 301

& DEPARTMENT OF MECHANICAL ENGINEERING

' STUDENT NAME LIST
III YEAR/ V SEM BATCH 2020 -2024
SN | SR NAME
I |912520114001 | N.ASWIN
2 912520114002 | AV.BHARANITHARAN
3 912520114003 | CDHARMARAJ
4 | 912520114004 | A.GANESH KUMAR
5 | 912520114005 | B.GOWTHAM
6 | 912520114006 | V.GUNA
7 | 912520114008 | S.HARIHARAN
8 | 912520114009 | R KARTHIKEYAN
9 912520114011 | R.KAVINKUMAR
10 912520114012 | K.KAVIYARASAN
11 | 912520114013 | AMANIKANDAN
12 | 912520114014 | SMUTHUSETHUPATHY
13 | 912520114015 | PANDIKUMAR
14 | 912520114016 | N.PRAKASH
15 | 912520114017 | SPRAVEEN KUMAR
16 | 912520114018 | RRAGUL RAJ
17 | 912520114019 | LSAKTHIVEL
18 | 912520114020 | R SANTHOSH KUMAR
19 | 912520114021 | N.SARAN
20 | 912520114022 | G.SELVA KUMAR
21 | 912520114024 | B.SETHUPATHY
22 | 912520114025 | P.SRIRAMAN
23 | 912520114026 | SUKUMARAN
24 | 912520114027 | R.SURESH
25 | 912520114028 | P.VASANTH
6 | 912520114029 | V.VIGNESH
27,912520114030 | R.VISWA
N\ 1912520114301 | ARUNKUMAR S
29 |[:912520114302 | ARUN SELVAKUMAR C
30/ 912520114303 | BHARATHI M
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S | 912520114304 | GOWTHAM R |
| 912520114305 | HARIHARAN M (5/6/2000) }
912520114306 | HARITHARAN M _\
_ 912520114307 | HARIHARAN V J
| 35 | 912520114308 | KAILAINATHAN M B
36 | 912520114309 | KAMALESH S ‘
37 | 912520114310 | KIRUBAKARAN J ]
38 | 912520114311 | LOGESHWARAN R ]
39 | 912520114312 | MATHAN M
| 40 [912520114313 | MAYARAJA K
| 41 | 912520114314 | MOHAMED SATHIK A
| 42 | 912520114315 | MOHAMMED AASHIK J
|43 [ 912520114316 | MUTHU MANICKAM P ﬂ
|44 | 912520114317 | NATHER KADAR BATCHA M |
|45 | 912520114318 | NAVEEN SHANKAR K ﬂ
| 46| 912520114319 | NESAPRAKASHM
|47 | 912520114320 | OYYAPPANM i\
18 1912520114321 | PARAMASIVAM PL
19 1912520114323 | PARTHIBAN M |
S0 | 912520114324 | RAMKUMAR P |
51| 912520114325 | RISHIR
52 | 912520114326 | SABARISHR
53 | 912520114327 | SANTHOSHR J
54 | 912520114328 | SATHYAN A B
55 | 912520114329 SELVAMURUGAN T B
56 | 912520114330 | SIVAKUMARR |
571 912520114331 | SOMASUNDARA RAJAN S B
B~ 912520114332 | VENKATESHM |
59 1912520114333 | VIGNESH S |
60 1912520114334 | VIGNESH RAIR |
6l 1912520114335 | VIGNESHWARAN U 4
62 1912520114336 | VISHNU R ]
/,
\% %\v
“ N
e i ATEETATO I
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SRI RAAJA RAAJAN COLLEGE OF ENGINEERING & TECHNOLOGY,
AMARAVATHIPUDUR, KARAIKUDI

DEPARTMENT OF MECHANICAL ENGINEERING

Date:
Name of the Staff : P. PRADEEP CASTRO
Programme : B.E.
Course Code &Title  : ME8594 DYNAMICS OF MACHINES (R2017)
Year / Semester : [II YEAR/V SEM
COURSE PLAN

1. VISION& MISSION OF THE DEPARTMENT

VISION:-
To provide broad-based education and training in Mechanical Engineering
academia and society.

and its applications 10

enable the graduates meet the demands in a rapidly changing needs in industry,

MISSION:-
o Impart high quality technical education and training that cncompasses both theory and practice
with an emphasis on human and social values.

« To equip the students to face future technology and global changes.

« To create, explore, and develop innovations in mechanical engineering research.

2. PROGRAM OUTCOMES
¢ of mathematics and engineering sciences to develop mathematical

1. An ability to apply knowledg
models for industrial problems.

2. An ability to identify, formulates, and solve complex engineering problems. with high degree of

competence.

3. An ability to design and conduct experiments, as well as to analyze and interpret data obtained

through those experiments.

n mechanical systems, component, or a process to meet desired needs within the

4. An ability to desig
political and economic sustainability.

realistic constraints such as environmental, social,

y/4 '/'51.‘A'n“ability to use modern tools, software and cquipment to analyze multidisciplinary problems.
M >/ ; l
6. An ability to demonstrate on professional and ethical responsibilities.
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7. An ability to communicate, write reports and express research findings in a scientific community.
8. An ability to adapt quickly to the global changes and contemporary practices.
9. An ability to engage in life-long learning.

Program Specific Outcomes:-

PSO1: To analyze, design and develop computing solutions by applying foundational concepts
Mechanical Engineering.
PSO2: To apply engineering principles and practices for developing quality products and advang
manufacturing facilities

PSO 3: To adapt to emerging trends to innovate ideas and solutions to existing / novel problems

3. PRE-REQUISITE

To understand the force-motion relationship in components subjected to external forces
analysis of standard mechanisms.

4. OBJECTIVES

e To understand the undesirable effects of unbalances resulting from prescribed motions
mechanism.

e To understand the effect of Dynamics of undesirable vibrations.

e To understand the force-motion relationship in components subjected to external forces
analysis of standard mechanisms

e To understand the principles in mechanisms used for speed control and stability control.

5. COURSE OUTCOMES

Upon the completion of this course the students will be able to
CO1: Calculate static and dynamic forces of mechanisms.
CO2: Calculate the balancing masses and their locations of reciprocating and rotating masses.
CO03: Compute the frequency of free vibration.
CO4: Compute the frequency of forced vibration and damping coefficient.
CO5: Calculate the speed and lift of the governor and estimate the gyroscopic effect on automo

ships and airplanes
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6. MAPPING OF PO’S & CO’S

Jourse =
Jutcomes Program Outcomes (POs)
POl PO2 PO3 PO4 POS POG6 PO7 PO8 l’b‘)
Cco1 v v v v
CO2 v v v v v
Cco3 v v v v 7z | 7
CcCO4 v v v v
COS v v v v v v v

7. CURRICULUM GAPS

e Dynamic analysis of Single cylinder two stroke & four stroke engines.

8. SYLLABUS

UNIT I FORCE ANALYSIS

Dynamic force analysis — Inertia force and Inertia torque— D Alembert’s principle —Dynamic Analysis in
reciprocating engines — Gas forces — Inertia effect of connecting rod— Bearing loads — Crank shaft torque
— Turning moment diagrams —Fly Wheels — Flywheels of punching presses- Dynamics of Cam- follower

mechanism.

UNIT II BALANCING

Static and dynamic balancing — Balancing of rotating masses — Balancing a single cylinder engine —
Balancing of Multi-cylinder inline, V-engines — Partial balancing in engines — Balancing of linkages —
Balancing machines-Field balancing of discs and rotors.

UNIT 111 FREE VIBRATION

Basic features of vibratory systems — Degrees of freedom — single degree of freedom — Free vibration—
Equations of motion — Natural frequency — Types of Damping — Damped vibration— Torsional vibration
of shaft — Critical speeds of shafts — Torsional vibration — Two and three rotor torsional systems.

UNIT 1V FORCED VIBRATION

e degree freedom systems to periodic forcing — Harmonic disturbances — Disturbance
_transmissibility — Vibration isolation vibration measurement.

Response of on
caused by unbalance — Support motion
UNIT V MECHANISM F OR CONTROL

Governors — Types — Centrifugal governors — Gravity controlled and spring controlled centrifugal
Characteristics — Effect of friction — Controlling force curves. Gyroscopes —Gyroscopic
Gyroscopic stabilization — Gyroscopic effects in Automobiles, ships and airplanes.

governors —
forces and torques —

(O8]

Scanned with AnyScanner



List of Text Books by AU:

T1. F. B. Sayyad, “Dynamics

. of Machinery”, McMillan Publishers India Ltd., Tech-Max Educational
resources, 2011, :

T2. Rz\.llun, 8.8, “Theory of Machines”, 4 th Edition, Tata McGraw-Hill, 2014
T3. ﬂU}c.ker, JJ., Pennock G.R and Shigley, J.E., “Theory of Machines and Mechanisms”, ik
Edition, Oxford University Press, 2014
Reference Books by AU:

R1. Cleghorn. W. L, “Mechanisms of Machines”, Oxford University Press, 2014

R2. Ghosh. A and Mallick, A.K., “Theory of Mechanisms and Machines", 3 rd Edition Affiliated
East-West Pvt. Ltd., New Delhi, 2006.

R3. Khurmi, R.S.,”Theory of Machines”, 14th Edition, S Chand Publications, 2005.

R4. Rao.J.S. and Dukkipati.R.V. "Mechanisms and Machine Theory", Wiley-Eastern Ltd., New
Delhi, 1992.

RS. Robert L. Norton, "Kinematics and Dynamics of Machinery", Tata McGraw-Hill, 2009.

R6. V.Ramamurthi, "Mechanics of Machines", Narosa Publishing House, 2002.

9. LESSON PLAN
Text / . ] No. g
E Topic(s) to be covered Ref. LA T?achmg eI of % S
s . No. Aid Mode 5 8
o 9 Book Hrs | & =
- Z O O
UNIT I FORCE ANALYSIS
j || mamisfores analysis-- TI | 310 | BB |Interactive | 2 | CO I
Inertia force and Inertia torque
2 | D Alembert’s principle T1 | 11-12 | BB CO”izora“ 1 | coi
3 Dypamic Analysi; in T1 24-40 BB Collaborati 5 Co 1
reciprocating engines ve
- i 111-
4 Gas forges Inertia effect of T1 BB Interactive 5 Co 1
connecting rod 120
5 Bearing loads — Crank shaft T 90-96 BB Collaborati 1 0}
torque ve
6 Turning moment diagrams —Fly Ti 63-73 BB Interactive 2 | coj
Wheels

7 Flywheels of punching presses Tl 80-87 BB Interactive 2 | COI

l

No. of hours planned ............ No. of hours taken.............. Deviation........... :
REASOM.vevnereesssessrsnssssrsassessssessssssssssssssserrasststsrassssssssanes |l

e |
UNIT II BALANCING \

’ |
., 8 Static and dynamic balancing TI 178 BB Interactive 1 CO ZJ

/ 178- 1

9 | Balancing of rotating masses Tl 183 BB Interactive 2 CO2 |

|

NN
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Balancin i : : R
10 g a single cylinde _
engitie y r T1 183 BB Collaborati ) CO2
189 ve
Balancing of Multi-cylind -
o inline, V-engines SHICEE Tl 11?9 BB Interactive | 2 | CO2
Balancing a singl i H
12 engine i gle:oylinder Tl 118996 BB Interactive 1 CO2
Partial balancing i ines — 189-
13 ing in engines .
Balancing of linkages T1 196 BB Interactive | 2 | CO?2
14 | Balancing machines Tl 129262- BB Interactive 1 CcO2
Field balancing of di d 225- -
15 g or aiscs an
o T1 229 BB Interactive 1 CcO2
No. of hours planned ............ No. of hours taken.............. Deviation...........
REASOM . uuuenrreeeeneneerensrenssassssssssessnsrensnsnsssssrssasnansesssssases
UNIT III FREE VIBRATION |
Basic features of vibratory 247- \
16 | systems — Degrees of freedom— | T1 BB Interactive | 1 | CO3 l\
: ) 244 '
single degree of freedom |‘
Free vibration— Equations of 248- Interactive ;
17 q 2 3
motion - Natural frequency T 251 = co3 \‘
18 T}/pes_ of Damping — Damped T1 251- BB Interactive 5 £63
vibration 259
Free vibration— Equations of 259- Interactive .
4 motion - Natural frequency o 272 BB - ca 3 ‘
0 | Types of Damping — Damped T1 272- BB Interactive | cO3 !
vibration 286 )
Torsional vibration of shaft — 286- Interactive
T e
21 Critical speeds of shafts 1 303 BB % co3 l\
Torsional vibration — Two and 303- Collaborati '1
. T1 3
22 three rotor torsional systems. 316 BB ve ! co3 :
|
No. of hours planned ............ No. of hours taken.............. Deviation........... 5
REASON.eevveerensnrransessssrssssssnsssssseassmesnusssserossastuosannsstesnss
UNIT IV FORCED VIBRATION
374-
Response of one degree 378
23 | freedom systems to periodic Tl 41 81 BB Interactive | 3 | CO4
forcing
424
Y T 378- .
24 [’Harmonic-distorbances Tl BB Interactive | 2 | CO4
///// AAS 383
87 ) \
f7-] Disturbance caused: by 383- )
HE2 unbalafice : 418 BB Interactive 3 CO4
y 5
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video Resources

S.No. ‘
i

Video Link

D Alembert’s principle :
https://www.youtube.com/watch?v=PlbalGH4kmE

V1 \

V2 \ Balancing of Multi-cylinder inline engines :
|
|

https://www.youtube.com/watch?v=kyM8i4o0_7MY

V3 Degrees of freedom : -
https://www.youtube.com/watch?v=rATNoxKglyA

V4 Harmonic disturbances :
https://www.voutube.com/watch?v=vkh8Jfmm3hk

Vs Gyroscopes :
https://www.youtube.com/watch?v=Kjfzve6INWI

11. OTHER RELATED ACTIVITIES

S.No Name- o.f the No. of activities Details
activity planned
1 Assignment 3 Details Enclosed
2 Seminar - -
3. Guest Lectures - -
4 Industrial Visit - -

12. CONTENT BEYOND SYLLABUS

1. Anti-Gravity Wheel
13.JOURNALS

IEEE

Equivalent oscillator model for the nonlinear vibration of a porter governor

Author: AkuroBig-AlaboEmmanuel OgheneochukoEkprukeChinwuba VictorOssia
Volume 44, Part 1, 2021, Pages 2895-2901
14. INTERNAL TEST PORTIONS

JATI -2 Units (Unit 1 and Unit 2)
JIAT II -2 Units (Unit 3 and Unit 4)

MODEL EXAM —5 Units (Unit 1 to UnitS)

\g@\f/

\ Y

STAFF IN-CHARGE HOD ACADEMIC COORDINATOR \@Q\ PRINC
\\ ?(\\
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SRI RAAJA RAAJAN COLLEGE OF ENGINEERING & TECHNOLOGY

AMARAVATHIPUDUR, KARAIKUDI-630 301
DEPARTMENT OF MECHANICAL ENGINEERING
MES8594 - DYNAMICS OF MACHINES (R2017)
ASSIGNMENT QUESTIONS

III YEAR/ V SEM BATCH 2020 -2024
ASSIGNMENT -1
DATE OF
S.NO
TOPIC/ QUESTION SUBMISSION

Problems based on Dynamic Analysis in reciprocating engines — Gas
1 forces — Inertia effect of connecting rod

Problems based on Dynamic Analysis in reciprocating engines — Gas
2 forces — Inertia effect of connecting rod

Problems based on Dynamic Analysis in reciprocating engines — Gas
3 forces — Inertia effect of connecting rod

Problems based on Turning moment diagrams —Fly Wheels — Flywheels
4 of punching presses

Problems based on Turning moment diagrams —Fly Wheels — Flywheels
5 of punching presses

ASSIGNMENT -2
DATE OF
S.NO TOPIC/ QUESTION SUBMISSION

Problems based on Balancing of rotating masses — Balancing a single
1 cylinder engine

Problems based on Balancing of rotating masses — Balancing a single
2 cylinder engine

Problems based on Balancing of rotating masses — Balancing a single
3 cylinder engine
4 Problems based on Balancing of Multi-cylinder inline, V-engines
5 Problems based on Balancing of Multi-cylinder inline, V-engines

ASSIGNMENT -3
DATE OF
TOPIC/ QUESTION
Q SUBMISSION

7} Derivations on Equations of motion.

¢ | Derivations on Equations of motion.

Problems on Free vibration.

Problems on Free vibration.

Problems on Forced vibr@ion.

STAFF INCHARGE %OD EAN ACADEMIC co-ORDINAggQNq:m

\ 7
£t ﬂ“y W
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SRI RAAJA RAAJAN COLLEGE OF ENGINEERING & TECHNOLOGY
AMARAVATHIPUDUR, KARAIKUDI-630 301

DEPARTMENT OF MECHANICAL ENGINEERING
ME8594 - DYNAMICS OF MACHINES (R2017)

SEMINAR TOPICS
III YEAR/ V SEM BATCH 2020 -2024
DATE OF
S.N
O | UNIT TOPIC SEMINAR
1 1 Fly Wheels
2 2 Balancing machines.
3 3 Torsional vibration of shaft
4 4 Vibration isolation
5 4 Vibration measurement.
6 5 Governors — Types
7 S Gyroscopic effects in Automobiles J
|
AN
Wi ¢
g P
STAFF INCHARGE HOD DEAN ACADEMIC CO-ORDINATOR P IPAL
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SRI RAAJA RAAJAN COLLEGE OF ENGINEERING AND
TECHNOLOGY

DEPARTMENT OF MECHANICAL ENGINEERING
ME 8594 - DYNAMICS OF MACHINES
QUESTION BANK

UNIT I - FORCE ANALYSIS

PART-A

State the principle of virtual work.

Define inertia force and inertia torque.

Why flywheels are needed in forging and pressing operations?

Draw the turning moment diagram of a single cylinder double acting steam engine.
What is free body diagram?

Differentiate between static force and inertia force.

Differentiate between static and dynamic equilibrium.

Define applied and constraint forces.

Differentiate between static force analysis and dynamic force analysis.

0. What is the function of flywheel?

11. What is the purpose of flywheel? How does it differ from that of a governor?
12. State D’Alembert’s principle.

13. Define piston effort and crank effort.

14. Define crank effort and crank-pin effort.

15. What are the requirements of an equivalent dynamical system?

16. Explain the term maximum fluctuation of energy in fly wheel.

17. Define coefficient of fluctuation of energy.

18. Define coefficient of fluctuation of speed.

19. Explain surge and windup.

=0 NV E WD E

PART-B

1. The length of crank and connecting rod of a horizontal reciprocating engine are 100mm and 500 mm
respectively. The crank is rotating at 400 rpm. When the crank has turned 30° from the IDC, find
analytically, 1. Velocity of piston, 2. Acceleration of piston, 3. Angular velocity of connecting rod, 4.

Angular acceleration of connecting rod.

2. A certain machine requires a torque of (5000 + 500 sin 6 ) N-m to drive it, where 6 is the angle of
rotation of shaft measured from certain datum. The machine is directly coupled to an engine which
produces a torque of (5000 + 600 sin 26) N-m. The flywheel and the other rotating parts attached to the
engine has a mass of 500 kg at a radius of gyration of 0.4 m. If the mean speed is 150 r.p.m., find:1. the
fluctuation of energy, 2. the total percentage fluctuation of speed, and 3. the maximum and minimum
angular acceleration of the flywheel and the corresponding shaft position.

Scanned with AnyScanner



¢ The equation of the turning moment curve of a three crank engine is (5000 + 1500 sin 38) N-m.

where 0 is the crank angle in radians. The moment of inertia of the flywheel is 1000 kg-m“ and
the mean speed is 300 r.p.m. Calculate : 1. power of the engine, and 2. the maximum fluctuation
of .thef speed of the flywheel in percentage when (i) the resisting torque is constant, and (i) the
resisting torque is (5000 + 600sin0) N-m.

4. A sl}aft fitted with a flywheel rotates at 250 r.p.m. and drives a machine. The torque of machine
varies in a cyclic manner over a period of 3 revolutions. The torque rises from 750 N-m to 3000 N-
m uniformly during 1/2 revolution and remains constant for the following revolution. It then falls
uniformly to 750 N-m during the next 1/2 revolution and remains constant for one rev olution, the
cycle being repeated thereafter. Determine the power required to drive the machine and percentage
fluctuation in speed, if the driving torque applied to the shaft is constant and the mass of
the flywheel is 500 kg with radius of gyration of 600 mm.

5. A horizontal steam engine running at 120 r.p.m. has a bore of 250 mm and a stroke of 400 mm. The
connecting rod is 0.6 m and mass of the reciprocating parts is 60 kg. When the crank has turned
through an angle of 45° from the inner dead centre, the steam pressure on the cover end side is 550

KN/m? and that on the crank end side is 70 KN/m?. Considering the diameter of the piston rod
equal to 50 mm, determine: 1. Turning moment on the crank shaft, 2. Thrust on the
bearings, and 3. Acceleration of the flywheel, if the power of the engine is 20 kW, mass of the
flywheel 60 kg and radius of gyration 0.6 m

6. A single cylinder, single acting, four stroke gas engine develops 25 kW at 320 rpm. The work done
by the gases during the expansion stroke is three times the work done on the gases
during the compression stroke, the work done during the suction and exhaust strokes being
negligible. If the total fluctuation of speed is not to exceed £ 2% of the mean speed and the turning
moment diagram during compression and expansion is assumed to be triangular in shape,
find the weight of the flywheel if its radius of gyration is 0.5m.

7. The lengths of crank and connecting rod of horizontal steam engine are 300 mm and 1.2
m respectively. When the crank has moved 30° from the inner dead center, the acceleration of

piston is 35 m/sz. The average frictional resistance to the motion of piston is equivalent to a force

of 550N and net effective steam pressure on piston is 500 kN/mz. The diameter of piston is 0.3 m
and mass of reciprocating parts is 160 kg. Determine (i) Reaction on the cross-head guides; (i1)
Thrust on the crankshaft bearings; and (iii) Torque on the crank shaft.

8. The variation of crankshaft torque of a four cylinder petrol engine may be approximately
represented by taking the torque as zero for crank angles 0° and 180° and as 260 Nm for crank
angles 20° and 45°, the intermediate portions of the torque graph being straight lines. The cycle is
being repeated in every half revolution. The average speed is 600 rpm. Supposing that the engine
drives a machine requiring constant torque, determine the mass of the flywheel of radius
of gyration 250 mm, which must be provided so that the total variation of speed shall be
one percent.

9. A single cylinder vertical engine has a bore of 300 mm and a stroke of 400 mm. The connecting rod
is 1 m long and the mass of the reciprocating parts is 140 kg. On the expansion stroke, with the
crank at 30° from the top dead center, the gas pressure is 0.7 MPa. If the engine runs at 250 rpm,
determine, (i) Net force acting-on the piston , (ii) Resultant load on the gudgeon pin, (iii) Thrust on
the cylinder walls, and-(iv) The speed above which, other things remaining the same, the
gudgeon pin load }v,’o_uld"‘bé reversed in direction.
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.In a reciprocati i chani i '
procating engine mechanism, if the crank and connecting rod are 300 mm and I m long
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respectively > Cre og . "
; §?§cllvul) and the crank rotates at a constant speed of 200 rpm. Determine analytically,

1 My C 1 s . - » e = e

) e L_rank angle at which the maximum velocity occurs.(ii) Maximum velocity of the piston
(iii)Derive the relevant equations.

- (1) Deduce the expression for the inertia force in the reciprocating force neglecting the weight of

the connecting rod.(ii) A vertical petrol engine with cylinder of 150 mm diameter and 200
mm strokcs_has a connecting rod of 350 mm long. The mass is 1.6 kg and the engine speed is
1800 rpm. On the expansion stroke with crank angle 30° from TDC, the gas prcssurg is 750 KPa
Determine the net thrust on the piston.

UNIT-IT (BALANCIN
PART-A

. What is meant by balancing of rotating masses?

. Why rotating masses are to be dynamically balanced?

. Define static and dynamic balancing.

. State the conditions for static and dynamic balancing.

. Differentiate static and dynamic balancing.

. State the conditions for complete balance of several masses revolving in different planes of a shaft.
. Why complete balancing is not possible in reciprocating engine?

. Can a single cylinder engine be fully balanced? Why?

Differentiate between the unbalanced force caused due to rotating and reciprocating masses.
. Why are the cranks of a locomotive, with two cylinders, placed at 90° to each other?
. List the effects of partial balancing of locomotives.

. Define swaying couple.

. Define hammer blow with respect to locomotives.

. What are the effects of hammer blow and swaying couple?

. Define direct and reverse cranks.

. What for the balancing machines are used?

. What are different types of balancing machines?

. Explain the term primary balancing and secondary balancing.

. What are the conditions required for complete balancing of reciprocating parts?

. When is a system said to be completely balanced?

. What is tractive force?

PART-B

The following data refer to a two cylinder locomotive with cranks at 90°
(i) Mass of reciprocating parts/cylinder =300 kg

(i) Crank radius =300 mm

(iii) Diameter of the driyi(ngwlh_egl=l800 mm

(iv) Distance betwg{éj&%&?lt{rﬁaék"axis =600 mm

(v) Distance betweéi_i‘;fhe driving wheel =1600 mm. Determine: (1) The fraction of

the reciprocating masses to be balanced if the hammer blow is not to exceed 45 kN at 95 kmph.
Voo |

A
(2) Variation in tractive effort. (3) maximum swaying couple
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A shatt carries to - ' §

ke respec '\\! our masses A, B, C and D of magnitude 200 kg. 300 kg, 400 kg and 200
grespectively and revolving at radii 80 mm ) ‘ :
A at 300 mm, 400 mm and 700 mm. Th

W BAS B0 C70%and Cto D 1200

frovm
fron

70 mm, 60 mm and 80 mm in planes measured
¢ angles between the cranks measured anticlockwise are A
The l\\|ln'|nn masse o he e + nlane snd )
~ . G asses are to be placed in planes X and Y
Ihe distance between the ; SIS THHESSES P I
wd D ~\(mt Ll“ul) the planes A and X is 100 mm, between X and Y is 400 mm and between Y
g N o by 8 . N

) mm. I the balancing masses revolve at a radius of 100 mm, find their magn
and angular positions, h

: \“h il carries four masses in parallel planes A, B, C and D in this order along its leng
n\k masses at B and C are 18 kg and 12.5 kg respectively, and each has an eccentricity of 60 mm
1¢ masses at A and D have an eccentricity of 80 mm. The angle between the masses at B and C is

11‘00”‘ L\l}d that between the masses at B and A is 190°, both being measured in the same direction
The axial distance between the planes A and B is 100 mm and lh:u between B and C is 200 mm. 11
the shaft is in complete dynamic balance, determine :1. The magnitude of the masses at A and D .
2. the distance between planes A and D ; and 3. the angular position of the mass at D.

4. A five cylinder in-line engine running at 750 r.p.m. has successive cranks 1447 apart, the distance
between the eylinder centre lines being 375 mm. The piston stroke is 225 mm and the ratio of the
connecting rod to the crank is 4. Examine the engine for balance of primary and secondary forces
and couples. Find the maximum values of these and the position of the central crank at
which these maximum values occur. The reciprocating mass for each cylinder is 15 ke.

5.A. B. C and D are four masses carried by a rotating shaft at radii 100 mm, 125 mm, 200 mm and
150 mm respectively. The planes in which the masses revolve are spaced 600 mm apart and the
masses of B, C and D are 10kg, Skg and 4kg respectively. Find the required mass ‘A’ and relative
angular setting of the four masses so that the shaft be in complete balance.

6. A four crank engine has the two outer cranks set at 120° to each other, and their
reciprocating masses are each 400 kg. The distance between the planes of rotation of adjacent
cranks are 450 mm, 750 mm and 600 mm. If the engine is to be in complete primary
balance. find the reciprocating mass and the relative angular position for each of the inner cranks.
If the length of each crank is 300 mm, the length of each connecting rod is 1.2 m and the speed of
rotation is 240 r.p.m., what is the maximum secondary unbalanced force?

7. The following data apply to an outside cylinder uncoupled locomotive :

Mass of rotating parts per cylinder = 350 kg

Mass of reciprocating parts per cylinder =300 kg

Angle between cranks = 90°

Crank radius = 0.3 m

Cylinder centres = 1.8 m

Radius of balance masses = 0.8 m

Wheel centres = 1.5 m. P
If whole of the rota@%@xﬁ;\é”z'/f{r‘a‘uf reciprocating parts are to be balanced in planes of the driving
wheels, find:1. Maé/n;i\u{de@\d angular positions of balance masses, 2. Speed in km/hr at which the
wheel will lift offf’«ﬂfé ails when the load on each driving wheel is 30 kN and the diameter of tread

of driving wheels is 1,8 m, and3. Swaying couple at speed arrived at in (2) above plane.

s

N
N\
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ot he axes of the thr i : :
o) [he ax 51 ree cylinders air compressor are at 120° to one another, and their connecting rods
\(% are coupled to a single crank. The stroke is 160 mm and the length of each connecting rod is 240

mm. 'I(;hE? mass of th.e reciprocating parts per cylinder is 2.4 kg. Find the maximum primary and
secondary forces acting on the frame of the compressor when running at 2000 rpm.

o

9. A shaft carries four rotating masses A, B, C and D in this order along its axis. The mass of B, C and
D are 30 kg, 50 kg and 40 kg respectively. The planes containing B and C are 30 cm apart. The
angular spacing of the planes containing C and D are 00° and 210° respectively relative
to B r‘neasured in the same sense. If the shaft and masses are to be in complete dynamic balance,
find (i) the mass and the angular position of mass A; and (ii) the position of planes A and D.

10. (i) Four masses m1, m2, m3 and m4 attached to a rotating shaft on the same plane are 200 kg,
300 kg, 240 kg and 260 kg respectively. The corresponding radii of rotation are 0.2 m, 0.15 m,
0.25 m and 0.3 m respectively and the angles between successive masses are 45°, 75° and 135°.
Find the position and magnitude of the balance mass required, if the radius of rotation is 0.2 m.

(if) Explain with neat sketches, balancing of single revolving mass, by masses in two different
planes in a rotating system.

11. A shaft carries four rotating masses A, B, C and D which are completely balanced. The masses
B, C and D are 50 kg, 80 kg and 70 kg respectively. The masses C and D make angles of 90° and
195° respectively with mass B in the same sense. The masses A, B, C and D are concentrated at
radius 75 mm, 100 mm, 50 mm and 90 mm respectively. The plane of rotation of masses B and C
are 250 mm apart. Determine (i) the magnitude of mass A and its angular position
(ii) the position of planes A and D.

12. A shaft is rotating at a uniform angular speed. Four masses M1, M2, M3 and M4 of magnitudes
300 kg, 450 kg, 360 kg, 390 kg respectively are attached rigidly to the shaft. The masses
are rotating in the same plane. The corresponding radii of rotation are 200 mm, 150 mm, 250 mm
and 300 mm respectively. The angles made by these masses with horizontal are 0°, 45°, 120° and
255° respectively. Find, (i) the magnitude of balancing mass,(ii) the position of balancing mass if
its radius of rotation is 200mm.

13. A four cylinder vertical engine has cranks 225mm long. The plane of rotation of the first
second and fourth cranks are 600 mm,300 mm and 300mm respectively from that of the third
crank and their reciprocating masses are 100 kg, 120 kg and 100kg respectively. Find the
mass of the reciprocating parts for the third cylinder and relative angular position of the cranks it
order that the engine may be in complete primary balance.

UNIT-ITL FREE VIBRATION

PART-A

_Write the vibration characteristics.

“What is the difference between viscous damping and coulomb damping?
_What are the causes and effect of vibration?

. Define frequency, cycle, period and free vibration.

. What are the different types of vibrations?

. State different methqdi'q‘f; ,ﬁ_hdin_g natural frequency of a system.

. What is meant by/dc Wees of freedom in a vibrating system?

. What is the natfg aj /requcncy of simple spring mass system?

o1 O L AW N —
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. Determine the natura] frequency
of stiffness: SN/mm ang 8N/ d
10. What is the effect of inert
€rtia on the shaft in lonejtudi ibrati
11, What ar the differer, types of dmrny longitudinal and transverse vibrations?

12. Draw the schematic dia F
o : gram of a free d /ibrati / Ti erning
differential s e amped vibration system and write the governing
13. Sket ime Vs Displacement.
o il?-th; T{mf? Vs Displacement for under-damped and over-damped systems.
+. What is the limit beyond which damping is detrimental and why?
15. What is meant by critical damping? —
16. W ion is exhibited by a vi
6. What Y_\p? f)f motion is exhibited by a vibrating system when it is critically damped?
17. Define critical or whirling speed.
18. What are the factors that affect the critical speed of a shaft?
19. What are the causes of critical speed?

of m : .
i 2{55 of 10 kg suspended at the bottom of two springs
mm in serjes,

PART-B

1. -\ vertical steel shaft 15 mm diameter is held in long bearings 1 m apart and carries at its middle a
disc of mass 15 kg. The eccentricity of the centre of gravity of the disc from the centre of the rotor
> 2 wly 2 : cpe D
1s 0.30mm. The modulus of elasticity for the shaft material is 200 GN/m“ and the

permissible stress is 70 MN/m2. Determine: 1. The critical speed of the shaft and (ii).The range of
speed over which it is unsafe to run the shaft. Neglect the mass of the shaft.

1

A vertical shaft of 5 mm diameter is 200 mm long and is supported in long bearings at its ends. A
disc of mass 50 kg is attached to the centre of the shaft. Neglecting any increase in stiffness due to
the attachment of the disc to the shaft, find the critical speed of rotation and the maximum bending
stress when the shaft is rotating at 75% of the critical speed. The centre of the disc is 0.25 mm

from the geometric axis of the shaft. E =200 GN/m2.

A steel shaft ABCD 1.5m long has flywheel at its ends A and D. The mass of the flywheel A is 600
kg and has a radius of gyration of 0.6 m. the mass of the flywheel D is 800 kg and has a radius of
gyration of 0.9m. the connecting shaft has a diameter of 50 mm for the portion AB which is 0.4 m
long: and has a diameter of 60 mm for the portion BC which is 0.5 m long; and has a diameter of d
mm for the portion BC which is 0.6 m long. Determine :(i) The diameter ‘d” of the portion CD so
that the node of the torsional vibration of the system will be at the centre of the length BC;
and (ii) the natural frequency of the torsional vibrations. The modulus of rigidity of the shaft

)

material is 80G?\'.’m2.

4. Determine: (i) the critical damping co-efficient, (ii) the damping factor, (iii) the natural frequency
of damped vibrations, (iv) the logarithmic decrement and (v) the ratio of two consecutive
amplitudes of a vibrating system which consists of a mass of 25 kg, a spring of stiffness 15 kN/m
and a damper. The damping provided is only 15% of the critical value.

A shaft of length 1.25 m is 75 mm in diameter for the first 275 mm of length, 125 mm in diameter
for the next 500 mm length, 87.5 mm in diameter for the next 375 mm length and 173
mm in diameter for the remaining 100 mm of its length. The shaft carries two rotors at two ends.

i

. ’ o g 2 o 2
The mass moment of inertia of the first rotor is 75kgm” whereas of the second rotor is 30 kg-m~.
Find the frequency of natural torsional vibrations of the system. The modulus of the rigidity of the

W Y ]
shaft material may be m}«e{gl 80 GN/m™.

o
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6. Derive an expression for the natural fre itudi ibrati i ilibri
o quency of the free longitudinal vibration by (i)Equilibrium
method (ii) Energy method (iii)Rayleigh’s me};hod gitudinal vi y (DEq

7 Betwe?en a solid mass of 10 kg and the floor are kept two slabs of isolators, natural rubber and felt,
in series. The\natural rubber slab has a stiffness of 3000 N/m and an equivalent viscous damping
c9efﬁ01ent of' 100 N.sec/m. The felt slab has a stiffness of 12000 N/m and equivalent
viscous damping  coefficient of 330 N.sec/m. Determine the un-damped and the
damped natural frequencies of the system in vertical direction, neglecting the mass of isolators.

8. A steel shaft 1.5 m long is 95 mm in diameter for the first 0.6 m of its length, 60 mm in diameter
for the next 0.5 m of the length and 50 mm in diameter for the remaining 0.4 m of its length. The
shaft carries two flywheels at two ends, the first having a mass of 900 kg and 0.85 m radius of
gyration located at the 95 mm diameter end and the second having mass of 700 kg and 0.55 m
radius of gyration located at the other end. Determine the location of the node and the
natural frequency of free torsional vibration of the system. The modulus of rigidity of the shaft

material may be taken as 80 GN/m?2.

9. A vibrating system consists of a mass of 8 kg, spring of stiffness 5.6 N/mm and dashpot
of damping coefficient of 40 N/m/s. Find, (i) Critical damping coefficient (ii) the damping factor
(iii) the natural frequency of damped vibration (iv) the logarithmic decrement (V) the ratio

of two consecutive amplitude (vi) the number of cycle after which the original amplitude is
reduced to 20 percent.

10. The barrel of a large gun recoils against a spring on firing. At the end of the firing, a dashpot is
engaged that allows the barrel to return to its original position in minimum time without
oscillation. Gun barrel mass is 400 kg and initial velocity of recoils 1m. Determine spring
stuffiness and critical damping coefficient of dashpot.

11. In a single degree of damped vibration system a suspended mass of 8 kg makes 30 oscillations in

18 seconds. The amplitude decreases to 0.25 of the initial value after 5 oscillations. Determine (i)
the spring stiffness (ii) logarithmic decrement (iii) damping factor (iv) Damping coefficient.

UNIT-IV (FORCED VIBRATION)

PART-A

. What is fundamental frequency?

. What is meant by forced vibration?

. Define damping ratio or damping factor.

. Define logarithmic decrement.

. Define resonance.

. Give equation for damping factor { and damped frequency wd.

. What is meant by harmonic forcing?

What is meant by dynamic magnifier or magnification factor?
. Define transmissibili%;‘éif:‘f 52‘_1 |
10. Define transmissibji @f;’atid or isdlation factor.
11. What is vibratigy \glég‘l,qtion? R¥

O B
el
t o
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4. Write down the expression for am
13. List out the sources of excitation j
14. Show that for effective isolation o
15. Define step input and harmonic fo

plitude of forceq vibration,
n forced vibratjon,

f\{lbration, frequency ratio r > V2.
reing function,

PART-B

. A mass of 10 kg is g
fixed. The stiffne uspended from one end of a helical spring, the other end being

ss of ing i .
decreases to one- tenth th: ipﬂ.ng' is 10 N/mm. The viscous damping causes the amplitude to
of the initial value in four complete oscillations. If a periodic force of

h mass in the Ver i i i i

2. ?oerfl‘lf?:i}:amewiz: oli mass 2 kg _vibrates in a viscous medium. Determine the damping

. a harmonic exciting force of 25 N results in resonant amplitude of 12.5 mm with

a perloq of0.2 second. If the system is excited by a harmonic force of frequency 4 Hz,

what will b(? the percentage increase in the amplitude of vibration when damper is removed as
compared with that with damping?

3.A r'nachin§ supporte.d symmetrically on four springs has a mass of 80 kg. The mass of the
reciprocating parts is 2.2 kg which move through a vertical stroke of 100 mm with simple
harmonic motion. Neglecting damping, determine the combined stiffness of the spring so that the

force transmitted to foundation is 1/20th of the impresses force. The machine crank shaft rotates at
800 rpm. If under working conditions, the damping reduces the amplitudes of successive
vibrations by 30%, find (i) the force transmitted to the foundation at resonance and (ii) the
amplitude of vibration at resonance.

4. A harmonic exiting force of 25N is acting on a machine part which is having a mass of 2 Kg and
vibrating in viscous medium. The exciting force causes resonant amplitude of 12.5 mm
with a period of 0.2 sec. Determine damping coefficient.

5. A mass of 50 kg is supported by an elastic structure of total stiffness 20 KN/m. The damping ratio
of the system is 0.2. A simple harmonic disturbing force acts on the mass and at any
time‘t’ seconds, the force is 60sin10t newtons. Find amplitude of the vibration and phase angle

caused by the damping.

6. A mass of 50 kg is supported by an elastic structure of total stiffness 20 KN/m. The damping ratio
of the system is 0.25. A simple harmonic disturbing force acts on the mass and at any
time‘t’ seconds, the force is 75cos12t newtons. Find amplitude of the vibration and phase angle

caused by the damping.

7. A body having a mass of 15 kg is suspended from a spring which deflects 12 mm under the weight
of the mass. Determine the frequency of the free vibrations. What is the viscous damping force
needed to make the motion a periodic at a speed of 1 mm/s? If, when damped to this
extend a disturbing force having a maximum value of 100 N and vibrating at 6 Hz is made to act

on the body, determine the amplitude of the ultimate motion.

8. A single cylinder vertical petrol engine of total mass of 200 kg is mounted upon a steel chassis
frame. The vertical static deflection of the frame is 2.4 mm due to the weight of the engine .The
mass of the reciprocating.parts=is-18 kg and stroke of piston 160mm with S.H.M. If dashpot of
damping coefficient of 1IN/ vin/lised to damped the vibrations, calculate al steady state
(i) Amplitude of vibyt }aﬁg at 500 er engine speed. (ii)The speed of the driving shaft at
which resonance wifl'otcis.., \ :
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ofe cvlinder engine has an of |
o Jhwmc isk 150 ‘i\ an out of balance force of 500 N at
( ¢ » . . b N atl an engine spee ] 3
nw}mdc (-\f stead _ g and s carried on a set of 1t l“‘d 1 engine speed of 30rpm. The total
amplt steady mot; X otal stiffness 3( n(i) Fin
1‘wu;:1d;\1i(m (il a visc " ”.\L mass and maximum os iil L'\ ‘ R &
. e a8 viscous damping is interposed b KRR P B
damping force 1000 N at 1 m/s of elocity. posed between the mass and the foundation the
" and e 4 . elocity, find the g . b s
mass and its angle of I . . . e amplitude of force damped oscillation of the
gle of lag with disturbing force orce Camped osciliation o7

nc

The mass of an electric m i

S8 cl ( » .

C.G. hies 05 “L otor 1s 12()&3_ and it runs at 1500rpm. The arma 3 34

G. ies 0.5m o axis of AU 1e armature mass 1s 30kg and

ncg\igib\c d‘dmping S thent e rmulmn.‘ The motor is mounted on five ~;‘:~ of
: e force transmitted is one-cleventh of the impressed force

Assume that the mass of the . ,
mass of the motor is equally distributed among the five springs. Determ

LR

na

(1) The stiffness of the spring (i

e s e spring (ii) the dynamic force t i
SN Naereal £ { ransmitted to the base @ > operating specd
(i11) Natural frequency of system. e e

UNIT-V (GOVERNOR AND GYROSCOPE)
PART-A

1. What is the function of governor?
2. How governors are classified?

3. Differentiate between governors and fly wheel.

4. What is meant by applied torque and reaction torque?

5. What is meant by sensitiveness of a governor?

6. What is the effect of friction on the governor?

7. What is meant by hunting?

8. What is meant by isochronous conditions governor?

9. Differentiate between isochronous governor and sensitiveness of a governor.

10. Define the meaning of stability of a governor.

11. What is gyroscopic torque?

12. What is the effect of gyroscopic couple on rolling of ship? Why?

13. Define gyroscope.

14. What is meant by reactive gyroscopic couple?

15. Define gyroscopic couple.

16. Write expression for gyroscopic couple.

17. What is the effect of gyroscopic couple on an automobile taking a turn?

18. Distinguish between pitching and rolling motion of ships.

19. What will be the effect of gyroscopic couple on a disc fixed at a certain angle to a rotating shaft?
20. List some of the terms related to motion of ships using gyroscopic principle.
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/1. Aspring loaded governor of the Hartyel| type has cqual arms, The bells romets i & Gk o

?l’i?swgzir;it)he'Slgcvc " in'l.h(; mid position and the bal) armes are vertioa)

of S;)eed ta;l:’ls 'OOrrP,ln' The ll’]i‘i%in‘]uln sleeve movement is 1 e % can and the fras it st
1g in account the friction 1o be of the mid position sppad, Thie s of 1

kg and the friction force may be consideration w arise out of ::;,‘v/.':;; yadert Wy b ey 1

T.he power of the governor must be sufficient 1o overcome the 111".'7’/:: by » 1%t b

?l’fh,er way at mid-position, Determine |, The rotating mass: 7. the spring s610

initial compression of spring, Neglect obliquity cffect of arms, S

| hhe 13885000088 i fe

2. The driving axle of a locomotive with two wheels has s mass moment of inertia of 5%
wheels are 1.8 min, diameter. The distance between the planss of the whesls 0
V.Vhe“ travelling at 100 km/hr the locomotive passes over s defetive rail sk
right hand wheel to fall 10 mm and rise again in a wtal time of 0.1 s, the yertical ity e &
the wheel being with SHM. Find the maximum gyroscopic Wrgue cass, | ycterrnine e Gusais
in which it acts when the wheel is failing. Let the lincar motion of the fight hand s e 6 /0
where 0=0.005m and q=2n/0.1 rad/scc.

3. In an engine governor of the Porter type, the upper and lower atms ae 270 a1l
mm respectively and pivoted on the axis of rotation. ‘The mass of the centsal Josd s 1% kg, T

mass of each ball is 2 kg and friction of the slecve together yith the resistanes

operating gear is equal to a load of 25 N at the slecve, If the limiting inclinations of the i
arms to the vertical are 30° and 407, Find, taking friction into awsunt, rangs of spead of e
governor.

4. Explain the effect of the gyroscopic couple on the reaction of the four wheels of 2 venioic

neglecting a curve.

5 The radius of rotation of the balls of a Hartnell governor is %0 mm st the minimurm speed of )

r.p.m. Neglecting gravity effect, determine the speed after the sleeve has lifued by G0 mm. Al
determine the initial compression of the spring, the governor effort and the power, The particulars

of the governor are given below: Length of ball arm = 150mm; length of slesve arm = 10 men
mass of each ball = 4 kg; and stiffness of the spring = 25 N/mm.

6. The turbine rotor of a ship has a mass of 3500 kg, It has a radius of gyration of 0.AS m and z sy
of 3000 r.p.m. clockwise when looking from stern. Determine the gyroscopic couple and ity effed
upon the ship: 1. when the ship is steering to the left on a curve of 100 m radius at 2 spoed of 26

km/h. 2. When the ship is pitching in a simple harmonic motion, the bow falling with its maximum

velocity. The period of pitching is 40 scconds and the total angular displacement bhetwieen the twe
extreme positions of pitching is 12 degrecs.

7. A porter governor has equal arms each 250mm long and pivoted on the axis of rotation, Fach ball
has a mass of 5kg and mass of the central load on the sleeve is 25kg The radius of rotation of the
ball is 150mm when governor begins to lift and 200mm when the governor is «t maximum speed
Find the maximum and minimum speed and range of speed of the governor,

8. Calculate the rage of speed of a pogtergovernor which has equal arms of cach 200mm Jong an
pivoted on the axis of rotation / o muass of each ball is 4kg and the central load of the slecve i
20kg.The radius of rotation of/ hyb/all is 100mmi-when the governor being to lift and 130mm when
the governor is at maximum specd. - 7

;| /s
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A porter governor has equ
. S al arms eac
rotation and the lower arqe atltdr.hms each 250mm long. The
mass of 5kg and mass of the ached to sleeve at a distance o?%%er arms are atiached on the axis
) ce m t e S ae R s
150mm when governor begi Antraliload on the sleeve is 50 m frgm the axis.. Each ball has 2
r begins to lift and 200mm wh s 50kg.The radius of rotation of the ball is

the maximum and minj
minimum speed and range of speedenflge govemnor is at maximum speed. Find
of the governor.

A porter governor ha )

distance of 40mm anj S‘qeu?l arms each 250mm long. The upper arms are attached to sleeve at &

ball has a mass of 2.5kg a (?Wer are attached to sleeve at a distance of S0mm fro;n the axis Each

the sleeve is 20N Theg dr? gl Of.the central load on the sleeve is 25kg. The force of fr:;;io“ on
. radius of rotation of the ball is 125mm when gove;or begins to liﬁsand“ .

150mm when th
e governor is at maxi . i
and range of speed of the governor Fromu speet. R e RS and minimurm speed

10.

11. A hartnell gov :
governor having a central sleeve spring and two right angled bell crank lever operates

between

120mm rzezgégg]VZ?d ?FLOY?m for a sleeve lift of 15mm.The sleeve and ball arms are 80mm and

is 2.5kg The ball ary. e levers are pivoted at 120mm from the governor axis and mass of the ball

e and mi ms are parallel at I.(')west equilibrium speed. Determine (i) load on the spring at
and minimum speeds and (ii) Stiffness of the spring.

12. The controlling force in a spring controlled governor is 1500N when radius of rotation is 200mm
and 88'7.5N W.hen radius of rotation is 130mm.The mass of each ball is 8kg.If the controlling force
curve is a straight line, then find (i) Controlling force at 150mm radius of rotation (ii) Speed of the
g.overnor at 150mm radius.(iii)Increase in initial tension so that governor is isochronous.

(iv) Isochronous speed.

13. In a spring controlled governor, the controlling force curve is a straight line. When the balls are

400mm apart, the controlling force is 1200N and when 200mm apart, the controlling force

is 450N.Determine the speed at which the governor runs when the balls are 250mm apart.
When initial tension on the spring would be required for isochronisms and what would be the

speed. Take mass of each ball to be 10kg.

14. Calculate the range of speed of a proell governor, which has equal arms each of 300mm and are
rovided on the axis of rotation. The mass of each ball is 10kg and the central mass on the sleeve
is 100kg.The extension arms of the lower links are each 80mm long and parallel to the axis when

the radius of rotation of the balls are 150mm and 200mm.

15. The rotor of 2 turbine yatch rotates at 1200rpm clockwise when viewed from stern. The rotor has a
mass of 750 kg and radius of gyration of 250mm.Find the maximum gyroscopic couple transmitted
to the hull when yacht pitches with a maximum angular velocity of 1 rad/s. What is the effect of

this couple?

16. Each paddle wheel of a steamer have a mass of 1600kg and a radius of gyration of 1.2meters.The
steamer turns to port in 2 circle of 160meters radius at 24Km/hr.The speed of the paddle
is90rpm.Find the magnitude and effect of the gyroscopic couple acting on the steamer. (16)

17.The turbine rotor of a ship has a mass of 20 tones and 2 radius of gyration 0.75.Its speedis
2000rpm.The ship pitches 6° above and below the horizontal position .One complete oscillation

takes 18 seconds and the motion is simple harmonic. Determine (i) the maximum couple tending to.
shear the holding down bolt of the turbine. (ii)The maximum angular acceleration of the ship during

pitching(iii) The direction in which ;thq;bow will tend to turn while, if the rotation of the
rotor is clockwise when locking frOrr},reaf.

/ -
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Question Paper Code : 40835

B.IS./B.Tech. DEGREL EXAMINATIONS, NOVEMBER/DECEMBER 2021.
Fourth/IFifth Semester
Mechanical Engineering
ME 8594 — DYNAMICS OF MACHINES
(Common to Mechanical Engineering (Sandwich)/Mechatronics Engineering)
(Regulations 2017)
Time : Three hours Maximum : 100 marks
Answer ALL questions.
PART A — (10 x 2 = 20 marks)
1. List the two conditions for static equilibrium.
2.  State D’Alembert’s principle.
3. Mention any three factors that contribute to unbalance in a rotating system.
4.  When is a system said to be completely balanced?
5. What do you understand by degrees of freedom?
6.  List the various types of dampers.

7.  Calculate the deflection of the spring of stiffness 35 kN to which a body of mass
35 kg is suspended.

8.  Define transmissibility.

9. What do you mean by sensitiveness of governor?

10. What is gyroscopic torque?
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11.

12,

13.

()

(b)

(@)

(b)

(a)

PART B — bGx13=¢5 Marks)

rortin .
fl\"_)‘o":]:‘:‘l“:tdﬁll\)le zaf:l/mg steam engine has a cylinder 300 mm in diameter,
is 295 k; ;lo ,“ f‘“‘l ‘)})Ol'a‘tes at 200.1'pm. The mass of reciprocating parts
1 e “&n 1€ piston rod is 50 mm in diameter and the connecting rod is
metre long. When crank has turned through 125° from the top dead
C‘flltvl‘t‘. Flle steam pressure above the piston is 30 kN/m? and below the
piston is 2 kN/mze. Calculate the tangential force on the crank pin and

effective turning moment on the crankshaft. (13)

Or

The turning moment diagram for engine consist of two isosceles triangles
with maximum height of each triangle representing turning moment
equal to 1000 Nm, while the base of the triangle is from 6 = 0° to 180°
€= 180° to 360°. If the engine runs at 200 rpm and if the total fluctuation
of speed is not to exceed 2.8%, calculate the indicated horsepower of the
engine and moment of inertia of the flywheel. (13)

Shaft has eccentrics each 7.5 cm diameter and 2.5 cm thick machined in
one piece with the shaft. The central planes of the eccentrics are 6 cm
apart. The distance of the centres from the axis of rotation are 1.2 cm,
1.9 em and 1.2 em with angular positions 120° apart and the metal
weights 0.007 kg/m3. Calculate the out of balance force and couple at
600 rpm. If the shaft is balanced by adding two weights of radius 7.5 cm
and at a distance of 10 ¢cm from the central plane of the middle eccentrics,
find the weights to be added and their angular positions. (13)

Or

An air compressor has four inline cylinders at 90° intervals. The crank
radius is 140 mm, while the connecting rod is 560 mm long for each
cylinder. The mass of reciprocating parts is 20 kg for each cylinder and
speed of rotation is 600 rpm and the cylinders are 300 mm apart. Prove
that there is nil out of balance primary and secondary forces. Determine
the corresponding magnitude of primary and secondary couples. (13)

A vibration system consists of a mass 60 kg, a spring of stiffness
30 kN/m and a damper. The damping provided is only 20% of the critical
value. Determine (13)

(1)  the damping factor,

(i)  critical damping coefficient,

(111) natural frequency of the damped vibration
(1iv) log logarithm decrement and

(v)  ratio of the two consecutive amplitudes.
Or

2 40835
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b)  The
(b) Ih(.‘ flywheol o dt Enginne duie: A
:\«‘\'}(ln:‘f: of gyration of Zﬂlr(r\'r)llv“?lfi . D};an"lmo e g S
Hlective leng VA - I'he shaft at the flywheel e y ¢
armature ig ﬁtil:) (l)l e _mm and 50 mm diumetoryw'l‘l‘;((:l r(nr:js h:f"S t,}‘:
shaft has 50 mmqi'fmd 1ts radius of gyration is 22.5 mm 'l‘h(; Dynam;;
position of the n:);;:\nu:te; :{nd 200 mm effective length. Calculate the
C = 83 kM/mm. »and frequency of torsional oscillation. Assume
(13)
4. (@) A motor of wei

rht ¢ 5 r 1 A .
1 mm due ght 25 kg is mounted on a rubber pad which deflects by

of 0.1 mm to 1]“(’170" weight. The rotor weighs 5 kg and has an eccentricity
-4 mm and rotates at 1500 rpm. Find the amplitude of vibration of the

motor the force { i
! {t(}l u.nd the force transmitted to the foundation under no damping and
damping factor of 0.1 condition. (13)

Or

Deter_'minc the displacement amplitude of 1.5 Ton car moving with
vgloclty of 100 kmph as it passes over a rough road which has a
’s‘musmdul surface with amplitude of 756 mm and wavelength of 5 mm.
The suspension system has spring constant of 500 N/mm and damping
ratio of 0.5. (13)

(b)

15. (a) A porter governor has all four arms 300 mm long. The upper arms are
pivoted on the axis of rotation. Each ball has a mass of 4 kg and mass of
central load on the sleeve is 50 kg. The radius of rotation of the balls is
200 mm if the lower arms are attached to the sleeve at 36 mm from the
axis, determine the equilibrium speed of the governor. (13)

Or

(b) The turbine rotor of a ship has a mass of 2000 kg and rotates at a speed
of 3000 rpm clockwise when looking from a stern. The radius of gyration
of the rotor is 0.5 m. Determine the gyroscope couple and its effect on the
ship when the ship is steering to the right in a curve of 100 m radius at a
speed of 29000 m/hr. Also, calculate the torque and its effect when the
ship is pitching in Simple harmonic motion, the bow falling with its
maximum velocity. The period of pitching is 50 seconds and the angular
displacement between the two extreme positions of the pitching is 12°.
Find the maximum acceleration during pitching motion. (13)

PART C — (1 x 15 = 15 marks)

16. (a) Investigate the term involved in the equation of motion of one degree of
freedom system as given by 5% + 3x+12x=10sinw ¢ . (15)

Or

(b) Prove that the resultant unbalanced force is minimum, when half of the
reciprocating masses are balanced by rotating masses i.e. when ¢ = 1/2. (15)

3 40835
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PART B (4 X 10 Muvks)
Answoer all the questions

The lengths of erank ‘
o {.l;\gklt,l\\:::;;:\;}:‘ii\\.\:“‘l\‘,({\‘“\‘.-';"‘“\ll‘;'w'v“"‘ ol hovizontnl slenm engine ire 300 mm
sontar, the socclan ' s won Lhe ("u‘.:nk h.n:t'nmvml a0e l.:'mn the mnner dead
%6 the motian o1 ; (\ no 'pmlnn 0 e, l‘lw nvernge frictionnl resiatance
e prossum; (\:\L\;'(«):‘ N \\('|.uwulunl I..n' n force of BOO N nnd net effective
e i g S |‘lh on s 500 K N/l'll'. 'he durmoter of the piston s 0.3 m
) 8 procating pavts s 160 kg, Dotermine

. rl\\v:wlmn on the cross-hoand guides

. 'I‘hrusl‘ on crank shaft bearing

* Torque on the crank shaft.

™ :
Ny e ?a O . . . ) £ L
The crank-pin cirele radiug of & hovizontal engine in 300mm. The mass of

he reciprocating parts is 260 ki When the erank has travelled 607 from
and the back pressares is

‘l.l).(‘-.‘ the differenee betweon the driving
0.35 N/ mm=. The conneeting rod length hetween centres is 1,2m and the
C}'lindm‘ bore is O.6m. If the engine runs at 260 v.p.om., and if the effect of
piston rod diameter is neglectod, ealeulate the pressure on ghde bars, the
thrust in the connecting rod, the tangential force on the cranlk-pin and
the turning moment on the crank shaft.

The turning moment diagram for a multi-cylinder engine has been drawn
to a vertical scale of Imm = G560 Nm and a horizontal scale of 1 mm =
4.5°. The areas ahove and below the mean torque line are 28, +380,
— 260, +310, —300, +242, - 380, +266 and - 229mm?” . The fluctuation
of speed i1s limited to + 1.8% of the mean speed which is 400 rpm. The
density of the rim material is 7000 kg/m? and the width of the rim is 4.5
times its thickness. The centrifugal stress in the rim material 18 Jimited
to 6 N/mm? Neglecting the effect of the boss, and the arms, determine

the diameter and the cross-section of the flywheel rim.

The turning moment diagram for a four stroke gas engine is represented by
four triangles. The area form line of zero pressure are as follows : 1. Suction
stroke 350 mm* 2. Compression st roke 1100 mm? 3. Expansion stroke
3550 mm? 4. Exhaust stroke 500 mm?®. Ilach mm? represents 3N-m. Assuming
the resisting moment to be uniform, find the mass of rim of flywheel required
__ to keep the mean speed as 200 rpm within +2%. The mean radius of the rim
~may be taken as 0.75 m. Also determine the erank position for maximum and

—minimum speeds.
A circular disec mounted on a shatt carries three attached masses of 4 kg,

3 kg. and 2.5 kg at radial distances of 76 mm, 85 mm, and 50 mm, and at

angular positions of 45°, 186° and 240° respectively. The angular
positions are measured counter - clockwise from the reference line ulmug.
x-axis. Determine the amount of the counter-mass at a radial distance of
75 mm required for the static balance.
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‘he turning mome :

o a scale of 1 mmeitg(;aén gm s iy multi cylinder engine has been drawn

intercepts between out -m vertically and 1 mm = 2.4° horizontally. The

snd are 342, 230, 945 };ut and mean resistance line taken in order from one

ot 150 rpm,'l‘f thé m , 808, 115, 232, 227 and 164 mm? and the engine runs

siieiidank 9‘?3 of the flywheel is 1000 kg and the total fluctuation of
not excoed 3% of mean apoed, find the radius of gyration.

e PART - C (1 x 15 Marks)
1) Differentiate between static and dynamic balancing.

ii) A circular disc mounted on a shaft carries three attached masses 4kg,
3 kg and 2.5 kg at radial distances 75 mm, 85 mm and 50 mm and at the
angular positions of 45°, 135° and 240° respectively. The angular positions are
measured counter-clockwise from the reference line along x-axis. Determine
the amount of the counter mass at a radial distance of 75 mm required for
the static balance. . ’ '

Aninside cylinder locomotive has its cylinder centre lines 0.7 m apart and has
a stroke of 0.6 m. The rotating masses per cylinder are equivalent to 150 kg at the
¢rank pin, and the reciprocating masses per cylinder to 180 kg. The wheel centre
lines are 1.5 m apart. The cranks are at right angles. The whole of the rotating
and 2/3 of the reciprocating masses are to be balanced by masses placed at a

radius of 0.6 m. Find the magnitude and direction of the balancing masses.
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SRI RAAJA RAAJAN COLLEGE OF ENGINEERING AND TECHNOLOGY,
AMARAVATHIPUDUR
DEPARTMENT OF MECHANICAL ENGINEERING
INTERNAL ASSESSMENT -2
ME8594 — DYNAMICS OF MACHINES
nI*° YEAR/ V™M SEM DURATION: 1.5 HRS
MAX. MARKS: 50

PART — A (5 X 2 Marks)
Answer all the questions

Define logarithmic decrement.

State different methods of finding natural frequency of a system.

Differentiate node and antinode with respect torsional vibrations.

What is damping?

What are the different types of damped vibrations ?

What is vibration isolation ?
Define transmissibility.

List the types of external excitations.

What are the instruments used for measurement of vibration levels in a body ?

Define dynamic magnifier.

PART B (4 X 10 Marks)
Answer all the questions

hine mounted on springs and fitted with a dashpot has a mass 60 kg
%h?raecare three springs in parallel egch of stiffness 12 Nlmr'n. The amplitude
of vibration reduces from 46 to 8 mm In two comp}ete oscillations. Assume that
the damping force varies as the velocity. Determine (a) damping coefficient
(b) the ratio of frequencies of damped and undamped vibrations () the periodic

time of damped vibration.

y |5Ashaft 1.5 m long, supported in flexible bearings at the ends carries two wheels
ANCESEK of 5O kg mass. One wheel is situated at the centre of the shaft and the
., otherata distance of 375 mm from the centre towards left. The shaft is hollow

7

’

%, of exterhal diameter 75 mm and internal diameter 40 mm. The dcnsit.):)of "ih(z
5 | “ghaft material 1s 7700 kg/m?® and its modulus of elasticity is 200 GN/m?. Find
the lotwest whirling speed of the shaft, taking into account the mass of the

ghaft.
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A cotl of spring stiffness 4 Nmm supports vertieaily 4 mase of 20 kg st thw free
end The motion 1a resisted by the mil dashpot [t s found that the ampitusde
at the beginning of the fourth cycle 1s 0 A times the amplitude of the previous
vibration. Determine the damping fores per unit velooty Also fursd the rats

of the frequency of damped and undamped nibrations

In a damped free « brations mass s 2 kg and Spring suffness us 100 Nom
[ 4 . - 2 "

t1s cbserved that an initial amplitede of 100 mm s reduced 1o | ma a
{ i £

10 oscillations. Find the damping constant and the natural frequency of

vibratwons

A centrifugal fan of mass 5 kg has a rotating unbalance of 025 kg =
When dampers having damping factor of 0.2 are used, spealy the springs
for mounting such that only 10% of the unbalance force ie ransmtied W
the floor. The fan 18 running at a constant speed of 1000 rpm

A vehicle of mass 1200 kg 16 travelling on a road. the eurface of whach
vanes sinusoidally with an amplitude of 0.05 m and wase length of 6 ™
The suspension system has a epring constant of 400 kN m and a damping
factor of 05. If the vehicle speed 18 100 km'hr determine the

displacement amplitude of the vehicle.

A 1000 kg machine 1 mounted on [ e wdentee i) springs of total spovng
| ¥4 t 3 ] $1. A n T - | T —
conztant K and paving neghgiie sanping I he Mmachitne 8 as b B
1 3 & N o4 & v T BTN To—
harmonic external {oroe of ampl 90 M andg fregquency VW Y

Determene the an ;,}‘n;'i; G motyon { the mochine ard fhe masyms
foree transmitted o the fcundaticn bocause { the unbalanced fogce mle

K = 1.96 = 10° N/m

5 &

The springs of an avtomobile tr ule r are compressed 2 lm under its omn
weight. Find the ritieal speed wiv n the trailer :a travelling over & rad
with a profile app: sximated by a sine wave of amphitude 0085 m and wave

lengthof 14 m What will be the an plitude of vibraston at 60 km he”

A single-cylinder vertical petrol engine of total mass of 200 kg 1s mounted upon
a steel chassis frame. The vertical static deflection of the frame 18 2 4 mm due o
the weight of the engine. The mass of the reciprocating parts is 18 kg and the
stroke of the piston is 160 mm with SHM. [fdashpot of damping coefficsent of
1 N/mm/s is used to dampen the vibrations. calculate at steady state i
T amplitude of foroed vibrations at 500 rpm engine speed and the speed of driving
,‘ sha® at which resonance will occur.
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A compressor gy

pPport /
The mass of the recipr(?cits' .
of 80 mm with SHM.N 1

the springs so th determi

. at th : etermine t A .

impressed force, T} e force transmitted to the foui‘saizib;neﬁ ;tﬁfness of
18 1/25™ of the

Mmetrica]]

, 8 at 1000 r
l‘esonance . pm) the fOI‘Ce tra i ‘
and the amplitude of the vibrations ;;er‘?stotigrf:e Fhe foundation at

PART-C (1x15 Marks)

?1. steel shaft ABCD 1,56 m long has flywheel at its ends A and B, The mass of
yyvh@el A is 500 kg and radius of gyration 0.6 m. The mass of the flywheel
D. is 700 kg and has & radius of gyration 0.9 m. The connecting shaft has &
diameter 80 mm for the portion AB which is 0.4 m long and has & diameter of
70 mm for BC which is 0.6 m long and has a diameter of d for the pertion CD
which is 0.8 m long, Determine ) the diameter of portion CD 89 that the nede
of the tovsional vibration of the system will be at the centre of length BC _and
i) Natural frequeney of the torslenal vibrations. The modulus of rigidity for
the shaft material is 80 GN/m?2, :

The following data relate to a shaft held in long bearings.
Length of the shaft ~1.2 m

Diameter of the shaft — 14 mm

Mass of a rotor at midpoint — 16 kg

Eccentricity of centre of mass of rotor from centre of rotor — 0.4 mm
Modulus of Elasticity of shaft material - 200 GN/mm?

Permissible stress in shaft material - 70 X 106 N/m?2

Determine the critical speed of the shaft and the range of speed over which it
is unsafe to run the shaft. Assume the shaft to be mass less.
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9

PART - A (10 X 2 Marks)
Answer all the questions

Define the coefficient of fluctuation of speed.
Distinguish between crank effort and piston effort.
What is meant by crank-pin effort?

State D’Alembert’s principle.

Differentiate transverse and torsional vibrations.

Define logarithmic decrement, using a neat sketch.

Give the general equation of forced vibration of a mechanical system.
List the requirements of Isolators.

Define governor effort.

10 Sketch a gyroscope and indicate the parts.

PART B (5 X 13 Marks)

11. a) The lengths of crank and connecting rod of a horizontal engine are 200 mm and

1 m respectively. The crank is rotating at 400 rpm. When the crank has turned
through 30° from the inner dead centre, the difference of pressure between cover
and piston rod 0.4 N/mm2. Ifthe mass of the reciprocating parts is 100 kg cylinder
bore is 0.4 m, then calculate, the inertia force, force on piston, piston effort,
thrust on the sides of the cylinder walls, the thrust in the connecting rod, and
the crank effort.

o

2
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b) The turning moment diagram for a four stroke gas engine is represented by
four triangles. The area form line of zero pressure are as follows : 1. Suction
stroke 350 mm® 2. Compression stroke 1400 mm* 3. Expansion stroke
3550 mm? 4. Exhaust stroke 500 mm? Each mm?® represents 3N-m. Assuming
the resisting moment to be uniform, find the mass of rim of flywheel required
to keep the mean speed as 200 rpm within #2%. The mean radius of the rim
may be taken as 0.75 m. Also determine the crank position for maximum and
minimum speeds.

12. a) Ashaftcarries four masses in parallel planes A, B, C, and D in this order along
its length. The masses at B and C are 20 kg and 15 kg respectively, and each
has an eccentricity of 60 mm. The masses at A and D have eccentricity of 80 mm.
The angle between the masses at B and Cis 100° and that between the masses
at B and A is 190°, both being measured in the same direction. The axial
distance between the planes A and B is 100 mm and that between B and C is
200 mm. Ifthe shaft is in complete dynamic balance, determine the magnitude
of the masses at A and D, the distance between the planes A and D and the
angular position of the mass at D,

(OR)

b) Aninside cylinder locomotive has its cylinder centre lines 0.7 m apart and has
a stroke of 0.6 m. The rotating masses per cylinder are equivalent to 150 kg at the
crank pin, and the reciprocating masses per cylinder to 180 kg. The wheel centre
lines are 1.5 m apart. The cranks are at right angles. The whole of the rotating
and 2/3 of the reciprocating masses are to be balanced by masses placed at a
radius of 0.6 m. Find the magnitude and direction of the balancing masses.

13. (a) In a damped free vibrations mass is 2 kg and Spring stiffness.is 100 N/m.
It is observed that an initial amplitude of 100 mm is reduced to 1 mm in
10 oscillations. Find the damping constant and the natural frequency of
vibrations. ‘

Or

b) The following data relate to a shaft held in long bearings.

Length of the shaft - 1.2 m

Diameter of the shaft — 14 mm

Mass of a rotor at midpoint ~ 16 kg

Eccentricity of centre of mass of rotor from centre of rotor — 0.4 mm
: f odulus of Elasticity of shaft material — 200 GN/mm?
\‘ffPérmiésible stress in shaft material — 70 X 106 N/m?
;/ ‘”?Determine the critical speed of the shaft and the range of speed over which it
£ l is unsafe to run the shaft. Assume the shaft to be mass less.
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14.

(a) A 1000 kg machine is mounted o1 four identcal springs of total spnng

constant K and having negligible damping The machine 18 subjected o 2

harmonic external force of amplitude Fo = 490 N and frequency 180 rpm
Determine the amplitude of motion of the machine and the maxamum

force transmitted to the foundation because of the unbalanced force when

'K =1.96x10° N/m.

Or

b) A compressor supported symmetrically on four springs has a mass of 100 kg

The mass of the reciprocating partsis 2 kg which move through a vertical stroke
of 80 mm with SHM. Neglecting damping, determine the combined stifiness of
the springs so that the force transmitted to the foundation 18 1/25'h of the
impressed force. The machine crankshaft rotates at 1000 rpm. When the
compressor is actually supported on springs, it is found that the damping reduces
the amplitude of successive free vibrations by 25%. Find the force transmitted
to the foundations at 1000 rpm, the force transmitted to the foundation at
resonance and the amplitude of the vibrations at resonance.

16. a) The armsofa Porter governor are 250 mm long. The upper arms are pivoted

on the axis of revolution, but the Jower arms are attached to a sleeve at &
distance of 50 mm from the axis of rotation. The weight on the sleeve is 600 N and
the weight of each ball is 80 N. Determine the equilibrium speed when the
radius of rotation of the balls is 150 mm. If the friction is equivalent to a load
of 25 N at the sleeve, determine the range of speed for this position.

(OR)

b) In a spring loaded governor of the Hartnell type, the weight of each ball 18

50 N and the sleeve lift is 50 mm. The governor begins to float at 240 rpm
when its radius is 110 mm. The mean speed of the governor is 20 times the
range of speed when the friction 1s neglected. The lengths of the ball and
roller arms are 12 and 10 cms. Distance of the pivot of bell crank lever from
governor axis is 14 cm. Find the initial compression on the spring, taking
into account of the obliquity of the arms.
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PART - C (1 x 15 Marks)
The turning ) '
16. a) by fou:-v::;ag m?mnnt d ot a f ke Cngine is nssumed ¢y
\ ngles, the areqs of which from the line of zero press:
Suction stroke = 440 mm?2
Compression stroke = 1600 mm?
Expansion stroke = 7200 mm?
Exhaust stroke = gg0 mm?

tagram of a fouy- gep

he repreacrited
ITe are

Each mm? of area p

epresents 3 Nm of encrgy. If the resisting torque is uniform,
determine the mass of the rim of a flywheel to keep the speed between 218 rpm
n the mean radius of the rim is to be 1.25 m.

(OR)
b) Ashaft 30 mm diameter and 1.5

m long has a mass of 16 kg per metre length. It
is simply supported at the ends

and 222 rpm, whe

and carries three isolated loads 1 kN, 1‘3 kN,
and 2kNat 0.4 m, 0.6 m and 0.8 m respectively from the left support. Find the
frequency of the transverse vibrations.

1) Neglecting the mass of the shaft and
if) Considering the mass of the shaft

Take the Young's modulus of the shaft material I as 200 GPa.
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