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PHI LOSOPHY/ GOALS:

METHOD OF ASSESSMENT { GRADI NG METHOD) :
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Mechani cs of Machinery - Ham Crane & Rogers (McGraw-Hill)
Applied Kinematics - A.J. Ranobus (Prentice-Hall)



TOPI C NG

PROVI DED THERE

MECHANI CS OF MACHI NES

MCH 205-4

IS TI ME,

TOPI C | NFORMATI ON

Rel ative accel eration and accel eration
polygon

Static force analysis of machinery with
and without friction

Revi ew of Dynam cs
Inertia forces on bodies in translation
and applied rotation and plane notion

Inertia force analysis of mechancism

THE FOLLOW NG MAY BE COVERED:

Bal ancing rotating nasses

Vibrations & Critical Speeds in Shafts

Bal anci ng reciprocating masses



MECHAN CS CF MACH NES
MIY- 3
Part //1 - "Relative Acceleration - "Acceleration Pol ygon"

CENERAL GBJECTI VE

The student will be able to solve for the acceleration of any point on a mechani sm
by the nethod of "RELATIVE VELOO TIES'.

SPEQA FH C CBIECTI VES:

1. To
2. To
3. To

be able to define accel erati on of a point.
be able to define average accel erati on and i nstantaneous accel erati on.
be able to state that a capital V or A stands for the vector quantity of

velocity and acceleration, while the |ower case v or a stands for the nmagnitude

of

4. To

a)

b)

the velocity or acceleration.

be able to list and state that:

the nornal conponent of acceleration is: a, =V -~
A dt
and is perpendicular to the direction of V. , towards the center of rotation.

the tangential conponent of accelerationis a = —
A dt
and is parallel to the direction of V in the direction of the angular accel eration
A

point "A'.

the acceleration of point "A"is: A =A 4 A
A A A

be able to state and list that for a point on a |link noving about a center of rotation:
(0]

a = Rw = — (Radius of Qurvature = R
R

al = R*

a =J(@)" + (&)



MECHAN CS CF MACH NES
MIY- 3
Part #1 - Conti nued

6. To be able to state that the acceleration of a point "A' relative to a point "B"
is equal to the vector difference of the absol ute accel eration of A and B.

i-%-2AB ="A+ h
*B =1 B+ 4B
7. To be able to state that given: a *
tan 0 = e —'5
3 BA w
the angl e is independent of the location of the two points Aand B and is

dependent only upon the angul ar velocity and the angul ar accel eration of the body

8. To be able to state and use the following relationship to solve for A ..
A
*BA HV MA

9. To be able to state and realize that instantaneous centers as defined and used

for velocity anal ysis cannot be used for accel erati on anal ysis.

10. To be able to draw the accel eration polygon for a four |ink mechani smusing the

foll owing formil as and sol ve for:

3) AA " AI +AA xS V:ABA+ AB BA
b) ap = ooA W > A A+ A

c) a' = 0,A-°*
a 2 z

Yh="A+V

11. To be able to construct the acceleration polygon for a slider-crank nmechani sm

12. To be able to construct the accel eration pol ygon for a FOUR LI NK mechani smusing the
OQOWPLETE GRAPH CAL METHOD.

13. To be able to use and understand the "R TTERHAUS CONSTRUCTI ON' for solving for velocity &
accel eration polygons for the slider-crank rmechani sm-



MECHANI CS COF NACH NES MIY- 4

PART 2 - STATI C FORCES | N MACH NES

Ceneral (bjectives - To have a sound know edge of how static forces
act on nachines and how they are transferred through nmachi nes.

Specific bj ectives:

1) To be able to define (a) Static force analysis (b) dynamc force
anal ysi s.

2) To be able to state where forces are applied to nachi ne nenbers.

3) To be able to state where contact forces between two nachi ne
menbers occur in a turning or a sliding joint.

4) To be able to anal yse the forces acting in a Bell Cank,
(fig 10.1)

?} To be ?ble to anal yse the forces acting in an Engi ne Mechani sm
ig 10.2).

6) To be able to anal yse the forces acting in a Drag-1ink Mechani sm

7) To be able to list nmotion-resisting forces such as a) resistance
to sliding (b) resistance to rolling.

8) To be able to state the law of proportionality.

9) To be able to define a) Dy friction (b) thick film (c) Thin
filmor boundary fabrication.

10) To be able to state that the coefficients of static friction are
hi gher than coefficients of sliding friction.

11) To be able to.analyse the forces in a sliding joint and in a
turning joint.

12) To be able to define friction circle in a turning joint.
13) To be able to do a friction analysis of a higher pair.

%4) To be able to discuss the magnitudes of the coefficient of
riction.

15) To be able to carry out a friction analysis of a Bell Cank.

16) To be able to define efficiency of a machine.
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17) To be able to list the formula for efficiency

a) Eff =W - W = W

b) Eff

=
=
©

c) Eff = W2_ = Pop= £f
w + W Pp P

18) To be able to analyse the effect of friction in the Engine
Mechani sm

19) To be able to define (a) equivalent turning effort (b) instant-

aneous efficiezicy-

20) To be able to analyse the effect of friction in a stone crusher

21) To be able to analyse the effect of friction in a camnechanism

and list the fornula for efficiency for a cam

22) To be able to analyse the effect of friction on Screw Threads

and list and use -the formula for thread efficiency.
23) To be able to describe and anal yse resistance to rolling.

24) To be able to describe and anal sye the friction of Wapping
Connect or s.

25) To be able to solve problens |ike problem10.1, 10.4, 10.5,
10. 7, 10. 8.



PART 36t4- INERTIA FORCES

Ceneral (pjectives - To have a basic understanding of inertia forces
and how the effect nachi ne nenbers.

Speci fic (bjectives:

1) To be able to define resultant of forces.
2) To be able to define (a) weight, (b) mass (c) force.
3) To be able to define | NERTI A FORCE.

4) To be able to state that the inertia force of any elenment is
dependent upon its mass and its accel eration.

5) To be able to state that a dynam c force anal ysis takes into
account inertia forces.

6) To be able to analyse the inertia forces of a R gid Body having
pl ane noti on.

7) To be able to list and use the follow ng formul a
a) F=-wZr dm
b) T:'IG*<

8) To be able to state that the resultant of all the inertia forces
of arigid body is an inertia fo*ce through the center of gravity of
magni tude ma”™ and an inertia couple of magnitude |Q

9) To be able to analyse the Inertia Forces of a F oating Link.
10) To be able to list and use the formila:

h « l0<
FG
11) To be able to state that the resultant inertia force on a floating
link is the single force F which is parallel to AG opposite in

direction to AG, and displace a distance -h fromAQ. The nonent Fh
nmust oppose the angul ar accel eration of the Iink.

12) To be able to analyse the Inertia Forces of a link rotating
about a fixed center.

13) To be able to state that with a fixed axis of rotatation, the
inertia force of the link always passes through a fixed point E
on the link, this point is called' the"CENTER OF PERCUSSI ON' of the
link with respect to the fixed axis of rotation "0".



14) To be able to list and use the follow ng formnula:

a) T=2y/hy, + he
b) 1 ¢ « mhyhe = mhyf Ta - hA

15) To be able to find and use the Transverse and Radi al Conponents
of a force.

16) In a four link mechanismto be able to determne (1) the
inertia forces of the noving nmenbers (2) the torque which nust
be applied to the driving link (3) the effect of the inertia
forces upon the frame, given angular velocity and accel eration
of the driving link and mass and nonent of inertia of each of
the nmoving |inks.

17) To be able to do a conbined static and inertia force analysis.

18) To be able to discuss, find, and use the KI NETI CALLY EQU VALENT
SYSTEM for any given system

19) To be able to solve problens that illustrate the application
of the kinetically equivalent systemto an engi ne nechani sm

20) To be able to solve problens |ike problens 11-1, 11-2,
11-4, in the text.



PART 5 - BALANC NG OF MACH NERY

Ceneral (pjectives - To have a sound understanding of the theories
and practical applications of bal ancing of machinery.

Speci fic hjectives:

1) To be able to state two causes of vibrations in the frame of
a machi ne.

2) To be able to state the purpose of bal anci ng.
3) To be able to state two types of bal ance.

4) To be able to define (a) STATIC BALANCE
(b) DYNAM C BALANCE

5) To be able to list two groups of reactions between the conponent
parts of an engine in notion.

6) To be able to state that the effect of. rotating nmasses is to
produce centrifugal forces or kinetic |loads on the shaft to which
t he masses are connect ed.

7) To be able to state how a systemof rotating nasses is bal anced.

8) To be able to state the effect of a single rotating nass on
its shaft and how it can be bal anced.

9) To be able to state the effect of two rotating nasses not in
the sane plane of rotation and state how to bal ance the system

10) To be able to state; the effect of several rotating nasses in
a single transverse plane, and how to bal ance this system

11) To be able to state the effect of several rotating masses in
different transverse planes and how this systemis bal anced.

12) To be able to state that (a) the vector sumof all the centri-
fugal forces nust be zero. i.e. “mRw? = 0.

b) the vector sumof the nonents of all the forces with respect
to any arbitrarily chosen reference plance nust be zero.

w. e 21 rnR¥.



13) To be able to bal ance systens of any nunber of rotating nasses
using the general graphical nethod of balancing i.e. (& the nonent
pol ygon and force pol ygon (b) the two nonent pol ygons.

14) To be able to reduce nmasses to a common radi us.

15) To be able to use the anal ytical nethod of bal ancing a system
of rotating masses.

16) To be able to state the functions of a bal anci ng nachi ne.
17) To be able to define critical speed,

18) To be able to solve problens like 12.1; 12.5; in the text.



PART 6 -

bj ectives -
speeds,

Gener al
and critica

Specific Objectives;

1) To be able to state when an external
of a body within its elastic limt,
are set up that end to oppose the external

2) To be able to define a)
b)
c)
d)
e)

3) To be able to state the
and (b) Torsiona

4) To be able to state four

vi brati ons.

5) To be able to list the fundanental

vi brations of a shaft.

VI BRATI ONS & CRI TI CAL SPEEDS | N SHAFTS

To have a sound understanding of vibrations
what they are and what causes them

force charges the shape
internal restoring forces
force.

Free or natural vibration
Danped vi bration

Forced vibration
Resonance

Critical

chi ef cause of a)

speed.

| ateral vibrations

vi brati ons.

met hods of elimnating or reducing

equation for |ateral

6) To be able to draw the reciprocating harnonic notion of a

vibrating particle represented by the projection of

rotating vector.

the end of a

7) To be able to |ist and use the fornulas:

a) md®x = -kx
at”*
b) T = 2Wp
c) f » UT = P27,
8) To be able to list and use the fornula:
a) x = Acos pt + B sin pt (Di spl acenent)
b) v = -Ap sin pt + Bp cos pt (Velocity)
C) X = Xg cos pt + vo/p sin pt (CGeneral sol ution)



To be able to draw the displacenent tine curve for equating in objective
#8.

To be able to list and use the forml as:
K
a} p "/M

1 /K
2ad M

-1 /8
c) £ 2n/ AST

To be able to list and use the formulas for lateral vibration due to
a single rotating mass.

b) £ =

a) mx + e)w = Kw

) X = (K MN>-1
c) W - |
Ve _ it

J 2T AST

To be able to determne the critical speed of a shaft given a steel shaft
the dianeter, length, the |ocation and weight of a disk and the end
condi tions.

To be able to list the equation for lateral vibration due to several
rotating nasses.

To be able to solve problens to deternmine critical speeds using:

a) solution for a shaft with Uniform Section
b) solution for a shaft with nonuniform section
c) solution for shaft with distributed | oad. .



