Downloaded From : www.EasyEngineering.net
MEg492 KINEMATICS OF MACHINERY

E I
A
P G 20—
-C-"M.&nt’ff_t: e
|
(@) Space diagram. (b) Velocity diagram.
T —_ = = T !
vector o = v, =V, 1.76 m/s

vy = vector od=1.6m's

Vpg = Vector bd=1.7Tm's

VDB At .
gy = = = 36.96 rad/s (Clockwise about B
BD  0.046 3{Tles )
Example The erank of a slider crank mechanism rotates clockwise at a constant speed

of 300 r.p.m. The crank is 150 mm and the connecting rod is 600 mm long. Determine : 1. linear
velocity and acceleration of the midpoint of the connecting rod, and 2. angular velocity and angular
acceleration of the connecting rod, at a erank angle of 45° from inner dead centre position.

Solution, Given : N, = 300 r.p.m. or iy, = 2 ® * 300/60 = 31.42 rad/s; OB = 150 mm
015m:BA=600mm=0.6m

We know that linear velocity of B with respect to O or velocity of B.

Vgo = Vg = @go X OB=31.42 % 0.15=4.713 m/s
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(a) Space diagram. (b) Velocity diagram. (c) Acceleration diagram.
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vector ob = Vao = Vg™ 4.713 m/s

vag = vector ba =3.4m/s

Velocity of 4. vy, = vector ca =4 m/s

Vp = vectorod=4.1 m/s

r g _Vhe _(a713Y

Gy — = =148.1 m/s’
BO T o 0.15
2 2
: r B
aag = VAB _ G4) —19.3 m/s>

B4 0.6

vector 0'b’ = apg = ag = 148.1 m/s”

.
ay = vector o'd'=117 m/s-

-' 3. . : :
— Yan 2 5.67 rad/s® (Anticlockwise about B) _
BA 0.6

aig = 103 m/s’

a; 103 2 .
Glup == =171.67 rad/s” (Clockwise about B)
: B4 06

An engine mechanism is shown in Fig. 8.5. The crank CB = 100 mm and the
connecting rod BA = 300 mm with centre of gravity G, 100 mm frem B. In the position shown, the
crankshaft has a speed of 75 rad/s and an angular acceleration of 1200 rad/s’. Find:1. velocity of
G and angular velocity of AB, and 2. acceleration of G and angular acceleration of AB.
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Solution. Given : =75 rad’s ; Op-= 1200 rad/s2. CB=100mm=0.1 m; BA=300mm
=0.3m

We know that velocity of B with respect to C or veloeity of B,
Vpe =V = Qe XCB=75X01=75m/s ..{Perpendicular to BC)
Since the angular acceleration of the crankshaft, oy = 1200 rad/s?. thercfore tangential
component of the acceleration of B with respect to C.
@he = Ope X CB =1200 x 0.1 =120 m/s”
Note: When the angular acceleration is not given, then there will be no tangential component of the acceleration.
1. Velocity of G and angular velocity of AB

First of all. draw the space diagram. to some suitable scale. as shown in Fig. 8.6 (a). Now the
velocity diagram. as shown in Fig. 8.6 (b). 1s drawn as discussed below:

1. Draw vector cb perpendicular to CB. to some suitable scale. to represent the velocity of
B with respect to C or velocity of B (i.e. vy or vg). such that

vector cb =1 = vy = 7.5 m's

2. From point b. draw vector ba perpendicular to B A to represent the velocity of A with
respect to B i.e. v, g, and from point c. draw vector ca parallel to the path of motion of 4 (which is
along 4 C) to represent the velocity of 4 i.e. v,.The vectors ba and ca intersect at a.

3. Since the point G lies on 4 B. therefore divide vector ab at g in the same ratio as G divides
A B in the space diagram. In other words.

ag/ab= AG! AB
The vector cg represents the velocity of G.
By measurement, we find that velocity of G,

v = vectorcg = 6.8 m/s Ans.
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2. From point b. draw vector ba perpendicular to BA to represent the velociry of 4 with
respect to Bi.e. v, 5. and from point e, draw vector ca parzllel to the path of motion of 4 (which :s
aloug 4 C) 1o 1epreseut the velocity of 4 ie. vy The vectors ba and ca miersecl al a.

3. Since the point G l:es on 4 B, therefore divide vector ab atg in the same ratio as G divides
A4 B in the space diagram. In other words,

ag/ab= AG/ AB
The vector ¢g represents the velocity of G.
By weaswreinent, we find hat velocity ol G,

Vg = vectorcg=6.8 m/s Ans.

From velocity diagram. we find that velocity of 4 with respect to B,
v,g = vector ba =4 m/s
We know that angular veloeity of 4 B.
Vap 4

Wyp = 34 = 55 =13.3 rad/s (Clockwise) Anps.
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2. Acceleration of G and angular acceleration of AB
We know that radial component of the acceleration of B with
respect to C.

and radial component of the acceleration of 4 with respect to B.
2 2
ro=Ym 4 _ 5330
BA 0.3
Now the aceeleration diagram. as shown in Fig. 8.6 (¢). 1s drawn
as discussed below:
1. Draw wvector ¢’ b" parallel to CB, to some suitable scale. to  (¢) Acceleration diagram.

represent the radial component of the acceleration of B with respectto C. Fig. 5.6

ie. aﬁc- such that
vector ¢’b” = ahe = 562.5 m/s’
2. From point b", draw vector b” b' perpendicular to vector ¢’ b"” or CB to represent the
tangential component of the acceleration of B with respect to C i.e. ape . such that
vector b”b’ = apc = 120 nvs? . (Given)
3. Join ¢'b’. The vector ¢’ b'represents the total acceleration of B with respect to C i.e. ap,.
4. From point b’ draw vector b’ x parallel to B4 to represent radial component of the

acceleration of 4 with respect to B i.e. a,g such that
vector b'x = @yg = 53.3 m/s”
5. From point x. draw vector xa' perpendicular to veetor 'x or B A4 to represent tangential
component of the acceleration of 4 with respectto Bi.e. ghy. whose magnitude is not yet known.

6. Now draw vector ¢'a’parallel to the path of motion of 4 (which is along 4 C) to represent
the acceleration of 4 ie. a,.The vectors xa' and ¢'a’ intersect at a'. Join b" a’. The vector b’ a’
represents the acceleration of 4 with respect to B i.e. a,5.

7. In order 1o find the acceleratio of G. divide vectora’d’in g'in the same ratio as G divides
BAinFiz. 8.6 (a). Join ¢’ g’, The vector ¢ g’ represants the accelerat:on of G.

By weasureinenl, we [md that aceeleration of G.
— e e N B O N ; 2
a, =vectore'g'= 111 m/s= Ans.
From acceleration diagram. we find that sangantial component of the acceleratinn 07 4 with
respect to K.

a\g — vector xa' — 516 m/s’ --(By measurement)

.. Angular acecleration of 4 B,

t
s.
g = O '45’) = 1820 rads’ (Clockwise) Ans.
BA 0.3 —
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