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* Lecture aims:
* Understand the Kinematics analysis.

* Identify the velocity diagram.




* Six bar mechanism

Model Examples




* Six bar mechanism

Model Examples




Planar Rigid body Kinematics: Review

Kinematics of rigid bodies: relations between time and the positions, velocities, and
accelerations of the particles forming a rigid body.

Classification of rigid body motions:

- translation:
®* curvilinear translation

* rectilinear translation

- motion about a fixed point
- general plane motion

- rotation about a fixed axis
- general motion




Planar Rigid body Kinematics: Review

* Translation

* FPor any two particles in the body, Fp =T4+7p4

* Differentiating with respect to time, Fp=T4q+ipjq =Ty
Vg =V4

All particles have the same velocity.

* Differentiating with respect to time again, Py =Py 454 = Py

: - dg =d
All particles have the same acceleration.




Planar Rigid body Kinematics: Review

* Rotation About a Fixed Axis. Velocity

* Consider rotation of rigid body about a fixed axis 4.4’

Velocity vector V =dr/dt of the particle P is
tangent to the path with magnitude v = ds/dt
As = (BP)AEG = (rsin ¢ )AH
ds

v="2= tim (rsin ,-;s}%ﬂ = r@sin ¢

* The same result is obtained from

@ = wk = 0k = angular velocity




Planar Rigid body Kinematics: Review

Rotation About a Fixed Axis. Representative Slab

Consider the motion of a representative slab in a plane
perpendicular to the axis of rotation.

Velocity of any point P of the slab,

Acceleration of any point P of the slab,




(General Plane Motion

* General plane motion 1s neither a translation nor a rotation.

* General plane motion can be considered as the s#7 of a translation and rotation.
* Displacement of particles .4 and B to .42 and B2 can be divided into two parts:

- translation to .42 and B1’

- rotation of B1’ about A2 to B2

Plane motion Rotaton about A




Bodies rotate about tixed point

Consider the link shown which is rotate about the fixed point o, the
motion of this link can be analyzed using the principle of absolute motion

as follow:
It ©O: angular displacement about fixed rotation centre.
w: angular velocity about fixed rotation centre.

Va

«: angular acceleration about fixed rotation centre.‘\




Bodies under general plane motion

The motion of any point can be discretized into translation and
rotation, i1f consider the link shown under general plane motion, the

ends , B of absolute velocities v, vg, and absolute accelerations ax, ag

then:-

ﬁA=ﬁB+ﬁA5 53=5A+ﬁgﬂ




Bodies under general plane motion

1s the relative velocity of B w.r.t A.

1s the relative velocity of A w.r.t B.
1s the relative acceleration of B w.r.t A.

1s the relative acceleration of A w.r.t B.




Bodies under general plane motion

1.e the state of velocity can be replaced by one of the following:-

Va = Vg + (W) x (AB)
Vg = V5 + (W) x (BA)

} vector notation.




Bodies under general plane motion

Vas

VBaA

: mean that B is a fixed rotation a center, and A moved a round B

- mean that A is a fixed rotation a center, and B moved a round A




Bodies under general plane motion

VaB Vea
) = —_ —
AB AB AB

To specify direction of w: =




Bodies under general plane motion

. VAB and VBA 1 AB.




Velocity diagram

Consider the shown link under general plane motion, to specify the
velocity of any point, it’s required one of following:-

1- * Absolute velocity of any point (value and direction).

*Absolute velocity of other point (value or direction).

* 2- *Absolute velocity of any point (value and direction).

*Angular velocity of the link which is the same for all points.




Velocity diagram

* Consider two points A and B on a rigid link
AB, as shown 1n Fig 3 (a).

Let one of the extremities (B) of the link move
relative to A | in a clockwise direction.

Since the distance from A to B remains the same,
therefore there can be no relative motion between

A and B, along the line AB.

It is thus obvious, that the relative motion of B
with respect to A must be perpendicular to AB.

(a) (5)

Fig. 3. Molion of a Link




Velocity diagram

Hence velocity of any point on a link with respect to another point on the same link is always
AR p 2 Bk
perpendicular to the line joining these points on the configuration (or space) diagram

Fig. 3. Motion of a Link




Velocity diagram

The relative velocity of B with respect to 4 (7.2. vg, ) 1s represented by the vector af and 1s
perpendicular to the line 4 B as shown m Fig. 3 (b)
Let ® = Angular velocity of the link 4 B about 4 .
We know that the velocity of the point B with respectto 4.
vpa = b = w. AB
Sunilarly, the velocity ol any point ConA4d B withrespect to 4.
Viea = ac = . AC
From equations (7) and (/7).

ac ©.AC AC

ab ©.AB  AB




Velocity diagram

Thus, we see from equation (i1i), that the point c on the vector ab divides it in the
same ratio as C divides the link AB.

Note: The relative velocity of A with respect to B is represented by ba, although A
may be a fixed point.

The motion between A and B is only relative. Moreover, it is immaterial whether the
link moves about A in a clockwise direction or about B in a clockwise direction.

Velocity of a Point on a Link by Relative Velocity Method The relative velocity
method is based upon the relative velocity of the various points of the link.




Velocity diagram

In order to analyze the velocity of any point we follow with one of

following methods:

If w is given:-
Draw the Iink by SFp (scale factor for position),

g _drawn length of link
P actual length of link

va=(w)(0A4).

Position diagram

il

ol

velocity diagram




Velocity diagram

Select SFv = 2=, then select a reference point of zero velocity, such

VA
as O.

Draw from o, a line of length (oa) = v4.SFv 1 0A in direction of

Q.

To find the velocity of any point located on the link, such as D,

A : d D D
specify point d on oa such that {;a = DA — od:(Z—A) oda.

_ od
Then:- vp =




Velocity diagram

If v, is given:-
Select SFv, specity reference point of zero velocity.
Draw oa of length (va)(SFv) 1n the same direction given.

To find value and direction of w:

VA
Value of o = - 'X . Position diagram

a

velocity diagram




Velocity diagram

Consider two points A and B on a link as shown 1n Fig..4
(a).

Let the absolute velocity of the point A i.e. vA 1s known
in magnitude and direction

the absolute velocity of the point B 1.e. vB 1s known in
direction only.

Then the velocity of B may be determined by drawing the
velocity diagram as shown in Fig. 4 (b).

(a) Motion of points on a link.




Velocity diagram

* The velocity diagram is drawn as follows :
1. Take some convenient point o, known as the pole.

2. Through o, draw oa parallel and equal to vA, to some
suitable scale.

3. Through a, draw a line perpendicular to AB of Fig. 4 (a).
This line will represent the Velocity of B with respect to A ,
i.e. vBA

4. Through o, draw a line parallel to vB intersecting the line
of vBA at b.

5. Measure ob, which gives the required velocity of point B
(vB), to the scale Velocities

(H) Velocity diagram.




Velocity diagram

(a) Motion of points on a link.

(b)) Velocity diagram.




Translated bodies Velocity diagram

Path of translation of B
—

Then all points on the piston have the same velocity, such as point

D, 1.¢ on the velocity diagram, the pomt d comncide on the point b. Velocity dig.




Translated bodies Velocity diagram

e - the motion 1s absolute, then select any fixed point such as o be as
a reference point (1.e point of zero velocity).
Draw the path of translation.
If vy 1s known, select a scale factor to draw the velocity diagram

(denoted by SFv)

draw value in mm ob

SEv= =

actual value of velocity in (m/s) o vy

The draw a line ob=(vg)(SFVv) in direction of vy parallel to the path of

translation.




Velocities in Slider Crank Mechanism

The same method may also be applied for the velocities in a slider crank
mechanism. A slider crank mechanism 1s shown in Fig. 5 (a).

The slider A 1s attached to the connecting rod AB. Let the radius of crank
OB be r and let it rotates in a clockwise direction, about the point O with
uniform angular velocity ® rad/s.

Therefore, the velocity of B 1.e. vB is known in magnitude and direction.




Velocities in Slider Crank Mechanism

* The slider reciprocates along the line of stroke AO. The velocity of the
slider A (i.e. vA) may be determined by relative velocity method as below:

1. From any point o, draw vector ob parallel to the direction of vB (or
perpendicular to OB) such that ob = vB= ®.r, to some suitable scale, as shown

i Eio 5(b




Velocities in Slider Crank Mechanism

2. Since 4 B 1s a rigid link, therefore the velocity of 4 relative to B is perpendicular to 4 B. Now
draw vector ba perpendicular to .4 B to represent the velocity of 4 with respect to B i.e. vaARB.

VB = .. r

FEES ISR
FELEELEEETT AT

A

(er) Shider crank mechanism. ig. (D) Velocity diagram.




Velocities in Slider Crank Mechanism

3. From point o, draw vector oa parallel to the path of motion of the slider 4 (which 1s along 40O
only). The vectors ba and oa intersect at a. Now oa represents the velocity of the slider 4 i.e. va, to

the scale. The angular velocity of the connecting rod 4 B (w A ) may be determined as follows:

(Anticlockwise about A)

The direction of vector ab (or ba) determines the sense of w A g which shows that it i1s

anticlockwise.




Example

* In a four bar chain ABCD, AD is fixed and is 150 mm long. The crank
AB is 40 mm long and rotates at 120 r.p.m. clockwise, while the link CD
= 80 mm oscillates about D. BC and AD are of equal length. Find the
angular velocity of link CD when angle BAD =60°.




Example

* GIVEN:
NBA=120 rp.m
®=21%x120/60
=12.568 rad/s
BAD =60°

CD = 80 mm




A

Example

Vg

AV A A A T T A

150

D

(a) Space diagram (All dimensions 1n mm).

(b) Velocity diagram.




Example

* SOLUTION:

Since the length of crank AB = 40 mm = 0.04 m, therefore velocity of B with respect
to A orvelocity of B, (because A is a fixed point), vBA= vB=@BAX AB = 12.568 X
0.04 = 0.503 m/s

First of all, draw the space diagram to some suitable scale, as shown in Fig. 6
(a). Now the velocity diagram, as shown in Fig. 6(b), is drawn as discussed below




* Application

Model Examples




* Application

Model Examples




Model Examples

* Application

TESTING




* Application

Model Examples
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