Class: Third Class
Subject: Theory of Machines
Lecturer: Dr. Sami Mohsen
E-mail: samimuhsen.1950@mustagbal-
college.edu.iq

CHI/1: Velocity and acceleration

Velocity in Mechanisms
V10T101 OI 4 N
AB is a rigid link (distance between A and B is constant). The velocity of any point on a link with
respect to another point on the same link is always perpendicular to the line joining these points.

The relative velocity of B with respect to A (Vga) is represented by the vector ab and is

perpendicular to the link AB Vi
Ve =ab=w* AB
vV, =ac=ao*CA b

v, _sc_z A

v, _E—E \( Vaa

BA
(Space diagram) (Vector diagram)

Vs
Velocity of a point on a link by relative velocity method /\
Consider two points A and B on a link AB v
Let V5 — known in magnitude and direction oe
Vg —> known in direction
Find magnitude of Vg.
By drawing the velocity diagram
(a) Take point o
(b) From o draw oa // V 4 and equal (to some suitable scale) Vi
(c) From a draw line L AB to represent Vpa

(d) From o draw line // Vg , these two lines intersect at b .
(e) Measure Vg which give the required velocity of B to the scale. . (Space diagram)
To find the velocity of any point on the AB (say point C) ;
ac AC AC
—="— = ac=ab*—
ab AB AB
Join (oc) which represent (V) and the vector (ac) represent (Vca).

(Velocity diagram)

Velocities in slider crank mechanism
Let (A) ... slider, (AB) ... connecting rod, (OB) ... crank and (r) ... radius ot crank.
To determine the velocity of A (Va),
(1) Draw space diagram to a scale.
(2) To draw velocity diagram
(a) From point (0) draw vector (ob) L (OB) to represent V.
ob =V, =wr (to some suitable scale)
(b) From point (b) draw vector (ba) L (BA) to represent V ag.
(c) From point (o) draw vector (0a) // path of motion of the slider A.
So that vectors (ba) and (oa) intersect at point (a).
. oa represent V, (to the scale).

Angular velocity of AB (@ ;) s _ M

AB AB
(d) The absolute velocity of any point (say E) on the AB may found
be BE BE
— =—= .. be = ba*—— (which represent V
ba BA . BA b epresent Vzs)

Join point (0) and point (e), so that vector (;e_) represent (V)
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Ex/ Given OB = 0.5 m, PB =2 m and N = 180 rpm (clockwise) find

(a) Velocity of piston, (b) angular velocity of (PB), (¢) velocity of point (E) 1.5 m from gudgeon
pin and (d) linear velocity of point (G) which has the least velocity relative to crankshaft.

Solution oy, = 26—7?, = 2”—201& =18.85 rad /sec

Vio =V =@z, *OB =18.85%0.5=9.42 m/sec (and it is perpendicular to OB)
(1) Draw space diagram by taking scale 0.5 m =1 cm. So that OB = 1 cm and BP = 4 cm

(2) Draw velocity diagram, by taking scale 3 m/sec = 1 cm. B .- ==
() B —AG
(1) Draw ob L OB (to the scale) to represent Vg (or Vgo). P G 20— NG
e i 45° '
~vector (0b) =Vy, =V, =9.42 m/sec _”;m-—-—-_-_ﬁ;c_ —
(2) From point (b) draw (pb) perpendicular to (BP) to T & abc
represent (Vpg). Space diagram.

(3) From point (o) draw (op) parallel to (PO) to represent (Vpo or Vp).
(4) The two vectors (pb) and (op) intersect at point (p)-
.. By measurement and from
velocity diagram (V,) = vector (op) =8.15 m/sec
(b) By measurement Vpg = 6.8 m/sec
@pp =E'1=ﬁ=3.4 rad / sec
PB 2
(¢) By dividing the vector (bp) at point (e) in the same ratio
as point (E) divide (PB).
be BE BE
—=—= be=bp*x——
bp BP BP
Join points (0) and (e) so, that vector (oe) represent (Vg).
Ve =8.5 m/sec (by measurement).
(d) From point (o) draw perpendicular line to the vector (bp) since the length of (og) will be the

Velocity diagram.

least.
% = i = BG =BP* bg =1.47 m (by measurement).
bp BP bp

= Vg = vector (og) =8 m/sec (by measurement).

Ex/ Given AB =DE = 150 mm, BC = CD = 450 mm, EF = 375 mm and Ng = 120 rpm. Find (a)
velocity of F and (b) angular velocity of DC.

Solution w,, = 27[6]\([)BA = 2”;)120 =47 rad /sec

Via =Vs =g, * AB = 47 %150 = 1880 mm/sec

Velocity diagram

Space diagram 2
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Ll_)_Draw space diagram by takjng scale 50mm =1 cm. So that AB = DE=3cm. BC=CD= 9 cm and
EF=7.5 cm.
(2) Draw velocity diagram, by taking scale 400 m/sec =1 cm.
(1) Points (a) and (d) are a fixed point.
(2) From point (a) draw (ab) perpendicular to (AB) to represent (Vga or Vg).

Vector ab= Vga = Vp = 1880 mmy/sec to some suitable scale.
(3) From point (b) draw (bc) perpendicular to (BC) to represent (Vcg) (direction only).
(4) From point (d) draw (dc) perpendicular to (DC) to represent (Vep or Vp) (direction only).
(5) The two lines (bc) and (dc) intersect at point (¢).
(6) Since point (E) lie on (DC)
W BB g pn SaRIR

cd 450 ;

(7) From point (¢) draw (ef) perpendicular to (EF ) to represent (V) (di}’ection only).
(8) From point (d) draw (df) parallel to the path of (F) to represent (V) (direction only).
(9) The two lines (ef) and (df) intersect at point ®.

-V, = vector fd =690 mm/sec (by measurement)
B =KC£= vector dc _ 2250 e —
CD ¢D 450 .
Wo

=1500 mm/sec (when cd = 2250 mm/sec by measurement)

Ex/ In figure shown, the angular velocity of the crank OA is A,"V'\\"—;s"&]
600 rpm. Determine the linear velocity of the slider D and the
angular velocity of the link BD, when the crank is inclined at an

1

angle of 75° to the vertical. The dimensions of various links are: B i
s e

' {

OA = 28 mm; AB = 44 mm; BC 49 mm; and BD = 46 mm. The

center distance between the centers of rotation O and C is 65 mm. b <3y

The path of travel of the slider is 11 mm below the fixed point C. o E

The slider moves along a horizontal path and OC is vertical. I

Solution .
©oa =2 7 X 600/60 = 62.84 rad/sec Spaceshiagr

Since OA =28 mm = 0.028 m, therefore velocity of A with respect

to O or velocity of A (because O is a fixed point), e Yo @ e
Vo =Va=m0a * OA = 62.84 * 0.028 = 1.76 m/sec (L OA) N ) A

First of all draw the space diagram, to some suitable scale. P

1. Since the points O and C are fixed, therefore these points are marked as Vn\a\ Vay *

one point, in the velocity diagram. Now from point o, draw vector oa % Va

perpendicular to O4, to some suitable scale, to represent the velocity of A N

with respect to O or simply velocity of 4 such that b= .
vector oa = Vao =Va =176 m/s Vea T

2. From point a, draw vector ab perpendicular to AB to represent the Velogity disgtam

velocity of B with respect A (i.e. Vpa) and from point ¢, draw vector cb
perpendicular to CB to represent the velocity of B with respect to C or
simply velocity of B (i.e. Vpc or V). The vectors ab and cb intersect at b.
3. From point b, draw vector bd perpendicular to BD to represent the
velocity of D with respect to B (i.e. Vpg) and from point o, draw vector od
parallel to the path of motion of the slider D which is horizontal, to represent
the velocity of D (i.e. Vp). The vectors bd and od intersect at d. By
measurement, we find that velocity of the slider D,
Vp = vector od = 1.6 m/s
By measurement from velocity diagram, we find that velocity of D with respect to B,
Vpp = vector bd = 1.7 m/s
Since the length of link BD = 46 mm = 0.046 m, therefore angular velocity of the link BD,
opp=Vps/BD=1.7/0.046 = 36.96 rad/sec (Clockwise about B).
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(Home works)
Q1/ The dimensions of the mechanism shown are as
follows:
AB=0.45m;BD=1.5m; BC=CE=0.9m. The
crank AB turns uniformly at 180 rpm in the
clockwise direction and the blocks at D and E are
working in frictionless guides. Draw the velocity
diagram for the mechanism and find the velocities
of the sliders D and E in their guides.

Q2/ In the toggle mechanism shown in figure below, D
is constrained to move on a horizontal path. The
dimensions of various links are as follows:

AB =200 mm; BC =300 mm; OC = 150 mm; and
BD =450 mm.

The crank OC is rotating in a counter clockwise
direction at a speed of 180 rpm. Find the velocity
of D, and angular velocity of BD.

Q3/ The dimensions and configuration of the four bar
mechanism shown in figure are as follows:
AB =30 cm, CD =36 cm, BC =36 ¢cm and AD = 60 cm.
The crank AB has an angular velocity of 10 rad/sec
clockwise. Determine the angular velocity of DB and BC 60°
and velocity of the joint C.

Q4/ Find out the velocity of the slider D and the angular
velocity of link CD for the engine mechanism shown in
figure. The dimensions of the various links are
OA =15 cm; AB =45 cm; PB = 24 cm; BC = 21 cm;
CD =66 cm and Npa = 180 rpm.

Q5/ In the mechanism shown in figure OA and
OB are two equal cranks at right angle
rotating about O at a speed of 40 rpm
anticlockwise. The dimensions of the
various links as follows:

OA=0B =5cm; AC=BD = 17.5 cm;
DE = CE = 7.5 cm; FG = 11.5 cm and
EF = FC. Find the velocity of the slider G.
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—-Q6/A “mechanism; —as—shown—in—figure; -have the

following dimensions: & S JL_T,E@%
OA = 200 mm; AB = 1.5 m; BC = 600 mm; CD = 500 mm e 3100 mm
and BE = 400 mm. If crank OA rotates uniformly at 120 ET ] N

rpm clockwise, find (1) the velocity of B, C and D (2) the e 135m —>

angular velocity of the links AB, BC and CD. el

Q7/ In a mechanism shown in figure, the dimensions are as
follows: AB = 80 mm; CD = 40 mm; BE = DE = 150 mm;
AC =150 mm; and EP = 200 mm. The speed of the crank
CD is 1140 rpm and of the crank AB is 570 rpm clockwise.

Determine the velocity of the piston P for the given D)”./,T\:. s =
configuration. \—:RS—TE \},_'ﬁ;?)o mm | |
W AT

Q8/ In a mechanism as shown in figure, the crank OA is 100 mm go

long and rotates in a clockwise direction at a speed of 100 rpm. X e,
The straight rod BCD rocks on a fixed point at C. The links BC ¥R ST TN
: » <300 mm F—]
and CD are each 200 mm long and the link AB is 300 mm X | o -
long. The slider E, which is driven by the rod DE is 250 mm \ | \\_:\.3:93/‘ o=
long. Find the velocity of E. L men A
&€t '

capisristisei
I —

~ e

QY/ The diagram of a linkage is given in Fig. below. Find the i*_" éom'—)i
velocity of the slider D and the angular velocity of DC, i l
when the crank O1A is in the given position and the speed e :
of rotation is 90 rev/min anticlockwise. OlA = 24 mm, i

O2B=60mm,CD=96mm,AB=72mm,CB=48mm.

Q10/ In the mechanism shown in Fig., the crank AB is 75 mm
long and rotate uniformly clockwise at 8 rad/sec. Given
that BD = DC = DE; BC = 300 mm, draw the velocity =
diagrams, and find the velocity of the pistons at C and E.

Al-Mustagbal University College 5 http://www.mustagbal-college.edu.ig/



Class: Third Class
Subject: Theory of Machines
Lecturer: Dr. Sami Mohsen
E-mail: samimuhsen.1950@mustagbal-
college.edu.iq

Q11/ In a toggle mechanism shown in figure
the crank OA rotates at 210 rpm
counter clockwise. Determine the
velocity of slider D and angular
velocity of link BD.

400

Q12/ In a slider crank mechanism the crank OA is
200 mm long and rotates at 40 rad/sec in a
counter clockwise direction. The length of the
connecting rod AB is 800 mm. Determine,

i) The velocity of the slider B.

ii) Velocity of point E located at a distance of
200 mm on the connecting rod extended.

iii) The position and velocity of point F on the
connecting rod having the least absolute
velocity.

iv) The angular velocity of connecting rod.

All the dimensions m mm

Q13/ Figure below shows a toggle mechanisms
in which the crank OA rotates at 120 rpm.
Find the velocity of the slider D.

Q14/ A toggle mechanism is shown in figure S i e i
along with the diagrams of the links in @ |
mm. find the velocities of the points B and :
C and the angular velocities of links AB.
The crank rotates at 50 rpm in the
clockwise direction.

OA =30
AB=80
BQ=100
BC =100

e _,_,,%._.___._ e s e

All dimensions are in
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