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Now the acceleration diagram, as shown in Fig. 8.25 (), is drawn as discussed below:

1. Since A and C are fixed points, therefore these points are marked as one point in the
acceleration diagram. Draw vector ab' parallel to A B, to some suitable scale, to represent theradial
component of the acceleration of B with respect to A or the acceleration of B, such that

vector abl = af, = ag =284.4 m/s?

2. Draw vector c'd' parallel to CD to represent theradial component of the accel eration of D
with respect to C or the acceleration of D, such that

vector ¢'d’ = ahc = ap =568.8 m/s?
3. Now from point b', draw vector b'x parallel to BE to represent theradial component of the
acceleration of E with respect to B, such that
vector b'X = afg = 437.4 m/s®
4. From point x, draw vector xe' perpendicular to BE to represent the tangential component
of acceleration of E with respect to B (i.e. atEB ) whose magnitude is yet unknown.
5. From point d', draw vector d'y parallel to DE to represent the radial component of the
acceleration of E with respect to D, such that
vector d'y = afp = 0.15 m/s?
Note: Since the magnitude of a,rED isvery small (i.e. 0.15 m/s?), therefore the points d' and y coincide.
6. From point y, draw vector ye' perpendicular to DE to represent the tangential component
of the acceleration of E with respect to D (i.e. atED ). The vectors xe' and ye' intersect at €.
7. From point €, draw vector €'z parallel to EP to represent the radial component of the
acceleration of P with respect to E, such that
vector €z = af =110.45 m/s®
8. From point z, draw vector zp' perpendicular to EP to represent the tangential component
of the acceleration of P with respect to E (i.e. a}l_,E) whose magnitude is yet unknown.

9. From point &, draw vector ap' parallel to the path of motion of P (which ishorizontal) to
represent the acceleration of P. The vectors zp' and ap' intersect at p'.

By measurement, we find that acceleration of the piston P,
a, = vector ap' = 655 m/s* Ans,

8.5. Coriolis Component of Acceleration
When a point on one link is sliding along another rotating link, such as in quick return

motion mechanism, then the coriolis component of the acceleration must be calcul ated.

Consider alink OA and aslider B as shown in Fig. 8.26 (a). The slider B moves along the
link OA. The point C isthe coincident point on the link OA.

Let w = Angular velocity of thelink OA at timet seconds.
Velocity of the slider B along the link OA at timet seconds.

Velacity of the slider B with respect to O (perpendicular tothelink OA)
at time t seconds, and

\Y

w.r
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(w+dw), (v+0v) and (w+ dw) (r + or)
= Corresponding values at time (t + &t) seconds.

v+ 0v A

‘

(0+d0) (r+81)
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Fig. 8.26. Coriolis component of acceleration.

Let us now find out the acceleration of the slider B |
with respect to O and with respect to its coincident point C
lying onthelink OA.

Fig. 8.26 (b) shows the velocity diagram when their
velocities v and (v + dv) are considered. In this diagram, the
vector bb, representsthe changein velocity intime ot sec ; the
vector bx represents the component of change of velocity bb,
along OA (i.e. along radial direction) and vector xb, represents
the component of change of velocity bb, in a direction
perpendicular to OA (i.e. in tangential direction). Therefore

bx =ox —ob =(v + &) cos 86 -v 1
Since 30 is very small, therefore substituting
€0s 00 =1, we have
bx=(v+d -v) 1 =& 1
...(Acting radially outwards)

— ; A drill press has a pointed tool
and xb = (v + o) sin 36
by = ) which is used for boring holes in

Since d8isvery small, therefore substituting Sind8 =" | - .4 aterials usually by rotating
6, we have abrasion or repeated bolows.
xb = (v+0dv) 36 =v. 36 + &. 36 Note : This picture is given as additional
; ; information and is not a direct example
Neglecting dv.56 being very small, therefore of the current chapter.
Xb, = . 59 ...(Perpendicular to OA and towards | eft)

Fig. 8.26 (c) shows the velocity diagram when the velocities w.r and (w + dw) (r + or) are
considered. In this diagram, vector bb, represents the changein velocity ; vector yb, representsthe
component of change of velocity bb, along OA (i.e. dong radial direction) and vector by represents
the component of change of velocity bb, in a direction perpendicular to OA (i.e. in a tangential
direction). Therefore

yb = (w+ 0w (r +&)sin 301
=(r +wd + 0w + owdsin o0
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Since 80 isvery small, therefore substituting sin 6 = 36 in the above expression, we have
yb, = wr.00 + wd. 36 + dw. 36 + dwd 6

= wr.d0 |, acting radially inwards ...(Neglecting all other quantities)
and by = oy—ob=(w+ dw) (r + dr) cosd6 — w.r
= (W.r+ w.0r +dwr +0w.&) cosdb — w.r
Since 86 issmall, therefore substituting cos 6 = 1, we have
by=w.r+ w.& +dwr + 0w.&F —w.r=w.& +r.0w ...(Neglecting 0w.&)
...(Perpendicular to OA and towards | ft)
Therefore, total component of change of velocity along radial direction
=bx-yb =(v —wr.09 1 ...(Acting radially outwards from O to A)

0 Radial component of the acceleration of the slider B with respect to O on the link OA,
acting radially outwardsfrom O to A,

()
(r dB/dt = w

v - wr.50 dv de dv
o =Llt———=—" —q@r x— =— -@r 1
8o St a O aw d '

Also, the total component of change of velocity along tangential direction,
=xb, +by =v. 50 +(0 8 +. 5
...(Perpendicular to OA and towards | ft)

00 Tangential component of acceleration of the slider B with respect to O on the link OA,
acting perpendicular to OA and towards | eft,

(=Lt Vo0 +(wd +1.8¢ _ di wg +rd7(.o
ot dt dt dt
=V.w+ v +r.a =(2v. 0 4. 9 (i)

(e dr/dt =v, and dw/ dt = 0)
Now radial component of acceleration of the coincident point C with respect to O, acting in
adirection from Cto O,
alo = ohr 1 (i)
and tangential component of acceleraiton of the coincident point C with respect to O, acting in a
direction perpendicular to CO and towards | eft,

t e .
aco = Or 1 (V)
Radial component of the slider B with respect to the coincident point C on the link OA,
acting radially outwards,

r r r d
3gc = o ~ Ao :%—&-rﬁ—(—wz.r) :d_\t/ )

and tangential component of the slider B with respect to the coincident point C onthelink OA acting
in adirection perpendicular to OA and towards | eft,

abc = ao - alo =(2wv + ar) — ar =2 v
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This tangential component of acceleration of the slider B with respect to the coincident
point C on the link is known as coriolis component of acceleration and is always perpendicualr to
thelink.

O Coriolis component of the acceleration of B with respect of C,

afc = apc = 2wV

w = Angular velocity of thelink OA, and

v = Velocity of slider B with respect to coincident point C.
In the above discussion, the anticlockwise direction for wand theradially outward direction
for v are taken as positive. It may be noted that the direction of coriolis component of acceleration
changes sign, if either w or v isreversed in direction. But the direction of coriolis component of
acceleration will not be changed in signif both wand v arereversed in direction. It isconcluded that
the direction of coriolis component of acceleration is obtained by rotating v, at 90°, about its origin
in the same direction asthat of w.

Chapter 8 : Acceleration in Mechanisms

where

A A A
® [ [ °
AV AV
20v 20V 20v 20v
< C C > C > < C
B B B B
Yv Yv
V'an R KT RN
o © o)
® ) ® ®
(0] (0] (0] O

Fig. 8.27. Direction of coriolis component of acceleration.

The direction of coriolis component of acceleration (2 w.v) for al four possible cases, is
shownin Fig. 8.27. Thedirections of wand v are given.

Example 8.13. A mechanism of a crank and slotted lever quick
return motionisshownin Fig. 8.28. If the crank rotates counter clockwise
at 120 r.p.m., determine for the configuration shown, the velocity and
acceleration of the ram D. Also determine the angular acceleration of
the slotted lever.

Crank, AB = 150 mm ; Sotted arm, OC = 700 mm and link
CD = 200 mm.

Solution. Given : Ng, = 120 r.p.m or wg, = 2 10 x 120/60
= 12.57 rad/s ; AB = 150 mm = 0.15 m; OC = 700 mm = 0.7 m;
CD=200mm=0.2m

We know that velocity of B with respectto A,

Vea = Wpa X AB
=1257x0.15 =19 m/s
...(Perpendicular to AB)
Velocity of theram D

First of all draw the space diagram, to some suitable scale, as
shownin Fig. 8.29 (a). Now the velocity diagram, as shown in Fig. 8.29
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(b), isdrawn as discussed below:

1. Since O and A arefixed points, therefore these points are marked as one point in velocity
diagram. Now draw vector ab in adirection perpendicular to AB , to some suitable scale, to represent
the velocity of slider B with respect to Ai.e.vg,, such that

vector ab=vg, =1.9m/s

®)
(a) Space diagram. (b) Velocity diagram.
G
3 o
B

VeB'

®co ®0O

(c) Direction of coriolis component. (d) Acceleration diagram.

Fig. 8.29

2. From point o, draw vector ob' perpendicular to OB' to represent the vel ocity of coincident
point B' (on the link OC) with respect to Oi.e. vy and from point b draw vector bb' parallel to the
path of motion of B' (whichisalong thelink OC) to represent the vel ocity of coincident point B' with
respect to the slider B i.e. vg,5. The vectors ob' and bb' intersect at b'.
Note: Sincewe haveto find the coriolis component of accel eration of the slider B with respect to the coincident
point B', therefore we require the velocity of B with respect to B' i.e. V.. The vector b'b will represent v,
as shown in Fig. 8.29 (b).

3. Since the point C lies on OB' produced, therefore, divide vector ob' at ¢ in the sameratio
as C divides OB' in the space diagram. In other words,

ob'/oc =0B'/OC
The vector oc represents the velocity of C withrespectto Oi.e. V.
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4. Now from point ¢, draw vector cd perpendicular to CD to represent the velocity of D with
respect to Ci.e. v ,and from point o draw vector od parallel to the path of motion of D (whichis
along the horizontal) to represent the velocity of D i.e. v,. The vectors cd and od intersect at d.

By measurement, we find that velocity of theram D,
Vp = vector od = 2.15 m/s Ans.

From velocity diagram, we also find that
Velocity of B with respect to B',

Vgg = Vector b'b = 1.05 m/s
Velocity of D with respect to C,

Vpc = vector cd = 0.45 m/s
Velocity of B' with respect to O

V.o = Vector ob' = 1.55 m/s
Velocity of C with respect to O,

Vo = Vector oc = 2.15 m/s
O Angular velocity of thelink OC or OB',

Weo = Wy :‘g—g :% =3.07 rad/s (Anticlockwise)

Acceleration of the ram D

We know that radial component of the acceleration of B with respect to A,

aps = 6By X AB =(1257)% x0.15 =23.7 m/s®
Coriolis component of the acceleration of slider B with respect to the coincident point B',

aSg' = 20V = 200 Vey =2 x3.07 x1.05 =6.45 m/s

W w=uppandVv =vgg)

Radial component of the acceleration of D with respect to C,

Radial component of the accelerati oﬁ of the coincident point B' with respect to O,

_Veo _ (159
° BO 052
Now the acceleration diagram, as shown in Fig. 8.29 (d), is drawn as discussed below:

1. Since O and A are fixed points, therefore these points are marked as one point in the
acceleration diagram. Draw vector ab' parallel to A B, to some suitable scale, to represent theradial

component of the acceleration of B with respect toAi.e. ag, or ag, such that

=4.62 m/s’ ...(By measurement B'O = 0.52 m)

vector a'lb' = ag, =ag =23.7 m/s?

2. The acceleration of the slider B with respect to the coincident point B' has the following
two components:

(i) Coriolis component of the acceleration of B with respect to B' i.e. agg,, and
(i) Radia component of the acceleration of B with respect to B'i.e. ajg.
These two components are mutually perpendicular. Therefore from point b’ draw vector b'x
perpendicular to B'Oi.e. in adirection as shown in Fig. 8.29 (c) to represent a5, = 6.45 m/s>. The
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direction of ag isobtained by rotating vy, (represented by vector b'bin velocity diagram) through
90° in the same sense asthat of link OC which rotatesin the counter clockwise direction. Now from
point x, draw vector xb" perpendicular to vector b'x (or parallel to B'O) to represent agg whose
magnitudeisyet unknown.

3. The acceleration of the coincident point B' with respect to O has also the following two
components:

(i) Radial component of the acceleration of coincident point B' with respect to O i.e.
ago and

(if) Tangential component of the acceleration of coincident point B' with respect to O,
i.e ago.

These two components are mutually perpendicular. Therefore from point o', draw vector o'y
parallel to B'O to represent afy,o = 4.62 m/s?and from point y draw vector yb" perpendicular to
vector 0'y to represent afo. The vectors xb" and yb" intersect at b". Join o'b". The vector ob"
represents the acceleration of B' with respect to O, i.e. a;,,.

4. Sincethe point C lieson OB' produced, therefore divide vector o'b" at ¢ in the sameratio
as C divides OB' in the space diagram. In other words,
o'b"/o'c = OB'/OC

5. The acceleration of the ram D with respect to C has also the following two components:

(i) Radia component of the acceleration of D with respect to Ci.e. apc, and

(if) Tangential component of the acceleration of D with respect to C, i.e. atDC,

The two components are mutually perpendicular. Therefore draw vector c'z parallel to CD

torepresent ah = 1.01 nvs? and from z draw zd' perpendicular to vector zc' to represent af., whose
magnitudeisyet unknown.

6. From point o', draw vector o'd' in the direction of motion of theram D which isalong the
horizontal. The vectorszd' and o'd' intersect at d'. The vector o'd' represents the acceleration of ram
Die a,.

By measurement, we find that acceleration of theram D,

a, = vector o'd' = 8.4 m/s* Ans,
Angular acceleration of the dotted lever

By measurement from acceleration diagram, we find that tangential component of the
coincident point B' with respect to O,

abo = vector yb' = 6.4 m/s?
We know that angular acceleration of the slotted lever,

t

_ago _ 64 _ i i

=980 - 27 —123rad/s® (Anticlockwise :
OB 052 ( ) Ans

Example8.14. Thedriving crank AB of the quick-return mechanism, as shown in Fig. 8.30,
revolves at a uniform speed of 200 r.p.m. Find the vel ocity and accel eration of the tool-box R, in the
position shown, when the crank makes an angle of 60° with the vertical line of centres PA. What is
the acceleration of sliding of the block at B along the slotted lever PQ ?



