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Acceleration in Mechanisms

Acceleration of a particle whose velocity changes both in magnitude and direction
at any instant has the following two components :

1. Thecentripetal or radial component, which is perpendicular to the velocity of the
particle at the giveninstant.

2. Thetangential component, which is parallel to the velocity of the particle at the
given instant,
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This radial component of acceleration acts s
perpendicular to the velocity vg,, In other
words, it acts parallel to the link AB. [ Fapst
| A -: _,.-'":..

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

“i?m = o x Length of the link AB=ax AB = dv /dt

This tangential component of acceleration acts parallel to the velocity v, . In other words,
It acts perpendicular o the link A B,
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Link. Accelerahon diagram.
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Acceleration of a Point on a Link

Tangential
path of B
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From any point o', draw vector o'a’ parallel to the direction of absolute

acceleration at point A i.e. a, , to some suitable scale
Draw vector a’x parallel to the link AB (because radial component of the

acceleration of B with respect to A will pass through AB), such that

§ ¥
vector ax = agy, = vgs/ AB

where v, = Velocity of B with respect to A.
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Tangential
path of B

From point x, draw vector xb’
perpendiculartoA Borvectora'x ie. g,

i
through o' draw a line parallel to the path of B 1o -

represent the absolute acceleration of B i.e. ag. The ¢
vectors xb' and o' b’ intersect at b'. Now the values|| L AR = ( ]'E A .I'r A H

of i and ﬂil 4 may be measured, to the scale.

By joining the points a" and b' we may determine the total acceleration of B with
respect to A i.e. ag,. The vector a' b'is known as acceleration image of the link AB.
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Example 8.1, The crank 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, ar a crank angle of 43° from inner dead centre position.

Solution. Given : N,y = 300 r.p.am. or @g, = 2 1 x 300/60 = 31.42 rad/s; OB = 150 mm =
0I5m:BA=600mm=0.6m
We know that linear velocity of B with respect to O or velocity of B,
Vgo = Vg = Ugy X OB=3142x0.15=4T13 m/s

1.  First of all draw the space diagram, to some suitable scale; as shown in Fig. (a).

(a) Space diagram,
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Acceleration of the midpoint of the connecting rod

*  We know that the radial component of the acceleration of B with respect to O or

the acceleration of B Ve (4.713)°
' dpgy = dg = B0 _ 2 = —148.0 mst
OB 0.15

and the radial component of the acr:eleratiun of A with respect to B,

v (3.4)°
poovam BT o,

“AB = pr T 06

NOTE:1) A point at the end of a link which moves with constant
angular velocity has no tangential component of acceleration.
2) When a point moves along a straight line, it has no
centripetal or radial component of the acceleration.

vag = vector ba = 3.4 m/s fﬂu
Velocity of A, v, = vector oa =4 m/s vy ‘%’
o \g
B F 4 o
A D % 150 mm P
.ipuhup-' — .45“{" ,-_;'.-"" |
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(&) Space diagram. (b Velociy dagram.

Vikas Gupta, Asstt. Prof., MED, CDLSIET, Sirsa XY



Acceleration of the midpoint of the connecting rod

Draw vector o' b’ p-.lmllu:ll o B2 1o some suitable scale,
B i . :
Veclor o b = gige = g = 1451 nvs

“ire: Since the crank OF rolates at a constant speed,

theretore there will be no tangential component of the
acceleration of B with respest o €2,
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: i i b
from point &, draw vector v parallel to A B to represent gy = 19.3 mfs” and

fromm poant x draw vector v’ perpendicular to vector & v whose magnitude is yet unknown,

Now Trom o, draw vector o' a’ parallel 1o the path of motion of A (which is along A ) to
represent the acceleration of A Le. a, . The vectors xa' and o' o’ intersect at " Jomn a' I,

In order to lind the scceleration of the midpoimnt 13 of the ¢connecting rod A B, divide the
vector a' b at d” in the same ratio as D divides A B. In other words

bd'lbha = RDIBA

Join o' o', The vector o d represents the acceleration of midpoint D of the connecting rd

Lo, iy - __:.t _11*
ﬂl:‘h""\-\. i
: AN I (
By measurement, we find that e -
o JF . ] iy d
= VECior o d'= 117 m/s* Ans §\ d;‘ A i
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We know that angular velocity of the connecting rod A B,

34
Dl ™ T AT .67 rad/s Ans.

Angular acceleration of the connecting rod
From the acceleration diagram, we find that

.
dag = 103 m/s° ...(By measurement)
We know that angular acceleration of the connecting rod A B,

: 03
O = T 171.67 rad/s’® Ans,

BA (b

(@) Space diagram. (b) Velocity diagram. (€) Acceleration diagram.
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IExample 8.4. PORS is a four bar chain with link PS fixed. The lengths of the links are PQ
=062.5mm; QR = 175 mm ; RS = 112.5 mm ; and PS = 200 mm. The crank PQ rotates at 10 rad/s
clockwise. Draw the velocity and acceleration diagram when angle QPS = 60° and Q and R lie on
the same side of PS. Find the angular velocity and angular acceleration of links QR and RS.

Solution. Given: ® p= 10rad/s; PO=625mm=0.0625m; QR=175mm=0.175m ;
RS=1125mm=0.1125m: PS=200mm=0.2 m

We know that velocity of Q with respect to P or velocity of Q,
Vop = Vo = Ogp X PQ = 10 x 0.0625 = 0.625 m/s

Angular velocity of links OR and RS

First of all, draw the space diagram of a four bar chain, to some suitable scale

an
A
A el
P S

(a) Space diagram.
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1. Since Pand § are fixed points, therefore these points lie at one place in velocity diagram.
Draw vector pg perpendicular to PQ, to some suitable scale, to represent the velocity of Q with
respect to Por velocity of Q i.e. v, or v, such that

op=Vo= 0.625 m/s

2. From point g, draw vector gr perpendicular to QR to represent the velocity of R with
respect to Q (i.e. vp,) and from point s, draw vector sr perpendicular to SR to represent the velocity
of R with respect to S or velocity of R (i.e. vy or vgp). The vectors gr and sr intersect at r. By
measurement, we find that

vector pg=v

Vro = Vector gr = 0.333 m/s, and v = v, = vector sr = 0.426 m/s

We know that angular velocity of link OR,

_ VRO _ 0333
PR = o0 T 0.175

= 1.9 rad/s (Anticlockwise) Ans

and angular velocity of link RS,

- II'!RS - D.426
RS = Sp T 01125

= 3.78 rad/s (Clockwise) Ans.
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Angular acceleration of links QR amd RS

Since the angular acceleration of the crank PQ is not given, therefore there will be no tangential
component of the acceleration of Q with respect to P.

We know that radial component of the acceleration of 0 with respect to P(or the acceleration
of Q)

L . _Yer _(0625)°
Yo =% =% = p5 T T0.0625
Radial component of the acceleration of R with respect to Q,

o = YKo _ (0333)°
OR T 0TS

and radial component of the acceleration of R with respect to § (or the acceleration of R),

_ vis _ (0.426)

= 625 m/s”

— ﬂ'ﬁ-34 ﬂ'll'rﬂ 2
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(@) Space diagram. i) Velocity diagram. ic} Acceleration diagram.
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(@) Space diagram. () Velocity diagram. i) Acceleration diagram.,

l. Since P and 5 are hixed points, therefore these points lie at one place in the acceleration
diagram. Draw vector p'g’ parallel to PQ, to some suilable scale, to represent the radial component

of acceleration of Q with respect to P or acceleration of Q i.e agy or ag such that
veclor pg = HIEFP =g =625 m/s’
1. From point g, draw vector ¢’ x parallel to QR to represent the radial component of
acceleration of R with respect to Q i.e. ag, such that
vector ¢ X = apg = 0.634 m/s”
J. From point x, draw vector xr’ perpendicular to K to represent the tangential component
of acceleration of R with respect to Q i.e day, whose magnitude is not yet known.
4. Now from point 5", draw vector s’y parallel to SR to represent the radial component of the
acceleration of R with respect to § i.e. agg such that

vector s’y = ags = 1.613 m/s”
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() Space diagram. i) Velocity diagram. ic) Acceleration diagram.

5. From point v, draw vector yr' perpendicular to SR to represent the tangential component
of acceleration of R with respectto S ie. gye.

6. The vectors xr’ and yr' intersect at r. Join pr and ¢’ r. By measurement, we find that
apo = vectorxr’ = 4.1 m/s> and ahs = vector yr" = 5.3 m/s*

We know that angular acceleration of link OR,

d 4.1 3
Oop = {;;"E = 3175 = 23.43 md/s” (Anticlockwise) Ans,
and angular acceleration of link R S,
_ags 53

Anticlockwise Ans.

Ooe = =
"SOSR 01125
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Angular acceleration of links OR and RS

Since the angular acceleration of the crank P(J is not given, therefore there will be no tangential
component of the acceleration of Q with respect to P.

We know that radial component of the acceleration of 2 with respect to P(or the acceleration
of (),

” vor _ (0.625)°

=625 m's ?

Radial component of the acceleration of R with respect to @,
o _ Yk _ (0.333)
T OR T 0175

and radial component of the acceleration of R with respect to 8 (or the acceleration of R),

_vps _ (0.426)°

= 0.634 m/s”

r -2
e =Oge =g = = = 1.613 m/s-
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() Acceleration diagram,
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Corolis Component of Acceleration

When a point on one lmk 15 shiding along another rotating lnk, such as i quick ret
motion mechanism, then the coriolis component of the acceleration must be calculated.

Constder a link 04 and a slider B as shown i Fig The slider B moves along the
lnk 0. The point C'1s the cotncident pomnt on the lnk 04,
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br=or—ob=(v+&)cosd0—vT
Since 800 1s very small, therefore substituting
cos 08 = 1, we have
bx=(v+dv-v)T=58T
-.{Acting radially outwards)
and xby = (v + &v) sin &8
Since 00 1s very small, therefore substituting sin 66 =
08 we have
xby = (v + &v) 08 = v.88 + Hv.ob
Neglecting v.00 being very small, therefore

xby = v-ér_ﬁ

Vikas Gupta, Asstt. Prof., MED, CDLSIET, Sirsa



Fig. shows the velocity diagram when the v+ By A
velocities w.rand (@ + 6w) (»+ OF) are
considered. S
v = (@ + 8w) (r + &) sin 60 |

= (cr + @or + 6w + Owdr) sin 00

yh = (.00 + @oOr.60 + 6000 + Gim.or.00 ,)%é
| . . (w+5aw)
= .50 | _acting radially inwards

by = ov—ob=(w+ 0w) (r+ &) cos 60 — c.r 7
= (. + .00 + 0. r + 0m.07) cos 00 —wr Y b w.r .
:——4—— - T
by = w.r+ @.0r+ 0w+ 6w.0r — = .0r + row | f’f
fotal component of change of velocity along radial direction T f,x""f

= bx — yb = (6v — .r.00) T |
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. Radial component of the acceleration of the slider B with respect to O on the link 04,

T ¥ ¥
S tav_m}l'aﬂ—dv—{:}r?ﬁdﬁ—ﬁ—mz;F'T o ] i =
5O~ 5t dr dr dr ' { : F—{!]:I

total component of change of velocity along tangential direction,

—

.P
- I.f:-l + b}- —v a8+ {{5] ar + E.[!}:] (Perpendicular to 04 and towards left)

Tangential component of acceleration of the slider B
acting perpendicular to 0.4 and towards lett.

] vEJEII+{mEr+;Em} ar dm
agp = Lt + 00—+ —
of ::?z‘ dt dt

=v.0+ v+ ro = (2 v.{!}{_-l- ey (. dr/df=v, and dw/ df = o)
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{:h; - —
agp = — - » T dgg = (2 v + r.o)
dt
r 2 # =
agg =0 r | agg = ar T

F F F lﬂr\-" 2 2 lﬂr\-".T.
9pc = 9g0 — Yco T E—fﬂ F _{—fﬂ' 'r}z.::_-’r

—

ape = agg — dep = (20w + o ) — or = 2@y

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

ac = ape = 20OV
i = Angular velocity of the link 0.4, and
v = Velocity of slider B with respect to comncident point C.
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Diarection of coriolis component of acceleration.
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Thank You
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