3. Acceleration in Mechanism
We have discussed the velocity diagram of various points in the previous chapter.
The acceleration will be discussed in this chapter.
3.1. Acceleration Diagram for a link:
Consider two points A and B on a rigid link as shown in figure below in which point
B moves with respect to A, with an angular velocity w rad/s, and let a rad/s? be the
angular acceleration of the link AB.
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We have already discussed that acceleration of a particle whose velocity changes
both in magnitude and direction at any instant has the following two components:

1. The centripetal or radial component, which is perpendicular to the velocity of
the particle at the given instant.

2. The tangential component, which is parallel to the velocity of the particle at the
given instant.

r 2 . . 2 Vip VaB
ayp = w” - Legth of link AB(is always// AB) = w* - AB = 5 (@ =75
This radial component of acceleration acts perpendicular to the velocity vga, In
other words, it acts parallel to the link AB.
We know that tangential component of the acceleration of B with respect to A,
aip = a - Legth of link AB = a - AB
This tangential component of acceleration acts parallel to the velocity vga. In other
words, it acts perpendicular to the link AB.

Tangential
path of B
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3.2 Acceleration of a Point on a Link VBA

Consider two points A and B on the rigid link, as shown in
Fig. (a). Let the acceleration of the point A i.e. aa is known in
magnitude and direction and the direction of path of B is w\ ¢,
given. The acceleration of the point B is determined in
magnitude and direction by drawing the acceleration diagram
as discussed below. A

To Draw the acceleration, diagram the following steps to A a,
be follow:

{a) Points on a Link.



1) From any point o” draw vector o”a” //to the direction of absolute acceleration at
point A (i.e aA) to some suitable scale.

2) From point b” draw vector b’x//to AB represent the radial component of
acceleration(as”) with known magnitude and direction.
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3) From point x draw vector xa” | AB to represent the tangential component of
acceleration (as?).
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3) Join b’a’, the vector b’a” known acceleration image of link AB or total
acceleration of point B i.e (aag).
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Note that:
a) Tangential component at
at =r-x and always | r
b) Radial component @'
a” =r.w? = v? - risalways/r
r.. length of link AB
a" is drawn first then at where at | a"

3.2 Acceleration diagram of a point on a link:



A two-point A, B on link AB as shown in the figure below. Let the acceleration of
point A i.e aa is known in magnitude and direction, if the path of point B is known, to
determine the acceleration of point B magnitude and direction the following
procedure can be follows:

Vea. . 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. aa , to some suitable scale, as

1) From any point o draw vector ¢ & //to the direction of absolute acceleration
at point A (i.e aa) to some suitable scale.

5,
b' T

4 \\Z;’ \\\ 1 ah‘
T ——— =3a’
0 . g 7
334
\01
X

2) Draw vector a"x//to AB which represent (az") and
ay = vi-AB = wip - AB

With the same scale.

3) From point x draw vector xb" | to a'x

4 From o’ draw line//to tangental path to B

5) Now the vectors xb” and o’b” will intersect at point b” , and the values of as and
ast can be measured to the scale.

6) Join & and 4 the acceleration image of link AB will represented by vector a’b’
. 7) The acceleration of any point (c) on AB may be obtained by

ac AC yielas )
= >a’c=acyand o'c = a,

ab  AB
8) The value of angular acceleration octhen can be obtained by
t
a
“~ 4B

3.3 Acceleration in the Slider Crank Mechanism:
A slider crank mechanism shown in the figure below.
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we know that vy = wg - BO and, ap, = why - OB = OLL(?)
The acceleration diagram can be drawn as:

1) Draw vector o"b’//to BO in magnitude of as, with suitable scale. since point B
moves with a constant w therefore will be no tangential component acceleration.

Note: A point at the end of a link which moves with constant angular velocity has no
tangential component of acceleration.

yields ¢ yields r 5
“ wp =const——ag = 0—>ap = ag = wy, - BO

2) From point b*, draw vector b'x parallel to BA. The vector b'x represents the radial
component of the acceleration of A with respect to B whose magnitude is given by:

s = Wia " AB =%
o
aﬁ-:"-
- X



3) From point x, draw vector xa' perpendicular to b*x (or AB). The vector xa'
represents the tangential component of the acceleration of A with respect to B i.e.
a'aB.

Note: When a point moves along a straight line, it has no centripetal or radial
component of the acceleration.

ay hapg

b"  a,g

4) Since the point A reciprocates along AO, therefore the acceleration must be//to
velocity. Draw from o"a” vector o’a’//to AO, will intersect the vector xa” at point a’.
Now the acceleration of the piston or the slider A (aa) and a‘'as may be measured to the
scale.

5) The vector b'a’, which is the sum of the vectors b* x and x a', represents the total
acceleration of A with respect to B i.e. aas. The vector b'a’ represents the acceleration
of the connecting rod AB.
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6) The acceleration of any other point on AB such as E may be obtained by dividing
the vector b'a’ at e’ in the same ratio as E divides AB
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a’b’ AB y 'g

7) The angular acceleration of the connecting rod AB (oc45) can be obtained from:

t
a
Aup = ﬁ (clockwise about B)

3.4. Reciprocating Machines

Reciprocating machines here means a piston reciprocating in a cylinder and
connected to a crank shaft by a connecting rod. You can skip the derivation of the
acceleration by going to the next page-First let s establish the relationship
between crank angle, and the displacement, velocity and acceleration of the
piston.

Rotating Reciprocating
mass mass

Connecting
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3.3.1 Derivation of acceleration equation:
A crank, connection rod, and piston mechanism as show in the figure.
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When 6=0 the piston will be furthest left at a distance of:
L + R from point O
Take this as reference point and measure displacement x from there. Remember
that:
2-m-N
60

0=w-t,and w =

The displacement is then:

, L yields
X = (L+R)—[\/LZ—(R-SlnH)Z+R-c059];putn=E—>x

=R:[(n—1) — cos @ — \/n2 — (sin 0)?]
Differentiate to get the velocity:

, o _dx db
dat de dt
B de
v=w T
~Rsinf@ =1L
sinf? = 2sin6 cos @
1
dx do d [(n +1) — cos 0 — (n? — sin 92)7]
= —= —_— = XR
L T | do
1
=w-R[0+sin6—§(n2—sin92)T-(—ZSiné?cosB)]
_ —2sinfcosf _ _
v=wXR|sinf — T *+ 2sin 0 cos @ = sin 20
2(n? —sin62)2

[ . sin 26 ]
v=wXR|sinf + I
2(n? —sin62)2
Differentiate again and simplify to get acceleration:
dv dv df do
a= d_t = @ X d_t and w = E

o ><dv
A= 9%
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EX: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,
2 angular velocity and angular acceleration of the connecting rod, at a crank angle of
45° from inner dead center position.
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Solution.
Given: ngo =300 r.p.m. or weo =2 7w % 300/60 = 31.42 rad/s; OB = 150 mm =
0.15m; BA=600 mm = 0.6 m.
We know that linear velocity of B with respect to O or velocity of B,
Vgo = Vg = Wgp * OB =31.42-0.15 = 4.713 m/s
1. Linear velocity of the midpoint of the connecting rod
First of all, draw the space diagram, to some suitable scale(1:2); as shown in Figure
below
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Spece diagram with scale (1:2)
Now the velocity diagram, as shown in Figure below, is drawn as discussed below:



1) Draw vector ob perpendicular to BO, to some suitable scale(10mm:1m/sec), to
represent the velocity of B with respect to O or simply velocity of B i.e. veo or vg, such
that:

vector ob = vgo =vg =4.713 m/s

v, =4.713-10 = 47.13 mm

2) From point b, draw vector ba perpendicular to BA to represent the velocity of A
with respect to B i.e. vag , and from point o draw vector oa parallel to the motion of A
(which is along AO) to represent the velocity of A i.e. va. The vectors ba and oa
intersect at a.

By measurement, we find that velocity of A with respect to B,

v, = vector ba = 33.86/10 = 3.386 m/sec

39.31
Velocity of A,vy = Vector oa = o = 3.931 m/sec

3) In order to find the velocity of the midpoint D of the connecting rod AB, divide the
vector ba at d in the same ratio as D divides AB, in the space diagram. In other
words,

bd _ BD vyielas bd _ 300 yietds b

ba _ BA 33.86 600 d = 1693 mm

bd = 16.93 mm
Note: Since D is the midpoint of AB, therefore d is also midpoint of vector ba.
Join od. Now the vector od represents the velocity of the midpoint D of the
connecting rod i.e. vp.. By measurement, we find that:
vp = vector od = 39.96/10=3.996 m/s Ans.



o = - e
39.31

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,

vi 471372

ago = ag = 5= 015 = 148.01 m/s?

and the radial component of the acceleration of A with respect to B,
2 3.3862
ro_UBa_ 2 = 19.1 m/s?

“B=BA T 06 '

Now the acceleration diagram, as shown in figure below is drawn as discussed below:
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Acceleration diagram with scale Imm:1m/s?




1) Draw vector o0'b’ parallel to BO, to some suitable scale(Imm:1m/s?), to represent
the radial component of the acceleration of B with respect to O or simply
acceleration of B i.e. a"so or as, such that

apo = 148.01 m/s?

Note: Since the crank OB rotates at a constant speed, therefore there will be no
tangential component of the acceleration of B with respect to O.
2) The acceleration of A with respect to B has the following two components:
(a) The radial component of the acceleration of A with respect to B i.e. a"as, and
(b) The tangential component of the acceleration of A with respect to B i.e. a'as. These
two components are mutually perpendicular.
Therefore, from point b', draw vector b'x parallel to AB to represent a’ag= 19.1m/s?
and from point x draw vector perpendicular to vector b' x whose magnitude is yet
unknown.
3. Now from o', draw vector o'a’ parallel to the path of motion of A (which is along
AO) to represent the acceleration of A i.e. aa . The vectors in point 2 and previous
vector intersect at a'. Join a'b’, aa=105.58 m/s2.
4. In order to find the acceleration of the midpoint D of the connecting rod AB, divide
the vector a'b" at d' in the same ratio as D divides AB. In other words
b'd BD yields b'd’ 300 yields o
e BA 10466 o0 D@ =>233mm
Note: Since D is the midpoint of AB, therefore d' is also midpoint of vector b' a'.
5) Join o'd". The vector o'd" represents the acceleration of midpoint D of the

connecting rod i.e. ap. By measurement, we find that

117.42
ap = vector o'd’ = = 117.42 m/s?

2. Angular velocity of the connecting rod
We know that angular velocity of the connecting rod AB,
vy 3.386
“48 = BA "~ 06
3. Angular acceleration of the connecting rod
From the acceleration diagram, we find that
alp = vector xa' = 102.85/1 = 102.85 m/s?
We know that angular acceleration of the connecting rod AB,

a, 102.85
Upp = 2 = e = 171.4rad/s?*(cw about B)

= 5.6 rad/s (anticlockwise about B).



Example2

An engine mechanism is shown in Figure below. The crank CB = 100 mm and
the connecting rod BA = 300 mm with center of gravity G, 100 mm from 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,

2. acceleration of G and angular acceleration of AB.

2B
120° / 100 mm
A- I/E

Solution.

Given: wgc = 75 rad/s ; asc = 1200 rad/s?, CB = 100 mm = 0.1 m; BA = 300
mm.

We know that velocity of B with respect to C or velocity of B,
= v = =75-0.1=75—— 1 BC

Since the angular acceleration of the crankshaft, agc = 1200 rad/s,, therefore
tangential component of the acceleration of B with respect to C is:
ab. = agc-CB =1200-0.1 =120m/s*> L BC

Note: When the angular acceleration is not given, then there will be no
tangential component of the acceleration.

Velocity of G and angular velocity of AB
First of all, draw the space diagram, to some suitable scale, as shown in Fig. a

DS 50mm 1

S =—= =
AS 300mm 6
B'
120 ._.".100 mm Vg



Space diagram with scale 1/6
Now the velocity diagram, as shown in Fig. (b), is drawn as discussed below:

1) Draw vector ch - CB, to some suitable scale(1m/sec:1cm), to represent
the velocity of B with respect to C or velocity of B (i.e., vec or vg), such
that

m
vg=75—-10=75mm L BC
sec

2) . From point b, draw vector 1B A to represent the velocity of A with
respect to B i.e. vas , and from point ¢, draw vector parallel to the path of
motion of A (which is along AC) to represent the velocity of A i.e. va.
both vectors intersect at a.

From velocity diagram, we find that velocity of A with respect to B,

a)vas=39.15 cm 1/10=3.915 m/sec
We know that angular velocity of AB,

_Vpg 3915
@48 =UB T 03
b)We know that angular velocity of slider A,

va=53.69 cm 1/10=5.369 m/sec

= 13.05(clockwise about A)

to fine velocity of G there are two solutions:

a)
Vg = Wgy " GA = wyp - GA =13.05-0.2 = 2.61m/sec

b)Since the point G lies on AB, therefore divide vector ab at g in the same
ratio as G divides AB in the space diagram. In other words,

§ _ AG yields a_g) _ 200
— AB 3.915cm 300
ab

ag = 26.1 mm

The vector cg represents the velocity of G. By measurement, we find that
velocity of G,

1
Vga = 26.1mm - 0= 2.61m/sec



a) space diagram with
scale 1/6

b) velocity diagram
with scale 1/1

Acceleration of G and angular acceleration of AB

a) We know that radial component of the acceleration of B with respect to

C,
2 2
. Ve 7.5 )
agc BC = 01 562.5m/s
and radial component of the acceleration of A with respect to B
B Vig B 3.9152

= 51.1m/s?

“B =B T 03
Now the acceleration diagram, as shown in Fig.(c), is drawn as discussed
below:

a) Draw vector ¢' b" parallel to CB, to some suitable scale (1:10), to
represent the radial component of the acceleration of B with respect to
C, i.e.a" c, such that
vectorc'b” = af, = 562.5m/s?

b) From point b*', draw vector - ¢' b' or CB to represent the tangential
component of the acceleration of B with respect to C i.e. a'sc, such

that
vectorb"b' = ah, = 120 m/s?

c¢) Join c'b’. The vector c'b' represents the total acceleration of B with
respect to C i.e., ¢c'b'=57.52 mm
agc = 57.52-10 = 575.2 m/s?

d) . From point b’, draw vector b'x parallel to BA to represent radial
component of the acceleration of A with respect to B i.e. a"as such that
vectorb'x = ajjz = 51.1m/s?



e)

0)

From point x, draw vector perpendicular to vector b'x or BA to
represent tangential component of the acceleration of A with respect to
B i.e. a'as, whose magnitude is not yet known.

Now draw vector from point c' parallel to the path of motion of A
(which is along AC) to represent the acceleration of A i.e. aa. The both
vectors intersect at a'. Join b'a‘'. The vector b'a’ represents the
acceleration of A with respect to B i.e., ass.

In order to find the acceleration of G, divide vector a'b’ in g" in the same
ratio as G divides BA in Fig.(a). Join c'g’. The vector c'g' represents the
acceleration of G

ﬁ _ AG yields w B 200
— "~ AB 4959mm 300

a'g' = 33.06mm

By measurement, we find that acceleration of G

h)

a; = vector c'g’ =39.3310 = 393.3m/s?

From acceleration diagram, we find that tangential component of the
acceleration of A with respect to B,
vectora'x = alz = 55.59 10 = 555.9m/s?

vectora'b’ = a,z = 55.83-10 = 558.3m/s?

~ Angular acceleration of AB,

_ % 5559 ocaid/sec? (Clockwise)
Ayup = 1B - 03 - rad/sec ockwise




EX3

PQRS is a four-bar chain with link PS horizontal fixed. the lengths of the links are PQ
-62.5 mm; QR- 175mm; RS- 112.5 mm; and PS =200mm.The crank PQ rotates at 10
rad/s clockwise. Draw:

1) the velocity and acceleration diagram of links QR and RS when angle QPS =60° and
Q and R lie on the same side of PS.

2)Find the angular velocity and angular acceleration of links QR and RS

Solution.
Given:
oopr= 10 rad/s. PQ = 62.5mm = 0.0625 m; QR = 175 mm = 0.175 m; RS= 112.5 mm
=0.1125m; PS-200mm=02m
We know that velocity of Q with respect to P or vgp
Vop = Vg = wop * PQ =10-0.0625 = 0.625m/s+PQ
Angular velocity of links QR and RS
First of all, draw the space diagram of a four-bar chain, to some suitable scale( 1:2),
as shown in figure below (a). Now the velocity diagram as shown in figure below,

31.25

/“‘i 1
P

| | S

100.00

Space diagram with scale 2:1

175.00

112.50

200.00

Actual size

Is drawn as discussed below:
1. Since P and S are fixed points, therefore these points lie at one place in velocity
diagram. Draw vector pq perpendicular to PQ, to some suitable
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scale(100mm:1m/sec), to represent the velocity of Q with respect to P or velocity
of Q i.e. vop Or Vg such that

jeld
vector pq = vgp = vy = 0.625 A Vo = 0.625-100 = 62.5 mm

Velocity diagram with scale 100 mm;1m/sec

2. From point g, draw vector gr perpendicular to QR to represent the velocity of R
with respect to Q (i.e. vrg) 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. Vrs Or Vr).
The vectors gr and sr intersect at r. By measurement, we find that

_ vect _ 3465 0.3465m dpoe = o = 42.6 0.426
Vg = vector qr = 100~ sec ,an vRS—vR—loo— : m/sec
We know that angular velocity of link QR,
_ Vor _ 0.3465

WoRr = OR = 0175 = 1.98 rad /s (anticlockwise about Q).

and angular velocity of link RS,
vgs  0.426

Wrs = pe = 01125 - 3.78 rad/s (clockwise about R).
Angular acceleration of links QR and 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 Q with respect to P (or the
acceleration of Q),

vg  0.6252
aTP =a, = =

¢ T PQ T 0.0625

Radial component of the acceleration of R with respect to Q,

. Vko  0.3465%

QR 0.175

and radial component of the acceleration of R with respect to S (or the acceleration of

R),

= 6.25m/s?

= 0.67 m/s?



2 2
vi. 0426
Aps = ak = oS = 01125 = 1.61 m/s?

The acceleration diagram, as shown in Figure below

Acceleration diagram

is drawn as follows:
1. Since P and S are fixed points, therefore these points lie at one place in the
acceleration diagram. Draw vector p'q" parallel to PQ, to some suitable
scale(20mm/1 m/s?), to represent the radial component of acceleration of

Q with respect to P or acceleration of Q i.e a"op Or ag such that
m yields
agp = ag = 6'265_2 — vetorp'q’ = ap = 6.26-20 = 125mm
2. From point g', draw vector g'x parallel to QR to represent the radial
component of acceleration of R with respect to Q i.e.

a"ro such that
yields
agro = 0.67m/s2 — vector q'x = dgg = 0.67 - 20 = 13.4mm

3. From point x, draw vector perpendicular to QR to represent the tangential
component of acceleration of R with respect to Q i.e RQ at whose magnitude is
not yet known.
4. Now from point s*, draw vector s'y parallel to SR to represent the radial
component of the acceleration of R with respect to Si.e. a'rs
such that

yields

aps = 1.61m/s2 —— vector s'y = azs = 1.61-20 = 32.2mm



5. From point y, draw vector perpendicular to SR to represent the tangential
component of acceleration of R with respect to S i.e. a'gs

6. The vectors perpendicular vector in 4 and 5 intersect at r*. Join p’r’and q'r".
By measurement, we find that

E — octor s = 322 4 606™ anact — voctar vyt — 10712
aRQ—vec or Xxr = 20 = 4. Sz,an aRS—vec oryr = 20
m
S

We know that angular acceleration of link QR,
apr 4.696

%r = 9R T 0175

and angular acceleration of link RS,
o = akg _ 5356

BA 0.1125

= 26.83rad /s?(anticw about R

= 47.6rad/s*(anticw about R



Example 5

The dimensions and configuration of the four-bar mechanism, shown in
Fig. below, are as follows: P/ A =300 mm; P_B = 360 mm; AB =360 mm,
and P P, = 600 mm The angle AP P, = 60°. The crank P A has an angular
velocity of 10 rad/s and an angular acceleration of 30 rad/sz, both

clockwise. Determine the angular velocities and angular accelerations of
P B, and AB and the velocity and acceleration of the joint B.

B
mm )
A 260
5
360 mm
Q)é\s
)
o5 160’
F77TRTI7 77777

P1 P?
|«—— 600mm ——>»

Solution. Given: ®,,, = 10 rad/s; a,,, =30 rad/sz; P A=300mm=0.3 m

; P,B=AB =360 mm=0.36 m

AP1

We know that the velocity of 4 with respect to P, or velocity of 4,
Vyp, = wyp, *AP; =10-03 =3m/sec
Velocity of B and angular velocities of P,B and AB
First of all, draw the space diagram, to some suitable scale, as shown in

Fig. (a).
_ DS _ 120 mm _ 1

5= 4s T 360mm 5



Pll

600.00 p-
a) space diagram with scale 1/5

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

v

to represent the velocity of 4 with respect to P, or velocity of A i.e. v, orv,,

such that:

vectorp.a=v, , =v, =3 m/s

DS 12 4

TAS T 31
Since P, and P, are fixed points, therefore these points lie at one place in

velocity diagram. Draw vector p,a perpendicular to P,A4, to some suitable scale

b) velocity diagram with scale el ) £
n e



By measurement, we find that:

vy = vector p.b =2.17 m/s Ans.
Vg, = vector ab =2.17 m/s

We know that angular velocity of P B,

vpp 217

Wp,p = D,B =036 6.03 rad/sec ((Clockwise)

and angular velocity of AB,

" _@_2.17
4B AB T 0.36

= 6.03 rad/sec (anticlockwise)

P1P2

b) velocity diagram with scale \
11

Acceleration of B and angular acceleration of P2B and AB

We know that tangential component of the acceleration of 4 with respect
to P
17

ahp, = sp, * APy =30+ 0.3 = 9m/s?
Radial component of the acceleration of 4 with respect to P,,

2 2
Vip 3
ro o _ 1 _ — 2
Aup, = AP, 03 30m/s

Radial component of the acceleration of B with respect to 4.



. v 2177
4B AB T 0.36

and radial component of the acceleration of B with respect to P,

= 13.08m/s?

Vipy 2177

r — —
P2 = Bp2 T 0.36

The acceleration diagram, as shown in Fig. (c), is drawn as follows:

= 13.08m/s?

By measurement, we find that:

p’p2’

pzb"  7.563
0.25 0.25
yb' 3.596

vector sz = ak, = o35 = 14.384 m/s?

agp, = ag = vector = 30.252m/s? -



zb’ . 6.805 5
vector 025 = %P2 = GO0 = 27.22m/s

We know that angular acceleration of P,B,

t
_appy  27.22 )
QAgpy, = BP2 — 036 75.61m/s
and angular acceleration of AB
alp 14384
A5 _ = 39.95 m/s?

B =B T T0.36



