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Lecture — 27
Velocity Analysis Examples

In this lecture, I am going to look at some examples related to Velocity Analysis.
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Overview

«Velocity analysis

Example problems
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Example 1

Determine the angular velocity of the links and the dumper
bin when the actuator throw O,A = 5 m, and expansion rate
is 1 mls.




The first example is of the bin which we have lived before, we have discussed the
displacement analysis of this bin. Here we have to determine the angular velocity of the
links and the dumper bin when the actuator through O 1 A, this is O 1 A; this is given as
5 meter and expansion rate is 1 meter per second. So, this actuator is expanding at 1
meter per second. So, throw is 5 meter and it is expanding at 1 meter per second you

have to find out the angular velocity of the links and the dumper bin.
(Refer Slide Time: 01:29)
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Example 1

Define the vectors

010y =y, O1B =1y, BA=1y
“-T;i—l_l :111[[()_1:{ =1

From displacement analysj
0A=5m -

0= 49458,y = 21.168° 4 ,47‘":",
By =L
f o \p?
[T e N R e )

We have defined these vectors before during displacement analysis, let us just go through
them again 1 1is O 1 O 2. So, this is the 1 1 vector 1 2 vector is O 1 B 1 3 vector is B A
which is the coupler which is actually the bin O 2 Ais14and O 1 Ais 1 O 1 Ais this

vector.

So, this vector is the vector 1; from our previous discussions on displacement analysis for
this given actuator throw we had found all these angles a theta, the angle theta is this
angle that angle is theta, that was 49.45 degree. And theta 2, theta 3, theta 4 we are all
determined, theta 3 is the bin angle, but these were determined from the displacement

analysis.
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Example 1
From 0194 chain we had
lcost =1 +1jcosty

&
¥

Now, from the chain O 1 O 2 A which is this chain, we can write using the kinematics 1

u

—d

cosine theta plus 1 1 is equal to 1 1 plus 1 4 cosine theta 4, we are using the coordinate
system x y the same that was used for displacement analysis. Now, if you differentiate
this equation with respect to time here you note that 1 and theta and theta 4 these are

functions of time.
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Example 1 .
From 01094 chain we had
Lcosf =1 +1jcos by
[sinf = lysind,

Differentiating w.r.t. time

[sin6 + 16 cos 0 = 146, cos b

So, if you differentiate this with respect to time you obtain this relation, which relates

which involves 1 dot theta dot and theta 4 dot, of this we only know 1 dot.
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Example 1

Lcost = 1) + [y cos B
[sinf = [ysind,
lysind
= tanf = e
~ L1+ 1080,

Differentiating w.r.t. time

iz !’[('(:ij}'[:rr] + 1y cos Ol

= (I + 1y cos i’ ;\a‘
M\

lfn&..—i' Ir |
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Next, if you look at again these two expressions, these two equations and divide 1 by the
other you can find out tangent of the angle theta which turns out to be this ratio. And, if
you differentiate this with respect to time you have this expression relating now theta dot
and theta 4 dot. In terms of the angles theta and theta 4, since theta, theta 4 are known to

us therefore, we can find out we have this relation between theta dot and theta 4 dot.
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Example 1

-

[sinf + 10 cosb = 1,6, cos b,

{ Lcos B(ly + 1 ('t:r«'()l}q-
~ (I +lycosty)? ot

c

Eliminating d6/dt and simplifying

l 05’0 0s6;) |
= — |i‘rl“h_!q]h[m (ly + ly costy) ;
sinf

l=— b}
(1 4 1y cos 8y)~

Now, let us look at the previous expression that we had determined. So, these are the two

expressions, this involved theta 1 dot theta dot and theta 4 dot and here I have relation



between theta dot and theta 4 dot. Therefore, if I eliminate theta dot between the 2 then 1

have a relation between theta 4 dot and 1 dot.

So, if you eliminate theta dot and simplify then you have a relation between 1 dot and
theta 4 dot. Out of this | dot is given to us the expansion rate is given to us and from the

displacement analysis we already have theta 4 and theta.
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Example 1

| Llcos>0(ly + 1 cos 6
[ycosfy — LS Hs,}) J Y
() + [y cosy)?

¢ From displacement analysis

f = 49458, 65 = 21.168", 63 = 98.891°,

8, = TL.70°,
[=1m/s, = ) = —0.658 1ad/s
[ 7 CaT T

Therefore we can determine theta 4 dot, that turns out to be minus 0.654 radians per
second for given expansion rate of the actuator as 1 meter per second. Now, once we
have theta 4 dot, now we can use the relation between theta 4 dot and theta 2 dot and find

out theta 2 dot.



(Refer Slide Time: 07:04)

Example 1

From O; BAQ»—4R chain,

6 = [y Ilh'?]ll(}-__l —(J].)+i’|.\'1.1|()‘_; i
lysin(fy — 8;) + 1 sin 8

a9

b

From displacement analysis

6= 49.458°, 6y = 21.168°, 05 = 98.801°,
] By =T179°.

0y = —0.638 rad/s. = 6 = =0.316rads
G cme S i

This was our relation which we have found from the analysis of this 4R chain the 4R
chain is O 1 B A O 2. This is the 4 bar chain whose analysis we have done previously
and we have found this relation between theta 2 dot and theta 4 dot. Now using that,
since we know theta 4 dot now we can find out theta 2 dot which has been determined

here.

So, from the displacement analysis we know these angles from the previous velocity
analysis we know theta 4 dot. So therefore, from the above expression we can now find

out theta 2 dot.
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Example 1

lysindy — lysin by
[+ 1y cos8y = [y costh

] tanfy =

Differentiating w.r.t. time

(J:: = (-ur\"‘J I |:ij{!2 _ Ilr] HJ@— f|(‘ll.~":f)-_r _@}i

(I + lycosfy = lycos By)?

Li{ly + 1) cosby — Iy cos(By — 8;)}y
(I +1ycosty = beosty)? =

B cmee = |

Finally, we need to find out the angular speed of the bin, the rotation of the bin. Now, this
expression we had derived during displacement analysis of the 4R chain. So, tangent of

this angle theta 3 is given by this ratio which is in terms of theta 2 and theta 4.

If you differentiate this with respect to time you get a complicated expression which is
doable, but it is a little lengthy. In that you involve theta 3 dot which we want to find out,
theta 2 dot and theta 4 dot and the joint angles theta 2 and theta 4. We have already found
out theta 2 dot and theta 4 dot. Therefore, by just substituting these expressions and the

joint angles which we already know we find out theta 3 dot.
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(I + 1y cos by = lycos bh)?

Example 1 ' - .
0y = cos- 6 [

+ f]{“ +1) costly = I cos(6y —H]]}Hl
(I + Ly cosfy = by cosfy)?

¢ where

fy = —0.638 rad/s, = —0.3161ad/s

= 03 = —0.975 rad/s

So, that completes this problem in which we had to find out the angular speeds of all the
links and including the bin and this theta 3 dot is actually the angular speed of the bin.
And negative sign indicates that its decreasing therefore, it is in the clockwise direction

the rotation is in the clockwise direction.
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Example 2

In the car-lift mechanism shown L = 2b = 2m. The hydraulic
actuator expands at a constant rate 1 m/s. Determine the
upward speed of the platform when 6 = 30 deg.

(5 cana ya Iow

In the next example we are going to look at this car lift mechanism, in this mechanism is

given that this length L is equal to 2 times this length b and this length is 2 meter.



So, the problem says the hydraulic actuator expands at a constant rate of 1 meter per
second, determine the upward speed of the platform when theta equal to 30 degree, but
this is the angle theta which is specified 30 degree. So, at theta equal to 30 degree; what

is the upward velocity of the platform?
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ﬁ=L.F}'=b‘F=S

Fram AABC b=L+s
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® Hence,

% — beosf =L +.s-(-{}s(a’_1 ".,
y —> bsinf = ssinf = a
.\\\ _i'l’
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We define these vectors in the coordinate system x y with origin at A. So, this vector is
the L vector, AC is this vector b and this vector is vector s. Therefore, from the vector

loop equation we can write b as vector L plus vector s.

Now, if you look at the components, if you look at the components of the vector B L and
s from the x component we have the first equation and from the y we have the second

equation, here we involve this angle theta s. So, this angle is theta s ok.
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beostt = L + s cos by
bsinf = ssind,

Eliminating 6,

s = (beos — L)? + (bsin )’

— =60 = L2407 - 2Lbcosd
e T T

el
\ &
] \
r \‘a:n
B e me y 4 .l |

So, these are our relations, if you eliminate theta s then in order to eliminate theta s we

take | on this side square and add and we have this expression of s in terms of theta.
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Example 2

& =2 +b> - Lhcosd

Differentiating w.r.t. time

s
§=—bAsind
$

I:p‘!
? {
F\‘ W \ ﬂl' I

So, this is our relation of s with theta, if you differentiate this with respect to time and
simplify we involve s dot and theta dot, L and b are constants therefore, this involves s

dot and theta dot. And it also involves s which we already know.



(Refer Slide Time: 13:04)

Differentiating w.r.t. time

h = 26 cosf

Now, here we have another displacement which actually gives us the motion of the
platform which is h. So, h can be related in terms of this length AD and the angle theta
and is given by 2 b sin theta and if you differentiate this, this is going to relate h dot and
theta dot.
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Example 2
Therefore,
=£me
5
h = 28 cosf

Eliminating do/dt and using  «* = L2 + b — 2Lbcosd

[@:Ehmb‘— O““H 7
W L2+ b2 —2Lbcosh

Jrmen G |

Now, we have two relations one is involving s dot and theta dot the other relation

involves h dot and theta dot. So, if you eliminate theta dot and use the relation of s and



theta then you come up with this expression, now here we have s dot related to h dot in

terms of theta. Now, from the displacement analysis we have already found out theta.
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~hL hL tand
§=—rtanf = —
2 2VL? + b7 - 2Lbcost
I-e\

10 .

~, . Fromgiven data
$=1mfs, =30"and L=2m
= h = 2.1466 m/s. '

B cmonr -

So, we are given this theta as 30 degree. So, at theta equal to 30 degree we are given s
dot as 1 meter per second other data the link length data are all given therefore, we can

find out h dot which turns out to be 2.146 meter per second.
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Example 3

Determine the speed of the platform when pin A slides to the
right at a speed of 1 m/s.

s, rin f5)
€= jm/g /v\
y |\ .

B cmon F &\.U’ i

Next we look at the Nuremberg mechanism which you have discussed before in the

context of displacement analysis, here it is given that the pin A slides to the right at 1



meter per second. In other words s dot is given as 1 meter per second we have to find out

h dot, basically the speed of the vertical travel speed of the platform.
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Example 3

From displacement analysis
s=Lcost

h
h=2Lsind

Differentiating w.r.t. time

i=—Liding ﬂ
h=0Lfcosh)
e

f “‘ailf

Now, we have looked at the displacement analysis of this mechanism before and we are

related s and h in terms of theta which are shown here. Now once again if you

differentiate these two expressions you involve s dot and theta dot and s dot and theta

dot.
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Example 3

§=—Lfsing
h=2L0cosd

... PR
D& 1n FAN=s =¥

Eliminating d6/dt

h =24/ tand

If you eliminate theta dot you relate s dot and s dot.
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h h = 2§/ tan

From given data

$=1mfs, §=3° > b= —2\/5-51n/s

B e mel R |

Now, when s dot and theta are given; so, here it is given as 1 meter per second and theta

is given as 30 degree you just substitute you will get the expression of h dot.

So, that completes this example, with that I will close this lecture.



