
 

Velocity kinematics part 2
Velocity kinematics

The velocity of the tool tip relative to the base
In order to know this weneed to know the velocities of each
joint separately So at what linear velocities do the prismatic
joints translate and at what angular velocities do the
rotational joints rotate
we needvelocity kinematicsbecause when we want to control the
motors of the robot it isn't enough to only use the positions of
the joints but we need their velocities as well
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v is the linear velocity
w is the angular velocity
it is the joint variables derivative either O or d
K is the unit vector

PS we don't actually use this f in calculations but it's useful
to see what values we are dealing with

The Jacobian

Our end goal in velocity kinematics is to decide the velocity of the
tool tip This is givenby 5 andthe formula is

g gg
t J is the Jacobian the transformation from

joint variables to tool tip velocity
a 6 x n matrix where n nr of
jointvariables

Yi I joint velocity g is a vector with the velocity of each
basedon J joint variable



Finding the Jacobian

The Jacobian is built like this

j Ig
Ju and Jw are 3 xn matrices where
n are thenumber of joint variables
Ju is the linear velocity part and Jw is the
angular velocitypart

To fill in the Jacobian we find Ju and Jw separately
Each column i in Jv andJw is decided according to whether the
i th joint is revolute or prismatic The formulas are

go E
on Oi revolute

w o prismaticprismatic
J i Zi i revolute

But where do these values come from From the forwardkinematics
or example if you have a robot with three joints you will have
three transformationmatrices between the joints

t 1 I tilt 1
t 1
the Z's come from the third column

zo 9 always
Z comes from T Z

Zz comes from T Zz Ii
the O's come from the fourth column

On is the origin of T's this is Oz as n 3 joints
Oo O O O always
O and Oz come from to and TE respectively



Now that we know what components the Jacobian is made out
of we can look at an example

velocity kinematics of an PRR manipulator
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2 write the Jacobian only using the components

g s f Zo
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3 Find all the components of the jacobian and write them

The Z vectors

L 1 51 1 Jw 8
The o vectors
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calculating Z X 0 0 and Zzx 03 02

cross product



x y Z X y
O I O O I E Z

azczcstazczazszasszcstazszazcz.es aziz 9353 03 O

Z x o o 935263 9252
gu

as crest area

X Y Z X Y
ZzSz O C a'zÉcazczcs ass assacs ass t o 02

Zz x to 02 Yaz Ju

4 Fill in the Jacobi matrix with these components
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using the Jacobian

Now that we have our Jacobian we can use it to do
some calculations Forexample we can use the jacobian to
calculate the velocity of the tool tip given the velocity of the
joint variables

velocity of joint variables if Ig 0.7radIs

The joint variables are givenas a 321mm 02 300 03 60,2
t

a 100 mm i s T

this task

random values
what is the velocity of the tool tip chosen for

Jg the general formula

Usually we don't want both the linear andangularvelocities but just
the linearvelocity Therefore we can split E like this

Lw
Herewe have
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so since we only want the linear velocity of the tool tip we use
Vi Jug
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so this is the velocity of the tool tip relative to the base frame
in the x y and z directions



singularities
Configuration of the robot wheremotion in some direction is
impossible The tooltip becomes blocked in that position
Minor movement of the tool could require infinite force in
the joints so a minor movement intheory couldrequirean
infinite force to actually do this movement

Doesn'tmean that joints will fly off into the stratosphere at
superluminal speeds but the jointsmight strain and break

an old group teacher

this means that if you don't take the singularities
into account the jointsmight endup in singular
configurations and they can be destroyed

Mathematically singularities happen when rank J q max
The maximum value is the number of columns in
the Jacobian and rank J q is the number of linearly
independent columns in J q This means that if
rank Jca max for a set of joint variables g then the
manipulator is in a singular configuration

we can also findsingularities using the jacobian This is
given by the determinant of Ju so in order to findthe
singularities of a robot we would solve this

I Jul 0 111 0

We can also find singularities by justobserving the robotand thinking aboutwhere it could go wrong

Singularities maycorrespond to points on theboundary of the workspace
these arepoints of maximum reach ofthe manipulator

Nearsingularities a uniquesolution to the inverse kinematics doesn't exist In
suchcasestheremaybenosolution or there may be infinitelymanysolutions



singularity of the PRR ish manipulator
we do this analytically by solving Jul 0

The determinant of a 3 3 matrix is given by

PS you can eitherdo this by hand
or with Python
or matlab

ince we can only find the determinant of squarematrices we
cannot use the whole Jacobian Therefore we decouple the Ju
component from J by itself
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Setting det du equal to o
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Now we have found thejoint variables that lead to singular
configurations for this robot


