
 

Velocity kinematics part 2
Velocity Kinematics L allows for more precise

control of the robot
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

Y Y joint velocity it is a vector with the velocity of each
basedon J joint variable



Finding the Jacobian

The Jacobian is built like this

j Jj
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

Jr 29
On Oi i revolute

prismatic Jw fit revolute
prismatic

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

t 1 Iit ti 1
t 1 to frame i frame 2 and

frame 3 forwardkinematics

the Z's come from the third column

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
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2 write the Jacobian only using the components
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3 Find all the components of the jacobian and write them

The Z vectors
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The o vectors

cicz attar

I a of
o or E

cicz attar
o o I i o o 1 it

Sala as

calculating Zox 0 Oo and Z X 03 o

cross product





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
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The joint variables are givenas a 321mm O 300 02 6007
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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

Y
Herewe have

U Jug and w jw g

a 321mm O 300 02 600
Az 100 mm as 207 mm

so since we only want the linear velocity of the tool tip we use
v Jug
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76.75 230.25

I 1320.93 172.93 0.250
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so this is the'Éelocity of the tool tip relative to the base frame
in the x y and z directions
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we set the determinant to 0 to find singularities

det Iu O E ca ask tae o

This means that either a o or as taz 0

Cos O 0 when 0 900 or 02 900

singularityconfiguration for 02
Prismatic joints allowonly translation along anaxis anddon'tcause any motion constraint or degeneracy so they don't
lead to singularities However prismatic joints can suffer from
other limitations

Now we have found thejoint variables that lead to singular
configurations for this robot byusing the determinant of the Jacobian
Wecan also find the singular configurations by analysing therobot we can
seethe following positions are singularconfigurations

themanipulatorpoints
ago

upwards andis co themanipulator points
linearwith thebase downwards and is co linear

offframe with thebase t frame


