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Link Velocity

Question: How to find the velocity of a certain link in a
robotic arm?

- The linear velocity (v) of the
origin of the frame attached to
that link, and

- The rotational velocity of the T :
link (w) “ |
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Link Velocity

Assume that you have two particles (A) and (B):

[*“'rs] = ["ral + [iR][*75/a]

Take the derivative of both sides with respect to (t)

[“vs] = ["val + [SCw ][R [757a] + [*iR][*v5/a]

d[Rr]
T [S(w)][R]

[S(w)] — A skew-symmetric matrix which takes the following form:

0 —W; Wy
[S(w)] = | w; 0 — Wy
—wy Wy 0
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Link Velocity

[vs] = [va] + [SCwn]|[*iR][rs/a] + [*iR]["v5/a]
If both frames {ref} and {i} are coincident at this instant in time:
[ el = [ "val + [SCwn][iR]["r5/a] + [iR]['v5/a]

Note: [QR] = [I]

[ el = [ val + [SCwd][ra/a] + ['ve/a]
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Link Velocity

[ el = [ val + [SCwd][ra/a] + ['ve/a]

Applied to a link in the robotic arm:
Particle (A) — origin of {i}

Particle (B) — origin of {i + 1}

[ra/al = [ "Pisa]

If joint (i + 1) is a revolute joint: [ ivB/A] =0

[ Wia] = [ 'vi] + [ SCw)][Prs1 ]
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Link Velocity

[ ia] = [ 'vi] + [ SCw)][*Pra1 ]

Pre-multiply both sides by |["*%R]:

R [viea] = [TIR[ ('] + [ SCwd)][! l+1])

[*tviea] = [TRI([Pvi] + [SCwd)][Praa])
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Link Velocity

[ el = [ val + [SCwd][ra/a] + ['ve/a]

Particle (A) — origin of {i}

Particle (B) — origin of {i + 1}

['r8/a] = | i i+1]

If joint (i + 1) is a prismatic joint:

[ i) = [ ] + [SCw)][Prs1 ] + [i+1R]

i+1

0
0
d
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Link Velocity

. . . . . i+1 O
| isa] = | ‘o] + [ SCo)][*Prss | + [141R] 0]
d

Pre-multiply both sides by |"*R]:

R ["visa] = [TRI([Poi] + [SCw)l[Pisa [) + [7iR][144R]

0
Q]
d

i+1

[*tviea] = [TRI([Pvi] + [SCwd)][Praa]) +
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Link Velocity

Summary of linear velocity:

If joint (i + 1) is a revolute joint:

Introduction to Robotics www.firasjarrar.com
Dr. Firas Jarrar | 2020 YouTube: Dr. Firas Jarrar




Link Velocity

Angular velocity:

If joint (i + 1) is a revolute joint:

angular angular the rotational
velocity = | velocity | + | velocity of
of link (i+ 1) of link (i) joint (i+ 1)

[ o] = [t + [ R [93]
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Link Velocity

[ o] = [ ‘o] + [ 48] [93]

Pre-multiply both sides by [**1R]:
i+1 \

(iR ['wiea] = [iR][wi] + [*iR][141R]

i+1 O
0
041

[wua] = [FR]['o] +
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Link Velocity

If joint (i + 1) is a prismatic joint:

‘angular Velocity] _ [angular velocity
| oflink(i+1) | of link (i)

: iwi+1] = | iwi]

Pre-multiply both sides by |"*R]:

iR |[fwia] = [TiR]['wi]

[i+1wi+1] — [l+1LR] [iwi]
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Link Velocity

Summary of angular velocity:

If joint (i + 1) is a revolute joint:

Introduction to Robotics www.firasjarrar.com
Dr. Firas Jarrar | 2020 YouTube: Dr. Firas Jarrar




Link Velocity

For more details on this subject, please see:

- Introduction to Robotics: Mechanics and Control, by John J. Craig,
3rd Edition, Addison-Wesley Publishing Company, 2003.
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