Example — PR Manipulator 1

* Given: 1, p,

* Find: singularities
(d, 0 values)
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Example — PR Manipulator 1

1) Write position FK equations

x =10
y = rcos(6)
z =d + rsin(0) d




Example — PR Manipulator 1

2) Take derivative for velocity

y = —1r8sin(0)
7 =d + 16 cos(6)




Example — PR Manipulator 1

3) Putin matrix form X = J6

P1=[3 e




Example — PR Manipulator 1

4) Set det(J) = 0, solve
rsin(8) =0

0 =0m
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Example — 2-Link Planar Arm

e (Gjven L1, LZ’ and Pe = (xe;:Ve)
* Find: Singularities

* Inspection: 6, =0,
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Example — 2-Link Planar Arm

1) Write position FK equations

X = L1C1 + L2C12
y = LiS1 + LSy,
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Example — 2-Link Planar Arm

2) Take derivative for velocity

x = (—Lis1 — L2512)91 — L251292
y = (Licy + Lycy2)8;, + Lyci50, Le
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Example — 2-Link Planar Arm

3) Putin matrix form X = J6

[X] _ —L1S1 — Lysqo —L2512] 91
y Lici +Lyci Lacoz 110, be

02/14/2019 E. Ledoux



Example — 2-Link Planar Arm

4) Set det(J) = 0, solve

0 = (—L1S1 — L2812)(Lac12) — (L1cy + Laci2)(—Lasq2)

62 — O,Tl: be

Use trig identity

sin(A + B) = sin(4) cos(B) — cos(A4) sin(B) Yo
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Example — PR Manipulator 2

* Given: 1, p,

* Find: singularities
(d, 0 values)

2



Example — PR Manipulator 2

* By inspection:
no singularities

* By math:
J =0 no matter what d

(2 DoF < 3D space) ﬁi
W s cee




