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Aufgabe 1: Differentielle Inverse Kinematik -\\J(IT

B SCARA-Roboter mit
® Einem Translationsgelenk d; —
® Zwei Rotationsgelenken 65, 63 j e
® Konfiguration g = (d;, 6, 63) Jll
'§
von Jo Teichmann von Nikola Smolenski
[Public domain], via [CC BY-SA 2.5-2.0-1.0], via
Wikimedia Commons Wikimedia Commons
B Vorwartskinematik (nur Position):
—500 - sin(6,) - cos(63) — 500 - cos(8,) - sin(f3) — 500 - sin(6,) X
f(q) = 500 - cos(6,) - cos(63) —500 - sin(H,) - sin(f3) + 100 + 500 - cos(6;) |= 7
d4 Z

§ 3 T



End-Effektor Geschwindigkeiten \‘(IT

eeeeeeeeeeeeeeeeeeeeeeeeeee

W Die Jacobi-Matrix setzt kartesische End-Effektor-Geschwindigkeiten in
Relation zu Gelenkwinkelgeschwindigkeiten

X(t) =]f(9(t)) 0(0)

- &

B Die folgenden Probleme konnen mit dieser Beziehung gelost werden

1. Gegeben eine kartesische End-Effektor-Geschwindigkeit, welche

Gelenkwinkelgeschwindigkeiten sind notwendig, um diese zu
realisieren?

2. Gegeben die Gelenkwinkelgeschwindigkeiten, welche kartesische End-
Effektor-Geschwindigkeit wird damit realisiert?
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Aufgabe 1: Inverse Kinematik -\\J(IT

Karlsruhe Institute of Technology

B Vorwartskinematik (nur Position):

—500 - sin(6,) - cos(83) — 500 - cos(H,) - sin(f3) — 500 - sin(H,)
f(q) = 500 - cos(f,) - cos(63) —500 - sin(8,) - sin(f3) + 100 + 500 - cos(6,)
dq

1)

® 1.1: Bestimmen Sie die inverse Jacobi-Matrix J 1 (q).

B Inverse Kinematik

B Teilaufgaben:

® 1.2: Bestimmen Sie q bei gegebenem q und x.
® 1.3:In welchen Stellungen treten Singularitaten auf?

) b T



Aufgabe 1.1: Inverse Jacobi-Matrix ﬂ(IT

b —500 - sin(6;) - cos(83) — 500 - cos(6,) - sin(f3) — 500 - sin(6,) \&
flq) = (3’> = | 500 - cos(0,) - cos(63) — 500 - sin(H,) - sin(f3) + 100 + 500 - cos(0,) N
Z d,
® Jacobi-Matrix: al\é % D {
Ha)=[5 95 5

e H?T



Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

X —500 - sin(0,) - cos(03) — 500 - cos(6,) - sin(B3) — 500 - sin(H,)
flq) = (3’> = | 500 - cos(6,) - cos(63) — 500 - sin(H,) - sin(63) + 100 + 500 - cos(02)>
VA d4

® Jacobi-Matrix:

_(of of of
/@) = <0d1’092’093>

of

dd,

) b T



Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

X —500 - sin(0,) - cos(03) — 500 - cos(6,) - sin(B3) — 500 - sin(H,)
flq) = (3’> = | 500 - cos(6,) - cos(63) — 500 - sin(H,) - sin(63) + 100 + 500 - cos(02)>
VA d4

® Jacobi-Matrix:

_(of of of
/@) = <0d1’082’093>

0
ad, | 0 B
ad, (dy) 1

) b T



Aufgabe 1.1: Inverse Jacobi-Matrix ﬂ(IT
B Ausdruck fir x vereinfachen

x = —500 - sin(8,) - cos(03) — 500 - cos(H,) - sin(03) — 500 - sin(6,)

— jDO(5MZ> %5<Q>> ~ @S[Qés'ﬁ'h {525>>

_ , — COd ¢ v
— - g {\_Q | gO /4 2
—S0 st :jéwotéosﬁ*@sm:«;
N,
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Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT
® Ausdruck fur x vereinfachen
x = —500 - sin(8,) - cos(03) — 500 - cos(H,) - sin(03) — 500 - sin(6,)

x = —500 - (sin(8,) - cos(f3) + cos(6,) - sin(63)) — 500 - sin(H,)

) b T



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT
® Ausdruck fur x vereinfachen
x = —500 - sin(8,) - cos(03) — 500 - cos(H,) - sin(03) — 500 - sin(6,)

x = —500 - (sin(8,) - cos(f3) + cos(6,) - sin(63)) — 500 - sin(H,)

sin(e + ) =sina - cosf + cosa - sin 8
cos(a + ) =cosa-cosff —sina -sinf

Ubung 01 | 10 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT
® Ausdruck fur x vereinfachen
x = —500 - sin(8,) - cos(03) — 500 - cos(H,) - sin(03) — 500 - sin(6,)

x = —500 - (sin(8,) - cos(f3) + cos(6,) - sin(63)) — 500 - sin(H,)

sin(e + ) =sina - cosf + cosa - sin 8
cos(a + ) =cosa-cosff —sina -sinf

x = —500 - sin(8, + 63) — 500 - sin(6,)

Ubung 01 | 11 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬂ(IT
B Ausdruck fur y vereinfachen

y = 500 - cos(6,) - cos(f3) — 500 - sin(8,) - sin(F3) + 100 + 500 - cos(6,)
S5 [ty oty - S BLNE Yt - -
Cex [M%P D
T cosed @S T Shudsyp
“S00 cos (L HOL) $A4D0+C 00 ens 6,

Ubung 01 | 12 H?T



Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT
B Ausdruck fur y vereinfachen
y = 500 - cos(8,) - cos(83) — 500 - sin(6,) - sin(63) + 100 + 500 - cos(6,)

y =500 - (cos(6,) - cos(83) —sin(B,) - sin(f3)) + 100 + 500 - cos(6,)

N >
Ubung 01 | 13 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ‘\ﬂ(IT
B Ausdruck fur y vereinfachen
y = 500 - cos(8,) - cos(83) — 500 - sin(6,) - sin(63) + 100 + 500 - cos(6,)

y = 500 - (cos(0,) - cos(63) —sin(6,) - sin(f3)) + 100 + 500 - cos(6,)

sin(e + ) =sina - cosf + cosa - sin 8
cos(a + ) =cosa-cosff —sina -sinf

y =500 - cos(08, + 05) + 100 + 500 - cos(6,)

Ubung 01 | 14 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬂ(IT

x = —500 - sin(8, + 63) — 500 - sin(6,)
Ty

2= coc(by vy ) =500¢ (6 \

y =500 - cos(8, + 63) + 100 + 500 - cos(8,)

o _ Gpo(- Lin(0,+03)) + SOo(-5i, 6,

- O
Z=d1 6_92=

Ubung 01 | 15
Vo



Aufgabe 1.1: Inverse Jacobi-Matrix —\\J(IT

ttttttttttttttttttt f Technology

x = —500 - sin(8, + 63) — 500 - sin(6,)

0x

~5. = —200 - cos(6; + 63) — 500 - cos(6;)
2

y =500 - cos(8, + 63) + 100 + 500 - cos(8,)

% = —500 - sin(, + 65) — 500 - sin(6,)
2

0z
Z=d1 6_92=0

5 >
Ubung 01 | 16 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix

x = =500 - sin(6, + 65) — 500 - sin67)

y =500 - cos(6; + 63) + 100+500-e0stb7)
693 = S00- (>‘V'(@)‘+Qb>>

Z = dy 093_ O

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

H2T



Aufgabe 1.1: Inverse Jacobi-Matrix —\\J(IT

ttttttttttttttttttt f Technology

x = —500 - sin(8, + 65) — 500 - sin(6,)

0x

30, = —500 - cos(6, + 63)

y = 500 - cos(8, + 65) + 100 + 500 - cos(6,)

a_y = —500 . Sin(gz + 93)
005

Z=d1 —=0

) o
Ubung 01 | 18 H 2 T



Aufgabe 1.1: Inverse Jacobi-Matrix "\\J(IT

® Jacobi-Matrix:

0 —500 - Sin(92 + 83) — 500 - Sin((92) —500 - Sin(92 + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 63)
J(q) = ( )
1

0

1¢ >

J N q) =7

B Gesucht:

Ubung 01 | 19 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ‘\ﬂ(IT

B Matrix:

S

Il
Q@ Qo
> 0o o
~ ' QO

® Invertieren:

1 et—fh «ch—bi bf—ce
Al=-—=s| fg—di ai—cg cd—af
dh—eg bg —ah ae— bd

B Determinante (Regel von Sarrus):

det A \aei + bfg + cdh — ceg — bdi — af;)
~— -

Ubung 01 | 20 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

0 _500 ‘ Sin(92 + 83) - 500 ¢ Sin(gz) _500 ° Sin(gz + 83)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

5 >
Ubung 01 | 21 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix -\ﬂ(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

—500 - Sin(92 + 63) — 500 - Sin(gz) —500 - Sin(92 + 03)
0 @

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

0) —500 - cos(8, + 03) — 500 - cos(f,) —500 - cos(8, + 63)
J(@) =10 )
1

=0+

Ubung 01 | 22 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬂ(IT

0 —500 - Sin(92 + 83) — 500 - Sin(gz) —500 - Sin(92 + 63)

0 —500-cos(8, +65) —500-cos(f,) —500-cos(8, + 83)
J(q) = ( )
1 0 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

= 0+ (=500 - cos(6, + 63) — 500 - cos(6;)) - (=500 - sin(8, + 63))

Ubung 01 | 23 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬂ(IT

—500 - Sin(92 + 83) — 500 - Sin(gz) —500 - Sin(92 + 63)

0 —500-cos(8, +6;) —500-cos(f,) —500:cos(8, + 63)
J(q) = @ )
1 D 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

=0+ (—500 - cos(6, + 63) — 500 - cos(B,)) - (—500 - sin(6, + 63)) + 0

Ubung 01 | 24 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix -\ﬂ(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 —500 - Sin(92 + 63) — 500 - Sin(gz) —500 - Sin(92 + 03)

0 —500-cos(8, +6;) —500-cos(f,) —500-cos(8, + 63)
J(q) = ( )
1 0 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

=0+ (=500 - cos(6, + 63) — 500 - cos(B,)) - (=500 - sin(6, + 63)) + 0

—(—500 - cos(6, + 63)) - (=500 - sin(f#, + 63) — 500 - sin(6,))

Ubung 01 | 25 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 —500-sin(8, + 85) — 500 - sin(f,) —500 - sin(6, + 63)

0 —500-cos(8, +63) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

=0+ (=500 - cos(6, + 63) — 500 - cos(B,)) - (=500 - sin(6, + 63)) + 0

—(—500 - cos(6, + 63)) - (=500 - sin(8, + 65) — 500 - sin(6,)) — 0

Ubung 01 | 26 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 —500-sin(f#, + 85) — 500 -sin(#,) —500-sin(6, + 65)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 683)
J(q) = ( )
1 0 0

det/(q) = aei + bfg + cdh — ceg — bdi — afh

=0+ (=500 - cos(6, + 63) — 500 - cos(B,)) - (=500 - sin(6, + 63)) + 0

—(—500 - cos(6, + 63)) - (—500 - sin(f#, + 63) — 500 - sin(6,)) —0—0

Ubung 01 | 27 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

O _500 ‘ Sin(92 + 83) - 500 ¢ Sin(gz) _500 ° Sin(gz + 83)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

= (=500 - cos(6, + 635) — 500 - cos(H,)) - (—500 - sin(6, + 63))
—(—500 - cos(6, + 63)) - (=500 - sin(f, + 63) — 500 - sin(6,))

5 >
Ubung 01 | 28 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix —\\J(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 _500 ‘ Sin(92 + 83) - 500 ¢ Sin(gz) _500 ° Sin(gz + 83)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

= (=500 - cos(6, + 635) — 500 - cos(H,)) - (—500 - sin(6, + 63))
—(—500 - cos(6, + 63)) - (—500 - sin(f, + 63) — 500 - sin(6,))

_ (c + 65) + cos(6,)) - sin(6, + 02)
= (=300 (=500)- (—2;% om(@)) - cos(on 1 6))

5 >
Ubung 01 | 29 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix —\\J(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 _500 ‘ Sin(92 + 83) - 500 ¢ Sin(gz) _500 ° Sin(92 + 83)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

= (=500 - cos(6, + 635) — 500 - cos(H,)) - (—500 - sin(6, + 63))
—(—500 - cos(6, + 63)) - (—500 - sin(f, + 63) — 500 - sin(6,))

— (=500) - (=500) - ( (cos(6, + 63) + cos(65)) - sin(HB, + 63) )

—(sin(6, + 63) + sin(6,)) - cos(6, + 63)

5 >
Ubung 01 | 30 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix —\\J(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 _500 ‘ Sin(92 + 83) - 500 ¢ Sin(gz) _500 ° Sin(gz + 83)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = aei + bfg + cdh — ceg — bdi — afh

= (=500 - cos(6, + 635) — 500 - cos(H,)) - (—500 - sin(6, + 63))
—(—500 - cos(6, + 63)) - (—500 - sin(f, + 63) — 500 - sin(6,))

— (=500) - (=500) - ( (cos(6, + 63) + cos(65)) - sin(HB, + 63) )

—(sin(6, + 63) + sin(6,)) - cos(6, + 63)

= 5007 - (cos(8y) - sin(8, + 63) — sin(B,) - cos(6, + 63))

5 >
Ubung 01 | 31 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix "\\J(IT

0 _500 ‘ Sin(ez + 83) - 500 ¢ Sin(Hz) _500 ° Sin(92 + 83)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

det/(q) = 5007 - (cos(8,) - sin(f; + 63) — sin(6,) - cos(, + 63))

Ubung 01 | 32 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

0 _500 ‘ Sin(92 + 93) - 500 ¢ Sin(Hz) _500 ° Sin(92 + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = 5007 - (cos(8,) - sin(0, + 65) — sin(B,) - cos(6, + 65))

sin(e + ) =sina - cosf + cosa - sin B
cos(a + ) =cosa-cosf —sina -sinf

cos(d,) - (sin 8, cos 5 + cos B, sin 63) )

— 2,

Ubung 01 | 33 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

_500 ‘ Sin(92 + 93) - 500 ¢ Sin(Hz) _500 ° Sin(92 + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = 50072 - (cos(6,) - sin(0, + O5) — sin(B,) - cos(0, + 63))

sin(e + ) =sina - cosf + cosa - sin 8
cos(a + ) =cosa-cosf —sina -sinf

+ cos 8, sin 63) )

ooz ((cos(@,)  GinBreoswy
det/(q) = 500 ( TW— sin 6, sin 63)

Ubung 01 | 34 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 _500 ‘ Sin(92 + 93) - 500 ¢ Sin(Hz) _500 ° Sin(92 + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = 50072 - (cos(6,) - sin(0, + O5) — sin(B,) - cos(0, + 63))

sin(e + ) =sina - cosf + cosa - sin 8
cos(a + ) =cosa-cosf —sina -sinf

cos(6,) - (sin 8, cos B85 + cos B, sin O3) )

— 2,
det]((l) = 500 (_ SiIl(QZ) . (COS 8, cos 03 — sin 82 sin 63)

= 5007 - (cos? 0, sin B3 + sin? 6, sin H3)
2 26 <€ S0
= 3 00° Siw 5’>(oos Es £ Sin G
— )
Ubung 01 | 35 . ;. - H2T




Aufgabe 1.1: Inverse Jacobi-Matrix -\ﬂ(IT

ttttttttttttttttttt f Technology

0 _500 ‘ Sin(ez + 83) - 500 ¢ Sin(Hz) _500 ° Sin(92 + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = 50072 - (cos(6,) - sin(0, + O5) — sin(B,) - cos(0, + 63))

sin(e + ) =sina - cosf + cosa - sin 8
cos(a + ) =cosa-cosf —sina -sinf

cos(6,) - (sin 8, cos B85 + cos B, sin O3) )

— 2,
det](CI) = 500 (_ SiIl(QZ) . (COS 8, cos 03 — Sin 62 sin 63)

= 5002 - (cos? 0, sin 05 + sin? 0, sin 65)

Ubung 01 | 36 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix -\ﬂ(IT

ttttttttttttttttttt f Technology

0 _500 ‘ Sin(ez + 83) - 500 ¢ Sin(Hz) _500 ° Sin(92 + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = 50072 - (cos(6,) - sin(0, + O5) — sin(B,) - cos(0, + 63))

sin(ad + ) = sina - cos B + cosa - sin
cos(a + ) = cosa - cosf — sina - sin

b
b

cos(6,) - (sin 8, cos B85 + cos B, sin O3) )

— 2,
det](CI) = 500 (_ SiIl(QZ) . (COS 8, cos 03 — Sin 62 sin 63)

= 5002 - (cos? 0, sin 05 + sin? 0, sin 65)

= 5002 - sin 65 (cos? 0, + sin? 6,)

Ubung 01 | 37 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix -\ﬂ(IT

ttttttttttttttttttt f Technology

0 _500 ‘ Sin(ez + 83) - 500 ¢ Sin(Hz) _500 ° Sin(92 + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

detJ(q) = 50072 - (cos(6,) - sin(0, + O5) — sin(B,) - cos(0, + 63))

sin(e + ) =sina - cosf + cosa - sin 8
cos(a + ) =cosa-cosf —sina -sinf

_ 2 ( cos(62) - (sin 8, cos 05 + cos B, sin 63) )
detj(q) = 500 (— sin(6,) - (cos 8, cos 5 — sin 6, sin 63)
= 5002 - (cos? 0, sin 05 + sin? 0, sin 65)

= 5002 - sin 65 (cos? 0, + sin? 6,)

H2T




Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

0 _500 ‘ Sin(92 + 83) - 500 ¢ Sin(gz) _500 ° Sin(gz + 83)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

det/(q) = 5007 - sin 85

et—fh <ch—bi bf—ce
fg—di ai—cg cd-—af
det/(q) dh—eg bg—ah ae—bd

J(@)™ =

5 >
Ubung 01 | 39 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

0 _500 ‘ Sin(92 + 83) - 500 ¢ Sin(gz) _500 ° Sin(gz + 83)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

det/(q) = 5007 - sin 85

1 et —fh ch—bi bf—ce

J@)™ = fg—di ai—cg cd—af
det](q) dh—eg bg—ah ae—bd

et —fh ch—bi bf —ce

1
500 'Slngg dh_eg bg —ah ae—bd

5 >
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Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)

1 0 0
1 et—fh «ch—bi bf—ce

_1 — _ d. . _ d _
J(q) 5002 - sin 6, fg i ai—cg cd—af

dh—eg bg—ah ae—bd

) &
Ubung 01 | 41 H2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ‘\ﬂ(IT

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(@) = (0 —500 - sin(6, +@ — 500 -sin(f,) —500 - sin(f, + 93)>
1
1 et—fh ch—bi bf —<e
J(@) 1 = — fg—di ai—cg cd-—af
>00% - sin 0 dh—eg bg—ah ae—bd

el—fh=0

Ubung 01 | 42 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

0 —500-cos(8, +6;) —500-cos(6,) —500-cos(8, + 03)
1
1 0 ch—bi bf —<e

500 'Slngg dh_eg bg—ah ae — bd

et —fh=0
ch—bi=0

Ubung 01 | 43 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ‘\ﬂ(IT

‘ —500 - cos(8, + 83) — 500 - cos(6,) —500 - cos(6, + 63)
J(q@) = —500 - sin(6, + 65) — 500 - sin(8,) —500 - sin(6, + 03)>
1

0 0
— 2 ] . - T B
5004 - sin 65 dh —eg bg—ah ae— bd
ei—fh=0
ch—bi=0
cd—af =0

Ubung 01 | 44 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

—500 - cos(8, + 05) — 500 - cos(6,) —500 - cos(8, + 83)
J(q) = (0 —500 - sin(6, + 65) — 500 - sin(6,) —500 - sin(6, + 93)>

1 0 y
) 0 0 bf — ce
J(@) ™ = —— fg—di ai—cg 0

500 'Sln93 dh_eg bg—ah ae — bd
ei—fh=0
ch—bi=0
cd—af =0
ae —bd =0

Ubung 01 | 45 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

0 —500-cos(8, +6;) —500-cos(f,) —500-cos(8, + 63)
J(q) = (0 —500 - sin(@, + 65) — 500 - sin(f,) —500 - sin(6, + 93)>
1 0 0

0 0 bf —ce

1
J(@t = R fg—di ai—cg 0
5004 - sin 65 dh—eg bg —ah 0

bf —ce =
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Aufgabe 1.1: Inverse Jacobi-Matrix ﬂ(IT

0 —500-cos(8, +6;) —500-cos(f,) —500-cos(8, + 63)
1 0 0

0 0 bf —ce

1
J(@t = R fg—di ai—cg 0
5004 - sin 65 dh—eg bg —ah 0

bf —ce = —500 - (cos(6, + 63) + cos(6,)) - (=500 - sin(8, + 03)) —
(=500 - cos(6, + 63)) - (—500 - sin(8, + 63) — 500 - sin(H,))
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Aufgabe 1.1: Inverse Jacobi-Matrix -\ﬂ(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 —500-cos(8, +6;) —500-cos(f,) —500-cos(8, + 63)
J(q) = (0 —500 - sin(6, + 63) — 500 - sin(8,) —500 - sin(H, + 03)>
1 0 0
0 0 bf —ce

1
J(@t = R fg—di ai—cg 0
5004 - sin 65 dh—eg bg —ah 0

bf —ce = —500 - (cos(6, + 63) + cos(6,)) - (=500 - sin(8, + 03)) —
(=500 - cos(f, + 63)) - (=500 - sin(8, + 65) — 500 - sin(H,))

= 5007 - (cos(8, + 83) - sin(0, + 03) + cos(8,) - sin(f, + 63) — cos(H, +
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Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 —500-cos(8, +6;) —500-cos(f,) —500-cos(8, + 63)
J(q) = (0 —500 - sin(6, + 63) — 500 - sin(8,) —500 - sin(H, + 03)>
1 0 0
0 0 bf —ce

1
J(@t = R fg—di ai—cg 0
>00% - sin 6 dh—eg bg—ah 0

bf —ce = —500 - (cos(6, + 63) + cos(6,)) - (=500 - sin(8, + 03)) —
(=500 - cos(f, + 63)) - (=500 - sin(8, + 65) — 500 - sin(H,))

_ 5002 . ( COS(QZ + 03) ° Sin(gz + 03) + COS(Qz) ‘ Sin(ez + 63) )

—cos(0, + 03) - sin(8, + 03) — cos(6, + 63) - sin(6,)



Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0 (—500 . cos(6, + 05) — 500 - cos(8,) —500 - cos(6, + 05)
J(q) = (

0 Y —500-sin(8, + 83) — 500 - sin(f,) —500 - sin(6, + 63)
1 0 0

1 0 0 bf —ce
J(@) = fg—di ai—cg 0

~ 5002 - sin 6, dh—eg bg— ah 0

bf —ce = —500 - (cos(6, + 63) + cos(6,)) - (=500 - sin(8, + 03)) —
(=500 - cos(f, + 63)) - (=500 - sin(8, + 65) — 500 - sin(H,))

_ 5002 . ( COS(QZ + 03) ° Sin(gz + 03) + COS(Qz) ° Sin(92 + 63) )

—cos(0, + 03) - sin(8, + 03) — cos(6, + 63) - sin(6,)
= 5007 - (cos(85) - sin(8, + B3) — cos(B, + 03) - sin(6,)) = 6(&4’ g (QJ
~ 00 sin by
HAT



Aufgabe 1.1: Inverse Jacobi-Matrix \“(IT

eeeeeeeeeeeeeeeeeeeeeeeeeee

0 —500-cos(8, +6;) —500-cos(f,) —500-cos(8, + 63)
J(q) = ( —500 - sin(@, + 65) — 500 - sin(f,) —500 - sin(6, + 03)>

1 0 0
0 0 5007 - sin 65
](q)l 2 fg_dl ai—cg 0
5004 - sin 85 dh—eg bg—ah 0

bf —ce = —500 - (cos(6, + 63) + cos(6,)) - (=500 - sin(8, + 03)) —
(=500 - cos(f, + 63)) - (=500 - sin(8, + 65) — 500 - sin(H,))

_ 5002 . ( COS(QZ + 03) ° Sin(gz + 03) + COS(Qz) ‘ Sin(ez + 03) )

—cos(0, + 03) - sin(8, + 03) — cos(6, + 63) - sin(6,)

= 5007 - (cos(85) - sin(8, + B3) — cos(B, + 03) - sin(6,)) = 5002 - sin O
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Aufgabe 1.1: Inverse Jacobi-Matrix \“(IT

0 —500-cos(f8, + 083) —500-cos(f,) —500-cos(8,+86
J(@={0 =500-sin(6, + 03) — 500 - sin(6,) [ =500 - sin(6; + 6 )
1 0

0 0 5007 - sin 65
J(@™ =

~ 5002 - sin 6, 5;?:5; Z;:igl 8

Ubung 01 | 52 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix = \‘ (IT

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)

1 0 0
0 0 5007 - sin 65
](q)l 2 fg_dl at —cg 0
5004 - sin 85 dh—eg bg—ah 0
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Aufgabe 1.1: Inverse Jacobi-Matrix \“(IT

_500 ‘ Sin(ez + 83) - 500 ¢ Sin(Hz) _500 ° Sin(92 + 03)
0 0
0 0 5007 - sin 65
—500 - sin(8, + 63) ai —cg 0
dh — eg bg — ah 0

0 —500-cos(8, + 685) — 500 - cos(6,) (T—SOO - cos(8, + 63)
J(q) =
1

-1 _
J @™ =550 sme.

aiL—cg =
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Aufgabe 1.1: Inverse Jacobi-Matrix \“(IT

0 —500-sin(8, + 03) — 500 -sin(f,) —500 -sin(6, + 63)
1 0 0
0 0 5007 - sin 65
—500 - sin(8, + 63) ai —cg 0
dh — eg bg — ah 0

0 —500-cos(8, +60;) —500-cos(6,) —500-cos(6, + 65)
](q)—-< )

1
~ 5002 - sin 6,

J(@)™ =

ai —cg = 0+ (1500 - cos(6, + 63) - 1)

Ubung 01 | 55 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix \“(IT

0 —500-sin(8, + 03) — 500 -sin(f,) —500 -sin(6, + 63)
1 0 0
0 0 5007 - sin 65
—500 - sin(8, + 63) ai —cg 0
dh — eg bg — ah 0

0 —500-cos(8, +60;) —500-cos(6,) —500-cos(6, + 65)
](q)—-< )

1
~ 5002 - sin 6,

J(@)™ =

ai—cg =0—(—500"-cos(6, +65)-1) =500 - cos(8, + 65)
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Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

—500 - cos(8, + 83) — 500 - cos(6,) —500 - cos(8, + 63)
J(q) = ( Z 500 - sin(6, + 65) — 500 - sin(6,) [ —500 - sin(6, + 93)>

0 0
J(@™
1 0 0 5007 - sin 65
= : —500 - sin(6, + 65) 500 - cos(6, + 63) 0
2 . 2 T U3 2 T U3
>00% - sin 65 dh —eg bg — ah 0
dh —eg =
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Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

0 —500-sin(8, + 65) — 500 -sin(6,) —500 -sin(6, + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

J(@™

1
~ 5002 - sin 65

0 0 5007 - sin 65
—500 - Sin(ez + 03) 500 - COS(HZ + 83) 0
dh —eg bg — ah 0

dh—eg =0-0+ (4500 -sin(6; + 03) + 500 - sin(6)) - 1
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Aufgabe 1.1: Inverse Jacobi-Matrix ﬁ(IT

0 —500-sin(8, + 65) — 500 -sin(6,) —500 -sin(6, + 03)

0 —500-cos(8, +603) —500-cos(f,) —500-cos(8, + 03)
J(q) = ( )
1 0 0

J(@™

1
~ 5002 - sin 65

0 0 5007 - sin 65
—500 - Sin(gz + 03) 500 - COS(HZ + 93) 0
dh —eg bg — ah 0

dh—eg=0-0— (=500 -sin(6, + 63) — 500 -sin(8,)) - 1
= 500 - sin(6, + 63) + 500 - sin(6,)

= 500 - (sin(8, + 63) + sin(6,))
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Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

0 —500-cos(8, + 605) —500-cos(f,) —500-cos(8, + 63)

1 0 0
J(@™!
1 0 0 5002 - sin 65
= . —500 - sin(8, + 65) 500 - cos(6;, + 63) 0
2.
>007 - sin 0 500 - (sin(6, + 03) + sin(6,)) bg — ah 0
bg —ah =

) o
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Aufgabe 1.1: Inverse Jacobi-Matrix ‘\ﬂ(IT

0 —500-cos(8, + 605) —500-cos(f,) —500-cos(8, + 63)

1 0 0
J(@™!
1 0 0 5002 - sin 65
= . —500 - sin(8, + 65) 500 - cos(6;, + 63) 0
2.
>007 - sin 0 500 - (sin(6, + 03) + sin(6,)) bg — ah 0

bg — ah = (=500 - cos(6, + 63) — 500 -cos(8,))-1—0-0

Ubung 01 | 61 H 2 I



Aufgabe 1.1: Inverse Jacobi-Matrix ‘\ﬂ(IT

0 —500-cos(8, + 605) —500-cos(f,) —500-cos(8, + 63)

1 0 0
J(@™!
1 0 0 5002 - sin 65
= . —500 - sin(8, + 65) 500 - cos(6;, + 63) 0
2.
>007 - sin 0 500 - (sin(6, + 03) + sin(6,)) bg — ah 0

bg — ah = (=500 - cos(6, + 63) — 500 -cos(8,))-1—0-0

= —500 - cos(8, + 65) — 500 - cos(6,)
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Aufgabe 1.1: Inverse Jacobi-Matrix ‘\ﬂ(IT

) ; 0 0 5 5002 - sin 65
J(? 002 sl —500 - sin(6, + 63) 500 - cos(6, + 65) 0
500 - (sin(8, + 05) + sin(#,)) —500 - cos(f, + 63) — 500 - cos(H,) 0
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Aufgabe 1.1: Inverse Jacobi-Matrix -\\J(IT

1 0 0 5002 - sin 65
J(@ 1= 002 sl —500 - sin(6, + 63) 500 - cos(8, + 65) 0
3\500 - (sin(0, + 63) + sin(6,)) —500 - cos(@, + 65) — 500 - cos(6,) 0
0 0 1
sin(6, + 63) cos(6, + 63)
J(@) 1 = 500 - sin 65 500 - sin 64
sin(8, + 63) + sin(6,) —cos(6, + 05) — cos(6,)

500 - sin 04 500 - sin 04

5 >
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Aufgabe 1.2: Gelenkwinkelgeschwindigkeit -\\J(IT

0 0 1
sin(8, + 03) cos(6, + 653)
J(@™t = ~ 500 - sin 05 500 - sin 65
~ sin(8, + 63) + sin(#,) —cos(6, + 03) — cos(6,)
500 - sin 65 500 - sin 6,
B Gegeben: A/’ G, @;

T
® Zustand des Roboters ¢ = (dy, 0,,05)" = (1, 0, g) “
® EEF-Geschwindigkeit p = (1000, 0,0)7

B Gesucht:
B Gelenkwinkelgeschwindigkeit q, die die EEF-Geschwindigkeit p erzeugt

5 >
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Aufgabe 1.2: Gelenkwinkelgeschwindigkeit -\\J(IT

0 0 1
sin(8, + 03) cos(6, + 653)
J(@™t = ~ 500 - sin 05 500 - sin 65
sin(8, + 63) + sin(#,) —cos(6, + 03) — cos(6,)
500 - sin 65 500 - sin 6,
-1 0 0 1
1 sin(68, + 63) cos(6, + 65)
] (g = 500 - sin 05 500 - sin 6,
> sin(6, + 63) + sin(6,) —cos(8, + 63) — cos(6,)
500 - sin 04 500 - sin 04

5 >
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Aufgabe 1.2: Gelenkwinkelgeschwindigkeit ﬁ(IT

0 A 0 1
" - / - sin (0 + %)(/ COS (0 + %) 0 0\
] 0 _ 500 - sin%/) 500 - sin%4
(%) /i(n (O + %) + sin(Op - COQ(O + %)@ cos(ﬁ)
\ SOO-sin%/( SOO-sin% 4 0/
[0 o
- A
( soo O ()
s A 0
So0 Y00
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Aufgabe 1.2: Gelenkwinkelgeschwindigkeit @ = ==.% oot

-1 / sin (00 +7) cos ((? +7) 1\

1 2 2
0 500 - sin % 500 - sin= ’
112 _ sin > sin >
2 sin (O + %) + sin(0) —cos (O + %) — cos(0)
')
. T . T
\ 500 - sin > 500 - sin >
~1
NS
0 _| - 0
Ji . = 5001 500-1
T 1+0 —0-1
2 0

500-1 500-1

5 >
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Aufgabe 1.2: Gelenkwinkelgeschwindigkeit

0 0
-1 / . T T
1 - Sin (O + 7) COS (O + 7)
. 1T . 1T
] 2 _ 500 - sin> 500 - sin
2 sin (O + %) + sin(0) —cos (O + %) — cos(0)
. T . 1T
\ 500 - sin > 500 - sin >
n\ 0 0 1 0 0 1
1 0 1
0 _| - 0)_[| —— 0 0
Ji . = 5001 500-1 = 500
z 1+0 —0-1 11
2 5001 500-1 500 500
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Aufgabe 1.2: Gelenkwinkelgeschwindigkeit "\\J(IT

qg=J(@ " -p
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Aufgabe 1.2: Gelenkwinkelgeschwindigkeit -\\J(IT

qg=J@ ' p

() ¢

} >
Ubung 01 | 71 H 2 I



Aufgabe 1.2: Gelenkwinkelgeschwindigkeit ﬁ(IT

qg=J@ " -p
1\ 1000
q—](<2>> ( 0 ) @ L
/X 4,= 07
0 _(\iﬁf
(}1 0 - 1000 O 61),\ =
q= 500 0 0 ( 0 ): _2 )] o WA
500 500 2 ,2- s
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Aufgabe 1.2: Gelenkwinkelgeschwindigkeit -\\J(IT

qg=J(@ ' p
-1
1 1000
5 0
0 0 1 1000 0
1
1 _ 1 0 2
500 500

} >
Ubung 01 | 73 H 2 I



Aufgabe 1.3: Singularitaten ﬂ(IT

@ Eine kinematische Kette ist in einer singularen Konfiguration,
wenn die zugehdrige Jacobi-Matrix nicht vollen Rang hat

® Zwei oder mehr Spalten von /¢ sind linear abhdngig

B Die Jacobi-Matrix ist nicht invertierbar
B Bestimmte Bewegungen unmoglich

@ In der Umgebung von Singularitaten 1
konnen groRe Gelenkgeschwindigkeiten é)
notig werden, um eine .3
End-Effektor-Geschwindigkeit zu halten. #
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Aufgabe 1.3: Singularitaten ﬁ(IT

a Einej’_(_qadratischekl\/latﬁQA € R™ ™ hat genau dann vollen Rang,
wenn die Determinante ungleich Null ist:
rangA =n & detdA # 0

0 -—-500- Sin(92 + 93) — 500 - Siﬂ(@z) —500 - Sin(ez + 63)

0 —500-cos(8, +6;5) —500-cos(6,) —500-cos(8, + 63)
J(q) = ( )
1 0 0
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Aufgabe 1.3: Singularitaten -\\J(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

® Eine quadratische Matrix A € R™ ™ hat genau dann vollen Rang,
wenn die Determinante ungleich Null ist:
rangA =n & detd # 0

0 -—-500- Siﬂ(@z + 93) — 500 - Sin(ez) —500 - Sin(ez + 03)

0 —500-cos(8, +6;5) —500-cos(6,) —500-cos(8, + 63)
J(q) = ( )
1 0 0

det/(q) = 5002 - sin 85

® Fir Singularititen qg;, 4 der quadratischen Matrix J(q) gilt:
det/(qsing) = 500% - sinf3 = 0

5 >
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Aufgabe 1.3: Singularitaten -\\J(IT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

W Fir Singularitdten qg;,,4 der quadratischen Matrix J(q) gilt:

det/(qsing) = 500% - sin63 = 0

5 >
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Aufgabe 1.3: Singularitsten = \‘ (IT

® Fir Singularitdten qg;,,4 der quadratischen Matrix J(q) gilt:

det/(qsing) = 500% - sin63 = 0
sin 93 =0

0; =n-m,nel0,12,..]

| 6, = ove@ 9, € [0,21)
d4
Qsing1 = Qez y qsing,2 = .‘
0 T
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Aufgabe 2: Dynamikmodellierung nach Lagrange -\\J(IT
Y

@ Annahmen:
® Punktmassen in der Mitte der Segmente
® Reibung wird vernachlassigt

® Konfiguration q = (d, )7

} >
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Aufgabe 2: Dynamikmodellierung nach Lagrange "\\J(IT

B Position der Punktmassen:
1
=)= Gl 140
=)= (ll+d+%lz~cosﬁ,—%l2 sinf)

B Position der Punktmassen:
1
p1 = (x1,y1) = (E l1 +d,0)
py = (x,¥,) = (4 +d +%l2 -cos@,—%lz - sin )

H2T



Aufgabe 2: Dynamikmodellierung nach Lagrange -\\J(IT

B Konfiguration yT
q=(d 0)"

W Position der Punktmassen: pr = (1,1) PN
1
p1= (1) = (E L +4d,0) p2 = (72,2)
1 1 :
pr = (x3,y2) = (4 +d +Elz -cos@,—zlz - sin 0)

>0
.

B Modellieren Sie die Dynamik des Robotersystems.
® 2.1: Kinetische Energie fiur jedes Gelenk bestimmen
W 2.2: Potentielle Energie fir jedes Gelenk bestimmen
® 2.3: Lagrange-Funktion berechnen
® 2.4: Bewegungsgleichung aufstellen

} >
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Methode nach Lagrange (Wiederholung)

® Lagrange-Funktion:

L(q,q) = Exin(q,q) — Epot(‘l)

® Bewegungsgleichung:

~d oL\ oL
YT dr\ag;) ~ g

B g;: i-te Komponente der generalisierten Koordinaten
B 1;: i-te Komponente der generalisierten Krafte

Ubung 01 | 82

AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee



1
Aufgabe 2.1: Kinetische Energie Eigin = 5 1v° -\\J(IT

Karlsruhe Institute of Technology

Kinetische Energien fir s; und s,:
Epring = =myd?
kin,1 7 1

Evi =1mv2=1m (x5 + y3)
kin,2 2222223’2

5 >
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Aufgabe 2.1: Kinetische Energie ﬂ(IT

Karlsruhe Institute of Technology
g 1 :
P2 = (x2,¥2) = (l —5 ;- sin ?))

Ry ——

X, =7 g (ﬂ + ) ¢ 4€Z'COS'G')
- C;A.— g@z—'eﬁwu‘@'

' % 1 T R 2D, Qs
¥, = Q—B(—ZQZ% > z
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Aufgabe 2.1: Kinetische Energie ﬂ(IT

Karlsruhe Institute of Technology

Exinz = %mz(xz +y5) = ’UJ\Z (J) é?ﬂ 3‘“6!) 4'&“09‘“9})

(e O

4
:fwl( J@P Swéd ¥ P )
:1 -
2

N\§
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Aufgabe 2.2: Potentielle Energie Epor = mgh -\\J(IT

Karlsruhe Institute of Technology

Potentielle Energien fiir s; und s,:

Epot,l = migy:s = 0

Epot2 = mMygy, = —Englzsm(e)

5 >
Ubung 01 | 86 H 2 I



Aufgabe 2.3: Lagrange-Funktion ﬂ(IT

L(q,q) = Exin(q,q) — Epot(q)

L = Exina + Exinz — Egoen — Epot2 =

: NP 4 2 A .

4
<+ E‘M&

e

~/

-\
f(w/\"' WLB J
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Aufgabe 2.3: Ableitungen der Lagrange-Funktion ﬂ(IT

1 1 . 1 1 |
L= E(ml + mz — Emzl@9 sin(8) + gmzlgﬁz + Englzsm(ﬁ)

- _gw?'QLQgin

~ 4w, 0 (éﬁwé + 8%cos€)

Ubung 01 | 88 H 2 I



Aufgabe 2.3: Ableitungen der Lagrange-Funktion -\\J(IT

1 o1 1 1 |
L= E(ml + m,)d? — Emzlde sin(@) + gmzlzé?z + Englzsm(é?)

o 1 . 1 .
£ = Zmzlz 6 — imzlzdSln(H)
doL 1 . 1 i y
previe Zmzle — Emzlz (d sin(@) + d6 cos(6))
oL

1 .. 1
3 = —Emzlzde cos(6) + EmzlngOS(Q)

} >
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Aufgabe 2.4: Bewegungsgleichung ﬁ(IT

_dfaL\ oL
= a\ag;) T g,

_d (oL oL
@dt od od
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Aufgabe 2.4: Bewegungsgleichung

_dfaL\ oL
= a\ag;) T g,

_d AL\ oL
‘2= 5i\58) " a4

1 .1 . 1 .
= Zmzlge — Emzlzd Sln(Q) — Em2l2d9 COS(Q)

1 .. 1
—(— Emzlzde cos(6) + Emzlzgcos(ﬁ))

1 .1 .
=-—m,li0 — Emzlz sin(6) d — Emzlzgcos(e)

4
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Aufgabe 2.4: Bewegungsgleichung -\\J(IT

T=M(q)q+c(q,q) +9(q)

11 . ,
Zmzlgé? — Emzlz sin(8) d — Emzlzgcos(e)

T2

L — (Tl) _ ( (ml + mz)d - %mzlz(e Siﬂ(@) + QZCOS(H) >

5 >
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Aufgabe 2.4: Bewegungsgleichung ﬁ(IT

T=M(q)q+c(q,q)+9g(q)

11 .1 .
Zmzl§9 — Emzlz sin(6) d — Emzlzgcos(ﬁ)

T2

= (T1) B ( (my +myp)d — %mzlz(é sin(60) + 0%cos(0) )

Ubung 01 | 93 H 2 I



Aufgabe 2.4: Bewegungsgleichung ﬁ(IT

-4 [(A]=w
t=M@q+cqq9+g9@ T [@)[ejerw\

-3
. (my + m,)d — =m,1,(0 sin(0) + 60%cos(0)
_ (1) _ 2
t= (Tz) 11 EGA’) =N

—m,l26 — lmzlz sin(8) d — 1mzlos(é?)
* : %] Nw

2

Entspricht der allgemeinen Bewegungsgleichung:

my +m, ——mzlzsm(‘ 0
N <_1m2l2$in@) 1mzl% >(9) ( mZZZ.COS(@> <_§m2l OS(®>
2 4 ..
7(q) T <G 3l
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Matlab fiir die nidchsten Ubungen ﬂ(IT

‘\ MATLAB

B Installationsanleitung fir Studierende am KIT
B https://www.scc.kit.edu/produkte/3841.php

® Robotics Toolbox (Peter Corke)

Robotics Toolbox
B http://petercorke.com/wordpress/toolboxes/robotics- for MATLAB
toolbox#Downloading the Toolbox Release 10 = ,ﬁ

® Die .mltbx Datei herunterladen
® Aus dem Matlab-Filexplorer 6ffnen

® Selber ausprobieren: Ubungsblatt 1 in Matlab Iésen
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