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Teil I
Kinematische Berechnungen an einem Delta-Robot / Tri-Glide

1 Konstruktionszeichnung
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2 Inverse Kinematik

2.1 Rechenweg
2.1.1 Ort

W) (P (A (%)
I, ~P1, A, d,) =
,\ (Pl,—A,—d,
n,) ~\p1, -4, -4,
=0 +0 =(Pl,— Ay —d.)* + (P1, — Ay — d,)*
M= s+ A= /L2~ B4+ A= 12— (PL, — Ay — d,)2 — (PL, — A, — d,)? + A,
Pl, = —r-sin(B)
P1, =1-cos(B)

dy = —R - sin(B)
dy = R - cos(f)

hi = \/L2 —[—r-sin(B) — Az + R - sin(B)]? — [r - cos(B) — Ay — R - cos(B)]? + A,

= [ L2 ~[(R—r)sin(8) ~AuJ? - [(r — R)cos(8) ~A,J? + A,
B By —B/—JS
hi = \/Bl —(By—A,;)? — (Bs — A2 + A,
—— —_———
F Fy
hy = \/&TE—FQQH&Z
—_—
F3
h1=F3+ A,

ZQm + P2, + Ay + €x\ _ 0
lgy —P2y Ay €y o
l2$ _ le — A.L — €y
lgy - P2y — Ay — €y
l% :li +l§y = <P2m — Ay _ew)2+(P2y_Ay_ey>2
hy =50+ A, = \/[’Zi_lg"FAz = \/L2_(P29:_Aw_ew)Q_(P2y_Ay_ey)2+Az
P2, = —r - cos(30° + B3)

P2, = —r-sin(30° + B)
ez = —R - cos(30° + )

ey = —R - 5in(30° 4 )
by = —7-¢c0s(30° + B) — Ay + R - cos(30° + B)]2 — [~ - sin(30° + B) — A, + R - sin(30° + B)]2 + A

— —r 003(300 —+ ﬁ) ] — [(R — r)sin(30° + ﬁ) _AyP + Az

B4 BS
:\/ (By— A ) —(Bs —Ay)?+ A,
———
Fs
~F2 A,
ﬁ—’
Fs

h2 = F6 + Az
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I3, —P3; Ay fa
x = 0
<13y> * (P3y> ’ (Ay> " (fy>
(m) _ (P?»x — A, — fw>
l3y P3y - Ay - f'y
B=1, +0, = (P3, — As— fu)? + (P3, — Ay — £,)’
ha=ss+ A= /L2~ B4 A= \JL2 — (P3, — A, — )2 — (P3, — A, — [, + A
P3, =r-cos(30° — 3)
P3, = —r-sin(30° — B)
fz = R-cos(30° — 3)
fy = —R-sin(30° — B)

hy = /L2~ [r - €os(30° = ) — Ax = R+ cos(30° — B2 — [~ sin(80° — ) — A4, + B sin(30° — B)]2 + A
h = \/ L2 = [(r = R)cos(30° — ) —AuJ2 = [(R — r)sin(30° — ) —A,J + A.

BG B7

hy = %91 —(Bs — Ay)? — (Br — A,)2 + A,
N—— ——

Fr Fy
hy = \/By — F2 — F2 + A,
—_——
Fy
hs =F9g+ A,

2.1.2 Geschwindigkeit

. d
= {\/B1 — (By— A,)? — (Bs — Ay)* + A.
. 1 _1 . . .
hi =35 [Bi — (By — Ay)? = (Bs — 4] 7 - [-2(Bz2 — A;)(—A,) — 2(Bs — Ay)(—A,)] + A,
\/Bl —(By —A;)? — (Bs — Ay)?
F3
' d Ay)? 24 A
he = o [\/BL = (Bi = A,)? = (Bs = 4,2 + A
. 1 _1 . . .
ha =5 [Bi — (Ba— Ay)? = (Bs — A))°] 7 - [-2(Bs — Az)(=Ay) — 2(Bs — Ay)(—A4,)] + A,
\/Bl —(Bs—Ap)? —(Bs — Ay)?
Fs
' d Ay)? 24 A
hs = = |\/BL = (Bs = A,)? = (Br = 4,)2 + A
. 1 _1 . . .
hs =5 [Br — (Bs — Ay)? = (By — Ay)?] 7 - [=2(Bs — Az)(—Ay) — 2(Br — A))(=A4,)] + A,
VBi = (Bs — A;)? — (Br — 4,)?
Fy
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2.2 Ldsung
hi=F3+ A,
hy = Fs + A,
hy = Fy+ A,

. FA,+ A .
= DA T g
Fy
. F A, +FsA, .
thJFAZ
Fgs
. FL A, + FsA .
[
Fy

3 Vorwiarts-Kinematik

3.1 Rechenweg
3.1.1 Ort

Pl =Pl, —d, = —r-sin(B) + R- sin(B) = (R — r)sin(B)
Pl, = Pl, —d, = 1-cos(8) — R-cos(B) = (r — R)cos(p)

Pl =h

L? = (A, — P1,)> + (A, — P1,)* 4+ (A. — P1,)?

L? = A2 —24,P1, + Pl + A2 — 24, Pl + P1/® + A2 — 24, P1, + P1.°
L2 = A2 4+ A2 4+ A2 — 2A,P1, — 2A,P1, — 2A.h, + P1.° + P1% + 12
~—

—_——
(oft D,

L? = A2+ AL+ A2 —2A,P1, —2A,P1, —2A.hi + C1 + D1 (1)

P2, = P2, —e, = —1r - c0s(30° + 8) + R - cos(30° + 3) = (R — r)cos(30° + 3)
P2, = P2, — e, = —r-sin(30° + ) + R - 5in(30° + ) = (R — r)sin(30° + j3)

P2, = hy

L? = (A, — P2,)* + (A, — P2,)* + (A, — P2.)*

L? = A2 —24,P2, + P2,> + A2 — 24, P2 + P2, + A2 — 24,P2, + P2’
L2 = A2 + A% 4 A2 — 2A, P2, — 2A4,P2, — 2A.hy + P2.° + P2, + h3
‘ ~~

—_—
Cy Do

L? = A2+ A} + A2 —2A, P2, — 2A,P2, —2A.hy + Co+ Dy (2)

P3 = P3, — f, =71-c0os(30° — B) — R - cos(30° — B3)

= (r — R)cos(30° — B)

P, = P3,~ f, = —r - sin(30° — §) + R sin(30° — ) = (R — r)sin(30° — )

P3. = hy

L? = (A, — P3)% + (A, — P3)))* + (A, — P3.)?

L? = A2 —2A,P3, + P3,” + A2 —2A,P3 + P3,> + A> — 2A4.P3, + P3.’
L2 = A2+ A2 + A2 — 2A,P3, — 2A,P3, — 2A.hs + P3.,” + P3,% + I3

—_—
Cs3 D3

L? = A2 + A2 + A2 — 2A,P3), — 2A,P3, —2A.hs + C3+ D3 (3)

Fy=DB,— A,
Fy = Bs — A,
Fs=\/B) — F2 — F2
F;, =DBs— A,
Fs= By — A,
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(1) —=(2):
0= —2A4,P1), + 24,P2, — 2A,P1!, + 24, P2, — 24y +2A,hy + C; + D; — Co — Dy

1
0= (P2, — P1},) Ay + (P2, — P1,) Ay + (ha — h1) A. + - (C1 — Co + Dy — Dy)
: ——— 2 ——~—r  —\—

Cy Cs Dy Cs Ds

1
0= Cids +CsAy + Dad; + 5(Co + Dy)

(1) -@):
0= —24,P1, +24,P3, — 24, P + 2A4,P3 — 2A.hy +2A.h3 + C, + Dy — C3 — Dy

1
0:(P3;—P1;)Am+(P3;—P1;)Ay+(h3—hl)Az+—(Cl—03+D1—D3)
! ! N 2 —— ——

Cr Cs Dg Cy D7

1
0=CrA; +CsAy+ DA, + 5(09 + D7)

1
Cidy = ~Cs Ay = DyA; = 5(Cs + Ds)

Cs D4 C6 + D5
Ay =—F A, ——A, — ——
c, Y Oy 2C,
C5Cr C7Dy C?(CG + D5) 1
- A, — A, — A, + DgA, + = D
0 Cy y C, 20, + Cy y T+ D¢ +2(C’9+ 7)
CyCg — C5Cr CyDg — D4Cr 04(09 + D7) - C7(CG + D5)
= A A,
0 Cr vt + 2C,
A — C:Dy — C4D6A 07(06 + D5) — 04(09 + D7)
Y CiCs — C5C; 7 2[C4Cs — C5CY]
N—_—
C1o
A, = C7Dy — CyDg A+ C7(Cs + Ds) — Cu(Cy + D7)
Cho 2C1o
Dg Doy

A, = DsA, + Dy

1
CgAy = —CrA, — DA, — 5(09 + D7)

07 D6 09 + D7
Ay =—STq, Doy Lot Dr
v Cg Cg 208
C5Cr C5Dg 05(09 + D7) 1
= C4A, — A, — A, — D4A, + - D
0=20C4 Cs s 5Cs + D4A, + 2(06 + Ds)
0— CyCs — C5Cr A, - CsDy — C5Dg A+ Cs(Cs + Ds) — C5(Co + D7)
Cg Cg 208
A — Cs5Dg — 08D4A n 05(09 + D7) — CS(CG + D5)
0yl —C5C7 7 2(C4Cs — C5Cy)
A, = CsDg — CgDy A Cs5(Cy + D7) — Cs(Cs + Ds)
Cho 2Co
D10 Dll
Ay = DigA, + D1y
(1) :

L? = A2 + A2 4+ A2 — 24, P1), — 2A,P1;, — 2A.hy + Cy + Dy
0 = (D1oAz + D11)* + (DsA. + Dg)* + A2 — 2P1, (D1 A, + Dy1) — 2P1; (Ds A, + Do) — 2A.hy + Dy + Cy — L?
N—_——
C11
0= D}yA? +2D1oD11 A, + D3, + D3AZ + 2DsDy A, + D§ + A2 — 2P1,D1g A, — 2P1, D1y — 2P1;, DgA, — 2P1! Dy — 2A.hy
+ D1+ Ch1
0= (D + D3y + 1)A2 + 2(DyoD1y + DDy — P1,D1g — P1),Ds — hy)A. + D}, + D§ — 2(P1,, D1y + P1),Dy) + Dy + C1
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0= (D3 + D3y + 1) A2 + 2[Dg(Dg — P1,) + D1o(D11 — P1},) — by A, + D§ + D}, — 2(P1,, D11 + P1},Dg) + D1 + C1y
———

D12 D13 D14
0 = D19A2 4+ Di3A, + Dyy

A — ~ Dis+ v/ D3, —4D13 D1y

2D12

3.1.2 Geschwindigkeit

Dy3 + /D33, —4D13D1y

A _
T dt [ 2D15

D5

2D19 {Dw + 35 (D13 4D12D14)_% - (2D13D13 — 4(D12D14 + D12D14))} — | D13+ 1/ D33 —4D12D1y | - 2D1,

A. = - 4D2,
i _D12 [D13 n D13D13—2(DL1)21§)14+D12D14) _ D12 (D13 n D15)}
= 2D3,
d . . .
A, = . [DsA. + Do] = DsA. + DsA. + Dy
d . . )
A dt —[D10A; + D11] = D1oA; + D1oA, + D11
. d )
D h?] = 2h1h
1= o [ ] 111
. d )
D h2] = 2hsh
2 = o [ ] 2h2
. d )
D h2] = 2hsh
35 0 [ ] 3h3
Da=Llhy— ] = o —h
4 — dt 2 1] — 12 1
. d . )
D D Dyl = Dy — D
5 = dt [ 1 — 2} 1 2
Do = L lhg— ha] = hs — h
6 — dt 3 1] — 143 1
. d . )
D D D3| = Dy — D:x
7= dt [ 1 — 3} 1 3
b A [CiDs—CaDy] _ CrDs — CiDs
T dt | Cho - C1o
b — @ [Cr(Cs + Ds) = Ca(Co + D7) _ C7Ds — CuD7
9 dt L 2010 2010
Do — @ [CsDs—CsDy) _ CsDg — Cs Dy
0 | Cho - Cio
Do — d [C5(Cy + D7) — Cs(Co + D5) _ CsD7 — CsDs
= dt L 2010 2CVIO
) d ] ) ) .
Dz = [D2 + D3y + 1] = 2DsDs + 2D19D1g = 2[DsDs + Do Do
) d ) . ) . ) ) .
D13 = % [Q[Ds(Dg — Pl;) + DlO(Dll — Pl;) — hl]] = 2[D8D9 —+ Dng — Pl;Dg —+ D10D11 —+ D10D11 — Pl;DlO — hl]

D13 = 2[DsDyg + Ds(Dy — P1,)) + D1gD11 + D1o(D11 — P1},) — hq]

) d ) ) . ) .
D14 = dt [Dg + D 2(P1;D11 + Pl;Dg) —|— D1 + 011] = 2D9D9 + 2D11D11 — 2(P1/ID11 + Pl;Dg) —|— D1

D14 = 2[D9D9 + D11D11 — PI;DH — Pl;Dg] + Dl = 2[D9(D9 — Pl;) + D11<D11 — Pl;)] =+ Dl
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3.2 Ldsung

A — Dz + v/ D3, —4D13D1y
# 2D

A, = DgA, + Dy

Ay = D1pA; + D1y

D1 D13 + Di13D13—2(D12D14+D12D1a) D12 (D13 +D15)

15

A=

2Df2
A, = DgA, + DgA, + Dy
A, = DigA. + D1gA. + D1y
Ci = P1,> + P1” P1, = (R —r)sin(B)
Cy = P2, + P2,° P1), = (r — R)cos()
Cs=P3.2+P3° P2 = (R —r)cos(30° + )
xr Y ] .
Cy= P2, — Pl P2, = (R —r)sin(30° + )
Cs = P2, — P, P3! = (r — R)cos(30° — B)
Ce=C1 —Cy Pg;; = (R - T)Sin(300 - 5)
Cr; = P3, — P1,
Cs = P3, — P,
Cy=C1—Cs
Cio = C4Cs — C5Cr
Cp =0 — L7 ' .
D1 =2h1hy
Dy =hi ?2 = 2h2f:12
Do = h2 Dy = 2hshs
Dy = 12 Dy = by — iy
Dy=hy —h D5 =Dy — Dy
D5:D1_D2 D6:h3_h1
Dﬁihgfhl D7=D1—D3
Pr= D= s e — C7Dy — C4Ds
Dg = M 8 Cho
10 . C:Ds—CyD;
D9 _ C?(CG + D5) - 04(09 + D7) D9 = 2010
2Cho
. CsDg — CsD
D _(}5D6_C8D4 Dyo = 5176 8L/4
10 = oo | Co
Dir — C5(Cy + D7) — Cs(Cs + Ds) Dy = CsD7 — CsDs
e 2010 2C(IO

Dy = Di + Diy+1
D3 = 2[D8(D9 — Pl;) + D10<D11 — Pl;) — hl]
Dy = DS -+ D%l — Q(P].;Dll + P].;Dg) + D1+ Cpy

Di5 =/ D3, — 4D13D14

Dig = 2[DgDg + D1 D1

Dis = 2[D8D9 + Dg(Dg — Plly) + DyoDyy + D10(D11 - P1}) — hl]
D14 = 2[D9(D9 — Plly) + Dll(Dll - Pl;)] + Dl
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