7 Maximally regular T3-type translational parallel
robots

Maximally regular T3-type translational parallel robots are actuated by
linear motors and can have various degrees of overconstraint. In these
solutions, the three operational velocities are equal to their corresponding
actuated joint velocities: v, =¢,, v, =¢, and v, =¢,. The Jacobian matrix
in Eq. (1.19) is the identity matrix. We call Isoglide3-T3 the translational
parallel mechanisms of this family.

7.1 Overconstrained solutions

Equation (1.16) indicates that overconstrained solutions of maximally
regular 73-type translational parallel robots with ¢ independent loops meet

the condition Zf f; <3+6q . Various solutions fulfil this condition along

with Mr = Sp = 3 and (Rr) = (v;,v5v;). They may have identical limbs or
limbs with different topologies. We limit our presentation in this section to
the solutions with just three identical limbs.

7.1.1 Basic solutions with no idle mobilities

In the basic solutions of overconstrained maximally regular 73-type
translational parallel robots, '« G;—G»—G3;, the moving platform n = ng;
(i = 1, 2, 3) is connected to the reference platform / = /5 = 0 by three
simple or complex limbs with three (Figs. 7.1a, 7.2a—) or four (Figs.
7.1b—e, 7.2d-k) degrees of connectivity. The complex limbs combine one
(Fig. 7.2a, b, d—f, h—k) or two (Fig. 7.2¢, g) planar closed loops of types Pa
(Fig. 7.2a—e), Rb (Fig. 7.2f, g) Pn2 (Fig. 7.2h, i) and Pn3 (Fig. 7.2j, k). No
idle mobilities exist in these basic solutions.

The planar loops with two and three degrees of freedom Pn2-type
illustrated in Fig. 7.2h, i are of types R||R||R||R||[R and R LP L'R 1 P 1'R.
The planar loops with three degrees of freedom Prn3-type illustrated in
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688 7 Maximally regular 73-type translational parallel robots

Fig. 7.2j, k are of types R||R||R||R||R||R and R L P 1L "R||[R L P_L'R. Other
planar loops of types Pn2 and Pn3 can also be used (see Table 5.1).

Various solutions of maximally regular 73-type translational parallel
robots with no idle mobilities can be obtained by using three limbs with
identical or different topologies presented in Figs. 7.1 and 7.2. We only
show solutions with identical limb type as illustrated in Figs. 7.3—7.13. The
limb topologies and connecting conditions in these solutions are systematized
in Table 7.1 and their structural parameters in Tables 7.2 and 7.3.

The limbs presented in Figs. 7.1 and 7.2 can also be used to generate
basic solutions of overconstrained 73-type TPMs with uncoupled, decoupled
and coupled motions.

Basic solutions of 73-type TPMs with uncoupled motions and different
limb topologies can be obtained by using the following combinations of
limbs: (i) one limb from Fig. 7.1 or 7.2 and two limbs from Figs. 5.1-5.5
or 6.1, (ii) two limbs from Fig. 7.2 or 7.3 and one limb from Figs. 5.1-5.5
or6.1.

Basic solutions of 73-type TPMs with decoupled motions and different
limb topologies can be obtained by using two limbs from Figs. 7.1 and 7.2
and one limb from Figs. 3.1-3.5, Figs. 3.60-3.70 and Figs. 4.1, 4.2 or 4.29.

Basic solutions of T3-type TPMs with coupled motions and different
limb topologies can be obtained by using one limb from Fig. 7.1 or 7.2 and
two limbs from Figs. 3.1-3.5, Figs. 3.60-3.70 and Figs. 4.1, 4.2 or 4.29.
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Table 7.1. Limb topology and connecting conditions of the overconstrained
maximally regular TPM with no idle mobilities presented in Figs. 7.3-7.13

No. TPM Limb Connecting
type topology conditions
1 3-PPP PLP1'P The directions of the actuated
(Fig. 7.3a) (_Fig. 7.1a) prismatic joints are reciprocally
orthogonal. The directions of the
prismatic joints adjacent to the
moving platform are also reciprocally
orthogonal.
2 3-PPP PLP1'P The directions of the actuated
(Fig. 7.3b, ¢) (Fig. 7.1a) prismatic joints are reciprocally
orthogonal. The directions of the
prismatic joints adjacent to the
moving platform are parallel to two
orthogonal lines.
3 3-PRRP P||R|IRL P Idem No. 1
(Fig. 7.4a) (Fig. 7.1b)
4  3-PRPR PI[RLPL'R The directions of the actuated
(Fig. 7.4b) (Fig. 7.1¢) prismatic joints are reciprocally
orthogonal.
5  3-PPRR Pal PalP  Idem No.4
(Fig. 7.5a) (Fig. 7.1d)
6  3-PRRR P|R||R||R Idem No. 4
(Fig. 7.5b) (Fig. 7.1e)
7 3-PPaP P||Pal P Idem No. 1
(Fig. 7.6a) (Fig. 7.2a)
8  3-PPaP P||Pa Ll P Idem No. 2
(Fig. 7.6b) (Fig. 7.2a)
9  3-PPPa P1LP1pa Idem No. 4
(Fig. 7.7a, b) (Fig. 7.2b)
10 3-PPaPa P||Pal|Pa Idem No. 4
(Fig. 7.8a, b) (Fig. 7.2¢)
11 3-PRRPa P||R||R||Pa Idem No. 4
(Fig. 7.9a, b) (Fig. 7.2d)
12 3-PPaRR P||Pal|R||R Idem No. 4
(Fig. 7.10a, b) (Fig. 7.2¢e)
13 3-PRRbBR P||R||Rb||R Idem No. 4
(Fig. 7.11a) (Fig. 7.2f)
14 3-PRRBRBR P||R||Rb||Rb||R  1dem No. 4
(Fig. 7.11b) (Fig. 7.2g)
15 3-PPn2R P||Pn2||R Idem No. 4
(Fig. 7.12a, b) (Fig. 7.2h, 1)
15 3-PPn3 P||Pn3 Idem No. 4
(Fig. 7.13a, b) (Fig. 7.2, k)
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Table 7.2. Structural parameters® of translational parallel mechanisms in Figs.
7.3-7.7

No. Structural Solution

parameter 3-PPP 3-PRRP, 3-PRPR 3-PPaP
(Fig. 7.3) (Fig. 7.4) (Fig. 7.6)
3-PPRR, 3-PRRR 3-PPPa
(Fig. 7.5) (Fig. 7.7)
1 m 8 11 14
2 Di 3 4 6
3 D2 3 4 6
5 p 9 12 18
6 q 2 2 5
7 k; 3 3 0
8 k, 0 0 3
9 k 3 3 3
10 (Ra1) (v5v,57;) (v;5v,,v5,0,) (v;5v5575)
11 (Re2) (vv,,v5) (v1’v2’v3’a),g) (v;5v5,v3)
12 (Rg3) (v,,v,,v;) (v,,v,,v,,05) (v,,v,,v;)
13 Sci 3 4 3
14 Se? 3 4 3
15 Se3 3 4 3
16 rG1 0 0 3
17 rG2 0 0 3
18 rG3 0 0 3
19 Mg, 3 4 3
20 Mg 3 4 3
21 M;g; 3 4 3
22 (Rr) (v5v,57;) (v;5v,575) (v;5v55v5)
23 Sr 3 3 3
24 7 0 0 9
25 re 6 9 15
26 My 3 3
27 Nr 6 3 15
28 Tr 0 0
29 Z f 3 4 6
30 z f 3 4 6
31 Z f 3 4 6
32 z 9 12 18

See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 7.3. Structural parameters® of translational parallel mechanisms in Figs.
7.8-7.13

No. Structural  Solution
parameter  3-PPaPa 3-PRRPa (Fig. 7.9) 3-PRRbRbR
(Fig. 7.8) 3-PPaRR (Fig. 7.10) (Fig. 7.11b)
3-PRRbR (Fig. 7.11a)
3-PPn2R (Fig. 7.12a, b)
3-PPn3 (Fig. 7.13a, b)

1 m 20 17 23
2 p 9 7 10
3 9 7 10
4 ps 9 7 10
5 p 27 21 30
6 ¢ 8 5 8
7 k; 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (RGI) (vaz)vj) (v]’v2’v3’a)a) (v,,vz,vj,a)a)
11 (Rg) (vI,vZ,v3) (VI,VZ,V3,COﬂ) (v1)v2)v3’a)ﬁ)
12 (RG3) (v1’v2)v3) (v1’v2’v31a)§) (vl’vz’vj’a)b‘)
13 Sg; 3 4 4
14 Sg; 3 4 4
15 Sg;s 3 4 4
16  rg; 6 3 6
17 re 6 3 6
18 rgs 6 3 6
19 Mg, 3 4 4
20 Mg, 3 4 4
21 Mgs 3 4 4
22 (RF) (v1’v2’v3) (v1’v2’v3) (vl’v2’v3)
23 Sr 3 3 3
24 7 18 9 18
25 e 24 18 27
26 Mg 3 3 3
27 Ng 24 12 21
28 Tr 0 0 0
pPi
29 Z,-=1./’,,- 9 7 10
P2
30 Zjﬂff 9 7 10
Ps
31 Z,-=1./’,,- 9 7 10
P
32 ijsz 27 21 30
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2] b

PLPL'P FPIRIRL P

PIRL PLIR PlLPLIRIR

PIRIRIE

Fig. 7.1. Simple limbs for overconstrained maximally regular TPMs with no idle
mobilities actuated by linear motors mounted on the fixed base, defined by M; =
S6=3,(Rg) = (v,v2v;) — (@) and Mg = S =4, (Rg) = (v,,v,,v;,0, ) — (b—e)
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PllFal P
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Fig. 7.2. Complex limbs for overconstrained maximally regular TPMs with no idle
mobilities actuated by linear motors mounted on the fixed base, defined by M; =
S6 =3, (Rg) = (v1,v2v3) — (a—¢) and M= S = 4, (Rg) = (v,,v,,v;,@,) — (d-K)
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Fig. 7.2. (cont.)
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(a)

H=H,;ZHEH,
T={y=1=1c
4=4,54554¢

(b)

©)

Fig. 7.3. 3-PPP-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,(Rp)=(v,,v,,v;), Tr= 0, Np= 6, limb topology P L pPltp
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H=H=H=H:
1= ty=1=1c
5E5,55,55¢

H=H=HEH:
=T =1a21c
525,55,55¢

(b)

Fig. 7.4. Overconstrained maximally-regular TPMs of types 3-PRRP (a) and 3-
PRPR (b) defined by Mp = Sp = 3, (Rp) = (v,,v,,v;), Tr = 0, Np = 3, limb
topology P||R||[R L P (a) and P||R L P LR (b)
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(a)

(b)

Fig. 7.5. Overconstrained maximally-regular TPMs of types 3-PPRR (a) and 3-
PRRR (b) defined by Mr = Sp = 3, (Rp) = (v,,v,,v;), Tr = 0, Nr = 3, limb
topology P L P L 'R||R (a) and P||R||R||R (b)
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(a)

(b)

Fig. 7.6. 3-PPaP-type overconstrained maximally-regular TPMs defined by
Mp=S8r=3,(Rr)=(v,,v,,v;), Tr= 0, Np.= 15, limb topology P||Pa_ L P
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(b)

Fig. 7.7. 3-PPPa-type overconstrained maximally-regular TPMs defined by
Mg=Sp=3,(Rp) = (v,,v,,v,), Tr= 0, Ne= 15, limb topology P L P L 'Pa
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Fig. 7.8. 3-PPaPa-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,(Rp) =(v,,v,,v;), Tr= 0, Np= 24, limb topology P||Pa||Pa
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H=H,=H=H,
T=ty=1=1c
T=E74=7=7¢

by 1550

Fig. 7.9. 3-PRRPa-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,(Rp)=(v,,v,,v;), Tr= 0, Np= 12, limb topology P||R||R||Pa
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Fig. 7.10. 3-PPaRR-type overconstrained maximally-regular TPMs defined by
Mp=Sr=3,(Rr)=(v,,v,,v;), Tr= 0, Np.= 12, limb topology P||Pa||R||R
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Fig. 7.11. Overconstrained maximally-regular TPMs of types 3-PRRbHR (a) and
3-PRRbBRBR (b) defined by Mr = Sp= 3, (Rp) = (v,,v,,v;), Tr= 0, Np= 12 (a),
Nr= 21 (b), limb topology P||R||Rb||R (a) and P||R||Rb||Rb||R (b)
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(@

H=EH,=H=H:
i=i,=1=1c
7=74=7=7c

T=ty=1a=1c
T=74=7s=70

Fig. 7.12. 3-PPn2R-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,(Rp) = (v,,v,,v;), Tr= 0, Np= 12, limb topology P||Pn2||R
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H=H=H=H-
1= {4=1=10
7=ET74=7=7

Fig. 7.13. 3-PPn3-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,(Rp)=(v,,v,,v;), Tp=0, Np= 12, limb topology P||Pn3
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7.1.2 Derived solutions with idle mobilities

Solutions with lower degrees of overconstraint can be derived from the
basic solutions in Figs. 7.3—7.13 by using joints with idle mobilities. A
large set of solutions can be obtained by introducing one or two rotational
idle mobilities outside the closed loops that can be integrated in the limbs
and up to three idle mobilities (two rotations and one translation) in each
planar loop. The joints combining idle mobilities are denoted by an asterisk.

Examples of solutions with identical limbs and three to twelve degrees
of overconstraint derived from the basic solutions in Figs. 7.3-7.13 are
illustrated in Figs. 7.14-7.32. The limb topology and the number of
overconstraints in these solutions are systematized in Table 7.5 and the
structural parameters in Tables 7.4 and 7.6—-7.9. We recall that two idle
rotational mobilities are introduced in the spherical joint of the parallelogram
loops denoted by Pa“ and Pa™ which combine two cylindrical, one
revolute and one spherical joint. In the cylindrical joint denoted by C*, the
rotation is an idle mobility. One idle translational mobility and two idle
rotational mobilities are introduced in the prismatic and the spherical joints
of each planar loop denoted by Pa®, Pb”, Pn2“ or Pn3“.

Table 7.4. Bases of the operational velocities spaces of the limbs isolated from the
parallel mechanisms presented in Figs. 7.14-7.32

No. Parallel
mechanism

Basis

(Ra1)

(Re2)

(Rgs)

1

2 Fig.7.14b (v, v,,v;,04) (vi,v,,v;,0,) (v, v, v5,0,)
Figs. 7.14c, 7.16b, (v,,v,,v,,@;) (v,,v,,v;,0,) (v, v,,v;,05)
7.19b, 7.20b

4 Figs.7.15a,7.l7a,(v,,vz,vj,wﬁ) (v, ,v,,v;,0;) (v, v,,v;,0,)
7.18a,7.21a

5 Fig.7.15b (v, v,,v;,0;) (v;,v,,v;,0,) (v,v,,v5.0,)

6 Figs. 7.15¢,7.17b, (v,,v,,v;,@,) (v, v,,v;,0,) (v,v,v;,0,)
7.18b,7.21b

7 Figs. 7.22,7.24, (Vv v,0,,0,) (v,v,,v,0,,0;) (v,v,,v;,0,,0,)
7.26b, 7.27, 7.29a,
7.30a, 7.31

8 Figs.7.23,7.25, (v,v,,v,0,) (v,v,,v;,04) (v, v,,v;,0;)

Figs. 7.14a,7.16a, (v,,v,,v,, ;)
7.19a, 7.20a

7.26b, 7.28, .471b,
7.30b, 7.32

(v;,v,,v;,0,)

(v1’v2’v3’wﬁ)
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Table 7.5. Limb topology and the number of overconstraints Ny in the derived
maximally regular TPMs presented in Figs. 7.14-7.32

No. Basic TPM Derived TPM
type Nr  type Nr  Limb topology
1 3-PPP 6  3-PPC* 3 PLPl'C*
(Fig. 7.3) (Fig. 7.14) B
2 3-PC*P 3 PLC*Ll*P
(Fig. 7.15) B
3 3-PPaP 15 3-PPaC* 12 P||PaLlC*
(Fig. 7.6) (Fig. 7.16)
4 3-PPa*P 3 P||Pa” L P
(Fig. 7.17)
5  3-PPPa 15 3-PC*Pa 12 PLC*1pa
(Fig. 7.7) (Fig. 7.18)
6 3-PPPd* 3 PLP1lpgs
(Fig. 7.19)
7 3-PPaPa 24 3-PPaPd” 12 P||Pa||Pa”
(Fig. 7.8) (Fig. 7.20)
8 3-PPa*Pa 12 P||Pa”||Pa
(Fig. 7.21)
9  3-PRRPa 12 3-PR*RRPa 9  PLR*LR||R||Pa
(Fig. 7.9) (Fig. 7.22)
10 3-PRRPa* 3 P||R||R||Pa”
(Fig. 7.23)
11 3-PPaRR 12 3-PPaRRR* 9 P||Pal|R||R L R*
(Fig. 7.10) (Fig. 7.24)
12 3-PPa“RR 3 P||Pa”||R||R
(Fig. 7.25)
13 3-PRRbR 12 3-PR*RRbR 9  PLR*1'R||Rb|IR
(Fig. 7.11a) (Fig. 7.26a)
14 3-PRRbR 3 P||R||Rb*||R
(Fig. 7.26b)
15 3-PRRbRbR 21  3-PR*RRBRDR 18  PLR*LIR||Rb||Rb|IR
(Fig. 7.11b) (Fig. 7.27)
16 3-PRRb“Rb“R 3 P||R||Rb||Rb”||R
(Fig. 7.28)
17  3-PPn2R 12 3-PPn2RR* 9 P||Pn2||R L R*
(Fig. 7.12a, b) (Figs. 7.29a, 7.30a)
18 3-PPn2“R 3 P||Pn2%||R
(Figs. 7.29b, 7.30b)
19 3-PPn3 12 3-PPn3R* 9  P||Pn3 LR*
(Fig. 7.13a, b) (Fig. 7.31a, b)
20 3-PPn3® 3 P||Pn3®

(Fig. 7.32a, b)
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Table 7.6. Structural parameters® of translational parallel mechanisms in Figs.
7.14-7.19

No. Structural Solution

parameter 3-PPC* 3-PPaC* 3-PPa*”P
(Fig. 7.14) (Fig. 7.16) (Fig. 7.17)
3-PC*P 3-PC*Pa 3-PPPa”*
(Fig. 7.15) (Fig. 7.18) (Fig. 7.19)
1 m 8 14 14
2 p; 3 6 6
3 p 3 6 6
4  p; 3 6 6
5 p 9 18 18
6 ¢ 2 5 5
7 Kk 3 0 0
8 k 0 3 3
9 k 3 3 3
10 (Rg) See Table 7.4 See Table 7.4 See Table 7.4
(i=123)
11 Sg; 4 4 4
12 Sg 4 4 4
13 Sg; 4 4 4
14 rgi 0 3 6
15 rGg2 0 3 6
16 rGgs3 0 3 6
17 Mg 4 4 4
18 Mg, 4 4 4
19 Mg; 4 4 4
20 (Rp) (v5v,57;) (v;5v,575) (v;5v5575)
21 Sp 3 3 3
22 0 9 18
23 g 9 18 27
24 My 3 3 3
25 Nr 3 12 3
26 Tr 0 0 0
Py
27 Z,-:/f,f 4 7 10
2
28 Zj:1 f, 4 7 10
Ps3
29 Z,-:/f,f 4 7 10
P
30 ZHf- 12 21 30

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 7.7. Structural parameters® of translational parallel mechanisms in Figs.

7.20-7.26
No. Structural Solution
parameter 3-PPaPa” 3-PR*RRPa 3-PRRPa“
(Fig. 7.20) (Fig. 7.22) (Fig. 7.23)
3-PPa”Pa 3-PPaRRR* 3-PPa“RR
(Fig. 7.21) (Fig. 7.24) (Fig. 7.25)
3-PR*RRbR 3-PRRbHR
(Fig. 7.26a) (Fig. 7.26b)
1 m 20 20 17
3 p 9 8 7
5 p 27 24 21
6 q 8 5 5
7 k; 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (Rg) See Table 7.4 See Table 7.4 See Table 7.4
(i=123)
11 Sg; 4 5 4
12 Sg 4 5 4
13 Sg; 4 5 4
14 rGi 9 3 6
15 rGg2 9 3 6
16 rgs 9 3 6
17 Mg 4 5 4
18 Mg 4 5 4
19  Mg; 4 5 4
20 (Rp) (v5v,,v3) (v;5v,,v3) (v;,v,,v;)
21 Sy 3 3 3
22 n 27 9 18
23 g 36 21 27
24 My 3 3 3
25 Nr 12 9 3
26 Tr 0 0 0
P
27 Z,»:,f,» 13 8 10
P2
28 Z,-=1/’.f 13 8 10
P3
29 Z,»:,f,» 13 8 10
P
30 Z,-=1/’.f 39 24 30

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 7.8. Structural parameters® of translational parallel mechanisms in Figs.
7.27 and 7.28

No. Structural Solution
parameter 3-PR*RRbHRHR 3-PRRb“Rb“R
(Fig. 7.27) (Fig. 7.28)
1 m 26 23
2 Pi 11 10
3 D> 11 10
4 )2z 11 10
5 p 33 30
6 q 8 8
7 k; 0 0
8 k> 3 3
9 k 3 3
10 (R¢) See Table 7.4 See Table 7.4
(i=123)

11 Sai 5 4
12 Sa 5 4
13 Se3 5 4
14 rGi 6 12
15 rg2 6 12
16 rG3 6 12
17 Mg, 5 4
18 Mg, 5 4
19 Mg 5 4
20 (Rr) (v;,v,,v;) (v;5v,5;)
21 Sr 3 3
22 r 18 36
23 e 30 45
24 Mg 3 3
25 Nr 18 3
26 Tr 0 0

P
27 Z;:1f/ 11 16

b2
28 Zj:1f/ 11 16

P3
29 Zj:]ff 11 16

P
30 Zj:1f/ 33 48

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 7.9. Structural parameters® of translational parallel mechanisms in Figs.
7.29-7.32

No. Structural Solution
parameter 3-PPn2RR* 3-PPn2“R

(Figs. 7.29a, 7.30a) (Figs. 7.29b, 7.30b)
3-PPn3R* 3-PPn3¢
(Fig. 7.31a,b) (Fig. 7.32a,b)

1 m 20 17

2 P 8 7

3 p2 8 7

5 p 24 21

6 q 5 5

7 k; 0 0

8 k> 3 3

9 k 3 3

10 (Rg) See Table 7.4 See Table 7.4

(i=123)

11 Sci 5 4

12 Se 5 4

13 Scs3 5 4

14 rGi 3 6

15 rGg2 3 6

16 rGgs3 3 6

17 Mg, 5 4

18 Mg, 5 4

19 Mg; 5 4

20 (RF) (v;5v5575) (v;5v5575)

21 Sr 3 3

22 7 9 18

23 rE 21 27

24 My 3 3

25 Nr 9 3

26 Tr 0 0

27 z o, 8 10

28 Z f 8 10

29 z o, 8 10

30 Z 24 30

See footnote of Table 2.1 for the nomenclature of structural parameters
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(@

(b)
H=H,=H=H:
I=i,=21a=1c
424 =4554c

©)

Fig. 7.14. 3-PPC*-type overconstrained maximally-regular TPMs defined by
M= Sr=3,(Rp)=(v,,v,,v;), Tr= 0, Nv-= 3, limb topology P L P L* C*
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(a)

H=H,=H:=H:
o i=i,=21a=1c
424 =454

(b)

(©

Fig. 7.15. 3-PC*P-type overconstrained maximally-regular TPMs defined by
Mp=Sr=3,(Rp)=(v,,v,,v;), Tr=0, Np= 3, limb topology P L c*1*p
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(a)

H=H,=Ha=H-
1=1,= 15210
6=6,=6,=6,

{b) 1,20

Fig. 7.16. 3-PPaC*-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,(Rp)=(v,,v,,v;), Tr= 0, Np= 12, limb topology P||Pa L C*



7.1 Overconstrained solutions 715

(a)

Yo

HEH,=H:=H:
I=1y=1a=1c

)}

Fig. 7.17. 3-PPa*”P-type overconstrained maximally-regular TPMs defined by
Mr=Srp=3,(Rp) =(v,,v,,v;), Tr= 0, Np= 3, limb topology P||Pa* L P
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(b)

Fig. 7.18. 3-PC*Pa-type overconstrained maximally-regular TPMs defined by
Mp=Sp=3,(Rp) =(v,,v,,v,), Tr= 0, No= 12, limb topology P L C* L 'Pa
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(b)

Fig. 7.19. 3-PPPa”-type overconstrained maximally-regular TPMs defined by
Mp=Sp=3,(Rp) = (v,,v,,v,), Tr= 0, Ne= 3, limb topology P L P 1 Pa*
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Fig. 7.20. 3-PPaPd*-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,Rr)=(v,,v,,v;), Tr= 0, Np= 12, limb topology P||Pa||Pa*
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Fig. 7.21. 3-PPa”Pa-type overconstrained maximally-regular TPMs defined by
Mr=Srp=3,(Rp) =(v,,v,,v;), Tr= 0, Np= 12, limb topology P||Pa"||Pa
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Fig. 7.22. 3-PR*RRPa-type overconstrained maximally-regular TPMs defined by
Mp=Sp=3,(Rp) = (v,,v,,v,), Tr=0, Ng= 9, limb topology P L R* L 'R||R||Pa
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(a)

H=H,=H=H,
T=ty=1s=1c
T=ET74=7=7¢

—
(b 1350

Fig. 7.23. 3-PRRPa"-type overconstrained maximally-regular TPMs defined by
Mr=Sp=3,(Rp) =(v,,v,,v;), Tr= 0, Np= 3, limb topology P||R||R||Pa”



722 7 Maximally regular 73-type translational parallel robots

Fig. 7.24. 3-PPaRRR *-type overconstrained maximally-regular TPMs defined by
Mp=Sr=3,(Rr)=(v,,v,,v;), Tr= 0, Nr= 9, limb topology P||Pa||R||IR L R*
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(a)

Fig. 7.25. 3-PPa”RR-type overconstrained maximally-regular TPMs defined by
Mr =Sr=3,(Rp)=(v,,v,,v;), Tr = 0, Nr = 3, limb topology P||Pa”||R||R
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Fig. 7.26. Overconstrained maximally-regular TPMs of types 3-PR*RRbR (a) and
3-PRRHR (b) defined by M= Sp= 3, (Rp) =(v,,v,,v;), Tr=0,Nr=9 (a), Nr=3
(b), limb topology P L R* 1 'R||Rb||R (a) and P||R||Rb*||R (b)
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. 10=10,=10:=10;
& HEH=FRSH:
1={,=15=1

Fig. 7.27. 3-PR*RRbRbR-type overconstrained maximally-regular TPM defined
by Mr = Sp = 3, (Rp) = (v,,v,,v;), Tr = 0, Np = 18, limb topology
P L R*1R||RD||RB||R
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Fig. 7.28. 3-PRRb“Rb“R-type overconstrained maximally-regular TPM defined by
Mr=Sr=3,(Rp)=(v,,v,,v,), Tr=0, Np= 3, limb topology P||R||Rb"||RH"||R
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Fig. 7.29. Overconstrained maximally-regular TPMs of types 3-PPn2RR* (a) and
3-PPn2“R (b) defined by M= Sp= 3, (Rp) = (v,,v,,v;), Tr=0, Np= 9 (a), Np=3
(b), limb topology P||Pn2||R L R* (a) and P||Pn2||R (b)
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Fig. 7.30. Overconstrained maximally-regular TPMs of types 3-PPn2RR* (a) and
3-PPn2“R (b) defined by Mr= Sr= 3, (Rp) = (v,,v,,v;), Tr= 0, Nr= 9 (a), Nr=3
(b), limb topology P||Prn2||R L R* (a) and P||Pn2%||R (b)
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Fig. 7.31. 3-PPn3R*-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,(Rp) = (v,,v,,v;), Tr= 0, Np= 9, limb topology P||Pn3 L R*
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Fig. 7.32. 3-PPn3“-type overconstrained maximally-regular TPMs defined by
Mr=Sr=3,(Rr)=(v,,v,,v;), Tr= 0, Nr= 3, limb topology P||Pn3“
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7.2 Non overconstrained solutions

Equation (1.15) indicates that non overconstrained solutions of the maximally
regular TPMs with ¢ independent loops meet the condition Zf fi=3+6q

along with Mr = Sp = 3 and (Rr) = (v;,v5v;). They could have identical
limbs or limbs with different topologies that may be actuated by linear
motors.

In the non overconstrained maximally regular TPMs F « G,—G—Gj3, the
moving platform n = ng; (i = 1, 2, 3) is connected to the reference platform
1 = 15 = 0 by three limbs with five degrees of connectivity. These
solutions are derived from the overconstrained solutions presented in Figs.
7.3-7.32 by introducing the required idle mobilities.

For example, the non overconstrained solution in Fig. 7.33a is derived
from the overconstrained solution in Fig. 7.3a by replacing, in each limb,
two prismatic joints by cylindrical joints.

The bases of the operational velocities spaces of the limbs isolated from
the parallel mechanisms presented in Figs. 7.33—7.45 are given in Table
7.10. The limb topology and connecting conditions of these solutions are
systematized in Table 7.11 and the structural parameters of these solutions
are presented in Tables 7.12-7.14.

Table 7.10. Bases of the operational velocities spaces of the limbs isolated from
the parallel mechanisms presented in Figs. 7.33-7.45

No. Parallel Basis
mechanism (Rg1) (Rg2) (Rg3)

1 Figs. 7.33, (v, v,,95,0,,0;) (v,,9,,9;,,0,,0;) (v,,v,,9;,0,,0,)
7.36-7.38

2 Figs. 7.34a, (Vv v, 95,0,,0,) (v,9,,v,0,0;) (v,,,v,0,,0;)
7.35,7.390,
7.40-7.45

3 Fig.7.39a (v, v,.v5,0,,05) (v,v,,v;,0,,0;) (v,,9,,v;,0,,0;)
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Table 7.11. Limb topology of the non overconstrained maximally regular TPMs
presented in Figs. 7.33-7.45

No. Basic TPM Derived TPM with Ny=0
Type Ng Type Limb topology

1 3-PPP 6 3-PC*C* PlLC*1*tC*
(Fig. 7.3a) (Fig. 7.33)

2 3-PRRP 3 3-PRRC* P||R||R L C*
(Fig. 7.4a) (Fig. 7.34a)

3 3-PRPR 3 3-PRC*R P|[RLC*L'R
(Fig. 7.4b) (Fig. 7.34b)

4  3-PPRR 3 3-PC*RR P1LC*LR|IR
(Fig. 7.5a) (Fig. 7.35a)

5  3-PRRR 3 3-PR*RRR PLR*1LR|IR||R
(Fig. 7.5b) (Fig. 7.35b)

6  3-PPaP 15 3-PPa“C* P||Pa” L C*
(Fig. 7.6) (Fig. 7.36)

7 3-PPPa 15 3-PC*Pg" P1C*1lpg*s
(Fig. 7.7) (Fig. 7.37)

8  3-PPaPa 24  3-PPd”Pd* P||Pa”||Pa*
(Fig. 7.8) (Fig. 7.38)

9  3-PRRPa 12 3-PRRP4" P||R||R||Pa*
(Fig. 7.9) (Fig. 7.39a)

10 3-PR*RRPa" P 1 R*1R||R||Pa*

(Fig. 7.39b)

11 3-PPaRR 12 3-PPa“RR P||Pa”||R||R
(Fig. 7.10) (Fig. 7.40a)

12 3-PPa“RRR* P||Pa®||R||R L R*

(Fig. 7.40b)

13 3-PRRbBR 12 3-PR*RRb“R PLRL"Rp™|R
(Fig. 7.11a) (Fig. 7.41)

14 3-PRRbRbR 21  3-PR*RRbRb*R P L R 1'"Rb%||RV®||R
(Fig. 7.11b) (Fig. 7.42)

15 3-PPn2R 12 3-PPn2“RR* P||Pn2“||R L R*
(Fig. 7.12a,b) (Figs. 7.43, 7.44)

16 3-PPn3 12 3-PPn3“RR* P||Pn3® L R*

(Fig. 7.13a, b) (Fig. 7.45a, b)
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Table 7.12. Structural parameters® of translational parallel mechanisms in Figs.
7.33-7.37

No. Structural Solution
parameter 3-PC*C* 3-PRRC* (Fig. 7.34a) 3-PPa”C*
(Fig. 7.33) 3-PRC*R (Fig. 7.34b) (Fig. 7.36)
3-PC*RR (Fig. 7.35a) 3-PC*Pd*
3-PR*RRR (Fig. 7.35b)  (Fig.7.37)
1 m 8 11 14
2 p; 3 4 6
3 p; 3 4 6
5 p 9 12 18
6 ¢ 2 2 5
7 Kk 3 3 0
8 k 0 0 3
9 k 3 3 3
10 (Rg) See Table 7.10  See Table 7.10 See Table 7.10
(i=123)
11 Sg; 5 5 5
12 S 5 5 5
13 Sg; 5 5 5
14 rGi 0 0 6
15 rg 0 0 6
16  rg3 0 0 6
17 Mg, 5 5 5
18 Mg, 5 5 5
19  Mg; 5 5 5
20 (Rp) (v;5v5575) (v;5v5575) (v5v,575)
21  Sp 3 3 3
22 0 0 18
23 rp 12 12 30
24 My 3 3 3
25 Np 0 0 0
26 TIr 0 0 0
P
27 Z,-:,fj 5 5 11
P>
28 21:1 f, 5 5 11
P3
29 Z,-:,fj 5 5 11
r
30 Z/:1-fj 15 15 33

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 7.13. Structural parameters® of translational parallel mechanisms in Figs.

7.38-7.41

No. Structural Solution
parameter 3-PPa*Pa* 3-PRRPa* 3-PR*RRPa“
(Fig. 7.38) (Fig. 7.39a) (Fig. 7.39b)
3-PPa”RR 3-PPa“RRR*
(Fig. 7.40a) (Fig. 7.40b)
3-PR*RRbH“R
(Fig. 7.41)
1 m 20 17 20
2 p; 9 7 8
3 p; 9 7 8
4 p; 9 7 8
5 p 27 21 24
6 ¢ 8 5 5
7 Kk 0 0 0
8 kK 3 3 3
9 k 3 3 3
10 (Ray) See Table 7.10  See Table 7.10 See Table 7.10
(i=123)
11 Sg; 5 5 5
12 Sg 5 5 5
13 Sg3 5 5 5
14 rg 12 6 6
15 rGg2 12 6 6
16 rg;3 12 6 6
17 Mg, 5 5 5
18 M;; 5 5 5
19 M;g; 5 5 5
20 (Rp) (v,5v,,v;) (v,,v,,v;) (v,,v,,v;)
21 Sp 3 3 3
22 n 36 18 18
23 g 48 30 30
24 My 3 3 3
25 Np 0 0 0
26 Tr 0 0 0
P
27 Z/:rfj 17 11 11
P2
28 Z,-:/f.f 17 11 11
P3
29 Z/:rfj 17 11 11
P
30 Z,-:/f.f 51 33 33

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 7.14. Structural parameters® of translational parallel mechanisms in Figs.

7.42-7.45
No. Structural Solution
parameter 3-PR*RRb“RbH“R 3-PPn2“RR*
(Fig. 7.42) (Figs. 7.43, 7.44)
3-PPn3“RR*
(Fig. 7.45)
1 m 26 20
2 i 11 8
3 12 11 8
4 D3 11 8
5 p 33 24
6 q 8 5
7 k; 0 0
8 k; 3 3
9 k 3 3
10 Ra) See Table 7.10 See Table 7.10
(i=123)
11 e 5 5
12 Sz 5 5
13 Sc3 5 5
14 rGi 12 6
15 rGg2 12 6
16 rGgs3 12 6
17 Mg, 5 5
18 Mg 5 5
19 Mg; 5 5
20 (Rr) (v,,v,,v;) (vsv,,v5)
21 Sk 3 3
22 7 36 18
23 e 48 30
24 Mg 3 3
25 Nr 0 0
26 Tr 0 0
P
27 Z,,-:/f,i 17 11
P2
28 Zj:,f, 17 11
Pz
29 Z,,-:/f,i 17 11
r
30 Zj:,fj 51 33

*See footnote of Table 2.1 for the nomenclature of structural parameters
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(@

L) H=H,=H=H;

T=ty=1=1c

©)

Fig. 7.33. 3-PC*C*-type non overconstrained maximally regular TPMs, limb
topology P L C* 1" C*
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(a)

H=H,=H:=H:
I=i,=21.=10
§=5,=5,55¢

H=H,=H=H-
1= 1y=1=1;
BE5,55,55¢

b

Fig. 7.34. Non overconstrained maximally regular TPMs of types 3-PRRC* (a)
and 3-PRC*R (b), limb topology P||R||R L C* (a) and P||[R L C* LR (b)
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&)
Yo

H=H.=H=H-
1=14=1=1-
BE5,55,55.

H=H;EH=H,
T=ty=1s=1c
6=6,=6:=6-

1550

)]
Fig. 7.35. Non overconstrained maximally regular TPMs of types 3-PC*RR (a)
and 3-PR*RRR (b), limb topology P L C* L 'R||R (a) and P L R* L 'R||R||R (b)
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(a)

H=H,=H=H-
1= 14=1g=1
6=6,=6,=6-

(b)

Fig. 7.36. 3-PPa”C*-type non overconstrained maximally-regular TPMs, limb
topology P||Pa™ L C*
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(b

Fig. 7.37. 3-PC*Pa*-type non overconstrained maximally-regular TPMs, limb
topology P L C* 1 'Pg*
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(a)

H=H=HEH,
1= ty=Ts=1-
8=8,=8,=8,

(b)

Fig. 7.38. 3-PPa”Pa*-type non overconstrained maximally-regular TPMs, limb
topology P||Pa”||Pa*
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1= 1y=Ts=1c
7=E74,=75=7c

Fig. 7.39. Non overconstrained maximally-regular TPMs of types 3-PRRPa* (a)
and 3-PR*RRPa“ (b), limb topology P||R||R||Pa" (a) and P L R* L 'R||R||Pa* (b)
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Fig. 7.40. Non overconstrained maximally-regular TPMs of types 3-PPa*RR (a)
and 3-PPa“”RRR* (b), limb topology P||Pa”||R||R (a) and P||Pa”||R||R L R* (b)
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HEH=HEH,
1= {4=1=1c

Fig. 7.41. 3-PR*RRb“R-type non overconstrained maximally-regular TPM, limb
topology P L R L "Rb**||R
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. 10=10,=105=10¢
# HEH=HEH,
1= 12121

1550

Fig. 7.42. 3-PR*RRb“Rb“R-type non overconstrained maximally-regular TPM,
limb topology P L R L 'Rb™||Rb*||R
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Fig. 7.43. 3-PPn2“RR*-type non overconstrained maximally-regular TPM, limb
topology P||Pn2°||R L R*
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H=H.=H=H-
1= {4=1=1c
8=8,=28:=8-

Fig. 7.44. 3-PPn2“RR*-type non overconstrained maximally-regular TPM, limb
topology P||Pn2“||R L R*
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Fig. 7.45. 3-PPn3“RR*-type non overconstrained maximally-regular TPMs, limb
topology P||Pn3“ L R*
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