4 Non overconstrained T3-type TPMs
with coupled motions

Equation (1.15) indicates that non overconstrained solutions of T3-type
TPMs with coupled motions and ¢ independent loops meet the condition

Zf Jf; =3+6q . Various solutions fulfil this condition along with Sr = 3,

(Rr) = (v;,v5,v3) and Nr = 0. They can have identical limbs or limbs with
different structures and may be actuated by linear or rotating motors.

4.1 Basic solutions with linear actuators

In the basic non overconstrained TPMs with /inear actuators and coupled
motions F« G—~GrG;, the moving platform n = ng; (i = 1, 2, 3) is
connected to the reference platform / = I = 0 by three limbs with five
degrees of connectivity. No idle mobilities exist in these basic solutions.

The various types of limbs with five degrees of connectivity and no idle
mobilities are systematized in Figs. 4.1 and 4.2. They are actuated by
linear motors mounted on the fixed base (Fig. 4.1) or on a moving link
(Fig. 4.2). The prismatic joints between links 2 and 3 (Fig. 4.2c—f) and 3
and 4 (Fig. 4.2a, b) are actuated in the solutions with the linear actuator
non adjacent to the fixed base.

Various solutions of TPMs with coupled motions and no idle mobilities
can be obtained by using three limbs with identical or different topologies
presented in Figs. 4.1 and 4.2. We only show solutions with identical limb
type as illustrated in Figs. 4.3—4.9. The limb topology and connecting
conditions in these solutions are systematized in Table 4.1.

The actuated prismatic joints adjacent to the fixed base in the three limbs
have orthogonal directions (Figs. 4.3—4.5) in the solutions using the limbs
systematized in Fig. 4.1. The axes of the first unactuated revolute joints of
the three limbs have orthogonal directions (Figs. 4.6, 4.7a, 4.8 and 4.9) or
are parallel to one plane (Fig. 4.7b) in the solutions using the limbs
systematized in Fig. 4.2.
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For the solutions in Figs. 4.3—4.9, Egs. (1.2)—~(1.8) and (1.17) give the
following structural parameters: Mg; = Sg; = 3, (Rg)) = (vx,vy,vy,wﬁ,wﬁ ),

(Rg2) = (v,,v,,v,,0,,05), (Rez) = (v,,v,,v,,0,,0,), (Rp) = (v,,v,,v,),
SF: 3, Vep= 12, MF: S,NF: 0 and TF: 0.

Table 4.1. Limb topology and connecting conditions of the non overconstrained
TPM with no idle mobilities and linear actuators presented in Figs. 4.3—4.9

No. TPM Limb Connecting
type topology conditions
1 3-PRRRR PLR|RLR|IR Actuated P joints adjacent to
(Fig. 4.3a) (Fig. 4.1a) the fixed base have
orthogonal directions
2 3-PRRRR PLRIR|IRLR Idem No. 1
(Fig. 4.3b) (Fig. 4.1b)
3 3-PRRRR P||R|IR L R||R Idem No. 1
(Fig. 4.4a) (Fig. 4.1¢)
4 3-PRRRR P||IRLR|IRLR Idem No. 1
(Fig. 4.4b) (Fig. 4.1d)
5 3-PRRRR PLRLIR|IRLR Idem No. 1
(Fig. 4.5) (Fig. 4.1e)
6 3-RRPRR RLR|P|IIRLR Actuated P joints non
(Fig. 4.6) (Fig. 4.2a) adjacent to the fixed base and
the first revolute joints of the
three legs have orthogonal
axes
7 3-RRPRR RLR1LP1'RIR Idem No.6
(Fig. 4.7a) (Fig. 4.2b)
8 3-RRPRR RLRLPL'RLR Actuated P joints non
(Fig. 4.7b) (Fig. 4.2b) adjacent to the fixed base and
the first revolute joints of the
three legs are parallel to one
plane
9 3-RPRRR RLP1'R||IRLR Idem No. 6
(Fig. 4.8a) (Fig. 4.2¢)
10 3-RPRRR RLP|R|IRLR Idem No. 6
(Fig. 4.8b) (Fig. 4.2d)
11 3-RPRRR RLP1L'RLR|[R  Idem No.6
(Fig. 4.9a) (Fig. 4.2e)
12 3-RPRRR R||PLR|IRLR Idem No. 6
(Fig. 4.9b) (Fig. 4.29)
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Fig. 4.1. Simple limbs for non overconstrained TPMs with coupled motions defined
by Mg =S¢ =35, (Rg) = (v,,v,,v;,0,,,) and actuated by linear motors mounted
on the fixed base
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Fig. 4.2. Simple limbs for non overconstrained TPMs with coupled motions
defined by Mg = S¢ = 5, (Rg) = (v,,v,,v;,®,,,) and actuated by linear motors
non adjacent to the fixed base
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H=H,=H=H:
1= {4=1=1c
6=6,4=62=6~

Fig. 4.3. 3-PRRRR-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P_L R||R L R||R (a) and
PLRLIR|IRLR(b)
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(@)

Yo

H=H,=H:=H;
T=1y=1=1c
6=6,=6p=6¢

(b

Fig. 4.4. 3-PRRRR-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P||R||R L R||R (a) and
PI[RLR|IR L R (b)
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H=zH,=H=H,
1= {y=1=1;
6=6,=65=6C

Fig. 4.5. 3-PRRRR-type non overconstrained TPM with coupled motions and
linear actuators mounted on the fixed base, limb topology P L R L R||R LR

H=H,=H,=H;
1=1,=1:=10
6=6,=6,=6¢

1,20 2,

120

Fig. 4.6. 3-RRPRR-type non overconstrained TPM with coupled motions and
linear actuators non adjacent to the fixed base, limb topology R L R||P||R L R
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(a)

Zn

H=H,=H=H:
1=i,=21=1-
6=6,=6=6;

()}

Fig. 4.7. 3-RRPRR-type non overconstrained TPMs with coupled motions and
linear actuators non adjacent to the fixed base mounted on the fixed base, limb
topology RLRLP1L'R1R
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(@)

H=H,=H;=A-
1=14=1g=1-
6=6,=656¢

1o20

(b

Fig. 4.8. 3-RPRRR-type non overconstrained TPMs with coupled motions and

linear actuators non adjacent to the fixed base, limb topology R L P L* R||R LR
(a)and R L P||R||R LR (b)
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(@

H=H,=H=H:-
i=ty=Tg=1-
6=6,=6a=6¢

(b)

Fig. 4.9. 3-RPRRR-type non overconstrained TPMs with coupled motions and
linear actuators non adjacent to the fixed base, limb topology R L P L 'R L R||R
(a) and R||P L R||R LR (b)
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4.2 Derived solutions with linear actuators

Non overconstrained solutions F« G;—G»>—G, with linear actuators and
coupled motions can also be derived from the overconstrained solutions
presented in Figs. 3.6-3.23 by introducing the required idle mobilities.
They have the linear actuators mounted on the fixed base (Figs. 4.10-4.22)
or between two moving links (Figs. 4.23—4.28). The limb topology of these
non overconstrained solutions (Nr = ) are systematized in Tables 4.2 and
4.3 and the structural parameters in Tables 4.4—4.8.

For example, the non overconstrained solutions in Fig. 4.10 are derived
from the overconstrained solutions in Fig. 3.6 by introducing two rotational
idle mobilities outside the parallelogram loop and one translational and two
rotational idle mobilities in each parallelogram loop. They are introduced by
replacing two revolute joints by spherical ones in each parallelogram loop
and the prismatic joints by cylindrical ones. The prismatic joints in Fig. 3.6
are also replaced by cylindrical joints in Fig. 4.10. We may note that the two
spherical joints adjacent to link 5 introduce one translational and two
rotational idle mobilities in each parallelogram loop and also provide an
idle rotational mobility of link 5. Attention must be paid when introducing
the idle mobilities so as not to modify the mobility of the parallel
mechanism and the connectivity of the moving platform.
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Table 4.2. Limb topology of the derived non overconstrained TPMs with idle
mobilities and linear actuators mounted on the fixed base presented in Figs. 4.10—

4.22

No. Basic TPM Derived TPM with
type N Np=0 Limb topology

type

1 3-PPaP 15 3-PPa“C* P 1 Pa"||C*
(Fig. 3.6) (Fig. 4.10)

2 3-PPPa 15 3-PC*Pd* P L C*||Pa*
(Fig. 3.7) (Fig. 4.11)

3 3-PPa“ 12 3-PR*R*Pa’“ PL1R*1*R*1 llpgse
(Fig. 3.8) (Fig. 4.12)

4  3-PPg“ 12 3-PR*Pd““R* Pa 1l R*1* Pa™||R*
(Fig. 3.9) (Fig. 4.13)

5  3-PPaPa 24  3-PPa*Pa” Pl P 1 pPas
(Fig. 3.10a) (Fig. 4.14a) B

6  3-PPaPa 24 3-PPa"Pd" P1Pa® Lpa*
(Fig. 3.10b) (Fig. 4.14b)

7  3-PPaPa 24  3-PPa”Pa” P||Pa”™ L Pa®
(Fig. 3.11a) (Fig. 4.15a)

8  3-PPr 12 3-PPr*R*R* PPr*R* 1 R*
(Fig. 3.11b) (Fig. 4.15b)

9  3-PRC 3 3-PRCR* PLR||CLR*
(Fig. 3.12a) (Fig. 4.16a)

10 3-PCR 3 3-PCRR* PLC|RLR*
(Fig. 3.12b) (Fig. 4.16b)

11 3-PRC 3 3-PRR*C PLRLR*1C
(Fig. 3.13) (Fig. 4.17)

12 3-PCR 3 3-PCR*R PLCLR*LIR
(Fig. 3.14) (Fig. 4.18)

13 3-PRPaR 12 3-PR*RPd" PLR*1'R1 Pa*
(Fig. 3.15a) (Fig. 4.19a)

14 3-PRPaR 12 3-PR*RPd" P||[R*LR 1 Pa*
(Fig. 3.15b) (Fig. 4.19b)

15 3-PRPaR 12 3-PPa* P-Pa®
(Fig. 3.15a,b) (Fig. 4.20a, b

16 3-PRRPa 12 3-PRP4*R* PLR1'Pa*||R*
(Fig. 3.16a) (Fig. 4.21a)

17  3-PRRPa 12 3-PRRPd* P||R||R L Pa*
(Fig. 3.16b) (Fig. 4.21b)

18  3-PPaRR 12 3-PR*Pa*R PLR*||Pa” LR
(Fig. 3.17a) (Fig. 4.22a)

19  3-PPaRR 12 3-PR*Pa*R P||R*||Pa* LR
(Fig. 3.17b) (Fig. 4.22b
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Table 4.3. Limb topology of the derived TPMs with idle mobilities and linear
actuators mounted on a moving link presented in Figs. 4.23—4.28

No. Basic TPM Derived TPM with

type N Ng=0 Limb topology
type

1 3-RPC 3 3-RCC R1LcLl'lc
(Fig. 3.18a) (Fig. 4.23a)

2 3-CPR 3 3-CCR CLCLIR
(Fig. 3.18b) (Fig. 4.23b)

3 3-RPC 3 3-RCC RLC1llC
(Fig. 3.19) (Fig. 4.24)

4  3-CPR 3 3-CCR cLCLIR
(Fig. 3.20) (Fig. 4.25)

5  3-PPRR 3 3-PPRRR* PLP1'R||RLIR*
(Fig. 3.21) (Fig. 4.26)

6 3-RPaPR 12 3-RPa*PRR* R1LPa*1*P1LRLR*
(Fig. 3.22a) (Fig. 4.27a) B

7 3-RPaPR 12 3-RPa“PR R1 Pa®1'P|R
(Fig. 3.22b) (Fig. 4.28a)

8  3-RPaRP 12 3-RPa“R*P 3-RLPa*1LR*LP
(Fig. 3.23a) (Fig. 4.27b)

9  3-RPaRP 12 3-RPd“RP 3-R1 Pa*1R||IP
(Fig. 3.23b) (Fig. 4.28b)

Table 4.4. Bases of the operational velocities spaces of the limbs isolated from the

parallel mechanisms presented in Figs. 4.10—4.28

No. Parallel Basis
mechanism (Rg1) (Rg2) (Rgs3)
1 Figs. 4.10-4.14,  (v,,v,,v,,0,,0,) (v,,v,,v,,0,,0;) (v,v,,v;,,0,,0,)
4.15a, 4.24,
4.28
2 Figs. 4.15b, (v, v,,95,0,,0,) (v,9,,v;,0,,0;) (v,,,v,0,,0;)
4.16-4.18,
4.19b, 4.21b,
422,423,
4.26-4.27
Fig. 4.19a (v, v, v5,05,05) (v,9,,v;,0,,0,) (v,,9,,v;,0,,05)
4 Fig. 4.20 (v, v,,95,0,,0;) (v,9,,v,0,,0,) (v,,v,,v,0,0;)
Fig. 4.21a (vj,vz,v3,wﬂ,w5) (v, v,,v;,0,,05) (vl’v2’v3’wa’wﬂ)
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Table 4.5. Structural parameters® of translational parallel mechanisms in Figs.

4.10-4.15
No. Structural Solution
parameter 3-PPa*C* 3-PR*R*Pa* 3-PPa”Pa*
(Fig. 4.10) (Fig. 4.12) (Fig. 4.14)
3-PC*Pa* 3-PR*Pa““R* 3-PPa”Pa*
(Fig. 4.11) (Fig. 4.13) (Fig. 4.15a)
3-PPr*R*R*
(Fig. 4.15b)
1 M 14 17 20
2 P 6 7 9
3 P 6 7 9
4 Py 6 7 9
5 P 18 21 27
6 0 5 5 8
7 K 0 0 0
8 K 3 3 3
9 K 3 3 3
10 (Rg) See Table 4.4 See Table 4.4 See Table 4.4
(i=123)
11 Sg; 5 5 5
12 Sg 5 5 5
13 Sg; 5 5 5
14 rg 6 6 12
15 rG2 6 6 12
16 r'G3 6 6 12
17 Mg 5 5 5
18 Mg, 5 5 5
19  Mg; 5 5 5
20 (Rp) (v;5v,575) (v;5v5575) (v;5v,57;)
21  Sp 3 3 3
22 r 18 18 36
23 rp 30 30 48
24 My 3 3 3
25 Np 0 0 0
26 Tr 0 0 0
P
27 Z,»:,fj 11 11 17
P2
28 Z,-:zf.f 11 11 17
P3
29 Z,»:,fj 11 11 17
P
30 z,-:1ff 33 33 51

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 4.6. Structural parameters® of translational parallel mechanisms in Figs.

4.16-4.20
No. Structural Solution
parameter 3-PRCR*(Fig. 4.16a) 3-PR*RPa* PPa®
3-PCRR*(Fig. 4.16b)  (Fig. 4.19) (Fig. 4.20)

3-PRR*C(Fig. 4.17)
3-PCR*R(Fig. 4.18)

1 m 11 17 11
2 P, 4 7 5
3 P, 4 7 5
4 P; 4 7 5
5 P 12 21 15
6 0 2 5 5
7 K; 3 0 0
8 K, 0 3 3
9 K 3 3 3
10 (Rg) See Table 4.4 See Table 4.4 See Table 4.4
(i=123)
11 Sg; 5 5 5
12 Sg 5 5 5
13 Sg; 5 5 5
14 rGgi 0 6 6
15 rg 0 6 6
16  rg; 0 6 6
17 Mg 5 5 7
18 Mg 5 5 7
19  Mg; 5 5 7
20 (Rp) (v5v,,v5) (v,5v,,v5) (vv,,v5)
21 Sy 3 3 3
22 n 0 18 18
23 e 12 30 30
24 My 3 3 9
25 Nr 0 0 0
26 Tr 0 0 6
Py
27 z/:/fj 5 11 13
P2
28 Z/:1-f] 5 11 13
P3
29 z/:/fj 5 11 13
P
30 Z/:1-ff 15 33 39

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 4.7. Structural parameters® of translational parallel mechanisms in Figs.
4.21-4.26

No. Structural Solution

parameter 3-PRPa*R* 3-RCC 3-PPRRR*
(Fig. 4.21a) (Figs. 4.23a, 4.24) (Fig. 4.26)
3-PRRPa” 3-CCR
(Fig. 4.21b) (Figs. 4.23b, 4.25)
3-PR*Pa”R
(Fig. 4.22)
1 m 17 8 14
2 p; 7 3 5
4  p;3 7 3 5
5 p 21 9 15
6 ¢ 5 2 2
7 Kk 0 3 3
8 Kk 3 0 0
9 k 3 3 3
10 (Rg) See Table 4.4 See Table 4.4 See Table 4.4
(i=123)
11 Sg; 5 5 5
12 S, 5 5 5
13 Sg; 5 5 5
14 rGi 6 0 0
15 rGg2 6 0 0
16 rg; 6 0 0
17 Mg 5 5 5
18 Mg, 5 5 5
19  Mg; 5 5 5
20 (Rp) (v5v,57;) (v;5v,575) (v5v,57;)
21 Sp 3 3 3
22 r 18 0 0
23 rp 30 12 12
24 My 3 3 3
25 Np 0 0 0
26 Tr 0 0 0
pr
27 Z,»:,fj 11 5 5
P2
28 Z,-:zf.f 11 5 5
ps3
29 Z,»:,fj 11 5 5
P
30 Z,-:If,- 33 15 15

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 4.8. Structural parameters® of translational parallel mechanisms in Figs.

4.27 and 4.28
No. Structural Solution
parameter 3-RPa*PRR* 3-RPa*R*P
(Fig. 4.27a) (Fig. 4.27b)
3-RPa*PR
(Fig. 4.28a)
3-RPa”RP
(Fig. 4.28b)
1 M 20 17
2 P 8 7
3 P2 8 7
4 P3 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 4.4 See Table 4.4
(i=123)
11 Sg; 5 5
12 S 5 5
13 Sg; 5 5
14 rGi 6 6
15 rGg2 6 6
16 rgs 6 6
17 Mg 5 5
18 Mg 5 5
19  Mg; 5 5
20 (Rp) (v;5v,,v3) (v)5v,,v3)
21 Sy 3 3
22 n 18 18
23 g 30 3
24 My 3 3
25 Nr 0 0
26 Tr 0 0
P
27 Z,»:,f,» 11 11
P2
28 Z,-:zf.f 11 11
P3
29 Z,»:,f,» 11 11
P
30 Z,-=1/’.f 33 33

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Fig. 4.10. 3-PPa"C*-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P L Pa*||C*
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@ HEH=H.SH,
I={y=1=1c
6=6,=6,=6-

(b

Fig. 4.11. 3-PC*Pa”-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P L C*||Pa*
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1= ty=1s=1c

7ETA=7:57c 5

(b)

Fig. 4.12. 3-PR*R*Pa*“-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P L R* 1 R* 1 IlPg*
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(a) H=H,=H:=H-
T=1y=1s21c
FET4=78= 70

Fig. 4.13. 3-PR*Pa““R*-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology Pa L R* 1" Pa“||R*
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v R g
(b) _

Fig. 4.14. 3-PPa*Pa*-type non overconstrained TPMs with coupled motions and

linear actuators mounted on the fixed base, limb topology P L Pa* 1" Pa* (a) and
P L Pa® 1 Pa* (b)
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Fig. 4.15. Non overconstrained TPMs of types 3-PPa*Pa* (a) and 3-PPr*R*R*
(b) with coupled motions and linear actuators mounted on the fixed base, limb
topology P||Pa” L Pa™ (a) and PPr*R* 1 R* (b)
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H=H,=H=H,
f=ty=1=1;
528,555,

H=H,=H=H:
1= {y=1=1,
5§525,=5,25-

{b) 1e=

Fig. 4.16. Non overconstrained TPMs of types 3-PRCR* (a) and 3-PCRR*(b) with
coupled motions and linear actuators mounted on the fixed base, limb topology
PLR||CL'R*(a)and PL C||RL'R*D)
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(a)

1c=0 HEH.=HaSHs

1=14=121-

(b)

Fig. 4.17. 3-PRR*C-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P L R L R* L lC
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(@

1520

(b)

Fig. 4.18. 3-PCR*R-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P L C L R* 1 IR
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(a)

HEH=HEH
TET4E7S7;

Fig. 4.19. 3-PR*RPa*-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P L R* LR 1 Pa* (a)
and P||R* L R 1 Pa* (b)
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(a)

HEH.=HEH:

525425,550 2a
1520 ;

Fig. 4.20. 3-PPa*-type non overconstrained TPMs with coupled motions and lin-
ear actuators mounted on the fixed base with 6 internal mobilities of links 3, 4,
33, 43, 3c, and 4C
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H=H,=H:=H-
1= ,=1=1c
7= 74,5770

Fig. 4.21. Non overconstrained TPMs of types 3-PRPa*R* (a) and 3-PRRPa* (b)
with coupled motions and linear actuators mounted on the fixed base, limb topol-
ogy P L R 1 '"Pa*||R* (a) and P||R||R L Pa* (b)
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(b)

Fig. 4.22. 3-PR*Pa*R-type non overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, limb topology P L R*||Pa™ 1 R (a) and
PlIR*||Pa” L R (b)
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(@

H=H=HEH:
Yo 1= 1y=1g=1c
4=4,=4,=4-

H=H=HEH,
1= ty=1s=1c
4=4,=4,=4

)
Fig. 4.23. Non overconstrained TPMs of types 3-RCC (a) and 3-CCR (b) with
coupled motions and linear actuators combined in cylindrical joints non adjacent

to the fixed base, limb topology R L C 1 IC (a)and C L C L 'R (b)



396 4 Non overconstrained 73-type TPMs with coupled motions

(@

(b)

Fig. 4.24. 3-RCC-type non overconstrained TPMs with coupled motions and
linear actuators combined in cylindrical joints non adjacent to the fixed base, limb
topology R L C L lC
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(@

H=H,=H=H:
1= 1321521
4=4,=45=4-

(b

Fig. 4.25. 3-CCR-type non overconstrained TPMs with coupled motions and
linear actuators combined in cylindrical joints non adjacent to the fixed base, limb
topology C L C LR
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Fig. 4.26. 3-PPRRR *-type non overconstrained TPM with coupled motions and
linear actuators non adjacent to the fixed base, limb topology P L P L R||R L R*
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(a)

HEH,;ZHEH,
T=1y=1g=1c
8=8,=8;=8:

(b)

Fig. 4.27. Non overconstrained TPMs of types 3-RPa*PRR* (a) and 3-RPa*“R*P
(b) with coupled motions and linear actuators non adjacent to the fixed base, limb
topology R L Pa* 1" P1 R1 R*(a)and R L Pa” 1 R* L P (b)
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@

H=H,=H:=H:
1= =1s=1c
7=7,=7s=7c

H=H,=H=H:
1= ty=1s=1c
7=E74,=7g=7;

(b)
Fig. 4.28. Non overconstrained TPMs of types 3-RPa*PR (a) and 3-RPa”RP (b)

with coupled motions and linear actuators non adjacent to the fixed base, limb
topology R L Pa® 1 'P||R (a) and R L Pa* 1 R||P (b)
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4.3 Basic solutions with rotating actuators

In the basic non overconstrained TPMs with rotating actuators and coupled
motions F« G;—Gr-G;, the moving platform n = ng; (i = 1, 2, 3) is
connected to the reference platform / = I5 = 0 by three limbs with five
degrees of connectivity. No idle mobilities exist in these basic solutions.

The various types of limbs with five degrees of connectivity and no idle
mobilities are systematized in Fig. 4.29. They are simple kinematic chains
that can be actuated by rotating motors mounted on the fixed base. The
limbs presented in Fig. 4.2 can also be used when the first revolute joint
is actuated instead of the prismatic joint (see Figs. 4.6—4.9).

Various solutions of TPMs with coupled motions and no idle mobilities
can be obtained by using three limbs with identical or different topologies
presented in Figs. 4.2 and 4.29. We only show solutions with identical limb
type as illustrated in Figs. 4.30-4.35. The limb topology and connecting
conditions in these solutions are systematized in Table 4.9 and the
structural parameters of the solutions are presented in Table 4.10.

The actuated revolute joints adjacent to the fixed base in the three limbs
have orthogonal directions (Figs. 4.30b, 4.31-4.35) or are parallel to one
plane (Fig. 4.30a).
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Table 4.9. Limb topology and connecting conditions of the non overconstrained
TPM with no idle mobilities and rotating actuators presented in Figs. 4.30-4.35

No. TPM Limb Connecting
type topology conditions
1 3-RRRRR RI|IRLR|IRLR Actuated R joints adjacent to
(Fig. 4.30a) (Fig. 4.29a) the fixed base and their axes
are parallel to one plane
2 3-RRRRR R||IRLR|IRLR Actuated R joints adjacent to
(Fig. 4.30b) (Fig. 4.29a) the fixed base and their axes
are reciprocally orthogonal
3 3-RRRRR R||R||R L R||R Idem No. 2
(Fig. 4.31a) (Fig. 4.29b)
4 3-RRRRR R1R|IRLR|IR Idem No. 2
(Fig. 4.31Db) (Fig. 4.29¢)
5 3-RRRRR RLR|R|IRLR Idem No. 2
(Fig. 4.32a) (Fig. 4.29d)
6 3-RRRRP RLIRIRLRLP Idem No. 2
(Fig. 4.32b) (Fig. 4.29¢)
7 3-RRPRR RLR1'PLRIR IdemNo.2
(Fig. 4.33a) (Fig. 4.291)
8 3-RRRPR RIR||IRLRLP Idem No. 2
(Fig. 4.33Db) (Fig. 4.29¢)
9 3-RCRR RLIC||IRLR Idem No. 2
(Fig. 4.34a) (Fig. 4.29j)
10 3-RRCR RL1R||ICLR Idem No. 2
(Fig. 4.34b) (Fig. 4.29m)
11 3-RRRC R||IRLR||C Idem No. 2
(Fig. 4.35a) (Fig. 4.29p)
12 3-RRRC RLIR|RLC Idem No. 2

(Fig. 4.35b) (Fig. 4.295)
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Table 4.10. Structural parameters® of translational parallel mechanisms in Figs.
4.30-4.35

No. Structural  Solution
parameter  3-RRRRR 3-RRRRR, 3-RRRRP  3-RCRR, 3-RRCR
(Figs. 4.30,4.31) (Fig. 4.32) (Fig. 4.34)
3-RRPRR, 3-RRRPR  3-RRRC
(Fig. 4.33) (Fig. 4.35)
1 m 14 14 11
4  p; 5 5 4
5 p 15 15 12
6 ¢ 2 2 2
7 Kk 3 3 3
8 k; 0 0 0
9 k 3 3 3
10 (Rg)) (v, v,,95,0,,0;) (v,,v,,v;,0,,0,) (v, v,,v;,0,,0;)
11 (Rs2) (v, v, v5,0,,0;) (v,v,,9;,0,,0,) (v,,v,,v;,0,,0;)
12 (Rgs3) (v, v v5,0,,0,) (v,v,,v;,0,,0; (v, v, v;,0,,0,)
13 Sa 5 5 5
14 S 5 5 5
15 Sg; 5 5 5
16  rg; 0 0 0
17 rGg2 0 0 0
18 g 0 0 0
19 Mg, 5 5 5
20 Mg 5 5 5
21 Mg; 5 5 5
22 (Rp) (vyv,,75) (v;5v,,v3) (vyv,,75)
23 Sr 3 3 3
24 0 0 0
25 rp 12 12 12
26 My 3 3 3
27 Np 0 0 0
28 Tp 0 0 0
Py
29 Z}qu/ 5 5 5
P.
30 zj:1f,i 5 5 5
P3
31 > s 5 5 5
P
32 zj:1fj 15 15 15

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



404 4 Non overconstrained 73-type TPMs with coupled motions

RIRIRIRLR RIRIRLRIR RIRIRLRIR

RIRIRIRLR RIRIRIRLP RIRIPIIRIR

RIRIRLPLR

Fig. 4.29. Simple limbs for non overconstrained TPMs with coupled motions
defined by M = S = 3, (Rg) = (v,,v,,v;,,,0,) and actuated by rotating motors
mounted on the fixed base
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RICIRLR

RIR1RIC

R1IRIRLPIR

RI1IRIRLRIP

RIRIRIC

Fig. 4.29. (cont.)
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{a)
H=H,=HEH,
1= ty=1s=1c
6=6,=65=6¢

b)

Fig. 4.30. 3-RRRRR-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R||R L R||R L 'R
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H=H,=HEH-
1= 1321521

(a)
6=6,4=6=6~

b)
Fig. 4.31. 3-RRRRR-type non overconstrained TPMs with coupled motions and

rotating actuators mounted on the fixed base, limb topology R||R||R L R||R (a) and
RLR||RLRIR (b)
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H=EH=Ha=H:
I=1,=1521c
6=6,=6p=6¢

? i,

H=H=H=H-
1= 1y=121
6=6,=6:26¢

(b)

Fig. 4.32. Non overconstrained TPMs of types 3-RRRRR (a) and 3-RRRRP (b)
with coupled motions and rotating actuators mounted on the fixed base, limb
topology R L R||R||RLR(a)and R L R||[RLR L P (b)
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H=H=H=H,
1= ty=1s=1c
6=6,=6:=6-

H=H,=H=H,
1= ty=1s=1c
6=6,=6=6;

(b)

Fig. 4.33. Non overconstrained TPMs of types 3-RRPRR (a) and 3-RRRPR (b)
with coupled motions and rotating actuators mounted on the fixed base, limb
topology R L R1 P1R1R(a)andRLR||[RLR L P(b)
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H=H=Ha=H,
1=14=1=1-
5=5,=585=5¢

(a)

H=H,=HSH,
1=14=1=1-
Yo 5=5,=55=5¢

(b

Fig. 4.34. Non overconstrained TPMs of types 3-RCRR (a) and 3-RRCR (b) with
coupled motions and rotating actuators mounted on the fixed base: R L C||R LR
(a)and R L R||C LR (b)
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H=EH=H=H:
I=1=1521c
5=8,=5:=5¢

(a)

Zn
On
e HEHEHEH-
1= =121
5=5,=5:=5

1,50 7%

(®) e

Fig. 4.35. 3-RRRC-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base limb topology R||R L R||C (a) and
RLR|RLC )
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4.4 Derived solutions with rotating actuators

Non overconstrained solutions F« G;G,—G, with rotating actuators and
coupled motions can be derived from the overconstrained solutions
presented in Figs. 3.71-3.118 by introducing the required idle mobilities.
They have the rotating actuators mounted on the fixed base (Figs. 4.36—
4.82).

For example, the non overconstrained solutions in Fig. 4.36 are derived
from the overconstrained solutions in Fig. 3.71 by introducing two rotational
idle mobilities outside the parallelogram loop and one translational and
two rotational idle mobilities in each parallelogram loop. They are introduced
by replacing two revolute joints by one spherical and one cylindrical joint
in the first parallelogram loop and by two spherical joints in the second
parallelogram loop of each limb. The prismatic joints in Fig. 3.71 are also
replaced by cylindrical ones in Fig. 4.36. We note that the two spherical
joints adjacent to link 7 introduce one translational and two rotational idle
mobilities in each parallelogram loop and also provide an idle rotational
mobility of link 5. An idle mobility of rotation is combined in each
cylindrical joint denoted by C*.

The limb topology and connecting conditions of the solutions in Figs.
4.36—4.82 are systematized in Table 4.11 and the structural parameters of
the solutions are presented in Tables 4.12—4.18.
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Table 4.11. Limb topology of the non overconstrained solutions (Ng = 0) of the
derived TPMs with idle mobilities and rotating actuators mounted on the fixed
base presented in Figs. 4.36-4.82

No. Basic TPM Derived TPM with Nr= 0
type Nr  type Limb topology

1 3-PaPaP 24 3-Pd“Pa“C* Pa® L Pa”||C*
(Fig. 3.71) (Fig. 4.36)

2 3-PaPaP 24 3-Pd“Pa“C* Pa®||Pa®||C*
(Fig. 3.72) (Fig. 4.37)

3 3-PaPPa 24 3-Pd“C*Pd" Pa® L C*||Pa®
(Fig. 3.73) (Fig. 4.38)

4 3-PaPPa 24 3-Pad“C*Pd" Pa®||C¥||Pa®
(Fig. 3.74) (Fig. 4.39)

5  3-PaPa* 21 3-Pd“R*R*Pa** Pa®||R* L R*||Pa*
(Fig. 3.75) (Fig. 4.40)

6  3-PaPa“ 21 3-Pd“R*Pa““R* Pa® L R¥||Pa” L IR*
(Fig. 3.76 (Fig. 4.41

7 3-PaPa“ 21 3-Pa“R*R*Pa*‘ Pa®™ 1 R* 1 R¥|Pa*c
(Fig. 3.77 (Fig. 4.42

8  3-PaPda* 21 3-Pd“R*Pd““R* Pa®||R*||Pa* L R*
(Fig. 3.78) (Fig. 4.43)

9  3-Pa“Pa 21 3-Pd*““Pd*R* Pd*“||Pa”||R*
(Fig. 3.79) (Fig. 4.44)

10 3-PaPaPa 33  3-Pa®Pa“Pa* Pa* 1 Pa® 1 \Pg*
(Fig. 3.80) (Fig. 4.45)

11 3-PaPaPa 33 3-Pa®Pa*Pd* P L Pd™ L+ Pa*
(Fig. 3.81) (Fig. 4.46) o

12 3-PaPaPa 33  3-Pa“Pa“Pd” Pd”||Pa” L Pa®
(Fig. 3.82 (Fig. 4.47

13 3-RRC 3 3-RRR*C R|[RLR*1C
(Fig. 3.83) (Fig. 4.48)

14 3-RRC 3 3-RR*RC RLR*1R||C
(Fig. 3.84) (Fig. 4.49

15 3-RCR 3 3-RR*CR RLR*1C|IR
(Fig. 3.85a) (Fig. 4.50a)

16 3-RPPR 3 3-RPR*RR R||PLR*1L'R|IR
(Fig. 3.85b) (Fig. 4.50b)

17 3-RPC 3 3-RC*C RLcxLllc
(Fig. 3.86a) (Fig. 4.51a)

18 3-RPPR 3 3-RPC*R R||[PLC*L'R
(Fig. 3.86b) (Fig. 4.51b)

19  3-PaRC 12 3-Pa“R*RC Pa“ 1 R*L'R||C
(Fig. 3.87) (Fig. 4.52)

20  3-PaCR 12 3-Pa“R*CR Pa® L R* 1L IC||R
(Fig. 3.88) (Fig. 4.53)
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Table 4.11. (cont.)

21 3-PaPaRR 21  3-Pa®Pa“R Pa® | Pa® LR
(Fig. 3.89) (Fig. 4.54) o

22 3-PaPaRR 21  3-Pa“Pa“R Pa*1 Pa* 1R
(Fig. 3.90) (Fig. 4.55)

23 3-PaPaRR 21  3-Pa“Pa“R P 1 Pa® 1" R
(Fig. 3.91) (Fig. 4.56) o

24  3-PaRRPa 21  3-Pa“RPd" Pa"||R L Pa*
(Fig. 3.92) (Fig. 4.57)

25 3-PaRRPa 21 3-Pa”RPa* Pa® L R1* Pg*
(Fig. 3.93) (Fig. 4.58)

26 3-PaRRPa 21  3-Pa®RPd* Pa* 1 R1'Pa*
(Fig. 3.94) (Fig. 4.59)

27 3-PaRPaR 21  3-Pa*RPd" Pa* 1 R1 Pa*
(Fig. 3.95) (Fig. 4.60a)

28 3-PaRPaR 21  3-Pa”RPd" Pa* L 'R 1 Pa*
(Fig. 3.96) (Fig. 4.60b)

29  3-RRPaP 12 3-RRP4*P R||R||Pa*||P
(Fig. 3.97) (Fig. 4.61)

30 3-RPRPa 12 3-RPRPd" R||P||R||Pa®
(Fig. 3.98) (Fig. 4.62)

31 3-RCPa 12 3-RCPd' R||C||Pa*
(Fig. 3.99) (Fig. 4.63)

32 3-RPaRR 12 3-RPa“RR* RL1Ps*1L'R1R
(Fig. 3.100a) (Fig. 4.64a)

33 3-RPaRR 12 3-RPa“R*R R1Pa*-R*LR
(Fig. 3.100b) (Fig. 4.64b)

34  3-RRPaR 12 3-RPa* R-Pa*
(Fig. 3.101) (Fig. 4.65)

35 3-RPaPaR 21  3-RPd*Pd* R 1 Pa*||Pa*
(Fig. 3.102) (Fig. 4.66)

36 3-RPaRPa 21  3-RPa“Pd" R L Pd%||Pd*
(Fig. 3.103) (Fig. 4.67)

37 3-RPaRPa 21  3-RPa“Pd" R L Pd%||Pd*
(Fig. 3.104) (Fig. 4.68)

38 3-RPaPaR 21  3-RPa'Pd*R* R L Pa*||Pa® L IR*
(Fig. 3.105) (Fig. 4.69)

39  3-RRPa“ 9 3-RRPa““R* R||R||Pa L R*
(Fig. 3.106) (Fig. 4.70)

40  3-RRPd“ 9 3-RR*RP&*“ R L R* 1 R||Pa*
(Fig. 3.107) (Fig. 4.71)

41  3-Pa“RR 9 3-Pa*“RR*R Pa*“||[RLR* LR
(Fig. 3.108) (Fig. 4.72)

42 3-PaPr 21 3-Pa“Pr*R* Pa*-Pr*-R*

(Fig. 3.109a) (Fig. 4.73a)
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Table 4.11. (cont.)

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

3-RRPr
(Fig. 3.109b)
3-PaRRRR
(Fig. 3.110a)
3-PaRRRR
(Fig. 3.110b)
3-PaRRRR
(Fig. 3.111a)
3-PaRRRR
(Fig. 3.111b)
3-PaRRRR
(Fig. 3.112a)
3-RRPaRR
(Fig. 3.112b)
3-RPaRRR
(Fig. 3.113a)
3-RPaRRR
(Fig. 3.113b)
3-RPaRRR
(Fig. 3.114a)
3-RPaRRR
(Fig. 3.114b)
3-RRPaRR
(Fig. 3.115a)
3-RRPaRR
(Fig. 3.115b)
3-RRRRPa
(Fig. 3.116a)
3-RRRRPa
(Fig. 3.116b)
3-RRRPaR
(Fig. 3.117a)
3-RRRRPa
(Fig. 3.117b)
3-RRRPaR
(Fig. 3.118a)
3-RRRPaR
(Fig. 3.118b)

3-RRPFr*R*
(Fig. 4.73b)
3-Pa”RRRR
(Fig. 4.74a)
3-Pa“RRRR
(Fig. 4.74b)
3-Pa“RRR

(Fig. 4.75a)
3-Pa”RRR

(Fig. 4.75b)
3-Pa”RRRR
(Fig. 4.76a)
3-RPa”RR

(Fig. 4.76b)
3-RPa“RRR
(Fig. 4.77a)
3-RPa*RR

(Fig. 4.77b)
3-RPa“RRR
(Fig. 4.78a)
3-RPa“RRR
(Fig. 4.78b)
3-RRP4”R

(Fig. 4.79a)
3-RRPa*R

(Fig. 4.79b)
3-RRRPa*

(Fig. 4.80a)
3-RRRRPd*
(Fig. 4.80b)
3-RRRPa*

(Fig. 4.81a)
3-RRRRPa”
(Fig. 4.81b)
3-RRRP4a“R
(Fig. 4.82a)
3-RRRPa*

(Fig. 4.82b)

R||R-Pr*-R*
Pa®|[R||[RLR||R
Pa“LRLR|RLR
Pa* LRLR|R
Pa”|[R||R L R
Pa|[RLR||RLR
R||Pa* LR1R

R 1 Pa®||R||R LR
R1Pa“1*R1*R
R1Pa®1L'RLR|R
R L Pa®||R||R LR
R|[R||Pa” L R

R||R L Pa*“1*R
R||R LR 1* Pa*
R||R L R||R L* Pa®
R||R LR 1 Pa*
RLR||RL'RL Pa*
R L R||R||Pa” LR

R L R||R||Pa”
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Table 4.12. Bases of the operational velocities spaces of the limbs isolated from
the parallel mechanisms presented in Figs. 4.36-4.82

No. Parallel Basis
mechanism (Rg1) (Rg2) (Rgs3)
1 Figs. 4.36-4.44, (v, v, v,,05,05) (v,v,,v,,0,,0,) (v,v,,v;,0,,0,)
4.46,4.48,4.49a,
4.52,4.53,
4.61-4.63,
4.64b, 4.65b,
4.66-4.72, 4.74b,
4.76a, 4.77a,4.78a,
4.79,4.80a, 4.81a
2 Figs. 4.45,4.55, (Vv v5,0,,0,) (v,9,,0;,0;,0;) (v,9,,v;,,0,,0;)
4.56, 4.60, 4.64a,
4.65a,4.73, 4.74a,
4.75,4.82b
3 Figs. 4.47,4.54, (v, v, v5,0,,0;) (v,v,,v,,0,,0,) (v,v,,v,,0,,0,)
4.57-4.59, 4.76b,
4.77b, 4.78b, 4.80b,
4.81b, 4.82a
4 Figs. 4.49b, (v, v,,95,0,,0;) (v,9,,v,,0,,0,) (v,,v,,v,,0,,0,)
4.50, 4.51




4.4 Derived solutions with rotating actuators 417

Table 4.13. Structural parameters® of translational parallel mechanisms in Figs.

4.364.47

No. Structural

Solution

3- & SPLs C*
(Figs. 4.36,4.37)
3- & SC*P™

3_&&?]3 *REPC
(Figs. 4.40, 4.42)
3—&“1{ *PCSR*

3 _&SSPGCXPCISS
(Figs. 4.45, 4.47)
3 _&CSPGSXPaSS

(Figs. 4.38, 4.39) (Figs. 4.41,4.43) (Fig. 4.46)

3-Pa’“Pa”R*

(Fig. 4.44)
1 20 23 26
2 9 10 12
3 9 10 12
4 9 10 12
5 27 30 36
6 8 8 11
7 0 0 0
8 3 3 3
9 3 3 3
10 See Table 4.12 See Table 4.12 See Table 4.12
11 5 5 5
12 5 5 5
13 5 5 5
14 12 12 18
15 12 12 18
16 12 12 18
17 5 5 5
18 5 5 5
19 5 5 5
20 (v;5v,,v;) (v5v,,v3) (v;,v,,v;)
21 3 3 3
22 36 36 54
23 48 48 66
24 3 3 3
25 0 0 0
26 0 0 0
27 17 17 23
28 17 17 23
29 17 17 23
30 51 51 69

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 4.14. Structural parameters® of translational parallel mechanisms in Figs.
4.48-4.51

No. Structural Solution
parameter 3-RRR*C, 3-RR*RC 3-RC*C 3-RPR*RR
(Figs. 4.48, 4.49) (Fig. 4.51a) (Fig. 4.50b)
3-RR*CR, 3-RPC*R
(Figs. 4.50a,4.51b)

1 m 11 8 14
2 p; 4 3 5
3 p 4 3 5
4 p; 4 3 5
5 p 12 9 15
6 q 2 2 2
7 k; 3 3 3
8 k; 0 0 0
9 k 3 3 3
10 (Rg) See Table 4.12 See Table 4.12 See Table 4.12
(i=123)
11 Sg 5 5 5
12 S 5 5 5
13 Sg; 5 5 5
14 rGgi 0 0 0
15 re 0 0 0
16  rg; 0 0 0
17 Mg 5 5 5
18 Mg 5 5 5
19  Mg; 5 5 5
20 (Rp) (v;5v,,v;) (v)5v,5v3) (v;,v,,v5)
21 Sy 3 3 3
22 1 0 0 0
23 g 12 12 12
24 My 3 3 3
25 Ng 0 0 0
26 Tr 0 0 0
P
27 z,-:/fj 5 5 5
28 Z,p; f, 5 5 5
P3
29 z,-:/fj 5 5 5
r
30 Zj:]-ff 15 15 15

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 4.15. Structural parameters® of translational parallel mechanisms in Figs.

4.524.64

No. Structural

Solution

3-Pa“R*RC (Fig. 4.52)
3-PaR*CR (Fig. 4.53)
3-RRPa”P (Fig. 4.61)
3-RPRPa” (Fig. 4.62)
3-RPa“RR* (Fig. 4.64a)
3-RPa”R*R (Fig. 4.64b)

3 _&SXPCISSR

(Figs. 4.54-4.56)

3 _&SSRPGSS

(Figs. 4.57-4.60)

3-RCPa"
(Fig. 4.63)
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*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 4.16. Structural parameters® of translational parallel mechanisms in Figs.

4.65-4.69
No. Structural Solution
parameter 3-RPa™ 3-RPa"*Pa* 3-RPa"Pa*R
(Fig. 4.65) (Figs. 4.66—4.68) (Fig. 4.69)
1 m 11 20 23
2 p; 5 9 10
3 5 9 10
4 p;3 5 9 10
5 p 15 27 30
6 ¢ 5 8 8
7 Kk 0 0 0
8 k& 3 3 3
9 k 3 3 3
10 (Rg) See Table 4.12 See Table 4.12 See Table 4.12
(i=123)

11 Sg; 5 5 5
12 Sg; 5 5 5
13 Sg; 5 5 5
14 rg; 6 12 12
15 re 6 12 12
16  rg3 6 12 12
17 Mg, 7 5 5
18 Mg, 7 5 5
19  Mg; 7 5 5
20 (RF) (v,,vz,vj) (levzivs) (V,,VZ,V3)
21 Sr 3 3 3
22 n 18 36 36
23 rp 30 48 48
24 My 9 3 3
25 Np 0 0 0
26 Tr 6 0 0

Py
27 Zj:sz 13 17 17

P2
28 Z,-=1./’,,- 13 17 17

P3
29 Zj:sz 13 17 17

P
30 Z,-=1./’,,- 39 51 51

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 4.17. Structural parameters® of translational parallel mechanisms in Figs.
4.70-4.73

No. Structural Solution

parameter 3-RRPa““R* 3-Pa”Pr’R* 3-RRPr*R*
(Fig. 4.70) (Fig. 4.73a) (Fig. 4.73b)
3-RR*RPd*
(Fig. 4.71)
3-Pa*“RR*R
(Fig. 4.72)
1 m 17 23 20
2 p; 7 11 9
3 p 7 11 9
4 p; 7 11 9
5 p 21 33 27
6 ¢ 5 11 8
7 k; 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (Rg) See Table 4.12 See Table 4.12 See Table 4.12
(i=123)
11 Sg; 5 5 5
12 Sg 5 5 5
13 Sg; 5 5 5
14 rg; 6 18 12
15 rG2 6 18 12
16 r'G3 6 18 12
17 Mg 5 5 5
18 Mg, 5 5 5
19  Mg; 5 5 5
20 (Rp) (v5v,57;) (v;5v,575) (v5v,57;)
21 Sy 3 3 3
22 r 18 54 36
23 rp 30 66 48
24 My 3 3 3
25 Np 0 0 0
26 Tr 0 0 0
pr
27 Z,»:,fj 11 23 17
P2
28 z,-=1f.f 11 23 17
ps3
29 Z,»:,fj 11 23 17
P
30 Z,-:If,- 33 69 51

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 4.18. Structural parameters® of translational parallel mechanisms in Figs.
4.74-4.82

No. Structural

parameter

Solution
3-Pa”RRRR (Figs. 4.74, 4.76a)
3-RPa“RRR (Figs. 4.77a, 4.78)

3-RRRRPa® (Figs. 4.80b, 4.81b)

3-RRRP4"R (Fig. 4.82a)

3-Pa“RRR (Fig. 4.75)
3-RPa*RR

(Figs. 4.76b, 4.77b)
3-RRPa”R (Fig. 4.79)
3-RRRPa*

(Figs. 4.80a, 4.81a, 4.82b)
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*See footnote of Table 2.1 for the nomenclature of structural parameters



4.4 Derived solutions with rotating actuators 423

HEHEHa=H,
I={y=1=1c

Fig. 4.36. 3-Pa”Pa” C*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa® | Pa*||C*



424 4 Non overconstrained 73-type TPMs with coupled motions

Fig. 4.37. 3-Pa“Pa*” C*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa“||Pa*||C*



4.4 Derived solutions with rotating actuators 425

Fig. 4.38. 3-Pa“C*Pa”-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa® 1 C*||Pa*



426 4 Non overconstrained 73-type TPMs with coupled motions

Fig. 4.39. 3-Pa”C*Pa”-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa®||C*||Pa*
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Fig. 4.40. 3-Pa”R*R*Pa**“-type non overconstrained TPMs with coupled motions
and rotating actuators mounted on the fixed base, limb topology Pa®||R* L R*||Pa**



428 4 Non overconstrained 73-type TPMs with coupled motions

I= 151521
9=9,=9,=9-

()]

Fig. 4.41. 3-Pa®R*Pa““R*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa® L R*||Pa‘* LR*



4.4 Derived solutions with rotating actuators 429

by

Fig. 4.42. 3-Pa“R*R *Pa*“-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa® L R* L 'R*||Pa*



430 4 Non overconstrained 73-type TPMs with coupled motions

9=9,=9.=9-

Fig. 4.43. 3-Pa”R*Pa“*R *-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa”||R*||Pa“” L R*
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(b)

Fig. 4.44. 3-Pa’“Pa”R*-type non overconstrained TPMs with coupled motions
and rotating actuators mounted on the fixed base, limb topology Pa’“||Pa*||R*



432 4 Non overconstrained 73-type TPMs with coupled motions

@) HE=H,=H:=H-
T=1y=1s=1c
10=10,2105=10-

Fig. 4.45. 3-Pa*Pa“Pa”-type non overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa* L Pa® 1 'Pa*
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10=10,=105=10;

Fig. 4.46. 3-Pa“Pa”Pa*-type non overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa® 1 Pa® 1" Pa*



434 4 Non overconstrained 73-type TPMs with coupled motions

H=H,=H:=H-
1= 13=1=10
10=10,=105=10.

Fig. 4.47. 3-Pa”Pa”Pa*-type non overconstrained TPM with coupled motions
and rotating actuators mounted on the fixed base, limb topology Pa*||Pa” 1 Pa*
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T=1,=1=1c

{6y 1550

Fig. 4.48. 3-RRR*C-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R||[R L R* L 'C



436 4 Non overconstrained 73-type TPMs with coupled motions
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Fig. 4.49. 3-RR*RC-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R L R* L IR||C
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H=H=H:=H-
1==1z21c
5=5,=5,=5

Fig. 4.50. Non overconstrained TPMs of types 3-RR*CR (a) and 3-RPR*RR (b)
with coupled motions and rotating actuators mounted on the fixed base, limb
toplogy R L R* 1 'C||R (a) and R||P L R* L "R||R (b)



438 4 Non overconstrained 73-type TPMs with coupled motions

H=H,=H=H
f=ty=1g=1-
4=4,=4,=4¢
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e
5=5,=5:=5,
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Fig. 4.51. Non overconstrained TPMs with coupled motions of types 3-RC*C (a)
and 3-RPC*R (b) and rotating actuators mounted on the fixed base, limb topology
R1C*1C(a)yand R|P L C* LR (b)
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(a)

H=H=H=H:
I=i,=21=1-
T=74=7=7¢

(b)

Fig. 4.52. 3-Pa”R*RC-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa® L R* L IR||C



440 4 Non overconstrained 73-type TPMs with coupled motions

(@

(b)

Fig. 4.53. 3-Pa”R*CR-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa® L R* L 'C||R
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H=H=H=H,
I=i,=21=1;
8=8,=8-=8;

Fig. 4.54. 3-Pa”Pa*R-type non overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa* 1 Pa™ 1" R



442 4 Non overconstrained 73-type TPMs with coupled motions

Fig. 4.55. 3-Pa”Pa”R-type non overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa* 1 Pa* LR
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8=8,=8-=8-

Fig. 4.56. 3-Pa”Pa*R-type non overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa” 1 Pa™ 1" R



444 4 Non overconstrained 73-type TPMs with coupled motions

Fig. 4.57. 3-Pa”RPa”-type non overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa*||R L Pa*
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Fig. 4.58. 3-Pa”RPa”-type non overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa” 1 R 1" Pa*



446 4 Non overconstrained 73-type TPMs with coupled motions

H=H=HEH,
1= ty=1s=1c
8=8,=8;=8;

Fig. 4.59. 3-Pa”RPa*-type non overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa® L R 1 'Pa*
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H=H=H=H:
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H=EH=HSH-
1= {4=1=1,
8=8,=8:=8-

Fig. 4.60. 3-Pa”RPa*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa” L R 1 Pa™ (a)
and Pa* 1 'R L Pa* (b)



448 4 Non overconstrained 73-type TPMs with coupled motions
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HEH=HEH:
1= ty=1=1c
7= T4=7=7¢

Fig. 4.61. 3-RRPa*P-type non overconstrained TPMs with co-upled motions and
rotating actuators mounted on the fixed base, limb topology R||R||Pa*’||P
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1= {4=1=1;
TE7AE7 =7

()

Fig. 4.62. 3-RPRPa"-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R||P||R||Pa*



450 4 Non overconstrained 73-type TPMs with coupled motions
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H=H=H=H:
1=1,=1=1c
6=6,=65=6¢

Fig. 4.63. 3-RCPa*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R||C||Pa*
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(a)

1= {4=1=10
7=E7,=7s=70

(b)

Fig. 4.64. Non overconstrained TPMs of types 3-RPa”RR* (a) and 3-RPa”R*R
(b) with coupled motions and rotating actuators mounted on the fixed base, limb
topology R L. Pa™ L 'R L R (a) and R L Pa*"R* L R (b)



452 4 Non overconstrained 73-type TPMs with coupled motions

H=H=HEH:
T=ty=1a=1c
5=5,=5,-25;

19 v
Fig. 4.65. 3-RPa*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base and six internal rotational mobilities

of links 2A: 3A, 23, 33, 2(,‘, 3C



4.4 Derived solutions with rotating actuators 453

(a)

Zy

b

Fig. 4.66. 3-RPa* Pa*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R | Pa*||Pa”



454 4 Non overconstrained 73-type TPMs with coupled motions
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Fig. 4.67. 3-RPa*Pa*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R | Pa*||Pa”
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Fig. 4.68. 3-RPa*Pa*-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R | Pa*||Pa”



456 4 Non overconstrained 73-type TPMs with coupled motions
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9=9,=9,=9,

(b)

Fig. 4.69. 3-RPa"Pa*R-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R L Pa*||Pa* L 'R
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T=1y=1s=1c
FET4=Ts=7c

Fig. 4.70. 3-RRPa““R *-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R||R||Pa“” L R*



458 4 Non overconstrained 73-type TPMs with coupled motions

(a)

1= ty=1s=1-
FET4=7s=7:

Fig. 4.71. 3-RR*RPa*“-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology R L R* L 'R||Pa**
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(a)

H=H,=H:=H,
1= ty=1=1c
TETA= 7327

Fig. 4.72. 3-Pa*“RR *R-type non overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, limb topology Pa*“||[R L R* LR



460 4 Non overconstrained 73-type TPMs with coupled motions

H=H.=H:=H-
9=9,29:,=9-

Fig. 4.73. Non overconstrained TPMs of types 3-Pa”Pr*R* (a) and 3-RRPr*R*
(b) with coupled motions and rotating actuators mounted on the fixed base



4.4 Derived solutions with rotating actuators 461

Fig. 4.74. 3-Pa®“RRRR -type non overconstrained TPMs with coupled motions
and rotating actuators on the fixed base, limb topology Pa”||R||R L R||R (a) and
Pa® 1L R1R||RLR (b)



462 4 Non overconstrained 73-type TPMs with coupled motions

(@)

{b)

Fig. 4.75. 3-Pa”RRR -type non overconstrained TPMs with coupled motions and
rotating actuators on the fixed base, limb topology Pa™ 1 R L R||R (a) and
Pa”||R||R L R (b)
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(b)

Fig. 4.76. Non overconstrained TPMs of types 3-Pa®”RRRR (a) and 3-RPa*RR (b)
with coupled motions and rotating actuators on the fixed base, limb topology
Pa®||R L R||R L R (a) and R||Pa* L R LR (b)
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Fig. 4.77. Non overconstrained TPMs of types 3-RPa“RRR (a) and 3-RPa*RR (b)
non overconstrained TPMs with coupled motions and rotating actuators on the fixed

base, limb topology R L Pa*||R||R LR (a)and R L Pa* 1* R L* R (b)
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(b

Fig. 4.78. 3-RPa“RRR -type non overconstrained TPMs with coupled motions and
rotating actuators on the fixed base, limb topology R L Pa L 'R L R||R (a) and
R L Pa“||R||R LR (b)



466 4 Non overconstrained 73-type TPMs with coupled motions

{b)

Fig. 4.79. 3-RRPa”R-type overconstrained TPMs with coupled motions and rotating
actuators on the fixed base, limb topology R||R||Pa” L R (a) and R||R L Pa” L" R (b)
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Fig. 4.80. Non overconstrained TPMs of types 3-RRRPa* (a) and 3-RRRRPa“ (b)
with coupled motions and rotating actuators on the fixed base, limb topology

R||R L R 1" Pa” (a)and R||R L R||R 1" Pa® (b)



468 4 Non overconstrained 73-type TPMs with coupled motions
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1= 1321521
8=8,=8:=8¢
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Fig. 4.81. Non overconstrained TPMs of types 3-RRRPa*™ (a) and 3-RRRRPa“ (b)
with coupled motions and rotating actuators on the fixed base, limb topology
R|IRLRL Pa"(a)and RLR||R LR L Pa" (b)
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H=H,=H=H:
1= 121521
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T=7,=7=7c

(b)

Fig. 4.82. Non overconstrained TPMs of types 3-RRRPa“R (a) and 3-RRRPa* (b)
with coupled motions and rotating actuators on the fixed base, limb topology
R L R||R||Pa* LR (a) and R L R||R||Pa* (b)





