
6 Non overconstrained T3-type TPMs  
with uncoupled motions  

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

p
i1

f 3 6q  along with SF = 3, (RF) = (v1,v2,v3) and NF = 0. They could 
have identical limbs or limbs with different structures and could be actuated 
by linear or rotating motors. Each operational velocity given by Eq. (1.19) 
depends on just one actuated joint velocity: i i iv v ( q )& , i = 1,2,3. The 
Jacobian matrix in Eq. (1.19) is a diagonal matrix.  

They can be actuated by linear or rotating actuators which can be 
mounted on the fixed base or on a moving link. In the solutions presented 
in this section, the actuators are associated with a revolute joint mounted 
on the fixed base.  

6.1 Basic solutions with rotating actuators 

In the basic non overconstrained TPMs with rotating actuators and 
uncoupled motions F G1–G2–G3, the moving platform n  nGi (i = 1, 2, 3) 
is connected to the reference platform 1  1Gi  0 by three limbs with five 
degrees of connectivity. No idle mobilities exist in these basic solutions.  

mobilities are systematized in Fig. 6.1. They are simple kinematic chains 
actuated by rotating motors mounted on the fixed base.  

Various solutions of TPMs with uncoupled motions and no idle 
mobilities can be obtained by using three limbs with identical or different 
topologies presented in Fig. 6.1. We only show solutions with identical 

(Figs. 6.2–6.4). The structural parameters of these solutions are presented 
in Table 6.1.  

 

The various types of limbs with five degrees of connectivity and no idle 
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limb type as illustrated in Figs. 6.2–6.4. The actuated revolute joints 
adjacent to the fixed base in the three limbs have orthogonal directions 

© Springer Science + Business Media B.V. 2009 
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616      6 Non overconstrained T3-type TPMs with uncoupled motions 

Table 6.1. Structural parametersa of translational parallel mechanisms in Figs. 
6.2–6.4 

No. Structural  
parameter 

Solution 
3-RRRRP, 3-RRPRR 
(Fig. 6.2a, b) 
 

 
3-RCRR 
(Fig. 6.3a) 
 

 
3-RRPRR 
(Fig. 6.3b) 
3-RRRPR, 3-RRRRR 
(Fig. 6.4a, b) 

1 m 14 11 14 
2 p1 5 4 5 
3 p2 5 4 5 
4 p3 5 4 5 
5 p 15 12 15 
6 q 2 2 2 
7 k1 3 3 3 
8 k2 0 0 0 
9 k 3 3 3 
10 (RG1) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) 
11 (RG2) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) 
12 (RG3) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) 
13 SG1 5 5 5 
14 SG2 5 5 5 
15 SG3 5 5 5 
16 rG1 0 0 0 
17 rG2 0 0 0 
18 rG3 0 0 0 
19 MG1 5 5 5 
20 MG2 5 5 5 
21 MG3 5 5 5 
22 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
23 SF 3 3 3 
24 rl 0 0 0 
25 rF 12 12 12 
26 MF 3 3 3 
27 NF 0 0 0 
28 TF 0 0 0 
29 1p

jj 1
f  5 5 5 

30 2p
jj 1

f  5 5 5 

31 3p
jj 1

f  5 5 5 

32 p
jj 1

f  15 15 15 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  
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Fig. 6.1. Simple limbs for non overconstrained TPMs with uncoupled motions 
defined by MG = SG = 5, (RG) = ( 1 2 3 1 2, , , ,v v v ) and actuated by rotating motors 
mounted on the fixed base  



618      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.2. Non overconstrained TPMs with uncoupled motions of types 3-RRRRP 
(a) and 3-RRPRR (b), limb topology R||R R||R ||P (a) and R||R||P R||R (b) 
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Fig. 6.3. Non overconstrained TPMs with uncoupled motions of types 3-RCRR (a) 
and 3-RRPRR (b), limb topology R||C R||R (a) and R||R P R||R (b) 



620      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.4. Non overconstrained TPMs with uncoupled motions of types 3-RRRPR 
(a) and 3-RRRRR (b), limb topology R||R R P ||R (a) and R||R R||R||R (b) 
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6.2 Derived solutions with rotating actuators 

Non overconstrained solutions F G1–G2–G2 with rotating actuators and 
uncoupled motions can be derived from the overconstrained solutions 
presented in Figs. 5.6–5.48 by introducing the required idle mobilities to 
obtain SF = 3, (RF) = (v1,v2,v3)  and NF = 0.  

For example, the non overconstrained solution in Fig. 6.5a is derived 
from the overconstrained solution in Fig. 5.6a by replacing, in each limb, 
two revolute joints by spherical joints in the parallelogram loop and a 
prismatic joint by a cylindrical joint. We note that the two spherical joints 
adjacent to link 4 make the parallelogram loop non overconstrained and 
provide an idle rotational mobility of link 4. An idle mobility of rotation is 
combined in each cylindrical joint denoted by C*.  

The limb topology and connecting conditions of the solutions Figs. 6.5–
6.54 are systematized in Table 6.2 and the structural parameters of these 
solutions are presented in Tables 6.3–6.13. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



622      6 Non overconstrained T3-type TPMs with uncoupled motions 

Table 6.2. Limb topology of the derived non overconstrained TPMs with idle 
mobilities and linear actuators mounted on the fixed base presented in Figs. 6.5–6.54  

No. Basic TPM  
type 

 
 
NF 

Derived TPM with 
NF = 0 
type 

 
 
Limb topology 

1 3-PaPP  
(Fig. 5.6) 

15 3-PassPC*  
(Fig. 6.5a) 

Pass||P C* 
 

2   3-PacsC*C* 
(Fig. 6.5b) 

Pacs||C* C* 

3 3-PaPP  
(Fig. 5.7) 

15 PassPC*  
(Fig. 6.6a) 

Pass P ||C* 
 

4   3-PacsC*C* 
(Fig. 6.6b) 

Pacs C* ||C*   

5 3-PaPaP (Fig. 
5.8a) 

24 3-PassPassP 
(Fig. 6.7a) 

Pass Pass ||P  

6   3-PacsPacs

(Fig. 6.7b) 
Pacs Pacs ||P R ||R   

7 3-PaPaP (Fig. 
5.9) 

24 3-PassPassP 
(Fig. 6.8a) 

Pass Pass P 

8   3-PacsPacsPR*R* 
(Fig. 6.8b) 

Pacs Pacs P R* ||R*   

9 3-PaPPa (Fig. 
5.10) 

24 3-PassPPass  
(Fig. 6.9a) 

Pass||P Pass 

10   3-PacsPPacsR*R* 
(Fig. 6.9b) 

Pacs||P Pacs ||R* R* 

11 3-PaPPa (Fig. 
5.11) 

24 3-PassPPass 
(Fig. 6.10a) 

Pass P Pass 

12   3-PacsPPacsR*R* 
(Fig. 6.10b) 

Pacs P Pacs ||R* R* 

13 3-PaPaPa  
(Fig. 5.12) 

33 3-PassPacsPass  
(Fig. 6.11) 

Pass Pacs||Pass  

14   3-PacsPacsPacsR*R* 
(Fig. 6.12) 

Pacs Pacs||Pacs ||R* R* 

15 3-PaPatP  
(Fig. 5.14) 

24 3-PacsPa C*  
(Fig. 6.13a) 

Pacs||Patss||C* 

16   3-PacsPa C*R*  
(Fig. 6.13b) 

3 Pacs||Patcs||C* R* 

17 3-PaccP 
(Fig. 5.16) 

12 3-PasccC*R* 
(Fig. 6.14a) 

Pascc C* R* 

18   3-PasccC*R* 
(Fig. 6.14b) 

3-Pascc C* ||R* 

19 3-PaccPa 
(Fig. 5.17) 

21 3-PasccPassR*  
(Fig. 6.15) 

Pascc Pass||R* 

20   3-PasccPacsR*R* 
(Fig. 6.16) 

Pascc Pacs||R* R* 

PR*R*  

tcs

tcs
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Table 6.2. (cont.) 

21 3-RRPP 
(Fig. 5.18a) 

3 3-RRC*P 
(Fig. 6.17) 

R||R C* ||P  
 

22 3-RCP 
(Fig. 5.19a) 

 3-RCC*  
(Fig. 6.18) 

R||C C* 
 

23 3-PaRRP 
(Fig. 5.20) 

csRRC* 
(Fig. 6.19a) 

Pacs R||R ||C* 

24   3-PacsRRC* 
(Fig. 6.19b) 

Pacs R||R C* 

25 3-PaRRP (Fig. 
5.21) 

12 3-PassRC* 
(Fig. 6.20a) 

Pass R ||C*  

26   3-PassRC* 
(Fig. 6.20b) 

Pass R C* 

27 3-PaRPR  
(Fig. 5.22) 

12 3-PacsRC*R 
 (Fig. 6.21a) 

Pacs R C* ||R 

28   3-PacsRC*R 
(Fig. 6.21b) 

Pass||C* R 

29   3-PacsRPRR* 
(Fig. 6.22) 

Pacs R P ||R R* 

30 3-PaRRR  
(Fig. 5.23) 

12 3-PacsRRRR* 
(Fig. 6.23) 

Pacs R||R||R R*  

31   3-PassRRR* 
 (Fig. 6.24) 

Pass R||R R* 

32 3-PaPRR  
(Fig. 5.24) 

12 3-PacsC*RR  
(Fig. 6.25a) 

Pacs||C* R||R  

33   3-PacsPRRR* 
(Fig. 6.26) 

Pacs||P R||R R*  

34 3-PaPRR 
(Fig. 5.25) (Fig. 6.25b) 

Pacs C* R||R  

35   3-PacsPRRR* 
(Fig. 6.27) 

Pacs P R||R R* 

36 3-PaPaRR 
(Fig. 5.26) 

21 3-PacsPacsRRR* 
(Fig. 6.28) 

Pacs Pacs||R||R ||R* 
 

37   3-PacsPacsRRR* 
(Fig. 6.29) 

Pacs Pacs||R||R R*  

38 3-PaRRPa 
(Fig. 5.27) 

21 3-PacsRRPass  
(Fig. 6.30a) 

Pacs R||R||Pass 

39   3-PassRPass  
(Fig. 6.30b) 

Pass R||Pass 

40 3-PaRRbR 
(Fig. 5.28) 

21 3-PassRbcsRR* 
(Fig. 6.31) 

Pass Rbcs||R R*  

41   3-Pa R*RRbcsR  
(Fig. 6.32) 

Pa ||R* R||Rbcs||R  

12 3-Pa

3

12 3-Pa C*RR cs

cs cs
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Table 6.2. (cont.) 

42 3-PaRRbRbR 
(Fig. 5.29) 

30 3-PassRbcsRbcsRR* 
(Fig. 6.33) 

Pass Rbcs||Rbcs||R R* 

43   3-PacsR*RRbcsRbcsR 
(Fig. 6.34) 

Pacs||R R||Rbcs||Rbcs||R 

44 3-PaPn2R 
(Fig. 5.30) 

21 3-PacsPn2csRR* 
 (Fig. 6.35) 

Pacs Pn2cs||R R*  

45 3-PaPn2R 
(Fig. 5.31) 

21 3-PacsPn2csRR* 
 (Fig. 6.36) 

Pacs Pn2cs||R R*  

46 3-PaPn3 
(Fig. 5.32) 

21 3-PacsPn3csR* 
(Fig. 6.37) 

Pacs Pn3cs R* 

47 3-PaPn3 
(Fig. 5.32) 

21 3-PacsPn3csR* 
 (Fig. 6.38) 

Pacs Pn3cs R*  

48 3-PaccRR 
(Fig. 5.34) 

9 3-PasccRRR* 
(Fig. 6.39) 

Pascc R||R R* 

49 3-RRPaP 
(Fig. 5.35) 

12 3-RPassC* 
(Fig. 6.40) 

R Pass C* 

50   3-RRPassP  
(Fig. 6.41) 

R||R Pass ||P 

51 3-RRPPa 
(Fig. 5.38) 

12 3-RCPass  
(Fig. 6.42) 

R||C Pass  

52   3-RRC*Pacs  
(Fig. 6.43) 

R||R C* Pacs  

53 3-RRPaPa 
(Fig. 5.39) 

21 3-RRPassPacs  
(Fig. 6.44) 

R||R Pass||Pacs  

54 3-RRPaPa 
(Fig. 5.40) 

21 3-RRPacsPass 

(Fig. 6.45) 
R||R Pacs||Pass  
 

55   3-RPassPass  
 (Fig. 6.46) 

R Pass||Pass 

56 3-RRRRbR 
(Fig. 5.41) 

9 3-RRRRbcsR 
(Fig. 6.47) 

R||R R||Rbcs||R  

57 3-RRRRbRbR 
(Fig. 5.42) 

18 3-RRRRbcsRbcsR 
(Fig. 6.48) 

R||R R||Rbcs||Rbcs||R  

58 3-RRPn2R 
(Figs. 5.43, 
5.44)  

9 3-RRPn2csR 
(Figs. 6.49,  
6.50) 

R||R Pn2cs||R  
 

59 3-RRPn3 
(Figs. 5.45, 
5.46) 

9 3-RRPn3cs 

(Figs. 6.51,  
6.52) 

R||R Pn3cs  
 

60 3-RRRRPa 
(Fig. 5.47) 

9 3-RRRRPacs 

(Fig. 6.53) 
R||R R||R||Pacs  

61 3-RRPaRR 
(Fig. 5.48a) 

9 3-RRPacsRR 
(Fig. 6.54a) 

R||R Pacs||R||R  

62 3-RRPaRR 
(Fig. 5.48b) 

9 3-RPassRR 
(Fig. 6.54b) 

R Pass||R||R  
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Table 6.3. Bases of the operational velocities spaces of the limbs isolated from the 
parallel mechanisms presented in Figs. 6.5–6.54  

No. Parallel  
mechanism 

Basis  
(RG1) 

 
(RG2) 

 
(RG3) 

1 Figs. 6.5a, 6.6a, 
6.9a,  
6.10a, 6.11,  
6.14a, 6.21, 6.30, 
6.47,  
6.48, 6.53,  
6.54a 

( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) 

2 Figs. 6.5b, 6.6b, 
6.7b,  
6.8b, 6.9b, 
6.10b, 6.12, 
6.13b, 6.14b, 6.17, 
6.18,  
6.40–6.46 

( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) 

3 Fig. 6.7a, 
6.8a, 6.13a,  
6.15, 6.16,  
6.19, 6.20,  
6.22–6.29, 
6.31–6.39, 
6.49–6.52, 
6.54b 

( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) ( 1 2 3, , , ,v v v ) 
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Table 6.4. Structural parametersa of translational parallel mechanisms in Figs. 
6.5–6.10 

No. Structural  
parameter 

Solution 
3-PassPC*  
3-PacsC*C* 
(Fig. 6.5a, b) 
3-PassPC* 
3-PacsC*C* 
(Fig. 6.6a, b) 

 
3-PassPassP 
(Figs. 6.7a,  
6.8a) 
3-PassPPass 

(Figs. 6.9a,  
 6.10a) 

 
3-PacsPacsPR*R* 
(Figs. 6.7b, 6.8b) 
3-PacsPPacsR*R* 
(Figs. 6.9b, 
6.10b) 

1 m 14 20 26 
2 p1 6 9 11 
3 p2 6 9 11 
4 p3 6 9 11 
5 p 18 27 33 
6 q 5 8 8 
7 k1 0 0 0 
8 k2 3 3 3 
9 k 3 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 See Table 6.3 

11 SG1 5 5 5 
12 SG2 5 5 5 
13 SG3 5 5 5 
14 rG1 6 12 12 
15 rG2 6 12 12 
16 rG3 6 12 12 
17 MG1 5 5 5 
18 MG2 5 5 5 
19 MG3 5 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 3 
22 rl 18 36 36 
23 rF 30 48 48 
24 MF 3 3 3 
25 NF 
26 TF 0 0 0 
27 1p

jj 1
f  11 17 17 

28 2p
jj 1

f  11 17 17 

29 3p
jj 1

f  11 17 17 

30 p
jj 1

f  33 51 51 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  

0 0 0 
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Table 6.5. Structural parametersa of translational parallel mechanisms in Figs. 
6.11 and 6.12 

No. Structural  
parameter 

Solution 
3-PassPacsPass 
(Fig. 6.11) 
 

 
3-PacsPacsPacsR*R* 
(Fig. 6.12) 
 
 

1 m 26 32 
2 p1 12 14 
3 p2 12 14 
4 p3 12 14 
5 p 36 42 
6 q 11 11 
7 k1 0 0 
8 k2 3 3 
9 k 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 

11 SG1 5 5 
12 SG2 5 5 
13 SG3 5 5 
14 rG1 18 18 
15 rG2 18 18 
16 rG3 18 18 
17 MG1 5 5 
18 MG2 5 5 
19 MG3 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 
22 rl 54 54 
23 rF 66 66 
24 MF 3 3 
25 NF 0 0 
26 TF 0 0 
27 1p

jj 1
f  23 23 

28 2p
jj 1

f  23 23 

29 3p
jj 1

f  23 23 

30 p
jj 1

f  69 69 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  
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Table 6.6. Structural parametersa of translational parallel mechanisms in Figs. 
6.13–6.16 

No. Structural  
parameter 

Solution 
PacsPatssC* 
(Fig. 6.13a) 
3-PasccPassR* 
(Fig. 6.15) 

 
3-PacsPatssC*R* 
(Fig. 6.13b) 
3-PasccPacsR*R* 
(Fig. 6.16) 

 
3-PasccC*R* 
(Fig. 6.14) 

1 m 20 23 14 
2 p1 9 10 6 
3 p2 9 10 6 
4 p3 9 10 6 
5 p 27 30 18 
6 q 8 8 5 
7 k1 0 0 0 
8 k2 3 3 3 
9 k 3 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 See Table 6.3 

11 SG1 5 5 5 
12 SG2 5 5 5 
13 SG3 5 5 5 
14 rG1 12 12 6 
15 rG2 12 12 6 
16 rG3 12 12 6 
17 MG1 5 5 5 
18 MG2 5 5 5 
19 MG3 5 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 3 
22 rl 36 36 18 
23 rF 48 48 30 
24 MF 3 3 3 
25 NF 0 0 0 
26 TF 0 0 0 
27 1p

jj 1
f  17 17 11 

28 2p
jj 1

f  17 17 11 

29 3p
jj 1

f  17 17 11 

30 p
jj 1

f  51 51 33 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  
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Table 6.7. Structural parametersa of translational parallel mechanisms in Figs. 
6.17–6.19 

No. Structural  
parameter 

Solution 
3-RRC*P 
(Fig. 6.17) 

 
3-RCC* 
(Fig. 6.18) 

 
3-PacsRRC* 
(Fig. 6.19) 

1 m 11 8 17 
2 p1 4 3 7 
3 p2 4 3 7 
4 p3 4 3 7 
5 p 12 9 21 
6 q 2 2 5 
7 1 3 3 0 
8 2 0 3 
9 3 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 See Table 6.3 

11 SG1 5 5 5 
12 SG2 5 5 5 
13 SG3 5 5 5 
14 rG1 0 0 6 
15 rG2 0 0 6 
16 rG3 0 0 6 
17 MG1 5 5 5 
18 MG2 5 5 5 
19 MG3 5 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 3 
22 rl 0 0 18 
23 rF 12 12 30 
24 MF 3 3 3 
25 NF 0 0 0 
26 TF 0 0 0 
27 1p

jj 1
f  5 5 11 

28 2p
jj 1

f  5 5 11 

29 3p
jj 1

f  5 5 11 

30 p
jj 1

f  15 15 33 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  
 
 
 
 

k  
k  0 
k 
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Table 6.8. Structural parametersa of translational parallel mechanisms in Figs. 
6.20–6.27 

No. Structural  
parameter 

Solution 
3-PassRC* 
(Fig. 6.20) 
3-PassC*R 
(Fig. 6.21b) 

 
3-PacsRC*R 
(Fig. 6.21a) 
3-PassRRR* 
(Fig. 6.24) 
3-PacsC*RR 
(Fig. 6.25) 

 
3-PacsRPRR* 
(Fig. 6.22) 
3-PacsRRRR* 
(Fig. 6.23) 
3-PacsPRRR* 
(Figs. 6.26, 6.27) 

1 m 14 17 20 
2 p1 6 7 8 
3 p2 6 7 8 
4 p3 6 7 8 
5 p 18 21 24 
6 q 5 5 5 
7 k1 0 0 0 
8 k2 3 3 3 
9 k 3 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 See Table 6.3 

11 SG1 5 5 5 
12 SG2 5 5 5 
13 SG3 5 5 5 
14 rG1 6 6 6 
15 rG2 6 6 6 
16 rG3 6 6 6 
17 MG1 5 5 5 
18 MG2 5 5 5 
19 MG3 5 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 3 
22 rl 18 18 18 
23 rF 30 30 30 
24 MF 3 3 3 
25 NF 0 0 0 
26 TF 0 0 0 
27 1p

jj 1
f  11 11 11 

28 2p
jj 1

f  11 11 11 

29 3p
jj 1

f  11 11 11 

30 p
jj 1

f  33 33 33 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  
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Table 6.9. Structural parametersa of translational parallel mechanisms in Figs. 
6.28–6.32 

No. Structural  
parameter 

Solution 
3-PacsPacsRRR* 
(Figs. 6.28, 6.29) 
3-PassR*RRbcsR 
(Fig. 6.32) 

 
3-PacsRRPass 
(Fig. 6.30a) 
3-PassRbcsRR* 
(Fig. 6.31) 

 
3-PassRPass 
(Fig. 6.30b) 
 

1 m 26 23 20 
2 p1 11 10 9 
3 p2 11 10 9 
4 p3 11 10 9 
5 p 33 30 27 
6 q 8 8 8 
7 k1 0 0 0 
8 k2 3 3 3 
9 k 3 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 See Table 6.3 

11 SG1 5 5 5 
12 SG2 5 5 5 
13 SG3 5 5 5 
14 rG1 12 12 12 
15 rG2 12 12 12 
16 rG3 12 12 12 
17 MG1 5 5 5 
18 MG2 5 5 5 
19 MG3 5 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 3 
22 rl 36 36 36 
23 rF 48 48 48 
24 MF 3 3 3 
25 NF 0 0 0 
26 TF 0 0 0 
27 1p

jj 1
f  17 17 17 

28 2p
jj 1

f  17 17 17 

29 3p
jj 1

f  17 17 17 

30 p
jj 1

f  51 51 51 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  
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Table 6.10. Structural parametersa of translational parallel mechanisms in Figs. 
6.33–6.38 

No. Structural  
parameter 

Solution 
3-PassRbcsRbcsRR* 
(Fig. 6.33) 

 
3-PacsR*RRbcsRbcsR 
(Fig. 6.34) 

 
3-PacsPn2csRR* 
(Figs. 6.35, 6.36) 
3-PacsPn3csR* 
(Figs. 6.37, 6.38) 

1 m 29 32 26 
2 p1 13 14 11 
3 p2 13 14 11 
4 p3 13 14 11 
5 p 39 42 33 
6 q 11 11 8 
7 k1 0 0 0 
8 k2 3 3 3 
9 k 3 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 See Table 6.3 

11 SG1 5 5 5 
12 SG2 5 5 5 
13 SG3 5 5 5 
14 rG1 18 18 12 
15 rG2 18 18 12 
16 rG3 18 18 12 
17 MG1 5 5 5 
18 MG2 5 5 5 
19 MG3 5 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 3 
22 rl 54 54 36 
23 rF 66 66 48 
24 MF 3 3 3 
25 NF 0 0 0 
26 TF 0 0 0 
27 1p

jj 1
f  23 23 17 

28 2p
jj 1

f  23 23 17 

29 3p
jj 1

f  23 23 17 

30 p
jj 1

f  69 69 51 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  



6.2 Derived solutions with rotating actuators      633 

Table 6.11. Structural parametersa of translational parallel mechanisms in Figs. 
6.39–6.45 

No. Structural  
parameter 

Solution 
3-PasccRRR* 
(Fig. 6.39) 
3-RRPassP 
(Fig. 6.41) 
3-RRC*Pacs 

(Fig. 6.43) 

 
3-RPassC* 
(Fig. 6.40) 
3-RCPass 

(Fig. 6.42) 

 
3-RRPassPacs 
(Fig. 6.44) 
3-RRPacsPass 
(Fig. 6.45) 
 

1 m 17 14 23 
2 p1 7 6 10 
3 p2 7 6 10 
4 p3 7 6 10 
5 p 21 18 30 
6 q 5 5 8 
7 k1 0 0 0 
8 k2 3 3 3 
9 k 3 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 See Table 6.3 

11 SG1 5 5 5 
12 SG2 5 5 5 
13 SG3 5 5 5 
14 rG1 6 6 12 
15 rG2 6 6 12 
16 rG3 6 6 12 
17 MG1 5 5 5 
18 MG2 5 5 5 
19 MG3 5 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 3 
22 rl 18 18 36 
23 rF 30 30 48 
24 MF 3 3 3 
25 NF 0 0 0 
26 TF 0 0 0 
27 1p

jj 1
f  11 11 17 

28 2p
jj 1

f  11 11 17 

29 3p
jj 1

f  11 11 17 

30 p
jj 1

f  33 33 51 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  



634      6 Non overconstrained T3-type TPMs with uncoupled motions 

Table 6.12. Structural parametersa of translational parallel mechanisms in Figs. 
6.46–6.52 

No. Structural  
parameter 

Solution 
3-RPassPass 
(Fig. 6.46) 

 
3-RRRRbcsR 
(Fig. 6.47) 
3-RRPn2csR 
(Figs. 6.49, 6.50) 
3-RRPn3cs 

(Figs. 6.51, 6.52) 

 
3-RRRRbcsRbcsR 
(Fig. 6.48) 

1 m 20 20 26 
2 p1 9 8 11 
3 p2 9 8 11 
4 p3 9 8 11 
5 p 27 24 33 
6 q 8 5 8 
7 k1 0 0 0 
8 k2 3 3 3 
9 k 3 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 See Table 6.3 

11 SG1 5 5 5 
12 SG2 5 5 5 
13 SG3 5 5 5 
14 rG1 12 6 12 
15 rG2 12 6 12 
16 rG3 12 6 12 
17 MG1 5 5 5 
18 MG2 5 5 5 
19 MG3 5 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 3 
22 rl 36 18 36 
23 rF 48 30 48 
24 MF 3 3 3 
25 NF 0 0 0 
26 TF 0 0 0 
27 1p

jj 1
f  17 11 17 

28 2p
jj 1

f  17 11 17 

29 3p
jj 1

f  17 11 17 

30 p
jj 1

f  51 33 51 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  



6.2 Derived solutions with rotating actuators      635 

Table 6.13. Structural parametersa of translational parallel mechanisms in Figs. 
6.53 and 6.54 

No. Structural  
parameter 

Solution 

(Fig. 6.53) 

(Fig. 6.54a) 

 
3-RPassRR 
(Fig. 6.54b) 
 

1 m 20 17 
2 p1 8 7 
3 p2 8 7 
4 p3 8 7 
5 p 24 21 
6 q 5 5 
7 k1 0 0 
8 k2 3 3 
9 k 3 3 
10 (RGi) 

(i = 1,2,3) 
See Table 6.3 See Table 6.3 

11 SG1 5 5 
12 SG2 5 5 
13 SG3 5 5 
14 rG1 6 6 
15 rG2 6 6 
16 rG3 6 6 
17 MG1 5 5 
18 MG2 5 5 
19 MG3 5 5 
20 (RF) ( 1 2 3v ,v ,v ) ( 1 2 3v ,v ,v ) 
21 SF 3 3 
22 rl 18 18 
23 rF 30 30 
24 MF 3 3 
25 NF 0 0 
26 TF 0 0 
27 1p

jj 1
f  11 11 

28 2p
jj 1

f  11 11 

29 3p
jj 1

f  11 11 

30 p
jj 1

f  33 33 

aSee footnote of Table 2.1 for the nomenclature of structural parameters  

cs3-RR RRPa

cs3-RRRRPa



636      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.5. Non overconstrained TPMs with uncoupled motions of types 3-PassPC* 
(a) and 3-PacsC*C* (b), limb topology Pass||P C* (a) and Pacs||C* C* (b) 



6.2 Derived solutions with rotating actuators      637 

 
Fig. 6.6. Non overconstrained TPMs with uncoupled motions of types 3-PassPC* (a) 
and 3-PacsC*C* (b), limb topology Pass P ||C* (a) and Pacs C* ||C*  (b) 



638      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.7. Non overconstrained TPMs with uncoupled motions of types 3-PassPassP 
(a) and 3-PacsPacsPR*R* (b), limb topology Pass Pass ||P (a) and 
Pacs Pacs ||P R ||R  (b) 



6.2 Derived solutions with rotating actuators      639 

 
Fig. 6.8. Non overconstrained TPMs with uncoupled motions of types 3-
PassPassP (a) and 3-PacsPacsPR*R* (b), limb topology Pass Pass P (a) 
and Pacs Pacs P R* ||R*  (b) 



640      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.9. Non overconstrained TPMs with uncoupled motions of types 3-
PassPPass (a) and 3-PacsPPacsR*R* (b), limb topology Pass||P Pass (a) and 
Pacs||P Pacs ||R* R*  (b) 



6.2 Derived solutions with rotating actuators      641 

 
Fig. 6.10. Non overconstrained TPMs with uncoupled motions of types 3-
PassPPass (a) and 3-PacsPPacsR*R* (b), limb topology Pass P Pass (a) and 
Pacs P Pacs ||R* R* (b) 



642      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.11. 3-PassPacsPass-type non overconstrained TPM with uncoupled motions, 
limb topology Pass Pacs||Pass  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      643 

 
Fig. 6.12. 3-PacsPacsPacsR*R*-type non overconstrained TPM with uncoupled 
motions, limb topology Pacs Pacs||Pacs ||R* R* 

 
 



644      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.13. Non overconstrained TPMs with uncoupled motions of types 3-Pacs 

PatssC* (a) and 3-PacsPa C*R* (b), limb topology Pacs||Pa ||C* (a) and Pacs|| 
Patcs||C* R*  (b) 

tsstcs



6.2 Derived solutions with rotating actuators      645 

 
Fig. 6.14. 3-PasccC*R*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pascc C* R* (a) and Pascc C* ||R* (b) 



646      6 Non overconstrained T3-type TPMs with uncoupled motions 

Fig. 6.15. 3-PasccPassR*-type non overconstrained TPM with uncoupled 
motions, limb topology Pascc Pass||R*  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      647 

 
Fig. 6.16. 3-PasccPacsR*R*-type non overconstrained TPM with uncoupled 
motions, limb topology Pascc Pacs||R* R*  

 



648      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.17. 3-RRC*P-type non overconstrained TPMs with uncoupled motions, 
limb topology R||R C* ||P 



6.2 Derived solutions with rotating actuators      649 

 
Fig. 6.18. 3-RCC*-type non overconstrained TPMs with uncoupled motions, limb 
topology R||C C* 



650      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.19. 3-PacsRRC*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pacs R||R ||C* (a) and Pacs R||R C* (b)  



6.2 Derived solutions with rotating actuators      651 

 
Fig. 6.20. 3-PassRC*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pass R ||C* (a) and Pass R C* (b)  



652      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.21. Non overconstrained TPMs with uncoupled motions of types 3-PacsRC*R 
(a) and 3-PassC*R (b), limb topology Pacs R C* ||R (a) and Pass||C* R (b)  



6.2 Derived solutions with rotating actuators      653 

 
Fig. 6.22. 3-PacsRPRR*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pacs R P ||R R*  



654      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.23. 3-PacsRRRR*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pacs R||R||R R*   



6.2 Derived solutions with rotating actuators      655 

 
Fig. 6.24. 3-PassRRR*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pass R||R R* 



656      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.25. 3-PacsC*RR-type non overconstrained TPMs with uncoupled motions, 
limb topology Pacs||C* R||R (a) and Pacs C* R||R (b) 



6.2 Derived solutions with rotating actuators      657 

 
Fig. 6.26. 3-PacsPRRR*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pacs||P R||R R*   



658      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.27. 3-PacsPRRR*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pacs P R||R R*  ||



6.2 Derived solutions with rotating actuators      659 

 
Fig. 6.28. 3-PacsPacsRRR*-type non overconstrained TPM with uncoupled motions, 
limb topology Pacs Pacs||R||R ||R* and the actuated joints with orthogonal axes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



660      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.29. 3-PacsPacsRRR*-type non overconstrained TPM with uncoupled 
motions, limb topology Pacs Pacs||R||R
parallel to two orthogonal directions  

 
 
 
 

R* and the axes of the actuated joints  



6.2 Derived solutions with rotating actuators      661 

 
Fig. 6.30 Non overconstrained TPMs with uncoupled motions of types 3-
PacsRRPass (a) and 3-PassRPass (b), limb topology Pacs R||R||Pass (a) and 
Pass R||Pass (b)  



662      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.31. 3-PassRbcsRR*-type non overconstrained TPM with uncoupled motions, 
limb topology Pass Rbcs||R R*  

 
 
 
 
 
 
 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      663 

 
Fig. 6.32. 3-Pa R*RRbcsR-type non overconstrained TPM with uncoupled motions, 
limb topology Pa ||R* R||Rbcs||R  

 
 
 
 
 
 
 
 
 

cs

cs



664      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.33. 3-PassRbcsRbcsRR*-type non overconstrained TPM with uncoupled 
motions, limb topology Pass Rbcs||Rbcs||R R*  

 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      665 

 
Fig. 6.34. 3-PacsR*RRbcsRbcsR-type non overconstrained TPM with uncoupled 
motions, limb topology Pacs||R R||Rbcs||Rbcs||R  

 
 
 
 



666      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.35. 3-PacsPn2csRR*-type non overconstrained TPM with uncoupled motions, 
limb topology Pacs Pn2cs||R R*  

 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      667 

 
Fig. 6.36. 3-PacsPn2csRR*-type non overconstrained TPM with uncoupled motions, 
limb topology Pacs Pn2cs||R R*  

 
 
 
 
 
 
 
 
 



668      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.37. 3-PacsPn3csR*-type non overconstrained TPM with uncoupled motions, 
limb topology Pacs Pn3cs R*  

 
 
 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      669 

 
Fig. 6.38. 3-PacsPn3csR*-type non overconstrained TPM with uncoupled motions, 
limb topology Pacs Pn3cs R*  

 
 
 
 
 
 
 
 



670      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.39. 3-PasccRRR*-type non overconstrained TPMs with uncoupled motions, 
limb topology Pa  csPn3 R * cs



6.2 Derived solutions with rotating actuators      671 

 
Fig. 6.40. 3-RPassC*-type non overconstrained TPMs with uncoupled motions, 
limb topology R Pass C*  



672      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.41. 3-RRPassP-type non overconstrained TPMs with uncoupled motions, 
limb topology R||R Pass ||P  

 



6.2 Derived solutions with rotating actuators      673 

 
Fig. 6.42. 3-RCPass-type non overconstrained TPMs with uncoupled motions, 
limb topology R||C Pass  



674      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.43. 3-RRC*Pacs-type non overconstrained TPMs with uncoupled motions, 
limb topology R||R C* Pacs  



6.2 Derived solutions with rotating actuators      675 

 
Fig. 6.44. 3-RRPassPacs-type non overconstrained TPMs with uncoupled motions, 
limb topology R||R Pass||Pacs  



676      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.45 3-RRPacsPass-type non overconstrained TPMs with uncoupled motions, 
limb topology R||R Pacs||Pass  



6.2 Derived solutions with rotating actuators      677 

 
Fig. 6.46 3-RPassPass-type non overconstrained TPMs with uncoupled motions, 
limb topology R Pass||Pass  



678      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.47. 3-RRRRbcsR-type non overconstrained TPM with uncoupled motions, 
limb topology R||R R||Rbcs||R  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      679 

 
Fig. 6.48. 3-RRRRbcsRbcsR-type non overconstrained TPM with uncoupled motions, 
limb topology R||R R||Rbcs||Rbcs||R  

 
 
 
 
 
 
 
 
 
 
 



680      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.49. 3-RRPn2csR-type non overconstrained TPM with uncoupled motions, 
limb topology R||R Pn2cs||R  

 
 
 
 
 
 
 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      681 

 
Fig. 6.50. 3-RRPn2csR-type non overconstrained TPM with uncoupled motions, 
limb topology R||R Pn3cs||R 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



682      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.51. 3-RRPn3cs-type non overconstrained TPM with uncoupled motions, 
limb topology R||R Pn3cs  

 
 
 
 
 
 
 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      683 

 
Fig. 6.52. 3-RRPn3cs-type non overconstrained TPM with uncoupled motions, 
limb topology R||R Pn3cs  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



684      6 Non overconstrained T3-type TPMs with uncoupled motions 

 
Fig. 6.53. 3-RRRRPacs-type non overconstrained TPM with uncoupled motions, 
limb topology R||R R||R ||Pacs  

 
 
 
 
 
 
 
 
 



6.2 Derived solutions with rotating actuators      685 

 
Fig. 6.54. Non overconstrained TPM with uncoupled motions of types 3-RRPacsRR 
(a) and 3-RPassRR (b), limb topology R||R Pacs||R||R (a) and R Pass||R||R (b) 

 




