3 Overconstrained T3-type TPMs with coupled
motions

T3-type TPMs are translational parallel robotic manipulators with three
degrees of connectivity between the moving and fixed platforms Sp = 3.
They give three translational velocities v;, v, and v; in the basis of the
operational velocity vector space (Rrp) = (v;,v,v;) along with a constant
orientation of the moving platform.

Equation (1.16) indicates that overconstrained solutions of T3-type
translational parallel robots with coupled motions and ¢ independent loops

meet the condition Zf_fl. <3+6¢q . Various solutions fulfil this condition

along with Sr= 3, (Rr) = (v;,v,,v;) and the number of overconstraints Ny> 1.

T3-type translational parallel robots may have identical limbs or limbs
with different structures and could be actuated by linear or rotating motors.
The limbs can be simple or complex kinematic chains and can combine
idle mobilities.

In these solutions, the three operational velocities given by Eq. (1.19)
depend, in the general case, on the three actuated joint velocities:
v.=v.(q,,4,,.9;), i = 1,2,3. In some specific solutions, each operational

velocity depends on at least two actuated joints. We note that, in this
particular case, the Jacobian matrix in Eq. (1.19) is not triangular and the
parallel robot always has coupled motions. They have just a few partially
decoupled motions.

The actuators can be mounted on the fixed base or on a moving link.
The first solution has the advantage of reducing the moving masses and
large workspace. The second solution would be more compact.

Basic and derived solutions are presented in this section. No idle mobilities
exist in the basic solutions. The derived solutions are obtained from the
basic solutions by combining various idle mobilities.

We limit our presentation in this section to the solutions with just three
limbs. A large set of solutions with an additional unactuated limb can also
be obtained by combining an unactuated limb presented in Figs. 7.1-7.11 —
Part 1 with other three limbs with 4 < Mg; = Sg; < 6 that integrate velocities
v;, v, and v; in the basis of their operational space.
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3.1 Basic solutions with linear actuators

In the basic solutions of the T3-type TPMs with linear actuators and
coupled motions F« G,—G,—Gj3, the moving platform n = ng; (i = 1, 2, 3) is
connected to the reference platform / = /5 = 0 by three limbs with three
or four degrees of connectivity. No idle mobilities exist in these basic
solutions and the linear actuators are combined in a prismatic pair of each
limb.

The various types of limbs with three degrees of connectivity are
systematized in Fig. 3.1. They integrate one (Fig. 3.1a—d) or two (Fig. 3.1e-g)
parallelogram loops or a prism mechanism (Fig. 3.1h). These limbs are
actuated by linear motors mounted on the fixed base. We recall that the
parallelogram loop Pa“ and the prism mechanism Pr have two degrees of
mobility.

The various types of limbs with four degrees of connectivity are
systematized in Figs. 3.2 and 3.3. They are simple (Fig. 3.2) or complex
(Fig. 3.3) kinematic chains and can be actuated by linear motors mounted
on the fixed base.

Examples of simple or complex limbs with four degrees of connectivity
that can be actuated by linear actuators mounted on a moving link are
presented in Figs. 3.4 and 3.5. The prismatic joints between links 2 and 3
(Fig. 3.4a, b and e—g) and 3 and 4 (Fig. 3.4c, d) must be actuated to obtain
solutions with coupled motions. If the prismatic joint adjacent to the fixed
base (Fig. 3.4c, d) or between links 2 and 3 (Fig. 3.4d) is actuated, solutions
with uncoupled motions can be obtained as shown in the following sections.
The same is true when the translation in the cylindrical joint is actuated in
Fig. 3.4f. The prismatic joint can be actuated in Fig. 3.5a—d.

The cylindrical joint in Figs. 3.2e, f, 3.4e, f and 3.5e¢ replaces the
combination of two successive revolute and the prismatic joints with the same
axis/direction of types R||P and P||R (see Figs. 3.2a—d, 3.4a—d and 3.5¢, d).
The limbs in Figs. 3.3 and 3.5 combine a Pa-type parallelogram loop.

Various solutions of translational parallel robots with coupled motions
and no idle mobilities can be obtained by using three limbs with identical
or different topology presented in Figs. 3.1-3.5. We only show solutions
with identical limb type as illustrated in Figs. 3.6-3.23. The limb topology
and connecting conditions in these solutions are systematized in Tables 3.1
and 3.2.

The actuated prismatic joints adjacent to the fixed base in the three
limbs have orthogonal directions (Figs. 3.6-3.11) in the solutions using the
limbs systematized in Fig. 3.1. The structural parameters of the solutions
in Figs. 3.6-3.11 are systematized in Table 3.3.
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The directions of the three actuated prismatic joints adjacent to the fixed
base can be orthogonal (Fig. 3.12) or parallel (Figs. 3.13 and 3.14) when
the limbs in Fig. 3.2 are used. They can be coplanar (Fig. 3.15a) or
orthogonal in space (Fig. 3.15b) when the limbs in Fig. 3.3a, b are used.
The axes of the three unactuated revolute or cylindrical joints adjacent to
the moving platform can be orthogonal in space (Figs. 3.12 and 3.15b) or
coplanar (Figs. 3.13, 3.14 and 3.15a). The three coplanar axes can form a
planar star (Fig. 3.15a), a triangle (Figs. 3.13a, 3.14a and 3.15a), or can be
situated on three sides of a rectangle (Figs. 3.13b and 3.14b). The axes of
the unactuated joints adjacent to the moving platform form a configuration
called a spatial star, if they are orthogonal in space, and planar star, A or
LI if they are coplanar. The structural parameters of the solutions in Figs.
3.12-3.17 are systematized in Tables 3.4 and 3.5.

The solutions based on the use of limb topologies presented in Figs. 3.4
and 3.5 have the linear actuators non adjacent to the fixed base. In these
solutions, the axes/directions of the first unactuated joint in the three limbs
can be orthogonal in space (Figs. 3.18, 3.21-3.23) or coplanar (Figs. 3.19
and 3.20). The three coplanar axes can also be in a A (Figs. 3.19a and
3.20) ora I (Fig. 3.19b) configuration. The first unactuated joint can be a
revolute (Figs. 3.18a and 3.19), a prismatic (Fig. 3.21) or a cylindrical joint
(Figs. 3.18b and 3.20). The structural parameters of the solutions in Figs.
3.18-3.23 are systematized in Table 3.6.
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Table 3.1. Limb topology and connecting conditions of the TPM with no idle
mobilities and linear actuators mounted on the fixed base presented in Figs. 3.6—

3.17
No. TPM Limb Connecting
type topology conditions
1 3-PPaP P 1 Pa|lP Actuated P joints with
(Fig. 3.6) (Fig. 3.1a) orthogonal directions
2 3-PPPa P 1 P||Pa Idem No. 1
(Fig. 3.7) (Fig. 3.1b)
3 3-PPa‘“ Pl Pa™ Idem No. 1
(Figs. 3.8 and 3.9)  (Fig. 3.1c, d)
4 3-PPaPa PLPal*Pa Idem No. 1
(Fig. 3.10a) (Fig. 3.1e)
5  3-PPaPa Pl Pal'Pa Idem No. 1
(Fig. 3.10b) (Fig. 3.1f)
6 3-PPaPa P||Pa_L Pa Idem No. 1
(Fig. 3.11a) (Fig. 3.1g)
7 3-PPr P-Pr Idem No. 1
(Fig. 3.11b) (Fig. 3.1h)
8 3-PRC P 1L R||C Idem No. 1
(Fig. 3.12a) (Fig. 3.2e)
9 3-PCR Pl C|R Idem No. 1
(Fig. 3.12b) (Fig. 3.21)
10  3-PRC PL1R||IC Actuated P joints with
(Fig. 3.13a, b) (Fig. 3.2¢) parallel directions
11 3-PCR P1C|R Idem No. 10
(Fig. 3.14a, b) (Fig. 3.29)
12 3-PRPaR P|[RLPal'R Actuated P joints with
(Fig. 3.15a) (Fig. 3.3a) coplanar directions
(planar star configuration)
13 3-PRPaR PLR1Pal'R Idem No. 1
(Fig. 3.15b) (Fig. 3.3b)
14 3-PRRPa PLR||RL"Pa Idem No. 1
(Fig. 3.16a) (Fig. 3.3¢)
15 3-PRRPa P||R||R L Pa Idem No. 1
(Fig. 3.16b) (Fig. 3.3d)
16 3-PPaRR Pl Pal*R|R Idem No. 1
(Fig. 3.17a) (Fig. 3.3¢)
17 3-PPaRR P||Pa L R||R Idem No. 1
(Fig. 3.17b) (Fig. 3.3f)
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Table 3.2. Limb topology and connecting conditions of the TPM with no idle
mobilities and linear actuators mounted on a moving link presented in Figs. 3.18—

3.23
No. TPM Limb Connecting
type topology conditions
1 3-RPC R1P1'C Actuated P joints non
(Fig. 3.18a) (Fig. 3.4e) adjacent to the fixed base
and the moving platform
in a spatial star
configuration
2 3-CPR cLPL'R Idem No. 1
(Fig. 3.18b) (Fig. 3.41)
3 3-RPC RLP1C Actuated P joints non
(Fig. 3.19a) (Fig. 3.4e) adjacent to the fixed base
and the moving platform
ina A configuration
4 3-RPC R1LP1C Actuated P joints non
(Fig. 3.19b) (Fig. 3.4e) adjacent to the fixed base
and the moving platform
in a [ configuration
5 3-CPR cLp1l'R Idem 3
(Fig. 3.20a) (Fig. 3.41)
6 3-CPR cLPLl'R Idem 4
(Fig. 3.20b) (Fig. 3.41)
7 3-PPRR PLP1'R|IR Idem 1
(Fig. 3.21) (Fig. 3.4g)
8 3-RPaPR RLlPal*P1*R Ideml
(Fig. 3.22a) (Fig. 3.5a)
9 3-RPaPR R1 PalP|R Idem 1
(Fig. 3.22b) (Fig. 3.5¢)
10  3-RPaRP R1LPalR1*p Ideml
(Fig. 3.23a) (Fig. 3.5b)
11 3-RPaRP R1 PalR||P Idem 1
(Fig. 3.23b) (Fig. 3.5d)
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Table 3.3. Structural parameters® of translational parallel mechanisms in Figs.
3.6-3.11

No. Structural  Solution

parameter  3-PPaP 3-PPa* 3-PPaPa 3-PPr
(Fig. 3.6a,b) (Fig.3.8a,b) (Fig.3.10a, b) (Fig. 3.11b)
3-PPPa (Fig.3.9a,b) (Fig.3.11a)
(Fig. 3.7a,b)
1 m 14 11 20 14
2 p; 6 5 9 7
3 p 6 5 9 7
4 p; 6 5 9 7
5 p 18 15 27 21
6 q 5 5 8 8
7 k; 0 0 0 0
8 k, 3 3 3 3
9 k 3 3 3 3
10 (Rer) (v5v,595) (v5v,57;) (v5v,57;) (v5v,57;)
1T (Rg2) (vv,,v5) (vv,,v3) (vv,,v3) (v;5v5595)
12 (Res) (v5v,595) (v5v,57;) (v5v,57;) (v5v,57;)
13 Sg; 3 3 3 3
14 Sg 3 3 3 3
15 Sg; 3 3 3 3
16 rGgi 3 4 6 10
17  re 3 4 6 10
18  rg;3 3 4 6 10
19 Mg 3 3 3 3
20 Mg 3 3 3 3
21 Mgs 3 3 3 3
22 (Rp) (viva,vs)  (vv,v;) (visva,v;)  (vv,v;)
23 Sp 3 3 3 3
24 7 9 12 18 30
25 g 15 18 24 36
26 My 3 3 3 3
27 Ng 15 12 24 12
28 Tr 0 0 0 0
pPi
29 Zj=1fi 6 7 9 13
P2
30 Zj:]f} 6 7 9 13
s
31 zj:pfi 6 7 9 13
»
32 Z,':1fj 18 21 27 39

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.4. Structural parameters® of translational parallel mechanisms in Figs.
3.12-3.17

No. Structural Solution
parameter 3-PRC (Figs. 3.12a,3.13,3.14)  3-PRPaR (Fig. 3.15)
3-PCR (Fig. 3.12b) 3-PRRPa (Fig. 3.16)
3-PPaRR (Fig. 3.17)
1 m 8 17
2 p 3 7
3 p 3 7
4  p;s 3 7
5 p 9 21
6 g¢q 2 5
7 k; 3 0
8 k, 0 3
9 k 3 3
10 (Rg) See Table 3.5 See Table 3.5
(i=123)
11 Sg 4 4
12 Sg 4 4
13 Sgs 4 4
14 rGl 0 3
15 rGg2 0 3
16 rGgs3 0 3
17 Mg, 4 4
18 Mg 4 4
19  Mg; 4 4
20 (Rp) (v,5v,,v5) (v,5v,,v5)
21 Sy 3 3
22 n 0 9
23 g 9 18
24 My 3 3
25 Ng 3 12
26 Tr 0 0
P
27 szIfj 4 7
p2
28 Zj:;fj 4 7
D3
29 z,-:zf.i 4 7
P
30 Zfﬂfj 12 21

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

FPllFal Pa

Fig. 3.1. Complex limbs for TPMs with coupled motions defined by M = S = 3,
(Rg) = (v;,v,,v3) and actuated by linear motors mounted on the fixed base
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a] b ]
P1RIFPIR P1RIRIP

] 4]
P1PIRIR P1RIPIR

le] [ f ]

H ™ Ho

P1RIC P1CIR

Fig. 3.2. Simple limbs for TPMs with coupled motions defined by Mgz = S = 4,
(Rg) =(v,,v,,v;,0,) and actuated by linear motors mounted on the fixed base
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a | b ]

PIR1PalIR PIRIPalllR

PIRIR L Pa

PLPal'RIR FPllFel RIIR

Fig. 3.3. Complex limbs for TPMs with coupled motions defined by Mg = S = 4,
(Rg) = (v,,v,,v;,w,) and actuated by linear motors mounted on the fixed base
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Fig. 3.4. Simple limbs for TPMs with coupled motions defined by Mgz = Sg = 4
(Rg) = (v,,v,,v;,m,) and actuated by linear motors mounted in the prismatic joint

between links 2, 3 (a, b, e-g) and 3, 4 (¢, d)
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a | b ]

R1PaLlPIR R1PalIRIP

RlPa1lc

Fig. 3.5. Complex limbs for TPMs with coupled motions defined by Mg = S = 4,
(Rg) = (v,,v,,v;,o,) and actuated by linear motors mounted in the prismatic or

cylindrical joint non adjacent to the fixed base
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H=H,=H:=H.
1= =1a=1c

Fig. 3.6. 3-PPaP-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by My = Sp = 3, (Rr) = (v,,v,,v,) Tr = 0,

Ng= 15, limb topology P L Pal|P
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(b

Fig. 3.7. 3-PPPa-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by My = Sr = 3, (Rr) = (v,,v,,v;) Tr = 0,

Ng= 15, limb topology P L P||Pa
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Fig. 3.8. 3-PPa“-type overconstrained TPMs with coupled motions defined by
Mp=Sr= 3, (Rp) =(v,,v,,v;), Tr= 0, Np= 12, linear actuators on the fixed base
and six cylindrical joints adjacent to the moving platform, limb topology P L Pa“
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(a)

H=H,=HEH-
1= ty=1s=1c
5=5,=5,=5;

Fig. 3.9. 3-PPa“-type overconstrained TPMs with coupled motions defined by
Mp=Sr=3,(Rp) =(v,,v,,v;), Tr= 0, Np= 12, linear actuators on the fixed base

and six revolute joints adjacent to the moving platform, limb topology P L Pa“
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(a)

(b

Fig. 3.10. 3-PPaPa-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by Mp = Sp = 3, (Rp) = (v,,v,,v;), Tr =0,

Ng = 24, limb topology P L Pa L* Pa (a) and P L Pa 1 'Pa (b)



124 3 Overconstrained 73-type TPMs with coupled motions

1=1,=1=1c
§=6,=6:56c

Fig. 3.11. Overconstrained TPMs of types 3-PPaPa (a) and 3-PPr (b) with coupled
motions and linear actuators on the fixed base, defined by Mp = S = 3, (Rp) =
(v;,v,,v;), Tr= 0 and Np= 24 (a), Nr= 12 (b), limb topology P||Pa L Pa (a) and

PL Pr(b)
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H=H,=H:=H-
1={,=15=1
4=4,=4,=4¢

(a)

H=H,=H=H:
I=i,=21521c
4=4,=45=4.

{b)
Fig. 3.12. Overconstrained TPMs of types 3-PRC (a) and 3-PCR (b) with coupled

motions and linear actuators on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tp=0, Np= 3, limb topology P L R||C (a) and P_L C||R (b)
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HEHEH=H-
f=l,=15=1c
4z4,=4524

() ke

Fig. 3.13. 3-PRC-type overconstrained TPMs with coupled motions and linear
actuators of parallel directions mounted on the fixed base, defined by Mr= Sr= 3,
(Rp)=(v,,v,,v;), Tr= 0, Np= 3, limb topology P L R||C
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1520

(b

Fig. 3.14. 3-PCR-type overconstrained TPMs with coupled motions and linear
actuators of parallel directions mounted on the fixed base, defined by Mr= Sr= 3,
(Rr)=(v,,v,,v;), Tr= 0, Np= 3, limb topology P L C||R
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(@)

H=H=H=H,
TE74=E7eE7

Fig. 3.15. 3-PRPaR-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by Mr = Sr = 3, (Rp) = (v,,v,,v;), Tr =0,

Np= 12, limb topology P||[R L. Pa LR (a)and P L R L Pa L R (b)
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(a)

(b)

Fig. 3.16. 3-PRRPa-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by Mp = S = 3, (Rp) = (v,,v,,v;), Tr= 0,
Ng= 12, limb topology P L R||R L "Pa (a) and P||R||R L Pa (b)
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T=ET4=7=70

Fig. 3.17. 3-PPaRR-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by Mr = Sr = 3, (Rp) = (v,,v,,v;), Tr =0,

Ng= 12, limb topology P L Pa 1" R||R (a) and P||Pa L R||R (b)
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1-E0

g
%o HEH=Ha=H-
Yo 1=1,=15=1c
4=4,=4,24
(a)
1550

H=H.=H:=H-
I=1,=1g=1-
4=4,=4p=4

(b)

Fig. 3.18. Overconstrained TPMs of types 3-RPC (a) and 3-CPR (b) with coupled
motions and linear actuators non adjacent to the fixed base, defined by My = Si =
3, (R =(v,,v,,v,), Tr= 0, Nz= 3, limb topology R L P L 'C (a)and C L P L 'R (b)
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(@)

H=H,=H=H
4=4,=454¢

1520

Qg
{b)
Fig. 3.19. 3-RPC-type overconstrained TPMs with coupled motions and linear

actuators non adjacent to the fixed base in A (a) and I (b) configurations defined
by Mr=Sr= 3, (Rp) = (v,,v,,v;), Tr= 0, Np= 3, limb topology R L P L Ic
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(@

) F——>

)
Fig. 3.20. 3-CPR-type overconstrained TPMs with coupled motions and linear

actuators non adjacent to the fixed base in A (a) and I (b) configurations defined
by Mp=Sp= 3, (Rp) =(v,,v,,v,), Tr= 0, Np= 3, limb topology C L P L R
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Fig. 3.21. 3-PPRR-type overconstrained TPMs with coupled motions and linear
actuators non adjacent to the fixed base, defined by Mp = Sp =

(v,,v,,v;), Tr=0, Ng= 3, limb topology P L P L 'R||R

Table 3.5. Bases of the operational velocities spaces of the limbs isolated from the

parallel mechanisms presented in Figs. 3.12-3.23

No. Parallel Basis
mechanism (Rg1) (Rq2) (Rg3)
1 Fig.3.12 (v, v,,v5,0,) (v,,v,,v,,0;) (v,v,v,,0,)

2 Figs. 3.13,3.14,
3.15a, 3.19, 3.20

3 Figs. 3.15b, 3.17b,
3.18,3.21, 3.22a,
3.23a

4  Figs. 3.16a, 3.17a,
3.22b, 3.23b

5 Fig. 3.16b

("1"’2"’3:‘%)

(vl’v2’v3’w/j)

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

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

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

(v,,v,,v;,05)

(v, v,,v5,0,)

(vl’v2’v3’wﬂ)

("1"’2"’3"’)5)

(vl’vZ’v.?’wa)

(v[’v2’v3’wﬁ)

(v[’v2’v3’w()'

3) (RF) =
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(a)

(b}

Fig. 3.22. 3-RPaPR-type overconstrained TPMs with coupled motions and linear
actuators non adjacent to the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v;), Tr = 0, Np = 12, limb topology R1 Pal"P1"R (a) and
RL Pal'P||R (b)
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(a)

) 1,207

Fig. 3.23. 3-RPaRP-type overconstrained TPMs with coupled motions and linear
actuators non adjacent to the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v;), Tr = 0, Np = 12, limb topology RJ_PaJ_HRJ_L}_’ (a) and
R Pal'R||P (b)
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Table 3.6. Structural parameters® of translational parallel mechanisms in Figs.

3.18-3.23
No. Structural Solution
parameter 3-RPC 3-PPRR 3-RPaPR
(Figs. 3.18a, 3.19) (Fig. 3.21) (Fig. 3.22)
3-CPR 3-RPaRP
(Figs. 3.18b, 3.20) (Fig. 3.23)
1 m 8 11 17
3 D2 3 4 7
4 D3 3 4 7
5 p 9 12 21
6 q 2 2 5
7 k; 3 3 0
8 k> 0 0 3
9 k 3 3 3
10 (Rg) See Table 3.5 See Table 3.5 See Table 3.5
(i=123)
11 Se1 4 4 4
12 Sz 4 4 4
13 Se3 4 4 4
14 rGgi 0 0 3
15 rGg2 0 0 3
16 rGs 0 0 3
17 Mg, 4 4 4
18 Mg, 4 4 4
19 Mg; 4 4 4
20 (Rr) (v595,v5) (v5v55v5) (v15v,,v5)
21 Sk 3 3 3
22 7 0 0 9
23 rE 9 9 18
24 Mg 3 3 3
25 Nr 3 3 12
26 Tr 0 0 0
pPi
27 Zj:] f 4 4 7
P2
28 z/_:]fj 4 4 7
Ps
29 Zj:] f 4 4 7
P
30 z/_:]fj 12 12 21

See footnote of Table 2.1 for the nomenclature of structural parameters
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3.2 Derived solutions with linear actuators

Solutions with lower degrees of overconstraint can be derived from the
basic solutions in Figs. 3.6-3.23 by using joints with idle mobilities. A
large set of solutions can be obtained by introducing one or two rotational
idle mobilities outside the parallelogram loops and up to three idle
mobilities (two rotations and one translation) in the parallelogram loop.
The joints combining idle mobilities are denoted by an asterisk. The idle
mobilities combined in a parallelogram loop (see Fig. 6.3 — Part 1) are
systematized in Table 3.7.

For example, the solutions of overconstrained TPMs with identical
limbs derived from the basic solution 3-PPaP in Fig. 3.6a are systematized
in Tables 3.8-3.10. One rotational idle mobility is combined in each
cylindrical joint C* outside the parallelogram loop. The rotational mobility
of the revolute joint denoted by R* is an idle mobility. In the same way, a
large set of overconstrained solutions can be derived from each solution in
Figs. 3.6-3.11.

Examples of solutions with identical limbs and three to twelve degrees
of overconstraint derived from the basic solutions in Figs. 3.6-3.11, 3.15—
3.17, 3.22 and 3.23 are illustrated in Figs. 3.24-3.42. The limb topology
and the number of overconstraints of these solutions are systematized in
Tables 3.11 and 3.12, and the structural parameters in Tables 3.13-3.17.
Two idle rotational mobilities are introduced in the spherical joint of the
parallelogram loops denoted by Pa“® and Pa™ which combines two
cylindrical, one revolute and one spherical joint (see Fig. 3.34).

Solutions with non identical limbs can be also obtained by various
combinations of the idle mobilities in the three limbs. Examples of
overconstrained solutions with idle mobilities and non identical limbs
derived from the basic solutions in Figs. 3.12-3.15 and 3.18-3.21 are
presented in Figs. 3.43-3.59. The limb topology and the number of
overconstraints of these solutions are systematized in Tables 3.18 and 3.19,
and the structural parameters in Tables 3.20-3.24. The linear actuators are
mounted on the fixed base in the solutions in Figs. 3.43-3.52 and on a
moving link in the solutions in Figs. 3.53-3.59. In the cylindrical joint
denoted by C* in Figs. 3.53-3.58, the translation is the actuated motion
and the rotation is the idle mobility.
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Table 3.7. Parallelogram loops with idle mobilities

No. Parallelogram
loop

Idle
mobilities

1 Pd° (Fig. 6.3b— Part 1)
2 Pda" (Fig. 6.3c —Part 1)
3  Pd’ (Fig. 6.3d —Part 1)
4  Pda™ (Fig. 6.3¢ —Part 1)

5  Pa™ (Fig. 6.3f - Part 1)

One translational idle mobility combined in a
cylindrical joint

One rotational idle mobility combined in a
universal joint

Two rotational idle mobilities combined in a
spherical joint

Two rotational idle mobilities combined in
two universal joints

One translational idle mobility combined in a
cylindrical joint and one rotational idle
mobilities combined in a universal joint

6  Pa”, Pa* (Fig. 6.3g — Part 1) One translational idle mobility combined in a

7 Pa” (Fig. 6.3h - Part 1)

cylindrical joint and two rotational idle
mobilities combined in a spherical joint
Three idle mobilities combined in two
spherical joints adjacent to the same link with
a complementary rotational mobility

Table 3.8. Overconstrained TPMs with idle mobilities in the parallelogram loop
derived from the basic solution 3-PPaP in Fig. 3.6a

No. Derived TPM Limb topology Nr
1 3-PPd°P P Pa||P 12
2 3-PPd'P P1 Pd"||P 12
3  3-PP4’P Pl Pa'||P 9
4 3-PPd"P P 1 Pa™||P 9
5  3-PPa™P Pl Pa™||P 9
6  3-PPd“P P Pa”||P 6
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Table 3.9. Overconstrained TPMs with idle mobilities outside the parallelogram
loop derived from the basic solution 3-PPaP in Fig. 3.6a

No. Derived TPM Limb topology Np
1 3-PPaPR* P 1 Pa||P 1" R (Fig. 8.13b — Part 1) 12
2 P 1 Pa||P LR (Fig. 8.13c — Part 1) 12
3 P L Pa||P||R (Fig. 8.13h — Part 1) 12
4 3-PPaR*P Pl Pal*R1'P(Fig.8.11h—Part1) 12
5 Pl PalR1P(Fig.8.11g—Part1) 12
6 P L Pa||R||P (Fig. 8.12h — Part 1) 12
7 3-PPaC* (Fig. 3.24) P Pd||C 12
8  3-PR*PaP (Fig.3.25a) P | R1" Pa||P (Fig. 8.11c —Part 1) 12
9 P L R||Pa||P (Fig. 8.11f — Part 1) 12
10 P||R L Pa||P (Fig. 8.8d — Part 1) 12
11 3-R*PPaP R1 P1" Pa||P (Fig. 8.21f — Part 1) 12
12 R1 P1'Pa||P (Fig. 8.21d — Part 1) 12
13 R||P L Pal|P (Fig. 8.21e — Part 1) 12
14 3-PPaPR*R* P 1 Pa||PL* R 1R (Fig. 9.30f — Part 1) 9
15 P 1 Pa||P||R L* R (Fig. 9.30i —Part 1) 9
16 ~ 3-PPaR*PR* P Pa||R||P L" R (Fig. 9.31h—Part 1) 9
17  3-PPaC*R* P1Pa||CL'R 9
18 3-PR*PaPR* P1 R1"Pa||P|R (Fig.9.19n —Part 1) 9
19 3-PR*PaC* P1R1"Pa|lC 9
20 3-R*PPaPR* R1 P1"'Pa|lP||R 9
21  3-R*PPaC* R1P1*PallC 9
22 3-PR*PaR*P P1 R1"Pa||R||P (Fig.9.19q —Part 1) 9
23 3-R*PPaR*P R1 P 1" Pa||R||P 9
24 3-PR*R*PaP P 1 R1"R||Pa||P (Fig.9.24g —Part 1) 9
25 P1R1*R1"Pa||P (Fig. 9.24b—Part 1) 9

[\
o)

3-R*R*PPaP RLRL"P1"Pa||P (Fig. 9.56e — Part 1) 9
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Table 3.10. Overconstrained TPMs with idle mobilities inside and outside the
parallelogram loop derived from the basic solution 3-PPaP in Fig. 3.6a

27 3-PPa‘PR*R*
28

29  3-PPa"PR*R*
30

31 3-PPa‘R*PR*
32 3-PPa"R*PR*
33 3-PPa‘C*R*
34  3-PPa"C*R*
35  3-PR*Pa‘PR*
36  3-PR*Pd'PR*
37  3-PR*Pa‘C*
38  3-PR*Pd'C*
39 3-R*PPa‘PR*

No. Derived TPM Limb topology Np
1 3-PPa°PR* PLPd||PL*R 9
2 P1Pa||PL'R 9
3 P 1 Pa‘||P||R 9
4  3-PPd“PR* P1Pa"||PL"R 9
5 PLPa"||PL'R 9
6 P 1 Pd"||P||R 9
7 3-PPa‘R*P PLlPaL*RLP 9
8 PLPa1LIRLP 9
9 P 1 Pda‘||R||P 9
10 3-PPa"R*P PlPa"l*RLIP 9
11 PLPd"1R1IP 9
12 P L Pd"|[R||P 9
13 3-PPa‘C* P 1 Pa‘||C 9
14 3-PP4"C* P 1 Pd"||C 9
15 3-PR*Pda‘P PLR1*Pd||P 9
16 P 1 R||Pd||P 9
17 P||R L Paf||P 9
18 3-PR*Pd"P PLR1*Pq"||P 9
19 P L R||Pd"||P 9
20 P||R L Pd"||P 9
21  3-R*PPa‘P RLP1*Pd||P 9
22 RLP1'Pa||P 9
23 R||P L Pa‘||P 9
24 3-R*PPa"P RLP1*Pd'||P 9
25 RLP1Pd"||P 9
26 R||P L Pd"||P 9
6
6
6
6
6
6
6
6
6
6
6
6
6

PLPa&||PL*RLIR
P1 Pa||P|[RL"R
PLPa||PL*RL'R
P1 Pa"||P||R L* R
P1 Pa||R||PL"R
P 1 Pd"||R||PL"R
P1 Pa||CL"R

P1 Pa"||CL"R

P1 R1"Pda||P||R
P1R1"Pd"||P||R
P1R1"Pd||C
PLR1"Pa"||C

R1 P1"Pd||P||R
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Table 3.10. (cont.)

40 3-R*PPa"PR* R1 P1*Pa"||P||R

41  3-R*PPa°C* R1P1"Pd||C

42 3-R*PPa"C* R1P1*Pa"||C

43 3-PR*Pa‘R*P P 1R 1" Pd|R||P

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

3-PR*Pa"R*P
3-R*PPd‘R*P
3-R*PPa"R*P
3-PR*R*Pa‘P
3-PR*R*Pd"'P
3-R*R*PPa‘P

3-R*R*PPd"P
3-PPa’PR*

3-PPd""PR*

3-PPa"PR*

3-PPda’R*P

3-PPa"R*P

3-PPa““R*P

3-PPa’C*
3-PPa"C*
3-PPa"C*
PR*Pa’'P

PR*Pd™P

P1R1"Pd"||R||P
R 1 P1"Pd|R||P
R1P1*Pd"||R||P
P 1 R1*R||Pd||P
PLR1*R1'"Pa||P
P 1 R1*R||Pd"||P
PLR1*R1'Pg"||P
RLRL"P1"Pa||P
RLR1*P1*Pd"||P
PL1Pd||PL*R
PLP&||PLR

P1 Pa’||P||R
P1Pd"||PL*R
PLPa"|PL'R
P1 Pa™||P||R
P1Pa™||PL"R
PLPa||PLR

P 1 Pa™||P||R
PlLPa1*RLP
PLPaLlRLIP
P1 Pa'|R||P
PlPa"1*R1P
PLlPa"1l'R1Ip
pP1 Pa™||R||P
PLlPa1*R1LIIP
PLpaL'RLIP
P 1 Pa™||R||P

P 1 Pd'||C

P 1 Pd"||C

P 1 Pa™||C
PL1R1*Pd||P

P 1 R||Pa’||P
P|[R L Pa’||P
PL1RL"Pa™||P

P L R||Pd"||P
P||R L Pa"||P

[*)Je)Wie Ne)Ne) Wie ) lle) Je o) ie Ne e Nle) Se e Ne o) Nle Ne e e Nle N Mo e ) Je) Nl o) Sl ke M) Nle) lile N e o) Ne ) N N ) Ne) N e
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Table 3.10. (cont.)

80
81
82
83
84
85
86
87
88
&9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

PR*Pa™P

3-R*PPa’P

3-R*PPd™P

3-R*PPa"'P

3-PPa”P (Fig. 3.25a)
3-PPa”PR*

3-PPa*PR*

3-PPa“R*P

3-PPa“R*P

3-PPaC*
3-PPaC*
3-PR*Pa“P

3-PR*Pa®P

3-R*PPa®P

3-R*PPa"P

3-PPa’PR*R*

PLR1*Pa™||P
P L R||Pa™||P
P||R L Pa™||P
RLP1*Pd||P
RLP1'Pa||P
R||P L Pd’||P
R1P1"Pd"||P
RLP1'Pa™|P
R||P L Pa"||P
RLP1*Pa||P
RLP1'Pa||P
R||P L Pa™||P

P 1 Pa®||P

Pl Pa||PL*R
PLPa||PL'R

P L Pa®||P||R
P1 Pa®||PL"R
PLPa“||PL'R
P L Pa®||P||R
PlPa®1*RLIP
PlPaLRLIP
P L Pa”||R||P
PlPa®1*R1P
PlPa1RLIP
P 1 Pa®||R||P

P 1 Pa%||C

P 1 Pa”||C
PLR1*Pa%||P
P L R||Pa®||P
P||IR L Pa®||P
PLR1*Pa”||P
P L R||Pa®||P
P||IR L Pa®||P
RLP1*Pa™||P
R1P1Pa”||P
R|[P L Pa®||P
RLP1*Pa®||P
R1P1Ps%||P
R||P L Pa”||P
PLPad||IPL*RL'R
P Pd'||P||[RL*R

W W W W WWW WWW WWW WWWWW WWW WWwWw www wuwoaoaoasasaoasaoaaansasoaoaoaas ooy &
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Table 3.10. (cont.)

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

3-PPd"PR*R*
3-PPaPR*R*

3-PPa’R*PR*
3-PPad"R*PR*
3-PPa“R*PR*
3-PPa’C*R*
3-PPa"C*R*
3-PPa“"C*R*
3-PR*Pa’PR*
3-PR*Pd"PR*
3-PR*Pa™PR*
3-PR*Pd’C*
3-PR*Pd"'C*
3-PR*Pa’™C*
3-R*PPa’PR*
3-R*PPd"'PR*
3-R*PPa™PR*
3-R*PPd’C*
3-R*PPd"'C*
3-R*PPa"™C*
3-PR*Pa’R*P
3-PR*Pd"R*P
3-PR*Pa™R*P
3-R*PPa’R*P
3-R*PPd"“R*P
3-R*PPa™R*P
3-PR*R*Pa’'P

3-PR*R*Pd"P
3-PR*R*Pa‘P
3-R*R*PPa’P

3-R*R*PPd"P
3-R*R*PPa"P

PLPa"|PL*RL'R
P1 Pa"™||P||R L"R
PLPa|PL*RLIR
P1 Pa”||P||RL"R
P1Pd||R||PL"R

P 1 Pd"||R||PL"R
P1 Pa™||R||PL"R
P1 Pa’||CL"R

P1 Pa"||CL"R

P1 Pa”||CL"R

P1 R1"Pa'||P||R
P1R1"Pa"||P||R
P1 R1"Pa”||P||R
P1R1"Pd'||C
P1R1"Pa™||C
P1R1"Pa™||C

R1 P1"*Pa'||P||R
R1 P 1" Pa"||P|IR
R1P.1"Pa”||P|R
R1P1"Pd'||C
R1P1"Pa"||C
R1P1"Pa"||C
P1R1"Pd'||R||P
P1R1"Pa"||R|P
P1RL"Pa”|R||P
R1 P1"Pd'||R||P
R1 P1"Pa"||R|P
R1 P1"Pa”|R||P
P1 R1"R||Pa’||P
PLR1*R1Pa||P
P 1 R1"R||Pa™||P
PLR1*R1"Pa™| P
P 1 R1"R||Pa®||P
PLR1*R1'"Pa||P
R1LR1"P1"Pa'||P
R1LR1"P1"*Pa™||P
R1LR1"P1"Pa||P

W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W w w Ww
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Table 3.11. Limb topology and the number of overconstraints Ny of the derived
TPMs with idle mobilities and linear actuators mounted on the fixed base
presented in Figs. 3.24-3.38

No. Basic TPM Derived TPM
type Nr  type Nr  Limb topology
1 3-PPaP 15 3-PPaC* 12 P Pd||C*
(Fig. 3.6a) (Fig. 3.24a)
2 3-PR*PaP 12 PLR*1" Pa||P
(Fig. 3.25a)
3 3-PPa*P 3 P 1 Pa®||P
(Fig. 3.26a)
4  3-PPPa 15 3-PC*Pa 12 PL1C¥|Pa
(Fig. 3.7a) (Fig. 3.24b)
5 3-PPR*Pa 12 p1p1tR*1Pqg
(Fig. 3.25b)
6 3-PPPd* 3 P P||Pa*
(Fig. 3.26b)
7 3-PPdg“ 12 3-PR*Pg* 9 Pl R* 1t Psg
(Fig. 3.8a) (Fig. 3.28a) B
8 3-PR*Pa** 3 P1R*1*Ppg
(Fig. 3.27a)
9  3-PP4g“ 12 3-PR*Pa‘* 9 PL1R*1*Ppg~
(Fig. 3.9a) (Fig. 3.28b)
10 3-PR*Pa“™ 3 P1R*1*Pa*
(Fig. 3.27b)
11 3-PPaPa 24 3-PPaPd" 12 Pl PalPa®
(Fig. 3.10a) (Fig. 3.29a) -
12 3-PPa*Pa 12 Pl P& 1t Pa
(Fig. 3.30a) B
13 3-PPaPa 24 3-PPaPd" 12 PlPalpg®
(Fig. 3.10b) (Fig. 3.29b)
14 3-PPa*Pa 12 P1PallPa®
(Fig. 3.30b)
15  3-PPaPa 24 3-PPaPa* 12 P||Pal Pa”®
(Fig. 3.11a) (Fig. 3.31a)
16 3-PPa*Pa 12 P||Pa” L Pa
(Fig. 3.31b)
17 3-PPr 12 3-PP 6 PLP¥
(Fig. 3.11b) (Fig. 3.34a)
18 3-PPr*R* 3 P1 P LIIR*
(Fig. 3.34b)
19  3-PRPaR 12 3-PR*RPaR 9 PLR*1'R1PallR
(Fig. 3.15a) (Fig. 3.32a)
20 3-PRPa* 3 P||R L Pa*

(Fig. 3.33a)




146 3 Overconstrained 73-type TPMs with coupled motions
Table 3.11. (cont.)
21  3-PRPaR 12 3-PR*RPaR 9 P||[R* LR1 Pal'R
(Fig. 3.15b) (Fig. 3.32b)
22 3-PRPd" 3 PLR1Pd*
(Fig. 3.33b)
23 3-PRRPa 12 3-PRRPaR* 9  PLR||RL'"Pa||R*
(Fig. 3.16a) (Fig. 3.35a)
24 3-PRPa* 3 P1LR1pg*
(Fig. 3.36a)
25 3-PRRPa 12 3-PRRPaR* 9 P||R||R L Pa||R*
(Fig. 3.16b) (Fig. 3.35b)
26 3-PRRPa" 3 P||R||R L Pa®
(Fig. 3.36b)
27  3-PPaRR 12 3-PR*PaRR 9 P 1 R*|Pal"R|IR
(Fig. 3.17a) (Fig. 3.37a)
28 3-PPa*R 3 PLPS 1R
(Fig. 3.38a) B
29  3-PPaRR 12 3-PR*PaRR 9 P||R*||Pa L R||R
(Fig. 3.17b) (Fig. 3.37b)
30 3-PPa*R 3 P||Pa* LR
(Fig. 3.38b)

Table 3.12. Limb topology and the number of overconstraints Ny of the derived
TPMs with idle mobilities and linear actuators mounted on a moving link presented
in Figs. 3.39-3.42

No. Basic TPM Derived TPM
type Nr  type Nr  Limb topology
1 3-RPaPR 12 3-RPaPRR* 9 R1Pal Pl R R*
(Fig. 3.22a) (Fig. 3.39a) B
2 3-RPa“PR 3 RLPa“1*P1*R
(Fig. 3.40a) N
3 3-RPaPR 12 3-RPaPRR* 9 R1 PalP||RLR*
(Fig. 3.22b) (Fig. 3.39b)
4 3-RPa“PR 3 R1Pa“1'P||R
(Fig. 3.40b)
5 3-RPaRP 12 3-RPaRR*P 9 R1PalR1R*1*P
(Fig. 3.23a) (Fig. 3.41a)
6 3-RPa”P 3 RLPa*1'P
(Fig. 3.42a) B
7 3-RPaRP 12 3-RPaRPR* 9 R1 PalR||PLR*
(Fig. 3.23b) (Fig. 3.41b)
8 3-RPa“RP 3 R Pa” L R||P

(Fig. 3.42b)




3.2 Derived solutions with linear actuators 147

HEH.=HSH-
I=1y=15=1c
6=6,=6,=6

f=fy=1=1
6=6,=6,=6

Fig. 3.24. Overconstrained TPMs of types 3-PPaC* (a) and 3-PC*Pa (b) with
coupled motions and linear actuators on the fixed base, defined by My = Sp = 3,
Rp)=(v,,v,,v;) Tr= 0, Np= 12, limb topology P L Pa||C* (a) and P L C*||Pa (b)



148 3 Overconstrained 73-type TPMs with coupled motions

1=ths1=1c
TE74=7g=7c

Fig. 3.25. Overconstrained TPMs of types 3-PR*PaP (a) and 3-PPR*Pa (b) with
coupled motions and linear actuators on the fixed base, defined by Myr = Sp = 3,

(Rp) = (v,,v,,v;) Tr = 0, Np = 12, limb topology P L R* 1" Pa||P (a) and
PLPL1*R*1Pa(b)
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H=H,=HEH:
I= 121521
6=6,=65=6;

H=H,=H=H-
f=fy=15=71;
6=6,=6,=6

Fig. 3.26. Overconstrained TPMs of types 3-PPa”P (a) and 3-PPPa” (b) with
coupled motions and linear actuators on the fixed base, defined by Myr = Sp = 3,
(Rp)=(v,,v,,v;) Tr= 0, Np= 3, limb topology P L Pa™||P (a) and P L P||Pa* (b)
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H=H=H=H-
I==15=T1c
6=6,=6,=6-

Fig. 3.27. Overconstrained TPMs of types 3-PR*Pa* (a) and 3-PR*Pa“ (b) with
coupled motions and linear actuators on the fixed base, defined by My = Sp = 3,

(Rp) = (v,,v,,v;) Tr = 0, Nr = 3, limb topology P L R*1*Pa* (a) and
P L R*1* Pd (b)
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H=H,=H=H:
I=1,=1521;

HEHEHa=H:
1= {4=1=10

Fig. 3.28. 3-PR*Pa“-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by My = Sp = 3, (Rr) = (v,,v,,v,) Tr = 0,

Ng= 9, limb topology P L R* 1" Pa*
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Fig. 3.29. 3-PPaPa*-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by My = S = 3, (Rr) = (v,,v,,v;) Tr = 0,

Np= 12, limb topology P L Pa 1* Pa* (a) and P L Pa L 'Pa™ (b)
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(a)

(b)

Fig. 3.30. 3-PPa”Pa-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by My = Sr = 3, (Rr) = (v,,v,,v;) Tr = 0,

Np= 12, limb topology P L Pa* 1* Pa (a) and P L Pa* 1 'Pa (b)
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Fig. 3.31. Overconstrained TPMs of types 3-PPaPa™ (a) and 3-PPa*Pa (b) with
coupled motions and linear actuators on the fixed base, defined by My = Sp = 3,
(Rp) =(v,,v,,v;) Tr=0, Ng = 12, limb topology P||Pa L Pa* (a) and P||Pa” L Pa

(b)
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Fig. 3.32. 3-PR*RPaR-type overconstrained TPMs with coupled motions and
linear actuators on the fixed base, defined by Mr = S = 3, (Rp) = (v,,v,,v;)

Tr= 0, Np= 9, limb topology P L. R* L 'R 1 Pa 1 R (a) and P||[R* L R L Pa_L R (b)
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(a)

H=H=H=H:
626,=6,=6-

Fig. 3.33. 3-PRPa"-type overconstrained TPMs with coupled motions and linear
actuators on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;) Tp =0,
Nr= 3, limb topology P||R L Pa” (a) and P L R 1 Pa” (b)
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(a)

H=H,=H,=H:
1= 1,212 1
§=6,=65=6¢

(b)

Fig. 3.34. Overconstrained TPMs of types 3-PPr* (a) and 3-PPr*R* (b) with
coupled motions and linear actuators on the fixed base, defined by My = Sp = 3,
(Rp) = (v,,v,,v;) Tr= 0, Nr= 6 (a), Nr = 3 (b), limb topology P L Pr* (a) and
PL P LIR* (b)
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Fig. 3.35. 3-PRRPaR*-type overconstrained TPMs with coupled motions and
linear actuators on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;)

Tp= 0, Nr= 9, limb topology P L R||R L "Pa||R* (a) and P||R||R L Pal||R* (b)
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H=H,=H:=H-
1=1,=1=1c
7=7,=7=7c

Fig. 3.36. Overconstrained TPMs of types 3-PRPa” (a) and 3-PRRPa” (b) with
coupled motions and linear actuators on the fixed base, defined by My = Sp = 3,
(Rp) = (v,,v,,v;) Tr = 0, Nr = 3, limb topology PLRL IPa* (a) and
P||R||R L Pa® (b)
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{b)
Fig. 3.37. 3-PR*PaRR-type overconstrained TPMs with coupled motions and
linear actuators on the fixed base, defined by Mr = Sr = 3, (Rp) = (v,,v,,v;)

Tr= 0, Nr= 9, limb topology P L R*||Pa L" R||R (a) and P||R*||Pa L R||R (b)
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HEH,=H.=H-
T=1y=1s=1c
626,266 N

(o)
Fig. 3.38. 3-PPa”R-type overconstrained TPMs with coupled motions and linear

actuators on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;) Tp =0,
Ng= 3, limb topology P L Pa* 1" R (a) and P||Pa” L R (b)
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(a)

H=H,=H=H-
i=f,=1=1c
8=8,=8:,=8;

(b)

Fig. 3.39. 3-RPaPRR *-type overconstrained TPMs with coupled motions and linear
actuators on a moving link, defined by Mp= Sr=3, (Rp) = (v,,v,,v;) Tr= 0, Npr= 9,

limb topology R L Pa L* P 1* R 1 R*(a)and R L Pa L 'P||R L R* (b)
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(a)

H=H,=H=H,
T=1,21s=1c
7=7,=75=7

(b)

Fig. 3.40. 3-RPa”PR-type overconstrained TPMs with coupled motions and linear
actuators on a moving link, defined by Mp= Sr= 3, (Rp) = (v,,v,,v;) Tr= 0, Np= 3,

limb topology R L Pa L* P 1* R (a) and R L Pa™ L ''P||R (b)
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8=8,=8:,=8;

Fig. 3.41. Overconstrained TPMs of types 3-RPaRR*P (a) and 3-RPaRPR* (b)
with coupled motions and linear actuators mounted on a moving link, defined

by Mr = Sr = 3, (Rp) = (v,,v,,v;) Tr = 0, Np = 9, limb topology
RLPal'RLR*1"P(a)and R L PaL'R||P L R*(b)
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(a)

H=H,=H:=H-
i=1,=1=1c
626,266,

) 1,507

Fig. 3.42. Overconstrained TPMs of types 3-RPa”P (a) and 3-RPa“RP (b) with
coupled motions and linear actuators mounted on the moving platform, defined by

Mp=Sr=3,(Rp)=(v,,v,,v,) Tr= 0, Nr-= 3, limb topology R | Pa* 1" P (a) and
R 1 Pa® 1 R||P (b)
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Table 3.13. Bases of the operational velocities spaces of the limbs isolated from

the parallel mechanisms presented in Figs. 3.24-3.42

No. Parallel Basis

mechanism (Rg)) (Rg2) (Rg3)
1 Fig.3.24 (v,,v,,v;,0;) (v,,v,,v;,05) (v,,v,,v;,0,)
2 Figs.3.2573.28, (vzrvwv,wwﬁ) (vz’vpvjrwa) ("1"’21"310)/3)

3.30b

3 Figs.3.29a,3.33b, (v,,v,,v,,0,) (v,.v,,v;,05) (v, v,,v;,0,)
3.38b, 3.40a,
3.42a
4 Figs. 3.29b,3.31a, (v,,v,,v,,0) (v,,v,,v;,0;) (v,,vz,vj,a)/,)
Figs. 3.30a, 3.36a, (v, v, v;,04) (v,v,v5,0,) (vl’v2’v3’wﬁ)
3.38a, 3.40b,
3.42b
Fig.3.31b (v, v,,v;,04) (v.v,,95.0,) (v, v,.v;,0,)
Figs. 3.32a,3.35a, (v,,v,,v;,0,,0;) (v,,v,,v;,0,,0,) (v,v,,v,,0,,0,
3.39b, 3.41b
Figs. 3.32b, 3.35b (vaz’vaa»wﬂ) (vl’vzyva/f’wo‘) (v,v,v;,0,,0;5)
9 Fig.3.33a (v, v,,v;,0,) (v,,v,,v;,04) (v, v,,v;,04)
10 Fig.3.34a (v, v,,v;) (v, v,,v;) (v;,v,,v;)
11 Figs.3.34b,3.36b (v, v,,v,,®,) (v,,v,,v;,04) (v,,v,,v;,0;)
12 Fig.3.37a (v, v, 95,05,05) (v,,v,,v;,0,,05) (v,v,,v;,0,,0,)
13 Figs. 3.37b,3.39%, (v,,v,,v;,0,,0,) (v,,v,,v;,0,,0;) (v,,v,,v;,0,,0;

34la
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Table 3.14. Structural parameters® of translational parallel mechanisms in Figs.
3.24-3.27

No. Structural Solution
parameter 3-PPaC* 3-PR*PaP 3-PPa*P (Fig. 3.26a)

(Fig. 3.24a) (Fig. 3.25a) 3-PPPa*(Fig. 3.26b)
3-PC*Pa 3-PPR*Pa 3-PR*Pa™“ (Fig. 3.27a)
(Fig. 3.24b) (Fig. 3.25b) 3-PR*Pa"“” (Fig. 3.27b)

1 m 14 17 14

2 P 6 7 6

3 )2 6 7 6

5 p 18 21 18

6 q 5 5 5

7 k; 0 0 0

8 k> 3 3 3

9 k 3 3 3

10 (Rg) See Table 3.13 See Table 3.13 See Table 3.13

(i=123)

11 e 4 4 4

12 Sz 4 4 4

13 Scs 4 4 4

14 rGi 3 3 6

15 762 3 3 6

16 763 3 3 6

17 Mg; 4 4 4

18 Mg, 4 4 4

19 Mg 4 4 4

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

21 Sr 3 3 3

22 rl 9 9 18

23 rE 18 18 27

24 My 3 3 3

25 Nr 12 12 3

26 Tr 0 0 0

27 z o, 7 7 10

28 Z f 7 7 10

29 z o, 7 7 10

30 Z 21 21 30

See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.15. Structural parameters® of translational parallel mechanisms in Figs.
3.28-3.32

No. Structural Solution
parameter 3-PR*Pa*¢ 3-PPaPa” 3-PR*RPaR
(Fig. 3.28a,b) (Figs. 3.29a, b, 3.31a)(Fig. 3.32a, b)

3-PPa*Pa
(Figs. 3.30a, b,
3.31b)

1 m 14 20 20

2 P 6 9 8

3 )2 6 9 8

4 D3 6 9 8

5 p 18 27 24

6 q 5 8 5

7 k; 0 0 0

8 k> 3 3 3

9 k 3 3 3

10 (Rai) See Table 3.13 See Table 3.13 See Table 3.13

(i=123)

11 e 4 4 5

12 Sz 4 4 5

13 Sg3 4 4 5

14 rGi 4 9 3

15 rG2 4 9 3

16 rGgs 4 9 3

17 Mg, 4 4 5

18 Mg, 4 4 5

19 Mg; 4 4 5

20 (RF) (v;5v5575) (v;5v5575) (v5v,57;)

21 Sr 3 3 3

22 r 12 27 9

23 rE 21 36 21

24 My 3 3 3

25 Nr 9 12 9

26 Tr 0 0 0

27 z o, 8 13 8

28 Z /i 8 13 8

29 z o, 8 13 8

30 Z 24 39 24

See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.16. Structural parameters® of translational parallel mechanisms in Figs.

3.33 and 3.34

No. Structural Solution
parameter 3-PRPd* 3-PPr¥ 3-PPr°R*

(Fig. 3.33a,b) (Fig. 3.34a) (Fig. 3.34b)

1 m 14 14 17

2 DI 6 7 8

3 )2 6 7 8

4 D3 6 7 8

5 p 18 21 24

6 q 5 8 8

7 k; 0 0 0

8 k> 3 3 3

9 k 3 3 3

10 (Rg) See Table 3.13 See Table 3.13 See Table 3.13
(i=123)

11 Se1 4 3 4

12 Se2 4 3 4

13 Sc3 4 3 4

14 rGi 6 12 12

15 rG2 6 12 12

16 763 6 12 12

17 Mg, 4 3 4

18 Mg 4 3 4

19 Mg; 4 3 4

20 (Rr) (v;5v,,v3) (v5v,,v5) (v;5v,,v;)

21 Sr 3 3 3

22 7 18 36 36

23 rE 27 42 45

24 My 3 3 3

25 Nr 3 6 3

26 Tr 0 0 0

27 Z f 10 15 16

28 Z o, 10 15 16

29 Z f 10 15 16

30 Z 30 45 48

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.17. Structural parameters® of translational parallel mechanisms in Figs.
3.35-3.42

No. Structural Solution

parameter 3-PRRPaR* (Fig. 3.35a,b) 3-PRPa” 3-PRRPa”
3-PR*PaRR (Fig. 3.37a,b) (Fig. 3.36a) (Fig. 3.36b)
3-RPaPRR* (Fig. 3.39a,b) 3-PPa*R 3-RPa“PR
3-RPaRR*P (Fig. 3.41a) (Fig. 3.38a,b)  (Fig. 3.40a, b)
3-RPaRPR* (Fig. 3.41b)  3-RPa™P 3-RPa“RP
(Fig. 3.42a) (Fig. 3.42b)
1 m 20 14 17
3 D2 8 6 7
5 )4 24 18 21
6 q 5 5 5
7 k; 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (Rai) See Table 3.13 See Table 3.13  See Table 3.13
(i=123)
11 NYer 5 4 4
12 Se2 5 4 4
13 Sa3 5 4 4
14 rGgi 3 6 6
15 762 3 6 6
16 763 3 6 6
17 Mg, 5 4 4
18 Mg, 5 4 4
19 Mg; 5 4 4
20 (RF) (v,5v,55) (v5v,57;) (v,5v,57;)
21 Sk 3 3 3
22 7 9 18 18
23 e 21 27 27
24 My 3 3 3
25 Nr 9 3 3
26 Tr 0 0 0
P
27 Z,-:]fj 8 10 10
P2
28 Zj:,f, 8 10 10
P3
29 Z,-:]fj 8 10 10
P
30 ijjf,- 24 30 30

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.18. Limb topology and the number of overconstraints Ny of the derived
TPMs with idle mobilities and linear actuators mounted on the fixed base
presented in Figs. 3.43-3.52

No. Basic TPM Derived TPM
type Nr  type Nr  Topology of the limbs
1 3-PRC 3 PRCR*-2PRC 2 PLR||CLR*
(Fig. 3.12a) (Fig. 3.43a) PLR||C
2 2PRCR*-PRC 1
(Fig. 3.44a)
3 3-PCR 3 PCRR*-2PCR 2 PLC|RLR*
(Fig. 3.12b) (Fig. 3.43b) PLC|R
4 2PCRR*-PCR 1
(Fig. 3.44b)
5  3-PRC 3 PRR*C-2PRC 2 PLRLR*1C
(Fig. 3.13a, b) (Fig. 3.45a, b) PLR|C
6 2PRR*C-PRC 1
(Fig. 3.47a,b)
7  3-PCR 3 PCR*R-2PCR 2 PLCLR*LIR
(Fig. 3.14a, b) (Fig. 3.46a, b) PLC|IR
8 2PCR*R-PCR 1
(Fig. 3.48a, b)
9  3-PRPaR 12 PR*RPaR-2PRPaR 11 PLR*1'R1PalR
(Fig. 3.15a) (Fig. 3.49a) P|[RLPaLl'R
10 PRPa*-2PRPaR 9 P||R L Pa”
(Fig. 3.50a) P|[RLPal'R
11 PR*RPa™-2PRPa* 2 P1LR*1'R1 Pa*
(Fig. 3.51a) P||R L Pa*
12 2PR*RPa*-PRPa* 1
(Fig. 3.52a)
13 3-PRPaR 12 PR*RPaR-2PRPaR 11  P||[R*LR1LPal'R
(Fig. 3.15b) (Fig. 3.49b) PLR1PallR
14 PRPa*-2PRPaR 9 PLR1Pd*
(Fig. 3.50b) PLR1PallR
15 PR*RPa”-2PRPa* 2 P||R*L R 1 Pa”
(Fig. 3.51b) PLR1Pd*
16 2PR*RPa*-PRPa* 1

(Fig. 3.52b)
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Table 3.19. Limb topology and the number of overconstraints Ny of the derived
TPMs with idle mobilities and linear actuators mounted on a moving link presented

in Figs. 3.53-3.59

No. Basic TPM Derived TPM
type Nr  type Nr  Topology of the limbs
1 3-RPC 3 RC*C-2RPC 2 RLc*1lc
(Fig. 3.18a (Fig. 3.53a) R1LP1lC
2 2RC*C-RPC 1
(Fig. 3.54a)
3 3-CPR 3 CC*R-2CPR 2 cLc*1'r
(Fig. 3.18b) (Fig. 3.53b) cLp1'r
4 2CC*R-CPR 1
(Fig. 3.54b)
5  3-RPC 3 RC*C-2RPC 2 RLc*1llC
(Fig. 3.19a, b) (Fig. 3.55a, b) RLP1C
6 2RC*C-RPC 1
(Fig. 3.57a,b)
7  3-CPR 3 CC*R-2CPR 2 cLcx1R
(Fig. 3.20a, b) (Fig. 3.56a, b) cLp1'r
8 2CC*R-CPR 1
(Fig. 3.58a, b)
9  3-PPRR 3 PPRRR*-2PPRR 2 PLPL1'R|RLIR*
(Fig. 3.21) (Fig. 3.59a) PLPL'R|R
10 2PPRRR*-PPRR 1

(Fig. 3.59b)
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H=H,EHSH-
1=y=121c
525,454

HEH=H=H,
1= 12121
525,=4,54

(b)

Fig. 3.43. Overconstrained TPMs of types PRCR*-2PRC (a) and PCRR*-2PCR
(b) with coupled motions and linear actuators mounted on the fixed base, defined
by My = Sp= 3, (R) = (v,,v,,v;), Tr= 0, Np = 2, limb toplogies P L R||C L 'R*
and P L R||C (a), P L C||RL"R*and P L C||R (b)
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HEHEH=H,

1= 12121
525,254

Fig. 3.44. Overconstrained TPMs of types 2PRCR*-PRC (a) and 2PCRR*-PCR
(b) with coupled motions and linear actuators mounted on the fixed base, defined
by M= Sp =3, (RF) = (v,,v,,v;) Tr =0, Nz = I, limb topologies P L R||C LR*
and P L R||C (a), P L C||RL"R*and P L C||R (b)
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H=EH=HEH
I=1=15=71c
5=5,=4,=4-

(b)

Fig. 3.45. PRR*C-2PRC-type overconstrained TPMs with coupled motions and
parallel linear actuators mounted on the fixed base, defined by Mr= Sr= 3, (Rr) =
(v,,v,,v;) Tr= 0, Ng = 2, limb topologies P L R L R* 1 '|Cand P L R||C
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(@)

1,420 120
ke L L
%é[—l—-—-— i =]
_L\ZE —
1520

H=H=H=H:

- 1= =1a21c
525,244~

120

120

{b)

Fig. 3.46. PCR*R-2PCR-type overconstrained TPMs with coupled motions and
parallel linear actuators mounted on the fixed base, defined by Mr= Sr= 3, (Rr) =
(v,,v,,v;) Tr= 0, Ny = 2, limb topologies P L. C L R* 1L 'Rand P L C||R
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(a)

H=EH=HEH
T=1y=1a21c
525,=5554.

i

2y

(b)

Fig. 3.47. 2PRR*C-PRC-type overconstrained TPMs with coupled motions and
parallel linear actuators mounted on the fixed base, defined by Mr= Sp= 3, (Rr) =
(v;,v,,v;) Tr= 0, Np= 1, limb topologies P L R L R* L ICand PLR||C
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(@

1,50 3g 1o2
e L~
q2§[_k—— — F——
_J\ZB —
1550

HEH=HEH,

L f2ty=1s21c
5z5,25,54

i

2

1,4=0

(b

Fig. 3.48. 2PCR*R-PCR-type overconstrained TPMs with coupled motions and
parallel linear actuators mounted on the fixed base, defined by Mr= Sp= 3, (Rr) =
(v,,v,,v;) Tr= 0, Np= 1, limb topologies P L. C L R* L 'Rand PL C||R
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(@)

H=H,=EH:=H,
8=84=7557

Fig. 3.49. PR*RPaR-2PRPaR-type overconstrained TPMs with coupled motions
and linear actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;) Tr = 0, Ny = 11, limb topologies P L R*L'R1 Pal 'R and
P|[RLPal'R(a), P||[R* LRLPal 'Rand PL R1 Pal'R (b)
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(®)

H=H=H:SH-
7E74=6557¢

Fig. 3.50. PRPa*-2PRPaR-type overconstrained TPMs with coupled motions and
linear actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v,), Tr = 0, Np = 9, limb topologies P||R L Pa* and P||R L Pal R (a),
PLRLPs*andPLR1Pal'R(b)
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(a}

H=H.=H:=H:
727,656

Fig. 3.51. PR*RPa”-2PRPa*-type overconstrained TPMs with coupled motions
and linear actuators mounted on the fixed base, defined by Mr = Sr = 3, (Rp) =
(v,,v,,v;), Tr= 0, Nz = 2, limb topologies P L R* LR | Pa* and P||R L Pa* (a)
and P||[R* L R 1L Pa” and P L R 1 Pa” (b)



182 3 Overconstrained 73-type TPMs with coupled motions

(a)

HEH=H=H,
7=74=7g=6¢

b 1 550

Fig. 3.52. 2PR*RPa*-PRPa*-type overconstrained TPMs with coupled motions
and linear actuators mounted on the fixed base, defined by Mr = Sr = 3, (Rp) =
(v,,v,,v;), Tr=0, Ne= 1, limb topologies P L R* 1 'R | Pa* and P||R L Pa" (a),
Pl|IR* LR 1 Pa* and P 1L R 1 Pa* (b)
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H=H.=H:=H-
Yo I=1y=121c
4=4,=4,=4-

(@

1520

H=H=H.=H-
1=h=1=T1c
4=4,=4,=4

1520

(b)

Fig. 3.53. Overconstrained TPMs of types RC*C-2RPC (a) and CC*R-2CPR (b)
with coupled motions and linear actuators non adjacent to the fixed base, defined
by My =S =3, (Rp) = (v,,v,,v,), Tr = 0, Np = 2, limb topologies R L C* 1 'C

andRLP1IC(a),CLC*LRand CLPL'R (b)
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1,20

H=EH=HSH-
Yo 1= 12121
4=4,=4=4-

@

H=H=HSH-
I=1y=15= 1
4=4,=4,54-

[(]]

Fig. 3.54. Overconstrained TPMs of types 2RC*C-RPC (a) and 2CC*R-CPR (b)
with coupled motions and linear actuators non adjacent to the fixed base, defined
by My = S =3, (Rp) = (v,,v,,v,), Tr = 0, Np = 1, limb topologies R L C* 1 'C

andR1LP1C(a),CLC*1L'Rand CLP LR (b)
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185

(@

HEHEHs=H,
/ 424,24,=4,

1520

() @

Fig. 3.55. RC*C-2RPC-type overconstrained TPMs with coupled motions and
linear actuators non adjacent to the fixed base, defined by My = Sr = 3, (Rp) =

(v,,v,,v;), Tp=0, Np= 2, limb topologies R L C* | ICandRLP1C
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(a)

~ = HEH=Ha=H-
1= ty=1s=1c
4=4,=4,=4 -

e F—

(b) b

Fig. 3.56. CC*R-2CPR-type overconstrained TPMs with coupled motions and
linear actuators non adjacent to the fixed base, defined by Mr = Sr = 3, (Rp) =
(v,,v,,v,), Tr= 0, Ny = 2, limb topologies C L C* 1 'Rand CL P LR
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(@

1520
Cy

Xp

1550

(b Co

Fig. 3.57. 2RC*C-RPC-type overconstrained TPMs with coupled motions and
linear actuators non adjacent to the fixed base, defined by My = Sr = 3, (Rp) =
(v;,v,,v;), Tp=0, Np= 1, limb topologies R L C* L ICandRLP1C
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(@

) F—o

1520

—— FF—

1550
b
Fig. 3.58. 2CC*R-CPR-type overconstrained TPMs with coupled motions and

linear actuators non adjacent to the fixed base, defined by My = Sr = 3, (Rp) =
(v,,v,,v;), Tp=0, Np= 1, limb topologies C L C* L IRandCLPL'R
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H=H,=H=H-
1= 142121,
626,25,=5.

HE=H,=HEH,
T=1y=1a=1c
6=6,=6,=5,

Fig. 3.59. Overconstrained TPMs of types PPRRR*-2PPRR (a) and 2PPRRR*-
PPRR (b) with coupled motions and linear actuators non adjacent to the fixed
base, defined by Mp = S = 3, (Rp) = (v,,v,,v;) Tr = 0, Nr = 2 (a), Np = I (b),
limb topologies P L P L'R|[R L'R* and PL P L'R||R (a), PLPLR||RL'R*
and P L P LR||R (b)
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Table 3.20. Structural parameters® of translational parallel mechanisms in Figs.

3.43-3.48
No. Structural  Solution
parameter PRCR*-2PRC (Fig. 3.43a) 2PRCR*-PRC (Fig. 3.44a)
PCRR*-2PCR (Fig. 3.43b) 2PCRR*-PCR (Fig. 3.44b)
PRR*C-2PRC (Fig. 3.45a,b)  2PRR*C-PRC (Fig. 3.47a,b)
PCR*R-2PCR (Fig. 3.46a,b) 2PCR*R-PCR (Fig. 3.48a,b)
1 m 9 10
2 p; 4 4
3 p 3 4
5 p 10 11
6 ¢ 2 2
7 Kk 3 3
8 ks 0 0
9 k 3 3
10 (Rg) See Table 3.24 See Table 3.24
(i=123)
11 Sg; 5 5
12 Sg; 4 5
13 Sg; 4 4
14 rGi 0 0
15 rGg2 0 0
16 rGgs3 0 0
17 Mg, 5 5
18 Mg, 4 5
19  Mg; 4 4
20 (Rp) (v5v,575) (v5v,575)
21  Sp 3 3
22 0 0
23 rp 10 11
24 My 3 3
25 Np 2 1
26 Tr 0 0
P
27 z " f 5 5
P2
28 Zf:1 f, 4 5
P3
29 z " f 4 4
P
30 21:1 /i 13 14

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.21. Structural parameters® of translational parallel mechanisms in Figs.

3.49-3.51
No. Structural Solution
parameter PR*RPaR-2PRPaR PRPa”-2PRPaR  PR*RPa*-2PRPa*
(Fig. 3.49a, b) (Fig. 3.50a, b) (Fig. 3.51a,b)
1 m 18 16 15
2 P 8 7 7
3 D2 7 6 6
5 p 22 20 19
6 q 5 5 5
7 k; 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (Rg) See Table 3.24 See Table 3.24 See Table 3.24
(i=123)

11 Sc1 5 4 5
12 NYer) 4 4 4
13 Ses3 4 4 4
14 rG1 3 3 6
15 rGg2 3 6 6
16 rGgs3 3 3 6
17 Mg, 5 4 5
18 M, 4 4 4
19 M;g; 4 4 4
20 (RF) (v1’v2)v3) (visvzxvg) (V,,VZ,V3)
21 Sr 3 3 3
22 7 9 12 18
23 e 19 21 28
24 My 3 3 3
25 Nr 11 9 2
26 Tr 0 0 0

Py
27 Z},-:zf/ 8 7 11

P2
28 zjzjf/_ 7 10 10

P3
29 Zj:]fj 7 7 10

P
30 zjzjf/_ 22 24 31

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



192 3 Overconstrained 73-type TPMs with coupled motions

Table 3.22. Structural parameters® of translational parallel mechanisms in Figs.
3.52-3.58

No. Structural  Solution

parameter  2PR*RPa*-PRPa” RC*C-2RPC 2RC*C-RPC
(Fig. 3.52a,b) (Figs. 3.53a, 3.55a, (Figs. 3.54a,
b) 3.57a, b)
CC*R-2CPR 2CC*R-CPR
(Figs. 3.53b, 3.56a, (Figs. 3.54b,
b) 3.58a, b)
1 m 16 8 8
3 D2 7 3 3
4 D3 6 3 3
5 )4 20 9 9
6 q 5 2 2
7 ki 0 3 3
8 k> 3 0 0
9 k 3 3 3
10 (Rai) See Table 3.24 See Table 3.24 See Table 3.24
(i=123)
11 NYer 5 5 5
12 Se2 5 4 5
13 S63 4 4 4
14 rGi 6 0 0
15 rG2 6 0 0
16 rG3 6 0 0
17 Mg, 5 5 5
18 Mg, 5 4 5
19 Mg; 4 4 4
20 (RF) (v;5v,575) (v;5v5575) (v5v,57;)
21 Sk 3 3 3
22 7 18 0 0
23 e 29 10 11
24 My 3 3 3
25 Nr 1 2 1
26 Tr 0 0 0
P
27 Z,-:]fj 11 5 5
P2
28 ijjf,- 11 4 5
ps3
29 Z,-:]fj 10 4 4
P
30 ijjf,- 32 13 14

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.23. Structural parameters® of translational parallel mechanisms in Fig.
3.59

No. Structural Solution

parameter PPRRR*-2PPRR 2PPRRR*-PPRR
(Fig. 3.59a) (Fig. 3.59b)

1 m 12 13

2 Pi 5 5

3 P2 4 5

4 D3 4 4

5 p 13 14

6 q 2 2

7 k; 3 3

8 k> 0 0

9 k 3 3

10 (Rg) See Table 3.24 See Table 3.24
(i=123)

11 Ser 5 5

12 Se 4 5

13 Ses3 4 4

14 rGgl 0 0

15 rGg2 0 0

16 rGgs3 0 0

17 Mg, 5 5

18 Mg, 4 5

19 Mg; 4 4

20 (Rr) (v;5v,,v3) (v;5v,,v3)

21 Sr 3 3

22 r 0 0

23 rE 10 11

24 My 3 3

25 Nr 2 1

26 Tr 0 0

27 Z f- 5 5

28 z , 4 5

29 Z f- 4 4

30 z/ , 13 14

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.24. Bases of the operational velocities spaces of the limbs isolated from
the parallel mechanisms presented in Figs. 3.43-3.59

No. Parallel Basis
mechanism (Rg) (Rg2) (Rg3)
1 Figs. 3.43, 3.49D, (v, v, v5,0,,0,) (v,v,,v;,0; (v,,v,,v;,0,)
3.51b, 3.53, 3.59a
2 Figs. 3.44, 3.52b, (Vv v,,0,,0,) (v,v,,v;,0,,05) (v,v,,v;,0,)
3.54,3.59
3 Figs. 3.45, 3.46, (v,v,,v;,05,05) (v, v,,v;,0,) (v, v,,v;,04)
3.55,3.56
4 Figs.3.47,3.48 (V. 9,.95.0,,05) (V,,9,,V;,0,,0;) (v.,v,,v;,04)
5 Figs.3.49a,351a  (v,v,v,,0,,0,) (v,v,v;,0,) (v, v,,v;,0,)
6 Fig.3.50a (v,,v,,v;,0,) (v,v,v;,0,) (v,,v,,v;,0,)
7 Fig.3.50b (Vv 95,0,,0,) (v,v,,v,,0,,05) (v,,9,,v;,0,,05)
8 Fig.3.52a (v, v, v5,0,,0;) (v, v,v,0,,0,) (v,v,,v;,0,)
9 Figs.3.57,3.58 (v, v, v,,04,05) (v,v,,v,,0,,0,) (v,,v,,v;,0,)

3.3 Basic solutions with rotating actuators

In the basic solutions with rotating actuators and coupled motions F « G;-
G,, the moving platform n = ng; (i = 1, 2, 3) is connected to the reference
platform / = I5 = 0 by three limbs with three, four or five degrees of
connectivity. No idle mobilities exist in these basic solutions and the
rotating actuator is associated with a revolute pair in each limb.

The various types of limbs with three degrees of connectivity are
systematized in Figs. 3.60-3.62. They combine two (Figs. 3.60 and 3.61)
or three (Fig. 3.62) parallelogram loops of types Pa (Figs. 3.60 and 3.62)
or Pa“ (Fig. 3.61). We recall that Pa-type parallelogram loop has one
degree of mobility and Pa“-type parallelogram loop has two degrees of
mobility. These limbs are actuated by rotating motors mounted on the
fixed base and integrated in a parallelogram loop.

The limbs with four degrees of connectivity are systematized in Figs.
3.63-3.68. They can be simple (Fig. 3.63) or complex (Figs. 3.64-3.68)
kinematic chains. The complex limbs combine parallelogram loops of
types Pa (Figs. 3.64, 3.65, 3.67 and 3.68) and Pa“ (Fig. 3.66a—c) or a
prism mechanism Pr (Fig. 3.66d). The complex limbs are actuated by
rotating motors mounted on the fixed base and combined in the kinematic
chain of the parallelogram loop (Figs. 3.64, 3.65 and 3.66a) or outside the
parallelogram loop (Figs. 3.66b—d, 3.67 and 3.68).
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The limbs with five degrees of connectivity are systematized in Figs.
3.69 and 3.70. They are complex kinematic chains combining a Pa-type
parallelogram loop. These limbs are actuated by rotating motors mounted
on the fixed base and combined in the parallelogram loop (Fig. 3.69a—e) or
outside the parallelogram loop (Figs. 3.69f and 3.70).

Various solutions of translational parallel robots with coupled motions
and no idle mobilities can be obtained by using three limbs with identical
or different topologies presented in Figs. 3.60-3.70. We only show
solutions with identical limb type as illustrated in Figs. 3.71-3.118. The
limb topology and connecting conditions in these solutions with no idle
mobilities are systematized in Table 3.25.

The axes of the three actuated revolute joints adjacent to the fixed base
can be in one of the following configurations (see Table 3.25): (i)
reciprocally orthogonal in space, (ii) parallel to two orthogonal directions
or (iii) parallel to a plane. The axes of the unactuated revolute or
cylindrical joints adjacent to the moving platform can be orthogonal in
space or parallel to a plane. In the latter case, the axes can form a triangle
or can be situated on three sides of a rectangle. These axes form a
configuration called spatial star, if they are orthogonal in space, and A or
LI -type if they are parallel to a plane (see Table 3.25). The structural
parameters of the solutions presented in Figs. 3.71-3.118 are systematized
in Tables 3.26-3.31.
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Table 3.25. Limb topology and connecting conditions of the TPMs with no idle
mobilities and rotating actuators mounted on the fixed base presented in Figs.
3.71-3.118

No. TPM Limb Connecting
type topology conditions
1 3-PaPaP Pa 1 Pal||P Axes of the actuated joints are reciprocally
(Fig. 3.71a) (Fig. 3.60a) orthogonal and the moving platform in a
spatial star configuration
2 3-PaPaP Pa l Pa||P Axes of the actuated joints are parallel to
(Fig. 3.71b) (Fig. 3.60a) two orthogonal directions and the moving
platform in a [ configuration
3 3-PaPPa Pal|Pal|P Idem No. 1
(Fig. 3.72a) (Fig. 3.60b)
4 3-PaPaPa Pa||Pa||P Idem No. 2
(Fig. 3.72b) (Fig. 3.60b)
5 3-PaPPa Pa 1 P||Pa Idem No. 1
(Fig. 3.73a) (Fig. 3.60c)
6 3-PaPPa Pal P||Pa Axes of the actuated joints are parallel to
(Fig. 3.73b) (Fig. 3.60c) two orthogonal directions and the moving
platform in a star configuration
7 3-PaPPa Pa||P||Pa Idem No. 1
(Fig. 3.74a) (Fig. 3.60d)
8 3-PaPPa Pal|P||Pa Idem No. 6
(Fig. 3.74b) (Fig. 3.60d)
9 3-PaPa“ Pal Pa* Idem No. 1
(Fig. 3.75a) (Fig. 3.61a)
10 3-PaPa™ Pa |l Pa*“ Idem No. 2
(Fig. 3.75b) (Fig. 3.61a)
11  3-PaPa* Pa | Pa“ Idem No. 1
(Fig. 3.76a) (Fig. 3.61b)
12 3-PaPa* Pa | Pa“ Idem No. 6
(Fig. 3.76b) (Fig. 3.61b)
13 3-PaPa* Pal|Pa* Idem No. 1
(Fig. 3.77a) (Fig. 3.61¢)
14 3-PaPa“ Pal|Pa* Idem No. 2
(Fig. 3.77b) (Fig. 3.61¢)
15 3-PaPa* Pal|Pa* Idem No. 1
(Fig. 3.78a) (Fig. 3.61d)
16  3-PaPa™ Pal|Pa* Idem No. 6
(Fig. 3.78b) (Fig. 3.61d)
17 3-Pa“Pa Pa“||Pa Idem No. 1
(Fig. 3.79a) (Fig. 3.61¢)
18  3-Pa“Pa Pa“||Pa Idem No. 6
(Fig. 3.79b) (Fig. 3.61¢)
19  3-PaPaPa PalPal'Pa  IdemNo. 1
(Fig. 3.80) (Fig. 3.62a)
20 3-PaPaPa Pal Pal*Pa Idem No. 1

(Fig. 3.81) (Fig. 3.62b)
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Table 3.25. (cont.)

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

3-PaPaPa
(Fig. 3.82)
3-RRC
(Fig. 3.83a)

3-RRC
(Fig. 3.83Db,
3.84a)
3-RRC
(Fig. 3.84b)
3-RCR
(Fig. 3.85a)
RPRR

(Fig. 3.85b)
3-RPC
(Fig. 3.86a)
3-RPPR
(Fig. 3.86b)
3-PaRC
(Fig. 3.87a)
3-PaRC
(Fig. 3.87b)
3-PaCR
(Fig. 3.88a)
3-PaCR
(Fig. 3.88b)
3-PaPaRR
(Fig. 3.89)
3-PaPaRR
(Fig. 3.90)
3-PaPaRR
(Fig. 3.91)
3-PaRRPa
(Fig. 3.92)
3-PaRRPa
(Fig. 3.93)
3-PaRRPa
(Fig. 3.94)
3-PaRPaR
(Fig. 3.95)
3-PaRPaR-
(Fig. 3.96)
3-RRPaP
(Fig. 3.97a)

Pa||Pa L Pa
(Fig. 3.62¢)
R||R||C

(Fig. 3.63¢)

R||R||C
(Fig. 3.63¢c)

R||R||C

(Fig. 3.63¢)
RJ|CIIR

(Fig. 3.63f)
R||P||RI|R

(Fig. 3.63))
R1LP1C
(Fig. 3.631)
R|[PLPLIR
(Fig. 3.63k)
Pa||R||C

(Fig. 3.64c)
Pa|[R||C

(Fig. 3.64c)
Pal|C||R

(Fig. 3.64f)
Pal|C||R

(Fig. 3.64f)
Pa||Pa L R||R
(Fig. 3.65a)
Pal Pal'R||R
(Fig. 3.65b)
Pal Pal'R||R
(Fig. 3.65c¢)
Pa||R||R L Pa
(Fig. 3.65d)

Pa L R||R 1" Pa
(Fig. 3.65¢)
Pal R||RL1"Pa
(Fig. 3.65f)
PalR1PallR
(Fig. 3.65g)
Pal|R L Pal 'R
(Fig. 3.65h)
R||R||Pal|P
(Fig. 3.67a)

Idem No. 1

Axes of the actuated joints parallel to a
plane and the moving platform ina A
configuration

Idem No. 2

Idem No. 1

Idem No. 1

Idem No. 1

Idem No. 1

Idem No. 1

Idem No. 1

Idem No. 2

Idem No. 1

Idem No. 2

Idem No. 1

Idem No. 1
Idem No. 1
Idem No. 1
Idem No. 1
Idem No. 1
Idem No. 1
Idem No. 1

Idem No. 1
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42 3-RRPaP R||R||Pal|P Idem No. 2
(Fig. 3.97b) (Fig. 3.67a)

43 3-RPRPa R||P||R||Pa Idem No. 1
(Fig. 3.98a) (Fig. 3.67b)

44 3-RPRPa R||P||R||Pa Idem No. 6
(Fig. 3.98b) (Fig. 3.67b)

45 3-RCPa R||C||Pa Idem No. 1
(Fig. 3.99a) (Fig. 3.67¢)

46 3-RCPa R||C||Pa Idem No. 6
(Fig. 3.99b) (Fig. 3.67¢)

47 3-RPaRR RL PalR||R Idem No. 1
(Fig. 3.100a)  (Fig. 3.67f)

48 3-RPaRR R1Pal'R|R Idem No. 22
(Fig. 3.100b)  (Fig. 3.67f)

49 3-RRPaR R|[RLPalR Idem No. 1
(Fig. 3.101a) (Fig. 3.68a)

50 3-RRPaR R|[RLPalR Idem No. 22
(Fig. 3.101b)  (Fig. 3.68a)

51 3-RPaPaR R1 Pa||PaLl'R Idem No. 1
(Fig. 3.102a)  (Fig. 3.68b)

52 3-RPaPaR R1 Pa||Pal'R Axes of the actuated joints are parallel
(Fig. 3.102b) (Fig. 3.68b) to two orthogonal directions

53 3-RPaRPa RLPal'R1Pa  Idem No. 1
(Fig. 3.103a) (Fig. 3.68c¢)

54 3-RPaRPa R1LPal'R1Pa  Idem No. 52
(Fig. 3.103b)  (Fig. 3.68c¢)

55 3-RPaRPa R1Pal'RLPa 1dem No. 1
(Fig. 3.104a)  (Fig. 3.68d)

56 3-RPaRPa R1Pal'RLPa Idem No.52
(Fig. 3.104b)  (Fig. 3.68d)

57 3-RPaPaR R1 Pa||PaLl'R Idem No. 1
(Fig. 3.105a)  (Fig. 3.68e)

58 3-RPaPaR R1 Pa||Pal'R Idem No. 52
(Fig. 3.105b)  (Fig. 3.68¢)

59 3-RRPa“ R||R||Pa“ Idem No. 1
(Fig. 3.106a)  (Fig. 3.66b)

60 3-RRPa“ R||R||Pa“ Idem No. 6
(Fig. 3.106b)  (Fig. 3.66b)

61 3-RRPa“ R||R||Pa“ Idem No. 1
(Fig. 3.107a) (Fig. 3.66¢)

62 3-RRPa* R||R||Pa“ Idem No. 2
(Fig. 3.107b)  (Fig. 3.66¢)

63 3-Pa“RR Pa“||R||R Idem No. 1
(Fig. 3.108a)  (Fig. 3.66a)
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Table 3.25. (cont.)

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

3-Pd““RR
(Fig. 3.108b)
3-PaPr

(Fig. 3.109a)
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, b)

Pa“||R||R Idem No.
(Fig. 3.66a)
Pa-Pr Idem No.
(Fig. 3.62d)

R||R-Pr Idem No.

(Fig. 3.66d)

Pa|[RI[RLR|[R  Idem No.

(Fig. 3.69a)

Pal R1R||IRLR Idem No.

(Fig. 3.69b)

PalR||IRL'R|R  Idem No.

(Fig. 3.69¢)

Pal RLR||RL'R Idem No.

(Fig. 3.69d)

Pa|[RLR|[RL'R  Idem No.

(Fig. 3.69¢)

R1R1'"Pa1 R 1 RIdem No.

(Fig. 3.690)

R1 Pa||RI|IRL'"R  Idem No.

(Fig. 3.70a)

R1 Pal*R||RL*R Idem No.

(Fig. 3.70b)

R1Pal'R1R||R Idem No.

(Fig. 3.70c)

R 1 Pa||R|[RL'R  Idem No.

(Fig. 3.70d)

RIR||PaLR|[R  Idem No.

(Fig. 3.70g)

R||R L Pal*R||R Idem No.

(Fig. 3.70i)

R||R LR||R L"Pa  ldem No.

(Fig. 3.70h)

R||R L R||R L* Pa  1dem No.

(Fig. 3.70j)

R||[RLRL Pal'R Idem No.

(Fig. 3.70k)

RLR||RL'R1L Pa Idem No.

(Fig. 3.701)

RLR||R||PaL'R  Idem No.

(Fig. 3.69%, )
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Table 3.26. Bases of the operational velocities spaces of the limbs isolated from
the parallel mechanisms presented in Figs. 3.71-3.118

No. Parallel Basis
mechanism (Ré1) (Ré2) (Re3)

1 FigS.3.71—3.82, (vpvz’v3) (vl’v2’v3) (v1’v2:v3)
3.109a

2 Figs. 3.83, 3.84a, (v,,v,,v5,0,) (v, v,,v;,0,) (v, v,,v;,04)
3.100b, 3.101b

3 Figs.3.84b,3.85,  (v,v,,v,,0,) (v,v,,v;,0,) (v,,v,,v;,0;)
3.86

4 Figs.3.87a,3.88a, (v, v,,v,,0;) (v,v,v;,0,) (v, v,,v;,0,)
3.89,3.92,3.93,
3.102a, 3.104a,
3.109b,

5 Figs.3.87b,3.88b, (v,,v,,v,,0) (v,,v,,v;,0;) (v,,v,,v;,0,)
3.97b, 3.98b, 3.99b,
3.106b, 3.107b,

3.108b
Fig.3.94 (v,v,v5,0,) (vz:vz’vj)wﬂ) (v, v,,v;,0;)
Figs. 3.90,3.91, (vl’v2’v3’wﬂ) (v,,v,,v;,0;) (v,v,v0,)

3.95,3.96, 3.97a,
3.98a, 3.99a, 3.100a,
3.101a, 3.103a,
3.105a, 3.106a,
3.107a, 3.108a

Fig. 3.102b (v,v,,v,0,)  (v,,v,,v;,,05) (v, v,,v;,04)
9 Fig.3.103b,3.105b (v,v,,v,,0,) (v,,v,,v;,0,) (v,,v,,v;,0,)
10 Fig.3.104b (v,v,,v,,05)  (v,v,,v;,05) (v, v,,v;,0,)

11 Figs. 3.110a, 3.111, (v,,v,,v;,0,,0,)(v,,v,,v,,0,,0;) (v,v,,v,,0,,0;)
3.114b, 3.118b

12 Figs. 3.110b, 3.112°, (v,,v,,v;,0,,0,) (v,,v,,v;,0,,0;) (v,,v,,v;,0,,0,)
3.113a, 3.114a,
3.115,3.116a,
3.117a

13 Figs. 3.112b, (V)v,.95,0,,05) (v,v,,v,0,,0,) (v,,v,,v;,0,,05)
3.113b, 3.116b,
3.117b,3.118a
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Table 3.27. Structural parameters® of translational parallel mechanisms in Figs.
3.71-3.82

No. Structural Solution

parameter 3-PaPaP 3-PaPa“ 3-PaPaPa
(Figs. 3.71, 3.72) (Figs. 3.75-3.78)  (Figs. 3.80-3.82)
3-PaPPa 3-Pa““Pa
(Figs. 3.73,3.74) (Fig. 3.79)
1 m 20 17 26
2 P 9 8 12
3 )2 9 8 12
4 D3 9 8 12
5 )4 27 24 36
6 q 8 8 11
7 k; 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (Rg) See Table 3.26 See Table 3.26 See Table 3.26
(i=123)
11 Se1 3 3 3
12 Se> 3 3 3
13 S63 3 3 3
14 rGi 6 7 9
15 rGg2 6 7 9
16 rGgs3 6 7 9
17 Mg, 3 3 3
18 Mg, 3 3 3
19 Mg; 3 3 3
20 (Rr) (v,5v,55) (v;5v5575) (v5v,57;)
21 Sk 3 3 3
22 7 18 21 27
23 rE 24 27 33
24 My 3 3 3
25 Nr 24 21 33
26 Tr 0 0 0
P
27 z,-:,f, 9 10 12
P>
28 ZH f, 9 10 12
P3
29 z,-:,f, 9 10 12
r
R

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.28. Structural parameters® of translational parallel mechanisms in Figs.
3.83-3.88

No. Structural Solution

parameter 3-RRC 3-RPRR 3-PaRC
(Figs. 3.83, 3.84) (Fig. 3.85b) (Fig. 3.87)
3-RCR, 3-RPC 3-RPPR 3-PaCR
(Figs. 3.85a, 3.86a) (Fig. 3.86b) (Fig. 3.88)
1 m 8 11 14
2 D1 3 4 6
3 D2 3 4 6
5 p 9 12 18
6 q 2 2 5
7 k; 3 3 3
8 k> 0 0 0
9 k 3 3 3
10 (Rg) See Table 3.26 See Table 3.26 See Table 3.26
(i=123)
11 Ser 4 4 4
12 Sz 4 4 4
13 Sc; 4 4 4
14 rGi 0 0 3
15 rGg2 0 0 3
16 rGgs3 0 0 3
17 Mg, 4 4 4
18 Mg, 4 4 4
19 Mg; 4 4 4
20 (Rr) (v,5v,55) (v;5v5575) (v5v,57;)
21 Sr 3 3 3
22 7 0 0 9
23 re 9 9 18
24 My 3 3 3
25 Nr 3 3 12
26 Tr 0 0 0
P
27 z,-:zfj 4 4 7
P>
28 Zf:1 f, 4 4 7
P3
29 z,-:zfj 4 4 7
r
30 ZH /i 12 12 21

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.29. Structural parameters® of translational parallel mechanisms in Figs.

3.89-3.99
No. Solution
3-PaPaRR 3-RRPaP 3-RCPa
(Figs. 3.89-3.91) (Fig. 3.97) (Fig. 3.99)
3-PaRRPa 3-RPRPa
(Figs. 3.92-3.94) (Fig. 3.98)
3-PaRPaR
(Figs. 3.95, 3.96)
1 23 17 14
2 10 7 6
3 10 7 6
4 10 7 6
5 30 21 18
6 8 5 5
7 0 0 3
8 3 3 0
9 3 3 3
10 See Table 3.26 See Table 3.26 See Table 3.26
11 4 4 4
12 4 4 4
13 4 4 4
14 6 3 3
15 6 3 3
16 6 3 3
17 4 4 4
18 4 4 4
19 4 4 4
20 (v;5v,,v;) (v;5v,,v3) (v;,v,,v;)
21 3 3 3
22 18 9 9
23 27 18 18
24 3 3 3
25 21 12 12
26 0 0 0
27 10 7 7
28 10 7 7
29 10 7 7
30 30 21 21

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.30. Structural parameters® of translational parallel mechanisms in Figs.
3.100-3.108

No. Structural Solution

parameter 3-RPaRR 3-RPaPaR 3-RRPa*
(Fig. 3.100) (Figs. 3.102, 3.105) (Figs. 3.106, 3.107)
3-RRPaR 3-RPaRPa 3-Pa““RR
(Fig. 3.101) (Figs. 3.103, 3.104) (Fig. 3.108)
1 m 17 23 14
2 D1 7 10 6
3 D2 7 10 6
4 D3 7 10 6
5 )4 21 30 18
6 q 5 8 5
7 k; 0 0 3
8 k> 3 3 0
9 k 3 3 3
10 (Rg) See Table 3.26 See Table 3.26 See Table 3.26
(i=123)
11 Ser 4 4 4
12 Sz 4 4 4
13 Sc; 4 4 4
14 rGi 3 6 4
15 rGg2 3 6 4
16 rGgs3 3 6 4
17 Mg, 4 4 4
18 Mg, 4 4 4
19 Mg; 4 4 4
20 (Rr) (v,5v,55) (v;5v5575) (v5v,57;)
21 Sk 3 3 3
22 7 9 18 12
23 rE 18 27 21
24 My 3 3 3
25 Nr 12 21 9
26 Tr 0 0 0
P
27 z,-:zfj 7 10 8
P>
28 ZH f, 7 10 8
P3
29 z,-:zfj 7 10 8
r
30 ZH /i 21 10 24

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.31. Structural parameters® of translational parallel mechanisms in Figs.

3.109-3.118

No.  Structural

parameter

Solution
3-PaPr
(Fig. 3.109a)

3-RRPr
(Fig. 3.109b)

3-PaRRRR, 3-RPaRRR,
3-RRPaRR, 3-RRRRPa,
3-RRRPaR

Figs. 3.110-3.118

1 m

2 Pi

3 p2

4 P3

S

6 ¢

7 k;

8 kg

9 k

10 (Ra)

(i=123)

11 Sai

12 S

13 Sgs

14 rGgi

15 rG2

16 rG3

17 Mg

18 Mg

19 Mg

20 (Ry)

21 Sp

22 ry

23 re

24 My

25  Np

26 Tr
Pr

SR/
P2

XN
P

DN/
P

Y/

20

10

10

10

30

11

0

3

3

See Table 3.26

16
16

48

|

mwwoooxoooooo»—t

ee Table 3.26

(viyv55v3)
3

30

39

3

9

0

14

14
14

42

20
8

8

8
24
5
0
3
3
S

ee Table 3.26

VisVysVs)

0 O O WO W ™ LhhnWhn WWWWhh nh Wn
—

o]

8

24

*See footnote of Table 2.1 for the nomenclature of structural parameters
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2] [b]

Pal PallP Pall Pall P
e ] [ d]

Pal PllFa

Fall Pl Fa

FPall Pl Fe

Fig. 3.60. Complex limbs for TPMs with coupled motions defined by Mg = S =
3, (Rg) = (v;,v,,v3), combining two Pa-type parallelogram loops and actuated by
rotating motors mounted on the fixed base
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EX
]
£
FPall Pae i FPall Pae
e ]
Pall Pa

Fig. 3.61. Complex limbs for TPMs with coupled motions defined by Mg = S =
3, (Rg) = (v, v5,v3), combining parallelogram loops of types Pa and Pa“ and
actuated by rotating motors mounted on the fixed base
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a] b ]

Pall Pal Pa Fa-Fr

Fig. 3.62. Complex limbs for TPMs with coupled motions defined by Mg = S =
3, (Rg) = (v1,v,,v3), combining three Pa-type parallelogram loops (a—c) or one Pa-
type parallelogram loop and one Pr-type prism mechanism (d) and actuated by
rotating motors mounted on the fixed base
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RIPIRIR RIUPLP IR

Fig. 3.63. Simple limbs for TPMs with coupled motions defined by Mg = S; = 4,
(Rg) = (v,,v,,v;,0,) and actuated by rotating motors mounted on the fixed base
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Fig. 3.64. Complex limbs for TPMs with coupled motions defined by Mg = S =
4, (Rg) = (v,,v,,v;,m,), combining one Pa-type parallelogram loop and actuated
by rotating motors mounted on the fixed base in the parallelogram loop
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FallPal RIR

PalRIR L Pa ' PalRIRLIps

Fig. 3.65. Complex limbs for TPMs with coupled motions defined by Mg = S =
4, (Rg) = (v;,v,,v;,0,), combining two Pa-type parallelogram loop and actuated

by rotating motors mounted on the fixed base in a parallelogram loop
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9] b ]
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Fig. 3.65. (cont.)

PaellRIIR RIIRIIPee

RIIRI| Pe* RIIR-Pr

Fig. 3.66. Complex limbs for TPMs with coupled motions defined by Mg = Sg = 4,
(Rg)=(v,,v,,v,,®,), combining a Pa“-type parallelogram loop (a—¢) or a Pr-type
prism mechanism (d) and actuated by rotating motors mounted on the fixed base
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Fig. 3.67. Complex limbs for TPMs with coupled motions defined by M; = S = 4,
(Rg) = (v,,v,,v;,m,), combining one Pa-type parallelogram loop and actuated by
rotating motors mounted on the fixed base
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Fig. 3.68. Complex limbs for TPMs with coupled motions defined by M = S = 4,
(Rg) = (v,,v,,v;,0,), combining one (a) or two (b—e) Pa-type parallelogram loop
and actuated by rotating motors mounted on the fixed base
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Fig. 3.69. Complex limbs for TPMs with coupled motions defined by M; = Sg = 5,
Rg) = (v,,v,,v;,,0,,0,), combining one parallelogram loop and actuated by

rotating motors mounted on the fixed base inside (a—e) or outside (f) the
parallelogram loop
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a | b ]

R1PallRIRIR R1PaRIRLIR

RIRIRIPaLIR RLRIRIPaLIR

Fig. 3.70. Complex limbs for TPMs with coupled motions combining one
parallelogram loop, defined by Mg =S¢ =3, (Rg) = (v,,v,,v;,®,,®,) and actuated
by rotating motors mounted on the fixed base
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Fig. 3.70. (cont.)
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HEHEHa=H,
I={y=1=1c

b .20 Q\i\'qf

Fig. 3.71. 3-PaPaP-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mp= Sp= 3, (Rr) = (v,,v,,v;), Tr

= (0, Np= 24, limb topology Pa L Pal||P
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Fig. 3.72. 3-PaPaP-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mp= Sp= 3, (Rr) = (v,,v,,v;), Tr

= 0, Np = 24, limb topology Pa||Pa||P
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(@

(B 152503 )

Fig. 3.73. 3-PaPPa-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr= Sp= 3, (Rr) = (v,,v,,v;), Tr

= (0, Np= 24, limb topology Pa | P||Pa
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(b

Fig. 3.74. 3-PaPPa-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mp= Sp= 3, (Rr) = (v,,v,,v;), Tr

= 0, Np= 24, limb topology Pal||P||Pa
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H=H,=H:=H-
1= =151
FETA=T=7¢
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Fig. 3.75. 3-PaPda“ overconstrained TPMs with coupled motions, rotating actuators
on the fixed base and six cylindrical joints adjacent to the moving platform,
defined by Mr = Sp = 3, (Rp) = (v,,v,,v;), Tr = 0, Np = 21, limb topology
Pa | Pa*
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(a) H=H,=H:=Ho
=211
TETa=Ta=70

Fig. 3.76. 3-PaPa“-type overconstrained TPMs with coupled motions, rotating
actuators on the fixed base and six revolute joints adjacent to the moving platform,
defined by Mr = Sp = 3, (Rp) = (v,,v,,v;), Tp = 0, Np = 21, limb topology
Pa |l Pa*“
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H=H,=H=H:
1= 1,212 1
FETA=TE

] 1/450

Fig. 3.77. 3-PaPa“-type overconstrained TPMs with coupled motions, rotating
actuators mounted on the fixed base and six cylindrical joints adjacent to the
moving platform, defined by Mr = Sr= 3, (Rp) = (v,,v,,v;), Tr= 0, Np= 21, limb

topology Pal|Pa“
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Fig. 3.78. 3-PaPda“-type overconstrained TPMs with coupled motions, rotating
actuators on the fixed base and six revolute joints adjacent to the moving platform,
defined by Mr= Sr= 3, (Rp) = (v,,v,,v;), Tr= 0, Np= 21, limb topology Pa||Pa‘
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(b)

Fig. 3.79. 3-Pa“Pa-type overconstrained TPMs with coupled motions, rotating
actuators on the fixed base and six revolute joints adjacent to the moving platform,
defined by Mr= Sr= 3, (Rp) = (v,,v,,v;), Tr= 0, Np= 21, limb topology Pa“||Pa
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H=H,=H=H:
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Fig. 3.80. 3-PaPaPa-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,v;),

Tp= 0, Nr= 33, limb topology Pa L Pa 1 Pa
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10=10,=105=10;

Fig. 3.81. 3-PaPaPa-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v,), Tr= 0, N = 33, limb topology Pa_ | Pa 1" Pa
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H=H,=H:=H-
I=1,=15=1c
10=10,=10,=10c

Fig. 3.82. 3-PaPaPa-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr= Sp= 3, (Rp) = (v,,v,,v;), T

= 0, Nr= 33, limb topology Pa||Pa L Pa
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(@

{b) 1550

Fig. 3.83. 3-RRC-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base (no isotropic position), defined by My = Si =
3, (Rp) =(v,,v,,v,), Tr= 0, Np= 3, limb topology R||R||C
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Fig. 3.84. 3-RRC-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base (with an isotropic position), defined by My =
Sr=3,(Rp) =(v,,v,,v;), Tr=0, Np= 3, limb topology R||R||C
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Fig. 3.85. Overconstrained TPMs with coupled motions of types 3-RCR (a) and 3-
RPRR (b) defined by Mp = Sp = 3, (Rp) = (v,,v,,v;), Tr = 0, Np = 3, limb
topology R||Cl|R (a) and R||P||R||R (b)
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{b)
Fig. 3.86. Overconstrained TPMs with coupled motions of types 3-RPC (a) and 3-
RPPR (b) defined by Mr = Sr = 3, (Rp) = (v,,v,,v;), Tr = 0, Np = 3, limb
topology R L P L 'C (a) and R||P L P LR (b)
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(a)

(b)

Fig. 3.87. 3-PaRC-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by My = Sp=3, (Rp) = (v,,v,,v;),
Tr= 0, Np= 12, limb topology Pal|R||C
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(b)

Fig. 3.88. 3-PaCR-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mp= Sp= 3, (Rr) = (v,,v,,v;), Tr

=0, Nr= 12, limb topology Pa||C||R
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2z
1-20

Fig. 3.89. 3-PaPaRR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base defined by Mr = Sr = 3, (Rp) =
(v;,v,,v;), Tp=0, Np= 21, limb topology Pa||Pa L R||R
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1= {4=1=10
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Fig. 3.90. 3-PaPaRR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Ng= 21, limb topology Pa L Pa L'R||R
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Fig. 3.91. 3-PaPaRR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = S = 3, (Rp) =

(v,,v,,v;), Tr= 0, Np= 21, limb topology Pa | Pa 1" R||R
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i=i,=1a21c
9=9,=9,=9.-

Fig. 3.92. 3-PaRRPa-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,v;),

Tr= 0, Np= 21, limb topology Pa||R||R L Pa
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Fig. 3.93. 3-PaRRPa-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = S = 3, (Rp) =

(v,,v,,v;), Tr= 0, Np= 21, limb topology Pa L R||R L* Pa
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H=H,=H:=H:
1= 1y=1=1c
9=9,=9,=9.-

Fig. 3.94. 3-PaRRPa-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tp=0, Np= 21, limb topology Pa L R||R L 1Pg
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H=H=Hs=H-
1= 1321521
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Fig. 3.95. 3-PaRPaR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base defined by Mr = Sr = 3, (Rp) =
(v;,v,,v;), Tp=0, Np= 21, limb topology Pa L R L Pa L R
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4
Gy 20 C

Fig. 3.96. 3-PaRPaR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by My = Sr = 3, (RF) =
(v,,v,,v,), Tr= 0, Np= 21, limb topology Pa||R L Pa 1 'R
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(b
Fig. 3.97. 3-RRPaP-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v;), Tp=0, Np= 12, limb topology R||R||Pa||P
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()

Fig. 3.98. 3-RPRPa-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 12, limb topology R||P||R||Pa
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(b)

Fig. 3.99. 3-RCPa-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mp= Sp= 3, (Rr) = (v,,v,,v;), Tr

=0, Np= 12, limb topology R||C||Pa
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Fig. 3.100. 3-RPaRR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr=0, Ng= 12, limb topology R L Pa L 'R||R
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Fig. 3.101. 3-RRPaR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr=0, Ng= 12, limb topology R||R L Pa L 'R
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Fig. 3.102. 3-RPaPaR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tp=0, Np= 21, limb topology R | Pa||Pa L IR
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(a)

(b)

Fig. 3.103. 3-RPaRPa-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = S = 3, (Rp) =
(v,,v,,v,), Tr= 0, Ng= 21, limb topology R L Pa L 'R | Pa
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Fig. 3.104. 3-RPaRPa-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v;,v,,v;), Tp=0, Np= 21, limb topology R L Pa L R1 Pa
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(a)

KD

(b)

Fig. 3.105. 3-RPaPaR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr=0, Ng= 21, limb topology R | Pa||Pa LR
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Fig. 3.106. 3-RRPa““-type overconstrained TPMs with coupled motions, rotating
actuators on the fixed base and six revolute joints adjacent to the moving platform,
defined by Mr = Sp = 3, (Rp) = (v,,v,,v;), Tr = 0, Np = 9, limb topology
R||R||Pa”
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Fig. 3.107. 3-RRPa“-type overconstrained TPMs with coupled motions, rotating
actuators mounted on the fixed base and six cylindrical joints adjacent to the
moving platform, defined by Mr= Sp= 3, (Rp) = (v,,v,,v;), Tr= 0, Np= 9, limb
topology R||R||Pa"
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(b)

Fig. 3.108. 3-Pa“RR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v,), Tr= 0, Np= 9, limb topology Pa“||R||R
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H=H,=H=Hz
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Fig. 3.109. Overconstrained TPMs with coupled motions of types 3-PaPr (a) and
3-RRPr (b) defined by Mr= Sp= 3, (Rp) =(v,,v,,v;), Tp= 0, Ng= 21 (a), Np= 9
(b), limb topology Pa-Pr (a) and 3-R||R-Pr (b)
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Fig. 3.110. 3-PaRRRR -type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,v,,v;), Tr = 0, Np = 9, limb topology Pa|lR||[RLR||R (a) and

PalRLR||RLR(b)
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Fig. 3.111. 3-PaRRRR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = S = 3, (Rp) =
(v,,v,,v;), Tr = 0, Np = 9, limb topology Pal R||RL'R||R (a) and
Pal RLR||RL'R (b)
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(b)

Fig. 3.112. Overconstrained TPMs of types 3-PaRRRR (a) and 3-RRPaRR (b) with
coupled motions defined by Mr= Sr= 3, (Rr) = (v,,v,,v;), Tr= 0, Nr= 9, limb
topology Pa||[R L R||R L'R (a)and RL R L "Pa LR 1 R (b)
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Fig. 3.113. 3-RPaRRR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr = 0, Np = 9, limb topology R Pa||R||RL'R (a) and

RL Pal*R||RL*R (b)
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Fig. 3.114. 3-RPaRRR -type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr = 0, Np = 9, limb topology R1 Pal'RLR|R (a) and

R 1 Pal|R||R LR (b)
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Fig. 3.115. 3-RRPaRR -type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v, v,,v;), Tr = 0, Nr = 9, limb topology R||R||PaLR||R (a) and

RIIR L Pa_L* R||R (b)
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Fig. 3.116. 3-RRRRPa-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 9, limb topology R||[R L R||R L* Pa
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Fig. 3.117. Overconstrained TPMs of types 3-RRRPaR (a) and 3-RRRRPa (b)
with coupled motions and rotating actuators mounted on the fixed base, defined by
Mp=Sp=3, (Rp) = (v,,v,,v,), Tr = 0, Ny = 9, limb topology R||[R LR L Pa 1 'R

(a)and R L R||R L R L Pa (b)
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Fig. 3.118. 3-RRRPaR-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = S = 3, (Rp) =
(v,,v,,v,), Tr= 0, Np= 9, limb topology R L R||R||Pa L 'R
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3.4 Derived solutions with rotating actuators

Solutions with lower degrees of overconstraint can be derived from the
basic solutions in Figs. 3.71-3.118 by using joints with idle mobilities. A
large set of solutions can be obtained by introducing adequate idle
mobilities inside and/or outside the parallelogram loops.

For example, the solution 3-PaPaC*-type in Fig. 3.119 is derived from
the solution 3-PaPaP-type in Fig. 3.71 by replacing in each leg the
prismatic joint P by a cylindrical joint C* combining one rotational idle
mobility.

We recall that the joints combining idle mobilities are denoted by an
asterisk. The idle mobilities that can be combined in a parallelogram loop
(see Fig. 6.3 — Part 1) are systematized in Table 3.7. One rotational idle
mobility is combined in each cylindrical joint C* outside the parallelogram
loop. The rotational mobility of the revolute joint denoted by R* is an idle
mobility. Two idle rotational mobilities are introduced in the spherical
joint of the parallelogram loops denoted by Pa“” and Pa™ which combines
two cylindrical, one revolute and one spherical joint (see Figs. 3.147-3.151
and 3.194-3.196).

Examples of solutions with identical limbs and 3-30 degrees of
overconstraint derived from the basic solutions in Figs. 3.71-3.82 and
3.87-3.109 are illustrated in Figs. 3.119-3.198. The limb topology and the
number of overconstraints of these solutions are systematized in Table
3.32, and their structural parameters in Tables 3.33-3.44.
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Table 3.32. Limb topology and the number of overconstraints Ny of the derived
TPMs with idle mobilities and rotating actuators mounted on the fixed base

presented in Figs. 3.119-3.198

No. Basic TPM Derived TPM
Type N Type Nr  Limb topology
1 3-PaPaP 24 3-PaPaC* 21 Pal Pa||C*
(Fig. 3.71) (Fig. 3.119)
2 3-PaR*PaC* 18  Pal|lR L Pa||C*
(Fig. 3.131)
3 3-Pa*Pa“P 3 Pa*1lPa“||P
(Fig. 3.143)
4 3-PaPaP 24 3-PaPaC* 21 Pad||Pd||C*
(Fig. 3.72) (Fig. 3.120)
5 3-PaR*PaC* 18  Pal R*1'Pa||C*
(Fig. 3.132)
6 3-Pa*Pa*P 3 Pa*|Pa“||P
(Fig. 3.144)
7 3-PaPPa 24 3-PaC*Pa 21 Pal C*|Pa
(Fig. 3.73) (Fig. 3.121)
8 3-PaC*PaR* 18  Pal C*||Pal'R*
(Fig. 3.133)
9 3-Pa*PPa* 3 Pa*lP||Pd*
(Fig. 3.145)
10 3-PaPPa 24 3-PaC*Pa 21 Pd|[C*|Pa
(Fig. 3.74) (Fig. 3.122)
11 3-PaC*PaR* 18  Pa||C*||PaL R*
(Fig. 3.134)
12 3-Pa*PPa* 3 Pa*|P||Pa®
(Fig. 3.146)
13 3-PaPd* 21 3-PaR*Pda‘ 18  Pal R¥|Pa*
(Fig. 3.75) (Fig. 3.123)
14 3-PaR*R*Pa 15  Pa||R* L R*||Pa”
(Fig. 3.135)
15 3-Pa*Pd** 6  Pa*l Pd“
(Fig. 3.147)
16  3-PaPa“ 21 3-PaR*Pa‘“ 18  pal R*1* Pa“
(Fig. 3.76) (Fig. 3.124)
17 3-PaR*Pa“R* 15  Pal R*|Pa®“ LR*
(Fig. 3.136)
18 3-Pa*Pa‘* 6  Pa*l Pa™
(Fig. 3.148)
19 3-PaPa“ 21 3-PaR*Pa* 18 Pa||R*||Pa*
(Fig. 3.77) (Fig. 3.125)
20 3-PaR*R*Pa* 15  Pal R*1R*|Pa“

(Fig. 3.137)
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Table 3.32. (cont.)

21 3-Pa*Pa* 6 Pa*||Pa*“
(Fig. 3.149)
22 3-PaPd“ 21 3-PaR*Pa* 18  Pal R*1!pg«
(Fig. 3.78) (Fig. 3.126)
23 3-PaR*Pa“R* 15  Pa||R*||Pa” L R*
(Fig. 3.138)
24 3-Pa*Pd* 6 Pa*||Pa**
(Fig. 3.150)
25  3-Pa“Pa 21 3-Pa“R*Pa 18 Pa“1R*1Pa
(Fig. 3.79) (Fig. 3.127)
26 3-Pa“R*PaR* 15  Pa“1 R*1Pa||R*
(Fig. 3.139)
27 3_ &scc P ass 3 &scq | P ass
(Fig. 3.151)
28  3-PaPaPa 33 3-PaR*PaPa 30 Pal R*1*Pal*Pa
(Fig. 3.80) (Fig. 3.128) o
29 3-PaR*PaPaR* 27  Pgl R*1*Pal*Pal'R*
(Fig. 3.140) o
30 3-Pa*PaPd" 9 Pa* 1 Pal Pa*
(Fig. 3.152)
31 3-PaPaPa 33 3-PaR*PaPa 30 PalR*1*Pal'Pa
(Fig. 3.81) (Fig. 3.129)
32 3-PaR*PaPaR* 27  pPgl R*1*PalPal*R*
(Fig. 3.141) o
33 3-PaPa”Pa” 9 Pa L Pa* 1* Pa*
(Fig. 3.153) o
34  3-PaPaPa 33 3-PaR*PaPa 30 PalRL"PaltPa
(Fig. 3.82) (Fig. 3.130) o
35 3-PaR*PaPaR* 27  pPgl R*1!'Pa1*Pal!R*
(Fig. 3.142)
36 3-Pa*PaPd" 9 Pd"||Pa L Pa*
(Fig. 3.154)
37 3-PaRC 12 3-PaR*RC 9 Pal R*LIR||C
(Fig. 3.87) (Fig. 3.155)
38 3-Pa*RC 3 Pa*||R||C
(Fig. 3.157)
39  3-PaCR 12 3-PaR*CR 9 Pal R*1C||R
(Fig. 3.88) (Fig. 3.156)
40 3-Pa*CR 3 Pa*||C||R
(Fig. 3.158)
41  3-PaPaRR 21  3-PaPd*R 12 Pa||Pa” LR
(Fig. 3.89) (Fig. 3.159)
42 3-Pa*PaRR 9 Pa"||Pa L R||R

(Fig. 3.166)
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Table 3.32. (cont.)

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

3-PaPaRR
(Fig. 3.90)

3-PaPaRR
(Fig. 3.91)

3-PaRRPa
(Fig. 3.92)

3-PaRRPa
(Fig. 3.93)

3-PaRRPa
(Fig. 3.94)

3-PaRPaR
(Fig. 3.95)

3-PaRPaR
(Fig. 3.96)

3-RRPaP
(Fig. 3.97)

3-RPRPa
(Fig. 3.98)

3-RCPa
(Fig. 3.99)

3-RPaRR
(Fig. 3.100a)

21

21

21

21

21

21

21

12

12

12

12

3-PaPa*R
(Fig. 3.160)
3-Pa”PaRR
(Fig. 3.167)
3-PaPa”R
(Fig. 3.161)
3-Pa”PaRR
(Fig. 3.168)
3-PaRPa*
(Fig. 3.162)
3-Pa”RRPa
(Fig. 3.169)
3-PaRPa”
(Fig. 3.163)
3-Pa”RRPa
(Fig. 3.170)
3-Pa”RPa
(Fig. 3.164)
3-PaRRPa*
(Fig. 3.171)
3-PaRPa*
(Fig. 3.165a)
3-Pa®RPaR
(Fig. 3.172a)
3-PaRPa”
(Fig. 3.165b)
3-Pa”RPaR
(Fig. 3.172b)
3-RR*RPaP
(Fig. 3.173)
3-RRPa*P
(Fig. 3.176)
3-RPR*RPa
(Fig. 3.174)
3-RPRPa*
(Fig. 3.177)
3-RR*CPa
(Fig. 3.175)
3-RCPa*
(Fig. 3.178)
3-RPaRRR*
(Fig. 3.179a)
3-RPa*R
(Fig. 3.185a)

12

9

12

9

12

9

12

9

12

9

12

9

12

Pal Pa® LR
Pa* 1 Pal'R|IR
Pal Pa* 1R
Pa™ L Pal*R|IR
Pd||R L Pa*
Pa”||R||R L Pa
Pal R 1" Pa*
Pa* L R||R L* Pa
Pa® LR 1Pa
Pa 1l R||R L'Pa*
PalR1 Pa*

Pa* 1L R1PallR
Pal|R L Pa*
Pa“||IRLPal'R
R 1 R* 1 R||Pa||R
R||R||Pa*||P

R||P L R* LR||Pa
R||P||R||Pa*
R1LR*1C||Pa
R||C||Pa*

R1 Pal'R||RLR*

R1Pa*1'R
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Table 3.32. (cont.)
65 3-RPaRR 12 3-RPaRR*R 9 R1Pal'R1R*LIR
(Fig. 3.100b) (Fig. 3.179b)
66 3-RPa"R 3 R1Pa® LR
(Fig. 3.185b)
67 3-RRPaR 12 3-RRPaRR* 9 R|[RL Pal'R1R*
(Fig. 3.101a) (Fig. 3.180a)
68 3-RRP4* 3 R||R L Pa*
(Fig. 3.186a)
69 3-RRPaR 12 3-RR*RPaR 9 RLR*1'R1PalR
(Fig. 3.101b) (Fig. 3.180b)
70 3-RRPa* 3 R||R L Pa”
(Fig. 3.186b)
71  3-RPaPaR 21  3-RPaPd" 12 R Pa||Pa®
(Fig. 3.102) (Fig. 3.181)
72 3-RPa*PaR 9 R 1 Pa®||Pal 'R
(Fig. 3.187)
73 3-RPaRPa 21  3-RPd*Pa 12 R1 Pd"||Pa
(Fig. 3.103) (Fig. 3.182)
73 3-RPaRPa* 9 R1PalR1 Pa*
(Fig. 3.188)
75  3-RPaRPa 21 3-RPaPa” 12 R1Pal*Pda®
(Fig. 3.104) (Fig. 3.183)
76 3-RPa*RPa 9 R1Pa*LR1Pa
(Fig. 3.189)
77  3-RPaPaR 21  3-RPd“PaR* 9 R 1 Pa®||Pa L 'R*
(Fig. 3.105) (Fig. 3.184)
78 3-RPaPa“R 9 R 1 Pa||Pa® LR
(Fig. 3.190)
79  3-RRPd“ 9 3-RR*RPa* 6 R 1L R* 1 R||Pa*
(Fig. 3.106) (Fig. 3.191)
80 3-RRP4" 3 R||R||Pa"
(Fig. 3.194)
81 3-RRP4“ 9 3-RR*RPa“ 6 R R*1 'R||Pa
(Fig. 3.107) (Fig. 3.192)
82 3-RRPa** 3 R||R||Pa*
(Fig. 3.195)
83 3-Pa“RR 9 3-Pa““RRR*R 6 Pa“|[RLR*L'R
(Fig. 3.108) (Fig. 3.193)
84 3-Pa*“RR 3 Pa*||R||R
(Fig. 3.196)
85  3-PaPr 21 3-PaPr* 15 Pa-Pr*
(Fig. 3.109a) (Fig. 3.197a)
86 3-Pa*“PrR* 6 Pa*-Pr-R*

(Fig. 3.198a)
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Table 3.32. (cont.)

87 3-RRPr 9
(Fig. 3.109b)
88

3-RRPrR* 6 R|[R-Pr-R*
(Fig. 3.197b)
3-RRPr* 3 R||R-Pr*

(Fig. 3.198b)

Table 3.33. Bases of the operational velocities spaces of the limbs isolated from
the parallel mechanisms presented in Figs. 3.119-3.198

No. Parallel
mechanism

Basis
(Rg1)

(Rg2)

(Rgs3)

1 Figs.3.119a,
3.120a, 3.121a,
3.122a, 3.123a,
3.125a, 3.129,
3.160, 3.161,
3.165, 3.176a,
3.177a, 3.178a,
3.182a, 3.184a,
3.185a, 3.186a,
3.194a, 3.195a,
3.196a,

2 Figs.3.119b,
3.120b, 3.121b,
3.122b, 3.123b,
3.125b, 3.157b,
3.158b, 3.176b,
3.177b, 3.178b,
3.181b, 3.194b,
3.195b, 3.196b

3 Figs. 3.124,
3.126, 3.128,
3.130,3.164

4 Figs. 3.127a,
3.198b, 3.151a,
3.157a, 3.158a,
3.159,3.162,
3.163, 3. 181a,
3.183a,

5 Figs. 3.127b,
3.151b, 3.185b,
3.186b, 3.198b

(vzlvz’vywﬁ)

(v,v,,v5,0;)

(v,v,,v5,0,)

(vl’v2’v3’w5)

("1!"2:"3"‘)/;)

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

(v]’v2’v3’w6)

(vvvz)va)wﬁ)

(v.v,.v,.0,)

(vl’v2’v3’wa)

(v,.vv5.0,)

(vl’v2’v3’wa)

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

(vl’v2’v3’wﬂ)

(v1’v2’v3lw/;)
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Table 3.33. (cont.)

6 Fig. 3.131-3.139, (v,,v,,v;,,®,) (v,,v,,v;,04) (v,,v,,v;,0;)
3.141, 3.153,
3.155, 3.156,
3.173-3.175

7 Fig.3.140,3.152, (v,,v,,v;,0,,0;) (v,,v,,v;,0,,0,) (v,,v,,v;,,0,,0,)
3.167, 3.168,
3.172,3.179,
3.180, 3.197b,
3.197b, 3.198a

8 Fig.3.142,3.154, (v,v, v, 0, 0,) ("1"’2:"3"’)(1"’)5)(vaz:vsrwﬂ’w&
3.166, 3.169,
3.170,3.171

9 Figs. 3.143a, (v, v,,v;,05) (v,v,,v;,0,) (v, v,,v;,0,)
3.144a, 3.145a,
3.146a

10 Figs. 3.147-3.150, (v,,v,,v;) (v,,v,,v;) (v,,v,,v;)
3.197a

11 Figs. 3.182b, (v,,v,,v;,0,) (v,v,,v;,0,) (v,v,,v;,0,)
3.184b

12 Fig. 3.183b (v,,v,,v,,0,) (v,,v,,v;,,05) (v, v,,v;,04)

13 Figs. 3.187-3.193  (v,,v,,v;,0,,0,) (v,,v,,v,,0,,0;) (v,,v,,v;,0,,0,)
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Table 3.34. Structural parameters® of translational parallel mechanisms in Figs.
3.119-3.130

No. Structural  Solution

parameter  3-PaPaC* 3-PaR*Pa“ 3-PaR*PaPa
(Figs. 3.119,3.120)  (Figs. 3.123-3.126) (Figs. 3.128-
3-PaC*Pa 3-Pa““R*Pa 3.130)
(Figs. 3.121,3.122)  (Fig.3.127)
1 m 20 20 29
2 p; 9 9 13
3 p 9 9 13
4  p;3 9 9 13
5 p 27 27 39
6 ¢ 8 8 11
7 Kk 0 0 0
8 ks 3 3 3
9 k 3 3 3
10 (Rg) See Table 3.33 See Table 3.33 See Table 3.33
(i=123)
11 Sg; 4 4 4
12 Sg; 4 4 4
13 Sg; 4 4 4
14 rGi 6 7 9
15 rGg2 6 7 9
16 rGgs3 6 7 9
17 Mg, 4 4 4
18 Mg, 4 4 4
19  Mg; 4 4 4
20 (Rp) (v5v,575) (v;5v5575) (v5v,57;)
21  Sp 3 3 3
22 18 21 27
23 rp 27 30 36
24 My 3 3 3
25 Np 21 18 30
26 Tr 0 0 0
P
27 z,-:/fj 10 11 13
P>
28 Zj:]-ff 10 11 13
P3
29 z,-:/fj 10 11 13
r
30 Zﬂfj 30 33 39

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.35. Structural parameters® of translational parallel mechanisms in Figs.
3.131-3.142

No. Structural  Solution

parameter  3-PaR*PaC* 3-PaR*R*Pa“ 3-PaR*PaPaR*
(Figs. 3.131,3.132) (Figs. 3.135,3.137) (Figs. 3.140—
3-PaC*PaR* 3-PaR*Pa“R* 3.142)

(Figs. 3.133,3.134) (Fig. 3.136, 3.138)
3-Pa“R*PaR*

(Fig. 3.139)
1 m 23 23 32
2 p; 10 10 14
3 10 10 14
4 p; 10 10 14
5 p 30 30 42
6 ¢ 8 8 11
7 ki 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (Rg) See Table 3.33 See Table 3.33 See Table 3.33
(i=123)
11 Sg; 5 5 5
12 Sg; 5 5 5
13 Sg; 5 5 5
14 rGi 6 7 9
15 re 6 7 9
16 rGgs 6 7 9
17 Mg, 5 5 5
18 My, 5 5 5
19  Mg; 5 5 5
20 (Rp) (v,v5,v5) (v5v,,v5) (vv,,v5)
21 Sr 3 3 3
22 7 18 21 27
23 e 30 33 39
24 Mg 3 3 3
25 Nr 18 15 27
26 Tr 0 0 0
pr
27 zj:]fj 11 12 14
P2
28 z,-:1f,f 11 12 14
ps3
29 zj:]fj 11 12 14
P
30 z,-=1ff 33 36 42

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.36. Structural parameters® of translational parallel mechanisms in Figs.

3.143-3.151

No. Structural
parameter

Solution
3-Pa*Pa*P

(Figs. 3.143, 3.144)
3-Pa*PPd*

(Figs. 3.145, 3.146)

3- & *Pp e

3 _&SCCPQSX

(Figs. 3.147, 3.149) (Fig. 3.151)

3. & *P e

(Figs. 3.148, 3.150)

— O 00 1N LB W —
Q

29

30 I
j:1fj

20

nNWWwWo oo OO

ee Table 3.33

16
16

48

17
8
8
8
24
8
0
3
3
S

ee Table 3.33

15
15

45

17
8

8

8

24
8
0
3
3
S

ee Table 3.33

16
16

48

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.37. Structural parameters® of translational parallel mechanisms in Figs.
3.152-3.158

No. Structural  Solution

parameter  3-Pa”PaPad* 3-PaR*RC 3-Pa*RC
(Figs. 3.152, 3.154) (Fig. 3.155) (Fig. 3.157)
3-PaPa**Pa* 3-PaR*CR 3-Pa*CR
(Fig. 3.153) (Fig. 3.156) (Fig. 3.158)
1 m 26 17 14
2 p; 12 7 6
3 p 12 7 6
4 p; 12 7 6
5 p 36 21 18
6 ¢ 11 5 5
7 Kk 0 0 0
8 ks 3 3 3
9 k 3 3 3
10 (Rg) See Table 3.33 See Table 3.33 See Table 3.33
(i=123)
11 Sg; 5 5 4
12 Sg; 5 5 4
13 Sg; 5 5 4
14 rGgi 15 3 6
15 rG2 15 3 6
16 rG3 15 3 6
17 Mg, 5 5 4
18 Mg, 5 5 4
19  Mg; 5 5 4
20 (Rp) (v5v,575) (v;5v5575) (v5v,57;)
21  Sp 3 3 3
22 45 9 18
23 rp 57 21 27
24 My 3 3 3
25 Np 9 9 3
26 Tr 0 0 0
P
27 z,-:/fj 20 8 10
P>
28 Zj:]-ff 20 8 10
P3
29 z,-:/fj 20 8 10
r
30 Zﬂfj 60 24

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.38. Structural parameters® of translational parallel mechanisms in Figs.

3.159-3.172
No. Structural Solution
parameter 3-PaPa*R 3-Pa”PaRR
(Figs. 3.159-3.161) (Figs. 3.166-3.168)
3-PaRPa” 3-Pa”RRPa
(Figs. 3.162, 3.163) (Figs. 3.169, 3.170)
3-Pa*RPa (Fig. 3.164) 3-PaRRPa* (Fig. 3.171)
3-PaRPa* (Fig. 3.165) 3-Pa”RPaR (Fig. 3.172)
1 m 20 23
2 pi 9 10
3 P2 9 10
4 D3 9 10
5 p 27 30
6 q 8 8
7 k; 0 0
8 k, 3 3
9 k 3 3
10 (Rg) See Table 3.33 See Table 3.33
(i=123)
11 Se1 4 5
12 Se2 4 5
13 Se3 4 5
14 rGl 9 9
15 rGg2 9 9
16 rGgs3 9 9
17 Mg, 4 5
18 Mg, 4 5
19 Mgs 4 5
20 (Rr) (v,5v,,v5) (v;5v,,v5)
21 Sr 3 3
22 7 27 27
23 re 36 39
24 My 3 3
25 N 12 9
26 Tr 0 0
P
27 ijjf/ 13 14
P>
28 Zj:]f} 13 14
P3
29 ijjf/_ 13 14
30 Z 39 42

P
il

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.39. Structural parameters® of translational parallel mechanisms in Figs.
3.173-3.177

No. Structural  Solution

parameter  3-RR*RPaP 3-RR*CPa 3-RRPa*P
(Fig. 3.173) (Fig. 3.175) (Fig. 3.176)
3-RPR*RPa 3-RPRPa*
(Fig. 3.174) (Fig. 3.177)
1 m 20 17 17
4 D3 8 7 7
5 P 24 21 21
6 q 5 5 5
7 k; 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (Rg) See Table 3.33 See Table 3.33 See Table 3.33
(i=123)
11 Se1 5 5 4
12 Se2 5 5 4
13 Se3 5 5 4
14 rGl 3 3 6
15 rG2 3 3 6
16 rg; 3 3 6
17 Mg, 5 5 4
18 M, 5 5 4
19 Mg; 5 5 4
20 (Rp) (v5v55v5) (v,v55v5) (v5v5,v5)
21 Sk 3 3 3
22 7 9 9 18
23 rp 21 21 27
24 My 3 3 3
25  Np 9 9 3
26 Tr 0 0 0
Py
27 Z,-:Ifj 8 8 10
P2
28 Z,-:Ifj 8 8 10
P3
29 Z,-:Ifj 8 8 10
P
30 ijlf,- 24 24 30

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.40. Structural parameters® of translational parallel mechanisms in Figs.
3.178-3.180

No. Structural Solution
parameter 3-RCPa* 3-RPaRRR* 3-RPaRR*R
(Fig. 3.178) (Fig. 3.179)
3-RRPaRR*, 3-RR*RPaR
(Fig. 3.180)
1 m 14 20
2 D1 6 8
3 D2 6 8
4 Ps3 6 8
5 p 18 24
6 q 5 5
7 k; 0 0
8 k; 3 3
9 k 3 3
10 (Ra) See Table 3.33 See Table 3.33
(i=123)

11 NYeT! 4 5
12 Se2 4 5
13 Sc3 4 5
14 rGi 6 3
15 rGg2 6 3
16 rGgs3 6 3
17 Mg, 4 5
18 Mg 4 5
19 Mg; 4 5
20 (RF) (v;5v5575) (v;5v5575)
21 Sk 3 3
22 7 18 9
23 I 27 21
24 Mg 3 3
25 Np 3 9
26 Tr 0 0

P
27 Zj:[fj 10 8

P2
28 Zf:1 f, 10 8

P3
29 Zj:[fj 10 8

P
30 ijlfj 30 24

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.41. Structural parameters® of translational parallel mechanisms in Figs.
3.181-3.186

No. Structural Solution

parameter  3-RPaPa” 3-RPa“PaR* 3-RPa*R
(Figs. 3.181, 3.183) (Fig. 3.184)  (Fig. 3.185)
3-RPa*Pa 3-RRPd*
(Fig. 3.182) (Fig. 3.186)
1 m 20 23 14
2 i 9 10 6
3 12 9 10 6
4 D3 9 10 6
5 p 27 30 18
6 q 8 8 5
7 k; 0 0 0
8 k, 3 3 3
9 k 3 3 3
10 (Re) See Table 3.33 See Table 3.33  See Table 3.33
(i=123)
11 Sai 4 4 4
12 S 4 4 4
13 Sgs 4 4 4
14 rGi 9 9 6
15 rg 9 9 6
16 rg; 9 9 6
17 Mg 4 4 4
18 Mg, 4 4 4
19 Mg 4 4 4
20 (Rr) (v;5v5575) (v5v,57;) (v5v,57;)
21 Sk 3 3 3
22 7 27 27 18
23 g 36 36 27
24 My 3 3 3
25 Np 12 12 3
26 Tr 0 0 0
Py
27 Z,/:/f.i 13 13 10
P2
28 ijlf;' 13 13 10
Pz
29 Z,/:/f.i 13 13 10
P
30 ZH f 39 39 30

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.42. Structural parameters® of translational parallel mechanisms in Figs.

3.187-3.193
No.  Structural Solution
parameter 3-RPa”PaR (Fig. 3.187) 3-RR*RPa"“
3-RPaRPa*” (Fig. 3.188) (Figs. 3.191, 3.192)
3-RPa*”RPa (Fig. 3.189) 3-Pa“RR*R
3-RPaPa™R (Fig. 3.190) (Fig. 3.193)
1 m 23 17
2 D1 10 7
3 P2 10 7
4 D3 10 7
5 p 30 21
6 q 8 5
7 k; 0 0
8 k; 3 3
9 k 3 3
10 (Re) See Table 3.33 See Table 3.33
(i=123)
11 Sci 5 5
12 Se2 5 5
13 Scs 5 5
14 rGi 9 4
15 rGg2 9 4
16 rGgs3 9 4
17 Mg, 5 5
18 Mg 5 5
19 Mg; 5 5
20 (Rr) (v5v,57;) (v;5v5575)
21 Sk 3 3
22 7y 39 12
23 rE 21 24
24 My 3 3
25 Nr 9 6
26 Tr 0 0
P
27 Z,,-:zf,i 14 9
P>
28 Zj:,fj 14 9
P3
29 Z,,-:zf,i 14 9
V4
30 Z,-:1f/' 42 27

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.43. Structural parameters® of translational parallel mechanisms in Figs.
3.194-3.197

No. Structural

parameter 3-RRPa 3-PaPr* 3-RRPrR*
(Fig. 3.194) (Fig. 3.197a) (Fig. 3.197b)
3-RRPa*
(Fig. 3.195)
3-Pa*“RR
(Fig. 3.196)
1 m 14 20 20
2 p; 6 10 9
3 p 6 10 9
4 p; 6 10 9
5 p 18 30 27
6 q 5 11 8
7 k; 0 0 0
8 k> 3 3 3
9 k 3 3 3
10 (Rg) See Table 3.33 See Table 3.33 See Table 3.33
(i=123)
11 Sg; 4 3 5
12 Sg 4 3 5
13 Sg; 4 3 5
14 rGi 6 15 10
15 rG2 6 15 10
16 r'G3 6 15 10
17 Mg 4 3 5
18 Mg 4 3 5
19  Mg; 4 3 5
20 (Rp) (v;5v,575) (v;5v5575) (v;5v,57;)
21 Sy 3 3 3
22 7 18 45 30
23 e 27 51 42
24 Mg 3 3 3
25 Nr 3 15 6
26 Tr 0 0 0
pr
27 Z,»:,fj 10 18 15
P2
28 2,-:1 f 10 18 15
ps3
29 Z,»:,fj 10 18 15
P
30 Z,-:M’f 30 54 45

*See footnote of Table 2.1 for the nomenclature of structural parameters
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Table 3.44. Structural parameters® of translational parallel mechanisms in Fig. 3.198

No.  Structural Solution
parameter 3-Pa”PrR* 3-RRPr*
(Fig. 3.198a) (Fig. 3.198b)
1 m 23 17
2 pi 11 8
3 )2) 11 8
4 D3 11 8
5 p 33 24
6 q 11 8
7 k; 0 0
8 k; 3 3
9 k 3 3
10 (Rg) See Table 3.33 See Table 3.33
(i=123)

11 NYeT 5 4
12 Sg 5 4
13 Sgs 5 4
14 rg 16 12
15 ) 16 12
16 rg3 16 12
17 Mg 5 4
18 Mg 5 4
19 Mg; 5 4
20 (Rr) (v;,v,,v5) (v)5v,,v5)
21 Sr 3 3
22 n 48 36
23 rp 60 45
24 My 3 3
25  Np 6 3
26 Tr 0 0

P
27 Zj:,fj 21 16

P>
28 Z;:;fz 21 16

P3
29 Zj:,fj 21 16

P
30 j:;fi 63 48

*See footnote of Table 2.1 for the nomenclature of structural parameters
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HEHEHa=H,
I={y=1=1c

IGRY

Fig. 3.119. 3-PaPaC*-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by My = Sr = 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 21, limb topology Pa L Pal||C*
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Fig. 3.120. 3-PaPaC*-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 21, limb topology Pa||Pal||C*
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(@

) Kty

Fig. 3.121. 3-PaC*Pa-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr = 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 21, limb topology Pa L C*||Pa
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(b

Fig. 3.122. 3-PaC*Pa-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr = 3, (Rp) = (v,,v,,7;),

Tr= 0 and Np= 21, limb topology Pa||C*||Pa
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(b)

Fig. 3.123. 3-PaR*Pd“ overconstrained TPMs with coupled motions, rotating
actuators mounted on the fixed base and six cylindrical joints adjacent to the moving
platform, defined by My = Sr= 3, (Rp) =(v,,v,,v;), Tr= 0, Np= 18, limb topology

Pa 1l R¥|Pa“
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Fig. 3.124. 3-PaR*Pa“-type overconstrained TPMs with coupled motions, rotating
actuators mounted on the fixed base and six revolute joints adjacent to the moving
platform, defined by My = Sr= 3, (Rr) = (v,,v,,v;), Tr= 0, Np= 18, limb topology

Pal R*1* Pa



290 3 Overconstrained 73-type TPMs with coupled motions

Fig. 3.125. 3-PaR*Pa“-type overconstrained TPMs with coupled motions, rotating
actuators mounted on the fixed base and six cylindrical joints adjacent to the moving
platform, defined by My = Sr= 3, (Rp) = (v,,v,,v;), Tr= 0, Np= 18, limb topology

Pd||R*|Pa*
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Fig. 3.126. 3-PaR*Pa“-type overconstrained TPMs with coupled motions, rotating
actuators mounted on the fixed base and six revolute joints adjacent to the moving
platform, defined by Mp= Sp= 3, (Rp) = (v,,v,,v;), Tr= 0, Nr= 18, limb topology
Pal R*1lpge
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(b)

Fig. 3.127. 3-Pa“R*Pa-type overconstrained TPMs with coupled motions, rotating
actuators mounted on the fixed base and six revolute joints adjacent to the moving
platform, defined by Mp= Sp= 3, (Rp) = (v,,v,,v;), Tr= 0, Nr= 18, limb topology

Pa“1 R*1'Pa
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Fig. 3.128. 3-PaR*PaPa-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = S = 3, (Rp) =
(v;,v,,v;), Tp=0, Np= 30, limb topology@J_R*LiPaJ_iPa
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Fig. 3.129. 3-PaR*PaPa-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v,), Tr= 0, Nz = 30, limb topology Pa L R* 1* Pa L 'Pa
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Fig. 3.130. 3-PaR*PaPa-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v,), Tr= 0, Nz = 30, limb topology Pa L R* 1 'Pa 1* Pa
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Fig. 3.131. 3-PaR*PaC*-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 18, limb topology Pa||R* L Pa||C*
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Fig. 3.132. 3-PaR*PaC*-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 18, limb topology Pa L R* 1 'Pa||C*
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Fig. 3.133. 3-PaC*PaR*-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 18, limb topology Pa L C*||Pa L 'R*
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Fig. 3.134. 3-PaC*PaR*-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 18, limb topology Pa||C*||Pa L R*
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(b)

Fig. 3.135. 3-PaR*R*Pa““-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = S = 3, (Rp) =
(v,,v,,v,), Tp= 0, Np= 15, limb topology Pa||R* L R*||Pa*
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Fig. 3.136. 3-PaR *Pa“R*-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v,), Tr= 0, Np= 15, limb topology Pa | R*||Pa* L 'R*
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Fig. 3.137. 3-PaR*R*Pa“-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Ng= 15, limb topology Pa L R* L R*||Pa*
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Fig. 3.138. 3-PaR*Pa“R*-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 15, limb topology Pa||R*||Pa” L R*
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(b)

Fig. 3.139. 3-Pa“R*PaR*-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Ng= 15, limb topology Pa® L R* 1 'Pa||R*
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Fig. 3.140. 3-PaR *PaPaR *-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v;), Tr=0, Np= 27, limb topology Pa | R* 1* Pa 1* Pa L IR*
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Fig. 3.141. 3-PaR*PaPaR *-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v;), Tr= 0, Ng= 27, limb topology Pa L R* 1* Pa L 'Pa 1* R*
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Fig. 3.142. 3-PaR*PaPaR *-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v;), Tr=0, Ng= 27, limb topology Pa L R* L '"Pa 1* Pa 1 'R*
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HEHEHa=H,
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Fig. 3.143. 3-Pa*Pa”P-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 3, limb topology Pa* L Pa*||P
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Fig. 3.144. 3-Pa*Pa”P-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;) Tr= 0, Np= 3, limb topology Pa*||Pa"||P
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Fig. 3.145. 3-Pa*PPa”-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;),

Tr= 0, Np= 3, limb topology Pa* L P||Pd"
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Fig. 3.146. 3-Pa*PPa*-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;),

Tr= 0, Np= 3, limb topology Pa*||P||Pa"
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Fig. 3.147. 3-Pa*Pa’“-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;),

Tr= 0, Np= 6, limb topology Pa* L Pa™*
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Fig. 3.148. 3-Pa*Pa“*-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr= Sr= 3, (Rp) = (v,,v,,v;), Tr=

0, Nr= 6, limb topology Pa* 1. Pa™
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Fig. 3.149. 3-Pa*Pa’“-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Nr= 6, limb topology Pa*||Pa"
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(b)

Fig. 3.150. 3-Pa*Pa“"-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Nr= 6, limb topology Pa*||Pa“"’
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(b)

Fig. 3.151. 3-Pa*“Pa*-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 3, limb topology Pa*“||Pa*
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Fig. 3.152. 3-Pa”PaPda”-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;),

Tr= 0, Ng= 9, limb topology Pa* 1 Pa 1 Pa*
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10=10,=105=10;

Fig. 3.153. 3-PaPa”Pa*-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =

(v,,v,,v,), Tr= 0, Np= 9, limb topology Pa | Pa” L* Pa*
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Fig. 3.154. 3-Pa”PaPa*-type overconstrained TPM with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 9, limb topology Pa*||Pa L Pa™
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(a)

(b)

Fig. 3.155. 3-PaR*RC-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by My = Sr= 3, (Rp) = (v,,v,,7;),

Tp=0, Nr= 9, limb topology Pa L R* L 'R||C
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(b)

Fig. 3.156. 3-PaR *CR-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 9, limb topology Pa L R* L |C||R
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Fig. 3.157. 3-Pa*RC-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by My = Sr= 3, (Rp) = (v,,v,,v;),

Tr= 0, Np= 3, limb topology Pa*||R||C
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(a)

(b

Fig. 3.158. 3-Pa*CR-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 3, limb topology Pa*||C||R
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Fig. 3.159. 3-PaPa*R-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tr= 0, Nr= 12, limb topology Pal|Pa* L R
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Fig. 3.160. 3-PaPa*R-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by My = Sr= 3, (Rp) = (v,,v,,7;),

Tp= 0, Nyp= 12, limb topology Pa | Pa* 1 'R
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Fig. 3.161. 3-PaPa”R-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr = 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 12, limb topology Pa L Pa* 1" R
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Fig. 3.162. 3-PaRPa*-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 12, limb topology Pa||R L Pa”
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Fig. 3.163. 3-PaRPa”-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr = 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 12, limb topology Pa L R 1" Pa®
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Fig. 3.164. 3-Pa”RPa-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tp= 0, Ny= 12, limb topology Pa* L R 1 'Pa
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Fig. 3.165. 3-PaRPa*-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;)

Tr= 0, Np= 12, limb topology Pa L R | Pa* (a) and Pa||R L Pa” (b)
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Fig. 3.166. 3-Pa”PaRR-type (Pa”||Pa L R||R) overconstrained TPM with coupled
motions and rotating actuators mounted on the fixed base, defined by Mp = Sp= 3,
Rp)=(v,,v,,v,) Tr=0and Np=9
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Fig. 3.167. 3-Pa”PaRR-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tp= 0, Ny= 9, limb topology Pa" L Pa L "R||R
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Fig. 3.168. 3-Pa”PaRR-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tr= 0, Nr= 9, limb topology Pa” 1 Pa 1" R||R
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Fig. 3.169. 3-Pa”RRPa-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Trp= 0, Np= 9, limb topology Pa”||R||R L Pa
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Fig. 3.170. 3-Pa”RRPa-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr = 3, (Rp) = (v,,v,,7;),

Tr= 0, Nr= 9, limb topology Pa” 1 R||R 1" Pa
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Fig. 3.171. 3-PaRRPa*-type overconstrained TPM with coupled motions and rotating
actuators mounted on the fixed base, defined by Mp = Sp = 3, (Rp) = (v,,v,,v;),

Tr= 0, Nr=9, limb topology Pa L R||R L 'Pa*
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Fig. 3.172. 3-Pa”RPaR-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr= Sp= 3, (Rp) = (v,,v,,v;) Tp= 10,

Np=9, limb topology Pa* L R L Pa 1 'R (a) and Pa*||R L Pa L 'R (b)
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Fig. 3.173. 3-RR*RPaP-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr=0, Nz = 9, limb topology R L R* 1L "R||Pa||P
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Fig. 3.174. 3-RPR*RPa-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np = 9, limb topology R||P L R* L 'R||Pa
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(a)
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(b)

Fig. 3.175. 3-RR*CPa-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sr = 3, (RF) =
(v;,v,,v;), Tp= 0, Np= 9, limb topology R L R* | IC||Pa
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(b)

Fig. 3.176. 3-RRPa*P-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;),

Tr= 0, Np= 3, limb topology R||R||Pa*||P
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(a)

(b
Fig. 3.177. 3-RPRPa*-type overconstrained TPMs with coupled motions and rotating

actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,v;),

Tr= 0, Np= 3, limb topology R||P||R||Pa*
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(b)

Fig. 3.178. 3-RCPa*-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;),

Tr= 0, Np= 3, limb topology R||C||Pa*
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Fig. 3.179. Overconstrained TPMs of types 3-RPaRRR* (a) and 3-RPaRR*R (b)
with coupled motions and rotating actuators mounted on the fixed base, defined by
Mp=Sp=3,(R))=(v,,v,,v,), Tr= 0, Ny = 9, limb topology R L Pa L 'R||R L R*
(@)and R L Pa1l'R 1L R* 1R (b)
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Fig. 3.180. Overconstrained TPMs of types 3-RRPaRR* (a) and 3-RR*RPaR (b)
with coupled motions and rotating actuators mounted on the fixed base, defined by
Mg =Sp=3,(Rp) = (v,,v,,v,) Tr= 0, Np= 9, limb topology R||[R L Pa LR 1 R*
(a)and R L R* 1L 'R 1L Pa1l 'R (b)
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(b)
Fig. 3.181. 3-RPaPa*-type TPMs with coupled motions and rotating actuators

mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;), Tr =0,
Ng= 12, limb topology R | Pa||Pa™
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Fig. 3.182. 3-RPa*Pa-type TPMs with coupled motions and rotating actuators

mounted on the fixed base, defined by Mr = Sp = 3, (Rp) = (v,,v,,v;), Tr =0,
Np= 12, limb topology R | Pa*||Pa
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(@)

Fig. 3.183. 3-RPaPa”-type TPMs with coupled motions and rotating actuators
mounted on the fixed base, defined by Mr= Sp= 3, (Rp) = (v,,v,,v;), Tr=0, Np =

12, limb topology R 1. Pa 1" Pa*
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(b)
Fig. 3.184. 3-RPa“PaR *-type TPMs with coupled motions and rotating actuators

mounted on the fixed base, defined by Mr= Sp= 3, (Rp) = (v,,v,,v;), Tr=0,Nr=9,
limb topology R L Pa®||Pa L 'R*
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(a)
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Fig. 3.185. 3-RPa”R-type TPMs with coupled motions and rotating actuators
mounted on the fixed base, defined by Mp= Sp=3, (Rp) = (v,,v,,v;), Tr=0, Np= 3,
limb topology R L Pa* 1R
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(a)

(b)
Fig. 3.186. 3-RRPa*-type TPMs with coupled motions and rotating actuators
mounted on the fixed base, defined by Mr= Sp=3, (Rp) = (v,,v,,v;), Tr= 0, Nr= 3,

limb topology R||R L Pa™
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Fig. 3.187. 3-RPa*PaR-type TPMs with coupled motions and rotating actuators
mounted on the fixed base, defined by Mr= Sp= 3, (Rp) =(v,,v,,v;), Tr=0,Nr= 9,
limb topology R L Pa*||Pa LR
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Fig. 3.188. 3-RPaRPa*-type TPMs with coupled motions and rotating actuators
mounted on the fixed base, defined by Mr= Sp=3, (Rp) =(v,,v,,v;), Tr=0,Nr=9,
limb topology R L Pa L 'R L Pa*
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Fig. 3.189. 3-RPa”RPa-type TPMs with coupled motions and rotating actuators
mounted on the fixed base, defined by Mr= Sp=3, (Rp) = (v,,v,,v;), Tr=0,Nr=9,

limb topology R L Pa* L 'R 1 1Pa

(b)
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{b)
Fig. 3.190. 3-RPaPa”R-type TPMs with coupled motions and rotating actuators

mounted on the fixed base, defined by Mr= Sp=3, (Rp) =(v,,v,,v;), Tr=0,Nr=9,
limb topology R L Pa||Pa* L 'R
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Fig. 3.191. 3-RR*RPa“-type overconstrained TPMs with coupled motions,
rotating actuators mounted on the fixed base and six revolute joints adjacent to the
moving platform, defined by Mr= Sp= 3, (Rp) =(v,,v,,v;), Tr= 0, Np= 6, limb
topology R L R* L 'R||Pa*
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Fig. 3.192. 3-RR*RPa“-type overconstrained TPMs with coupled motions,
rotating actuators mounted on the fixed base and six cylindrical joints adjacent to
the moving platform, defined by Mp = Sr= 3, (Rp) = (v,,v,,v;), Tr=0, Nr = 6,

limb topology R L R* L 'R||Pa*
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(a)
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(b)

Fig. 3.193. 3-Pa“RR*R-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v,), Tr= 0, Ny = 6, limb topology Pa“||R L R* L 'R
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Fig. 3.194. 3-RRPa““-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v;), Tr= 0, Np= 3, limb topology R||R||Pa"*
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Fig. 3.195. 3-RRPa*“-type overconstrained TPMs with coupled motions and
rotating actuators mounted on the fixed base, defined by Mr = Sp = 3, (Rp) =
(v,,v,,v,), Tr= 0, Np= 3, limb topology R||R||Pa*“
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(a)

H=H,=H:=H-
1=14=1=1-
6=6,=65=6~

Fig. 3.196. 3-Pa*“RR-type overconstrained TPMs with coupled motions and rotating
actuators mounted on the fixed base, defined by Mr = Sr= 3, (Rp) = (v,,v,,7;),

Tr= 0, Np= 3, limb topology Pa*“||R||R
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H=H,=Ha=H;
8=8,=8:=8~

Fig. 3.197. Overconstrained TPMs with coupled motions of types 3-PaPr* (a) and
3-RRPrR* (b) defined by Mp= Sr=3, (Rp) =(v,,v,,v;), Tr=0,Np=15(a), Np=6
(b), limb topology Pa-Pr* (a) and 3-R||RPr-R* (b)
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(a) -
H=H=H=H-

9=9,29,=9-

Fig. 3.198. Overconstrained TPMs with coupled motions of types 3-Pa*PrR* (a)
and 3-RRPr* (b) defined by Mr= Sr=3, (Rp) =(v,,v,,v;), Tr= 0, Nr= 6 (a), Nr =3
(b), limb topology Pa*-Pr-R* (a) and R||R-Pr* (b)





