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Rezumat: In aceastd lucrare se studiazi analiza
structurala a grupei Assur de clasa a 4-a ordinul 2
(tetrada). Pornindu-se de la tetrada cu cuple de rotatie
si inlocuindu-se succesiv cuplele de rotatie prin cuple
prismatice, se genereazd 64 aspecte ale tetradei.
Analiza structurald a acestor aspecte conduce la 24
modele cinematice. Unele din modele degenereaza in
mecanisme de familia a 4-a sau in mecanisme cu
familie aparenta.
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1. INTRODUCERE

In mod frecvent tetradele cu cuple de
rotatie i prismatice se folosesc la diferite
mecanisme plane de familia a 3-a. Analiza
pozitionala sub forma polinomiald a grupei
Assur de clasa a 4-a, ordinul 2, cu cuple de
rotatie este prezentatd in [2], unde se obtin
sase configuratii complexe. In [3] se face
analiza pozitionald a grupei Assur de clasa a
4-a ordinul 2, cu o cupla prismatica Interioara

si alta exterioard, obtindndu-se sase
configuratii intr-un domeniu complex.
Aceasta lucrare prezintd analiza

structurala a grupei Assur de clasa a 4-a
ordinul 2 cu patru elemente si sase cuple de
rotatie sau prismatice (tetrada).

2. ASPECTELE TETRADEI

Conexiunea dintre grupele Assurice si
restul elementelor mecanismului se face prin
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Abstract: In the present paper the structural analysis
of the Assur group of class 4 and order 2 (tetrad) is
investigated. Beginning from the tetrad with revolute
joints and replacing successively the revolute joint by
prismatic joint, 64 kinds of tetrad are generated. The
structural analysis of these kinds leads to 24 kinematic
models. From these are removed the models that
degenerate in four family mechanisms or mechanism
with apparent family.
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1. INTRODUCTION

Frequently tetrads with revolute and
prismatic pairs are used in different family-
three planar mechanisms. The position
analysis in polynomial form of the Assur
group of class 4, order 2, with revolute joints
only is presented in Refs [2], where six
assembly configurations in the complex field
are obtained. In Ref. [3], the analytical-form
position analysis of the Assur group of class
4, order 2, with one internal or one external
joint leads to six assembly configurations in
the complex domain.

This paper presents the structural analysis
of the Assur group of class 4 and order 2 with
four links and six revolute/prismatic joints
(tetrad).

2. TETRAD KINDS

The connection of the Assur group with
the links of the mechanism to which it
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intermediul cuplelor extreme. In fig. 1 tetrada
cu cuple de rotatie este conectatd cu un
element conducitor. In acest mod s-a obtinut
un mecanism cu gradul de mobilitate egal cu
1.

In fig. 2 este prezentati tetrada tip RRR-
RRR. Simbolizarea tetradei este definita
astfel: BCG-EDF, unde BCG si EDF sunt
elemente ternare, primul simbol
corespunzand cuplei extreme , iar al doilea si
al treilea  corespunzand cuplelor interne
respective, R reprezintd o cupla de rotatie iar
P o cupla prismatica. Aspectele teradei se
obtin considerand initial toate cuplele de
rotatie si inlocuind succesiv cuplele de rotatie
prin cuple prismatice. Se genereaza astfel 64
aspecte ale tetradei (Tabelul 1).

Analiza structurald a acestor aspecte
conduce la 24 modele cinematice care au
solutii la analiza pozitionala a grupei de clasa
a 4-a ordinul 2. In tabelul 2 se dau aspectele
tetradei, sub formd simbolicd, corespunzand
modelelor cinematice ale tetradei.

belongs is made with the aid of its external
joints. In Fig. 1 a tetrad with revolute pairs
only connected with one input link is
presented. In this way, closed-chain
mechanism with one degree of freedom is
created.

In Fig. 2 a RRR-RRR tetrad is illustrated.
The symbolic form of the triad is defined as:
BCG-EDF, where BCG and EDF are the
ternary links, first symbol corresponds to
external joint and second and third symbol of
the ternary link correspond to internal joints
respectively, R denotes a revolute pair and P a
prismatic pair. The tetrad kinds are obtained,
beginning from the tetrad with revolute joints
and replacing successively the revolute joint
by prismatic joint. So 64 kinds of tetrad are
generated (Tabel 1).

The structural analysis of these kinds leads
to 24 kinematic models which can be used for
the solution of the position analysis of all
kinds of the Assur group of class 4 and order
2. In Table 2 the tetrad kinds, given in
symbolic form, corresponding to kinematic
models of the tetrad are inserted.

_.-.
X

Figura 1. Mecanism cu gradul de mobilitate 1, incluzand o tetrada
Single degree of freedom mechanism including a tetrad
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Figura 2. Tetrada cu cuple de rotatie (RRR-RRR)
Tetrad with revolute joints (RRR-RRR)

Tabelul 1. Aspectele tetradei
Tablel. Tetrad kinds

No B C G E D F
1 R R R R R R
2 R R R R R P
3 R R R R P R
4 R R R R P P

5 R R R P R R
6 R R R P R P

7 R R R P P R

8 R R R P P P

9 R R P R R R
10 R R P R R P
11 R R P R P R
12 R R P R P P
13 R R P P R R
14 R R P P R P
15 R R P P P R
16 R R P P P P

17 R P R R R R
18 R P R R R P
19 R P R R P R
20 R P R R P P
21 R P R P R R
22 R P R P R P
23 R P R P P R
24 R P R P P P
25 R P P R R R
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26 R P P R R P
27 R P P R P R
28 R P P R P P
29 R P P P R R
30 R P P P R P
31 R P P P P R
32 R P P P P P
33 P R R R R R
34 P R R R R P
35 P R R R P R
36 P R R R P P
37 P R R P R R
38 P R R P R P
39 P R R P P R
40 P R R P P P
41 P R P R R R
42 P R P R R P
43 P R P R P R
44 P R P R P P
45 P R P P R R
46 P R P P R P
47 P R P P P R
48 P R P P P P
49 P P R R R R
50 P P R R R P
51 P P R R P R
52 P P R R P P
53 P P R P R R
54 P P R P R P
55 P P R P P R
56 P P R P P P
57 P P P R R R
58 P P P R R P
59 P P P R P R
60 P P P R P P
61 P P P P R R
62 P P P P R P
63 P P P P P R
64 P P P P P P
Tabelul 2. Modelele cinematice ale tetradei
Table 2. Tetrad kinematic models

Modelul | Aspectul tetradei Familia

cinematic

1 RRR-RRR 3
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2 RPR-RRR, RRP-RRR, RRR-RPR, RRR-RRP 3
3 RPR-RRP, RRP-RPR 3
4 RPR-RPR, RRP-RRP 3
5 RPP-RRR, RRR-RPP 3
6 RPP-RPR, RPP-RRP, RPR-RPP, RRP-RPP 3
7 RPP-RPP 3
8 PRR-RRR, RRR-PRR 3
9 PRR-RPR, PRR-RRP, RPR-PRR, RRP-PRR 3
10 PRR-RPP, RPP-PRR 3
11 PRR-PRR 3
12 PPR-RRP, RRP-PPR, PRP-RPR, RPR-PRP 3+4
13 PPR-RRR, PRP-RRR, RRR-PPR, RRR-PRP 3
14 PPR-RPP, RPR-PPR, PRP-RRP, RRP-PRP 3
15 PPR-RPR, PRP-RPP, RPP-PPR, RPP-PRP 3+4
16 PPR-PRR, PRP-PRR, PRR-PPR, PRR-PRP 3+4
17 PPR-PRP, PRP-PPR 4
18 PPR-PPR, PRP-PRR 3+4
19 PPP-RRR, RRR-PPP 3
20 PPP-RPR, PPP-RRP, RPR-PPP, RRP-PPP 3+4
21 PPP-RPP, RPP-PPP 4
22 PPP-PRR, PRR-PPP 4
23 PPP-PPR, PPP-PRP, PPR-PPP, PRP-PPP 4
24 PPP-PPP 4
Tetrada are sase cuple de  The tetrad has six revolute/prismatic pairs
rotatie/prismatice (c=6) si patru elemente (c=6) and four links (n=4), hence the
(n=4), astfel cd& numarul contururilor independent closed loops number is N=c-n

independente este N=c-n=2, de exemplu
contururile BCDEB si BGFEB.

Gradul de mobilitate efectiv al tetradei
se calculeaza astfel:

M=3n-2¢=3.4-2.6=0 (1)
tetrada conectandu-se la elemente conform
structurii.

Apar situatii speciale cand relatia (1)
nu da rezultate corecte. Aceste situatii au fost
identificate in [1, 4, 5]:

a) daca un element se leagd de doua
elemente prin cuple de translatie, atunci axele
acestor cuple nu trebuie sa fie paralele;

b) in conturul inchis continand numai
cuple prismatice nu exista rotatii relative Intre
elemente, astfel ca acel contur este de familia
a 4-a. In acest caz, gradul de mobilitate este:

M=2n-c (2)

De exemplu, ecuatia (2) aplicata tetradei
PPP-PPP (fig. 3 si numarul 24 din tabelul
2) ofera M=2, ceea ce inseamna ca tetrada
PPP-PPP a devenit un mecanism de
familia a 4-a cu gradul de mobilitate egal

=2, for example the loops BCDEB and
BGFEB.

The effective degree of freedom of a tetrad

can be expressed as:
M=3n-2¢=3.4-2.6=0

(1
and the tetrad connected to a link becomes a
stucture.

Special situations exist where the equation
(1) fail to yield correct results. These
situations may be identified taking into
account the following [1,4,5]:

a) if a link is connected with other links
by two prismatic pairs, then the axis of these
pairs must be not parallel. In other case the
corresponding link has a redundant degree of
freedom.

b) in a closed loop with only prismatic
pairs, the relative rotation motion between
links is not permitted and this loop is a
family-four chain. In this situation, the degree
of freedom is given by:

M=2n-c 2)
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cu 2.

c) daca intr-un contur inchis cu cuple
prismatice existd si o cupld de rotatie,
aceastd cupld devine o legdturd rigida,
deoarece cuplele prismatice blocheaza
miscarile de rotatie relative. In aceste
cazuri tetradele devin mecanisme de
familia a 4-a (numerele 17, 21, 22 si 23
din tabelul 2).

d) daca un contur inchis al tetradei
este de familia 3 iar celdlalt este de
familia a 4-a, atunci gradul de mobilitate
se calculeaza cu relatia [1, 4]:

M=(6-f,)n — Z(k-f,)ck (3)

unde f,, numitd “familie aparentd”, este
media aritmeticd a familiilor celor doua
contururi, iar k este numarul constrangerilor
impuse de cupla c. In acest caz tetrada are
“familia aparentda” f, =7/2 si gradul de
mobilitate M=1. De exemplu, tetrada PPR-
PRR (fig. 4) are conturul BCDEB de familia
a 4-a si conturul BGFEB de familia a 3-a. In
tabelul 2 acest caz apare la numerele: 12, 15,
18 si 20, unde la “Familie” s-a notat 3+4.

In acest fel, in acord cu consideratiile
mentionate, familiile modelelor cinematice
sunt evaluate in ultima coloana a tabelului 2.
Din acesta se observd cd cinci modele
cinematice degenerecazd in mecanisme de
familia a 4-a, alte cinci degenereaza in
mecanisme cu familii aparente, iar 14 modele
cinematice raman tetrade. Aceste 14 modele
cinematice pot fi utilizate pentru analiza
pozitionala a 35 aspecte ale tetradei.

For example, equation (2) applied to the PPP-
PPP tetrad (Fig. 3 and no 24 in Tabel 2) gives
M=2, ie. the PPP-PPP tetrad becomes a
family-four mechanism with two degrees of
freedom.

¢) if in a closed loop with prismatic pairs
exist one revolute pair, the revolute pair acts
as a rigid connection, because the other
prismatic pairs of the loop blocks the relative
rotation motion. In this case the tetrad
becomes a family-four mechanism with two
degrees of freedom (no 17, 21, 22, and 23 in
Tabel 2).

d) if one closed loop of the tetrad is a
family-three loop and the other is a family-
four loop, than the degree of freedom is given
by [1, 4]:

M=(6-f,)n—2(k-f;)cx 3)
where f,, named “apparent family”, is the
arithmetical mean of the loop families and k
is the number of the constraints imposed by
ck pair. In this case the tetrad becames an
“apparent family”” mechanism with f,=7/2 and
one degree of freedom (M=1). For example,
the PPR-PRR tetrad (Fig. 4) has the family-
four loop BCDEB and the family-three loop
BGFEB. In Tabel 2 these cases are included
inno 12, 15, 16, 18 and 20, where the family
is noted as 3+4.

Taking into account the above mentioned
considerations, the family of all kinematic
models is evaluated and is given in the last
column of Tabel 2. It is observed that five
kinematic models degenerate in a family-four
mechanism, other five degenerate in an
apparent family mechanism and only 14
kinematic models remain tetrads. These 14
kinematic models can be used for the position
analysis of 35 tetrad kinds.
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Figura 3. Tetrada PPP-PPP
PPP-PPP tetrad

Figura 4.Tetrada PPR-PRR
PPR-PRR tetrad

3.CONCLUZIT

Analiza structurald a grupei Assur de
clasa a 4-a (tetrada) este descrisa 1n aceasta
lucrare. Analiza aratd ca cele 64 aspecte
posibile teoretic, corespund la 24 modele
cinematice. Dintre aceste modele cinematice,
14 raman tetrade, cinci devin mecanisme de

3 CONCLUSIONS

The structural analysis of the class-
four Assur group (tetrad) is described in this
paper. This analysis leads to 64 kinds of the
tetrad and to 24 coresponding kinematic
models. From these kinematic models only
14 remain tetrads, five become family-four
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familia a 4-a iar cinci degenereaza in
mecanisme cu familie aparenta.

Modelele cinematice rezultate pot fi
utilizate la analiza pozitiilor mecanismelor
plane ce contin tetrade.
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mechanism and other five degenerate in
apparent family mechanism.

The resulted kinematic models can be
used for the position analysis of planar
mechanisms including tetrads.
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