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Abstract. The purpose of this paper is to present a modern method for the geometrical - kinematical
synthesis of a complex plane mechanism which has in its structure, besides the type bar elements, also a
gear. The lengths of the elements can be determined based on the associated positions at which the
transmission functions are known.

1. INTRODUCTION

The geometrical-kinematical synthesis is part of the mechanism synthesis for which
is demanded a correlation between the positions of the guided elements and the positions
of the guiding elements. It is necessary to determine the lengths of the elements from the
mechanism structure. The number of the relative-associated positions, where the zero
order transmission functions are given, depends on the number of functional sides (all the
segments of finite length located between two kinematical pairs), on the number of driving
elements for which the transmission functions are known and on the number of the
independent cycles.

2. MECHANISM SYNTESIS WITH IMPOSED RELATIVELY-ASSOCIATED POSITIONS

The mechanism presented in the figure 1 has, in its structure, besides the bar
elements, the gear that consists in the toothed-wheels linked in B, respectively, in C, the
first one being solid to the guiding element AB and the second one to the guided element
CD.

Fig. 1 The gears and bars mechanism

To each element is attached one complex number noted, in the initial position
z;, i=16, while the segment AE is noted z,. From the closing condition for the
independent cycle ABCDFG, to the 10 position, can be written:
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(1)
and for the independent cycle ABCDE:
-1 2 .3 4
197 195 195 Io; Ty
ze'+z,e! vz vz, =2, j=110.
)

In these relations ¢, k —16 represent the position angles for the driving element

AB, respectively, for the intermediary elements BC, CD, DE, DF and for the guided
element FG, face to the initial position, which are unknown. From the first five equations of
the system (1) results:

7, =2 K-12356,
A
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In the system (3), the unknowns which interfere in calculus of z,, k=1235,6 are
(pjz, (pj3, (pf, j=123,4. By substituting (3) into the last six equations of the system (1) it
results the system:

.1 .2 . 3 . 5 )
A+ A" + A" +AeT A" =4 j=5]10.
. . . (5)
With the expressions of the determinants (4), the system (5) becomes:
1 1 1 1 1 1
1 e e g g% g
1 % &% g% % % _
1 ei(pé einpg ei(pg ei(pg ei(pg = 0, = 5110
1 % ¥ g% gV g
1 ekp‘l ei(le2 ei(pj3 eiq)? eiq’?
(6)

with the unknowns(pf, j=510. The determinants (6) are developed after the last but one
column and, in concentrate writing, results:
. 5 . 5 .5 . 5 0> N
D,,Dle"™ +D?"z +D%'" +Dfe™ +De"’ =0, j=510,

(7)

where:
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Further on, it is introduced the complex conjugated system of the system (7):
— T B T3 i T3 —i0® 7 —ied — —ig® —
D, +Dje * +D? 2 +D’e ™ +Dje ™™ +De "’ =0, j=5]10,
©)

where D, D, D_Jl D_J2 D_J3 D_Jf‘ are the conjugates of the complex numbers
D,D;,Dj, Df,D},Df . At last, by eliminating the unknowns¢?, j=510, by multiplying (9)
with (7), it results:

_ 4 — 4 — .5 4 — 5 — (5_5
DD=D,D,+ YD{D + ¥DDie " + 3DSD;e + > DiD'e'™ "’k)+
k=1 k=1 k=1 k=2,3,4

< 3 ofofe )y ooty oifelid) oo

k=1,3,4 k=12,4 k=1,2,3
(10)
From the first equation of the system (2), it results:
2,=2,-2,-2,—23,
(11)

which substituted in the remained equations of this system leads to the obtaining of the
following system:

i} i? i iof . T
ze ) +2z,6 ) 425 +(2;-2,-2,-23 ' =2,, j=110.

12
With (3) in (12) it results the system: (2
Alekpjl + Azekpj2 + A3ei(p13 + @|z7|eiOL —A - A, - A3)akpJfl = Alz,]e", j=110,
(13)
where:
z; =|z,]e"-
(14)

To eliminate the unknowns(pjf‘,j:m, it is introduced the complex-conjugated
system of the system (13):

A_lei(')j1 +A_2ekpj2 +A_3ekpj3 + 6|z7|ei°‘ —A_l—A_Z—A_3)3kPJ4 = Alz,e", j=110
(15)
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and, this way, from (13) and (15) are eliminated the unknowns(pjf‘,j =110. It results:
iof 3. — 3 — -igf el 3 = 3 — g
|z, |e™ ZAAK—ZAAke Vl+[zoe ™ 2AA-SA AT |-
k=1 k=1 k=1 k=1
— Silpl-g? — ifpt—o3
—A1A2|:l e(p ])i|——A2A1|:l—e I(DJ K )} —AlA{l—el(p' (p')}—
— Sifpt-gB — Sifp2—3 — Sifp2—3 —
—AgA{l—e U “’J)}—AZA{l—e o )}—A?,A{l—e -+ )}:O,j:llo.

Considering:

(16)

K
R, +il; = Y AA - Y AAe
k=1 k=1

— —ilpt—¢?
R; +il :AlA{l—e - )};
— ilpl—¢3
R; +il; :AlAs[l—e'("J K )};
Ry +il] =A As[l o “")}
. N
= JR2+12, tga =, j=110,

| 17)
the relations (16) conduct to the system:
lz|p;coslo + @ )- %, =0, j=110,
(18)
where:
R; =R, +R| +R;.
(19)
By eliminating |z7| from the system (18), it results:
& B plcos(a + ocl), TS

J:
R; p;cosia+a;

n
[
o

(20)
which can be written:

R.cosa, —NRyp. COSQL; —
tga = TR T TR ERY 910,
p1R;sina, —Ryp;sing;

(21)
By eliminating o from (21) the following system is obtained:
P, COsay —Ryp, cOSa,  Pi¥jCOSay —TRyp;COS j=310.
p R, sina, —R,p, Sina, piR;sinoy —Rp;sina; ’ o

(22)

Further on, by grouping together (10) and (22) it results a nonlinear system which

can be solved by numerical methods. With the obtained solution, from (3), are calculated
2,,2,,23,2s, Zg. From the system (18) z, is determined. Afterwards, from (11), results
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z, and, this way, is achieved the geometrical-kinematical synthesis based on the relative-

associated positions.

For example, the complex system (13) can be changed in an algebraically system

with the real unknowns ¢?, k =14, on the form:
f63.03.03.05 )0, =58

where:

62020503 @ F+ 6,7 -@F -6 + 2 @ F - 6 ) |+

(23)

+22 Kaa +b, bk):OS(pk éb"+ba )smq)k]-rzz%a +b1bk)

cos@) -or )() al +ajb }in(p5 - (pE)]+ 2 z E?ak n b-zb'.‘)

-cos€p5 (pﬁ)@ a; +a2b")5|n(p (pk)]+2E13a4+b b4}os€o (p4}

—@ a +a3b4k)5|n(p @4] =58.

Let’s consider the column matrices:
or
5
¢
(I) = g y f =
?3
05

ol

—h —h —h —h
~N O

The system (23), under matric form, becomes:
flp)=0.

The Jacobi matrix joined to the system (23’) is:
007 095 o3 Op;
ofg ofg ofy Ofg

op; Op3 093 Op;

of, of, of, of |
op; 0p3 93 Op,
of, ofy, of, of

| 0p; 095  O¢3  09j |

(24)

(25)

(23)

(26)

For the unknowns there are selected the initial values ¢3°, ¢5°,¢3°,93°, which
represent the initial approximate solution. According to the Newton method, the solution of

the system (23’) is given by the matric relation:

P =P — 3P )P ) p=123,......,

where J‘l(p"] is the reciprocal of the matrix J(pp ]
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The initial approximate solution @° must be chosen thus the process shall be

convergent. With the solution ¢! it is passing to the second approximation etc., the
iterative process going on until the desired precision is obtained thus:

fo-o?] <
where H(p - (ppH is the norm “m” of the column matrix @) —oP ]

The complex system (22) can be transformed into an algebraically system with the
real unknowns ¢?, j=310 under the form:

filof -0, j=310,

that can be solved in the same way.

(28)

3. CONCLUSIONS

The presented method offers the possibility to determine the lengths of the
component elements for a complex gears and bars mechanism. This method is based on
the associated positions, at which the transmission functions are known. If the positions of
the guiding element associated with the position of the guided elements are given in
relation to a fixed frame, this position is named absolute associated positions. Because the
frame is fixed to the chassis, the absolute associated positions are even the zero order
transmission functions.
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