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Abstract. This paper represents the numerical calculation of the undetermined static
reactions to the planar plane quadrilateral mechanism with straight bars and kinematic
rotation couplers.

The algorithm used was obtained using the relative displacement method and was presented
in a previous paper. The method allows linear elastic calculation to determine undetermined
static reactions.

For a numerical application a computational program was used, the Matlab software, with
which the variation diagrams for the determined static reactions were obtained for the
undetermined static reactions as well as the variations of the small angles of rotation in the
kinematic couplers. The results obtained, we hope to be the ones they are looking for, and
they are being developed

The work can be considered a novelty. The research conducted on the literature at both
international and national levels has demonstrated the lack of such research concerns.

In conclusion, this work can be considered useful to researchers, manufacturers and users of
such mechanisms. The quadrilateral mechanism is quite used, the results obtained in this
paper will be useful to the researchers in this field, and the designers will more efficiently
dimension the components of such a mechanism. The method may be useful in sizing
calculations of existing vehicle mechanisms.

1. Introduction
In the previous work [4] a method for the calculation of undetermined static reactions was
developed for the planar straight quadrilateral mechanism and kinematic rotation couplers



In the present paper, starting from the obtained analytical results, the algorithm and the
calculation program for a numerical application will be elaborated.

2. Theoretical aspects. Remarks
The articulated quadrilateral mechanism is considered ABCD from figure. 1,

Figure. 1. The articulated quadrilateral mechanism

formed by the straight bars AB, BC,CD indexed by numbers 1,2,3 and positioned through the
angles ¢y, @,,p, compared to the fixed reference system AXY and notations:
- R, R, forces of reaction, statically determined from the joint A;

-  M,, - momentum, statically determined from the joint A, moment that maintains
equilibrium,;
- R,, -reaction force, statically indeterminate from the joint A;
- My, M, - moments of reaction, statically undetermined from the joint A;
- {R A} - column matrix of pliickeriene coordinates of the torsors reaction from A;
- {PB, PC, PD} - column matrices of pliickeriene coordinates torso’s external forces
actingin B,C,D;
- {U g, Uc,U D} column matrices [6], [8] , attached to kinematic joints
{UB}: [O 01 Yo —Yc O]T;
Uct=[0 0 1 Y, -Y. 0f; (1)
{UD}: [0 0 1Yy —Yp O]T
- {J B }, {G c }, {G b } column matrices given by relationships:
{GB}:[YB -Xg 000 1]T;
Ocj=f. -xc 0 0 0 1I; @

o)=Y, -xc 0 0 0 1
- [H B ], [H BC ], [H CD] the flexibility matrices of the bars AB, BC,CD;

- [H AD ]— the matrix given by relationship:

[Ho]=[Hue ]+ [Hec J+[Heo ] 3)
- [K AD ]- the stiffness matrix defined by the relationships
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0 0 Kj Ky K 0
0 0 Ky Ky Ky 0
2 | Ky K, 0 0 0 Ky
[KAD]: [H AD] = K41 K42 0 0 0 K46 4)
Ky, Kg, O 0 0 K
Y 0 K Kg Kgs ]
[K AD ]. [K AD] matrices given by equality:
Kz Ky Kis Ko Kap Ky
[K}-\D]: Ko Ko Ky ’[KiD]: Ki Ki Kgg (%)
K Ky Ky Ksy Kg Kgg
{PT }- matrix column
N {js }T ) {PB }
{PT }: - c {{PB } Pe (0)
+1P. §+

{K} matrix column

Bl=HeIP + [Ho kP (P B =16, 6, 6 & &, 3] 7

[ ],[ ] matrices

Yo =Xz 1 1 1 1
[A]: Yo —Xc 1 ;[B]: Yo Ye Yo 3
Yo — Xy 1 -Xg —Xo —Xp

$g18c1 6 p - small angles of rotation in kinematic joins;

{é’ }— matrix column.

{é/}:{ 8 Sc gD}T ©)
With these notations [5], deduct the determined static reactions
Rax
-1
=[AI'{R) (10)
M,
statically undetermined reactions
Ry Oy
M | =K% @, (1)
M sy A,
and the angles of rotation in the kinematic joints
Lo ,
1 -1 -1 -1 A
¢e :[B] [K/lxD] [A] {PT }+ [B] ?x (12)
o Ay
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3. Calculation algorithm

It is considered as for bars indexed with 1,2,3 the lengths are known |,, areas A, of the normal

sections, geometrical moments of inertia |, 1 ., 1 (lxi = |yi + |Zi) , elasticity modules E;,G, the

yi? hzir Txi
flexibility matrices [7],
GIxi
|2 I
0 0 ! 0 —— 0
2E1, El,
I-Z I
° o ° ° ° ElL
[hi]: ' zi ilzi (13)
i 0 0 0 0 0
EA
12 I*
0 ' 0 0 0 -
3El, 2Bl
|3 12
0 0 ' 0 ' 0
3El, 2E1,

i =1,2,3 and distance AD = X,
Calculates for angle values ¢, ranging from grade to grade:

a) the angles ¢,, @, with relationships
A=21,(X, —l,cos@, ) B=2l1sing;C =12 -X2-12—12 +2X_l,cosp,  (14)

B++A?+B*-C? 1, sing, —1, sin
i i < ., =arcsin 222 120
C-A 1,
b) the coordinates of the points B,C, D;
Xg =l cose;Yy =1 sing;; X =X +1,c080,;Y. =Y, +1,sing,;Y, =0 (16)

¢) translation matrices;

@, =27 + 2arcty (15)

0 0 Y 0 0 Ye
[Gl]:[o];[Gz]: 0 0 —Xg ;[Gs]: 0 0 - Xe (17)
-Yg X, 0 Yo Xc 0

d) rotation matrices;
cose, —sing, O
[R]=|sing, cosp, 0}i=123 (18)
0 0 1
¢) position matrices;
[R] [0} " { [RT [0]]
T, |= A = | =123 19
"ot BT wTr BT "
f) the flexibility matrices;

[Hi ] = [Ti ][ki ][Ti ]71; [H AB ] = [Hl]; [H BC ] = [Hz]; [HCD] = [Hs] (20)
g) the total flexibility matrix
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[HAD]:[HAB]+[HBC]+[HCD] (21)
h) matrices [K o ) [K3p } [K2, | with relationships (3). (4), (5);
1) column matrices [PT ], [E] with relationships (6), (7);
j) the matrices [A], [B] with relationships (8);
k) static reactions determined by the relationship (10);

1) static reactions not determined with the relationship(11);
m) the rotation of the kinematic couple with the relationship(12);.

4. Numerical application
It determines statically the reactions, determined and indetermined and then the angular rotation of
the couplings for the mechanism of Figure 1, knowing that the element 3 is actuated in D in the

direction of the axis AZ , for a moment M and knowing it as punctual C acting force P in the
direction of the axis AZ . It is considered that the bars have equal, circular cross sections of
diameterd .

Numerical data:

l,=1=02m;l, =1, =3*I; X, =3*I;d =0.001m;E, =E =2.1-10""N-m%;G, =G =0.8-10"'N - m?;

d* ad*
TR

P =100N;M = 20N -m
In the numerical case the calculation program is elaborated using the Matlab code, on the basis of
which are represented the following diagrams

I =1 P }={ok{r}=[0 0 P Py, —PX, O:{P}=o 0 0 0 0 M];
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Figure. 2. The statically undetermined reactions R,, vs. ¢,
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Figure. 3. The statically undetermined reactions M, vs. @
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Figure. 4. The statically undetermined reactions M ,, vs. ¢,
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5. Conclusion

Under these conditions, based on the calculations described in the paper, a computational program
was drawn using the Matlab code, and the results obtained for the undetermined static reactions are
transcribed in the diagrams of Fig. 2-4. In the absence of motion-compatible external forces (forces
in the plane of motion and moment perpendicular to the plane of motion), the components

Rucs Ray s M, compatible with the movement of the reaction from A are null. The obtained
variation diagrams represent periodical variations. For R,, the extreme, minimum and maximum
values are between; -40.0089, -21.6020. For component M ,, , values are between -20.3390 and -

12.6537 and for M ,, between -2.2803 and 9.2389. Static undetermined reaction values are
significant and can influence the movement of the mechanism. The minimum reaction moment,
M , , in the absolute value, is greater than the momentum of the drive.
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