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Abstract: In this paper is presented Synthesis of a for-bar linkage mechanism of the lift car extrusion. In this mechanism are introduced even
higher kinematic pairs. The movement of the mechanism is repeated periodically and it is sufficient to do its kinematic study for an angle 75
[deg]. The description of the mechanism movement can be performed in the grafoanalytical or analytical path by centers of speed moments,
which belong to a narrow link and a loop of the center mechanism, and the instant centers belonging to the two related movements. In the
kinematic analysis of the forward mechanisms are used graphical methods. These are simple and universal, making it possible to determine
the positions, velocity and acceleration of the links of any structure. With the application of contemporary calculating technology, the
graphical methods in the analysis of mechanisms take the right place. The velocity of each link of the mechanism linkage that performs the
movement of the plane can be shown as very geometric of the instant center speed and the speed of rotation around the center of the
instantaneous. The analysis will be performed by Math Cad software, while kinetostatic analysis will be carried out using Contour Method,
comparing results of two different software‘s Math CAD and Working Model. The simulation parameters will be computed for all points of
the contours of mechanism. For the simulations results we have use MathCad and Working Model software’s.
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1. Introduction w=3n-3p; - p,
. . . . . n— Ps (1_ 0) R

Kinematics and dynamic study of mechanisms using plans and
graphic methods is known that permissive error . To avert this error n=>5 (2-DR
is required use of analytic methods, especially for dynamic study of
smart mechanisms, where error is not allowed. In despite of hard Ps = 7 (1_ 4)R
work during calculations which are required for analytic study, for -0 (4 _ 5)-|- """"""""""" 1)
smart mechanisms this method is required Py =

This paper has _been realised Wi_th two a_pplication soft\_/vare’s: W =3n-2 Ps — P, (5 — Z)R
Math Cad and Working Model. In this paper is presented a five-bar
linkage ACDH and a simple crank mechanism GEE as shown in W =1 (3-2)R
the figure below. In this mechanism firstly is determined Fy , Fy (B-0)T

and @5 . The masses are adopted, since the moments of inertia need

to calculate. The kinematic part of the paper will be completed by
finding the velocities and accelerations of each point A, B, C, D, E,
H and G. In this way are determined the angular accelerations and
velocities of the linkages 2, 3, 4 and 5. Whereas for the kinetostatic

part will be determined the reaction forces of the points: X o, Ya .
X, Yg. Xe, Yo Xp, Yp, Xgo Y, Xg ), Ye, N=Xgg r
and Fg which are acting on the leading link 2. In the picture are HB =?3. BE=1HG=1
shown 5 bodies: AB, BC , right triangle, rod EF, slider bar F.

Xg (03) = (HB—BE) cos(8;), Ye (65) = (HB + BE) sin(&;)

y Xp (05) =13 €08(63), yp (03) =13 5in(6;)

DE(6;) = \/(VD (05)—Ye (93))2 +(Xp (03) — Xg (93))2
(HB +BE)sin(8;)

(HB—BE) cos(&;)

a(03) = atan{

5= atan ry sin(6;) — (HB + BE)sin(6;)
- ry cos(65) — (HB — BE) cos(65)
y =90deg+ B(63) —a(6;)
Vo = \"
© cos(7(6y))
DE(05)
Fig. 1: Linkage ADH, and crank mechanism ACH w, =1.81deg]
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- atan] sin(f;) — (HB + BE)sin(6s) } a, (0.5) =-0.806
r; cos(d3) — (HB — BE) cos(63) ag, (0.5 =-171

y =90deg+ B(03)—a(6;)
S 8, (1) = ac, (1) + ag, (1)?
~ cos(y(6y)) ag,(0.5) =1.891
= Ve (63) Point A
, =3
DE(6s)
®, =1.81[deg] Xa(63) =T138in(63), ya(05) =0
d
Vax (t) = 0. Xa(03)05 (), Vay (t) =0
1061 3
905} Va(t) = \/VAx (t)? +Vay (t)?
ERE]
v_E:e}J 554 \‘\. )
378 R - d d
Tt | 1 +T aAx(t) = ( 5> Xa(63)@s (t)? +——Xa(05)z3 (t)]
M0 1520 25 30 35 40 4 50 5 60 6 10 dos d6s
:_3 ap () =0
Fig. 2 Diagrams for positi;ns, velocities ap(t) =qan (t)2 +aay (t)2
a,(0.5) = 2.85
dt = DE(6) dé, 131.:'?
Ve (65) o
t=00.1..2.21 03
0, =0 VA 75
3 L N /
Given 43; — S
% DE(6,) 15
Sd[eg VE(—ej)d93 =t GD.l 031 052 073 094 116 137 158 179 2 22
Solution(t) = Find (05) 100 t
05 (t) = zgjidh(t) "
q 70
@3() =565V o
= w0 f
~ (HB + BE)sin(65(t)) 30 i
(V)= atan[(HB ~BE) cos(65 (1)) + HG} AN I —
05(0.5)0.425 O1 031 o om om 116 137 1% 1@ 2 2
d 2 d 2 Fig. 3 Velocities and acceleration of point A
Ve (t) = (dﬁ Xe ( 3)] (d@ YE(es)J w5 (t)
3 3 .
d Point B
w3 (1) = 93 ®)
Ve (2.21) =7.068 Xz (6,) = r—23cos(¢93), Y (6;) = %”sin(@s)
d
Ve (1) =——Xg (63) w5 (1) d d
d0s Ve (t) = YR 8 (63) @, (1), Vg, (1) = YB (6;) 0, (t)
d( d d? 8
0= (d %G )“’“)j o2 PRy )= 07 v (07, (05) = 2205
2
Ve (1) = y(é’ ), (t) a, (t) = [dde Xg (65) 5 (1) + ddH Xg (65)e, (t)]
3 3
d 2 d?
8g, (1) = ——5 Xe (63) 0, (1) + ——5 Xe (63) (1) d? d
T dy T dg 3 2, (1) =| g2 Ys )20+ vs ()0
d? , d?
o) = gp Ve Ol g Ve (@20 25 (1) = /25, (07 + 25, O
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Fig. 4 Velocities and acceleration of point B
Point C
Xc (93) =13 COS(Hs)a Ye (03) =1 Sin(aa)
d
Ve (1) = ——Xc (05) (1), Vey (1) =——Xc (6;)05(t)
de, de,
Ve (1) = Ve, (1)° + V¢, ” v (0.5) = 4.49
d d
g, (t) = 2 Xc (05) o, (t)* + do. Xc (05)&,(t) ?
3 93
d d
Acy )= (92 Ye (0;) o, (t) +—— do, Yo (05)e, (t)

ac (1) = y/as, (1) +aq, (1) 4 (0.5) =3.491
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Fig. 3 Velocities and acceleration of point C

Point D

Xpx (03) =0
Xpy (03) =13 5in(65)
Vpx (‘93) =0
Vpy (63) = YDy (05) 5 (1)
d? d?
apy(63) = 02 yDy(93)w3(t) +— 402 yDy(‘93)g3(t)

ap (t) = apy (1)

5
#

oAt 25
& =
M

[ 4] a3r g3 @iy osd4 116 13 155 ) 3 221

ol 231 05 7 oM 11 137 158 1.7¢ I 121

Fig. 4 Velocities and acceleration of point D

2.Kinetostatic analysis of the linkage mechanism

Given data:

HG =1, m, =10, m, =10, m, =50,

6 =5deg,5.5deq,...,70deg,

Jg; =83.34.3,, =83.34,9 =9.80,t =0.001...2.21
F=0

F, (t) = Fcos(a(t)), F, (t) = Fsin(«(t))

X, (t) = BE cos(8, (1)), ¥, (t) = BEsin(8, (1))
Xs=0,Yy=0,X,=0,X,=0Y,=0

F,=0F =0

Linkage I

The equilibrium conditions for the point B are equal to zero.
Six linkages are used for the kinetostatic analysis. For the first
linkage are given the following equilibrium conditions Xg,Yg and
Yp,Xp for the middle points of the linkage BD, point C2 and for the
body mass M,.
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YD

Dynamic equations of motion for link 2:
Maagy (1) = Xy + Xg
mgaBy (t) = YH +YB + FC

Jgag (1) = Xy 2Sin(B 1) + Yy 2 cos(B5 (1) -

—&%m@m

Linkage 111
Also, for the linkage I11 are written the equilibrium conditions FD,
Fig. 5 Linkage I-Equilibrium conditions for the point AD which are Xp,Yp , center My body mass FD and moment of inertia
for the point Ba.

Dynamic equations of motion for link 1: Fo
m,ag, (1) = —az + Xp — F(t) YD
XD

m,ag, (1) =F, +Ys —F, () +Y,
Jo,6,() = F, 2cos(8, (1) + Y, “Zsin(8, (t) - X, ~2cc M

B2Z21/ T A 2 3 P9 8 P9 Fig: 77 Linkage I-Equilibrium conditions for the point CD
—(F cos(ex(t t) — (F sin(x(t)))x, (t

( (@@= (@t Dynamic equations of motion for link 3:

0=X,

Linkage I m,ap, (t) =-m,g —Y, — F¢

Also, for the linkage Il are written the equilibrium conditions BC,

. r I
which are Xg,Yg , Xu,Yy center B; body mass FH and moment of 0= F.(r. cos(d. (1)) - _3005 5de -Y —3COS 5de
inertia for the point B;. c (13 €08(65 (1)) 2 (5deg)) —Y5 2 (5deg)

In previous equations are 9 unknown forces-moments:
Zgj (t) = Find(XB’YBl XDIYDIXH IYH ’ FA! FC); F

Xg(t)=20j(t)o, Y (t) = Zgj(t)1, X5 (;t) = Zgj(t),,
Yp (1) =Z0j(t)3, Xy (1) =Z9i(1) 4, i () = Z0i (V)5

Fa)=Zg5 (1), Fc(t)=Z4(t)7, F(t)=Z(t)g
Where: Xi and Yi are components of joint forces

Yy = Xp = Yp = Xpt =

1.554-10° -3.54-105 2.205-10% [ o]

1.847° 107 3518105 2735107 o

1.234°10¢ 2.047-105 1.801-10% o

8.941°10 1318105 1.28310% o

6.804-105 9.053 107 9.585-103 o

532510 6.515°10% 734410 o

4202108 4843107 5783103 o

353610 3.688°10°7 4643108 o

2.948°105 2861107 3750108 o

249110 225107 3.074°10 o

2117105 1788107 2516103 o

181410 L4310t 2.066°108 K

YH 1.563108 ERETRT 1.695-103 j
1.354°103 -9.255'103 1.388°103 0

Fig. 6. Linkage I-Equilibrium conditions for the point CH 117216 7.442-108 1121108 | o
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Y0 = Xy() = Falh = Fe = F(t) =
7.853-103 3.541°10° 23327108 -2.34-10% 7.315-105
9.306-10% 3.519-10° 2772108 -2.779-10% 7.216-105
6.086°10% 2.048-105 1.826-10% -1.844-10% 4.278°10%
4.303-103 1.319°105 1301104 -1.326°10% 2.766°105
3.186-10% 9.063-10% 9727103 -1-10% 1.908°10°
2.418-103 6.525-1 0% 7.458°108 -7.758°10% 1.377-105
1.883-103 4853107 5.877°108 -6.192-103 1.027-10°
1494-10% 3.697710% 4722108 -5.047-10% 7.837-104
1.192-103 2871108 3.827-103 -4.150-103 6.092 104

959.685 2.26°10% 3.134°10° -3.47-103 4.8-10%
770497 1.798-10% 2.568-103 -2.907-10% 3.817 104
618.663 1.441-10% 2.112°108 -2.453°10° 3.057-104
494062 1.159-10% 1.737-103 -2.079-103 2455104
391.19 9.353:10° 1425103 -1.767-103 1.976-10%
302.25 7.530-108 1.155-103 -1.497-103 1.586-104
Forca FC(t)
e
2107 _/
— g<10®
Fe(n
— 1410
—22x10"
4
— 310
0 0442 0884 1326 1768 221
ForcatFA(t)
310"
22x10"
Lax10®
Falt) .
— 10’
:
- 10 ﬁ\
4|
— 1x10
0 0442 0284 1326 1768 221
Forca YH(t)
110"
76x10°
52x10°
o N
—  28x10° \
200
7 103
W 0442 0884 1326 1768 221
t
) Forca XH(t)
4x10°
3107
2107
Xuo 1
— b0’
o
— 1x10°
0 0442 0584 1326 1768 221
t
Forca YB(t)
3xw4k
uxw“‘l
4
. 14=10
e N
—_— 6107,
—210° ~
4
— 1x10
0 0442 0884 1326 1768 sl
t
Forea XD(t)
10,
6
Xp(t)
—
- 10
0 0442 0834 1326 1768 221

381

Forca YB(t)

o
¥ 3
2 o
. 3, 5,
g

Q

0442

0884 1326

t
Forca XB(t)

1768

221

1107

il
— 1107

gt 5 (

— _— =10

— 3107

— <107
0

Results for 15 positions:

0442

0884

1768

221

Results for each point are given below where step

varies by 5°.

Rg (1) = (X5 (1) + (Y (1))

Ro (1) = /(X5 (0)% + (Vo (1))

Riy (1) = (X ()% + (Y (1)

Ra(t) =Fa(t)

Re () =Fc (1)

Rp(® = Rp( = Ry = Rp(t) = Re(d =
3.544-105 2.295-10% 3542105 2.332°10° 2.34-104
3.523-105 2.735-10% 35210 2772108 | | 277910
2.051-105 1.801-10% 2.049°105 1.826-107 | [ -1.84410%
1.321-105 1283 10% 1319-105 1301107 | [ -1.326°10%
9.078-104 9.585-103 9.068-107 9.727-10% -1-104
6.537-104 7344103 653-10¢ 7458103 | | -7.758°10
4.862-104 5.783°103 4.856-10% 5877108 | | -6.192°10°
3.704°104 4.643°10° 37-10% 4722183 | | -5.047°10°
2876-104 3759-103 2873107 3.827°105| | -4.159°108
2.264-104 3.074°103 2262104 3.134°10% 3.47-10%

18104 2.516°103 1799104 2.568°108| | -2.907'10°
1442-104 2.066°103 1442-10% 2112105 | | -2.453'108
1.16-107 1.695-103 1.16-10% 173718 | | -2.079-10°
9.354°103 1.388°103 9.361°10° 1425108 | [ -1.767-108
7.533-103 1.121-103 7545103 115516 | [ -1.497-108
Forca EA(L)
w0t
22x10*
4
1410
RA(t} .
— &0
:
- 210° —
4f
— 110 . =
0 0442 0884 1326 1768 221
t
Forca EB(t)
o
Sl
21
Rgl(t)
— Ll
B10
“a 0442 0884 1528 1.748 e |
t
Forea RC(t)
=10
210° -
— g1
Relt)
—_— = 1A=
- 2210
- 21l
: 0442 i 1326 1768 m

YEAR |, VOLUME V, P.P. 377-382 (2017)



WEB ISSN 2535-003X

SCIENTIFIC PROCEEDINGS XIV INTERNATIONAL CONGRESS "MACHINES. TECHNOLOGIES. MATERIALS." 2017 - SUMMER SESSION PRINT ISSN 2535-0021
Forca RD(t) Conclusions and recommendations
310* In this paper are made the calculations of all positions
24x10% (displacement) for the whole mechanism, and also are determined
Rey() 18x10* the plans for velocities and accelerations for each point.
DY et However, in this paper are shown the outline planes of the
10’ _j mechanism same as the diagrams for each linkage through Math
o Cad software, Six-bar linkage mechanism diagrams which are
0 0442 0884 1326 1768 22 derived by Working Model are almost similar to the diagrams
t derived by Math Cad, Through Working Model software, are
derived the results of reactions from the equilibrium conditions of
Forca RH(t) six bar linkage mechanism, angular velocities and accelerations for
410’ the points A, B and C, for the angles 65, 8,and &5 in time domain
32107 through the command Run, As the general conclusion; the results
Rg(t) 2-4"107 derived by both software, same as for their diagrams, for all points
—  16x10° of the six bar linkage mechanism are within the reasonable
8x10* K boundaries.
|:'0 0442 0384 1326 1.768 231
t
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3.Simulation for mechanism by Working Model

software
In the second part of this paper is carried out the simulation for
all points A,C,D,H and G (time dependent) of linkage mechanism

by Working Model, which is shown in the following.
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Fig. 8: Diagrams in Working Model for angular velocity
and acceleration 3,4 and 5
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