A dynamic analysis of six-bar mechanical press
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Abstract. This paper analyzes the dynamical behavior of a six-bar linkage used in mechanical
presses for metal forming such as deep drawing. Raising the technical level of machines requires
an expansion of technological capabilities of the equipment and devices of the existing structures,
as well as their equipping with fundamentally new mechanisms. In this regard, the task of
developing methods for the dynamic of complex flat lever mechanisms with the desired laws of
motion of the input and output elements allowing automatizing the implementation of all design
phases with the use of computer is quite relevant. The simulation results obtained with a Maple
program are validated by comparing the theoretical values of the input moment with the ones
obtained from the conservation of energy law. Content of the article is distinguished by serious
problem statement, interesting theoretical study and its practical test. This article provides new
scientific results that have theoretical and applied significance.

Keywords: press automation, six-bar linkage, computed plot, numerical algorithm, dynamic
analysis.

1. Introduction

The work is carried out using various techniques, as well as techniques and their computer
programming of kinematic analysis [1]. The more complicated device of the lever transmission,
the analysis and synthesis of such mechanisms will be difficult [2]. Therefore, a two-part structural
group will be used for practice [3]. Leverage consists of the main mechanism consisting of four
parts of the structural group; their application in technology will not be [5, 6]. The reason is, the
difficulty of distributing the practice of design engineers in the field of investigation of the
mechanism from the structural group of four parts [7-9]. Automation and automatic press is carried
out by means of processing of the two-lever mechanism of the structural group functionality
[10-12]. In this regard, based on the structural group of four parts, mechanisms and planning
machines, the synthesis of dynamic planning, processing of a numerical algorithm is a versatile
issue, consisting of a structural group of four parts [13, 14].

2. Materials and methods

Dynamical equations on the first degree of freedom of the mechanism can be calculated from
the basis of the algorithmic system without resorting to the cumbersome approach of solving the
reduced force and mass [1]. The approach excludes the process of differentiating cumbersome
expressions and allows us to construct an explicit dynamic equation with fairly good
approximations [2]. The executive mechanism of the exhaust press machine is a flat
crank-and-rod mechanism of the fourth class, represented in Fig. 1.

In a variant of the dynamic equation on the first degree of the mechanism is presented:

J(@) + 0,5]"@% = Qp — Qc(q, 4, 1), (1)
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where g — accumulated coordinates, J(q), the reduced moment of inertia and its production from
the accumulated coordinates, Qp, Q. The forces accumulated in motion and accordingly
resistance forces [3-4]. In this algorithm Eq. (1) the d’ Alembert-Lagrange equations are applied:

N
o L\ 07y - _. .00
Qp + LZ [(Pa- +F) a;" + (M + Mgi)a] =0. )

Fig. 1. Kinematic model of six-bar mechanical press

On the basis of Eq. (2) from Eq. (1), by means of variation, it is possible to obtain discrete
values of the inertia moment and its derivative, as well as the reduced moment of the resistance
force mechanism [5-7]. The digital calculated algorithm of the mechanism includes the following
main values: the equations of motion of a strictly secured press machine are indicated below

[8-10]. Positioning function: @, = @,(@1), ®3 = @3(@1), @1 = Qa(@1), xr = xp(@1) . Is
determined by the formula:

1212 — A2 — A% + BZ + B? P
Xr = Z(Zx - gx) - > or Xp = i l§ - A327 - Ax’ (3)
tgps = A tgp, = % 4)
xp+ A, Xp + By

¢, and we use the following equation to determine the quantitative structure of the mechanism:

[l?z, - AJZI - li + Bj% - (Ax - x)z]z = 4(Ax - Bx)z(lé% - B}%)» 5)
where:

Ay = a —lcos@, — ljcosp;, Ay, = —lsing, — l;sing,, (6)
B, = —lycos(p, — a) — lycospy, B, = —l;sin(@, — a) — [;sing;. @)

The mechanism connects the center of the mass coordinates using the following formula:

{xsz = [,cos@, + rycos(gp, + ay), )
Vs, = lising; + 13sin(e; + a3),

{x53 = l,cos@, + l,cosp, + r3cos(@ps + a3), o)
Vs, = lising; + I;sing, + r3sin(@; + a3),

{x54 = lycos@, + U'ycos(p, — a) + rycos(@, + ay), (10)
Vs, = lising; + I';sin(@, — @) + 7rysin(p, + ay).
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Than we determine by the formula of analogue velocity:

dxp 1 —1;sing, (cosg; — Acosg,)

Us1 = d_gol - cos@; — Acos@, L+l cosp, (sings + Asing,) |’

cosps — Acosp, # 0 by agreement.
where:

_ lsin(@; — @3)
lysin(@, — @, + @)’

and so:

dg, _ Lysin(y — ¢3)

u = - . ]
2 do, 12519(903 - ¢2)
- dos _ L sin(@, —v)
- do, l3sip(g03 —@y)
dp,  lsin(p; —a—vy)
Uy = 75—

S dey Lsin(g, — @ +a)

sin(g; — @,) # 0, sin(¢p, — @, + @) # 0 by agreement:

_ Usy + lysing,

L, = J(u51 + l;sing;)? + [2cos2q,, tgy = , cosp; # 0.

[ cosp,
Accordingly, we define the velocity analogue with the following formula:

dz‘Pz_Az / _d2<P3 A
dp? A T der T A

1 r_ 1o o
Upyy = us; = —(ljuy;sing; + l3uz;sing; + By),

where:

A = ay107,033 — A1302,031 — A1a12033 0,

A; = (By — B3)az,a33 — 31G2,B4 — a1,a33B,,

Az = —(By — B3)az1a33 + (a11a33 — a13a31) By + az1a13B,4,
= —(B; — B3)aza3; + (a110z; — az1a12) By + a15a31 B,

and more:

ayy = —[lsing, + I sin(p, — )],  a;, = —l3sings,  a;3 = lysing,,
Az1 = 1,C08¢,,  Ay; = 130083, a3 =0, as; = lrcos(p; — a),

a3, =0, as3 =1,c0s0,, B;=1lcosp; + l,u2,cosp, + l3u’,coses,
B, = l;sing, + l,u3;sing, + l;ué;sing;,

B, = lycos@; + Luz cos(p, — a) + L,uz,cosq,,

B, = l;sing, + lyu2;sin(g, — a) + L,u?;sing,.

)

(12)

(13)
(14)
(15)

(16)

an

(18)

(19)

In general the angular velocity wy, k = 2,3,...,4 and acceleration &, k = 2,3,...,4. Speed
and acceleration of the 5 (F) wet by the speed and acceleration of the engine joints 1 generation

[11, 12], with the following formula:

_ a2 _ 02
Wy = Up Wy, & = Upq w7 + U1 &, Vr = Ui, Wp = Us o7 + Us &,
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where w;, & angular velocity and angular acceleration of the drivers joints [13].
The complex movement of the mechanism w; = const, & = 0 accepted for permanently
movement:

P _ P _ P_ 0 2 P_ 7 2
Wi = Uy, VF = Us101, & = Uyqwi, Wr =us w75, (21)
and w; = 0 in the initial movement:
H _ H _
& = U &, Wp = ug&. (22)

We determine the velocity and accelerations of the center of gravitation of the link [14]
accordingly Eq. (8-10) on the basis of Eq. (20):
X, = —wi[lsing; + 1yuy;5in(@; + ;)]
Vs, = wi[lycospy + ryuz;icos(@; + )]’

X5, = —&1[l1sing; + 1yuz;sin(@, + a3)]

) —w?[lycosp; + ru3icos(@, + ay) + Uy, sin(e, + ay)], (23)
3732 = &[lycos9, + ruy cos(@; + ay)]

—wi[l;sing; + ru3;sin(p, + a,) — Uy, cos(e, + ay)],

xsz = Us,x W1, ysz = U,y W, .’5&52 = xsp; + xfz = ugzxw% + Us,xE1,

Vs, = Vs, + 95, = ugyy0f + g8,

where:

{uszx = —[l;sing; + ryu,;sin(e, + a3)], 24)
Us,y = [lcosp; + ryuy cos(@, + ay)],

{u’szx = —[lycosep, + Tzuglcos((pz + ;) + ruy; sin(e, + a,)], (25)
u's,y, = —[lysing; + rus;sin(e, + ay) — ryuhy cos(@, + ay)l.

3. Results and discussion

According to the 3D Maple program, you can see the enlarged internal structure of the planned
new type of automatic press of the hammer-stamping mechanism, considering the scheme, during
the work of the links the main role of the parts; we see that each force is affected by different
forces, thereby losing its workforce. And also, relying on the path of analytics and kinematics, we
do not the effect to the link mechanism, but the values that we do not take into account have a
significant effect on the mechanism, and so that all the values have been taken into account we
come to the aid of the Maple program (see Fig. 2-8).

Fig. 2. Six bar linkage motion simulation in Maple
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Fig. 3. Computed plot of the crank angular velocity Fig. 4. Computed plot of the pressure
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Fig. 5. Computed plot of the moments Fig. 6. Computed plot of the power
of driving forces and resistance forces on the internal combustion engine shaft

50
=0

— T T T T T T T T T T T
0.25 0.5 0.75 1.0

o
o

O Ll b il

Fig. 7. Computed plot of the dynamic Fig. 8. Computed plot of the angular velocity
characteristics of the engine of rotor and motor moment

4. Conclusions

In the current study, the dynamic analysis of a six-bar linkage of a mechanical press for deep

drawing has been investigated developing a Maple program. Raising the technical level of
machines requires an expansion of technological capabilities of the equipment and devices of the
existing structures, as well as their equipping with fundamentally new mechanisms. Creation and
implementation of new structures of industrial robots, equipment for light industry, mining, and
oil and gas industry requires the use of mechanisms with a complicated motion of actuating
devices. In this regard, the task of developing methods for the kinematic and dynamic of complex
flat lever mechanisms with the desired laws of motion of the input and output elements allowing
automatizing the implementation of all design phases with the use of computer is quite relevant.
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