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ABSTRACT

Although having a development history of over 200 years, researches and developments
about press machines are still draw interest of modern mechanical engineering. This paper
introduces a new press structure that utilizes a double crank mechanism to enhance productivity
and efficiency for the stamping process. By adjusting the positions between the component links,
the dynamic characteristic of the ram can be modified, optimizing the performance and
improving operations of the system. The proposed design also allows for easy adjustments to
adapt with different production requirements, such as changing forging and stamping speeds
(fast and slow) to avoid the impact of springback properties in sheet metal. The kinematics of the
structure have also been determined by mathematic equations, demonstrating significant
improvements in the operation of the ram. Results from the research offers a promising solution
to enhance production efficiency and enable the creation of simple yet capable mechanisms to
perform complex operation.
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1. INTRODUCTION

Metal forming is a traditional process that continues to be widely used in various industries.
Among the machines used in metal forming, presses are a classic type that enables the shaping of
workpieces by applying a continuous pressure. In addition to considering the design of presses, it
is essential to take into account the mechanical properties of the materials being processed, as
they have a significant impact on mold manufacturing and the overall capacity of the press
machines. One crucial aspect related to the properties of the material is its stress relaxation
characteristic, which involves the gradual decrease in stress under constant strain, allowing the
material to deform easily without developing wrinkles or even cracks during the forming process
[1, 2]. Understanding this behavior is crucial for ensuring successful and defect-free metal
forming operations. By considering the springback behavior, manufacturers can optimize their
metal forming processes to achieve the desired shapes with greater precision and quality. For
example, by combining the process of holding pressure and ultrasonic vibration to a bending
machine, designers can change the stress distribution state of the bending region and even
improve the roughness for the bending surface [3]. Another simulation analysis for the punching
operation of U-shaped sheet metal also indicates that just by employing consecutive load-unload
operations can reduce the required load and springback of the resulting profiles, hence improving
the forming precision and formability of products [4].

With traditional mechanical presses, the speed and force of pressing are often fixed
parameters that cannot be changed, sometimes leading to wrinkles or tears when stamping
complex-shaped thin metal sheets (such as laptop casings, household appliances, or even car
frames, etc.). If the stamping speed is reduced, the entire processing speed will be affected,
resulting in reduced processing efficiency.

However, if only the speed of a local stage of the process is changed, a flexible processing
system is required. This necessitates a complete change in the structure of the press to integrate
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sensors and electronic feedback components [5-8]. Because these systems utilize servo motors to
program the motion of the ram according to time, constructing complex ram movement using
this system is very flexible. However, since controlling the movement of the machines in these
devices requires the existence of feedback circuits with precise position checking, the use of a
constant-speed motor and flywheels to increase torque and reduce motor power for the system is
impossible, increasing both the cost and equipment investment.

To reduce the use of a servo motor, various methods have also been suggested, focusing on
designing mechanisms that allow for adjustable dimensions to alter the dynamic parameters of
the ram [9] or employing multi-link structures to execute the complex motion of the ram [10, 11].
These innovations aim to enhance the efficiency and flexibility of the stamping process, making
it more adaptable to different production requirements and improving the overall performance of
the machines.

This paper proposes using a single-degree-of-freedom mechanical press with a displaceable
link to control the complex movement of the ram. Kinematic analysis was conducted to inspect
the operation of every link in the mechanism. The new system provides a viable option for
constructing single-stroke presses for elastic products while taking advantage of material
relaxation characteristics. Moreover, since the new system allows the use of a flywheel to
perform complex ram movement using constant-speed motors, reducing the required power,
manufacturing complexity, and product cost.

2. KINEMATIC ANALYSIS

The structure proposed press consists of 6 links, as presented in figure 1.

: @) (b)
Figure 1. Structure of the proposed system: (a) Theoretical model; (b) Closed loop shaped.

According to figure 1a, point O; is allowed to be adjusted around point O4 with a constant
distance 11 (the length of frame O,04). The gear set Zo*-Z is used for transmits the rotation for
driving link O>A with a constant speed from the motor in O4. When the machine works, framed
0,0: is fixed to the frame, makes points O, and O becomes grounded rotating joints. As these
links are directly connected to Links 3 and 4, the position of joint B can be determined from the
four-bar linkage O.04AB, and the movement of the ram head C can be calculated from the
crank-slider linkage O4BC.

In this system, the dimensions of the component links are chosen so dimension 0,04 of the
link 1 is the shortest link to ensure the four-bar linkage O.0.AB becomes a double crank
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mechanism. Since link 4 can rotate with a full circle, the stroke of slider C (the press’s ram) is
also constrained. However, since the crank link 4 receives rotation from link 2, the rotation
velocity of this link is not constant but varies. This results in the ram moving with a quick-return
operation, even though the eccentric distance between the ground sliding frame and point O4 is
zero. To determine position of the component frames, vector loops are assigned to the machines,
which can be divided into two parts separated by colors, as presented in figure 1b. By solving the
position equation for each loop, the movement of the ram can be easily determined as follow:

For the first loop: L +1,+1, =1,
|, cos@, +1,cosd, —1,cosd, =, cos 6,
{Ilsiné’lJrlzsinHz—I43in¢94 =—l,sin6, @)
Based on this system, the position of links 4 can be determined as:
6, = arcsin 17 +15 +15 =15 + 21,1, -cos(6, - 6,) _ arcsin l,cosd, +1,cos0, @
20, JI7 +1Z + 211, cos(6, - 6,) JI2+12 + 211, cos(6, - 6,)
For the second loop: L+l =1,
,cos@, +1,cosf, =1, cosb,

{I4sin94+lssin95=I65in96 @)
Since 66 = -90°, the position of the ram can be drawn from the system as:

l, =1,sin6, + |12 —17 cos® 6, (4)

The velocities of the system can also be acquired by deriving the closed loops equations of
the position. Since the positions of every link were obtained from the equations above, the
velocities of the component links can be determined as follow:

Transform the first loop into Euler’s formula and derivate it to obtain the velocity:
|, jwe"™ +1joge™ =1, jo,e” (5)
Draw the rotation velocity of link 4 from the equation:
l,w,sin(6, —6;)
* l,sin(6, - 6;,) ©

Transform the second loop into Euler’s formula and derivate this equation to obtain the velocity:

l,jo,e" +1; joe' =l @
Draw the ram velocity from the equation:

. l,w,sin(6, — 6.
V6=|6=_4w4 -(4 5) (8)
sin g,
3. RESULT AND DISCUSSION

In the proposed configuration, the gear sets Zo-Z; are used for manual positioning of point O,
and for transmitting rotation to driving link 2 from fixed point Os. Based on the system's
movement concept, a model of the system with lengths is proposed, respectively as: I, =50, I, =
87.5, I3 = 137.5, I4 = 150 and Is = 300 mm. To analyze the influence of angular 6; on the
movement of the ram, different values of 6; were assigned to the system for evaluation. Figure 2
present the operation of ram according to different value of point O, using equation (4).
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Figure 2. Movement of the ram according to different position of link 1.

The significant changes in the motion trajectory chart of the ram in figure 2 present different
types of press operation of the system. During the stamping motion of the ram (the downward
stroke with lg increasing from 150 to 450 mm), when the guiding angle 61 = 0°, this motion
occupies 1/3 of the driving phase (from 94° to 214°), corresponding to the quick stamping motion.
On the other hand, when the guiding angle 6; = 270°, this motion occupies 3/5 of the driving
phase (from 222° to 438°), corresponding to the slow stamping characteristic of the machine.

For a detailed analysis, the productivity of the rams’ movement from figure 2 is extracted, as
presented in figure 3. This parameter describes the rate at which the ram moves during the
"return" stroke compared to the "downward" stroke. The higher coefficient values indicate
operations where the return strokes are faster than the forward strokes, while lower coefficient

values indicate operations where the return stroke is slower.
Productivity
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Figure 3. Productivity of the system according to position of driving link 1.

For the rotation of the drive link at 10 rad/s (approximately 95 rpm), the corresponding
velocity of the ram can be calculated using Equation (8), and summarized in figure 4.

315 360
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Figure 4. Velocities of the ram according to different position of link 1.

In the diagrams, positive velocities represent downward movements of the ram, and negative
velocities represent the return movements. It can be seen that the maximum velocity of these
diagrams occurs in the case where 01 = 180° ([Vmax| = 3.96 m/s), and the minimum is at the case
where 0; = 90° (corresponding to [Vmax| = 2.3 m/s). It is noticed that the velocity diagrams are
calculated for the entire cycle of the system and do not specifically represent the position where
the press contacts the anvil. Therefore, they cannot provide detailed information about the press
operation during specific stages or interactions with the workpiece. For further understanding the
behavior of the press, velocities at specific positions, such as 50 millimeters before and after the

lowest position of the ram were analysis, as presented in figure 5.
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Figure 5. Ram’s speed at position before going to the lowest positions (450 mms).
The results in the figure show that with different positions of point O, (corresponding to
different angular 01), the velocity of the ram head is not uniform, varying within the range of 0 to

3 m/s. The smaller the angle 01, the smaller the velocity of the ram, and vice versa. If angle 01 is
larger than 180°, the difference in velocities between the downward and upward strokes also

increases, providing greater Kinetic energy and higher load for the stamping process.

Tap chi Nghién citu KH&CN quin su, S6 Déc san FEE 2023, 149-156

153



Co kj thugt — Co khi djng lyec

Figure 6. Analysis the static force in the mechanism.

To evaluate the influence of the proposed structure on the stamping force, a simple force
model is introduced for investigation, as presented in figure 6. Assuming that link 2 is driven by
a motor with a constant torque M, and the model is evaluated in a static state to neglect the effect
of inertia and kinetic energy of links. In this case, the force generated on the slider is determined
by an equation that depends on the position of the component links, as described in equation 9:

R __Rs _R23'Sin(ﬂ_‘94+95)_ M -Sin(ﬂ—94+95) 9
ST sing,  sin(6,—6,)-sing, 1, -sin(z—6,-6,)-sin(6, - 6,)-sind, 9)

Results of the calculation process allow to determine the stamping force from the slider for
every position of the mechanism. Figure 8 presents the force diagram Rsiicer On the slider
corresponding to a torque of M = 10 N.m. Although the motions of slider in these cases are quite
similar (the force generated increases when the slider moves towards the lowest positions),
different models will produce different slider force diagrams. Specifically, when 6, = 0° or 45°,
the forces generated within the stamping range (from 300 mm downward) are highest, and when
01 = 180° or 225°, the generated force is smallest compared to the other positions (see figure 7).

Comparing to simple presses that receive direct rotation from motors, it is observed that even
with an isochronous motor, the proposed system can generate complex movements similar to
those from servo stamping presses. Furthermore, since the proposed system does not require
servo motors to create complex operations, flywheels can be employed to increase energy
storage capacity for heavy-duty tasks. Since the component links are designed with fixed
dimensions, the proposed structure more stable and rigid, resulting in reduced construction costs
and machine size. Finally, the ability of link 4 to rotate with a full rotation allows for a constant
stroke for every adjustment of the system, enabling not only stamping different types of products
but also expanding punching, stamping, and even forging processes. This improvement enhances
efficiency and enables the shaping of various objects without replacing dies.
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Figure 7. Displacement-force diagram of the slider with different values of 0:.
4. CONCLUSIONS

This research proposes a new structure for press machines that can execute complex ram
movements. By adjusting position of component links, complex movements of the rams are
obtained, thus demonstrating the applicability of the proposed system in the deep drawing
process. The main conclusions and achievements of this study are as follows:

By changing the position of driving link, the new mechanism can execute complex
movements, which are beneficial for metal forming while utilizing the relaxation of material,
avoid the crack or wrinkles in the deep drawing processes.

By solving simple kinematic equations for the lengths of component frames, the kinematic
properties (position and velocity) of the ram can be synthesized and summarized. From the
obtained results, the required combination of the structure can be determined according to the
press specifications and forming requirements.

Since the proposed system only uses the isochronous motors, its construction is much simpler
than systems that require servo motors to achieve complex stamping processes. Furthermore,
eliminating the need for a feedback circuit to control its complex movement, the new system can
incorporate flywheels to store energy and decrease the required motor power, leading to
enhanced manufacturing efficiency and reduced product costs.

The flexible adjustment of the output speed and movement of the system contributes to
automating the processing without direct intervention of labor, enhancing processing efficiency,
and ensuring safety for operators. This model can be applied in various technological stamping
processes in Vietnam, such as stamping car frames with long strokes applying force, deep
drawing of complex structures with large strokes but variable speeds (sink basins, kitchenware,
and even large-size bullet jackets).
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TOM TAT
Ung dung co ciu hai tay quay trong thiét ké may dap cé hanh trinh phic tap

Mac du c6 lich s phat trién hon 200 nam, hién nay cdc nghién ciru va phdt trién vé
mdy ddp van thu hit sw quan tam ddc bi¢t trong linh vuc co khi. Bai bao ndy gici thi¢u
mot cau tric mdy dap moi sir dung co cdu bon khdu ban 16 hai tay quay dé ning cao nang
sudt va hiéu qua cho quy trinh ddp. Bang cdch diéu chinh vi tri giita cdc khdu thanh phan,
cdc théng sé dong hoc ciia chay c6 thé dwoc diéu chinh gitip toi wu héa hiéu sudt va cdi
thién hiéu quad lam viéc ciia hé thong. Thiét ké mdy ciing cho phép dé dang diéu chinh cho
phép phit hop véi cac diéu kién san xudt khdc nhau, chcfng han nhu thay doi toc do ren,
ddp (nhanh, cham) dé giam bét anh hwong dac tinh dan héi trong cdc tam kim logi. Pong
hoc cia cau tric cing da duoc xdc dinh bang cdc phwong trinh todn, gitip xdc dinh chinh
xdc quy dao chuyén dong ciia chay. Nghlen cuu nay cung hita hen mot glal phap thiét ké
cho viéc ndng cao hiéu qua san xudt va givip thiét ké cdc co cau mdy cé két cau don gidn
nhing c6 thé thuc hién cdc chuyén déng phirc tap.

khoéa: May dép; Co ciu may; Thiét k& nguyén 1y; Chuyén dong c6 chu ky phirc tap; Phan tich déng hoc.
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