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Design of Feeding System of Automatic Rod Packing Machine
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The main objective of this study is to improve the feeding system of a machine for
automatically packing rod-shaped objects such as chopsticks. The automatic rod packing
machine uses a motor to drive a four-bar linkage mechanism to achieve automatic feeding, but
this feeding system can cause noise, and the operation process requires a large torque to prevent
components from jamming in the storage box. Thus, the internal mechanism is susceptible to
damage by stress, and the adjustment of the machine is very complicated when the damaged
components are renewed. To overcome this shortcoming, the feeding system of a conventional
machine for automatically packing rod-shaped objects such as chopsticks is first drawn in a 3D
diagram. Then, the proposed feeding system of the machine tool, which includes motors, lead
screws, and linear bearings, is used to replace the four-bar linkage mechanism of the
conventional automatic rod packing machine feeding system to reduce the noise generated by
the mechanism when transporting materials and to reduce the damage of the internal mechanism
due to stress, and thus the frequency of parts replacement. This design is equipped with two
storage boxes and improves the feeding efficiency, the feeding system is made of sheet metal and
is combined with motors, lead screws, and linear bearings, and its motion is tested to complete
the development and design of the feeding system of the improved machine for automatically
packing rod-shaped objects such as chopsticks.

1. Introduction

In recent years, with the rapid development of Industry 4.0, factory production lines have
gradually become automated and intelligent. A faster and hygienic packaging of disposable
tableware without increasing labor costs(!) is a very important issue. Thirty years ago, disposable
chopsticks were manually packaged, which was unsanitary and required a lot of labor.
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Disposable chopsticks are now usually packaged by a machine that automatically packs rod-
shaped objects such as chopsticks, as well as straws and bamboo sticks.) Such a machine can
rapidly print, fill, package, and record, reducing the amount of printed packaging paper needed
in the inventory and reducing costs. Moreover, because sterilizing disposable chopsticks with
UV or at a high temperature before packaging reduces the problem of mold on the chopsticks
sealed in plastic bags, people can use disposable chopsticks with more peace of mind.

The feeding system of the conventional machine for automatically packing rod-shaped
objects such as chopsticks is composed of a simple four-bar linkage mechanism with a shift
wheel outside the storage box for automatic feeding.®) The storage box includes a device to
prevent chopsticks from jamming, which is required because the cross-sectional shape of the
chopsticks makes them prone to jamming. When the chopsticks are fed, they enter the discharge
mechanism after passing through the storage box. As shown in Fig. 1, the device that prevents
jamming is composed of ratchets driven by a motor, with the number of ratchets (usually two or
three) depending on the model of the feeding mechanism. When the machine is running, the
motor drives the rotation of each ratchet. The rotating ratchets drive the chopsticks to near the
exit of the machine to maintain a smooth feeding state, thereby preventing them from jamming
in front of the exit. The discharge mechanism consists of a motor driven cam followed by a four-
bar linkage mechanism. As shown in Fig. 1, when discharging chopsticks, the four-bar linkage
mechanism drives the clamping jaws. The clamping jaws are released, releasing the chopsticks
so that they fall into the packaging. A paper strip is then pushed into the roller by a push rod to
seal and cut the film, which completes the packaging action. A power device mainly drives the
device that prevents jamming and the discharge mechanism. Its structure is divided into two
parts. One part uses a belt pulley to drive the chopsticks to the rotating device and the other uses
a cam to drive a four-bar linkage mechanism to discharge the chopsticks. The automatic
packaging industry has mainly developed customized automatic packing machines, for example,
to package wood into small boxes.®) Gupta and Kamboj® developed an automatic machine for
packaging cartons. Fathahillah er al.©®) proposed automatic sorting and packaging machines
based on color detection. Bansode et al(? proposed an automatic glass bottle packaging
machine. However, no studies have proposed the design of a more advanced machine for
automatically packing rod-shaped objects, such as chopsticks, with a feeding mechanism; thus,
this paper fills a gap in the literature.

Fig. 1. (Color online) Automatic printing and packing machine for rod-shaped objects.
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Therefore, in this study, we use the feeding system of the machine tool to improve the four-
bar feeding system of the automatic rod printing and packing machine, which can not only be
used for the packaging of chopsticks, but also can be expanded to packing machines using rod-
shaped materials, which can reduce the safety problems of personnel engaged in this industry.

2. Design of Mechanism

The machine for automatically packing rod-shaped objects such as chopsticks uses a motor to
drive a four-bar linkage mechanism to achieve automatic feeding, but such a feeding system is
prone to noise and requires a large torque during operation to prevent the conveyed materials
from jamming in the storage box. Therefore, the internal mechanism is easily damaged by stress
and is complicated to adjust when replacing damaged parts. On the basis of the above-mentioned
shortcomings of the feeding system of such a packing machine, we propose an improved feeding
system for the machine.

To improve the shortcomings of the device for preventing chopsticks from jamming in the
storage box outlined in the introduction, we first change the length and shape of the storage box.
We then select the storage method and quantity, and plan to feed 300 pairs of chopsticks and use
a straight-line drop method as the feeding method. In the third step, we set the feeding method.
To employ the straight-line drop method for feeding, a platform is required for the materials to
land on, then the feeding mechanism of the platform is used to push and feed the chopsticks. In
the fourth step, we design the appearance. Through these four steps, the widths of falling object
track and storage boxes are determined, and the feeding system is used for the smooth feeding of
the base, as shown in Fig. 2.

After establishing the external dimensions of the new feeding system, we design the feeding
mechanism. The feeding mechanism includes a drive motor, lead screw, nut seat, slide rail, and
end seat. When the drive motor is started, the coupling rotates the lead screw, so that the
worktable above the nut seat moves linearly along the slide rail, as shown in Fig. 3.8-10)

The design of the feeding system must consider both the mechanism and electrical system.
The mechanism includes system stiffness, friction, natural frequency, damping, and motion

Slide rail assembly

Nut holder

Optical scale

Fig. 2. (Color online) Storage box. Fig. 3. (Color online) Feeding system.
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inertia, whereas the electrical system includes motor torque, acceleration and deceleration
capabilities, system stability, position correction, heat dissipation, and control systems. When
designing the feeding system, we must first understand the required functions. The operating
conditions are set and the appropriate linear slides and lead screws are selected in accordance
with the operating conditions. After setting the lead screw and matching the required functions,
select the bearing and the arrangement method. Here, there will be different arrangements
according to the required accuracy, load weight, and rotation speed of the machine. According to
these arrangements, select the appropriate coupling to ensure that the torque will not cause
damage to the coupling, and then use the appropriate motor according to the limited torque of
the coupling. If the limited torque of the coupling cannot achieve the expected function, the
coupling is reselected, thus completing the design of the feeding system. The parts used in our
design of the feeding mechanism include a 10 rpm low-speed motor, coupling, lead screw,
circular guide rod, linear bearing, and push plate. The shape and support base are designed using
a sheet metal drawing. The assembly drawing of the feeding mechanism and support bases is
shown in Fig. 4.

Finally, the feeding system is combined with the platform onto which the chopsticks fall, then
the feeding mechanism of the platform pushes and feeds the chopsticks. This design is equipped
with two storage boxes, which breaks through the previous limitation that a feeder can only
transport one type of material, as shown in Fig. 5.

3. Integral Design and Experiment

A photograph of the feeding system of the new automatic rod packing machine is shown in
Fig. 6. When the chopsticks fall from the storage box onto the platform, the push plate drives
them to the entrance of the falling object track. To achieve feeding, IR sensors are installed in
the storage box, the falling object track, and the walking track of the push plate in the feeding
system to ensure the accuracy of feeding. The IR sensor of the storage box is set at the bottom of
the box. Its main function is to transmit the missing information to the computer when there are
only a small number of chopsticks remaining in the system, allowing the user to replenish them

Fig. 4. (Color online) Assembly drawing of feeding Fig. 5. (Color online) Feeding system and platform
mechanism. onto which falling chopsticks land.
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Fig. 6. (Color online) Feeding system of the new automatic rod packing machine.

in time, and the IR sensor of the falling object track is installed in the middle of the track to
count the number of dropped chopsticks, allowing the user to know how many chopsticks have
passed through the system. Finally, the main function of the IR sensor for the walking track of
the push plate is to limit the position of the push plate to prevent it from damage.!1-1? The
improved new feeding system is made of sheet metal and then assembled and tested with motors,
lead screws, and linear bearings to complete the design of this study. According to the actual
results, the four-bar linkage mechanism and the material jam prevention device are easily
affected by the defects of the material, and a new feeding system is developed to replace the
conventional four-bar linkage feeding system, adding two storage material box designs and
improving the feeding efficiency.

4. Conclusions

In this study, the feeding system of a machine for automatically packing rod-shaped objects
such as chopsticks was designed with the aim of eliminating the defects of the four-bar linkage
and the device that prevents chopsticks from jamming, which are easily affected by stress. The
newly designed feeding system was used to replace the conventional feeding system. In the
design, the motor, lead screw, and linear bearing are used to replace the four-bar linkage
mechanism of the conventional automatic machine to solve all possible states of the chopsticks
such as the jamming, shortage, and replenishment of chopsticks. At the same time, the newly
designed feeding system can reduce the noise generated by the mechanism when transporting
materials, and it can also reduce the damage of the internal mechanism due to stress, thereby
reducing the frequency of parts replacement. The improved new feeding system is made of sheet
metal and then assembled and tested with motors, lead screws, and linear bearings to complete
the design of this study. More importantly, this design is equipped with two storage boxes, which
breaks through the previous limitation that a feeder can only transport one type of material.
Although a low-speed motor is used in the new design, its speed can be increased in the future to
improve the feeding efficiency.
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