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Abstract - During HDPE bottle production via extrusion blow
molding (EBM), flash typically forms at the bottle bottom, neck,
and mold parting lines. Removing this flash is essential for
dimensional accuracy, surface quality, and product functionality.
However, in many production lines, this operation remains
manual or semi-automated, resulting in low throughput and
inconsistent quality. This study presents the design and
fabrication of an automated deflashing machine for HDPE bottles
that integrates clamping, positioning, and rotary cutting
mechanisms to remove flash at both the bottle bottom and neck
within a single compact system. The machine employs rack-and-
pinion-driven assemblies with pneumatic actuation, allowing
flexible adaptation to various bottle sizes and wall thicknesses.
Experimental results demonstrate stable operation at
approximately 700 bottles per hour for bottles with a diameter of
60 mm, height of 70 mm, and wall thickness of 0.4 mm,
confirming the system's strong viability for practical deployment
in industrial EBM production lines.

Key words - Extrusion blow molding; Deflashing machine;
HDPE bottle; Cutting mechanism; Automation.

1. Introduction

Plastic materials, particularly high-density
polyethylene (HDPE), continue to be widely used in
industrial manufacturing and daily applications owing to
their favorable properties. The rising demand for
polyethylene in the chemical, automotive, and consumer
packaging industries has driven a corresponding increase
in products manufactured by extrusion blow molding
(EBM) technology. After injection molding and extrusion,
blow molding is one of the most widely used
manufacturing methods for producing polymer parts [1].
Polymer parts, especially plastic bottles, manufactured by
the EBM method exhibit characteristic flash at the bottle
neck and bottom, with varying morphologies depending on
the mold pinch-off configuration used at the production
site. Flash generation is an inherent feature of this process.

Previous studies and solutions have mainly focused on
removing flash at a single location on the product, such as
the bottle neck or the bottom region of extrusion-blown
plastic bottles. Many deflashing devices have been
specifically designed to remove flash at the neck of the
bottle through rotary mechanisms or specialized cutting
blades [2], [3], [4], [S5]- Some other systems employ rotary

Tém tit — Trong qua trinh san xuit chai HDPE bang cong nghé
thdi din (EBM), bavia thuong hinh thanh tai day, c¢b chai va
duong phan khuon. Loai bd bavia la bit budc dé dam bao do chinh
xéc kich thudc, chét lwong bé mat va chirc ning san phim. Tuy
nhién, nguyén cong nay tai nhidu day chuyén van thuc hién tha
cong hodc ban tu dong, gdy ning suét thdp va chét luong khong
ddng déu. Nghién ctru nay gioi thiéu thiét k&, ché tao may cit
bavia tw déng cho chai HDPE, tich hop co cdu kep chat, dinh vi
va cit xoay dé 1am sach bavia d4y va cb chai trong mot hé thong
nho gon. Thiét bi tmg dung co cu truyén dong banh ring - thanh
rang két hop dan dong khi nén, gitp thich img linh hoat v6i nhiéu
kich ¢& va do day thanh chai. Két qua thuc nghiém chung minh
may van hanh én dinh dat nang sut khoang 700 chai/gid dbi véi
chai duong kinh 60 mm, cao 70 mm, day thanh 0.4 mm; khing
dinh tinh kha thi cao khi trién khai thuc t& trén cac ddy chuyén
EBM cong nghiép.
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deflashing mechanisms or rotating blades to improve
production throughput; however, these devices still remove
flash at individual locations on the product [6], [7], [8].
Therefore, when flash must be removed at multiple
locations, the production process often requires multiple
stages or different deflashing devices.

In addition, many existing deflashing devices have been
developed as standalone mechanical modules, in which the
functions of clamping, positioning, and flash removal are
often performed by separate mechanisms or through multiple
processing steps [9], [10], [11]. Some systems apply
continuous-motion mechanisms to improve productivity;
however, they often require complex multi-mechanism
coordination within a single system [12]. These characteristics
may increase the complexity of the equipment and make
integration into production lines more difficult.

Furthermore, some solutions have been proposed to
handle special bottle configurations, such as twin bottles or
connected containers formed during the molding process [13],
[14]. Although these designs may satisfy specific technical
requirements, they often lead to complex mechanical
structures and high fabrication costs, thereby limiting their
widespread adoption in industrial manufacturing.
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Recent studies have demonstrated the growing demand
for integrating automated mechanical systems into local
manufacturing to enhance productivity and product quality
[15], [16]. Building upon these findings and addressing the
aforementioned limitations, this study proposes the design
and fabrication of an integrated, automated deflashing
machine that performs sequential flash removal at both the
bottle neck and bottom within a single compact system.
The mechanical structure is designed for simplicity, ease
of manufacture, and flexible adjustment to accommodate
various HDPE bottle sizes in production lines.

2. Overview of the extrusion blow molding process

The extrusion blow molding process typically consists of
the following main stages: extrusion, mold closing, parison
inflation, cooling, and mold opening with part ejection.
During the extrusion stage, the molten material is extruded
through the die head to form a hollow tube called a parison.
Subsequently, the two mold halves close to clamp the
parison, and compressed air is introduced into it, causing the
parison to inflate and conform to the mold cavity to form the
final part geometry. Processing parameters such as melt
temperature, blow pressure, extrusion speed, and mold
design directly affect the dimensional accuracy and
mechanical properties of the product [17], [18].

During mold closing and forming, a portion of the
molten material may be forced out at the mold parting line
due to blowing pressure and mold clamping force. After
cooling, this excess material forms flash at locations such
as the bottle body, neck, or bottom. Figure 1 illustrates an
HDPE plastic bottle after the extrusion blow molding
process, in which flash remains at two characteristic
locations, namely the bottle neck and bottle bottom, as a
result of the mold pinch-off geometry. Flash formation is a
common feature in polymer forming processes and is
influenced by many factors such as melt viscosity, parison
temperature, blow pressure, and mold dimensional
tolerance [1], [17], [19]. In addition, the non-uniform
parison wall thickness distribution during inflation may
also increase the likelihood of flash formation in regions of
the product subjected to large deformation [18]. In the
production of HDPE bottles, flash thickness usually
depends on processing conditions and mold design.

UPPER FLASH

LOWER FLASH

Figure 1. HDPE bottle after blow molding showing flash at
the neck and bottom.

In addition to the formation mechanism, the mechanical
properties of flash also play an important role in post-
forming processes, particularly in the deflashing operation.
Since flash typically has a small thickness and cools
rapidly upon contact with the metal mold surface, its

crystalline morphology may differ from that of the part
wall. The mechanical properties of polymer materials, such
as tensile strength, Young’s modulus, and elongation at
break, directly affect the force required to remove flash
during the deflashing process [18]. In many cases, flash has
lower mechanical strength than the part wall, but a
minimum cutting force is still required to ensure clean flash
separation without deforming the part.

3. Design of the deflashing machine
3.1. Operating principle

Figure 2 shows the movement of the plastic bottle
within the machine. The system performs two separate
deflashing operations at the bottle bottom and bottle neck.
Flash removal at the bottle bottom is carried out by
generating relative rotational motion between the bottle
body and the flash at the bottle bottom through a rotary
assembly driven by a rack-and-pinion mechanism. The
bottle is then transferred to the neck-cutting station to
remove the flash at the neck by generating relative
rotational motion between the bottle and the blade through
a rack-and-pinion mechanism. Table 1 presents the bottle
specifications that the machine can accommodate for
various bottle sizes, with a bottle body diameter of
approximately 60—100 mm, a bottle body height excluding
the two flash regions of approximately 50—110 mm, and a
bottle wall thickness ranging from 0.4 to 0.8 mm.

Plastic bottles from Tail flash removal

the feeding system mechanism

Finished bottle Neck flash deflashing
mechanism

Figure 2. Diagram of bottle movement within the device

Figure 3. Principle diagram of the machine

Figure 3 presents the operating principle of the system.
After the extrusion blow molding process, the plastic bottle is
introduced into the machine through the guide chute (6),
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which orients and guides the bottle sequentially to the
processing positions. When the bottle reaches the first
processing position, sensor (1) detects its presence and
activates the clamping unit consisting of pneumatic cylinders
(7) and (10) to secure the bottle. The distance between the
jaws of this unit can be adjusted to accommodate bottles with
different diameters, while the clamping force of the pneumatic
cylinders can be adjusted through the regulated air pressure to
suit bottles with different wall thicknesses, thereby ensuring
that the bottle is securely held without deformation during
processing. After the bottle is positioned, cylinder (8) extends
linearly and drives the rack-and-pinion mechanism, causing
the bottom-deflashing assembly (9) to rotate and separate the
flash at the bottle bottom. The installation position of this
cutting assembly is designed to be vertically adjustable,
allowing the system to process bottles with different heights
within the design range.

Table 1. Bottle specifications that the machine can accommodate

Specifications Value
Bottle diameter 60 — 100 mm
Bottle height 50— 110 mm
Bottle wall thickness 0.4—-0.8 mm

After the bottom-deflashing operation is completed, the
bottle continues to move along the guide chute (6) to the
second processing position. At this position, sensor (2)
detects the bottle and activates cylinder (5) to push the
bottle into the clamping unit (11). Next, cylinder (1)
extends to clamp and center the bottle before neck
deflashing. Similar to the first stage, the distance between
the jaws can be adjusted to match the bottle diameter, while
the clamping force is adjusted through the pneumatic
system to accommodate different bottle wall thicknesses.
Then, cylinder (3) extends and drives the rack-and-pinion
mechanism (4), causing the blade holder (12) and cutting
blade (13) to rotate around the bottle neck to cut off the
flash. The height of the cutting assembly is also designed
to be adjustable to ensure precise cutting positions for
bottles of different heights. After both deflashing
operations at the bottle bottom and neck are completed, the
finished part is ejected from the working area via the blow-
off valve (2) to the next stage in the production line.

3.2. Finite element analysis of the deflashing process

The input parameters were determined from the process
requirements of extrusion blow molding and the geometric
characteristics of the plastic bottle, including bottle
dimensions, wall thickness as presented in Table 1, flash
formation locations, and the target throughput of the
system. These parameters serve as the basis for
constructing the design model and determining the
operating conditions of the machine mechanisms.

From these input parameters, the design parameters of
the system were determined through mechanical
calculations, including cutting force, drive force, rack-and-
pinion dimensions, as well as the mass and acceleration of
the moving parts.

In the finite element model, the bottle body and flash
were modeled as deformable bodies, while the cutting
mechanism components were assumed to be rigid bodies

in order to reduce computational cost, given the negligible
tool deformations. The material model of the bottle was
established based on the mechanical properties of HDPE,
with the parameters presented in Table 2. The mechanical
behavior of the material was described by an elasto-plastic
constitutive model, enabling the simulation of deformation
and fracture in the flash region during cutting.

Table 2. Basic properties of HDPE.

Properties Value
Density 952 kg/m?
Yield strength 33 MPa
Young’s modulus 1250 MPa

The boundary conditions were established to reproduce
the operating principle of the system. For the bottle-bottom
deflashing process, the cutting assembly was assigned a
prescribed rotational motion about the y-axis, while the
bottle body was fully constrained (six degrees of freedom)
to ensure model stability. For the bottle-neck deflashing
process, the simulation was conducted in two stages.
Initially, the blade was assigned a prescribed translational
motion to achieve the required depth of cut, while the bottle
was fixed. Subsequently, the blade was fully constrained
and the bottle was assigned a rotational motion to perform
cutting around the bottle neck. This approach creates
relative motion equivalent to the case in which the blade
rotates, while reducing computational cost and improving
numerical stability.

Due to the complex geometry of the bottle body and
flash, tetrahedral elements were used to discretize the
model. The mesh was refined in the contact region between
the flash and the bottle body with an element size of 0.5
mm, while the element size gradually increased away from
the contact zone to balance accuracy and computational
efficiency. The meshing strategy and simulation model are
illustrated in Figures 5 and 7.

To evaluate the effect of variations in the input
parameters, particularly bottle wall thickness, a sensitivity
analysis was conducted in the range of 0.4-0.8 mm,
corresponding to the common wall thickness range of HDPE
bottles in practical production. In this study, thickness values
of 0.4, 0.5, 0.6, 0.7, and 0.8 mm were selected, while the
other model parameters were kept constant.
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Figure 4. Linear relationship between cutting force,
cutting torque and bottle wall thickness
Figure 4 shows that when the bottle wall thickness
increases from 0.4 mm to 0.8 mm, the cutting force increases
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from 33 N to 76 N, while the torque increases from 440
N-mm to 800 N-mm. This trend indicates that the cutting
force and torque have a linear relationship with material
thickness, consistent with the shear failure mechanism, as
the shear cross-sectional area increases proportionally.
Based on these data, the quantitative relationship between
bottle wall thickness and the processing force and torque was
established through a linear regression model.

The regression equations obtained for the cutting force
and torque are as follows:

F=109.T — 10,4 (1)
M =970.T + 50 ©)

where F is the cutting force (N), M is the cutting torque
(N'mm) and T is the bottle wall thickness (mm).

To evaluate the goodness of fit of the regression model,
the coefficient of determination R? was used and was
determined according to the following equation:

S i-9)?

S, 0i-yp? )
v, ¥i, ¥; where is the observed value, is the value predicted
by the regression model, and is the mean value of the
dataset. The calculated results show that the coefficient of
determination of the force model reaches R2=0.998, while
that of the torque model reaches R2=0.961. These values
are both greater than 0.9, demonstrating that the regression
model accurately describes the relationship between bottle
wall thickness and the cutting force and torque. This
indicates that the simulation model has good stability and
predictive capability within the investigated range.

R?=1

3.3. Calculation of cylinder requirements
3.3.1. Cylinder of the bottle-bottom deflashing mechanism

Contact length between the flash and the bottle body:
L=40 mm

Compressed air pressure: P =3 bar
Cylinder efficiency: . = 0.85

Mass of moving parts: m= 2.5 kg
Acceleration of moving parts: a = 0.2 m/s?
Pitch radius of the gear: r; = 15.625 mm
Gear mass: mg = 0.1kg

Rotating shaft radius: 7¢ =9 mm

Rotating shaft mass: mg = 0.7 kg

Mass moment of inertia:

1 1
J:Jgear+JYhaji:E-mG‘ VZG + E.ms. r§

=4.056. 107 (kg.m?)
Rolling friction coefficient: u = 0.001
Rack-and-pinion efficiency: n; = 0.97
1, Bearing efficiency: = 0.99

F,=u.mg = 0.025 (N)Rolling friction force on the

linear ball-bearing guide assembly of the moving parts:
Required thrust force for the moving-part assembly:

(m+ )Ji) a+ Fpg
A A

N1y
The CAE simulation result in Figure 6 shows that the

Fy = =0.55N

required applied force derived from torque M is:

Fo= % =300N
2
Required thrust force for the entire bottle-bottom
deflashing mechanism:
F=Fy+Fs=30055N

Piston area: A= — = 1.2.1073 m?
P.ne

Piston diameter: D= \/g =39.1 mm @
Cylinder stroke: S = 2. r;. 1= 98.17 mm 5)

Based on the calculation results in Egs. (4) and (5), a
pneumatic cylinder of bore @40 x stroke 100 mm was selected.

Figure 5. Mesh distribution and simulation of the bottle-bottom
deflashing process
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Figure 6. Torque diagram of the bottle-bottom deflashing process
3.3.2. Cylinder of the bottle-neck deflashing mechanism
Rotating shaft mass: mg = 0.2 kg
Bottle neck radius: r = 20 mm

The other parameters are identical to those of the bottle-
bottom deflashing mechanism cylinder, as they share
similar structures.

Mass moment of inertia:
i i
J= Jgear + Jshaft = E'mG'r2G+ E Mg I"gv

=2.031.10" (kg.m?)
Required thrust force for the moving-part assembly:

(m+ ’7/) a+ Fpyg
S~ 6L

N1y

Fy = =0.55N

The CAE simulation result in Figure 4 shows that the
required cutting force derived from torque M at a thickness
of 0.8 mm is equivalent to the theoretical calculation value.
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Fe =¥:40N

Required thrust force for the entire bottle-neck
deflashing mechanism:

Piston area: A= —— = 1.59.10~* m?
Pnc

Piston diameter: D= \/% =14.2 mm 6)
Cylinder stroke: S = 2. r;. 1 = 98.17 mm @)

Based on the calculation results in Egs. (6) and (7), a
pneumatic cylinder of bore @20 x stroke 100 mm was selected.

Figure 7. Mesh distribution and simulation of the bottle-neck
deflashing process

3.3.3. Cylinder of the bottle clamping mechanism

The bottle clamping component is designed to perform
the clamping task while simultaneously penetrating into
the bottle wall to achieve the required depth of cut for the
blade; therefore, the cylinder is calculated based on this
penetration force.

Penetration force at a bottle thickness of 0.8 mm:
FC = 76 N
Mass of the clamping fixture: m= 0.5 kg

Stroke of the clamping fixture: S; = 110 mm
(ensuring accommodation for the largest bottle diameter of
100 mm)

Required clamping force: F= F, + m.g =809 N

Piston area: A= PL =3.17.10"* m?

Mc
Piston diameter: D= \/% =20 mm ®)
Cylinder stroke: =S, = 110 mm 9)

Based on the calculation results in Egs. (8) and (9), a
pneumatic cylinder of bore @25 x stroke 125 mm was
selected.

4. Mechanical design of the deflashing device
4.1. Mechanical design

The deflashing assemblies were designed with similar
structures in order to reduce fabrication cost and facilitate
assembly. Figures 8 and 9 present the bottle-bottom
deflashing assembly and the bottle-neck deflashing
assembly, respectively. These assemblies were designed to
accommodate various bottle sizes as listed in Table 1.
Figure 10 shows the actual machine after completion, with
overall dimensions of 600 x 600 x 1000 mm.

Figure 8. Model of the bottle-bottom deflashing assembly

Figure 9. Model of the bottle-neck deflashing assembly

Figure 10. Photograph of the actual machine
4.2. Machine control system

To control the machine with multiple actuators, the
Mitsubishi FX3U PLC was selected as the most suitable
option. Owing to its programming flexibility and
reasonable cost, this PLC model is widely adopted in
industrial automation. Figures 11 and 12 present the
GRAFCET sequential function charts of the bottle-bottom
and bottle-neck deflashing mechanisms, respectively.
These two mechanism assemblies are controlled
independently to optimize the deflashing time, enabling
continuous operation without creating excessive idle time
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between bottles. A 24 VDC power supply is used for the
PLC and the OP320 A-S HMI control panel. Figure 13
shows the HMI screen interface and the operating buttons.

Electro-pneumatic solenoid valves are used to control
the cylinders via the PLC outputs without intermediate
relays, as the PLC incorporates built-in relay outputs at its
output terminals.

XL5+
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XL1+

XL3+

XIL.3- I

XL1- I

V2(l) I

V2(0) I

Figure 11. GRAFCET sequential function chart of the bottle-
neck deflashing assembly.
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Figure 12. GRAFCET sequential function chart of the bottle-
bottom deflashing assembly

Figure 13. Interface of the machine control screen

5. Results and discussion

The experimental process was conducted on HDPE
plastic bottles produced by the extrusion blow molding
(EBM) method, with the representative dimensions
presented in Table 3. Specifically, the bottles had a height
of 70 mm, a diameter of 60 mm, and a wall thickness of 0.4
mm, representing a typical thin-walled bottle configuration
commonly used in packaging production. These geometric
characteristics impose stringent requirements on the
deflashing process to avoid part deformation during
processing.

Table 3. Dimensions of experimental bottles

Specifications Value
Bottle height 70 mm
Bottle diameter 60 mm
Bottle wall thickness 0.4 mm

To evaluate the effectiveness of the system, the
machine was operated continuously with 100 bottles, after
which the products were visually inspected and classified
into conforming and non-conforming products.

The defective bottle rate was determined according to
the following equation:

R= % 100% = 5% (10)
t

where Nf is the number of defective bottles and Nt is the
total number of tested bottles. The statistical results
summarized in Table 4 show that the average processing
time for each bottle was approximately 4.5 s,
corresponding to a throughput of approximately 800
bottles per hour, with a defect rate of 5%. Experimental
observations showed that the trimmed surface at the bottle
neck exhibited good quality, with no residual plastic
remaining after cutting and no undercut or deformation
observed. Similarly, at the bottle bottom, the flash was
completely removed without causing deformation of the
bottle body or tearing of the material.

Figure 14. HDPE plastic bottle after deflashing

Table 4. Experimental results

Criteria Value
Number of bottles 100 bottles
Defect rate 5%
Cycle time per bottle 45s
Throughput 800 bottles/hour
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However, the experiments in this study were mainly
intended to verify the feasibility of the prototype model;
therefore, the sample size remained limited and was not
large enough to fully evaluate the stability and reliability
of the system under industrial production conditions.
Although the automated deflashing machine for HDPE
plastic bottles was successfully designed, fabricated, and
tested at the prototype level, the study still has several
limitations. Specifically, although the machine is capable
of achieving higher throughput, the current stable operating
range is approximately 700 bottles per hour. When the
processing speed exceeds this level, the defect rate tends to
increase, mainly because the bottles have low mass and
limited stability, making them prone to positional
misalignment during feeding, which leads to bottle
jamming in the conveying system.

6. Conclusion

This study proposed and developed the design of an
automated deflashing machine for HDPE plastic bottles
manufactured by extrusion blow molding technology.
Unlike many existing devices that process flash at only a
single location, the proposed system enables integrated
deflashing at both the bottle neck and bottom within the
same device, while maintaining a simple mechanical
structure that is easy to manufacture.

The experimental results showed that the machine
demonstrated stable operation with a throughput of
approximately 700 bottles per hour, demonstrating the
feasibility of the design for practical production lines. This
design has the potential to be extended to process various
types of HDPE plastic bottles with different sizes by
adjusting the mechanism parameters.

Compared with existing deflashing machines, the
proposed machine enhances the level of automation in
production and reduce labor costs and per-unit production
cost.
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