VNUHCM Journal of Engineering and Technology 2026, 9(3):3020-3030

Open Access Full Text Article

Research article

Synthetic Badminton Shuttlecocks: Study and Prototype

Quang-Phuoc Tran', Quoc-Chi Nguyen', Trong-Khuyen Nguyen?, Phuong-Tung Pham', Duy-Anh Nguyen'

i
EAT
[E]5zn:
Use your smartphone to scan this
QR code and download this article

'Faculty of Mechanical Engineering, Ho Chi
Minh City University of Technology
(HCMUT), Vietnam National University Ho
Chi Minh City, 268 Ly Thuong Kiet Street,
District 10, Ho Chi Minh City, Vietnam

Control, automation in production and
improvement of technology institute, 89B ly
Nam De Street, Hoan Kiem Distric, Ha Noi
city, Vietnam

History

o Received: 06-08-2023

o Revised: 09-11-2024

o Accepted: 03-07-2026

o Published Online: 29-07-2026

DOI : https://doi.org/10.32508/vnuhcmj-
et.v9i3.1140

'.) Check for updates

Copyright

© VNUHCM Journal. This is an open-
access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

ABSTRACT

In today's world, with the rapid advancement of industrialization, the livestock sector has be-
come increasingly reliant on scientific and technological innovations in engineering practices.
This dependency is even more apparent in the poultry meat industry, a sector known for
yielding high economic returns. Given the rising market demands, the industry is constantly
striving to minimize the raising period without compromising the integrity and quality of the
meat. However, this accelerated growth effort has profound implications for the support in-
dustries that directly rely on poultry by products, particularly feathers. In the case of ducks, a
reduced growth period may indeed impede feather development, which presents significant
challenges for their utilization in technically demanding sectors. Notably, the manufacturing
of badminton shuttlecocks, which traditionally relies on high-quality duck feathers, faces a po-
tential material constraint issue. To address this pressing concern, this proposal advocates for
the artificialization of the shuttlecock's feathers. This innovative solution aims to circumvent
the material constraints posed by the changing livestock industry, while still ensuring the pro-
duction of high-quality shuttlecocks. The study employed advanced simulation techniques,
utilizing Moldflow software integrated with the finite element method and boundary element
method, to identify potential defects and optimize the design. Following the simulations, pro-
cess parameters were meticulously determined for the design and fabrication of the injection
mold. The result was an efficient and effective method for producing artificial feather shut-
tlecocks, which maintains the quality standards of traditional models. This article presents a
comprehensive analysis of the plastic injection-molded shuttlecock body product. It provides
a detailed description of the engineering process, the challenges faced, the solutions devel-
oped, and the results of the rigorous testing process. It is our hope that this research will spur
further innovation in the field, paving the way for a more sustainable and adaptable shuttle-
cock manufacturing industry.
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INTRODUCTION

Plastic industry is one of the world’s fastest growing industries, ranked as one of the few
billion-dollar industries. Almost every product that is used in daily life involves the usage
of plastic and most of these products can be produced by plastic injection molding
method [1]. Plastic injection molding process is well known as the manufacturing process
to create products with various shapes and complex geometry at low cost [2]. The
injection molding process involves the injection of a polymer melt into a mold where the
melt cools and solidifies to form a plastic product.

It is generally a three phase process comprising filling, packing and cooling phases. Its
popularity is typified by the numerous products produced in this way at the present time
[3].

The first games important to the creation of badminton were practised in Asia 2500yr
BC [4]. Soldiers played tijian-zi, which consisted of exchanging with their feet a shuttle
generally made of a heavy leather ball planted with feathers [4]. Badminton is played
either by two opposing players (singles) or two opposing pairs (doubles). Each player (or

team) stands on opposite halves of a rectangular court which is 13.4 meters long, 5.2
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meters-wide and divided by a 1.55 meters-high net. Players score points by striking a
shuttlecock with their rackets so that it passes over the net and lands in the opponent’s
half-court. Each side may strike the shuttlecock only once before it passes over the net. A
rally ends once the shuttlecock has hit the floor or a player commits a fault [5].
Semi-Artificializing the shuttlecock's body is playing an increasingly important role in
protecting the environment. Synthetic shuttlecocks have advantage that they last much
longer as compared to feathered shuttlecocks. Synthetic shuttlecocks have complex
aerodynamics behavior than a feathered shuttlecock. They cannot move as quickly but
are far better for maintaining whatever speed they gain [6]. Feathered shuttlecocks are
made from the feathers of only the left wings of ducks or geese [6]. Previously, the
production of shuttlecocks required a large amount of duck feathers and rubber, resulting
in unnecessary waste and environmental pollution. Improvements in the artificialization
of shuttlecock production have significantly reduced this waste. Manufacturers now use
friendly materials to produce shuttlecocks, increasing product sustainability and
protecting the environment. Furthermore, this provides athletes with a better playing

experience.

3D MODEL FOR THE BODY OF SHUTTLECOCK

The detailed drawing of the product is shown in Figure 1, and the shuttlecock body must
meet the requirements for strength, weight, and flexibility. Therefore, a technical plastic
material with low shrinkage coefficient was chosen. Among the available materials, PA6
B33 L09 (Polyamide 6) with shrinkage coefficient of 1.0 is a suitable material for making

the shuttlecock body. The product specifications are indicated on the drawing.

Fig. 1. Detail drawing of the body of the shuttlecock

METHODOLOGY

Simulation of processes

In this study, finite element method and boundary element method embed in Moldflow
was used to identify potential defects. Then, the process parameters are established to
design and manufacture the injection molding. The selected simulation parameters are:
Maximum injection pressure: 185 MPa.
By using Polyamide 6(PA6) B3L plastic material, the chosen process parameters are:
Mold temperature: 60°C.
Melt temperature: 270°C.
The filling ability is 100% and there are no defects. Time fill time is approximate 0.63s.

The simulation result was showed in Figure 2.
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Fig. 2. Fill time and confidence of fill

Figure 3 illustrated the average temperature and pressure during injection process. The
average temperature of the molding process is 278.40°C

Fig. 3. Injection pressure and average temperature

The locations of the weld line and air traps were determined in Figure 4. It is the basis
parameter for mold design and prediction of possible damage during injection molding.

A it e
T e

Fig. 4. Air traps and weld lines

Heat exchanger

The mold enclosure size is indicated in Figure 5.

Fig. 5. The mold enclosure size
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DETAIL A
SCALE2: 1

Fig. 7. Detail drawing of Core

Materials: SKD 61 steel for the cavity and core, and stainless steel for the exterior
Environment temperature: 30°C
Mold temperature: 100°C
Time to meet the needed temperature: approximately 15 minutes.
Identify an area of faces:

S, =26166.175 (mm?)

S,, =26166.175 (mm?)

S, = 26166.130 (mm?)

S, =175.130 (mm?)
To calculate the heat capacity required for heating the mold, the entire cubic block with
the given surface area is considered. The amount of heat required to supply the mold
includes the heat required to heat the mold and the heat lost due to heat exchange with
the surrounding environment.
The amount of heat required to heat the mold from 30°C to 100°C [8] is:

Q =Gxc, xAt (1)
Corresponding to a water temperature of 100 degrees Celsius, refer to Appendix 25 [7]:

¢, =4.22kJ / kg;Pr =1.75

In which:
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G =V xm=32.477 (kg) (2

¢, =4.22kJ / kg;

At=100-30=70°C

S0:Q, =9593.7058kJ
The press machine operates in a stable temperature environment. The mold temperature
is naturally transmitted through the external environment. Therefore, the heat loss to the
environment is counted as natural convection.
The amount of heat loss is the total amount of heat transferred through the six surfaces
of the mold to the external environment.

The amount of heat loss [2] is:

Q=axSxAt (3)
Coefficient Gr [2]:
3
o, - 9L @
v

Refer to Appendix 22 [7]. Physical parameters of dry air corresponding to t = 30°C
(H=760mmHg): v=16x10°m?/s

Some parameters:

g=9.81m/s’
1 1 (5)
ﬁ = = —_—
t+273 303

At=100-30=70°C

Surfaces S, Sz: Pick L = 175 mm (small size convention). So: Gr, = 759.134
Surfaces Ss, Ss: Pick L = 130 mm convention for choosing height size).
So: Gr, =311.196
According to Rayleigh [8]:

Coeficient Ra = Gr x Pr (6)
Refer to Appendix 22 [7]: Pr=0.701
So: Ra, =532.153;Ra, = 218.149

Nux A Q)
a:
L

Refer to Appendix 22 [7]: A =2.7x107° w
m

Natural convection heat dissipation coefficient [8]:
Nu =CRa" (®)
Refer to Appendix 10.1 [7] corresponding to Ra:
n=0.25C =0.54
With: Nu,, = Nu,, =2.59
Nu, = Nu, =2.459
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0,y = 0, =0.3996
So:
a,=a,=0511

The heat released by the surfaces [8]:
Q =aSAt ©9)
So:
Q, = g xS, x At =1.281kJ
Q, = a, xS,y x At =1.281kJ
Q,=a, xS, xAt =1.217kJ
Q, =, xS, x At =0.814kJ

Heat loss through 6 faces:

Q=20

Q=1.281+1.281+2x1.217+2x0.814 =6.624kJ

Total heat required to provide:

Q=0Q, +Q, =6.624+9592.7058
Q =9600.3298kJ

Select the mold heating time from 30°C up to 100°C is 15 minutes.
The required thermistor power:

P= % =9600.3298 =10.667 kW (10)

Therefore, the capacity of the heating resistor for the mold to be 12 kW is suitable.
Slider

When calculating the distance for the slide core to determine the angle of inclination for
the slide, it is important to ensure that the sliding portion of the core does not extend
beyond the parting line and can still be easily extracted from the mold.

The angle pin is one of the most common systems used to act on the side core, used to
pull the side core for a certain distance depending on the height of the side core. During
the mold closing stage, the angle pin pushes the side core inward. The displacement of
the side core is determined by the working length and angle of the angle pin cam.

M = (Lsin a)—(ij (1)

coSa

So:
C
L M+COSO!_ M xcosa
sina sina xCcosa
0
__8xcosl0’ 46 07 (mm)
sin10° x cos10°

In which:

L: the length of the angle pin
M: Slide motion distance

« : inclination angle of angle pin (10 — 25 degrees)

3025



VNUHCM Journal of Engineering and Technology 2026, 9(3): 3020 - 3030

C: clearance between angle pin and sliding plate

L c
D: motion distance d = ——

sina
Additionally, the Q angle must be greater than o, + 5° to ensure that during mold closing,
the angle pin can easily be inserted into the inner core.

RESULTS AND DISCUSSION

The clamping force of the mold must be large enough to ensure that the mold is always
tightly closed. If the force is smaller than the injection pressure of the plastic, the
movable mold half will be pushed back during the molding process, resulting in flash and
deformed parts that do not meet the requirements.
As there is only one cavity in the mold, the clamping force can be calculated using the
following formula:

F. =KxS (12)
K clamping force constant PAG is:

0.9GPa =900 MPa = 900x10°N / m?

We have:
F¢ = KxS =90x228.3551 = 20551.959N

An injection molding machine with clamping forces of 25 or 30 tons could have been
chosen, but due to the economic constraints in the workshop, a machine with a clamping
force of 60 tons in Figure 8 is selected to use.

The following are the parameters of the injection molding machine used in the
experiment: Maximum clamping force: 60 tons; Maximum injection pressure: 185 bar;

Injection rate: 87g/s

for— ARG S

Fig. 8. NISSEI 60-ton injection molding machine

Experiment to quantify plastic: Mold temperature 50°C; Plastic injection temperature:
250°C; Injection pressure: 140Mpa.

nnnnnnnnnn

Fig. 9. Simulation and result for experiment 1
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The result in Figure 9 is compatible with the filling simulation at 80% so the volume of

plastic will be increased continuously.

Fig. 10 Filling and molding simulation for experiment 2

The result in Figure 10 is compatible with the filling simulation at 90% but the volume of

plastic will be increased continuously.

Fig. 11. Simulation and result in experiment 3

It is compatible with the filling simulation at 99%. Although the product has achieved its
appearance, the volume of plastic will be increased to boost the quantity of plastic. The

result was shown in Figure 11.

Hin100.9%)

et cow)

|Lo~\‘o )

In Figure 12, after increasing the amount of plastic, a significant improvement in the

Fig. 12. Simulation and result in experiment 4

cosmetic appearance of the product has been observed, which is smoother and shinier.

The dimensions of the shuttlecock body will be measured. Measurements on the
technical drawing are conducted 3 times on the actual product and the results are
presented in Table 1. The xi dimension is smaller than the required size on the drawing so

the dimensions of the product meet the size requirements of the drawing.

3027



VNUHCM Journal of Engineering and Technology 2026, 9(3): 3020 - 3030

Table 1: Measurement result

No Dimension 1st 2nd 3rd X o xiz;(J_rSo- Conclusion

1 40877 4081 40.75 40.70 40753 0.057 40.753+0.057  Achieved
2 3216%% 3211 3215 3210 3212 0.03  3212+0.03  Achieved
3 1.029% 102 101 101 1013 0007 1.013+0.007  Achieved
4 072%% 071 070 070 0703 0.007 0.703+0.007  Achieved
5 0895 079 081 081 0803 0013 0803+0.013  Achieved
6 3.260% 325 327 325 3257 0013 3257+0013  Achieved

7 245%% 245 244 244 2443 0007 24430007  Achieved

CONCLUSION

In this article, a detailed analysis of the plastic injection molded shuttlecock body
product, including both description and results of the testing process is presented.
Moreover, some basic characteristics of the injection mold design are introduced to
provide a comprehensive overview of the production process for this product.
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Ngay nay, cung véi su tién bo vuot bac trong Iinh vuc cong nghiép hda, nganh chan nudi cling
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nudi nhung khong lam gidm chét lugng thit dau ra. Tuy nhién, nd luc tdng trudng nay lai cé dnh
hudng sau sdc d6i vai cadc nganh cdng nghiép phu thudc truc ti€p vao san pham gia cam, ddc biét
la 16ng va. Trong trudng hop cla vit, viec giam thdi gian tang trudng cé thé can trd su phat trién
day du cla 16ng vi, dieu nay dit ra thach thic dang ké cho viéc st dung né trong cac linh vuc
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nay nham muc dich pha v& nhimng han ché vé vat liéu do nganh chan nuéi dang thay déi gay ra,
trong khi van dadm bao san xudt nhimg qua cau 16ng chat lugng cao. Nghién ctiu si dung cac ky
thuat mo phong tién tién, st dung phan mém Moldflow tich hop véi phuong phéap phan ti hiiu
han va phuong phép phén ti bién, dé xac dinh cac khuyét tat tiém &n va t8i uu hda thiét ké. Sau
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