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Abstract:

High-velocity smashes are required by players to complete profitable rallies. The research purpose was analyzed
the biomechanics of the badminton forehand smash in standing classification disability players. The research
sample is Suryo Nugroho (a para-badminton player with standing upper classification (SUS)). The badminton
forehand smash movements analyzed include the jump stage and the arm swing stage. The forehand smash
movement is analyzed with dartfish software. Microsoft Excel used to calculate angular velocity, velocity and
kinetic energy of shuttlecock, force, and power. The results showed that the shuttlecock speed of Suryo
Nugroho’s forehand smash was 15.07 m/s. This speed was indicated by the shoulder angle of 164.6°, the elbow
extension angle of the hitting arm of 148.3°, the frontswing angle of 10.80 rad/s. The kinetic energy of the
moving shuttlecock is 0.62 J which is transferred by the arm swing force of 0.31 N and the arm swing power of
4.69 J/s. At the beginning of the forehand smash, Suryo Nugroho jumps using both legs with a knee flexion angle
of 101.6° and a knee extension angle of 177.9° produces a force of 302.94 N and a power of 342.6 3 J/s. Suryo
Nugroho’s jump height was 0.43 m to reach the shuttlecock as high as 2.95 m and resulted in a steep shuttlecock
trajectory with a depression angle of 15.4°. In this study, it can be concluded that in performing a forehand smash
to produce optimal shuttlecock speed, it is necessary to pay attention to the shoulder angle, elbow extension
angle of the hitting arm, frontswing elbow angular speed, kinetic energy of the moving shuttlecock which is
transferred by force and power. In addition, the jump at the beginning of the smash movement plays a role in the
steep shuttlecock trajectory, which is carried out using both feet and is influenced by the angle of flexion and
extension of the knee, force, and power.
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Introduction

Badminton is a racquet sport, requiring quick changes of direction, jumps, lunges on the net, and fast arm
movements from various positions (Hoffmann, et al., 2018). Persons with disabilities can participate in para-
badminton which is a special badminton variant for disabled athletes (Strapasson et al., 2019). Every individual
with a disability carries out sports activities in accordance with the circumstances or conditions of her/his
physical or mental disorder. Each Paralympic sport determines a functional classification system for physical
disabilities, a system based on functional skills and specific assessments that allocates para-athletes to specific
sport classes (Strapassson, et al., 2021). The para-badminton event includes several classes to ensure fair
competition based on the degree of disability of each athlete, where there are six sports classes according to the
type or level of disability ranging from wheelchairs which are divided into 2 classes (WH1 and WH2), standing
which is divided into 3 classes. (SL3, SL4, and SUS5), and short stature (SH6) (BWF, 2020). The development of
para-badminton in Indonesia is increasingly attracting attention, this is because para-badminton is also the
mainstay of Indonesia as well as badminton in general, one of the athletes is Suryo Nugroho, who is a single
SUS athlete with Rank 6 para-badminton men single SUS, participated in 9 tournaments and has 38,850 points
based on the BWF Para Badminton Rankings 2022 (BWF, n.d.).

Zhang et al (B. Zhang et al., 2013), explained that to win the game, players must have good badminton
techniques, and the most exciting moment in badminton matches is the smash technique where many scores
often rely on smashing. Smash is an overhand stroke on the shuttlecock to go at high speed, directed to the
opponent's court with a steep trajectory, thus making the opponent lose defense because the shuttlecock cannot
be returned (Ferreira et al., 2020). This punch is identical to the attacking punch because the goal is to kill the
opponent’s game. In the implementation of the badminton forehand smash, it takes a high jump to produce a
high speed on the smash. In line with this, Rambely et al. explain that players who are able to produce high-
speed smashes have completed a profitable rally, this is because a deadly attack requires a fast smash and power
in the jump (Rambely, Osman, et al., 2005). Smash movements involve the upper body such as elbows,
shoulders, wrists, and fingers (Barnamehei et al., 2018). In addition to involving the upper body, the smash also
involves the lower limbs to maintain balance at the stage of the smash movement when swinging the racket
(Hung et al., 2020). Several biomechanical analyzes of badminton forehand smash have been investigated in
recent years. The main contributions to upper limb movement during overhead forehand smashes are the internal
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rotation velocity of the shoulder joint, elbow angular extension, and wrist falmar flexion (Rusdiana et al., 2021).
Research by King et al (King et al., 2020) shows that proximal segment movement (shoulder and pelvis-thorax
separation) is essential for developing greater distal linear velocities, which in turn leads to greater post-impact
shuttlecock speed. Research by Hung et al (Hung et al., 2020) shows that in the smash condition, movement in
the frontal plane increases, which results in higher loads on the joints in the lower limbs. Landing is affected by
where the player hits the target area. In addition, the shuttlecock smash speed is related to the internal rotation of
the shoulder which is deeper and the elbow is slightly extended when the racket contacts the shuttlecock. This
shows that when contact occurs, the arm position has a role in developing a greater shuttlecock speed
(Ramasamy et al., 2021). Some of the studies that have been described used a sample of badminton athletes, so
the research results could not be applied to standing classification para-badminton athletes.

Therefore, it is necessary to analyze the biomechanics of the smash of the standing classification para-
badminton athletes. It is very important for coaches and athletes to use the results of actual research as an effort
to increase the efficiency of athlete performance, so that the exercises that are carried out must be carried out
based on biomechanical analysis. Analysis of training technique using principles of biomechanics can provide
key ideas for solving specific problems that arise in the process of improving technique, and is important for
helping athletes on their way to achieving the highest level of technical skill. This is because the principles of
biomechanics provide an understanding that the final result of an action is determined by the systemic unity at
each stage of motor movement, so as to explain the cause-and-effect relationship between certain phases of
motor action (Gamalii, et al., 2018). In line with this, Steininger et al. (Steininger et al., 2021) stated that
developing skills required para-badminton players due to game specifications such as reduced playing area, fast
sports, fast moving volume, and shuttlecock strikes. Therefore, this study aims to explain the biomechanics of
the badminton forehand smash in standing classification disability players.

Methods

The research sample is Suryo Nugroho, a standing upper (SU5) para-badminton player who is 27 years
old, weighs 65 kg, and height of 171 cm. The researcher used descriptive analysis method with a quantitative
approach. This approach aims to explain badminton smash performance. The smash movements analyzed
include the jump stage and the arm swing stage. The jump stages are jump start, take off, and top of jump. The
arm swing stages are backswing, frontswing, contact, and follow through (Rambely, Osman, et al., 2005). The
variables studied were angle, angular speed, shuttlecock speed and kinetic energy, force, power. The angle
variables studied were the angles of the elbow, shoulder, arm, hip, knee, torso, hip, ankle.

The research was conducted by recording the jump smash movements made by the participants. Video
recording is done because it can provide more accurate and practical information (Mota-Ribeiro & Bezerra de
Almeida, 2020). Participants are given time to warm up (15 minutes) and get used to the test to be carried out (15
minutes). The test begins with a high serve feeder to the participant, then the participant performs a maximum
jump smash and hits the shuttlecock that is aimed at the predetermined target area. 3 opportunities were given to
participants (Ramasamy et al., 2021). The Canon EOS 1100D DSLR camera is positioned to record the
kinematics of badminton smashes. The placement of the camera is in three positions. Camera 1 is mounted 1
meter on the right side of the participant and is perpendicular. This camera 1 aims to capture body movements in
the side plane when doing badminton smashes. Camera 2 is installed near the target box which captures the path
of the ball to the target box to determine a successful test to be analyzed as well as captures the movement of the
feeder to determine the speed of the shuttlecock. Camera 3 is behind the subject to capture the tilted position of
the body when performing a badminton smash (Figure 1).

It is important to be able to measure the execution of sports movements and in this case technology plays
a role because it makes it possible to measure a movement. This will provide an objective method for describing,
measuring, and evaluating human movement (Rucco et al., 2020). Therefore, motion analysis was performed
using dartfish software, is a software that can be used to review video frame by frame (Palao et al., 2015). The
results obtained are presented in tables and figures during the smash stage. For the results of angular velocity,
shuttlecock speed and kinetic energy, force, and power have been calculated using Microsoft Excel.
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Figure 1. Field used for data collection with camera positioning and target area 3.88m x 0.4m
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Result
Table 1. Description of shuttlecock track data on forehand smash
Stage Variables Test Result  Unit
Shuttlecock height (hy) 295 m
Shuttlecock Track Shuttlecock speed after collision (vy,) 15.07 mw/s
The kinetic energy of the moving shuttlecock (EK) 0.62 J
The depression angle of shuttlecock steepness () 154 -

Table 1 explains that the height of the shuttlecock during flight is 2.95 m and the forehand smash that
lands in the target area with a shuttlecock speed after the collision of 15.07 m/s and the steepness of the
shuttlecock’s trajectory with an angle of depression of 15.4° resulting from the kinetic energy of the moving
shuttlecock of 0.62 J.

To produce a shuttlecock speed of 15.07 m/s, the forehand smash starts with a 0.43 m high jump done
both when starting the jump and landing. The jump is carried out in 3 stages, namely jump start, take off, and top
of jump. At the time of jump start, the shoulder tilt is 36.5°, the torso tilt is 36.7°, the flexion hip of 109.7°, the
flexion knee of 101.6°, the hip position is at an angle of 51.5°, and the feet are 0.21 m wide. During take off,
shoulder tilt is 49.9°, torso tilt is 15.5°, hip extension is 177.8°, knee extension is 177.9°, ankle tilt is 148.9°,
force is 302.94 N and power is 342.63 J/s. During the top of jump, the shoulders are pulled back at an angle of
87.1°, the torso is also pulled back at an angle of 17.2°, the hip is extended at 177.8°, the knee is extended at
115.7°, the ankle is at an angle of 128.1°. The jump was carried out at a speed of 1.13 m/s (Table 2).

Table 2. Description of jump data on forehand smash

Stage Variables Test Result  Unit
Shoulder angle at jump start (Qy;s) 365 ©
Torso angle at jump start (6ys) 36.7 °
Hip flexion angle at jump start (Og;s) 109.7 ~°
Jump Start Knee flexion angle at jump start (0gs) 101.6 °
Ankle angle at jump start () 724 °
Hip angle at jump start (Op;s) 515 °
Leg width at jump start (i) 021 m
Shoulder angle at take off (6y,) 499 °
Torso angle at take off (0y,) 155 °
Take Off Hip extension angle at take off (Oy) 177.8 ©
Jump Knee extension angle at take off (Oey0) 1779 °
Ankle angle at take off (0,,) 1489 ©
Force at take off (F,) 30294 N
Power at take off (P,,) 342.63 J/s (Watt)
Shoulder angle at top of jump (8y;) 87.1 °
Torso angle at top of jump (6,;) 172 »°
Hip extension angle at top of jump (Oey) 177.8 ©
Top of Jump  Knee extension angle at top of jump (8) 1157 °
Ankle angle at top of jump (0,) 128.1 ©°
Vertical speed at top of jump (V) 1.13  m/s
Maximum jump height at top of jump (hy;) 043 m
Table 3. Description of arm swing data on forehand smash
Test Unit
Stages Variables Result
. Angle of elbow flexion of hitting arm during 331 °
Backswing .
backswing (0g)
Shoulder angle of frontswing (0yr) 164.6 ~°
. Angle of elbow extension of hitting arm during 1483 ~°
Frontswing .
frontswing (0.s)
Frontswing time (Aty) 03 s
A Angular speed of frontswing (Awy) 10.80 rad/s
S\Sﬁlg Racket Tilt angle of hitting arm (6yy,) 1152 o
Contact with  Pelvic tilt angle (6y,) 103 ~°
Shuttlecock  Shoulder tilt angle (6, 459 ©
Arm swing force (F) 031 N
Arm swing power (P, 4.69 J/s (Watt)
F Shoulder angle of follow through (A6,¢) 274
ollow .
Through Follow through time (tg) 02 S
Angular speed of follow through (w¢) 2.053 rad/s
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After the jump, then rotate the shoulders externally while keeping the elbows bent, rotating the hips, and
shoulders. Table 3 describes the forehand smash arm swing description.

Table 3 describes the swing arm data for the forehand smash which consists of backswing, frontswing,
contact with the shuttlecock, and follow through. During the backswing, the elbow of the hitting arm is flexed
33.1°. During the frontswing, the shoulder is pulled back at an angle of 164.6°, the elbow of the hitting arm is
extended 148.3°, the angular speed of the frontswing is 10.80 rad/s with a frontswing time of 0.3 seconds. When
the racket contacts the shuttlecock, the arm tilt is 115.2°, the pelvic tilt angle is 10.3°, the Shoulder tilt angle is
45.9°, the arm swing force is 0.31 N, and the arm swing power is 4.69 J/s. At the time of follow-through, the
shoulder was at an angle of 27.4°, the angular speed of follow-through was 2.053 rad/s with a follow-through
time of 0.2 seconds.

Discussion

The series of jump movements on the forehand smash, the preparation starts from a standing position and
bending the legs. During preparation, the body tries to store energy in the muscles. Then take off with structured
and synchronized movements. When at the highest point, the shoulder followed by the hitting arm swings
forward. Suryo Nugroho’s forehand shuttlecock smash speed in this study was 15.07 m/s. This speed is much
slower than the results of research by Ramasamy et al (Ramasamy et al., 2021), which showed an average
shuttlecock smash speed of 97 + 5 m/s for 19 elite Malaysian male badminton players. According to Ramasamy
et al (Ramasamy et al., 2021), the speed of the shuttlecock smash is characterized by more inward turning of the
shoulder and less elbow extension on contact. In this case, Suryo Nugroho’s shoulder angle when hit is 164.6°
and the elbow extension of the hitting arm is 148.3°. Meanwhile, the results of Ramasamy et al (Ramasamy et
al., 2021) showed that the shoulder angle was 126.9 + 5.3° and the extension angle was 63.8 + 12.0°, smaller
than the shoulder angle and extension of Suryo Nugroho.

Tsai et al (Tsai & Chang, 1998) showed a shuttlecock speed of 62.5 m/s for elite players and 54.2 m/s for
college players. This speed is also much higher than Suryo Nugroho’s shuttlecock speed. Tsai et al (1998)
explained that the faster shuttlecock speed comes from the elbow angular speed, which is 793 deg/sec for elite
players and 569 deg/sec for colledge players, while Suryo Nugroho’s elbow angular speed is 10.80 rad/s.

In addition to angle, shuttlecock speed is also generated from the magnitude force to transfer kinetic
energy from the body to the shuttlecock during swinging motion. Nakano et al (Nakano et al., 2020), explained
that the amount of energy transferred is affected by the combined forces on the shoulder, elbow, and wrist (arm
swing force) meaning that more energy transferred from the body to the arm is associated with a shorter time
between jump and swing action, with a short time so that the speed increases. In this study, the magnitude of the
shuttlecock’s kinetic energy is 0.62 J, which is transferred by the arm swing force of 0.31 N.

Empirically, the jump smash produces a bigger hit because of the air action-reaction between the upper
and lower limbs (Li et al., 2017). At the completion of upper extremity movements, coordination and connection
with lower extremities is required. Arora et al (Arora et al., 2021) explained that when a player extends the leg to
jump, the knee extensor acts eccentrically, increasing the resultant force after flexion. During this phase, the
lower leg muscles work concentrically, pushing hard against the ground and increasing the force. In this study,
Suryo Nugroho bent with a knee flexion angle of 101.6° then stretched his knee with a knee extension angle of
177.9° capable of producing a force of 302.94 N. On the other hand, the final quality of the forehand smash
stroke is influenced by the upper and lower body power (Z. Zhang et al., 2016). In this study, the upper limb
power, namely arm swing, was 4.69 J/s. At the start of the smash move, players will lower their bodies to
conserve energy and to release their power during the jump action stage. In this study, Suryo Nugroho’s power
when jumps is 342.63 J/s.

A positive correlation was found between the two HCMJ (height countermovement jump) and HSPJ
(height spike jump) regarding VmaxWJ (velocity with jump smash) in males; height of shuttlecock impact in
jump smash (HWJ) and HSPJ for women; proved the importance of jumping ability in badminton smash
(Ferreira et al., 2020). Suryo Nugroho showed an excellent jump smash technique and reached a height of 0.43
m to reach a shuttlecock as high as 2.95 m. The results of this study are supported by Rambely et al. (Rambely,
Wan Abas, et al., 2005) explaining that during the smash action, the jump is performed when the arm swings
from back to front. The purpose of the jump is to jump higher and contact with the shuttlecock occurs at a higher
position so that the shuttlecock's trajectory will be very steep. In this study the steepness of the shuttlecock with
an angle of 15.4°.

The jumps made by Suryo Nugroho used both feet both when jumping and landing. Although the results
of the analysis of Rambely et al (Rambely, Wan Abas, et al., 2005) explained that the jump used the majority of
players using a one-legged jumping technique both left and right with a percentage of 44% and 41.7%
respectively, while only 10.7% used both legs. However, injuries can occur to the knees and ankles due to loss of
balance when using the one-legged jumping technique. In this case, Sahabuddin et al (2021) explained that
injuries may occur due to inadequate movement of the hip and knee joints, causing not only reduced shock
absorption but also increased risk of lower limb injury. Such as excessive dynamic knee valgus (DKV) which is
characterized by knee valgus, contralateral pelvic drop, internal hip rotation, and shift of the center of mass away
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from the stance leg. DKV is primarily caused by hip abductor weakness, which causes non-contact injuries such
as patellofemoral pain syndrome and anterior cruciate ligament (ACL) injuries.

Conclusions

Based on the data analysis that has been done, it can be concluded that the shuttlecock speed of Suryo
Nugroho’s forehand smash is 15.07 m/s. This speed is indicated by the shoulder angle of 164.6°, the elbow
extension angle of the hitting arm of 148.3°, the frontswing angle of 10.80 rad/s, the kinetic energy of the
moving shuttlecock of 0.62 J transferred by the arm swing force of 0.31 N and the arm swing power of 4.69 J/ s.
At the beginning of the forehand smash, Suryo Nugroho jumps using both feet with a knee flexion angle of
101.6° and a knee extension angle of 177.9° producing a force of 302.94 N and a power of 342.63 J/s. Suryo
Nugroho’s jump height was 0.43 m to reach the shuttlecock as high as 2.95 m and resulted in a steep shuttlecock
trajectory with a depression angle of 15.4°.
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