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A Study on the Dynamic and Impact Analysis of Side Kick in Taekwondo
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Abstract

Tackwondo is a martial art form and sport that uses the hands and foot for attack and defense.
Tackwondo basic motion is composed of the breaking, competition and poomsea motion. In the side
kick among the competition motion, the impact force is larger than other kinds of kicks. The side kick
with the front foot can be made in two steps. In the first step, the front foot is stretched forward from
back stance free-fighting position. For the second step, the rear foot is followed simultaneously. Then,
the kick is executed while entire body weight rests on the rear foot. In this paper, impact analysis of
the human model for hitting posture is carried out. The ADAMS/LifeMOD is used in hitting modeling
and simulation. The simulation model creates the human model to hit the opponent. As the results, the
dynamic analysis of human muscle were presented.
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Fig. 1 Four typical motion of side kick

(a) A scene of experiment for side kick

00 @1 02z @3 04 05 06 07 08 08 10

Time (s)

(b) Experimental impact force

Fig. 2 Experiment of measurement on the impact
force of side kick
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Fig. 3 Normalized displacement of left foot in
anterior-posterior direction of side kick
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Fig. 4 Normalized displacement of left knee in
anterior-posterior direction of side kick
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Table 1 Anthropometrical characteristics for Korean
male in twentieth®

Percentile
(%tile) 1 |5 ]10(25(50|75/90|95|99

Height
(cm)

Weight
(kg) 51 56|58 |63|69|75)|82|86|97

160|164|166|170(174|177|180|183|186

Table 2 Material property of the human model

Property | Mass(kg) | Length(m)
Foot 1.06 0.335
Lower Leg 2.20 0.335
Upper Leg 7.13 0.213
Lower Torso 8.71 0.086
Central Torso E : 20 Gha 7.53 0.068
Upper Torso | V : 03 15.51 0.307
Scapula Density : 2.26 0.129
Upper Arm 6210 kg/m3 2.01 0.232
Lower Arm 1.57 0.241
Hand 0.46 0.062
Neck 1.31 0.111
Head 5.08 0.055
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(a) Creation of the human skeletal model

(b) Boundary conditions of muscle skeletal model

Fig. 5 Human model of side kick
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Fig. 6 Four main postures and three typical phases
of side kick by simulation
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Fig. 7 Simulation display of four main events by the
stick model, skeleton model and skin model
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Table 3 Maximum displacement and velocity of the
human body with side kick

Assailant (Tom) Opponent (Sam)

Displacement | Velocity | Displacement | Velocity
(m) (m/s) (m) (m/s)
Left Foot 0.627 12.671 0.278 1.158
Left Knee 0.464 2.573 1.397 1.617
Chest 0.378 1.508 2.184 4.056
Neck 0.303 3.364 1.896 3.705
Head 0.348 4.157 2.108 4.428

(b) Posterior view

(a) Side fécé kv1ew
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(¢) Analytical result of impact force

Fig. 8 Result of human body response of side kick

3}

Aol Bek At 87

ofje

¢

Fig. 9% ¥4x9] ¢ule] AgHo|de 53
s 47%8 vz )
HE A= S074A9 F 0197 27419 b
WS el ok Fig 9= 429 $5&5
HRE AT 25w

s

vebz ok #Ha

gube] wrgo] AdoA Wojx S@do| Hazt
S o]F= AHevent 3) 79 FRTFZRAA
12.67 m/s 131, F277ko] 35¥Ql &3] H
278 ol AWAAN A= o] BEE F
EHE #xhevent 4) Alolold T WAR 2 &
=9l 563 m/s 7} HERSTE

A AT T

I I I I I
Displacement of assailant's left fo}oﬂ
T

-100

-200 \
-300 \

€
E L
5 400 \
c
Q L
3 \

-500 \A s

e
600
g
700 |
0.0 0.1 02 03 0.4

Time (s)

(a) Displacement of assailant's left foot

T I I T
Velocity of assailant's left footL

Velocity (mm/s)

Q.0 01 02 03 04
Time (s)

(b) Velocity of assailant's left foot
Fig. 9 Analytical results of assailant's left foot
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Gastrocnemius 1 7
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Biceps femoris

Soleus

Gastrocnemius 1 Gastrocnemius 2

(a) Anterior view (b) Posterior view

Fig. 10 Typical muscles of the leg

Table 4 Names and functions of measured muscle

Name Function

Thigh extension,
Calf outward rotation

Thigh extension

Gluteus maximus

Biceps femoris

Thigh extension,

Semitendinosus Calf flexion and inward rotation

Gastrocnemius Knee flextion, plantarflexion

Soleus Plantarflexion
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Fig. 11 Force of assailant's left leg muscles
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