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ABSTRACT

The purpose of this study was to investigate the projectile factors and biomechanical characteristics of men’s hammer throwing
during turning phases. Four national leveled athletes including Korea national record holder participated in this study. After full
warm-up, each participant performed 6 trials of hammer throwing with their best. The best recorded trial was selected from each
participant and they were analyzed for this study. Three-Dimensional motion analysis using a system of 5 video cameras at a sampling
frequency 60Hz was performed for this study. As the number of turns increased, athletes revealed following characteristics. 1) The
single and double support time decreased. 2) The rotation foot was closed to axis foot and it revealed greater medio-lateral
displacement than that of horizontal one. 3) At the transition point from double support to single support, ball was in front of rotation
foot so that not much angular velocity obtained. For the projectile factors, projectile angle did not show differences while projectile
height and velocity revealed differences among the participants. It may indicated that each athlete has different fitness and skill level
to resist centrifugal force which become larger as the number of turn increased.
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Table 1. Characteristics of subjects

Height ~ Weight OR ER Career Tum
(m) (kg) (m) (m) (yrs)
A 188 117 70.84 64.9 13 4
B 182 98 61.68 55.8 12 4
C 177 ) 61.46 54.5 10 4
D 185 112 60.62 52.5 9 3
M 183.0 104.3 63.7 56.9 11.0
SD 4.69 12.45 4.82 5.49 1.83
2. A% A
B Aol AR Ao £ A= <Table 2>9F 28
Y Aol A AnE ARSI
Table 2. Experimental equipments
Items Experiment equipments Manufacture
Photograph Sony PD-150 camera Sony Ins.
instrument Control Object(2*5%*4) VISOL Ins.
Analysis Kwon3D Version 3.1 VISOL Ins.
instrument Matlab R2009a Matworks ins.
3. 4% 23
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Figure 1. Setting of control object
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Figure 2. Definition of event
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Table 3. Change of support time (umi: sec)
Turn 1 Tumn 2 Turn 3 Tum 4 Release  Total
IPltakeoff SS Sum DS SS Sm DS S8 Sum DS SS Sum DS time
025 040 065 037 030 067 023 028 051 02 025 047 028 259
035 028 063 040 030 070 028 028 057 027 025 05 032 274
035 033 068 047 028 075 033 027 060 028 023 05 028 284
025 032 057 033 025 05 030 028 058 030 204

0.30 033 063 039 028 068 029 028 057 026 024 050 030
0.06 005 005 006 002 007 004 001 004 003 001 003 002

SS : single support, DS : double support, Sum : DS+SS

gz |u 0 w »

Table 4. Vertical position and displacement

(unit: m)
LP1 HP1 LP2 HP2 LP3 HP3 LP4 HP4 LP5 Rel
ED E2) (E3) EH (E5) (E6) ED (E3) E9 (E10)
A 028 1.87 025 2.10 0.19 224 0.17 228 0.12 1.76
B 0.18 1.70 020 1.94 020 212 0.16 220 0.14 1.61
Position C 020 1.53 020 1.81 0.13 202 0.11 215 0.11 1.63
D 0.13 1.97 0.13 227 0.11 241 0.12 ) . 1.76
M 020 177 020 203 0.16 220 0.14 221 0.12 1.69
SD 0.06 0.19 0.05 020 0.04 0.17 0.03 0.07 0.02 0.08
LP Phase HP Phase
LPI-LP2 LP2-LP3 LP3-LP4 LP4-LP5 HP1-HP2 HP2-HP3 HP3-HP4
(Tum 1) (Tum 2) (Tun 3) (Tum 4) (Tum 1) (Tum 2) (Tum 3)
A 003 0.06 0.02 005 023 0.14 0.04
B 0.02 0.00 0.04 0.02 024 0.18 0.08
Displacement C 0.00 007 0.02 0.00 028 021 0.13
D 0.00 0.02 0.01 ) 030 0.14 )
M 0.00 0.04 0.02 0.02 0.26 0.17 0.08
SD 0.02 0.03 0.02 0.03 0.03 0.03 0.05

LP : height of the hammer at the low point of turn “x”,
HP : height of the hammer at the high point of turn "x”

Z Axis(m)

=2
o

Y AxIS(m) h X Axis(m) Y Axis(m) = X Axis(m)

Figure 3. 3D trajectory of hammer head
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Table 5. Distance difference between feet

(unit: m)
LP1 HP1 LP2 HP2 LP3 HP3 LP4 HP4 LP5 Rel
(ED (E2) (E3) (E4) (E5) (E6) E7) (E8) (E9) (E10)
A 037 0.08 038 0.08 033 0.04 032 0.08 022 034
B 057 0.10 040 020 053 020 0.44 0.10 037 043
% C 0.56 0.18 033 0.10 040 0.08 042 015 028 043
D 0.58 0.00 043 0.11 040 0.08 034 . . 044
M 052 0.09 0.39 0.12 042 0.10 038 0.11 029 041
SD 0.10 0.07 0.04 0.05 0.08 0.07 0.06 0.04 0.08 0.05
A 053 0.09 029 0.02 0.17 0.14 022 0.15 022 0.28
B 0.07 0.01 027 027 0.02 023 0.06 0.18 0.07 0.06
Y C 026 0.11 026 0.15 0.06 0.10 0.06 0.14 0.11 0.08
D 0.04 0.10 020 024 0.20 0.12 0.14 . . 0.10
M 021 0.02 026 0.17 0.10 0.15 0.09 0.16 0.13 0.13
SD 025 0.10 0.04 0.11 0.10 0.06 0.12 0.02 0.08 0.10
LP : height of the hammer at the low point of turn "x”
HP : height of the hammer at the high point of turn “x”
g
2
%
f

Figure 4. Trajectory of swing and support foot
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Figure 5. Position between ball and toe at the double support
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Z AlelE HolA] ¥a1, HRIAoRE FolAe
Ml el s Hole 2 2 334 BE A1
el QlojA A %‘OI Zs
2ol o] FofA| = EAS
Y= 7%3%? 2 415‘_ HAA JAA E19] 75
T EHA} 7ol Be o] HiF 0211025 mE BHA L 234
o] EB39lAE Hit 0261004 mZ The Zojd & 3343} 43
Agre Ta golAs E45 Bt HaAd QlojA 13
o] RE A7} 7k B2 zfo]E HolHA He 0.02+0.10
mE BEAARL 37o] S7HFE 0.15 m W9 AoloA] 3]
52l °l$-°1le ASE ettt 7 & AA|A g
AAZ olsetr| A = 3 W, a8 B9 HAE UE
W <Figure 5> 9]0}134 gzt A9] 9= 4314 HAMA 4
g2 A HAHNA Bo| 5 W] Fo7l EAS A, F
A7 Bo}F o] 9= Anbzog = uth 37 W 9o 9
Ag B4 ESvk 12jal 392 DY A9+ 233 3354
of A ez A HAHNA S L Sl YA AdEelA
& o AR E HeEE B4 Bth

4. 37 8 £ &=

<Tuble 6>& 3)70) B2 AAH} A S AAY
AN % ol Lhehdl Ao, <Fgwe 6& X, Y,
7% g3 $=MskE 339 Ao Lkl Aol

Table 6. Resultant velocity

3ol oJatd, 13)710] A2 HAH EILP)S] B £5v B
T 11.94£1.17 mysoll A A ZkE]o] 33] 7o) Al&E = HA13 ES(LP3)
T R0 &5t Z71EE S RAANE BeolAM B9zt
2 HAAA I Huoxe] SEHs & 545 Btk

olgdt 54 SEAoloA & 4 %ol 23K Ha
33)70] NAEE HAHEASE) A AR L5 Holo
7} 3314 JMXUr A (ES-Eo) A= “o
HEEE BT, 33 HudH 43d

(E6-E7) o= 4% 2.841.00 mis =719 —i% %— Rk

npA ek 43]70] AR HAHA HIHE

T 1.08+0.60 ms9] 4%, 183 4311 H %joﬂfﬂ RIS
14 HAH(ES-E9) M= F 1.95£0.19 myjs 77}% &2 W
ol HAHNA F7hd ST HuHolA B 1 nys
o] &5 Btk 53] HAHI HaxdelA %}ﬁ Zjé?EvE—
Hol= 934 B, & 9] A9t D] 7-9- E4-ES, ES-E6,

A EES) VGRS HAPE & 548 B

o

\1

5. 3AE A4 ez 4

<Table 7> 3|7 X ZHOrbit angle; incline of elliptical
path of the hammer)# B 2|2 743 VR Ao, #1222 8f
mef H2 Azel g 712715 e Aog, 3HdE Hu
Aol thgk z=2] sAxzs} ARl Y= AAHE 7
o]-gsto] ALkstTh

(unit: m)
LP1 HP1 LP2 HP2 LP3 HP3 LP4 HP4 LP5 Rel
(ED (E2) (E3) (E4) (E5) (E0) (E7) (E8) (E9) (E10)
A 1343 1297 1638 16.67 19.84 1830 21.50 19.73 2172 2553
B 11.18 12.38 15.13 15.96 17.92 18.01 19.78 19.08 20.82 24.04
. C 10.84 12.01 13.61 1491 16.82 17.17 19.49 1871 20.83 23.80
Velocity
D 12.30 27 16.94 15.89 1972 17.18 2123 . . 2345
M 11.94 12.53 1552 15.86 18.58 17.67 20.50 19.17 21.12 2421
D 1.17 043 148 072 1.46 058 1.01 052 052 092
LP1-HPI HPI-LP2 LP2-HP2 HP2-LP3 LP3-HP3 HP3-LP4 LP4-HP4 HP4-LPS5
A 046 341 029 3.17 -1.54 320 -1 1.9
B 120 2.75 083 1.96 0.09 177 -0.70 1.74
Differenct C 1.17 1.60 1.30 191 0.35 23 -0.78 212
D 047 4.17 1.05 3.83 2.54 4.05
M 0.60 298 034 272 091 2.84 -1.08 1.95
D 0.78 1.09 1.02 094 1.37 1.00 0.60 0.19

LP : height of the hammer at the low point of turn “x”
HP : height of the hammer at the high point of tum “x”
Dif : difference of HP and LP or LP and HP
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Figure 6. 3D trajectory of ball velocity

ol o5k, 13]Ao M= Hit 48.918.89°, 23| Ao A= 3
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SYAPE 54 w8, 9374 Bs) Dol A5 5] 57}

B AH] Mol whAd] 1A €2 B35 28140
A 7V 2 2 REAT, 385 480l ARzto] 2
o= B4 ne:
7150 7M 2L T3 Av 13H-A 7P A s B
AL, 23127 33|72 217} 48.0°9) 489°F frARSE ZE HY
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HAA7A Aol AHAY IS F= dYrds
AW EE B 402+159°2 A} o] B 3Jo|E HolA|
SAATE, TFA D7 26°% 7P F BEE S B, T
@4 B, C, D A Qi 248 wg
Table 7. Incline of elliptical path and release angle (unit: deg)
Turn 1 Turn 2 Turn 3 Tumn 4
Release
HP1-LP2  HP2-IP3  HP3-LP4 HP4-LP5
A 344 430 439 469 394
B 56.1 53.9 49.1 453 39.8
C 488 54.6 50.3 469 39.1
D 56.3 494 459 426
M 489 515 485 464 402
D 8.89 2.83 1.63 0.94 1.59
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<Table 8> 31 HAH3} Hudol gk A=
£ Yepd ZlolH, <Figure 7> 1 9] &0l w2 Y4l
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7 1 BW d& Ao=® Yepgtal, 3jzlo] F71ers 49
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Table 8. Centrifugal force (unit: N/Body Weight)

LP1 HP1 LP2 HP2 LP3 HP3 LP4 HP4 LPS Rel
(ED) (E2) (E3) (E4) (E5) (E6) E7) (E8) (E9) (E10)

N 7502 711.8 1156.7 1307.5 1624.8 1624.0 1830.5 1805.7 1865 2628.7

A
BW 0.65 0.62 1.01 1.14 1.42 1.41 1.59 1.57 1.62 229
N 544.0 665.0 959.5 1256 12959 13524 1599.9 15272 1756.7 21982
B
BW 0.55 0.68 0.94 112 1.36 1.48 1.66 1.68 1.85 237
N 504.0 6263 7721 958.3 1153.8 1285.5 15334 1503 1743.0 2240.0
C
BW 0.57 071 0.87 1.09 1.31 1.46 1.74 1.70 197 254
N 611.1 680.3 1087.6 1054.3 14710 1209.4 17133 . . 2231.8
D
BW 0.56 0.62 099 0.96 1.34 1.10 1.56 . . 2.03
N 602.3 6709 994.0 1144.0 13879 1367.8 1669.3 1612.0 1788.2 23247
M 108.0 355 169.0 165.1 206.0 180.5 130.6 1682 66.8 2035
D BW 0.58 0.66 0.95 1.07 1.36 1.36 1.64 1.63 1.75 231
0.05 0.05 0.06 0.08 0.05 0.18 0.08 0.07 0.19 021
£

Centrifugal force(BW)Centrifugal force(BW) Centrifugal forc {BW) Centrifugal forc B

=] 10 12 14 18 18 20 22 24 28
Welceity(mis)

Figure 7. Trajectory between the centrifugal force and velocity of ball
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T 3k Z2|AI7E0] HE 029 sec} 026 sec, 3 BF AR A7)
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