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ABSTRACT

This study had two purposes. The first was to analyze the period of the final record set by the male shot-putters in the IAAF
World Championships, Daegu 2011 from the point of view of kinematics. The other was to identify an efficient movement for shot
putting based on the analysis. The research used the eight finalists of in the championship as subjects. We analyzed the seven most
important kinematic factors in shot putting based on the type of technique: the execution time of the delivery phase, release velocity,
release angle, release, center of mass (COM) velocity, and shot trajectories. The analytical results showed the following average figures
for the record 12 meters: execution time of the delivery phase: (0.19 s), release height: (2.06 m), release angle: (34.68°), release
velocity: (13.25 mys), angular velocity of shoulder: (922.38%s), and angular velocity of pelvis: (479.50°s). Further, the results showed
that the highest COM velocity was 2.25 m/s and the shot trajectories were close to a straight line in the release phase.
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Ag7h QAEIA(Orthodox) 71%S Al9E 2Beko]d(O
Brien) 7]%%} ®l(Rotaitional) 71&< ARkl QItiRyu, Park
& Kim, 2011). 2 Belo|dld] 7|&d Sl 7|&olgal: 3}
o, FTPIE Tlee NE oM FH U HitiFos A
A 28-S ARgSle] BAE ZEolr, ° 71E 3 v vk
Zo} Sfo|=s} o] we FACRE FARIT 2007 A
A FA-ANE 9] 1919 29) A © 71&S ARl 2
7k 204 me 2161 me] 715 H3a, 39] A FEol=
71ES AHe] 2127 me] 7128 Wk T3 2009 W E2A
A7 drag] Gak x89x)7) 24d 839 9A7) 7le
F& Aunn 28], 39, 79) Age el Ve FARI
1, YA ol Be] Age | 7ES ARSIt Sefol=
Zlgs oA 7 SAZ F3EC] e A HA WAl A
2k AR K9] A ZpAlolw, F WA GAlE Fetold, Al |
A= T EAH(power position), Ul HAI= ©X]7|(delivery),
T WAl B (recovery) o[ EHKAAF, 2011). B 7]%9] @)
= Zeol= w9 vlms) % WAl Bl ted Sels
7ol Setold e whel © Zled F WA A= A
(Rotation)?} A& (non-support)°]t}. & F WA GANA F2}
9 Zpo|7} 5 7HA] 71&e) Aol Tl FaL iHk 2007 A
AASYIFANE] MEesES] Tle F2E 4T Byun,
Fujii, Murakami, Endo, Takesako®] ¥1te] <Jstd ®© 7|&2
ol g2 A4t felska, STtolE 71ES Aol 11 A
b fefstha washek

EBAAIIN A5 AR 2AS AT FHA
MEe F838 +58HH 82l FAKSE(The velodty of
release), FAMIE(The angle of release), FARE0](The height
of release) W& 4 UTHKang, 2003). H3+ Ariel, Penny,
Probe, Buijs, Simonsen, Finch, & Judge(2004), Luthanen(1998),
Tsirakos, Barlett, & Kollias(1995)l 23l At 3]ol A <=9
o] Eo7b7] siMe FUET 21 moldel FAAE B8
&t o5 93l 13.5 m/s8] FARSE F BRE ZolH, 19 m9]
7152 13 m/s9] &=7F Q3 Ao Buslal Sl FARG
& FAEE Hgl FHA A= JFS AR dPE
A479] 74 125145 m/s FAREOIA 1923 me] FHA
25 93 FARNE 37 °2 HuEItHRyu et al. 2011; Ariel
et al,, 2004; Tsirakos et al, 1995; Bartonietz & Felder, 1993).
FAEES FAARE e FARASHY] FEE AT
Age 0w zse] EASEE B9 BAZ 27b Y(l rad)
17 m/sZ 74313l &9 FARE] $7F Z(1 m) 08 m/sE
2as 43 A B8l FAREo] 27} 91 m) 13 m
S7HIHaL St

2007 AP AAISEAFANE Y] 95E AFAF Reese
Hoffa(USA) 41478} #9454 2143 Adam Nelson(USA)E &l

rr

71%(Rotational technique)< AHE-3F, 3915 2FA1 Andrei
Mikhnevich(BLR)= E2tol= 7]&S TR

Eg 2009 HEIAASEATANEY 52 AATF

Christian Cantwell[USA)E ¥ 7]&8 AMSI9T, 952 21
A|gt  Tomasz Majewski(POL)S} 3915  ZAg  Ralf
Bartels(GER)= E2}0|= 71&5 ARSI,

Al fEuete] @2 23EA)7] 7188 20108 914 A
F7F Al 1886 m= FAF AlA 7]5%] 23.12 m(Randy Bames,
UsA,  19909),  obrob &2} 71891 2113 m(Sultan
Abdulmajeed Alhabashi, KZA)o} Hlws] B zbo)7h gl
(Ryu et al, 2011). ol&g ol& S5 Asir= AAZ
TFAFEY A7) F3 BAE B ddsET o
zolgo] SlEAE oA og dotrolol & Fa o] glk.
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At
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<Table 1>3} 2t}

Table 1. Characteristics of the subjects

Result
Rank Athlete A wep o SB g
(or) (m)
(m)
T Dwid STORUGER) 21 2178 2105 gl
2 Dylan 0 264 202 rotational
AMSTRONG(CAN) : -
Andrei .
3 ovner P24 21 ik
Christian .
4 cantweiausy 31 2136 2187 roatonl
5 Rese HOFFAUSA) 3 2099 2187  rotational
Marco .
6 FORTESpOR) D 208 208 rotationd
Ryan .
T wmmieusy % 275 276 rottionl
Adam .
8 NELSoNUsy 6 202 200 rouond

*WCh = World Championships, SB=Season’s best
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2. A Ay

B AFE FA] el FFEFS A vihe A
(VG Japan) 3t, F3HE A4S 9% Control Object(Visol,
Korea) 2x3x3 m, GFE4S $3] Soft ware?] Kwon3D
XP(Visol, Korea)E AM&-3I3T

3. AYEz}t

A

2011 HFAAS A ANS] T E3EA]7] 2] 34
23S 93] shHlE} 3uie "M TR 7] A7) Al AF
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3} 9=, T2 S1Z <Figure 1>3} o] sy, 37t
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<Figure 2>9} o] dA|atglon] HYEE 30 frame/s, MEIZ
= 1/500 s& 29351k

N o b

J

HAH A7) 7 g7kl X3 AgEo] HrES Al
3 o)A

97hel wEH} 1749

7P AR oE AdE 1409 -] AT (linked
rigid system) 2 “gJ3l3t Setol= Vledt | 7|e9] 258
A Q12 FARE(release velocity), FAFE(release angle), F
Abzo|(release height), 3£8+] #Z|(trajectory of the shot), ©}7}
2145 (angular velocity of shoulder), 3] ZH;%(angular velocity
of pelvis), AAIFTAHACOM position), A1AIFAEE(COM

velocity) 52 &4 33T
5 &4 39

Bt B4 e FH) AAelA del= A A%
31131, Event®} Phaset Se}o|E 7|&-S <Figure 3> © 71&
2 <Figure 4>} 2t
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RFID : Rear foot touchdown, FFID : Front foot touchdown(Young,

2009)

Figure 3. Definition of event of the glide.
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RFID : Rear foot touchdown, FFTD : Front foot touchdown(Young,
2009)

Figure 4. Definition of event of the rotational.

m 2 3

1 22ug] 73 2843

<Tab1e >= 3 A dEHE] ke B2 AQAzE) 3
o, EF9AF e VERE Rojth.

ZF/ME 78 A9 dEHe] 3] AQAIRE 39 A
71 023 sZ 19 A49] 028 s HT} 005 silE Aoz e}
Wi, © 8 A AQARRe 29, 79, 8% 4471 015 s

2 2E 28RS B 4919 59071 017 s, 69171 018 s&
UERstth

8% Hrs -°4 gl 77k Bt AR 019+0.04 s
ojm, 7l&RAFHEE HWEW Il V|ER¥Y Mt
026+004 s, 71%%%54 A7 0164001 s2 8 7)ER39)

FEO] Hit 01 sHE W 2102 Vet

Table 2. Executive time of delivery phase and Result
Duration time

Rank Athlete of R?nl)ﬂt
delivery phase(s)
1 David STORL(GER) 028 21.78
2 Dylan ARMSTRONG(CAN) 0.15 21.64
3 Andrei MIKHNEVIKI(BLR) 023 21.40
4 Christian CANTWELL(USA) 0.17 21.36
5 Reese HOFFA(USA) 0.17 20.9
6 Marco FORTES(POR) 0.18 20.83
7 Ryan WHITING(USA) 0.15 20.75
8 Adam NELSON(USA) 0.15 20.29
M=SD 0.19+0.04 21.1340.50
Glide style M+SD 0.26+0.04
Rotational style M+SD 0.16+0.01

2 SAReolsh BAAE, FASE

<Table 3>& |2 A] FAlEol9} BARLE, FAKEL ot
87 A5 B FARolE 2104010 m, B FAM:

£ 3468:291°, B FAEEE 13255038 m/s2 vheksith
2eho|= 8 Ao B FARsolE 2244005 m, HT FAF

ATE 364541067, B FAEEE 1367:026 m/solH, ©
3 A5 e FARRole 205:008 m, B FAMEE

Table 3. Release height, Release angle and Release velocity

Release Release Release
Rank  Ahlete height(m)  angle(deg)  velocity(mys)
David
1 STORL(GER) 227 3720 13.96
Dylan
2 ARMSTRONG 211 3747 13.03
(CAN)
Andrei
3 MIKHNEVIKI 2.20 35.70 13.37
(BLR)
Christian
4 CANTWELL 2.06 35.96 12.94
(USA)
Reese HOFFA
5 (USA) 2.02 31.16 1351
Marco
6 FORTES 2.09 31.87 13.26
(POR)
Ryan
7 WHITING 191 37.31 1275
(USA)
Adam NELSON
8 (USA) 2.10 30.79 13.14
M£SD 2.10+0.10  34.68+291 13.25+0.38
Glide style M+SD 2244005  3645+1.06 13.67+0.42
Rotational style MtSD  2.05+0.08  34.09+3.15 13.11+0.26
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34.0943.15°, B FAKEEE 13114026 m/s2 EFSTE

7Ie 8 FAkEole SRl 4% A7 09 m F
APFERE 2367 =9, FAEE 056 m/s W2 202 U
it

3. olst 9ol ASE

<Table 4>= TFIEA A Defwe] A7) of7fe} §
9] Zi&woly, 87 ATEe] o Z&Ee] S 92238+61.07
°/so0]H, § Z&E o] WL 47950410181 °/sS VERATE

71§39 HE o Z&EnE ZElelt 7)&83o)
830.00 °/s, © 7]%-%63—8— 95317 °/sol¥, Hdt Y A&
Zehol= 71EF30] 35550 °/s, H 7]EFEL 5083 °/s0E
UER T

4. AAFTAES

87 A

g 5ES) AAFYEEE

TAEE T
4-1>, <Figure 4-2>, <Figure 4-3>& 1%], 29, 39|41
AEEE TzE e Aol

71€9] 3 AAFAEEE <Figure 4-1>7} <Figure 4-2>
oM SfolE 7|EFF Y 19 Aot 39 A< ElolA 27t

<Table 5>9} o™, <Figure
o AAT

Table 5. COM velocity

Table 4. Angular velocity of shoulder and pelvis

(unit @ °fs)
Angular velocity Angular velocity
Rank — Athlete shoulder* pelvis®
David
I STorL(GER) 830 3
Dylan
2 ARMSTRONG 965 640
(CAN)
Andrei
3 MIKHNEVIKI 830 312
(BLR)
Christian
4 CANTWELL 952 545
(USA)
Reese HOFFA
5 (USA) 997 434
Marco
6 FORTES 930 522
(POR)
Ryan
7 WHITING 949 413
(USA)
Adam NELSON
8 (USA) 06 521
M:SD 9223846107 479.50+101.81

*Average between power position (touch
delivery position (release shot)

down brace leg) and

(unit : mys)
event axis Ist 2nd 3rd 4th 5th 6th 7th 8th M+SD
X -0.07 023 0.00 0.36 0.10 028 0.05 0.16 0.14+0.15
El Y -0.05 -0.25 0.07 0.24 -0.07 -0.05 0.19 028 0.04+0.18
Z 0.26 -0.10 0.03 0.16 0.02 0.13 0.12 0.09 -0.01+0.14
R 027 035 0.07 046 0.12 031 023 034 027+0.13
X -0.25 0.57 0.18 032 0.70 043 132 1.14 0.51+0.56
E2 Y 245 107 1.94 0.57 0.82 0.67 0.09 040 0.90+0.93
Z 1.05 0.51 127 028 0.10 043 -0.06 0.00 0.45+0.49
R 2.68 131 233 071 1.06 091 1.33 1.21 1.44+0.69
X 0.11 051 026 0.57 -0.82 -0.63 -0.30 0.03 -0.3140.39
E3 Y 271 121 232 1.56 1.62 1.40 177 145 1.75+0.51
Z 0.26 0.16 003 0.12 0.03 -0.37 0.17 028 0.01+0.22
R 272 133 233 1.67 1.82 1.58 1.80 148 1.84+0.47
X 0.39 -0.17 023 0.18 -048 -0.05 029 0.34 -0.0340.31
E4 Y 291 215 253 212 1.93 243 1.79 1.86 2.21+0.38
Z 0.35 0.54 0.01 034 025 041 0.09 0.07 023+0.22
R 2.96 222 254 2.16 201 246 1.81 1.89 2.25+0.38
X -040 -0.20 027 -1.40 040 -0.77 053 -0.08 041+0.53
E5 Y 0.84 129 0.86 0.18 124 -0.38 0.09 0.05 0.52+0.61
Z 123 124 151 132 1.36 1.02 1.30 122 1.28+0.14
R 154 1.80 1.76 1.93 1.88 133 140 122 1.61+0.27
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AF4le] Bt 225 m/SA AAFA &2 Bk

5. 4 9%

<Figure 5>& X-YZ FHWNA 29 o|F HAS YER
Aol™(Young, 2009), ¥AE F 1, 2, 39 A=< FAF Al
& <Figure 6>} 2t}
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Figure 5. Shot trajectories type in X-Y plane.
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Figure 6. Trajectory of the shot

1989; Tsirakos et al, 1995), FAFS AT E MA4¢) vl9= A
FE BT 40° U9 4=olA dE|zrt o]FofR e Ao B
15| ATHAriel et al, 2004; Tsirakos et al., 1995; Bartonietz &
Felder; 1993; MoCoy, 1992). 191E A}A|¢+ David STORL(GER)
Ao FARsolE 227 m, FAHEES 37.20°, FARKSEE
139 m/sE UeR)] 71 & FARzo|¢ 71 whE Er*]*ir—x—
£ Hom, o disle] 19914 8919 T FAKEE
13254038 m./s, FAREClE 210:001 m, FAGS
34.684291°% ¢Fe] Md) dF=S AR F= AHE A
83 259) o 244Es) HTE ML *fsole], 9
Z4820) S 47950410181 °/s2 UERAL) oju) Sjol= 7]
£630] 83000 °/s, B 71&SHL 965317 °/s0lr, HF I
ZETE FEols 7|Efdo] 35550 °/s, B 7|EREe
520 83 °/sOZ UET olgig Auk= 2009 WIS AAISA
Ardtid]e] HFHA ZIHAAF, 2009)9} é& Heow
:@ro]‘: 71EF39 A7t | 71erE Y] gl s o7
&R 3] A& HaHos =Y RS ¢ -’F ATk
FAHIAL Setols v ZH oMY FolA 71&R3 el
e 52 '}oloﬂ uel g2 AAS BRAR dejze] Hu

Aol GeA SFRAFEL A 7 449 FEHE 1Y
o} 3k APSS(Athlete-plus-shot-system) ] 2] F45 &

o QA 7] Wl oAzt 3ol uhe} oA Hejur

dej= Al Ao 2AekE SFE)9] #4 BRItKZatsiorsky,
2000; Young, 2009; Lindsay, 1994; Knudson, 1989). oyt #
Mo 198 AR dolls 28 Age] A
<Figure 5>0] 49} o] AFAQ] A2E 49 o]FHHolH,
9 4 9 AT ABE g2 9. 4 47 8

£439) A4:017) W] 2|2 TN olEAAL T
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