Copyright©2019 —AR#tFE;A A BAREHES

B-17
HIRREICE 1T S HEBADEARE THOESAELICVELGTEH

A requirement for the body orientation change
during the approach phase to the bend section in sprinting
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When a runner is approaching bend section, his trunk leans toward the inside of the track. The authors assumed that the
ground reaction force moment around COG would contribute to inclination of runner’s trunk during the approach phase
to bend section. The purpose of this research was to examine how much the ground reaction force moment around COG
contributes to inclination of runner’s trunk during the approach phase to bend section. The authors conducted an
experiment to obtain kinetic and kinematic parameters using 50 force platforms and the motion capture system during the
approach phase to bend section (radius:38.2m). As a result, clockwise and anticlockwise ground reaction force moment
of the antero-posterior axis around COG is balanced during the approach phase to bend section. Therefore, it is suggested
that ground reaction force moment around COG is not a key factor for inclination of runner’s trunk during the approach
phase to bend section. Furthermore, the authors assume that gyroscopic effect by arm motion during the flight phase is a

key factor for inclination of runner’s trunk during the approach phase to bend section.
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WBEOIIEND, EAEK CTORE L MER TCORETIE, HRELBEFITHERT IMEN IR D Z LR
Dhyo> T 5 (Churchill, et al. 2015, Churchill, et al. 2016, Ohnuma, et al. 2018). FAEZEZIBEIL T
X, EER CEN L W@ i R ICHEAT D & BRI L TNEIT D LW BB RGNS, fiERTE
FENMEBRERNE S0, EAELLORTEML CHLERELL Y HEKOIMINI BT 2 2 & T
DEBONRTENIER L, ERONRANC TSR ERIT 572072 E2 015, Ko T, MERICEATHEE
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(L7 (A, 2018). —H T, EAEK»LIEKIZEATIFRECED L H 2 A D= XL THEIL V) KL
DELTHDTbhho TV, 2T, AFSETIE, BEAERKN S ERKIZEAT 2 /m comx L5
F— AL NORERIIEALN G EFN ED X D e 1R BRI TR EZ L STV DA ERRFT 5.
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T 4 — AT L— NP 50 REE FED H AL 50m DB AR D 40m (10 5 % 38, 2m OHER A ER LT-. A%
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Section) @ 2 FXEHDE 2 EMi§ 5 72012, EAKKD 30m (550 S EAEKD 45m AHF £ TEER L-tERET
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T 24T o 7=, F2, BEEENSER~TYEDY 2754828178 (Transition Line) &35 (X 1).
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Figl: Camera Set—up

3-3 HBRESLIVAEE

Bz b AR EERR B & B &2 KA 10 42 RICFEREITo 72, RERTIE, BEAEKZRCHE
FACHEANT 23 A 5 B, BEEROALZHEET2REL 21, G 7 ROREZEERFIIToTHH o7,

FERIZNL D, BETOWERE ORL O 3 WoEE 22 X 572012, 28 ORISR SIS~ — B —&t
43 A Z AT U2, ~— D=3 BEAZ N L Clim T — 7 CHEE L-. #RE I LCiE, TEIRTRE T 9 HIfLeE
DENETHEET DL HITHERLE.

T a XY ST YA ATIL20Hz, E—Ta Xy ST AT AOFHIKEO T +—AT7 L— X
1000Hz TEHUZITVY, TORRICE—Y a Xy T F X VAT A7 L— 2 GbEL LI L.

3:4 F—4HnE

10 £ DWERFE DFFLD H bLENEN~— I —DKRBPDO DI WVREFLINZ O T 24T o 7=, T—Ya v v 7 F
YU AT INBELN ARG 43 S0 3 RTTEIE L 7 4 — A7 L— My B IE L - #im X 771%, Butterworth
Bl — /XA 7 4 )V H—% AR Uiz, W ENR L, #h+h, 12Hz, 75Hz & L7z,

3:5 HBROES
AR TIE, BERKD D ERICEAT LR EDO L 5 ITEBNE T 20 Bt Lz, R HIE
ThoDEEL, M LT3 RO~ —0—b RO RATEERZHH L, Ao JFTEETR O 0 R5E T4

[No.19-306] HAMEMES S URISH L AR—YITE-Ea—TUA4F3IHRX 2019 HEHRCE (2019.10.25—10.27, &[]



Copyright©2019 —AR#FEE A BARMEHES

Dr—/L - ByF - a—AEREH L. DRICRRORFTEERDER, n—/N - BT« I—AOREHTHN
TEBOERE R (1, M2).

Table 1 Variables for Kinematics

TRGT Position Vector of Right Greater trochanter

TLeT Position Vector of Left Greater trochanter

Ter Position Vector of Midpoint between Right and Left Greater trochanter

Tsms Position Vector of Superior Margin of the Sternum
Trunk,-p Provisional i Axis Unit Vector of Trunk Local Coordinate System
Trunk; i Axis Unit Vector of Trunk Local Coordinate System
Trunkj j Axis Unit Vector of Trunk Local Coordinate System
Trunk, k Axis Unit Vector of Trunk Local Coordinate System

E 7z Axis Unit Vector of Curved Path Coordinate System

R; rotation matrix around i Axis

Rj rotation matrix around j Axi

R, rotation matrix around k Axi

R rotation matrix
O Trunk Roll Angle of Trunk

Orrunk Pitch Angle of Trunk
WYrrunk Yaw Angle of Trunk

superior margin of the sternum

IR

Trunkg
Trunki <

runk;

7
RGT or LGT

Fig2: Local Coordinate System of Trunk Segment

JRPTEEAE SR D MRRATHIO R ik

FEAG DREETF- DO SIS A RKEEFITHND R ML E RSO JRFTEER O D 1, 45O KiETFoh
ENSIE BRI DY MLa ke LT, kRO i #iosEx &0, Kiga s do s EEic
B juaFE Lz, 85I, jlie kEhiosEE L v, ifhiazRHE Lz, B Uz, j, k loEA~7 K
IV % N THRER O SR T FEAS 3 00 5 B4R 5475 E 2 B H L T=.

Trunky, = (rrer — rer)/y (RGT, — GT,)? + (RGT,, — GT,)? + (RGT, — GT,)? (1)
Trunk, = (rsys — rer)/y (SMS, — GTy)? + (SMS,, — GT,))? + (SMS, — GT,)? 2
Trunk; = Trunk;xTrunk; (3)
Trunk; = Trunk;xTrunk, (4)
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Trunk; Trunk; Trunk;; Trunk
E = | Trunk; | = | Trunk;; Trunk;; Trunk,
Trunk, Trunk; Trunkg; Trunkg

[E#EATH (i->5->k) DRI

A5 Tifh, j#l, k#EOKEOEERTHAZ RS, 8, il k #ONECEEE X E 356 ORERTINE, X
6 DI HICEHTES.

1 0 0 cos§ 0 —sinf cosy sinyp 0
R;= ( 0 cosg sing >, R;= 0 1 0 |, Rg=|—siny cosyp 0 (6)
0 —sing cosg sind 0 cos 0 0 1

cosfcosyp cosyPsingsinf + cosgsiny —cos@cosysinb + singsiny
R= R, R.R; = —cosfsiny cos@cosy —singsinf@siny cosypsing + cos ¢ sin G siny 7N
sin 8 —cos @ sin g cos ¢ cos @

BB O RTEER DO FHRETFIOu—L - EyF - S—FAOEMFE

X4 TEH LIRS0 JRFT AR O MRETH & 6 TR L2 EHTHINE LW ENBUTO L 54
AT —MEERTDHILNTED.

E=R (8)
—1 Rkj _q Trunky;
= —tan'— = —tan" ! —~
PTrunk Rik Trunkgy (9)
Orrunk = SIN"1Ry; = sin™! Trunky; (10)
_1 Riji _q Trunkj;
= —tan"'-L = —tan™'—=
IpTrunk Rji Trunk;; (1 1 )
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Curved Path Coordinate System
z

LA .................... )}\the projection point of COG
x ................................................................

radius:38.2m z

y

Straight Path\Coordinate System

Fig.3: Curved Path Coordinate System
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3:7 AZETIL

AW THNZET IR SAIE SR TRNIR 27 /L Th 5. BEPONEITHAREOHEER (7T,
1992) Z#HAWTHEE L=, T L7=/XT A—X— 1IN FDFE2 EX 4 (R d. £, K11 ITHE K SRR
HELEAYOF—A 2 b, K12 ICHENCERT2ELEDY OFT—X 2 MO IEOER FEERT.

Table2 Variables for Kinetics

coG Center of Gravity
cop Center of Pressure
r Position Vector from COP to COG
F, Ground Reaction Force
FM Free Moment
Mcoc Moment of COG
Incoc Impulse of Moment of COG

Straight Path{Coordinate System

y

Bend Section Coordinate System

Fig.4: Kinetic Model

M oq=rxF+FM (12)

Ieoe = fttol Mo (to, = contact,t; = toe of f) (13)
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ARk BB 2 (X15). X5 OIS EER O Z 2T 23, (Straight Path), FHRINE ALK
M5 ERA~HEAT 238 (To Bend Section) THD. EDS@rme GEIEDY), Oppe GHIEDD),
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@1k Deg) Prrak(Deg)

b o

Roll Angle(Straight Through) Roll Angle(To Bend Section)

Time(s)

204

-25+

-3k
-5

Hrrunk(Deg)

5t

10+

-15L

-5

Wk Deg)

4

-3 -2 -1 1
Pitch Angle(Straight Through)
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Yaw Angle(Straight Through)
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2 Step Number
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-5}
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Winnk(Deg)
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Fig5: Trunk Orientation
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EEERENBISEDE5—A 2 N OVNSL 2D Z Eidehotz.

McoGy (Nm) MG, (Straight Through) McoGy (Nm) Mcog, (Straight Path to Bend Section)

h . *1 Timels)
| 0.2 ' 04 Ic l 038 I 12 |
. 4 3 2 -1 1

2 Step Number

400

200+

Tima(s)

-200 -200

I Right Contact phase

Left Contact phase

Fig6: Antero-Posterior axis of Moment around COG

I, ELOFIRIMEDY OF—A2 b (y#h) OMARERT (X7). I 2 TIEPERE OUE TR LHER

BT
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HIE (7T H) DO EL B G AEREMIFFT-0. 12 A>5-0. 156Nm/ke, 2@ BRI 0. 14 75 0. 15Nm/kg TH 5.
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hicoc, (Nmsikg) ’M((,‘;\‘(Straight Through) Icoc, Nmsikg) I.M(-W\(Straight Path to Bend Section)
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Fig7: Impulse of Antero-Posterior axis of Moment around COG
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