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Abstract : Mechanical energy is known to be transferred between a body segment and a joint. However,

the transformation of this energy has not been classified. By focusing on the racquet-holding arm during

a tennis serve, the present study examined the transformation between translational and rotational ener-

gies due to the joint force, and investigated the kinetic chain from the viewpoint of energetics. Twenty-

two tennis players were asked to perform flat services to the deuce side (i.e., the receiver’s right side),

and the three-dimensional coordinates of reflective markers attached to each player and racquet were col-

lected with a motion capture system. The mechanical power acting on each segment and the mechanical

energy generated/absorbed by each joint were divided into the following components: (1) STP=the

time rate of change in the rotational energy of a segment due to the joint torque, (2) JTP=the genera-

tion/absorption of rotational energy due to the joint torque, (3) JFP,=the time rate of change in the

translational energy of a segment due to the joint force, and (4) JFP,=the time rate of change in the rota-

tional energy of a segment due to the moment of the joint force. The findings are summarized below.

1. The proposed method can divide the power acting on the segment due to joint force into the transla-
tional component (JFP;) and the rotational component (JFP,).

2. The racquet-holding arm mainly acquires mechanical energy as translational energy with decreasing
rotational energy of the upper trunk (around right-leftward rotation).

3. The main role of the shoulder joint is not to generate rotational energy but to change the energy form
(from translational energy to rotational energy).

4. The main role of the phase before most of the shoulder external rotation is to store the translational
energy in the racquet-holding arm.

5. The main role of the phase after most of the shoulder external rotation is to transfer the translational
and rotational energies to the racquet.

6. The proposed method can quantify not only the generation/absorption and transmission of mechani-
cal energy but also the transformation of the energy form. Therefore, this method may produce new
findings that have not yet been clarified.
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Fig. 1 Experimental setup.
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10. Front side of the suprasternal notch
11. Back side of the suprasternal notch
12. Lateral aspect of right rib

13. Lateral aspect of left rib

14. Racquet head

15. Racquet face medial side

16. Racquet face lateral side

17. Bottom side of the racquet face

18. Grip end

Fig. 2 Landmarks of body and racquet.
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Fig. 3 Definition of analysis phase.
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Fig. 4 Definition of the joint angles.
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(c)JFP. = Mj—>s * Wgeg

Fig. 5 Pattern diagram of the joint force power divided into each terms.
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OB E L . 20720, RENTH5H
FEHNHMOTEFEFIL, KL TETRILVF—
OWENET L8 %% TR, EHCLsT
FVE—HREO B A [ LEXRTS.

RIS I & B B OTERER O FI 2419 T %V
F—OWMABBIRITITR LB TH L. —
77, BAEI BV 71 KB NFH T R IVF — DA
BohETicERfbIh s (L - B,
2002 ; Winter, 2009). Bdfix#ds 2 DO 5D
E OB JTPIC X - CTHMT 5 (R3). I
bbb, WA LTI ER S A STP & JTP O
BE R

STP,+STP,=]TP (18)

Linh.

b Z &ab, BffizdHis 2 OS5 Tk
Fig. 6 IR d L DI, STPIC Xk > T2 D45
ICENRART % LI, JTPIZL > TRDE,
DL TW5b. —77, R ORENTVWS K
212, JFP I ZHBRFET 5B T IVF—DK X
SICEHEY T, ROy HREF I HEB) T *
W —DOREICHEY 5 2 5. 61T, ABSET
RLUCFEEICKRD, JEPIZ X CEICA ¢
LEE T FIVF—% E, & EC550 5T L8] 6E
TH5bH. £ LT, JFP b JFP I X » TR
E. r EDBWANT 588 T, Ry 5HEE)

Rotational

(Er) ?
Translational )

f
Se—Iirp—S
(Ev) )

Fig. 6 Pattern diagram of the mechanical energy flow
between two segments.

IARIVF—IIRS 5 E, & E.ONRPEALT 5.
ks, 4ABTCHEMAZ TS, HERD FO LD
ICHOTEREAFEIEL, T & 5T EFIC
0DBETH, AFETHWAZ & CEBT IV
F—OWROER L ERALTH T LK S.
ARBFFETIE, BN EBEAT F OV 71T ko THEIB
SFICRAMT 5 E, BEIIC L > TEHEESICHR
AW % E, &BIE V7 ICERS S E OF4
WL (FEAEHIE, WIAEA L L), KB Fv
JICEKNS 5 E & E,OFWRE (E. 05 EA~ND
Bk, EPOENOEREALL), ©
NENBHETES 52 L THEUEH L L THE
HL7z.

2.3.5 RONFHIXRILF—DZE(L
ROTERN LT I F — Egy T FTOTIHER T
FIVFE—DBTH 5. Tibb, BONFHT
TIVF —DRHIZA LD,

Esys = Ep,sys + Et,sys + Er,sys
:Z_ (Eyi+E+E ) (19)
tleh. 2T, WAF I OB S TH 5.
RISV E, L E kb= habl,
Esys=z_ (Ep,i) +Z (Pg,i+Z]FPt,zj)
i i j
+Z_ (Z_ STP27+Z_]FPW») (20)
z J J
Lix%. ZCT, RAFEBFMOFSTTH 5.
BT E, b, B3MWIE,, 2L\, R20%

BN E AT —, BN & 580 —, BAA I
WL BT —=TH LD L,
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Esys:Z (Ep,i+Pg,i> +ZZ (.]FPr,lj+]FPt,zy)
i i j

+ X X STP; (21)

Eleh. K5 ERI6XD, R21OF1HEEHE 2
HIEEWIYOTHL ehn, BEHHEED
IZE > TRV F—EPEBRIN TV SL L%
RLTWD (F2L, AIBERL TW 5551
HAELZW). K215 3THEITR18 X » KBIET O
JTPOFITH D, RO Ege, DL TW5H T &
TR

UEDZ 05, RO E i JTPIZ X - THEH
L, E. & E. Q%3 JFP, E, » E, O3 P,
ko TITbNTWABELEEZLZENRTES

g/ Mechanical energy of the system ===
Translational energy (E;.)

Waikdni Waikdm
theleravityg theljointiforce]

'4 N

Potential energy(E}) Rotational energy (Fy)
\. [4) J

mmwéﬁ;ﬂmmm

Fig. 7 Pattern diagram of the transformation among
each energy form.

(Fig. 7).

2.3.6 #rEtLER

AR TIE, BBV 2ZIC XS E OFLER
W, BAENIINC k% E, & E O%H, BENL &
BIEIIC X B ICxt 9 5 E, & E DR A H A Ky
MTESL, DFHMHEFELELTRERELZ. Thb
DO NFELEFEO K Z X2 TOneway
repeated-measures ANOVA (BE/KHESY) %
TV, ERRPRBOOENIPEEHBIZOWT,
Bonferroni multiple comparison test % F\»TER
EHOFBEETBREL -

3. nA %

3.1 HEAE

Fig. 8 (JBBfiO N, RO AKFEN
SRR, BT O JE B R A ORFRFIZE IS
DWW, EBREOFHELERLI-LDTHS

BREfMONEEAEL (Fig. 8(a)), TB T80
FERREEAMER T D, TB 2 550% F13% £ TH
#i5, ZO#K% IMP & TR L Tk,

BRI OKFNIEEAEL (Fig. 8(b)), TB
TIIAKFEAIEE 0O ERRECH Y, TB»570%FF
EETHAFENEEL TW-. IMP EEICH T 2T
AEAES 5 o DD, ZOBITEEKTFPI L

bd.( i) Dxternal rot. +) -

180

150
120 \’
l/

90 -

60

Angle [deg]

/

Horizontal add.(-)

30

0
0 25 50 75 100
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Supiﬁation(—*i)

\1

MER
150 Abd CU‘()H(‘F:) ;g Horizontal a
glm L~ glo
o w0
g 20
o[ T 20
0 25 50 75 100 SN0 25 50 75
(a) Shoulder: Abduction - Adduction (b) Shoulder: Torizontal abd. - add.
MER
180 Exte sic)n(-i—)= 30
= 150 = 20
g 120 g 10
o 90 o 0
%ﬂ 60 [ g .10
< 30 20
Flexion(-) 30 Pronation(-)
0 25 50 75 100 ~7o 25

Normalized time [%]
(d) Elbow: Extension - Flexion

50 75 100
Normalized time [%]
(e) Elbow: Supination - Pronation

Fig. 8 Averaged patterns of the joint angles of shoulder and elbow.
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Bld—ETH-7z.

BRI ONMNEMET (Fig. 8(c)), TB Tik
A IE60ERRETH Y, TBH 5 MER T THIEL
T, 20, IMPICAT TABMICHEL T
Wi

I BE & o JE R A (Fig. 8(d)), TB T
[THRTSERETHD, TBH5H60% A% ThH
FHICEML T\, 208, IMPICAhATTA
IR L T,

B O E P FAE L (Fig. 8(e)), TB Tik

EIFNI0ERETH Y, TB H550% (32T
m4FL T, FO%% IMP % THEREIFIL T
7z

3.2 EEbLY

Fig. 9 \3RBAFTOKFEWIME v 7, BEEO
MoHE PV, BSOS BV 7 DR RFIZE
LIZ oW, &EBREOFHEERL 2D TH
5.

B OKFEH M V7 ik (Fig. 9(a)),
TB T3 A FENNEE P L7 OFRERIZEAEAD

IR L T, 2O, 1 IMP 23T
AENEE BV 7 A Lo,
BESONMNEF V7L (Fig. 9(b)), TB T

BEHMME RV OFREPTEAEADLNT, TB
5 MER T 200 CTHIBE BV 7 i L Tw
7o ZFOH, B IMP I TPIBE L2 130
W 500, IMPIZH\WTHWEERLVYZ &5
ECADE TSGRV

B O N F V713 (Fig. 9(c)), TB T
AR P V7 OFEMTEAE ABNY, TB
75 MER F13TIZ 260 TR RV 7 Aliia L T
7o, ZOH, R IMPICHT THK MV 7 i3
EoY % A U QAY A

3.3 BEONFEHTRILE—

Fig. 10134 LR O & T 1C 1 % T2 T
WE—DOFELERLIZADTHS. STy D
E 1365% 4587 & IMP (T A3 Tl L T 7.
%%,%%B;UL%®EiH%&WmNﬁ~

VERLTED, OV —27 %4 O TH
ot.ﬁt,%%®ﬂb%ML%wéa4sy

N, TB 6 MER 381221 TKFEWES -V TWEEMITIEEEL, V=7 DX A IV 7 LR

o MER o MER 0 MER

= Horizontal abd.(+) = External rot.(}) = Valgus(+)

g 0.5 'é 0.5 § 0.5

N e 3 3 N

.05 ™\ Z.05 \ g .05 \\

= Horizontal ad!d. () N I = Internal rot.(-) \/ = Varus:(-) , & ,

50 5 0 M0 s 50 5 100 %0 25 30 7 100

Normalized time | %]
(a) Shoulder: Horizontal abd. - add.

Normalized time [%]
(b) Shoulder: External - Internal rot.

Normalized time [%]
(c) Elbow: Valgus - Varus

Fig. 9 Averaged patterns of the joint torques of shoulder and elbow.

1.5 MER 1.5 ;\/IER 0.6 MER
gb o Racquet gu o Racqué‘t gb
2 0.5 U.czil:erar-lﬁ' 2 0s ELu 2
2 K>3 g Forearm Upper argn S

0= 25- 50 100 0 25 750 00 0 25 50 75 100

Normalized tlme [%]
(a) Translational energy (Ey)

Normalized time [%]
(b) Rotational energy (E)

Normalized time [%]
(¢) Potential energy (E)

Fig. 10 Averaged patterns of the mechanical energy.
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WE -7 (Fig. 10(a)). 547 v PO E T
TBhrOfE»ICHEMLIAD, 80% fah b
IMP (2 TEBUCEE I L Tz, £, Bl
BLULKD E (35 th#if 2 m C Tty n T
Ho7- (Fig. 100)). 57 v FDE, 1370% i
HEIMPIZ2TThdPICEmML Twie. F
B, Bilis X O LB E, (3R Z LS % —
L TEY, TBUE—EDEERL DB
HML, ZOREHUEN—EOMEERL T\,
T/, KWOE, BDEWEIMLIKRD A2 A I V7R
fVE & & - 72 (Fig. 10(c)).

3.4 hEFWIRLF-—T0—

a) TB—MER

Table 113 TB 25 MER ICB U AR~ Lo
ICEKET 5 E OFAERI, BEHNICLSE &
E 0%, B K5O E & E, (STP
& JFP, OF) O A ERFES L, ftFEL
TRLZZDDTHS. BEHAINICE S E, & E.OXK
IZHOWTIE, E 1D E~NOEBREIEL L.

R F V7 IRENT S E, OFERIIL,
B A BARCIRBEE I E, ORERIIUT A BNz )
> 7z, ABE L AW EO E O A, LR

LIEBEIND E, OWHEBBEZE I K & o 7z,
—7Ji, BE&» 5 EHAD E, ORANEL,
EFE s AdFEL &35 LMY Th- /o
7z, TOMOBEF & WA HTH E ORAHIE
INS ot BFIINC LA E L E, OB, B
BFICIL E » D E~NOEWPEE ChH- 7. I
BAR & FRAMI TR DO TLICE S E.~NDOE#HR
D, FWT v EORAABE Tl b I I E,
"o ENOEBRB TN TENA LN, KBEF L
ZEAHEO E OW AL, EiE 5B R
T % E OFHIZ SXTHEBH 2 O BBt 4
% EDWMADIT D WEAEICKE -T2 &
IBEA, FRAMIBS LOFHS 7 v M RO
T, IR SR E. 8 L, BEgier S
BN & B BIEKTEA L Tz,

b) MER—IMP

Table 2 (X MER 7» & IMP I 30 5 B & v

Table 1 Mechanical energy flow between segments during TB—MER.

Rotational energy (4E,) Transformation Translational energy (AE,)
+ : Generation + : Inflow + : AE, = AE, + : Inflow
— : Absorption — : Outflow — 1 AE=>AE, — : Outflow
Upper torso 0.18+0.08 0.00+£0.01
PP —1.75+0.40 b —0.99+0.23 7
Shoulder 0.08=0.05 ¢ @7 1.70£0.37 ‘
~0.19+0.11 OIBiOOSA ~0.03+0.03 266+ 0.50 A
—0.14+0.08 ' —-0.01+0.01
Upper arm
0.16+0.09 0.00+0.01 '
Elbow 0.07005 o ~013%008 @ - 0015001 ~1982047 @
—0.05+0.03 0.07+0.06 —-0.16+0.07 218+0.51
—-0.27+0.12 —-0.01+0.01
Forearm
0.29+0.13 0.00+0.00
0.0340.03 ~0.06+0.05 PP 340.02 -145+047 L
Wrist Pyt @] N (—
—0.04+0.04 6+0.12 V&
0.10+0.05 1.24+0.40
—0.09+0.05 —0.03+0.02 -
Hand
0.10+0.05 0.01+0.01 \
—0.10+0.05 —-0.66+0.24
Hand-Racquet _ 8 g% j: 8 8; \/
0.16+0.01 0.53+£0.19
Racquet —0.09+0.03 ~0.00+0.01 (Unit: J/kg)

First line shows generation/Absorption of the rotational energy due to joint torque. Second line shows rotational
energy flow between joint and proximal/distal segments. Third line shows transformation between rotational and
translational energy. Last line shows translational energy flow between joint and proximal/distal segments.
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Table 2 Mechanical energy flow between segments during MER—IMP.

Rotational energy (4E,) Transformation Translational energy (AE,)
+ : Generation + : Inflow + : AE, = AE, + : Inflow
— : Absorption — : Outflow — 1 AE=>AE, — : Outflow
Upper torso 0.13+0.11 0.07+0.06
PP —-0.34+0.27 [ -0.06+0.07 »
Shoulder 0.46+0.13 |:> > 0.19+0.18 > [ 2
—0.01+0.02 0.57+0.19 —0.11+0.07 0.21+0.21 )
—0.01£0.05 —0.15+0.10
Upper arm
0.02+0.06 0.05+0.05
o 0.03:0.06 e —0.54+0.18 g . —- 0065006 —0.52+0.30 ,,/
~0-22:0.11 0.48:+0.16 ~0-20+0.11 0.51+0.35
—0.02+0.02 -0.18+0.15
Forearm
0.01+0.01 0.03+0.06
Wei 0.1120.04 o —0.47+0.14 , . 0042015 —0.77£0.37 Lo
~0.01+0.02 0.640.12 —0.06+0.09 0735038
—0.00+0.00 —-0.10+0.14
Hand
0.00+0.01 0.00+0.00 \
—-0.63£0.12 —-0.85+0.27 ‘
Hand-Racquet e 82% f 8(1)8 (o &\/
0.84+0.20 e 0.65+0.24
Racquet —0.00+0.00 —0.00+£0.01 (Unit: J/kg)

First line shows generation/Absorption of the rotational energy due to joint torque. Second line shows rotational
energy flow between joint and proximal/distal segments. Third line shows transformation between rotational and
translational energy. Last line shows translational energy flow between joint and proximal/distal segments.

7RSS E OFERIN, B LAE, &
E 0%, #Bfi & &5 OO E, & E, (STP

& JFP, OR1) OFAM%E, Tablel LR LU &5
ICRLAcSDTH 5.

Z%BART BV 7 CERIRT 5 E, ORERBIT, B
B CIRE. ORENAONIZ. £z, FHBEFT
BEBESICERTREIRELS ZVWLDD, E,
ORI A BN Tz, AR & &5 O E, DY
AHIZE, B2 GREBEEIC E OHBA LN,
BEAIN S LIBICR E DRAN AL N, E
7o, WBEAN, TR XUTFES 7 v FREOEE
BART CIRIT A8t 2 HBIENIC B, A L, B
DAL & E BIEKRA L T 7z, B
k% E & E OFWL, MBS EFTT v HHE
OB T E D E. ~NOBBRAEZ LNz,
£ BT & IO E OA ML, B S E
RO E OWABIZ NS o7z, F72, BREEL
EREICBWTh, ERO E OWRARIZ/ NS 2o
7o —75, NBE, FREEisLOCFTS v M
ORBIHT Tid, A 5 BIFNIC E AU

L, BIfin BRI & E BIHKRA L T,

3.5 ERAETL FEAETCE T B RAET A L RAET b
LY ICERT 2 EEEH TR ILF—D5R
A
B s wilEIC 4 % E O A H % Fig. 111K
4. Fig. 11(a) 13 /8RH1 & INBIET 2> & BRI TRA
3 A EBSKCFEFAN R E DD O E AR L e
LD Th5. BRI EBICIERAT % STPII,
TBSET 76 MER 4112 2013 CSTPIZ Xk % E,
DWAMNKE L, ZOEIMPIZH I TSTPIC
&% E OWAREA L Tz BRI S L
WCPEM 3 % JFP. 13, TB5% T %5 MER 3712
MFTJFPIC L D E. DA KEL, Tk
IMP (221 C JFP 2 & % E, O i3 L T
Wiz, B A S EWICEM S A STPi, TB
52T 565% fHATIC T STPIC k A E, D
ABKE L, FOH MER MFICH I TSTPIC
% E OWAZRAY L Tz, B~ 5
Ve 4 % JFP. 1%, TB5 T /5 MER 1581
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MER MER MER
15 | STP:shoulder ;8 : 10 | JFP: wrist
2 10 STP elbow o1 % < 10 STEebow 02 spure i elbgw \ ur
E 5 Pyet : EH 5 et 2 % 5 e
5 5 0 -1--—.—.1-5- - .7 APTIA S () e ST :
g z -10 STP doTlder \\\ 3 5 STP: V\f/rist/".‘ H
¥ -V i e 7 ;
ig d 10 RTE: E]POV/V“%."
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(a) Upper arm: Horizontal abd. - add. (b) Upper arm: External - Internal rot.

Normalized time [%]
(c) Forearm: Valgus - Varus

Fig. 11 Averaged patterns of the rotational power acting on the upper arm and forearm.

DI TCJFPIC LD E OFREBKEL, TOH%
IMP 2 CJFPC & % E, O HIZ A L T
Wz,

Fig. 11(b) (%, /EBA&S & MBI & L ICiRA
32BN EDDDE A#/RLIHD
Thsb. BEFH»O EMWICIEHT % STPiZ, TB
52775 MER fETid STPIC L » TE b
PICWHL TRY, ZOHEIMPIC 2 TSTP
1285 E MHEEICHAL T, FEH»S E
Wi PER 3% STP L, #nEEE b EBIC(E
35 STP &AM TR b RRE TH - /o
%k, EFIMLICEL T EBEOE LA B &
PAEI % 4 S0 BICHEET 5 2 & D, KBI%ET
AWz eF VTl IR ED D O
JEP. MER L7\ . Z D7 ORI BB fF
9% JEP, %#3e#i L Tz,

Fig. 11(c) 1%, FHEA& & FRAE» S FIEIC A
W2 NSRRI E DD DE R LIchD
ThAH. FEEP» ORIICIERT 5 STP I, TB
ETHOIBY AR TTSTPIZ X 5 E, DR
HMAKEL, ZOHSTPIC L5 E, O BITHE
L, IMP Tit E, DIABKE o 7. HEEEID
SRR 5 JFP A, TB5ET 7 575% fF
VST TJFPAC k> TE AL, ZTO#H
JEP 2 X 5 E, OFAZREA LT/, FEEFIH»
ORIMICER 9 % STPIL, TB5T H» 575% 1
TN TSTPIZ X B EBAL, ZOH
STPIZ L% E, OWAIRBA L, IMP T3 E O
MHBAKE» 7. FHEH»O EMICIERT 5
JEP. iz, TBSET » 5 MER f}3TiC 413 T JFP,
IZE % E DAL, ZO®%JFPIZ X% E, O
AFELS LT,

4. % £

4.1 BEDONFHIRILF—DE(L

EWCkHT B L (Fig. 10(a)), L, A,
FHOBFICY =27 %0z TED, 57 v FDE,
BHEMLIBD A XA IV 7 HAikbELS, IMPIC
V—rzllz T\, ik, b, FHoOE (3
Sri#E A L Tl Th v (Fig. 10(h)),
Sy FPOEDANDNIMPRi»LAML TWw
7. EBEABIAICld, TB—MER Tii E. Dt A
HAEDOHABICHNTERD THNI 2o
(Table1). $7+HtH, TB—MER TiIE, %
(LT BRI E AN EARE L Tz, BHEIED
(2004) 1%, HEMFICEHWTHEH I RILF—2
ATRLIp HEFAN LR S H LR L TED,
energetics fUE 357 & L REIE & U — T BHIEIZ A
PEEE V2%, —J5, #EFCTIIR—ILDTF
BTV F —AFilEe LMoY — 7 8 & [FEE T
BHN, Y—TEHETIES 7 v O E NEEEIC
KEEwRL T/ (Fig. 10(a)). %/, ¥
ROBENETIT VUV —ARFC D FHA K E e 115
T AIVFE—"HFEL TR, F—T7EfETI
IMP IZFHD E A E— 7R HRE S LT
Wiz (Fig. 10(a)). 7 v FIIEBEICEKT S
IR— VAN TELOLZEAFL 2 RN, T
o b rEEEF SRS 2 ET, FE2ALT Ty
FICE & E #MASR W EHEEINS. &
7o, BEOBELUMEL S, LIEUITEBEE Y —7
BEffim EO V=2V ZICHWA T E DD B,
FEDORHROFMICOWTIEIEL /- RERES
N\ (51 A, 2011 ; Mavvidis et al.,
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2008). AHFEOFRERPRT L OIC, BfFHEEE
TR EREEP E T - TESRT 5 A
33l T 50D, BFRBETEFNOE *T
Ty FICMASRLI LR, Sy PP KER
E "EEETLEBRELSL. COXDIC, Rk
A7 4 VITEWEICB W ThD ZOFMIT R, £
e DB E A B\ A AT R I+
DB TLLERD D LHEIND.

4.2 EREICKTZNEHIRIILF—T7O0—

TB—MERIZET 5 NEH TR IVF—7 01—
ICEHT % & (Table 1), L2 &EEEATICIE
EWCHAXRTERRELSKHL T/ (p<
0.001). BRAMITIX E, 205 E ~NOBRNEEE T
»0, L2 SEREEICHEM L 2 E X3 L
ICKER EDRAL, TB—MER Tt EF &30
D E, ¥ E, i L T2 (Fig. 10(a) (). —
Ji, EBREO E, 13 TB—MER 123\ T —
ETHD (Fig. 10(h)), EEH» S ERICHRA
% E CHANT ERABANIC I 5 E, OFAT
INE sz (p<0.001). ik &S, TB—
MER T3 ElRD E, # BB T E WAL T E
DB PICEZHRHETH 5 EHEINS.

MER—IMP IZ £ 5 NHFH TV F—7 10—
IZEHT %L (Table 2), EA2HREBEEE~DT]
TV F -0t ha <, BRI TRET
HEDOFPKENST: (p<0.001). F7-, HE
i, FRESBIUT 7 v FFTEOREREA T
DOIPITE 2D E, NOEWRDBALNI. O],
E. b E 3B 2 Bl R L TR Y,
Sy PIKRERE RERLH, ZOMOIR
S E #EEL Wi oz (Fig. 10(h)). 7
B, COREICT 7y FPESRT S IFHT IV
F—IFEICHRTE DIE>PKEP-72 (p<
0.01). MEtoZ &b, MER—IMP X TB—
MER T EROELHICEZI-E®F 7 v I
CET A0 T, FEESTRELIE &
B CE POEBRIN/ZE 57y M oET
LIBETH S EHEEINS.

b4 5L, MER £ TIXE % L
Sy MCEZ, ZOHIMPIIMFT, Hizi

Sy MEEBICHA L/ E, JBBAEIATE H L
ZICERR) L3I, EREEIO E & E AL
T v FOE, ##nS& T,

LB OB — A v MIERICHATER
NS, KERE HRFET AH-DICITKRERA
WEERTINERB L0, ERITE =&
ZHDICIFHES . —F, BIEDE, %, Pk
T AN ERO EICEES] L S L, [HlR
D BEWE SRS D E R 5 ()
BEROBERELWETS). Ol kiF, Ex
SRCHAT S L, L% ohEmT L
F—Z [P HE W SICIRAT ST EHBT
AT L HTFBLTCNA. Thabb, SL—v—
BEIERFIRIC E & EiICE 2, BIERIBICE &
ENCEWTHET, Sy MICkDELD
HEHTANF—2HMASEDL I L ABRL T
tEZLZ 5.

4.3 Energetics HiE mh O A 7-BREAEIASMiE
DAN=XL

TB—MER (Z 5 % LBEICIER + 5 BB O
STPIC & % E, OAHBICER T 5 &, KFENI
iRl gD O E, PPEEICHRAL Tz (Fig. 11
(@). %7z, BEAM TR E ORED/ NS oz
(Table 1, Table 2). JEEA&NI D WA L T
KFENER RV 7 5L Tk Y (Fig. 9(a)),
Y — T EECII BRI A 90 R AR L Tz
(Fig. 8(a)). L T, — I —7EFTiT L
fi72s TB—IMP CTH I EfEd % (Fig. 12(a)).
DEDZ &G, KFEWE RV ZICERT S S 7
v MEFEAO E, AR, ER»HOE,
EIE) Ol A - Tz (Fig. 12(a)). ki
IZ% 9 5 BEAET O JFP,C X % KNS £ b
DD E, DAL, BREHI»GIEMRT 5 STP &8
NHMAHETH D, BRI E BHEL TWwWie
(Fig. 11(a)). #BIEIC B\ T, Feltner and
Dapena (1986) 2L T\ 5 kDI, JERIE
TAME L 7o BB B ElElfed 5 &, BB &
U7y P& ELLATRIAICIEINS. &
7o, =7 CIIBkREIEAITO T &b, L
FUOS7ry FPREFELEFICOMEINS. ZD/z
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(¢) E, is changed to E¢ due to the shoulder %
joint force. The anterior component of the !

shoulder joint force increase the upper arm

velocity and decrease the upper trunk and /

upper arm angular velocity.

(b) JFP. due to the shoulder horizontal *~
abduction moment and leftward rotation
of the upper trunk. The anterior
component of the shoulder joint force
acts on the upper arm as a horizontal
adduction moment.

©

(a) STP due to the shoulder horizontal
adduction torque and lefiward
rotation of the upper trunk. Upper
trunk is leftward rotated due to the
leg drive and the pulling action of
the left arm.

Fig. 12 Mechanism of the transformation from the rotational energy to translational energy at the shoul-

der joint.

(b) STP due to the elbow varus torque.
Reaction of the elbow varus torque
acts on the upper arm and upper
arm is external rotated until MER.

(@) JFP. due to the clbow valgus moment.
The anterior component of the elbow
joint force acts on the upper arm as a
horizontal abduction moment and the
upper arm as a valgus moment.

(a)

Fig. 13

O, ERICIIBREE 2 OB ERTT b B W IE B
OB NAMER S 5. T SO Bl A ACEs+
IELE—AVFELTERICERTS. ko
T, kWD E, it S & T (Fig. 12(b)).
TB—MER I\ TR - 6 EIAAD E, Dt
AlFhaL, BEETIEE 25 E. OB
2Tho72 (Tablel). T7bb, BEHO
STP OKFHERFIVZ) 1Tk > TEBEANEREA
L7 E id, RIRHCTEBIMIINC Ko TE IR S
n, EB~NEmAL Tz (Fig. 12(¢c)). Bk
DT DL, ERAREET 5LRIED E, 2K &

<L, BEMOKFAE T IVIZIZE S E 16 E,
NOEWEKRKELTHT LI, T v FRFEBEIC
MATHEZKESTHIZTEHETHS L
Zxn5b.

TBEAE N ERCAER T %O L RIS, HilEs
OLEADOFRDRTHL EHICI®ESNS T & T, i
B SRR 2 BT~ OB )75, FEAHI»
BIXIERA & LTI FHA~OFEEF 23 wiili
IEHRT 5. 207, il E—AV T

(¢) Shoulder joint absorbed rotational
energy in this phase (untili MER).
Shoulder outputs the internal rotation
torque through the analysis phase.
Shoulder joint has a external rotation
angular velocity until MER.

Mechanism of the external rotation of the shoulder joint from the viewpoint of energetics.

PER T 4. JEEAH 2590 K B 1 o i 7 T i BE A5
NOEREMBLO & =, BREFOINEEE)T
B O Kl & D OFEETH 5. £D72D,
TB—MER T3 FBI&I D & HBIF ISR %
JFP. Y - CHilEIZ E, A+ % (Fig. 11(c),
Fig. 13(a)). —77, NBISIIANREEEDL D D
HHEEZH SR\, 20720, FEEAZEIC
AR MV ZFEST 5HZ T, STPIC X - T
BAgf~ & K & 7% E. 28 L Tuw/z (Fig. 11(c),
Fig. 13(b)). F7xb b, AWIEOFERIT Feltner
and Dapena (1986) 235l CTWAEBEIEICE
% BRSO EEIER, energetics FICEIMIL
7L DTHHEEZONS. Fiz, /M- A
(2011) &5 =AY —TICBAF BB I/ 7 5T
P, Sy FANy FAEY—TF OBEBICITER) K
TN L HEMPARDKE L, EBHERF %GR
TELWMIEBELESL T &, 2% 0 #£ELIC L
[z D4 BHEN AR - IR ICRET ¢ 5 C L OEEM A
B L T\ A, RIETHEA L /BB DK
FIVZICK B E 2D EANOEH, HAHWTEM
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WO FEEE) 24T > 7-odicid, RIS 2890
Vi (R AZ 70 O B B A 90 R FE A A2 IS (R b,
A A [ hE AR R e R L, B B 28 A PR
PV BRETANELDAH. LT, LD
HPBARIME 2 BIE ISR+ 5 C S OEERT,
energetics (BLE MO AR SN2 LR INS.
TB—MER &%, LEREICIEH 4 % /8B
WA BElEH D O STPIZE R 5 L, E BHH
iz B A, BRI &H L Twiz (Fig. 11
(b)). Ll 72k21C, ThSIERBEOKTF
WiR ML 712 & > TERBICIRA L 72 E, O —
2, NN S EFONAE#MED DD E, &L
TwAL, BEMSANEREL TW/ D THS
(Fig. 13(c)). —7, MER—IMP <Tix, /SR
WA E D O STPIC X - C, KERE DB
B O EBCii A, HBEEAN L Tk
(Table 2). 2%V, BEREHONENVIILE, &
TB—MER Ti3W ¥, TB—MER Tid#AEL T
B0, REE®BL5E57 v MRFEO E, O3
ZHEDEEL AW, LarL, MER—IMP jj
ICKERE RSy FMARHICIRASH L &
Ho, BRSNS E DREICKES
FHFEL TS, 42HTRN/2 L D1, E #FH
T5 T ETREMMIC L D KRELRIIEN T VT —
TWMASH AL ERTELLEZOLN, BREEO
WAMEEIEIZ FTER A K & <, KRELNZFMHTE
A LTHEMNTHSS. XOICEBMIES v b
REHIC BV TR b IMICHE T AP TH 5
LG, BB A RO EESEE) A2 fTS 2 LTS
7y FICHATAEH T RIVFE—DKREL 5.
Thbb, BEESONE Ly GEE) OfElid
Sy MREMONFH TV F—DFEEKE <
THTETREL, BERBICS 7y MICIRAT
HIFNF—BEERKELTHILTHS EHES
nb.

4.4 FRARTHWICFEDORR

REITHE, AP THWFE EEROFE &
DOREICOWTHIFERD FEFICHMIL, ZOF
MEZRS. Z&ds, flHEO7D, kY FO% &5
HIRD FITIT PV 7 AMERE S, B ZESIESL

P EBRELEL RN DET S,

RO TONFHTRIVF—ICEHT 5L (Fig.
14(a)), &Y TOEB)T I HEES) & =6 EE) O
HEEBHTHY, E & EOMBILFRMHETSH
L. —J, BEOALE & EOEE B L O E O
WO TH S Enb, E, DRI E, % E
MR LS. IRD TSRS 5 58 —
ICEH % & (Fig. 14(b)), Y F D3
EINTWD I D OWMEERE L F/-d, JFPIZ
EEMCY T s, S5, BY FOMSIR -
W7 R LW E L/, STPLIEHL 7%
W ZOTE, R FOIHEN I RIVF— DR
HFEINTWETEEL—FKT D, DX,
SRDOF T L EEINC FH T FIVF —DEEED
it (FH) #2552 si3Tx%. —J, JFP
LSTPRAHICY R THH b, WREROEL
HELIHTHAHENT— (HR) ICERTHI L
TTEwv.

KIZ, AR THOWZFEL A, JENT R
WF—DRHZE LA TEBICEE 5. ChET
Rk DICENIE & E, %, N3E L E,
AL T, FIVZIRE AT 5. HE
E,\3E, L EEOZMHE, ., » (Fig. 14(c)), E
R E, b EOFWE, .= —E ., LXUE L E
OEWE, . OF & (Fig. 14(d)), E. (3 E, » E,
DEWRE = —E B EIOJTPOMESL W
(Fig. 14(e)). CO X2, &Y FTRENICE
5T E, BN NSRS, [RS8 SIS
HINZ K » TE D ENIEBRIN TV AERFHA
Tens. 7xbb, IO FOuSITH/ICE,
RAE SR VD, WERNCE > TE L E®E
B D EEEH - T 5D,

DEDXSI1T, AFFETHGFEEH NS
LT, NEFEMN I N F -2 LI/ 5ERE T
R ICERLT 5 LT TH L. 1o
L2, T E TIC LK D energetics HY 4 HT
P, A7 4 VT EWE TR > & @ A i e
FlEaE - TR IV —PMEET A e 7%
EWRINTE (BHIEH», 2004). —F, K
PHE CIE & O NFE IV F —DOZALE TV
FIHREINCER T 52 T, El» 5B
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Mechanical power acting on the
rigid body pendulum from joint.
Mechanical energy forms are
continuously transformed. -0

E =Ey+E+E
=0

E =STP+JFP

(@ oy B (b)

(a) Mcchanical cnergy of the rigid body
pendulum is constant. [lowever, energy
forms are transformed among each
other.

Power

(b) STP is identically equal to zero because
the torque acting on the pendulum is
zero. JFP is identically equal to zero

Time
Time derivative of the mechanical energy

Time
STP and JFP £er0.

because the velocity of the end point is

Conventional method

b

Et~>r

E=E,+E +E,

£y =Eip =,

E = Ep—>t+Er—>t = JFP, +Pg
E.= Eqr+]TP = JFP. + JTP

(c) E is changed for Ej, by gravity (E‘Hp:

o

(C) 7 X E.‘p%t E Et—»r Pg)- .
5 y mm (d)Ep is changed for E; by gravity (Ep_:
é & =R it v Pg). E.r is changed for E; by joint force
A (d) Er—>t (e) ]TP (Er—>t- ]FPt)-
(e)E; is changed by E. by joint force
Time Time Time (E¢y: JFP,). JTPis increased/decreased
Potential power Translational power Rotational power by joint torque.

Proposed method

Fig. 14 Comparison between conventional method and proposed method.
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