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REBBEAFIELL -2 Y FHRICOVLTRET 2 0 & TKKEEO Yy BB IET 25
WL ERARST 2L A2HNETEL0TH B,
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WTHELTWVA, LELEHS, MAD VX7 A0 EBOKRXTHIERETH 5 2 LPRIE
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L, Power processor 12X B L -EBEEES KO 7 ~#FCHHT A it L.
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hoy-2BHTEZEOTHD (1), 74 vOEROE, 74 ¥EEWA DD/ E -~
Y, BE O EOBIEEZRET 500V ARHEE, 71 YORNERNT 2008
BBLUTAYARESZZLDO Sy ¥—T - oBREshTHE (M2). 4%
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Fig.1. lllustration of the PPS and computer system used to measure velocity,
force and power during semi-tethered swimming.
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Fig.2. Block-diagram of Power Processor for Swimming (PPS).
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Table 1. Characteristics of subjects
Age Height Weight  Speciality Bestrecord Ranking
{yr) (cmy) (kgg) in Japan
KT 18 181.0 70.5 FR(100m) 52"91 16
K.H 18 177.0 69.0 FR(400m}  3'58"93 4
N.H 19 1756 71.0 IM(200m}) 2'07"74 8
H.F 20 177.8 70.5 IM(200m)} 2'06"47 2
D.S 19 163.2 60.0 FLY(200m) 2'06“38 30
Al 19 175.9 75.1 BA(100m) 58'72 14
T.U 18 182.3 77.0 BR(200m)  221"50 17
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Fig.3-a. Typical changes in peak and mean power outputs during
semi-tethered swimming for a front crawl stroke swimmer

(K.H).
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Fig.3-b. Typical changes in peak and mean power outputs during
semi-tethered swimming for a backstroke swimmer (A.l).
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BOT, PPORSBEHSRENL., 20E(ER, MPARZES2VWRETHERIcS & &
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Fig.3-c. Typical changes in peak and mean power outputs during
semi-tethered swimming for a breaststroke swimmer (T.U).
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AKX ZT BT EHRBEN

CHICH LT MP i, FEE2HESTEZADOH Y F) v 794 2 ABOIRRET ST &THI
ELOBEVNBHBEINEF— I ThHAELEELONS, Lizd->T, PPS 7 2 F Of5HE A Sk
DRFY v rENEFHET A0, PPLOEL A MP OFHiliE» W TEcRILT
WSHBEEB A D,

MPHHD1HOH Y 7Y v 794 64, 0BE LA Thid, MPit& - T 25 m BEOHE
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Fig.3-d. Typical changes in peak and mean power outputs during
semi-tethered swimming for a butterfly swimmer (H.F).
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Fig.4. Mean power outputs during semi-tethered swimming.
% p<0.05. Values are means +SE.
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Vv sRdRE, BRI UHURO S S FRER TR KEECBITL TS 1 ~2B®EL
to. 20O MP OBEAMIR, REARM kgD L XiREh (4)., Thid, BTEKEFE
MBE LT ORR B0~ T0W) XD FEFRVLIOORIFEROER TS - 1.
F7, 10O MP OBKEIREN Skelic LB L THRREVEMWRELLARIIT 1 ~
AkgTHY, Skl LOAMTHNEB VW MPESEON 3L bHohEN -7 (K4). L
FehioT, bkePlLOBAMBRETHINRE VA YDA 2A0BEEHEVRMBET B EE2ELY
bENE, PPSABESH VR L —= v S icfIHT 28I R S kgl boRRARET 2 &
HBEELVWEEL NG, BEARO FRIc->LTE, 10 ke THICR S fuis MP 43 8 kgl iE
BEAREED NP -kl s (M4) #EANE, 4% DEAR (10ke~) TO PPS 7 2
FAERL TEHIICRE LT LESE A,

7. PPS @3y —HIEHEE & L TOFMHE

AKokbric R E h ety — i, HOBREOKEK YT 4 - v 2 () LRVEBIERT S
LEPMEIRTVRYY, Col i oThid, PPS 72 F OFRS OIKICLETRAN
BHEAOFMEP AT v MENEFMETE2EMEMA S 5. KPR TR, MFREHDTVIL
EEhThoRBEHPRES L oWE & DMBIIC DLW TORF 21T » TORLA, 5%
F- S OREI L DPELMIZLTOERLL,

% 7z, SEHIRYI PPS 5 X P OMER, L —= v SHROBECEKEOLH T 2 HHL

Table 2. MeanxSE values for a mean velocity (V) and stroke frequency (SR) during
semi-tethered swimming.

Load .
1kg 2kg 3kg 4kg 5kg 6kg 7kg Bkg 9kg 10kg

v 1.41 1.32 1.23 1.22 1.08  1.01 0.98 0.85 0.76 0.61
misec (£0.06) (+0.05) (+0.06) (+0,08) (+0.05) (+0.05 (+0.03) (+0.05) (+0.04) (*0.05)
odefghif aokghif asfghij asighif Bbodhff abeahlj abeohi abedefy]  abedefyi  abodefghy
SR 53.81 56.63 54.34 5631 5763 5491 5650 5690 5506 5540
stroke/min  (£2.05) (£1.38) (£1.63) (+2.16) (£1.23) (*£1.59) (£2.18) (+2.07) (£1.55) (+1.83)

a Significantly different from 1kg. b Significantly different from 2kg. ¢ Significantly different from 3kg.
d Significartly different from 4kg. e Significantly different from 5kg. 1 Significantly differont from 6kg.
g Significantly different from 7kg. h Significantly different from 8kg. | Significantly different from 9kg.
| Significantly different from 10kg.
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if free-swmming KT 2BREFBH OB LT 2BEPRE I NE, APRTHRELLA
BN TET S PPS b L — = v ¥ it specific alternative training & LTEZ A EHTX
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FLWCEMRBEN:, SBROBEE LT, BAEFOR 7Y v MENEE I HEKBED/ 7 -
& OB, FELIKIO 10 DEIOFE T - oRKESZ S W 3REARIC>WTOEHE,
BEAMEAFERELELVYRI VR ML=V RO D OTHBREARBICZO b
V==Y SRSV TSN L TO S HEHEMNEZL Shi,

EEXR

1) Bernard, R., G. Falgairette, and A. Robert : Assesment of the mechanical power in the young
swimmer. J. Swim. Res,§(3) @ 11-15, 1990.

2) Clarys, J.P. . The Brussels swimming EMG project, in B.E. Ungerechts, K. Reischle, K. Wilke
{eds) : Swimming V. Champaign, I, Human Kinetics, pp 157 - 171, 1988.

3) Costill, DL, DS, King, A. Holdren, and M. Hargreaves : Sprint speed vs. swimming power.
Swim. Tech., May-July : 20 - 22, 1983

4) Costill, DL., D.S. King, R. Thomas, and M. Hargreaves | Muscle strength and the taper. Swim.
Tech., May-July : 23 - 26, 1985.

5) Costill, D.L., J Kovaleski, D. Porter, R , Fielding, and D. King : Energy expenditure during front
crawl swimming  predicting performance in middle-distance events, Int. J. Sports Med., § : 266
- 270, 1985.

6) Costill, DL, F. Rayfield, J. Kirwan, and R. Thomas ! A computer based system for measure-
ment of force and power during front crawl swimming. J. Swim. Res., 2 (1) : 16~ 18, 1986.

Ty AR, BEEX, TRE NLRE BREE BRTZ  EBRRL—vEBEINEAEOM
B - - VOB E—, A#-VERE, b 47-54, 1991

8) MEME, REEX ABREE BXEX Fluoo—A 2y v -—HEFEOoERETOIH. B
W2 EEAAKERS A — VIR  BEWAHE, 2 ¢ 296- 304, 1988

9) MERR REES BkER, BT BOE oA R 25 4 Y SEERERT 2B TR
Hah AR ey —, JUNRKER, 8% & ¥ - v ORE, BHEBL pp b3S - 545, 1992,

10) Hawley, J.A. and MM. Williams : Relationship between upper body anaerobic power and
freestyle swimming perfomance. Int. J. Sports Med., 12 : 1-5, 1991.

11> Hooper, R.T. : Measurement of power delivered to an external weight, in A.P. Hollander, P.A.
Huijinge, G. de Groot{eds) : Biomechanics and medicine in swimming. Champaign, 1ll, Human
Kinetics, pp 136 - 141, 1983.

1) HMBEEX EkEx mEnS, KUEWE BREME BRYL  SEHoBREEfio/ v —-Hi L



1994 FERIRBFCAE S 597 ~OHIE (BB 1 83

EEREOBE. JUNER, BxE 8- voblEE, BWEBE pp 487 - 491, 1992

13) Miyashita, M. and H. Kanehisa | Dynamic peak torque related to age, sex and performance.
Res. Quart,, 50 : 249 - 255, 1974.

14) Olbrecht, J. and J.P. Clarys | EMG of specific strength training exercises for the front crawl, in
ADP. Hollander, P.A. Huijinge, G. de Groot(eds) : Biomechanics and medicine in swimming.
Champaign, 11, Human Kinetics, pp 136 - 141, 1983.

15) Rohrs, M.S,, J.L. Mavhew, C. Arabas, and M. Shelton . The relationship between seven anaer-
obic tests and swim performance. J. Swim. Res., 6§ (4) : 15-19, 1990.

16) Sharp, R.L. 1P. Troup, and D.L. Costill : Relationship between power and sprint freestyle
swimming. Med. Sci. Sport. Exerc,, 14 : 53 56, 1982.

17> Toussaint, HM. and K. Vervoorn : Effects of specific high resistance training in the water on
competitive swimmers, Int. J. Sports Med., 11 : 228 - 233, 1990.



