A= INT p—< L AWFSE, 13, 181-194, 2021

BB B DAT VU ML —= U T BT A T ER e ) LR B0 /XU — 2 BE 3B A58

AR Y, R KA Y, BT Y
U OF R A E R
PR R B NS B R 2 E SR
VR E RFEAR—Y R R R

F—U—RKpk, BEpkEEE, NL—= ), WK, B—ar v T F ¥

[ F]

RWFFETIE, BEKFEE TIT O TWABRT U R —=0 7 i OB ECTKE 336 45 T E etk
71, FHBCREZITT2OICHAE LI T — (R) 28BSl 522 L. BFgE
IR TR T 5 A 03B I L7, 3 E T, Push-off 3L, Float 34, Assist 3, Resist 7k
Bo 4 EOATV A —=0 7% 1 BT T, i FIIE o matlleE—rarFv 7 Fry
(25D 3 IRTTEMES T EAT -T2, T ORER, Assist 2 Mo 3 A LR CTH R ICE W IKGEE %
AU, EHEFIE TS0 Ao 3 3L L L T BIZIRVMEA R L72. £/, Push—off ik,
Float #$¥%, Resist BRIZICBITDIELIFEA 10 AAITZED N0 o 7253, Resist A I3
BB L TABEICEWR R FEHEE WA R L. 20 X902, KIS TIRBHKE R TR AL
TWD 4 T DOAT Y ML — =2 7 O R & BRI 5288 T, BPEBEL L, h
ZNDOA) Y "RT Ay M B L TR — = Z IR ANDZET, KR —=2 7 % 5
TEHEEBZLND.

AR—I T p—<AMSE, 13, 181-194, 2021/, ZfFH: 2021 £ 1 A 28 H, =¥ H: 20214 H 7 H
EEEE A)IEY 305-8574 SIEHRES 1-1-1 S KZEE R

tsunokawa.takaaki.ke@u.tsukuba.ac.jp

EE S

Propulsion force of swimmers’ hands and mechanical power

in sprint training
Takaaki Tsunokawal), Daiki Koga?), Hirotoshi Mankyu3)
1) University of Tsukuba
2) Graduate School, University of Tsukuba

3) National Institute of Fitness and Sports in Kanoya

Key words: swimming, swimming competition, training,

181



A= INT p—< L AWFSE, 13, 181-194, 2021

hydrodynamics, motion capture

U Abstract[]

The present study reports a quantitative evaluation of the mechanical power (Pk) of
the propulsion force of the hands of swimmers when doing sprint training for swimming
competitions. The participants were 5 male university swimmers. The swimmers did
four kind of sprint training (a push-off trial, a float trial, an assist trial, and a resist
trial), once each. During these trials, three-dimensional motion analyses were
conducted including measurement of the distribution of pressure and motion capture.
The swimming speed in the assist trials was significantly higher than in the other three
trials, but the average propulsion force of the swimmers’ hands and their mechanical
power were significantly lower. No significant differences were found in average
propulsion force or mechanical power in the push-off trials, float trials, and resist trials,
but significantly higher maximum propulsion force was found in the resist trials
compared to the other trials. In conclusion, the present study enabled a quantitative
evaluation of features of 4 methods of sprint training. It is suggested that, for effective
training, swimmers and coaches should be more aware of the positive and negative

aspects of each of these methods.
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NHT 2— TN ENRBHLE ) TSV VAT YRR —= 0 I3 b5, TV AT YRR —=0 7 C
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FH A AW T FRERHERE S 25 LT e fTIFSE (Tsunokawa et al., 2018) IZfEVVEE 2 T FFEEiMI RS
i, 5% 3 TR, 5 P RREBAESEL, TN TEMETE KLU TR L.
JEN BB UG S IEBE OB I L= \—H /L a—%& (EDX-100A, HLFE
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— W —DONLEE BB TR L. K~ —D—I1I W ATD LED NHREELNDHEKEL, IATD
CCD By I NEHENT-NHEZRH L. KPE—al v T F I AT LEE B VICEDT —X
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TR OJE T34 & O Em AR D TR <AL J1 &2 HEE 35 515 (Takagi and Wilson,
1999; AN, 2020) 129V, FEMEFEMOETZE (N/m?) IZFHOFHEE (m?) 23T
Wi (N) oA EFEH LU, EAENENOFROFm L, Fallciiil Lo G EnOEg 5
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BOENEIEKE BT A MO EBERC TR, £ZHZNTNAO FHICEIREIITE BT ART
BHINRE N ZRLEDETEbOLLT. 2B, AR TIXELAEZNENDOFHTORME IO
NEFH LD, EAEOFHMTOEDEAEFL, 1 AR OFEEME CLF DR TEE T L)
R,

IR LT SO~ — 0 — O PERE DD T Sk LU CRERER MV AR L, B
TR T DE F1%4 R i LT ARBFFETIE, 45 7 MRS o3 f LT Wi AR 70 05 B HEE 5 1)
(Y #h5m) (<R aHE HEER L. ok, A TIIAEAZNENO T COHERE ) %
BHLIZ), EAOFHCOHEHEZAFL, 1 RO (LLUF DR T HEE ) | 18 $)
e KAl (LT TR R B HERE ) ) 608 37) 2B LT, &6I8, FH FEHE 2 F Y 47T
BRL, TSN TR T DO B HERE S5 W8N TR ) OB A A oR T HERE ) bR AR N LTS, F
7=, SeATHF%E (Gourgoulis et al., 2008; £)I1[1F2>, 2019) (ZHEVY, LA F O A& H Tk 23 KITHK L
TR CRMELZ AZHEHLE.
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ML D72 T AH B EIILTNDTZ8, FHCEE AT A BOEE 7 MUK L CREICEL /8D, OF
DFHFE OMADRELIRDIFE AIFRERD. 0B, AMETIIELADOFBIZRBITD A 267
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Y. F7-, Fig. 61
FEOHER %
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RO T-. FDT=, KWL TS HOHrE
TV =R~ MmEEH W, AEENRBOLINIY
el 24T o7, FEEFLFRIZ 1T SPSS Statistics 26 for Windows (IBM) 2 VY,

N

S SIp R s A0 e
X ary e O FIAN IR EIZCE E
BKYEILSE R R 50K

BIDRGRE 5 4 OB LAEMERZE, FFHIHTHRR

IEAER 7%~ L, Fig.3, Fig.4, Fig.5h \ZFNFENE %t
A 21T Push—off 38F TO-y

SrifsEE B Push-off Float Assist Resist P
FEYkE B m/s 1.74 £ 0.07 bed 1.53 = 0.06 =4 2.12 = 0.09 =>4 0.85 = 0.14 *b¢  0.002%
Zrp-U &K m/stroke 2.09 = 0.15 bed 1.79 £ 0.16 =<4 2.45 = 0.06 *b4 0.99 £ 0.15 3b=  0.002*
Abhm—-UEE stroke/sec  0.84 = 0.05 0.86 = 0.07 0.87= 0.05 0.86 = 0.04 0.323
FHEFHRIE-F m/s 277 =015 277 £0.10 289 01514 265 =018 ¢ 0.026*
FHEFHAE-F m/s 272 £0.15 2.74 £ 011 283 £0.18 4 259 =011 ¢ 0.010%
BAEFHAE-F m/s 4.82 = 0.60 552 = 1.05 461 =041 5.09 = 0.84 0.233
BREFHFRE-F m/s 492 £ 081 504 £0.77 441 =036 499 = 0.66 0.115
BNEESFREFFEE m/s -3.05 = 0.33 3.07 £ 027 -2.89 £ 0.37 -3.18 £ 0.36 0.075
ENEESREFHESE ms -3.11 £ 0.10 3.12 £ 0.39 -3.14 £0.19 -3.00 £0.25 0.525
BAREESRNEFHEE /s 2.70 = 0.30 231=023¢ 291 = 0.25 b4 212039 ¢ 0.014*
BAHEESRMEFFEE m/s 323 £0.89 ¢ 242022 ¢ 3.07 £ 045 b4 1.96 = 0.29 *b¢  0.007*
FEHFEHEN N 731 =145°¢ 772126 ¢ 644 =121 2bd 752143 ¢ 0.013*
F)FEFHEES N 464 =61 °d 45475 4 31558 =4 56.3 £81 =bc  0.008*%
BRFIHEAES N 994 =131 4 966 =119 ¢ 79.5 = 6.8 =4 106.7 = 14.1 abe 0.021*
HEHES IES 0.64 = 0.07¢ 0.57 = 0.17¢ 0.54 = 0.14 ¢ 0.76 = 0.053b=  0.021%*
Px W 140.7 £ 85 = 1480 £ 130 © 223 6.0 =bd 1442 =109 © 0.026*
*: p < .05, Significant difference between : Push-off, > Float, © Assist. % Resist
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S FEPAY — R LI A FEAE — R, Assist #0725 Resist LS TH BIZE WS R
LlpoTd (p < .05), e KA FHAL — L K E FHIAY —NIERE M THEREITR DR
Mmolo. FENE ST ~BE) T2/ S THBLT D 5/ N HERE 7 ) F 50 B 1T, SR MICA B2
ROLNIR T, FEHBEIS ~BE) T2 /IS CTHEL T 285 RHEE T m FEEEIL, AAEbIC
Assist 3R Float 3 f% & Resist LR THAEICEVMEZRLTZ (p < .05). ¥7/=, Fig. 6 I1Z7°
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R PD% T AL TNDIEERL TN,

SEHJFERA 11X, Push-off 34k, Float R #, Resist R OMIZH BRZEILFRO LIV ST203,
Assist FEIMO 3 AL LIE L THRBITRWEZRLE (p<.05). £, FHFEHAEE LR KT
ERHELE 712U NVT, Assist 3RFEAY Push—off #fk & Resist AL L CTH EITIEVMEZRLTE (
<.05). FTz, W) THEHEME /) & e R T HEME 7712T Resist B 2Mthod 3 A Lk L THEIZE W
iz LTz (p < .05). Fig. 4 ({RI8Y, WO RE OV FEHELE )b Resist s b @
<, Assist BEEDRBIRVIE R &0 572, Push—off 3iik & Float FEL TR G 12 Lo THIANIZE VD AL
BT, FEBITEY NI AR T DO BHERE 7 M@ W oA ) OB 2 s HEEE ) LRI, Resist
Hepod 3 S LI TH BIC@EWMEZ R LT (p < .05).

A, Assist iMoo 3 3L L L CH BV MEAERL (p <.05), Fig. 5 [T @Y TO
KEEIZB T Assist BN R B HE R &7 o 7=, Push—off #$k, Float ##k, Resist I DMIIZ

BRATROLNT, Fig. 5 (R T@UMEMAIIRIRE (I TEWA RSN,
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V. B

AWFFETIE, BIKFEE TITON TODB ATV R — =0 7 OB ECTK G AT HE 42 T3 HE
7, ik B EWICHEHE 75282 HRE L7z, 3 CTiX, Push-off Y, Float 7k, Assist L,
Resist i D 4 FIHDOAT VML —=2 72T, i HIIEA S FHHE T =2 Fy T F i
£% 3 Wt ES T 21T 7.

ZORER, FHIVGEEE TR MICA B ERROLIL, SRE 5 L OFHEIT Assist A R
HE<, T Push-off i, Float 5$%, Resist ilF DAL/ 2 ~7-. KRFZF 54O 100m HHEH
B LR O EEIE 51.34 £ 0.84 BB AZ—h0F —2 DR BEE B TICL — A O pkH
ZRHETHERLZ 1.95 m/s £722%. THUTKHL, Assist 3L TIE 2.12 + 0.09 m/s THoT2ZEND,
H RN A OF 2 — 7 TRIGTNOHHEBISNIZZET, tRH A & TIXEM TR EZ R L

TWebBZ 25, B OKENMES Assist BELDIHNT, TKE O (RFI T IZHERE T 2RI T
VKRB DN TEECTARERS T I U TEMER T2 LTh, RO 7~k 3 B 13 B (R D Fif 5~

FEVTHRRSNAZ LD, 2D, @Okl B Crk<ERICIT LY @V B TR 2% 5 ~ B )
SHEHRT UL FEEKREDE X EZ F D, HEENZH KT HI LT TERV. KT, Float 3kl
Resist 744 Tl, Push—off 30 Assist s ELLEL TR WWIKIEE TH -7z, T D728, Push—off 7k
B0 Assist ML LA UL B DA —ZBEEAT > TKE#H T ~ILH T EEZIT572L L Th,
FIRR SO RO RIS ~OBEDMRNZ LD, FEREKEDOHXEE ITELRDEB LN,

AW TIL, EHUEE O HTIciNZ, Ahe—2 &, Aha—Z8E, FHAL—R, #HiE 5 mF
R Doy TR i L7, T A — R K PEAE —RIL, S Wr i N C ot FEE R 12 E
TLFHAC—REZRLTWDIeWD, T =L ORDBFFREAE T HEF LR LD HE LRI LE
72%. FORER, FHFHMAL —RIL Assist REEDAH BIZEWVMEZRL, Sl OIGEIZRK T 58 5L
Ipote. U, AR CHR LI E REAY — RN B O A BGEE THY, Bl 7 mEEEL T
RNTeHEE ZBIVA. Assist I TIE, BIF DO T 22— Lo TES SN2, FEBAKLT
MHAKES T~ T EHEE 4502 ECOMM I FH A [~ T 0 B A2 T 028875,
e KHEHE 7 0 R 1L, 224 &BIT Assist DA BIZEVWVEZRLTRY, B0 AKEZIZH]T
F~EOEETBENL 7222 /RLCWA. Fig. 6 (R L7z il 2 L, Assist iEZ A AKIE %1
BV E TR ~BEILT-Z 82 R L TRY, ZO IR BROEEIZI 5T Assist i LD FEA

E—RE Lo fe LIS,

Fio, ATV == ZIZB W TR E DRI CTELHRT —%h LSELTENBEOSEAX, K
LI ENEE THD. KBTI D Az T 5L, Assist ilE Mo 3 3T LI L THE
IARVWMEA R LT, Assist 3 E T, R FHAE =R FHE T3 OB L L T
72728, TOBIZE->TROBND A BIELRoT2EE ZbN5. £i2, A OFEHITIZF A B~
JIVETRIK I DG N RIM DI T AL E BSOS, T AT A E E 7 v icskt
L CEREISILARDIEE AIFRELARD. IKEIZZ/0— LK CRElE AKSEDLEE, B AKLT

*B%ﬁﬂﬁf\%’v%ﬁéﬁét&b FHOMAIT/NELT2DEE 2B, Assist REUTIBWTEEH AKX

WZRTT ~EWVERECREIL-ELTH, A D RIZIZDRBBR. 72, KAFSE TlL Float &L D
Fx 73 Push—off 3# X0 Resist i &I L CTH BERZDIENZ ERHALNER ST, Bk DR —
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=27, BB R ROIR B R A I D7 O ICREZ B D I A — L Tk E SO L — =0
DUIRLITEW ANBI, BEZE> CAZ —RL7235E LVUKE MRS 72D, A ZIZZENREO LR
MoleZeinn, RILMN —=U 7 REBONLHEE 2 HiD. £z, Resist I D A LHENRDOOHI
IRINSTZTZ8, HARIZHNEI TR S DMB) ) 20 B SRR T 4 — L TR — = 24TV WA, Float &K
FEOI 7 N —=2 T WAL ZERFE A THLHEEZ ZBND.

~ 7V A (2005) 13, Resist sELTTEMLIZL AUk E ICAMAEMZ TITHOAT VML —=0 7
TIX, A O REITHFFTELLDOD, A —2BNFELRY, 74— L& T fERIENSH DL~ T
5. D=8, Resist BRFEDIHRIETCOAT VML —=0 T 527561, Ahn—V RERL<T 5
DO —= T Z IR T DL, A —7 BWEL, 74— LRI EE TR — =0 7 %
BT HZEIITEE T AREEHEML WD, — 5T, RKIFFEOD Resist sAF TIIHELE ST 0 1@ <P S
DOFEIG R THEE D LN MM 3 REL L L TH BIZE W I EDN MR I, 2T, Resist i

T, Fa—7 ORNICHL THE AR LT 20 ERHLHIER0, Mo 3 3E &l L Chkas
PMENWZENEEL TWDHEBEZOND. o> 3 FELTIE, Resist ali &L TREHEE AN @2,
FARDFI T ~ERR DD R CTREZ T T EMELZTHIEEMD. ZHUTHIL, Resist 3 H Tl
Fa2—T DIREINZLS THED R ~ETe IR E KL/ D729, Fig. 6 (I THAEIDO IS, HElE
i FEEEN AL R T RE, DEVFHR% G ~BETRENELD. £D0, Bzt
~EEISE CHEE AR T AR Z BT, HEE T LR R ElleoTztBE 265, T, Assist
REDOINTUKEEMB T HAT VML —=0 7T, K O B0 1o EIZfF &0 o
D, AME—7 RBRNT 4 — LOMERRR, ikt OIGHEE E O EAHIFF TEHEB TS, AT
ZEDFERIL, =27V A (2005) OIEfDIEY Assist RILTIE A DA BITEVMEZ RLIZZEND, 2

NOOIEME E /IR T — 2DV TRGET 52N TETZ. ZDIDHIL, AT VML —=2 7 OFff
B> TKEME~D BT RARHZLR0, ALATY L —=0 7 Th-oTh, BIEDRHICL-
THENELDZZ L ELEBEL TR —=0 7BV ANDSZET, LR — = 7 % 5
FTAHIEIZORNHEZ ZBHIND.

V. F&o

ABFTE T, BB TITONTODAT VML — =0 TR OB ECTRE M35 92 Tl i
71, B B BN 2282 BRE L7z, ZDfER, Assist sE D &b mWIKEEZRLTZDS,
BITFERA F10 ) T HEE ), T KR TERHEME Sy, A 3o Ll L TR BICIRWMEZ R LT,
F72, Push-off 3$, Float #{$, Resist il#ZIZI1T D) FEHA T1R0 KATITZEZEN BRI T223,
Resist BT OREL LI L THEISE VL FEHELET), e RFEHEE ) 2R Lz, ZhboZ
LMD, Assist BRELDIORKE ML TKREZSDDLAT VM —=0 7T, K ZmHle
ZHWETHDOTIF RS, A= BB ENRIRKT +— LOBRREZ B LT REZENREBIN
7-.
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