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Kenzo Narita', Motomu Nakashima®, Yasuo Sengoku®, Miwako Homma®, Shozo Tsubakimoto® and Hideki Takagi’
: A comparison between active drag in front-crawl and passive drag on the body with a streamlined position at
various velocities. Japan J. Phys. Educ. Hlth. Sport Sci.

Abstract: The purpose of this study was to compare active drag during front-crawl swimming performed by
competitive swimmers with passive drag acting on the same group of swimmers with a streamlined position at
various velocities. Seven male competitive swimmers participated in this study, and the testing was conducted in
a swimming flume. Active drag was evaluated for front-crawl swimming with upper and lower limb motion using
a methodology that estimates the drag in swimming using measured residual thrust values (MRT method). Passive
drag was measured by a load cell connected to the swimmers with a streamlined position using a stainless-steel
wire. In each case, drag was estimated at six staged velocities ranging from 1.0 to 1.5 m/s. To compare the drags at
various velocities, we calculated coefficients a and b by applying the measured force value at each velocity to the
equation D = a V" (D: drag, v: velocity). The active drag estimated from the MRT method (a = 35.7 + 5.3, b = 2.80
+ 0.22) was larger than passive drag (¢ = 23.6 £ 3.1, b = 2.08 £ 0.23). Furthermore, the difference between active
and passive drag was large at high velocities. Therefore, it is possible that the effects of factors other than posture
and/or body shape have a large influence on active drag, especially at high velocity.

Key words : swimming, MRT-method, residual thrust, stroke rate
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FICHESTIZZ ) 2 DEMATH . IHITEIRD
TNEDHIRTH 278, HEERR & BHifkZzXHIL
TiHMid % EMAEETH . — /5T hDIKIk
DgE, HEHEET 2 oI ZEEX &5
N, FOIENRPURICE 2B 728, ThEnE
DEELCRHMET A 2 EIXTE RV, 51, H
DICIRREER L IR 4% 2 L2 LT BT &
P D Y% % 28 Lok bz SR DM S B 112k %
TE, —METRIESIES I BT WG L
EDWEOEEZFHEE LTS, 2Dk, M
i e & 9 H OHEES B vk @ < iy (KL
T TECHEERHEST) B89 Active drag) DFT
i NEEA D, WE ZIEREIC B CHEERHTH T2
KT 2 HEmEFE LRV, & UECHEER D
kG DG ARICE) < HBKHT) 2 IEMEICEHIIT 5D TH
N, VkE DB RO L1070 R OB 1R
Kz, TNSOERTRE THSEMICT %08
MHO, TNSEFHIT S T L IZBIEDH T
JERICHEL <, F U TOWEDKIERWTIIC
FHHT 2 C LIEARNREE 52 5. TDz0, Kik
RO OFHl D EMIDOAIR 5T, B
BT 28T =<2 AD[A EICBWTEEHE
NTWV3ICELhHET, WEETIICTZEDORIY
SMEENHAE TN TRV ONEIRTSH 5.

E CHEERHE T 29509 %5 C L WREETH 5 C
W5, IRDARZ DA Z 05 & LIzt
WHRESEIC LT, 25— EDLRBAEMER LIk
FC < BT OFHMAFHA SN T E . T
P13 2 #)3KP1 (Passive drag) & FFRRE N, 7K
TKDIEARLBAL ENDE AN —LT A LE (F
DUERE) WG WRENTE . X))
HHUE B O HEERFRGTIC LT T H 2
728, W87 +—< > A (Chatard et al., 1990;
Havriluk, 2005) *®7Kk#5 D HE (Mollendorf et al.,
2004) ZiTilid™ 2 BROIEFREE U TH A& 735 TSR
THOWONTE 2 BIZE, ZHHY e SRRt
DR % 7 U7z Chatard et al. (1990) Dfiff%¢
T, EDHECHKREL SRS NI B AR
i & ZEYLE ORI IEOHBEBEGZEN D O, X
DI ZEPL L B LNV & ORI, B L
NIVDENVRE E EZEHRTIDNRZ V0D Bk

MRRDOENTZEME LTS, LA Lahs, &
FEATEN T2k B XIS B AR IR K E < %
50T, FRFFEIC X282 HBrd 27012
G2 SRR IRRL TRR U 7o MRS &5k
LX)WOHBEZ RS &, S LX)V @EnikEE
ER R TERWMEZ R Uz, 28T i
U TSNS Hi#A U7z Havriluk (2005) 12X % &,
SZEHRPUC T B ARRRED TR S PBEL, 208
HY D BRI OIS T LNV DBk E 1
EEL, TNEZBAOBERICK DB TH 5 Ll
HLTWD. Xz, MEHEDUERENREL>T
WTh, ARU—LTA RO ZEIPUI
TNDOMEATHIZE (B A 1L, Zamparo et al. (2009)
T 47+ 4N (142 m/s), Chatard et al. (1990) T
50 = 10N (1.40 m/s)) TEFBDMEZRLTED,
fiiprnc e S OIPIHZFHES 2afE e UCTES
LTW3.

—H HOHBERHEFUCB LT, £ < O
IZ K DRRA GHEE R IEDREEN, Z OFHlAEH
HOENTE. LMLENS, ZHEEILE XA
D, HOHBERARPIOHEEIZIEFICNEETH 5 72
B, HwsNITiERIC X > THEHERHTHIO
EIZME D RES. ZOkYy, ZHRY L B COH#
MERHKP IO Z L L 7235E, ke K- Tl
FHORNARITEOD R SNz, FHlZ 1L Zamparo
etal. (2009) IC X2 T, F—Ik&ZHRIC
B CHEERF DT & ZBHTZ L U 7SS, B
CHEERFEHT (1.20 m/s T 60 & 23 N) (328K
(1.22m/s T36 24N KO B EWVEE RLTIZEE
NTV3. YEETIE, KKEE AR —LT
A VEBBEOERBOMEE DR 5 7 10— )LikD
HOHEERHETE#EE LT D, 7 a—)LikkEED
FBRDEENKE LT EH 5 H OHEERHEFTIZZ
PR D B RELAD RN TS, Ly
L5, WJTOEFII OENE AR OMEE I
DIMEAET ZDTIFRL, KLk & ZT 55
IR MU OB RS 2 E BT 50BN H D,
REEFMICIEOPEEENEE S, Z DM Hollander et
al. (1986) & MAD-system &FEZH 2 K1 IHE
HEEZIFE L, FERICHEKENEZ BT A>TV a ik
F < PR EENET B T LA, <
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DFTHETIE, KA MICRRIEE NzEEtzff LT
REIHEEL, ZOMLIiZn—FElick-
TEHAIL 7z, & 51T, JER DS DGR —
ETHIUIVKEDFIE L THEES] (DD, [EE
Wz Uz ))) EEPIINE LW E DRisft
Mo, ACHEERETIZRHME L TV 5. Z Ok
K, HOHERKPUEZIIRITEHFLY, &L
CREVWT EAWMEETN TS (Toussaint et al.,
1988, 2004; Van der Vaart et al., 1987). LA L&A
5, HPERERRONEE LORIBRIC KD, Mo S
NEEMERRIE Uz 7 a—)UikIC R E SN, Fv
JEIEIC X 52203 B CHEMERHIHUE IS K X
Nz, X5, Kl FICEE Nz EE R Z
L CTHED T, REPTKHEN TR > TE A
fo—27ERE—EL%E->TLEY, HKATHS
K72 0 U THERE S 2 /KU OO Dk Bl D EEIR A
KMENTWROAIREMEN D . K T DR
J31# (Di Prampero et al., 1974; Formosa et al., 2011;
Kolmogorov and Duplishcheva, 1992) IZHWTE,
TKIERVGEE ZHIRE T2 21550 E, VK2
[N E N7 A CHEERHEH IO A X RS 7 5
T, T A H HEERHTHT & ZEHR IO RN
FRICDWTHRE— U Te RUBBIEAF(E LR,

COEKS %, REMHELE S OFN S B
HEXE T 2 vkE DG 1 2 HEE T 5 71k (Mea-
sured values of Residual Thrust : MRT) %" Narita et
al. (2017) I k> THiTICBR S NIz, T Dk
a Gl b, VB TREICEE T ARz A L
TV, ZD7z8, MRT 7% A0 TH—X5
HICBT % H OHEERH T & ZBHEHIO iR 2
BRAZGRIEIC BN TITS 2 e MTENE, HA
HEMERHEG T Z BRI B9 5 HI R OFRIA T HE
L7x%. T HIT, MRT % Tl MAD-system & 52
B0, KERTGHEIC K > TR ho—7 EMNZE(L
5. kHEEA MO—JHHEE A a—YED
IS K > THKREN, ZTNH5D0OX Mu— 728k
IRVKIC B9 % HARMNZARHIHERE & LT, Wit
DIHIEETHEFRFICENTELHENT LS.
O, Aba—rZERE HCHERHEHTORM
&2 s 5 C &I H CHEERHRD IR T 2 B
fRzRkDD L THISEEAD. TNETE, B

INT =RV ARIKEDMWREZ M 28, HO
HEMERHES IO D DI ZENRH TN Z D% 2 4H -
T&z. UL LAEDSAK, BSOS S
BTHHET 2D L ZENCET SN THBDTIE
ECTOVREHRIIES 2 BE 5139 T, HIRW
WKk EICE ST EES XTI THB. AT,
N 7R OEEEE S C b CiTEEE
EHBE ST, KEITEOTE VU ORI
MEE2 T ETHREEZEDTNEH, Z0REE;
(A Ma—24E) LA COHEBERES S ORIk
PEBHSMCINTEHT, HOAHBERHTH AR
ET ZERCET 2WENFIN TN S,

Z AT, Za—)Likdho [ CHEER
TH I E AN — L5 A VEBAhOZTHRY % 2
FEDUGREIC BN T LHigiisId 5 C &z HNE L
fo. EHIC, WHEEOEIMIIE S B HEERHET
DEITDNT, HOHERTIE A b a—o 2
B (Aba—28E, Ara—2E) LoD,
S59ML, TNOREER T a—)ILikkRD/R T
F =< VAR FICET BRE 2TV

I %A &

1. XWHE
AWIETIE, BkBEZ M E U, KRRk
ICATE S 2 BIEIKE 7 H2RiRe Lic. £TOR
SH3HE 6 HIEO b L—=ZIZiATED, £
BNRERENOHE#ERZH L TW\W5. Table |
(XG5 D B AR N THRIKES T D 200 m HHITE
DHARERRZRL TS, HIBAIIZEIE R
REERBERMAMHEERRIC K > TSN, &
INENC I HRTICETIC K B A2

2. SREREH

AWIETIE, HOHBERHTH OGS FiG e R
I DT /7% VT2 7 b — )Lk 2 Iy, —h
TRZERFUS R R Tlifliz % L L7z A RV
—LTA VERERRE Uiz, HOHEERHEST &
RO &b, TR LA ZHE (V)
3 1.0-15m/s D6 EEE L. a8, &£ToHl
FEICHBNT, MEREIEIC X 28 % RN T 5720
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Table 1. Anthropometric data for swimmers and long-course front-crawl performance

200 m-Freestyle

Swimmer Age Height Mass Best record
(year) (cm) (kg) (min'sec")
A 19 173.5 77.5 1'52"2
B 21 169.0 70.5 1'53"2
C 19 169.0 63.0 1'53"7
D 21 169.5 59.5 1'54"2
E 19 177.0 72.0 1'55"5
F 21 170.0 63.0 1'57"3
G 20 170.5 72.5 2'02"0
Mean 20.0 171.2 68.3 1'55"5
SD 0.9 2.8 6.0 3"0

2=V Y, & SITKEDEWIC K ST
TIOR8 E R U4 CR—D/KEE WV CElE
L7z.

3. EERERT

AR TOREITET, s mOARE— %
RS 2 1= OFIEY X7 LS N, Hidiz E
WIS HITE © & 2 B 7= TRImRA/KAE (AR T
¥, KE12m) ICTEME N KR 28.0+
0.3°C ThH o7z, ETDORGEHEIIARBIGRKE Tk
CTLICBBHICEN TV R DD, AREGER
FWT=5IE I BIE S B 72 I FBRIC T - THE
fif AR 2 i E Uiz,

B CHEE RF R T Narita et al. (2017) 12 & -
THFEE N T /5755 (Measured values of Residual
Thrust : MRT) ZH Wiz, k&N H 238 E Tk <
TeDDOVKEIEZ#ERF L TV BER, A7k O
DRH2ZEL D &, vkE DTN U IHEET) &Ik
BT TGN IS LT T 5. C
DX S EFHDZIC K B HEHET) L T DA
Ko THEUZNIDREMHEES I TH%. MRT kL
&, CORFEMHEES EEE ORRENS, BHA
HEMERHESIZ HEE T 27515 TH 5.

REFHEAE S DFHINC TS, FHIN S L%
M (V) THCOHEET 2 FBROWKENEZ X 55
ICRLIEE R, ZOXAMa— 7 HERRL 2.
[EIFRKFE DFEZ Vg ICEE L, WKEITIEFOED
AL UTzBRE Vs, REDTKENE e U B AL B el
THXIICHERLE. 5, —EMRTEN

52 /NUDE7k A s 1/ — I (Tempo trainer Pro,
FINIS, USA) I Vg DA b — 7B HREL,
KR ZDOEEBEICLEND, TN (kL
BE T EKEIEDHERNCSSD T, Z D%, SR
IC BT B REMEE S 23S 2 7oIc, BRRKAE
O NCE O i SNfca— R LikED
RIS LTIV S 2T A Y —TCHE L, il
BN SIKEZFEL Ul (Fig. 1. AW Cfi
Lo — R+l (LUX-B-2KN-ID, HAIEZ¥)
FERABED T2 kN, JERAEELE0.15% TH
D, YTV VIREEEE 50Hz £ LTz, A—FR
IV TCEHIE N B v — oA VB2 —T 2 —
A (PCD-330B-F, HAf1&EX) ZMNL, PCliA YV
A R=)VENFEHDOY 7 L7 27 (DCS-100A,
HRESE) ZHOTBIE(LE Nz, BRICHT
BNT—27Z 10 BEEHIL (2TOMETHT
ANKKOEHARLR), ®BAKDEGIENTS (G
HLER, Fig 2 ANORK MHRiSFELD
ol &Nl (& LB, Fig 2 AKIOED
ZF LG T & TREMEES (Fig. 2 1 GO
B ERI Uz, Fosid v 0+ 0.2 m/s OHIFHN
7 0.05 m/s § O I, Gt 8 i B RE
HEE 2GRN LTz, 2%, SimdiTRINE N
RFHEAE IR BT B K S I [Al)a ihiR 72
L, Zomlgihhs S B OHBERHERTTZEH Uz
GFHHIZ Narita et al. (2017) ZZHR). DL EOTIE
Z1.0—1.5m/s D6 ERFED Vy, THEL, Hixd
Ve TOHCOHBERARYIZFM L7z, &35, Fig. 2
DIEFNCTIZIKE F D Va0 & Vaiao I I 3 [ElH
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Load cell

509

Fig. 1. Top view of the measurement process. To measure only the horizontal component forces,
the angles of inclination of each wire, #, and 6, were considered. Furthermore, springs
were used to prevent slack in the wire, caused by fluctuations in the longitudinal direction,
and the effects of tension caused when a swimmer alternates acceleration and deceleration

in a stroke cycle.
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Fig. 2. Relation between flow velocity and residual thrust at Vs, o, and Vs, 5, (left panel)

and measured force values at flow velocity = 1.30 m/s (right panel) for swimmer

F. In the right panel, residual thrust (the solid line) is calculated by subtracting the

forward towing forces (defined as drag; dashed line) from the backward towing

forces (defined as propulsion; dotted line).

MERLTED, Vg DEWVICEK > TREHE
ZEHIT 272 OF#H M U A b o— 7 IR
5.
ZEIEPITIEA MY =L T A1 VL (FOUR
B) MR UTcikE 2, B CHEERHEHIO G
W Lizsm e O CGEHI L7z, &3, e
SPIEE L, JERTTEANHNIZGEAIERD
BHLZLT.
4, FT—EADH
H O e R 113 Narita et al. (2017) 12 X %
MRT 72 VTR E Nz, dE I L T,
RIS & B E NS (U, ZHTIC

Wiz, 733, Une FEHGR S E & 23 (V)
ERFTLE—HT BRTIFRL, T MRT %
VBB ORHRSEMICEIfRT 5. MRT T,
RFIHELE ) 72 3 E S 5 Tz & DA TIKEME> &
HREAE—BICT BT ENRIFIENTVEN, Z
NS OFEZERT 2 2O ONEFICNZ, %
DOFER BT % 12Dk A ha / — LD
[FFAT % &0 SRR I T FAET 5.
NS OEBDOIEEMN Vg, IRICHHICHK W TV A IR
EFENHERF UIRDY 5 B3 5 1l TR FE IR (8
WsEREE USRS, S THIE Nz
REHEET] OBIRMED 5 E Nz nlR I
Bl HZIbEZONS. TDD, AWIT

-
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(& Upeg D Vs 51 0.05 m/s LA 52 255131
FERERGE L2, T5IC, 2HORNREICENT
1.5 m/s TOHPERFICIKEITEDHERE D IN#ET B >
Tele b 5N Lz, £KoT, 1.5m/s TD
H OHEERHEF T2 CE 72D s % Th o Tz,

HIROEZIC BN TR U Z23Hili S 2 B, HEHt
TIINEEDRFICIHIT 2 HE2ERL, FEiT
woE (Berger, 1999; Hollander et al., 1986; Ribeiro et
al., 2013; Vennell et al., 2006) & [AlREICHHT17% LL
TR ) KoEkEIHZBE> T,

D=a-+V )

DIXIPUI, vid#EZZNETNERL TV S,
BHREG THME NI TOME LGRS
BT 2K a b bR/ N_FHEICTENENG
HL7z.

FIUkEDIKEDEL R RTIEIEE LT, AR
RCRAMO—IHELAFO—TED2 DDA
Fa—2 RV X ha—25E (Ho) i,
FOEAE Ve WS FRE U T2 BRI R KRS N O — 8 DAL
B HERF LTIk SUKE D 10 A b a— 27 53 DR
FETRAKLTHS, 10 BIRRICHOAH TN AK
THXTICELLKM 2L, ZOWEN5
B LK —/HTRAMa—27E (m/stroke) 1EVk
W (m/s) ZANO—ZHETHRT 3 & TH
HL7z.

5. #REHEEMR

AL TR B Nz 3 CHEERHED T & ZEH T
Fhlg e, (58 a & B b B RGICHIEDH B t
EZFEMUT. & 5ICHOHBERHRPTE X ho—
DEBOBGRIEZ, sRETO H HEERHTHT
EAMO—JHHENTCA MO—EEDORTET
Y Y OMBGRERFEH UFHE Lz, &¥, AED
fiE#T 134> C IBM SPSS Statistics 22.0 % /U C i
U, HEKUEZ R TERE 5% Kk Uik,

n # =R

FREIC BT 2 A CHEERHEST (Active drag)
EZHHEYT (Passive drag) 1ICDWT, THENT

NOFER%Z Fig. 3 IR LTz, 2 TORFHITBWL
T, RWFFET MRT EZHOWTIMEE Nz 70—
JVIKH D B CHEERHES U ZEHET X D &8Ol
ZRUTz. T5IC, HEE LT OMGRMSEEZ RS
O i HAR DRI a & REL b D 7 % O T fE £k
(27 RO TAGR, R ICFAL T3 E O
RHEH1T 357 £5.3, ZEHEH1T23.6 £3.1 TH Y,

BEIRENRED BN ((6) = 4.35 p = 0.05).
—JCRE D ICBILT, HOHEERHESIT 2.80+
0.22, ZFHERHIT2.08 £ 023 THH, HELED
BBBENT (4(6) = 5.93,p = 0.01).

MRT 7 CaHli & N7z 7 a— )Lk h o B e
BRSSO 2 A ba— 288, A va—2E0D
Rz, Sik#E OMHBRBKL T p EEIFET
Fig. 4 1R Uz, HEHEERHTITE A b o— 74
ETIE, ETOREICBOTIERICEm S AEEE
DOHHBEBMEIRS SN, —HTAMa—7ET
BRBREICE>TREEDENH Y, AEAADH
BRI RS SN2k & 1L 4 £, FBHHNITh >
ek EMN 3B TH - T,

v & £

1. BCHERHEN & SERMO LR

ARWZE T MRT 72 -V THEE T 7z 5 e
RHEHUIZEEST L D LW EZ R LTe. T O
B 1X Zamparo et al. (2009) - Gatta et al. (2015)
DFER % XL H9 % —75 T, Toussaint et al. (1988)
%> Van der Vaart et al. (1987) & ¥ 2 K5H %
R UTe. ARWESECRMN & N7z 2B P e it
%% (Chatard et al., 1990; Zamparo et al., 2009) &I
FEDMENRERN, THUX S —IUOJELEE D
5L LTCH, ZEIEPUIFAKTH S WA LT
Havriluk (2005) D%t E —H % ED x> Tz

P DIEH I DLLIRIC BT, RiFgE & I
% i B 72 Wi U 7z Toussaint et al. (1988) 9 Van
der Vaart et al. (1987) D% Tld MAD-system %
MW T B AHEER T2 7P L Tz, @i O
Ju—)VykTlE, bRZEEEEESEICED
TZILEE B E—A Y FBMEHLD, Fv7H)
EZITS T ik o T EFZENE, HED
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Fig. 3. Results of active and passive drags for each swimmer.
KPR MR LIEPIZ KT 28X 26925 izl LU eMIRIEWERZFELZVE DD,

& Yanai (2001) MG LTV 5. EHiC, T
By T 2 b—y a3 YIIETLENT SN T
% (Nakashima, 2007). —75 CF v 7 @i{Eld ik
A EIE R 2 4 Pz d - ihie
RKEEZMEND D, \EHZIGRE L 585N 5
T, TEZROF v ZEEIHW < 2w

MAD-system %2 FHW /98 Tl&, 71k TH 2
T A K IcEE L CEo, vy VEifEr
VT & & NG OKERADMERINATRE L 7%
3. Ja—)Wikic B B FPIEEO I X 5K

MAD-system Tld 7V 7 A1 K B 7KCERZAD YR
— "I ORI ER LT 8 ZE 2 BN 5.

AWIZE L [AREIC, Gatta et al. (2015) (X2 B
PLL D & HEHBERHIIO W KELS KB T ez
WELTWD. T O TlIKE DKk R OwiTH
FEMEZRHIIL, Z 0% VT H CHEERHE
PieRHT 5 VS ERwmEZ VT WS, ZO,
B, 70—V TIEA N =LA VEBREXD
LRTHREHENKEL 2B, 7 a—)bik
O HCHEERHEFIO WM KELAES EMELT
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Fig. 4. Relationships between stroke rate, stroke length and active drag for each swimmer.
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