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Improvement of simplified apparatus and validation of the
measuring system for swimming power

Seigo MORI" , Akira SHIMONO? , Kazumasa OZEKI” , Shoichiro TABA?

Abstract

The purpose of this study is to develop a new swimming power measurement apparatus with
improved Drag Boat (DB). The name of this apparatus is Improved Drag Boat (IDB), and the measurement
system using IDB is verified. IDB is as large as a floating kickboard. The body is made of wood, and the
load can be selected from five different levels. Drag force and swimming power can be calculated by
measuring swimming velocity.

Calibration of this system was performed using a towing equipment (Active Drag System, ADS).
Towing velocity was in the range of 0.4~2.2m/s. The subjects were four male competitive swimmers.
They swam 25m front crawl at maximum effort in free swimming. The speed at this time was defined as
the maximal swimming velocity (MSV). Semi-tethered swimming was performed using DB and IDB, and
maximal swimming power (MSP) was calculated.

Significant linear relationship was observed between towing force and swimming velocity when
the subjects swam towing IDB. There was no significant correlation between MSP and MSV using DB(r
= 0.817, n.s), Similarly, no significant correlation was found using IDB(r = 0.930, n.s). The swimming
power calculated using IDB and the swimming power calculated using DB was found to have a significant
correlation (r = 0.953, p<0.01).

These results suggest that the possibility of evaluating swimming power characteristics for
swimmers. However, the MSP was lower than that of DB. This is considered to be a problem with the

stability of IDB at towing at low speed. This indicates that further improvement is necessary.
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1. #S

BIKDOINT A =X A BRET HERNOH THRD
HERZEFKEEZENSELIETHD. Kk
RSN ZNT— (LLUF, NXT—&9 %) 1
INETHRARBREETHESNTHO, /N7 —13
TKIKE EEWHBEERICOD ZENINE TOH
WTHSEMIZEINTWE™Y, ZDHEEICITHEEN
1D & fof & B IE I FE TR E T & D Power Processor
for Swimming”, HERIL) TA—F —Z2KE L~
Ergometer Attachment”, i & 58 /7 2 [FIH L CHIE -
S08EA T = B Active Drag System® 72 EREM D TE
KESEMHLZEENHHAINTEL. LMLZO
KO B TIXRELFRE T, M IR 2
oL, FHHEESHNND Z EM SRk T —
HIEFEDNHFEESN TN S,

TAESY 1, E— MY X TaMZ 4 BRI E
a9 5 Z LN TEHEESP (Equipment for Evaluating
Swimming Power) ZBHFE L TH D, kBN D
EESPZZEF[LIZMBIKWT WA RO HEE 2 EHIT %
I THNT —2HHMT 2 HEERELTVWS. 20O
EESPOMREAIY, AW A/NE <, EfardipHH sk
WHIZH -, T2 THSY I3, EESPOFHHIT 2T
LZISHL, F%OYA X TH5ERBICAREZLEHRTSE
B S Mpk/NT —HE 2 E (Drag Boat, LA, DB&
T2) ZEFEL TS, ZODBIZEESPO [HHE M 2 ik
ELTHBYD, EESPRD HEWVAMELGZDTEMNT
TLHWEETHD. ZOWIETIE, DBOA MM Z K
T 5D R2EREHB L NIV H D KFED THKE
FZ2X412, DBEActive Drag System CHIE L 7=k
INT—z g L, TOFER, FFORENESN,
ERICIIAERZNR SNT, MRS S0 EZE R
LTWw/z, ZRAUIDBZEFIA U =k N T —&HENIIH H
ThoHZEERLTVSD. H5Y T ODBOHBE &
LT, EESPEVDRELBRAMENTLHIENTEDSD
DD, EESPIZE/NIBARENT DI ENTETN
BN, GRS SICAREIEZ LT CHIETE S
BEICKETI2LEND D ERNTNDS, ZOBZEIC
BT B ERE D BARVEE DEE131.82+0.05m/s,
50m7%7 O —)L Dkacsk DM 1325.07+0.65sTdH >
7. LML, ZoEHLNVOEFICIIELRERET
HDIEMDONO>TNWDEHDD, KRFEABTFHIKGET
KO BIKHEEMENEEZEZ END Y 2 =7 HORFSE
PRFERTHIGET LD BIKEENE W Ny
LRIV D SEHEEE T 2 M52 L 2858 I3 A Ri)NE L

TWhWinwZ ENnEx6N5. £/, DBIIIm/sTHE]
L7=Boan 1l ~&f 5 O%5]71%30.06 ~ 71.77N
THO, FAZEOYA X T/INISWAERZNTS5NDEE
IFEESPO LD IZHEFEL TWBD R, KEAfwZNT
SNAHEFIIELHFE I N TR,

Z ZTAWFETIE, DBOME S EEEL, DBEHE
DB A X TLOREREAMENT DI ENTEDHHE
BEHIZIERL, ZOFMH AT LAERET 5 Z &
ZHHEL. R, TTIEAENHREINTND
DBE DLk Z{T S 725, DBTIK/NT — A8 HIE il fE7s
ZEIRSMG L NIV ORFEFFRFENREL, B
AT 7.

2. Ak

1) X R#Drag BoatDiE

% EfDrag Boat (Improved Drag Boat, LLF, IDB
&9 %) OMEEKILIRL . IDBIE, DB&FEERIC
ARBOFHEERTH O, WP Th 2 E = Hyi#EIX
AT VAMOTY aA > M REEHNL TE#HT S
EMTED. FRKEDPESILBNSIKSEE, KK
K& Z B <T=OI2RT FERICHmAR Y U LY 8o o n
—hZROMITC0D., REEFTO—KEXTH DK
(D IZBNWT, REHE (S I3IKPIERD D BICE
BREFETHD. AN FSETIE—RICHEEZ
REMBE L THND ZENSZNEDY, AEETIE
AR 53 B OB T 53 T d 2 IPIE ORB A Tk
HWmEEREmES L, KPR E2AHRI T2 2LT
NN N | A=l el

D=C,, 0.5 - o - UZ) S e e e e e e e
DAL Cp HPUREL o0 KDOEE, UIHE,
S @ AR

Z1ICDBEIDBOD [k Z /R L. AMAOES K UE
YA X ThH 2, a8 RO 2L 7.
EHRAER L2 Eic kD, HEERCAKRDZE L
NI EEERL, AMEEiFHo 70— GERdR Y
Ty ) B ROREDOREI BHLAL .
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Tow direction Float
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Movable wing

310mm

Digital force gauge

lm' Movable wing [ Towing direction
180mm  10mm
<{Bottom view> {Side view>
Fig.1 Details of IDB Fig.2 Calibration of IDB
Table.l Comparison between DB and IDB
Size
Length Width (mm) Thickness (mm)
(mm) Max Min Float Body
DB 600 295 230 55 13
IDB 600 295 220 65 10
Movable wing
Wing (mm) Frontal projected area (cm?)
Height Length Loadl Load2 Load3 Load4 Loadb
DB 180 285 576 702 792 864 918
IDB 180 310 648 792 891 963 1017

2) KEDKIE

oY ML ZDBOIEICIE, FAHS” HH
Fe U 7= SR N & R U 778 5 Il E T & % Active
Drag SystemZ W TWA I EM5, AHFETHIEL
72 IDBD#ZIE S [F#E1Z Active Drag SystemZ fH /-
EEBRZS0mBN T —IVIZ TR (X2). #E51H
JE130.4 ~ 2.2m/sOHIPHTH 0, 30mith S/ 5 10mith
RETEEOHEETES L. E5IRFOHEEITHE
Yty — (Lo 48, E6BIOR/P) 05, RIIZ
TIOHIERNE (HARBEBED >R fhE, FXG-50) »
ST L, T —F &Y T 2T EEEK
50Hz CPCARUDIAATE. BARICBIT 2 HE L3R
DREMEL, ZELZHHOFEEEL, SEHT
DHEE LENM OB ZRD 7.

3) kNT—BHAE
HOY I, HEBEEIILIA—F—ICKDAMMERSY
IVIEHRE D & e KR RN T — 2 H T 5 Hik'Y %

ISHL, T —Z2HEHLTWS., HigET)L T A—
5 —IZ K B Efi & RV AR E OB R EARBI R 1 &
5z & EREIC, Kk OER S EVGEE DOBIGSE
FRBRICIR D T EMETHFRICLDHESIN TN S
LMo T, R (2) DEDIJ) & koR BRI B
BRI DZ & NU—IZ N EHEEDOHEICEI ST
kdpzEnTELZENSL, X B) LDIFKNT—
=HEHTHEMNTES.

Fza*Va+b =+ ¢ ¢ ¢ o ¢ o o o (2)
SP=F -V

=(@*V+b) -V

—a Viib eV + ¢ o o o o (3)

Fi2E5[J], ViykdHE, SP:yk/NT—,
b : [AlFTE

a: AR EREL,

N (B) THROSNUk/NT — & PkH R o i
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BT DB KNEZ H&RAKVK/NT — (Maximal Swimming Qﬁ N
igital video camera
Power, AR, MSP&ET %) &L, ZDREODjkHE 20m 10m

ZMSPHFRHEE S FFR L. £/, X 2) TEHESN
2B EREEM O —REHRITBWT, JKHEEN

DREDEF| ) 2 H KZES] ) (Maximal Towing Force,

PAF, MTF&ET %) EEFEL-.

4) FkNT —BIERE

DBEIDBZ W =9k /N T — € /ik % K3IZR L 7=

AT OWERE T H AZARTREES L NVICH DK
HEBKGET AL ENRE L (F2). #BR#FITI
BT ERR O 2 D8 & OF I THosiml 217
BV, BINOFREZE- ETERZITEo . EBIZ
25mEN T — VI THEMEL, alfideTr o—)Likic
Tiiieo 7= Ik 2y - hSEHmE DI
RVREE (AR, #@EIkET %) TO25meENikElT
s\, ZOEEIKIT K DG S N UEE % i R vkoR
(Maximal Swimming Velocity, LAF, MSV& 9 %)
LEELE. TO%, DBNMUIDBZEESL ARAT5 Ik
<EBIVkZES SHEOAM TRERBEL /2. /N7 —HIE
ZDOWT, &5 X 3HEOAMDOATOR SN
MSPHEEEDZ 4 HIC OV THREF L TH D, 3fEE
@ﬁﬁ@&f%%%%#omﬁmﬁﬂv~%%ﬁf%
5T EEHMELTND. AFKTIE, EFOEHED
EEL, ZOHEERHLZ. #E51KI39kEOBEIZAX

WREEZFL, TON)VKENLEDO— T TERGUK
ZEGIL . ZEIVKRF OARITIREREIEI/NE WE T
1, Af3, AfbDIEFETEMLZ. 2 TOIRI
BNTI0mM AN S 20mitl i T TOMEGE TPy ILE
FAH AT (SONYH:EL, HDR-CX270V) 12 T/K E

F 0L, SEEHEBY A L0 5 10mDFEpkiEE %
HHUZ ZZTEHUAZKREEZL 2) KT )

IZAAT B 2 ETIKEDES N M TKNT —2RD Tz,
BWTERNUKTEML THWD720,

B, ETOREIC
W DN T 2E B L - BRI o ik ez
AN TR > 7.

> I %
Swimming direotionf

Fig.3 The measurement method of swimming
power using IDB

5) fREtanE
AWFFEICTHELSNZT—F1E, 2 TEE HEERE
7 (Mean®S.D) T/RLU7z. HHIEHEMOBEBRMIZ
DINT, DB UIDBZEZEHF| L 7I2AY 5 Fk W Z IR D pkE
HEEEB ), PRI & kST — QBRI RIS T &,
DBKUNIDBZE W THEH L 7ZMSPORRIZDWNWTIX

1DB

E7Y OB EFNENITRo - B, AR
KTV TN Hp<0.05& L7~
3. R

1) KEOKREFR

412 Active Drag SystemZ i\ TCIDBZ%5| L /=
REDHE LR DRARE R L=, 5 BEBEOARTICH N
TENZTNEEELENEORIFRNZE B LZEZ 5,
ZEMIIHBNT 2 KR E /R L. SER OHEE G
BILATN 1750.994, AT 2730.998, ATF 3 £%0.996,

200

Loadl : F=22, 433XV + 9, 6743V,
Load2 : F=55. 015X V? - 16, T4
Load3 : F=86. 635X V2 - 45.3:
Loadd : F=105. 41XVt -

=0.994 (p€0.01)
=0.998 (p<0.01)
r=0.996 (p<0.01)
r=0.996 (p<0.01)
XV, r=0.991 (p<0.01)

160

120
#Loadl

OLoad2
ALoad3
©Load4
®Load5

80

Force (N)

40

1.5
Velocity (m/s)

2.0 3.0

Fig.4 Relationship between velocity and force of
IDB

Table.2 Characteristics of subjects

Subjects Age Career Height Body mass Surface area  2b5mTime Style
(n=4) (years) (years) (cm) (kg) (cm?) (s)
A 19 16 176 69 52.9 11.8 Free style
B 19 15 173 62 50.0 11.9 Free style
G 21 14 147 7 55.7 11.5 Free style
D 20 17 181 66 53.0 12.9 Free style
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Table.3 Relational expression between swimming velocity and towing force

X DB IDB

Subjects
T a b ag a b

A -0.98 k% -113.10 228. 57 -0.95 &% -80. 97 163. 76

B -0.99 k% -101. 18 198. 07 -0.94  *x -82. 89 163. 26

C -0.99 % -162. 04 331. 41 -1.00 % -109. 23 220. 64

D -1.00 k% -101. 05 182. 32 -0.89 *x -61. 47 116. 39
Mean*S.D -0.99=%0.01 -119.34%29.02 235.09%67. 02 -0.94=%0. 04 -83.64+19.61 166.01%=42. 65
#%p<0. 01

r-Correlation coefficient, a—-Regression coefficient

B 4 730,996, A 57%0.991THD, &TITBNWT
HEMHBERGE (p<0.01) HEED SN

2) ZEFKEFDHKERE EEFHICTDNT

DB TNDBZ Z 5| L 72758 5 Yk W 72 R D Jk i & & %
SINOBERIZDNT, 2BEORIRERE (@ &
IEER (b) DONHEIZDBA-119.34+29.02, 235.09
+67.02CH D, IDBAI-83.641+19.61, 166.01 +42.65
Th-olk. Fiz, HBEREDTHIIDBA-0.99£0.01,
IDB73-0.94+0.04TH VD, DB/ S NITIDBE b 445
FIZBWTHERRMHBEBER (p<0.01) NFEO SN &
3).

3) kN7 —BIERBR

DB ONDBZ W7z ik /N T —RIEHE R 2 X412/ L

b—Regression constant

7=. DBZHWTEHIL7ZMSP (LA'F, MSP,,&9 %)
DO l13116.03+38.13WTH VD, IDBZE H W TEt
HIL7=MSP (BA'F, MSP,,&293) DFHfEIX82.42
+23.03WCH 7. EHBEAICBVWTDBE WS
HTRERMERLUE. Ve EH1E TIZDBA10.98
+0.05m/s, IDBA30.99+0.03m/sTH D, EHERFIC
BWTHBOMEAZRL TWE. MTFOEHE Tl
DB#3235.09=67.02N, IDBA3166.01£42.65NT &
D, BWHBREFETBNTDBEZH WA TRERMEE
RLTW/E MSPEMSVOEFRTIL, DBZAWTH
Hi U 7=MSP &EMSVH OB R $K14r=0.817 (n.s) ThH
D, IDBZ MW THH L 72MSPEMSVRE O BERET
r=0.930 (n.s) THo/z. MHEITEILITMSVINE W ET
EEMSPIZEWEHNICH o 725D D, Hat¥micha
BB RITED s Naho 7z (K5).

Table.4 Results of swimming power measurement

. MSV MSP (W) Vysp (m/5) MSP/BM (W) MTF (N)
Subjects
(m/s) DB 1DB DB 1DB DB 1DB DB 1DB

A 1.97 115. 48 82. 80 1.01 1.01 1.67 1.20 228. 57 163. 76

B 1.94 96. 94 80. 38 0.98 0. 98 1.56 1.30 198.07 163. 26

C 2.01 169. 46 111.41 1.02 1.01 2. 20 1.45 331. 41 220. 64

D 1.81 82. 23 55. 10 0. 90 0.95 1.25 0.83 182. 32 116. 39
Mean 1.93 116. 03 82. 42 0.98 0.99 1. 67 1. 19 235. 09 166. 01
S.D 0. 08 38. 13 23.03 0.05 0.03 0. 40 0.26 67. 02 42. 65

MSV-Maximal swimming velocity

200 p
#DB(y=368. 39x-595. 8, r=0.817)

OIDB (y=253. 33x-407. 08, r=0.930)

*

L 2

1.95 2.05
MSV (m/s)
Fig.5 Relationship between MSV and MSP

1.85

MSP-Maximal swimming power, BM-Body mass,

MTF-Maximal towing force

4) WRIEICHT Bik/NT — D&%
X6iZDBEIDBZE WV CEHEIL 72MSPORIfR 2 /R L

72, MSP,, EMSP,,, D B {2 $013r=0.953TH D, FH

BERMHBEIRARMNED 57z (<0.05).

KD EHINL, FHFS? HEFE L DB E S %
WRELUZIDBZHFEL, N —RHH T AT L ZREE
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120 b r = 0.953 (p<0.05)
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Fig.6 Relationship between MSPDB and MSPIDB

40

T5ZELETHo/-. IDBIIDBERIZEDHY A X THD
7%, PR 53 1T 7n 2w B K B oD A 2K T AE P Y
DB (IDB: 648 ~ 1017cm®, DB : 576 ~ 918cm®) &
DHREL, KOREEIIZMASL I ENTED L

WORRN D D, T DEEEZERICyk/NT —HlE TH
W5 7D, IDBDOEE &S5RI OBERMNA E 72 HH

BEBIRICH D, —M (1) 1TRT XD ITHPUE A
ED2FITHFIL TNDE I EZHHTZHNEND 5.

AR TIE, #HEERNZFRBIL CHIET S &M
T & %Active Drag System%Z T, FAMICHBIT
LHEERNOEBRAZRE L Lz (K4). T ORER,
S5EEDAMETIZBWT 2 KiifRzERL, Wind
AEMBEREZR (p<0.01) ZHo/. LAEN-T, &
E BT L3 SEPUIHO 2 RIENGET, vkEN

IDBZ 25| L2 Sk KR OWKEEZ AT Z I LT,

TORFOEF N ZEHET DI ENaEL 5.
RIZIDBEZEF LN S WK O E &)
DO/, X 2 XS SCHFERERERICON
W, LB ZHWTIEKNT—2RDDZENTE
5. RIITRTHD, EHBRZICTBT 2UkHE & &L
77 D FH BE B 4R 1EDBAT-0.99+£0.01, IDBAY-0.94+0.04
THO, WINbLWHE THERMHEERICH >
(p<0.01). AWFFETHFE L ZIDBO &L 5 InikPifk & %
5920 (FESIH) 13, TNEEITHREES
NBETDHEICXDEC DN ZRWHENTH
B0, ZOFEG)]EVGEE & OBIRME 2 Kit#E T
3L, EHRERERTY. HF5Y 2 L/-DBICH
WTHRBDEREZRLTWDZENS, L B) X
DNT—Z2HHTEDEEZOND.

KIZ, TORENEBROUINT —HIERIZE DX
SBEBEERITITONEMITET D720, DA

BT 2 W RICEBOWKINT —HEEEBL . A
EEEBTHIHED, HSY MEELTNVDS 3E
MDA DA T O 5 MSPHE F 15 % F WL Tk

J—Z2HEL, mARKNT—EZEH L AWZETIE,
DB UNDBE HICE W 1, A3, Affb D 3 fEH
OEAWMIZCTHEZfT72> /-, DBOREWHMEIL &
fif 1 2%576cm®, B 3 A3792cm’, AT 5 A918cm”
THo, DBOREEIEIL, AR 1 23648cm’®, AT

3/3891cm®, B 5 A%1017cm’E RE L H x> T
5. LiL, #EBRECITBIT DIkEE E9k/NT — DR
% (X7 Z2H5E, WINbREOEMERL TS
0, 3FEEDOEN DA T OB HEEIEIZIDBO LA T
HEEIIR VDD EEZ NS, ZOMSHEEEICK
DHIEL-#EE, DBEHWTHENL ZMSP,,D Y1
fE13116.03+£38.13W, IDBZ fl Yy TEFHEI L /2MSP,,
DI l1382.42+23.03WTH D, BHWBREITHNT
MSP K ERfEZRL T (3R4).

IDBZ Fl W THH L 7=MSPADBZ Fl Wz i &1t
NTHEWEZRLEZERELT, AW 1S OHEE
LRSI 2 REFEIC BN T1.0m/sLA T DR EF IR
TMEZRLTWSEZENEZSNS (K1), HS
Y13, DBIZB BEE LR MO EIFRICH N TR
HRFIZIZIR DA DEZ R LZEHREL TNDHHDOD,
0.5m/sPA T TR N ERRTNS., —F, IDBTIT
0.7m/sFHE THADHEZRL THBD, ADEOEES
KEW, ZHE, IDBIIDBIZ TS IE > 72D
AEH AP ORERRENKRELZ>Tn5A, 70
— MR DI IDMES TH 5T, (KHEESIFRFOARAD
REMICHENEL, ZOXIBHERITHE>EZHDE
ZEA5N5.

MWHIEIC BT DZMSPEMSVO B TIL, DBZ W
7358 OHERE3r=0.817, IDB% W& OB
"% 14r=0.930TdH o 7z. F/=, MSP,,&MSP,,D
BAtREFr=0.953TdH U, HESHBRFRNED 5N
7= (p<0.05, [X6). DB®H AL THITE L 2IDB® fi
BHIEEDZD, WD X DI REMN 0 nEEZE N
THRET2RNT —EE BT 2 RENH D, HH”
MMBAFE L 72DBIE, K#EN D RZEF[HEE TH 5 Active
Drag System& D Lk #1772 > TH O, MHlE TH
5 3 7=MSPD - 1 i 1ZDBA100.80+20.88W, ADS
7102.37£11.63WTH D, MSPIEIZIZZENESNT
BB RO EWEZRL TV Z0RY, DBEM
WIS —HIIS 2T L3, fERMSHNn SN TN
BUk/NT —IE L E & FROFHENTRE CH H. D
ZEMNS, AIFETHF L /ZIDBE HW/Zik/ ST —{il
&, PEROUNT —HIEEE E X TRWEZ RS Z
EMHSEMNER ST, ZOMABAELT, EEPiIFOA
ROZENBREDHENH D EEZEND. FGEITA
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HRORFEMZLEL, SH5ITAEEORIEZIT> TW
SRENRDHDEEZSNS.

180
150
120
5
n? 90
w
=
60
y = —171. 11x% + 343.98x
30 r = 0.999
0 . . .
0.0 0.5 1.0 1.5 2.0
SVpp (/s)
120
90
5
& 60
o
z
y = —111. 22x% + 223. 26x
30 F r=1
0 a2 2 2
0.0 0.5 1.0 1.5 2.0
SVips(m/s)
Fig.7 Relationship between SV and SP in the
subject C
5. £&£0

AW TIE, 5" 23BI%E L /-DBO M % % 5

L CBL/ZIDBZESR L, IDBZ HW/zik/N\T —Ef

W AT AZRIFETDHIEZHE L. TORE,

PO XS mAIENMEF SNz,

(1) S5EEoafiicwThRXzZENTNEHL
FEZA, RAMIIBWT 2 X E R
BERET BT 1 £%0.994, & 2 £30.998, Hfif 378
0.996, €ifif 4 £%0.996, i 5 A%0.991THD, &
TIZBWTEWHHBRR (p<0.01) ZH-> 7=,

(2) MSP,,&EMSP,,,D FEH{HIL, N Z41116.03+
38.13W, 82.42+23.03WT&H D, IDBD AL MH
N N2y

(3) MSPEMSVH @ #H B £& £ 1¥DBA0.817, IDBAY
0.930 Tdh > 7z, WHIELITHBRELR N4 4 LD
N T2 7o BIRAHBEBRIZRD S e h > 7273,
MSVEWETIF EMSP S & WEITH - /-

(4) MSPp, & MSP,, D RITIZ A E A BB (23380 5

N7z (r=0.953, p<0.05).

Pl Z &5, IDBEHWAMSPIIFIKET Ok
INT — 5 2 BT T & B aREMEAV R S Nz UL,
DB& L U TMSPEDMEWEZ R L TH D, ZHid
RERESREFOARR DL EVEICEEN D DD ThH D &
EZOND0, SBIIIOMEREZRET S EIT
K0, IDBZEMHWEIK/NT —HEN A REIC /2D EHER
XN 5.
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