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The simulation of thrust in breaststroke kick during the inward portion of the in-sweep
Satoshi YAMADA, Yoshinori TAKESHIMA

Abstract : Kicking like a propeller in breaststroke is nowadays widely used by
breaststrokers. Yoshimura (1999) described that the kicking like a propeller was
divided into the following five phases, recovery, outsweep, catch, insweep and lift.
Moreover, the insweep 1s sorted into two phases. These two phases mean the first half
of the insweep until the legs have been stretched straightly, and the inward portion
of the insweep as a latter part. The inward portion of the insweep is called ‘pinching
insweep  on this study because it looks like water is pinched with both feet.
Maglischo explained that to get propulsion during the inward portion of the insweep,
the feet must remain flexed at the ankles so that the toes are pointing the bottom
of the pool and the soles of the feet should be facing in. Though the latter portion of
the insweep is less propulsive than the former portion, it is possible to swim world-
class times and even set world records without performing the second portion of the
insweep.

The following three matters were made the premise to enable thrust analysis due to
pinching insweep by this paper. The first one is that the shape was simplified in order
to use hydrodynamics because the shape of the leg was complicated. The second one
1s that slender body theory was used to simplify the movement of pinching insweep.
The third one is that the three angles 0 .1 of the sole face are supposed when pressing
water inward with the sole.

The purposes of this study are to simulate with thrust of "Pinching insweep" according
to lighthill method.

The conclusion is that the bigger the angle o .t of the sole surface is within its angle
limit, the bigger the swimming velocity becomes.
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I. ¥8 VIR =N ETH, FREDOF Y I &
KEKDOHFTHLFREFI—FR—T v 7% ORI (DB R IR TL T ) AR
bOLLEFZ D TKIT vy, Ik DIFILIFETHEIHT Do T2, FikEid
bLRT L, BARSCZEFTRT, —F D39k (Fa—v, Ny 774, Fik
BLDICERINDIERTLEFE TRV, & &) LT, Abu—7 (JiofEs) &
7oy B Sl b Bk E R, KERIC DHxy I ANDRGFENE . 22X, F
[FWTHRE2] LE0FXIZOBNL, & KEWXBWTEHEFIIFy 7 §5L0wH 2
WrkEEBFERD. —HT, FikEDF Lid, MRE - EREEDL TEE L W)
v 7d. EFIAT) O b L VWl ZLThi,
=D ThH b, FROKKDIZEHERLAA I ZLDAAR =D ToT V5B 7ORTD
1) ) i SR A B A 1. Shizuoka sangyou university
T 438-0043 ] U 42 H T K JR 15727 Hil 1572-1 Owara, Iwata, Shizuoka



AR =y & A

L)% TVAMAMI=ZDFy 7k, )
HAN) =, T PAAL =T FyvvF,
A VAL =T R 7 +D5DOEETHE
WENTWD (FH - &) 9. Aifs
TEA Y AL =T R EHITHEDA » A
A — 7 [Kick Insweep| & BB DI IAHA
354 2 AA —T[Pinching Insweep]& |2
B CEZ A Maglischo® &, Pinching
Insweep(the inward portion of the insweep)
IZOWT “AA 3 —d, BEDOA VAL —
TEBWTHIMOTE o720k, BEZ T
T 2FHKB T IVORERICHT. HhD
EOEHMPMEE->2RET, WENZES
ADFTKEROERTH T LI ICEZH)
L. EHEHLIZLELH D, LALED
5. WHINOBRED A ¥ AL —7id, Ak
DA YAA =T ERBT B E, HHDIEAE
BLLwizo, BEDA VAL —TET 2
eV TNV TADREERET D
ELMRETHAHL, TV FLa— RNzl
TILLHNHEL, " EBHL TV,
AINSDE, BH & REIZHEAE L7241
DIENE =k T—%L. ¥
TABHIZ LD Pk E D RFBIART I
My a2 iToTwb, FOMEELN
72+ Pinching Insweep 2B} 5 IEH MK
TORESF, BOBLA A4 713 L
REBEASTREVD, HDICHFG T2
EVFET 2T ORESITH o720
KL, FikEoxy 7Eiffodp T
Pinching  Insweep® HLY) LT, ZOBIEDE
W2 XD PG EOREELDE L DD
. FOBRRHES) % 51T & B Lighthill 9 10
OHEMERGG (LT [LighthilD¥5] ) % b
& \ZPinching Insweep ODHESIZFEFT L. 3
alb—varl., FROBEERAAL IV TR
7= VTOKKI—=F > ZIE\ENTZEEH
BE$ 5,

0. #EHOFHE

1. #DEEDZDDESE
WHERDD72ODHDETIVIZK4-aT
hrbo O [HWEFNM] T, EE (B-oF
Je) L MR O(E-ER) . TR (B-Eb) . oK

EE2%:

55275 (20184F)

B O4DO DM SRR S NEL DL L,
ERIE3WIT R E, EIIE3RIcE kL

L. FHEEIGRBEES S A TR E TV 5
o2 ITCHIEE T 5, T, BTN
WEBMHAETHED LRV, ZNENMAL T
HHETHHEL L TEZ b,

JERE R, KA =T D)
Mxxfl, AA~—O#THEIIH L, KF
Gy, $REA ML e T AEFRO
TNV NEERE T D,

SRRV SETRATIR O MR R RATHE
WfED & 512, #EATHIENIEA 2RO RS
REE)D, FNEFNORE S RMETHEEIZHAN
TRE L, LB BIHE SIZiH> THER IS
BT L) mEchHsr (52) , 7L
A MU — 72 TPinching Insweep* 3 AIZ.
HoE CIHIZTENTEBY, BkETTIX
— WAy B T AN D ZEL I LE B/ S 7
B, HEVWWER LRRTIENTES,
FEF LRI MEWYE ERRTIE
WTE LD, yHFAANEAL L wnwizHZ 2
TIE#E 2 D REN T\,

GEAT) 2O OHBERS ET IV ERE
M1~412RT,

:The heel
‘The center as an origin
:The center of a buttock

T :The trailing edge of a little toe side h
L :The leading edge of a big toe side ]
¥, :The leading edge of displacement b
d :The lateral displacement k
¢ :The mean chord a

:The center of a knee joint
:The center of an ankle
P

U :The flow velocity from
the front due to swimming
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a: The stick picture of
the x-y plane.

b: The stick picture of 1
the y-z plane.
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Knee-ank le model.
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b (k)
M

k (a)
bk :buttock-knee Thso
ka:knee-ankle

Wit: Lateral displacementvelocity
U swimming velocity

Vent :The velocity onto her sole

Tnsole ‘Mormal thrust on her sole

¥ aleg model.

C:The revolution of the sole plane of her foot.
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