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INTRODUCTION

It hasbeen repeatedly demonstrated that there are marked periods of ac-
celeration and deceleration within each cycle o the various competitive
strokes (Craig et al, 1988; Hanavan, 1964; Kent and Atha, 1975; McElroy
and Blanksby, 1976; Persyn et a, 1975; Reischle, 1979; Van Tilborgh, et al,
1988). These intra-cyclevariationsin velocity have generally been plotted
in twoways (1) by measuringthe forward velocity of the swimmer's hips,
and (2) by measuring the forward velocity o their centers of gravity. Of

. thetwo, measuringthevelocity of thecenter o gravity isthe moreaccurate
mizthiod.

Measures of forward velocity are valuable because the indicate when
and to what extent certain phases d the stroke cycle are propulsive For
this reason, investigating intra-cyclic variationsin the strokes of world-
class swimmers should provide valuable modelsof propulsive efficiency.
These models could help in the diagnosis and correction of strokes for
swimmersat any levd.

FURFOSE

Therefore, the purpose d thisstudy was to evaluateintra-cyclicvariations
d forward velocity among selected world-classforward velocity among
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selected world-class svimmers in the four competitive strokes. Forward
movementsof the swimmers centersd gravity were used to measurefor-
ward velocity.

METHODS

Thesubjectswerel8 malesand femalemembersof the1984 United States
Olympic Swimming Team. Theyrangedin agefrom17to24years. All test-
ing took place a the Mission Vigjo Swimming Center on June 12, 1984,
two weeks prior to the 1984 Olympic Games. The project was supported
by fundsfrom United States Swimming and approved by the U.S. Olym-
pic Coaching Staff.* The forward velocity o the swimmers centers of
gravity were plotted whileswimmingeach of thefour competitivestrokes.

A Redlake Locam 16mm, D C motor drivemovie camerawas placedin
a plastic underwater housing and secured by weightsto the bottom of the
pool 12 feet below the surface. In thisway, the swimmerscould befilmed
from underneath asthey passed throughthefield o view. Thecamerawas
interfaced to aswitch box soit could bestarted and stopped from the pool
deck. The camerawaslevelled and positionedso that it faced directly up-
ward. Thefilm speed was64 frames per second.

Each o the subjects swam one length of the pool at their Olympic
qualifyingspeed, passing over the camerain the process. A stopwatchwas
used toinsuretheproper speed and thetrial wasrepeated if not completed
properly. Eachswimmer performed at | east threetria susinghis/her Olym-
pic qualifyingstroke or strokes.

Foreach competitive stroke, the trials for 10 swimmers were selected
for analysis, a tota of 40 trialsin al Thislarge number of trialswas pos-
sible because those swimmers who qualified in the individual medieys
tested in dl four competitive strokes and because some swimmers
gualifiedin more than one stroke. the trial sselected were thosethat were
completed at the proper speeds and where the svimmers entire bodies
were visibleduring one compl ete stroke cycle.

An Eiki Motion Analyzer was used to project the selected trialson a
smooth white paper fastened to awadl A verticaly suspended Numonics
digitizerinterfaced totheCaliforniaState University, Chico computer was
used to collect data. Every second framewasdigitized. The position of 20
segmental endpoints and a reference point were determined in each
digitized frame according to the method described by Dempster (1955).

The digitized data were analyzed by the computer program JFILMB
which was developed at Indiana University. This program calculated the
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position and instantaneous velocity o the center of gravity of the
swimmers bodies.

One subject's selected trial was digitized 10 times to determine the
reliability of the digitizingprocess. Reliability was established by correlat-
ing the forward veocity of the center of gravity on thefirst digitized trial
with velocity of the center of gravity on thefirst digitized trial with velocity
patterns of the center of gravity for the additional nine digitized trials o
that some stroke cycle.

Theforwardvelocity curved thecenter o gravity for each selected trial
was then graphed so that the pattern o acceleration and deceleration
withineach strokecyclecoul d beinspected visualy and analyzed quantita-
tively.

RESULTSAND DISCUSSION

The reliability coefficients determined for digitizing ten trials of one
subject's freestylestroke cycleare presented in Table 1.

Tabledl

Reliability coefficientsfor digitizingonetrial of thefront crawl stroke ten
times.
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~ CORRELATION

TRIALS

dvs 2 90*
1vs.3 92*
1vs 4 .90*
1vs 5 90*
1vs.6 .89*
1vs7 93*
1vs 8 .90*
1vs.9 96*

1vs 10 91*

S —

*Significantat the.Ol level of confidence.

These correlations ranged from .89 to %6 with the average being 91.
Thereliability coefficientswere considered acceptable by theinvestigators
inthisstudy.
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Patterns of ForwardVelocityin the Front Crawl Stroke.

The graph in Figure 1. showsa typical pattern of forearm velocity during
onestroke cyclein thefront crawl stroke. The cycle began with the front
crawl stroke. The cyclebegan with the entry of theright armand included
its underwater armstroke. This was followed by the left armstroke. The
cycle was completed with the next entry of the right arm. The points of
entry and exit of the right and left arms were indicated by the figures of
swimmersat the top of the graph. Each armstroke was divided into three
phases, a downsweep, insweep, and upsweep. These phases were desig-
nated at thetop of the graph and illustrations by thefigures of swimmers.
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Figure 1: Forward velocity pattern for front crawl stroke

The downsweep began at entry and continued until the insweep com-
mended, (a point commonly called the"catch). Theinsweep began at the
catch and continued until the swimmer's arm wasflexed approximately 90
degreesunderneath his/her body. The upsweep began at completion of the
insweep and continued until the propulsive phase of the underwater
armstroke was completed, just prior to the swimmer's hand leaving the
water. Pressure on the water was then released and the swimmer's hand
left the water and completed its recovery over the water.

The armstroke was divided into the following four underwater phases;
first downsweep, first upsweep, second downsweep, and second upsweep.
The first downsweep took place after the entry and continued until the
catch was made. Thefirst upsweep began at the catch and continued until
the swimmer's arm was flexed approximately 90 degrees. The second
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. downswesp began al the end of the Orst upsweep and continued until the
'F swimmer's arm was completely extended and below hisfher thigh. The
second downsweep and continued until the swimmer's arm lefi the water,
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Figure2 A one-peak velocity pattern for the front crawl stroke

The propulsive peak coinciding with theentry of theright arminFigure
3 wasdueto the second downsweep and/or the second upsweep of thelift
armstroke. Once the left arm released pressure on the water, the right
began to sweep down and out in itsfirst downsweep (point 0 onthegraph).
The swimmer's forward velocity decel erated during this movement. most
swimmersdecel erated approximately .2 meters/second and the movement
required between .15 and .20 seconds to complete.
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Figure 3: Forward velocity pattern for the back crawl stroke
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Thefirst propulsivephased thearmstroke wasthefirst upsweep. It was
very propulsivewith many swimmersreaching their peak forward velocity
during its execution. Others increased their forward velocity markedly
during this phase and increased it only dightly more during the second
downsweep. The first upsweep generally required .10 to .20 seconds to
complete. The range of increase in forward velocity was .10 to .25
meters/second.

There was usudly a dight decelerated during the transition from first
upsweep to second downsweep. Followed by an acceleration in forward
velocity throughout the | atter sweep. The effect of thissecond downsweep
on propulsion varied considerably among the subjectsin thisstudy. Most
increased forward velocity between .05 and .10 meters/second after the
transition. Only a few were able to surpass the forward velocity attained
during the previous upsweep. Most approached or equalled it, however.
The second downsweep was usualy completed in .10 to .20 seconds.

Theright arm released propulsivepressure on the water at completion
of the second downsweep. After that it was brought to the surfacein the
second upsweepand then out of the water and into recovery.

Theleftarm o theswimmer entered thewater just asthe right wascom-
pleting itssecond downsweep. Onceagain, there wasadecel eration in for-
ward velocity duringthefirst downsweep of theleft arm. Thiswasfollowed
by accelerations in forward velocity during the first upsweep and second
downsweep. As was the case in the front crawl, forward velocity was
greater during the right armstroke than during its counterpart.

For most of theback crawl swimmers, propulsiveforce ended with com-
pletion of the second downsweep. During the second upsweep. They
released pressure on thewater and swept their hands to the surface and
out of thewater intotherecovery. A surprisingfindingwasthat someswim-
merscontinued to propel their bodiesforward during thesecond upsweep.
The graph in Figure 4 shows the velocity pattern of aswimmer whoisac-
celerating hisbody forward during the second upsweep o each armstroke.
Heretofore, this motion was considered non-propulsiveand part of the
arm recovery. These data indicate that the second upsweep can be used
for propulsion. Swimmers who use it for this purpose completed the
second upsweepin .10 to.20 seconds and increased their forward velocity
approximately .10 meters/second.
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Figure4 Forward velocity pattern for the back crawl strokeusing the
second upsweepfor propulsion

Forward Velocity During the Butterfly. The graph in Figure 5illustrates
changesin forward velocity during one stroke cycle. The phases of the
stroke are listed at the top. They are the outsweep, upsweep, and the
recovery. Thefiguresat the top show when the swimmer's handsentered
thewater in addition to illustratingthe stroke phase being compl eted.

The outsweep began after entry with the armsdliding out to the catch
position. At that point thefirst propulsivephase,the insweep, began. The
insweep continued until thesvimmer's armswereflexed nearly 90 degrees
under his/her body. The second propulsive phase, the upsweep, started
near the end of the previousinsweep. The swvimmer's arms travelled up,
out and back until they released propulsive pressure near the surface of
thewater. The recovery wasthe phasebetween compl etion of the upsweep
and the entrance of the handsinto the water for the next stroke cycle.
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Figure5 Forward velocity patterrn for atwo-peak butterfly
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Looking at Figure5, the acceleration in forward velocity that occurred
during the outsweep of the armswas probably due to the downbesat of the
swimmer's first kick. The outsweep generally required about .10 sewnds
to complete and the swvimmer's forward speed accel erated approximately

A0 to 15 metersfsecond.

wmm ==

nhvp'ihm| -.-pﬂ-lhn | TR AT l.||
I &
%
I.T o
=
T 1.
=
o [ -
3
=
O i
=
= 1.3 =
|=-{"'-— Li T T T v |
&.0 [ ] .4 0,& .. n.o i.2

TIFE IN SECONDS
Figure6: A one-peak velacity pattern for the butterfly

There was usually a dlight decelerated in forward velocity after the
downbeat of thekick hand been completed and before theinsweep began.
For most swimmers, the insweep that followed wasavery propul sivephase
o thearmstroke. Most accelerated forward .20 t0 .30 meters/second in the
.20 sewnds required to complete this stroke phase. Additionally, they
maintained or increased their forward veocity during the following
upsweep. It required approximately. 20 secondsto compl ete this upsweep.

Propulsive pressure was released just before the swimmers hand | eft
thewater. Thiswasfollowed by arecovery of thearmsover thewater. The
arm recovery reguired between .20 and .30 seconds and forward vel ocity
decreased by .30 to .40 meters/second.

The major variationin patterns of forward velocity seen among world-
class butterfly swimmersinvolved the relationship between the insweep
and upsweep. Some swimmers had two-peak patterns like the one shown
in Figure 5. Others exhibited a one-peak pattern like that illustrated in
Figure 6. One-peak butterfly swimmers achieved their peak forward
velocity during the insweep and then maintained it during the upsweep.
They tended to use a minimal insweep and alengthened upsweep.
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Figure7: Forward velocity pattern for the breaststroke

Forward \/elocity in the Breaststroke.

Intra-cyclic variations in forward velocity were greater during the
breaststroke than any d the other competitivestrokes. A typical velocity
pattern for one stroke cycleisillustrated in Figure7. The armstroke was
divided into an outsweep, insweep and recovery. The recovery of thelegs
coincided with the arm recovery. The propulsive phase of the kick were
the outsweep and insweep.

The outsweep o the armsbegan as they stretched forward during the
recovery and ended when theinsweep began at the catch. Theinsweep was
the only propulsive phased the armstroke and continued until the hands
were nearly together under the swvimmer'sbody. Thearm recovery wasthe
stretch forward for the next stroke. The recovery of the legs took place
during the arm recovery. It ended with the legs flexed. The outsweep o
the legs was an extension back and oul. The insweep was a squeszing
together of the legs. Both the outsweep and imsweep of the legs were
propulsive.

Most o the world-classbreaststrokerswe studied began the outsweep
of their armstrokesas they completedtheinsweep of their kicks. Thus, the
forward velocity they maintained during the outsweep of their arms was
probably due to the kick. The outsweep generaly required .10 to .20
seconds to complete.

Forward vel ocity decel erated dightly once the kick was completed and
then increased again duringtheinsweep of thearmstroke.Most o thesub-
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jects completed the insweep in .20 seconds and increased their forward
velocity .15 to .30 meterslsecond.

Forward velocity decelerated markedly during the arm and leg
recoveries Although this deceleration was unavoidable, it was observed
that world-class breaststrokes spent less time in the recovery phase and
decelerated less during that phase then breaststrokes of lower achieve-
ment. Most of the breaststrokers were studied decel erated approximatelv
1.0 meters/second during this phase and the recovery required ap-
proximately .30 seconds. Based upon the author's observations o less-
skilled breaststrokers, it was not uncommon for then to decelerate 15
metersl second during the recovery phaseof thestroke cycleand that phase
often required .4 to .5 secondsfor them to complete.

Forward velocity accelerated sharply during the outsweep o the kick
regaining, or nearly so, thevelocity that waslost during therecovery phase.
The outsweep generally lasted .10 to .15 a second. Some swimmers main-
tained their forward velocity during the insweep o the kick. Others
decelerated .10 t0 .30 meters/second during this phase. Theinsweep of the
kick generally lasted .10 to .20 seconds.

Those swimmerswho lost speed during the insweep of the kick seemed
todoso becausethey plantar flexed their ankles. On the other hands, swim-
merswho maintained propulsion during this phase had their anklesdorsi
flexed and their feet inverted so that their solesfacesinward.

CONCLUSION

Hopefully, thesedescriptionsd the patterns of forwardvel ocityin thefour
competitivestrokes may aid swimmers, coachesand researchersin under-
standing how and where swimmers apply propulsive force during each
stroke cycle.
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