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ABSTRACT

Springboard diving is favored by broad masses due to its elegant
movements, isone of most popular Olympic Games events. Inrecent years,
with diving devel opment, athl etes’ competitionshasgrown fiercely, scientific
training way is the basis that ensure athlete get excellent results. The
paper targeted springboard diving technical movements, combines with
differential equation knowledge and kinematics, mechanics of materialsas
well as other knowledge, it makes force analysis of athletes and pedal,
establishes differential equation model, and combines with computer
analogue simulation technique, it tests on model and knows that model
has practicability. Finally it inputs athletes’ kinematic parameters into
differential equation model; solvedifferential equation model by computer
technology, it gets calcul ation dataresults, so that analyzes dataand makes
improvement suggestions on springboard diving training with an aim to
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promote Chinese diving development.
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PREFACE

During thelate 19" century and early 20" century,
modern diving competition event wasoriginated from
Europe. In the 3" Olympic Games organi zed in 1904,
committeelisted diving asformal competitionevent. In
the 4™ Olympic Games organized in 1908, it defined
formal competition rulesby committeediscussing. In
the 5" Olympic Gamesin 1912, women’sdiving events
waslisted asforma competition events. From now on,
diving hasbeen developed inglobal. Presently, besides
Olympic Games, worldwide ma or matchesinclude
world championship and world cup.

Chinesediving hasbeenrapidly developed and al-

ready intheworld advancedlevd. But with eraprogress,
every country diving has been rapidly devel oped, ev-
ery country’sathleteslevel saremuch closed, therefore
competition hasgrown morefierce. Especidly in nowa-
daysworld, advancesto technol ogy comequickly, each
kind of new diving trainingwaysemergeinendlesdy,
any country athlete cannot ensure him to bethe domi-
nant one. Therefore, Chinesereformondiving training
should also constantly strengthen, integrate new tech-
niquesintraining, reformintraining, makeprogressin
training, which arethe basisthat guarantee Chinesediv-
ing never lag behind and waysin theworld advanced
level. In recent years, computer analogue simulation
technique has been rapidly devel oped, computer tech-
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nology hasdready integrated into dl walksof life, and
thereisno exception for sports; lotsof nationa coaches
and athl etes combine computer analogue simulation
technique with their own country’s each sports event
and further achievenew training plans. Thereisno ex-
ceptionfor Ching; itintegratescomputer and oguesmu-
lationtechniquein footbal, badminton, tabletennisand
other lots of sportseventstraining. Just onthebasis of
Chinese such status, the paper works on combining
springboard diving with computer analogues mulation
technique, it establishesdifferentia equation model in
the hope of speeding up Chinesediving devel opment.

PEOPLE AND BOARD MODEL ESTABLISH-
MENT AND SOLUTION

Atfirst, system partition peopleand boardintotwo
that areaso divers’ body and springboard. The paper
regardsdiver’sbody asaparticlethat isformed by two
pieces of masslessrigid dender rods hinges connect-
ing, and et thetwo dender rodsand vertical direction

included anglesto bethesame, both are 4(t ), asFig-

ure 1 show, they change with time. To springboard,
duetodiving process springboard mainly takesverticd
movements, horizontal displacementisnearly zero by
observing. Inthisway by mechanicsof materids, itis
clear that it can regard springboard aselastic beamin
plane, it canrefer to Figure 2.

Oy

Figure1: Human body model smplified analysisgraph
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Figure2: Springboard model smplified analysisgraph
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By anayzing Figure 2, it getsthat thereisasupport
point inthemiddle of springboard, by adjusting sup-
port point, it can efficiently change springboard length
and then achievethetarget of changing itsvibration
period. Assume m, isspringboard mass,| isspring-
board length, a isthelength from support point tofixed
end, N(t) is diver’s body to springboard action
force, N,(t) is external to support point action

force, N,(t) isexternal to springboard supported end
actionforce.
Springboard dynamicsanalysis

By Figure 2 combining with kinematicsand me-
chanicsrelativetheoretica andyses, createdynamica
equation (springboard should meet). At first, by force

and moment balance, itisclear that it hasfollowing for-
mula

N,(t) = N(t)+ Ny (t)
{Nz(t)a= N(t) @

Thereupon, it can get:

N (£)= 2 N() @

Nz(t)=|—aN(t) 3

Dueto diving springboardisakind of elastic board,
whenit suffersforceeffects, it will occur to deformand
then generate bending moment. And because spring-
board will not generate greatly deformation, the paper
thinksitisakind of littlemotion problems. Therefore
the paper assumeswhen springboard generates defor-
mation, thearm of force at one point will not change.
Take O point asreferencepoint,let t timespringboard
farfromo point x areabendingmomentis M (x, t ) then
ithas:

_N(E)I-x)-N,(t)(a-x)0sx<a
M (x t)_{N(t)(I —x)a<x<| 4
By formula(3)(4)it can get:

|—a

M(x,t)={N(t)=Tx,Os x<a

5
N(t)I-x),asx<| ®

Combinewith mechanics of materia sheam’sone
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end fixed supporting and another onefree, it canlist
bending differentia equation:

52
Exlyyz(x,t)= M(x,t) ©)

Accordingtoformula(5)(6)it can get:

8? N(t)=|_Tax,OSXSa

EJEyZ(X,t)= (7)

N(t)I-x),as x|

Amongthem, y, (x,t) isspringboardfar fromfixed
end x postion’sdeflectionat t moment,Inertiamoment

3

b
isusing Jtoexpressand J = % , Springboard width

isusing p to express, springboard thicknessisusing
u to express. And then the paper makesuse of integral
computationa formula(7) and gets.

5 N(t)=|;—aax2+cl,05x5a
EJ— )=
ox 72 ®

N(t)(lx—%x2)+cz,aSXsl
. 0 .
Accordingto EJ = Y,(X,t) x=a areacontinu-
ity, it has:

N(t)=|;—aax2+cl=N(t)(lx—%x2)+c2 )

Simplify and can get:

cl=%N(t)Ia+ C, (10
Makeintegra of formula(8) and can get:
N(t):l_—ax3 +cx+d,; 0sx<a
EJy,(x.t)= 6a (1)

N(t)(%IX2 —%x3)+czx+d2,as x<I

BecauseQ point is springboard fixed point,and
once O pointisdefined, it dsoremansgaionary, there-
foreat anytimet , itsdeflectionis O, that displacement

is aways, O, which is also y,(0, t)=0 and

y,(a,t)=0.
According to formula(11)by y,(0, t)=0, it

getsd, =0,by y,(a,t)=0,itcan get:

BioTechnology —

N t)=—a +c,a=0 (12)
ala—|
s0.6.= 22wy
Combinewithformula(10), it canget c,:
z2 2
c, =(%—§)N(t) (13)

Now we take upward direction as positive
direction,record it as v, (t) = y,(Lt) ,that y,,(t)is t
moment springboard freeend position. Thenit has:
Ey81=—N(I)—ky01(|) (14)
Body dynamicsanalysis

Itiswell known that diver body movementisre-
garded aslinear movement in plane. The paper regards

diver’sbody as a particle, its structure isformed by
two piecesof massessrigid slender rods hinges con-

necting. Set human body massis m, y,(t)is t mo-
ment human body mass center position. By Newton
firstlaw of motion, it has.

my . (t)=-mg+N())

Amongthem, g isgravitationa acceleration.

(15)

People-Boar d differential equation model estab-
lishment

The paper describes springboard diving process
asfollowing: After first timehurdling, athlete body fdls
from height h areafar from mass center, it startsto
record timefrom athleteis next to springboard such
moment, efter T timepassng, ahleteisintherisngsage,
and raised maximum heightisH . Inthe seriesof pro-

cess, the paper assumesthat athlete body speedisV,, ,
springboard speedis V,, .After T timepassing, which
isalsothemoment athl ete departsthe springboard, ath-
letespeedisV,,, , springboard speedis Vv, , thenitis
clear by above:
{y‘c(o) =Vio, y‘01 =Vy
y(t) =y (t)—ya(t) = 2L cosb(t)
In the instant that athleteisjust next to spring-

(16)
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board, assumethat athlete and springboard common
mechanical energy iscompletely converted by hispo-
tential energy; intheinstant that athlete just contacts
with springboard, hid body musclesdon’t work. Let

Y, (x,t) tobespringboard at t moment far from sup-

port point x area’s deflection, and then beam’s ki-
neticenergy is:

|
1 N
T =Ej.my2(x,t)2dx 17
0
Therefore:
1—(dy.,@,1))
()

Andwhen At — 0, it canthink that beam’selastic
potentid energy isO, thereforeaccording to energy con-
servationlaw, it gets:.

dy, (1,0
h== =
mg > m( pm + 2mvlo (19)
Therefore, it has:
1— 1
mgh =§mv202 +§mvlo2 (20)

Peoplejumpintheflat ground, onetimetakeoff
effects merits measurement isto check takeoff height
or peopleliftoff instant speed size. To people-board
system, takeoff height isprincipa e ement, howeverin
springboard diving process; diver’suserateof hisown
energy isalso one of important elements. In the mo-
ment peopl eleave springboard, body masscenter takes

upward movement at initial speed V ., , body mass

cont ?

center positionisy. ., ,V . 1SSPringboard freeend

olont
speed, vy, 1S Springboard free end position, now
springboard potentia energy is.

0 t
2jEJ[ yZ(X )] dx = Kyz(l t)= 2Ky§10ut 1)
Boardkineticenergy is.

|
1r— 1—
> { my »(x,t)?dx =§mvozlout (22)

Peopl e takes upcast movements at initial speed

V . » SEEmaximumlifting heightisH,then:

cont ?

1
mg(H =Y cont ) = E mvczont (23)
V 2
H= ;;”t +Y cont (24)
Thereforeit can makefunction:
mg(H - h) (H > h)
1— 1
E= 2 mvozlout + E KchJlout +mg(H —h) (25)
0 (H < h)

Inaboveformula(25), numerator indicates people
increased potentia energy inthisspringboard pedding
period, denominator ispeople musclesactionsinthis

period, E; reflects energy use rate. When V___ is

cont
certain, E; getsbigger, thenit showspedaling and ex-

tending effectsare better. When H iscertain, E; bet-

ter evaluates onetime pedaling and extending move-
ment effectsmerits.

Control function construction

Regarding people and board system control func-
tion y(t) selection, there are some kinds of common

methodsinthefollowing:

(1) Andyzeahletemovements’ moviesandvideosma:
terids, cdculae body mass center changing graphs
and springboard freeend movement curvegraphs,
and further ca cul ate control function;

(2) Takeakind of concrete function as control func-
tion, aspolynomid function, trigonometricfunction
and soon;

(3) Achieved by mousefixed point revisngonaign-
ment curve.

By above methods obtained discrete data, the pa-
per smoothesthem, or usescurvefittingand other meth-
ods. Analytic function derivative’sdefinitionisasfol-
lowing:

: _y(t+At) —y(t)

YW=
And when function expression can only usedis-

crete pointsto express, we can usefollowing methods

to gpproximately calculating derivetives:

. y(t+At)—y(t)
y ()= YEHE=YE @

s LBioTechnology
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Onlywhen At isvery smal, it can ensureaccuracy
requirement. But inactud calculation, when At isvery

small, y(t + At)and y(t) get closer, it will causeeffec-

tivedatal oseafter subtracting, onthecontrary it causes
accuracy reduce. Therefore the method hasno practi-
ca significance. In order to solve control function de-
rivative, we can aso use curvefitting method that uses

interpolation polynomial p,,(t) approximate func-
tiony(t), and then uses p,,(t) one point each order

derivativeas y(t) the point each order derivativeap-
proximetion.

Model simulation analysis and model test solu-
tion

Accordingto abovedifferential equation modd and
numericad handling process, the paper compilespeople-
board simulation system softwareto investigate differ-
ent control functionsand different parametersstatusin-
fluenceson system. System parametersselectionisas
following TABLE 1 show.

TABLE 1: Simulation system parameter svalues

m m k h T
7200 4500 6543.3117 0.67 0.5129

Y min
0.49325

Y max

1.20

By running s mulation system software, it getsre-
sultsasfollowing Figure 3 and Figure4 show:

By FHoure(3), (4), it getsthat the paper obtained Smu-
lationresultshavestahility, and control function y(t) can

]

Figure3: When control function issinusoidal periodicfunc-

tion, dy, /dt and dy,, / dt changing curves

) f) 0.1 0.2
Figure4: When control function issinusoidal periodicfunc-

tion, y.and Y, changing curves

bearbitrary sel ected,but control function that doesn’t
meet physiologica limitshasno practical significances.
Therefore, itisclear thesmulaion mode hasrdiability,
input datahas output that conformsto redity. Therefore,

input data V, (V, valuerangeis o>V, >-,/2gh) it can
get cd culation resultsas Table 2 show.

From TABLE 2result, itisclearV, getssmaller,
the obtained takeoff height will get higher, and
-V, =V,, —V,,,and in human body contacting with
board instant, board speed isvery small that can ap-
proximateto O,that V, getssmaller, 4 would get big-
ger.And V, canbethought to be decided by previous
takeoff height h, thereforeinpractica diving, reason-

abledlocateinitial speed V, isthekey toinfluenceon
H Szeathleteindailytrainingand competition should

TABLE 2: Peopleand board relativeinitial speedV, influ-
enceson system

Vo o Yoot Yotout Veout  Voiout H =
-3.62 0.666 -0559 4.199 0583 1566 0.381
-350 0.668 -0556 4.102 0583 1527 0.373
-3.00 0.679 -0541 3697 0.700 1.377 0.341
-250 0.690 -0527 3292 0.795 1.224 0.306
-2.00 0.700 -0513 2888 0.889 1.026 0.271
-1.50 0.711 -0.499 2482 0.984 0942 0.234
-1.00 0.722 -0.484 2078 1.079 0.875 0.198
-0.50 0.732 -0470 1673 1173 0.859 0.165
-0.25 0.738 -0.463 1470 1221 0.848 0.151
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specid notethat he cannot quickly squat in human body
falling and contacting boardingtant, whileheshould first
use foot to contact with pedal, in dropping process,
body gradudly curls, thigh exertstodowly increaseand
achieves peopleand board foll ow-through combined
common movements.

Take V, = —-3.5, other parameters values selec-
tion isunchangesble takedifferent h vauescdculation
resultsas TABLE 3 show.

TABLE 3: First timetakeoff height i influenceson height

h Yooutwk Yotout Veout  Voiout H Es
0.00 -0.090 -1.314 3.325 -0.171 0.474 0.055
0.25 0.242 -0.983 2904 -0.591 0.672 0.086
0.50 0500 -0.724 3553 0.057 1.144 0.209
0.75 0.746 -0.487 4378 0.882 1.725 0.477
1.00 0986 -0.238 5.294 1.798 2417 0.832
1.25 1.222 -0.002 6.269 -0.002 3.227 0.973
150 1455 0.230 7.284 3.787 4.163 0.884
1.75 1686 0461 8331 4834 5338 0.751
200 1919 0.690 9.403 5906 6.426 0.643

Thereforeitisclear that first timetakeoff height has
very big relationswith second timetakeoff height, the
first timetakeoff height getshigher, and thenitisbenefi-
cia tothe second timetakeoff. Thereforein practical
springboard diving, after walking board process, diver
first legpsand then treadle-jumps, it should try to make
leap height arrive at maximum. It requiresthat athlete
strengthen explosive power trainingindaily training,
explosive power gets stronger, obtai ned takeoff height
getshigger.

CONCLUSIONS

The paper researcheson springboard diving train-
ing, it establishesdifferentia equation model, and car-
riesout ana ogue s mulation on diving movementsand
solvesdifferential equation model by computer tech-
nology, it gets some movement rulesand makesim-
provement suggestions. The paper combinesdifferen-
tid equation modeling with recent years’ rapidly devel-
oped computer technol ogy and common usestheminto
sportseventstraining asagreat innovation, which pro-
videsanew guidingway for sportseventsphysicd train-
ing. By computer cal culation results researching on

————, FyurL PAPER

springboard diving, it gets athl ete explosive power is
theimportant factor that affects sportsperformance, in
futuretraining, it should strengthen explosive power
training sothat let first takeoff height to behighasmuch
aspossible. For researching on humanbody falling and
contacting with springboard phase, itisknownthat in
futuretraining, when athlete falls and contacts with
springboard, he cannot directly exert to peda while
should | et body and springboard cooperate and then

fal down follow-through, so that reduce V,,and

increaseV,, absolute val ues, and | et springboard sub-
sequent takeoff height to get bigger.
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