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N OLYMPIC SILVER
medalist at the age of 16 (in the 10-
meter platform]. American diver
Greg Louganis has gone on to win
the %‘Jutimml._ Olympie, and World
springboard and platform titles as
well. His superiority in the sport is
umversally acknowledged despite
serious challenges from American
teammates and a stromng (‘Dnlin;._{nm
of divers from China. But, for some
spectators, Lougams’ performances
are more than just fascinating enter-
tainment. His dives—indeed all

Fig. 1

Springboard takeotf sequence [At = 0069 seconds) of Louganis' reverse o
preliminaries of Mational Sports Festival V The judges awarded an average of 9.6 ou

competitive dives—have proven a
challenging subject flcn* hio-
mechanical investization. So chal-
lenging, in fact, that the studies
have already become spectalized,
Some rescarchers have focused on
the biomechanics of water impact:
how can a diver execute a so-called
“rip” entry, in which there is mini-
mal disturbance of the water surface
(177 Or, how might body position-
ing be related to acute and chronic
neck, low baclk. shoulder or hand
mjuries [2]? Others have been in-

trigued by the diver’s flizht and in
particular by how four twists of the
body can be accomplished in less
than two seconds of free fall 3-T].

Our research [8-14] has
been devoted primarily o the be-
ginning of the performance, when
the competitor is in contact with the
diving surface and :hrr‘irr{_f which the
initial linear and angular momen-
tum conditions for the flight are es-
tablished. Speailically, our interest
has been in springhoard and plat-
form takeoffs of elite COMpetitors,

ive plke (known as dive 3MMB] performed in the
taf 10 for this dive
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Illc|ur]ul<f L.UI.Ef..EIIII': In the lollow-
mL dese rlpiu‘.urh of dive takeofls, we
will use data from Lougams per-
formances as ex mples for the ki-
nematic and kinetic variables
discussed.

Springboard Dives

At U5, National Sports
Festival V. held 1in 1983 at the
United States Air Force Academy in
Colorado Springs. 3-meter spring-
board dives were filmed from the
side with a stationary 16 mm Lo-
cam camera operaing al 84.6 and
88.5 frames per second duning the
]Jli]lmltmn and linal competitions.
respectively. A detailed  deseription
of the procedures used to observe
l|1t‘ athletes can be found in o« prrie-
Vious JHJl’_JJJ(;IiIU]] by Miller and
Munro [8]. Figures 1 and 2, show-

g takeott sequences of [.Ull}.{d]]h'

reverse dive pike {referred o as dive
number 3018] and inward 2% pike
(referred toas dive number 40587,
were taken direetly from these re-
search films,

For our purposes, takeoff

was delined ope rationally as the fi-
nal peried of contact with the
springhoard. In the case of I“LI,['I_['l_]_]']i-f
dives, takeotf begins when the diver
lands from the hurdle. For -\rfm-:hnt:r
dives, the precise morment of 1 initia-
uon 15 more difficult o determine.
Consequently, analysis commenced
when the springhoard showed a
perceptble upward movement ‘-Lﬁ‘-
m[url" that the diver was accelerat-
g rlﬂmmcml (called unwe LgJumlr
dfw: ASSUIMING the star g position.
The platform trearts all com-
FPEII[UI- equally r'r-fr.:udh 55 ol hu(h

size, muscular -:llr‘nfr[]] ar speed of

movernent. But the springhoard 15
different. 1ean be adjusted to some
extent to aceommodate individoal
differences by changing the board’s
ful{lurn position., The fulerum Jrosi-

ton 15 chosen ¢ mpurically, based on

both the importance of attaining a
|'I1“ii vertical velooity for the ])f”III]-
ning of the flight and ]]d»uli{ suffi-
cient time on the board to build p
the angular momentum necessary
to somersault the required number
of times for the designated dive.

Gaining Height en a Springbeard
Dive. In order to gain adequate
herght for a given performance, the
diver trics to maximize the down-
ward veloe aty at the beginming of the
takeoff: maximize the upml:(l ac-
celeration relative 1o the board as
15 being depressed; and minimize
the ]]['.g-:lliu‘ aceeleraton relative to
the board during its reconl.

The downward velocity uf
the diver’s center of gravity (O]
the lu‘vmmug ol EhE takeoff iJ]iFN‘-
dramanecallv between r'l_lnmnﬂ' and
standing dives. This difference is ul-
tirn m*l'- reflected i the veloeiey at-
tained at the be anning of the E]!rrhr
In ‘-|JIJ]J“|HhiF(| rlm 5 [r'nm the ior‘
ward and reverse aroups that em-
ploy a running approach such as in
Figure 1. downward velocitv ar the
hl‘umnngﬁ ol the takeoff rlep. nils
chie [ly upon the divers hurdle
heeht. For |mlﬂdmu these down-
ward \r'rllfﬂl veloeities ranged from
4.0 to 4.5 meters per sec ond (Table
1), among the largesi caleulated for
the event's {'I')['['I".H:"lllU]::. This 1m-
plies that Lougams™ hurdles were
also among the highest of the
1:mnprli1nr-‘

From a Jun.’lﬁfu]v' standpoint,
dives from the back and imwarid
groups, such as in Figure 2. begin
when the diver’s arms leave the
starting position. This is immedi-
ately followed by upward movernent
of the total body so that the diver
can “drop” and thereby achicve
some downward momentum with
which to initate :hpn sst0m of the
‘-f][l[tghi]qlld In the himired number
of standing takeoffs analvzed lor in-

ternational caliber male divers [9,
12]. the highest downward ve-
locities attained ranged from 2.3 (o
2.7 meters per r second.

The second inportant factor
in 'fcumugﬁ he qght relates to actively
pushing dow nwmcl against the
springboard as it is bei g l:ii. spressed.
At the ]}P'TU]J]JII“ ol HE]I]I]“hU.H’(l de-
pression, as a re m]r of ongoing hip,
knee, and ankle flexion, E|w dm*rH
center of “].lﬂl\ S {[U‘,xn'.:a“ud
more than does the 1lIr ol the board.
As depression continues, however,
hip and then knee extension }u:giu
\u'ﬁjili: the arms continue 1o swing
through. By the tme the board is ar
its lowest point, the diver is already
mmlng_. upu.in] For example.
Lougams™ vertical velocities with the
board at its lowest point ranged
from 0.5 to 1.5 meters per second
upward.

The fact that divers have
consistently hjﬂ'}lf[ vertical velocity
11‘1d”rulu{!(‘-: at final contact than at
lum,hlhmu [11] supports the con-
tention thart they are not sunply pas-
sively "'ridin;_{" the board but rather
are iul:'udm'ing additional force (o
facilitate depression, Our rescarch
on running dives has indicated that
ehte divers accelerate uprwitrd with
respect (o the board during the first
50 to 60 percent of the H[JI]II“']H:!]’d
depression period, rellectin Toa
downward pmimur action atmnht
the board [&, 107, This foree is sup-
plicd primanly by the legs, particu-
larly as they accelerate the large
head-trunk mass upwarid. Because
the period of time the center of
gravity (CG) accelerates upwarid
relative to the board mmeludes the
e {Illr‘ing which the knees con-
tinue flexion and initiate extension.
both eccentrie and concentric con-
traction of the knee extensors rry
]rl v a role in this UNPOrtant aspect
of the takeoll. Contrary to popular
belief, however, the arms do not ap-

SOMASJANUARY 1988/21



pear to contribute significantly to
the addivional downward foree ex-
erted on the board,

The extent of springhoard
depression. then, 15 maimnly a resule
af the diver’s downward 1{:'1111[:.-‘ at
the beginming of the takeofl and
subsequent I..I[:l“':il'd acceleration
relative to the board. For Louganis,
the board up deflected between 0.6
and 0.9 meters with the smaller
magnitudes corresponding to
t[d\]]u:{ult‘-r dives and the inrrhm Ones
Lk ]I.lI!IJIrl“’ dives [ Tahle l In 1-
merer u|)||1]ghc‘.u*-ud 1.n|rlp{lr|Tir}rts
held in natonal and intercollegiate
meets, 1L was evident that Lu:mgam'ﬁ
15 capable of submerging the up of
the 1-meter board in the water dur-
ing the course of forward and re-
verse dive takeotts,

The last inqm['mnl Factor m

ill‘.lm"f I]fl“hi 15 concerned with
:nmlmmrlgﬁ energy losses during re-
coil. Analysis of the data from the
UG takeoffs of elite divers indi-
cates that, in gene ral, springhoard
recorl for any given dive takes less
time than does depression (8], For
|nll"<llll‘~ recoil m.tmwui 44 per-
cent of the (.45 '\-Hilllii'\ required
for his takeolls. This differential be-
Lween «;nm”hcmr‘t] depression and
recoll times 15 attnbuted primanly
to the diver’s upward acceleration
with respect to the board during the
mitial half of its depression in com-
hination with some energy absorp-
tion (luritlL the recol period. The
latter, I!l.‘-lllllrl" im a faster recoil of
the board, .L|-n leads to a reduction
in the diver's vertical velocity at the
end of the takeofl. At the extreme. a
diver can “lill the bounee™ by con-
sciously permitting considerable
knee and hlp ﬂf\luu as the board
recoils, Although this 1z an effective
CICrey uhwmptlrm mechanism, it 15
H'rrrilﬂl\ not a dezsirable one i the
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Springboard takeoff sequence (At = 0.M5 seconds) of Louganis’ imward 2v:

llllllllllllllllllllllllllll
Fig. 2
of Mational Sports Festival W The average judge’s award far thiz dive, which had a de
Louganis won a silver medal in the 10-meter plafform at the 1974 Olyrmpics, a gald medal

medal in both 3-meter springboard and 10-meter platform in the 1982 World Championst
Championships, Siehy-nine percent of all Clymipic

performance of a competitive dive.
Thus, while some difference be-
tween -:prinf,_{huurtl depression and
reconl times s expected, mf{‘nﬁiﬂ:ly
short recoil times probably indicate
faulty takeofl mechanies, ‘-!II_'I_’{“;IIII"
the diver is allowi ing the knees o {lex
too soon in anticipation of the
sornersanlt,

As a result of these three
Iy [m-hu|':-;—111;|ximizin:r__-_r down -
ward velocity, maximizing upward
aceeleration. and minimizing nega-
tive acceleration relative to the
board during recoil—vertical ve-
lociies rangimg from approximately
4.0 meters per second. lor standing
dives 1o 6.0 meters per second for
runmning dives have been recorded
for elite male divers at their final
instant of contact with the board
preceding the fhight, Wichin cach
group. dives |r1ml-.|n<r IOrE SOTTHET-
saults tend to have lower vertical ve-
|f=('lll{'- than the sunple dives rf*({un
Ing ui]lx hall somersaults. | ou-'-rams
velocity magnitudes have this pat-
tern | Table 2] In general. however,
for a ﬂ'Jnu "-E]FIII"tH]r]III] dive,

Lougams’ higher vertical velocities
at the end of the takeoff distin-

guished his performances [rom
those of his fellow i.i'[tl'JE!ilflT‘\' at
MNational Hpuulltu Festival ¥V [11].

A comparison of rluu nward
velocity magnitudes at the begin-
ning of the takeoff with those at Thr-
mrl of takeoll indicates that divers
such as Lougams effectively use the
springhoard to gain up to 2.0
meters per second within the half
second uhl[::wd dunng that part of
the diving performance,

Generating Angular Momentum.
Since the diver’s angular momen-
tum with respect to his center of
gravity (called F | is negligible at
the bt*r’mnmﬂ' of the ial{mff [ahout

E 3 IS

1t 2 kg m*/s) and remains  con-
starnt dulmﬂr the ”I”hl the neces-
SATY ” for fuu:tmu the required
rmm]w of somersaults must he
g..i'nf*r:iiml during the takeoll
Throughout the major portion of
springhoard depression. as the
diver’s trunk rotates backward with
respect to hius hips, and his arms
swing upward, all dives are charac-
terized by an H, consistent with re-
verse and back some rsanlting rota-
tion. By the poimnt of maximum
depression of a multiple somersauls
dive, however, the direction of 1 1s
in the dirccuon of the dive o be
excewted. For Louganms, the abso-
lute nm,g_r:muri{' of Hf, was between 5
and 11 kg m*/s at the pont of
maximuim springhoard depression.
It is (lunrw reconl, however, tlmt the
Iajor h111|{|u[1 in A, oceurs [9].

Although they differ in ap-
proach and hml» orientation with
respect to the water, dives from the
back and reverse groups emplov a
similar coordination of body seg-
et -:ILILOHH Both groups Jmnlw a
full arm swing and continuous up-
ward reach mnto the initiaton of the
flight (Figure 1). The direction of
trunk rotation um’l Arm ﬁ\\'ing are
thus consistent with that of the an-
cular momentum e quired for the
dive and the focus at the end of the
takeoft in these dives 15 an uprwiard
reach with the arms.

By contrast, dives from the
forward and meard groups, which
also share body segment acllons
similar to one antther, require a re-
versal in the direction of trunk and
arm rotation prior to the end of re-
coll (Figure 2). While the diver
seeks to drive the hips upward, the
head., arms, and trunk must rotate
forward and downward before the
diver loses contact with the board.
Thus, the Hpm:d with which the

pike (known as dive 405B) performed in the finals
aree of difficulty (DD) of 3.0, was 7.6 out of 10, Greg
at the 1978 World Champianships, a aold

hips, 1984 Ohyrmipics and 1988 Warld
gold madals in men's diving have gone to Americans [14].



arms can be swung upward and
then reversed becomes an important
factor in multiple ﬁ:mu*rﬁeuﬂlinz_{
dives in these groups. Lougams s

able 1o maintain a reasonably
straight arm swing in this process
lllrlm 2. However, less skilled
i]l".f’:l'.\ often have to resort to a bent
arm swing to reduce the moment of
mertia with respect Lo the shoul-
ders, allowing them to {'{}I]J|}]l‘-1!‘ the
required arm maotion in the lirnted
time available, Because Lougams
spends longer on the board in the
takeoll than less skalled divers, he
also has the advantage of additional
time to adequately perform the arm
SWIINLE.

As angular momentum s
generated during recoil of the
springboard, it is the remaote an
gular momentum of the body seg-
ments that aceounts for almaost HE}
percent of the total. By contrast. the
local contributions are notably
small, representing 20 percent or
less with most of that coming from
the trunk with its large mass and
moment of merta, A full 80w 90
percent ol the total local angular
mornenturn 15 accounted for h'.. the
trunk, with its large mass and mao-
ment of inertia [9]. In muluple
somersaulting dives, the arms are
responsible for 30 to 35 percent of
the final Ff,. which emphasizes the
il'l'l'|}"ll‘ltl.r'l{'t. of a fast and reas: uml}h'
straight arm SWing.

Thus. -inmlrim.nrl div-
ing. the rale of [hr- ATTNE SEEINS IMore
important in the production of an-
gular momentum than i depres-
ston of the springhoard. This sug-
gests that, 1f a chotee must be made,
the diver would benefit more from
using his arms to generate angular
momentum than to use them to try
to depress the board, This finding
may possibly l‘KJI]:{jII why the um-
g ol the arm swing was observed
14 |J| different for the North Amen-
can and Chinese divers [14],

The Chinese, who are cur-
rently among the best divers in the

world, have a reputation for bemng
able to spin very rapidly. While one
might attribute this at least parually
to their smaller statures and associ-
ated smaller moments of nmertia.
there also appears to be a major dif-
ferenee in the [Jthi1ic1r1 of their arms
at imitial contact with the board fol-
lowing the hurdle. Whereas North
American divers tend to be com-
pleting the dmwlﬁwin;_{ of the arms
when they contact the board, the
Chinese appear to land with their
hands slichtly ahead of their hips
becanse ’llin have elhiminated the
pause with the arms upstretched at
the top of the hurdle. Thus, while
their arms may sacrifice some of the
contribution to depressing the
hoard, they can begin to generate
angular momentum n the dumllcm
of [hr= somersault earlier and per
haps produce larger angular mo-
mentum magnitudes as a result,
This hy FJD[]'I[‘:.‘-I.‘_— remains to e tested
experimentally.

The final angular momen-
tum also appears 1o revedal ilhiw||l-'
mnte springhoard diving. By the time
Lougams completed hl- takeotfs at
'\tulmml Sports Festival ¥, his an-
gular momentum with respect to his
center of gravity [H,] had reached
|rmlr|||1u{h*- rANgIng “from 16 to 19

kg m-."'x for his forward (dive
number 101A), reverse (dive
number 3018 and imward [dive

number 4018 dives 1o between 66
and 70 kg m*/s for his back 2%
Cive number 2058) and forward
¥ (dive number 107B) respec-
tively [10].

Because angular momentum
15 a funetion of mass, mass distribu-
tron, and segment angular ve-
lacities, an-rulm MOMENTUm magni-
tudes cannot be compared directly
among divers whose physical char-
acteristics mav differ. It therefore
seems logical to also report angular
momentum values in relaton to the
magnitude required for a partcular
diver to perform a forward dive

stratcht [dive number 1014 ], In
Lougams' case. this would indicate
that he had to generate approxi-
mately four times more angular
momentum to perform a [orward
A% pike than to perform a forward
dive straight,

Platform Dives

At the 1986 World Aquatics
Championships in Madrid. both
platform reaction loree and motion
data were collected during the pre-
hminaries and finals of the T0-meter
platform competition. The project,
mitiated and unded h:.' the Medical
Commission of the International
Olympie Committee, was organized
and carmed out under the lead-
ership of Richard C. Nelson of the
Fxercise and Sport Seience Depart -
ment at Pennsvlvania State Univer-
sity with the cooperation of corpo
rate sponsors. meet organzers, and
an mternational team (lf.-_.]}r:-ﬂ;, bio-
mechinies researchers,

A 60- by B0-centimeter
Kistler foree plate, mstalled on the
end of the center of the 10-meter
platform, sensed the forces exereed
by the divers against . The foree
plate was 1solated from the sur-
rounding structure by a minimum
distance of one centmeter and s
surface. like the surface of the div-
g platform. was covered with one
centimeter of a tartan-like marerial.
Ewald Hennig of the department of
Sportwissenschaft of the University
ol Konstanz in West Germany, whao
was responsible for the collection of
the force data, developed the soft-
ware that processed the platform’s
outpui viltages, which were e oflege-
tions of the three ﬂrTlmwcm.ul COTH -
ponents of the plmfﬁ:m reaction.
The voltages were sampled at 500
Hz per channel for a penod of two
seconds by an analog-to-digital
CONVErLer 1 an .‘Lp[‘.ultt lle micro-
computer equipped with a ‘lrans-
Wirp acee lerator card [Applied Fn-
gineering, Carrollton, ’Ifmw

The dives were simul-
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taneously recorde « by chgaml
video cameras at the front and to
the side of the diving platform.
These cameras focused upon the
takeoll while a third video camera
followed the entire flighl of the
diver

G000

4000 -

85 |
g Z

2000

AR ngn 0 s el
THE (5]

Fig.3  \ertical ond horizontal ‘braking’
platform reaction force-time historles for
Louganis’ forward 3¥ [dive 1078) with re-
cords from the preliminaries and finals
superimpased. The negaiive deflection
indicates the horizontal componant with
the smaller of the two deflections being
elicited during tha preliminany round.
Louganis' initial and final contact posi-
tions during the: praliminary round are
alss indicated for this running dive.

The project m Madnd pro-
vided information about 10-meter
platform reaction forces thar was
not previously available. Careful ex-
amination of the foree records re-
vealed several interesting character-
15HCE e Lm d 1o the |H‘[f'u:m-ﬂm{‘

[Table 3). Whle pl:itrmm reAcLons
!mm [hc four non-twisting diving

Zroups | [Figures 3 to 6] displaved
features that were diving group

specific, each diver was dhlt to du-
pljcu[{& an individual pattern for a
given dive with a high degree of ac-
curacy. This re pn‘u‘]ucihiii[}' 15 ovi-
dent mn Figure 4. which verueal
and horizontal platform reaction
force patterns eheited by Lougams
for the same dive in the pn*lumnrm.
and final o l.)l'l”]'ll‘ll[lUll': are superim-
posed.

Standing Dives from the Platform.
The platform vertical reaction foree
histories of takeoffs from inward,
back, and reverse groups of dives
Tl h{" CAOTEYE [lIE fl||". iii"rl{]{ l:! JI]“] "!l."L
sections.

Iniually, the force is con-
stant, reflecting a reactuon to body
welght as the competitor briefly
maintains a standing starting posi-
tion prior to diving,

Then, in most cases, the

5000
4000 +
u{_‘JJ 3000 -
EoE L |
il 1
2000 -

1000

L 03 0.6
TIME (5]

09 1.2 15

Fig. 4

vertical and horizontal ‘propulsive’ platform reaction force patterns far

Louganis imward 3% tuck [dive 407C) with records from the preliminaries and finals
supanmposad, The sacond and third body outlines, located on the vertical force curvea,
show Louganis’ highest and lowest body positions, respectively, A vary slight offset of
aeout 18 newtons evident in the. zero of the horizontal force record befare and after the
takeoff suggests that the force plate may not have been mounted complataly level,
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vertical reaction foree increases
above body weight. signilving that
the diver 15 accelerating upward. In
terms of body positon, this portion
of the curve, “ﬁith 15 SOMEelmes re-
ferred to as weighting, U.]IFLH[JUII(]':
to the start of the diver’s upward
movement as he raises his heels or
lifts his arms. or both, at the begin-
mng of the takeoft.

Subsequently. the vertical
reaction falls below hody weight in-
dicating a period of negative vertical
acceleration associated with a slow-
ing of the diver’s upward movement
and the mitation of downward
movement as knee and hip flexion
begin.

A final period of weighting
or posttive aceeleration in the curve
15 unmustakable as the foree :1;;:;1'111
exceeds body weight. rises steeply 1o
a maximum value, and then falls
rapidly. During this perod, the
diver completes the downward
movement and moves rapudly up-

5000 |-

L 03 06 09 12 ]
THE [g)

Fig. 5 wartical and horizantal "pra-
pulsive” platform reaction force-time his-
taries for Louganis’ reverse 3¥: fuck (dive
307C) performed in the finals. The first

and third body cutlines indicote his high-
ast and lowsst body positions, respectively.

- 03 08 08 1.2 15
THE (8]

Fig. & ‘“ertical and horizontal ‘pra-
pulsive’ platform reaction force pattems
for Louganis” back 3¥ fuck [dive 200C)
parformed in the preliminaries. The first
and third body cutiines show his highest
and lowest body positions, respectively.



From Aircraft Wings to Diving Boards

Since 1904 when diving was
first included in the modern
Olympic Games, the spring-
board has undergone major im-
provements. In 1922, the 3.7-
meter-long diving board, with
one third of the board’s length
hanging over the fulcrum,
sloped upward from 2.0 (o
4.2 degrees. These conditions

type of board constructed from
over 300 interlocking pieces of
war surplus square aluminum
tubing originally used in B-17
aireraft. In 1951, as a result of
the widespread adoption of the
“Buckboard,” the NCAA re-
moved the stipulation that
boards used in their competi-
tions had to be made of wood,

Length of diving bocrd—12'-0° minimum to 13°-0" maximum

to eanterline of fulerum
|

4"-0"—Minimur length of bogrd from free end

Fulgrarm

Minimum distance
frem edge of

Meaximum helght of boarg

above the woter—d4'-0¢

8°-0¢ ar 2°-0" from centerling of I'L.'|E."l|l'l"|.,;,"':..
to stationary end of board

SIDE ELEVATION

Length of diving Board—12'-0° minlmurm o 13°-07 maximum =

[ ] 25

HH " I e =] =l 1] 2%

Il p : o a3l t2 [ | E¢

{ :E'__._',___ ] el e | ¥ II E3
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1|I. e Lezr] gre ke seserirne Em

& —2""x 4" boards with o PR 2 o
vary slight space between tham o9
BOTTOM VIEW HE

Drawing and Maasurements of Official Diving Board as Described in thizx Rulas

The competitive springboard as specified in 1922 [17].

made a running approach in
forward and reverse dives nec-
essary in order to safely clear
the board’s end. Today, the 4.9-
meter-long board is mounted
completely level and has an ad-
justable fulerum. While the
term ‘running approach’ is still
retained in the official diving
rules, this approach now resem-
bles more of a slow, controlled
walk than a self-preservation
run.

In terms of construction,
the competitive springboard
has evolved through three ma-
jor stages. In the 1920s and for
more than 25 years thereafter, it
was a heavy wooden plank of
white ash or Oregon pine cov-
ered with cocoa matting. Com-
petitions of the day reflected the
limitations imposed by this
type of equipment with the
most difficult dives involving
only 1} somersaulis [17]. In
1948, Norman Buck of Seattle
revolutionized the indusiry
when he designed an I-beam
By 1959, however, the “Buck-

board” was supplanted by the
“Duraflex,” a one-piece alumi-
num extrusion-type spring-
hoard which was also a spin-off
of the aircraft indusiry [14].

The original “*Duraflex”
board, manufactured by Ar-
cadia Air Products of Sparks,
Nevada, was machine-tapered

from fulerum to tip. In 1969, a
second taper from the fulerum
back lo the anchor was added.
Thizs model, termed the Maxi-
Flex, is “constructed of a hasic
ribbed one-piece extrusion,
heat treated for a minimum
yvield strength of 50,000 psi of
aluminum alloy #6070-T6 ., . .
[with| a torsion box extrusion,
anchor end extrusion, and tip
end cap extrusion riveted to the
basie section™ [18], In 1979, the
Maxi-Flex Model B, which in-
corporated perforations into the
tip, was marketed. While the
“Duraflex” has retained basi-
cally the same design since its
inception, improved aluminum
alloys have been used in its
construction providing greater
strengih and lighter weight. The
board has been reduced in
weight from 140 to 128 pounds.
“Duraflex” springboards have
been used exclusively in all
major national, international,
world, and Olympic competi-
tions since 1959 and will be em-
ployed in the 1988 Olympics in
Seoul, South Korea.

As a result of these changes
in springboard construction,
divers have been able to attain
significantly greater vertical ve-
locities at the end of the takeoff
so that standards for water
depth beneath the board have
had to be correspondingly in-
creased. It is difficult 1o en-
visage the time when a depth of
2.14 meters beneath a one-
meter board was considered
sufficient. Today’s competitive
standards require water depihs
of at least 3.50 meiers for a 1-
meter board and 3.80 meters
for a 3-meter board,
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TABLE |
GREG LOUGANIS'
SPRINGBOARD TAKOFFS
RUNMING DIVES
NATIONAL SPORTS FESTIVAL V [8, 9]

Avarage Velocity Angular Momeanium
Dive Scare Springboard (5} (wrt GG
Marma Ma. oo ':?:::Inf Depr. | Rec. Defl, Horiz. Vert. l"'gi':;:"ls
(1) ) 2] Eii Ei’; (m ?;?’53 ™ | L& TD LC
mi's m's mi's m's
Forward Dive 101A 1.6 8.5 F 0.25 0.21 0.89 0.5 0.8 —d4.4 6.0 —-18
Straight B3F 0.25 0.20 0.86 0.5 0.8 —4.0 5.3 17
Forward 3t: 1078 31 B3F 0.25 0.20 0.74 0.6 1.2 —4.5 g.2 70
Pike
Reverse Dive 018 1.9 9.6 P 0.25 0.20 0.87 0.4 0.9 ~d.4 5.4 15
Pike 93F 0.28 0.20 0.93 0.5 0.8 —4.1 6.1 189
Reverse 144 3034 2.6 54 P 0.24 0.20 084 0.5 1.0 —4.5 5.5 52
Straight 9.5 F 0.26 0.20 0.589 0.5 1.0 —4.3 57 50
Rewvarse 214 3058 3.0 7TP Q.27 .19 0.87 0.5 1.0 - 4.3 5.8 57
Fike Tar E 0.26 018 0.492 0.6 1.2 —4.4 5.8 54

[ Tha first digit of the dive number indicatas ore of the four groups of non-twisting dives: ™" is foreard: "2 s back; "3 is reverse: and "4 is irmard. The third
digit indicates the numbear of half somersaults in a dive. The final letter specifies the position of the dive: "A” Is stroight or kayout; “B* is pike; and “C7 is fuck.
[2] In a compatition, degresa of difficulty [0D) is muliplied by the judge’s score for o ghen dive,

[3] The average score awarded by the judges. The highest score s fen. Some scores are reported from the preliminary (P and some from the final (F)
competiticn.

[4] The springboard responses maeasured include the length of fime the board was depressed [Depr) in seconds | the length of time it recoiled [Rec))
in seconds, and the distance it wos deflected [Defl] in meters (m).

(5] Herzontal (Herlz,) and verfical Mert) velocities of touch-down [TD) and last contoct [LZ) refer to the total bady center of gravity (C5].

(&) Angular rmomenturn 13 reported with respect to (wrf] the cenfer of gravity [CG).

ward as a result of hip, knee. and
ankle extension. As evident in Fig-
ures 4, 5, and 6, there 15 a close

TABLE I -
PRECICTIONS OF FLIGHT (1]

lmnpoml correspondence between Last Contact Flight Water Entry
the diver’s lowest body position and Dive Mumber Vertical Vertical Time in Vertical
the peak of the vertical force curve, {Louganis) Velocity Helght the Air le:;ﬂil'r
s
suggesting that eccentrie contrac- o o) t[r:;']] 2 i)
ton of the lower extremity extensor
musculature mayv be plmln,r_{ an 10-Meter Platform
important role in force production. G o T T T
While theoretically. there s ;g?g 2.4 0.29 1.69 —14.2
alzn a final |Jr=1*|0£| of negative accel- e o e e
eration as the force curve drops 1078
from hody welght to zero, from a 2.8 0.40 1.74 —14.3
practical -.mn:]pmm this perod 15 30e 3.0 0.46 1.77 14.3
113B
o brief that it can be disregarded,
3 and i il- i HE £l 207C 3.2 0.52 1.79 —14.4
~ And finally, analysis of the 201B an .74 1.87 _145
terminal portion of the foree history Atk
corresponding to the beginning of 3-Meter Springboard
the theht reveals a distinct :i.im]rfd 4.0 082 1.29 a7
oscillation pattern at a frequency of 4058
ap proximately 4 10 o He, bean lI]L 4.2 0.90 1.32 —B.7
witness to the non- rigid nature ol e Mk Lugh e
e ¥ lact : 2018, 2058
the conerete platform structure. T i i e L
T'his oscillation was clearly visible in 1078 5.2 1.38 1.47 —0.3
the video records and dhft‘Jm[rlu]*‘f 5.6 1.60 1.54 —-9.5
to the investigators standing on the gggg 3 st
10-meter ph:tinrm during practice s i 2 sty SRl
rounds. 1014 6.0 1.83 1.60 -8.7

;?;T{':E] I::'il:'ali‘:lrimt:?:-;:a :::h_t:frm; (1) '_I'he I@gl'rr_u::haracteristias in the table are n_redimed_ I:_ased_m the 3-meter springbaard and 10-meter platform
= o : werlical velocities at the end of takeolf assuming negligible air esistance.

P g dives [rom the forward {2} The first digit of the dive numbers indicates one of the four groups of non-twisting dives: 1—forward; 2—

group | I 1gure 3 _: consist of u[ll".' bk 3—meverse; and 4—inward. The third digit indicates the number of half somersaults in a dive. The final

three ”me sections. Du r]II o hi letter speqﬁas the position of the dive: A ils straight {or layout), B is pike, and C is tuck. if the second numeral is

first section, oscillation of the d]'. ing 9.0 the dne - nonina: it vibe chve 8 fving

{3) Above starfing haight,
E]l:i[r{]l]’ll I= lI"uIlILII' e | ﬂ.-:hll][ lfl[‘ lhﬁ el
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approach run. Then. the vertical
force mses sharply 1o a peak and
subsequently falls back 10 zero., in-
dicating the period of the diver’s
contact with the platform during
the takeoflf. While. theoretically,
anly the portion of the curve gre ater
than body weight [|1"'H1f_j]1=iT1""\ posi-
tve acﬁlma[mn of the diver’s center
of gravity, because of the rapid rise
and decay of the eurve, the entre
deflection above zero s considered
in this category. In the final section,
vscillation of the diving platform s
.15.5:1|[| present with ::u-m|lallon of the
force plate (which has a natural [re-
quency greater than 125 Hez) being
Slli:IE‘I]I'.I'l]}OﬁI"‘(l pron It.

Horizontal Reaction Forces on the
Platterm. The major miterest in the
horizontal {forward and bcllk“'ﬂ ril |
e |II:1EUH fmtf l:ﬁI‘[‘tPlfl[‘!(‘"l I".h dlll]l'.l'::'I
the final upward acceleraton of Iln
diver preceding fhght. In the con-
vention adopted for displaying these
platform [oree histories, positive in-
l]lt.dn.‘\ il IE.ql{ilU[l fi][(l d“tl.'\. :rII:IIH
the piarfmm a so-called *“pro-
pulsive™ force, while negative desig-
nates a horizontal reaction into the

tower, a “hraking” foree. In dives
with standing takeofls, the domm-

nant impulse must. of course. be
away from the platform or pro-
}Julwm Such a directon s consis-
tent with generating angular mo-
IMEntm fm dives from the reverse
and inward ﬂ'ruupa but antithetical
to this objecuve for backward and
forward rotating dives.

While a running approach 1=
ﬂuplim < i baoth '-.prmlrhﬂ.ud and
plattorm competitions, thers 1s a
distinct difference in the way in
which it 15 performed. In the case of
the platform. the run s much faster
and the hurdle 15 long and low sinee
there 1z little advantage to zlr_t|'|inving
a large downward velocity at con-
tact with the end of the concrete
plaat form. The major ohjective of the
run, and the reason it is, for all
practical purposes. limited to dives
from the forward group. is to pro-
vide conditions for elie iting a hori-
zomtal braking foree consistent with
producing forward somersaulting
angular momentum.

Looking at the Platform Force Re-
cord. During the imtial unweight-
ing phase of the takeofl. and partie-
ularly during the performance of
dives from the inward group, a
number of divers avluall} left the

platform surface as a result of their
ul}wﬁﬂ'] momentum. This was re-
flected in the data, which show that
a distinet imtial peak m the vertical
force curve during weighting was
followed by a straight hurmmml
line coinecident with zero on the
honzontal and vertical force scales
and subsequently, in some in-
stances, by the presence of a sharp
impact peak designating the diver’s
return to the platform.

According to current inter-
national rules [15], “a slight break
in contact with the board™ during a
standing takeofl 15 considered an in-
voluntary movement and Juflrrﬁ are
[u'rm;Tle to deduct points, But
analysis of the force plate and vid-
eotape records raises the serious
question nfjuHT when such a hfting
of the feet is inadvertent and when it
15 deliberate with a view o JECTTTITES
some advantage. Another impor-
tant consideration 1s one of safety.

During this non-contact period,
many of the divers move even closer
1o the edge. rsking the possibility of
missing a firm contact with the
platform. Because of the briel ume
mterval involved and the he sght of
the platform above pool dw_L :t 15
highly unlikely that this movement
can be perceived by those judging
the competition.

Forward and Inward Dives on the
Platferm. As indicated in the dis-
cussion on springboard dives. for-
ward and mward somersaulting
dives are executed as the result of
similar coordinated body segment
actions, In the case of platimm
dives. the preliminary upswing of
the armns 15 omitted and divers begn
the takeoff with their arms already
over their heads. Consequently, the
{inal upward acceleration portion of
the vertical reaction foree history
consists of an impulse of short dura-

TABLE 1l
LOUGANIS' PLATFORM TAKEOFFS
REACTION FORCE-VS-TIME (1)

Platfarm Vertical Acceleration Periods
Diye o G AR LD Positive Negative Positive
Score (BW) (4]
Mame M. oD
(ot Vert Horiz 1 Ay t Av t Ay
of 10} ; | sy [(mis} | (s) |imis) [ (s} |{mis)
@ | @ :
(5)

Flylng
Forward | 113B 1.8 74P 8.5 —-1.1 — — — - 24 4.9
1% pike 89 F a1 -1.8 - — - — 118 4.4
Forward | 107B 3.0 7.5 P 7.5 =11 — — — — 125 4.5
3 pike B4 F 7.4 -1.5 e = — — 118 4.5
Back 2018 1.8 7aP 3.2 0.5 | 271 & AQ0 | —2.1 | 337 5.3
dive 91F 3.5 0.5 —_ —_ 488 | —2.3 | .33 5.4
pika
Back
3 207C 3.3 BT F 3.4 0.4 | 361 T 423 | —2.5 | .363 5.0
luck
Reversa
dive a01B 1.4 B3P 3.2 0.4 | 159 2 383 | —2.0 | 34 4.8
pike B.E F 3.3 0.5 -— - .348 2.0 | 349 5.1
Reverse
a4 3070 | 3.4 86 F 3.5 0.6 | .153 2 347 | —2.2 | 34 4.5
tuck
Inward
114 4038 2.0 B9 P 6.1 1.1 | .287 i 308 | —1.9] 134 3.6
pika 87 F 6.0 1.2 | .304 B 337 | —2.0 ) 130 3.5
Inward
3E - 407C 3z 78 P 52 1.4 | 271 G 28T | -2 | 124 2.8
tuck TAF 5.5 1.4 | 285 i Ag04 | —2.0 | 125 2.8

{1) This table is selected platform reaction force-time characteristics ol Louganis' takeafls in the
praliminaries (P) and finals (F) of tha 1986 World Diving Championships.

{2) See Table 1, Nate 1 for an explanation of dive numbers,

{3) See Table 1, Mote 2 for an explanation of dive degree of difficulty (DD).

{4) The numeral in the table refers to the force expressed as the number of diver's body weights

{BW),
(5) AV is change in velocity
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tion characterized by a high force
peak. For Lougams, the Maxinmum
vertical force ranged from 7.5 to 9.1
times his body weight for the dives
from the forward group and 5.2 to
6.1 tmes his body weight for the
dives from the inward group [Table
3). While the two groups of dives in
general have similar configurations
in their reaction foree histories,
force patterns presented in Figures 3
and 4 clearly differentiate between
the running approaches of dives
from the forward group and the
Stal‘.t(]ing starts of dives from the in-
ward group.

Although Louganis™ vertical
reaction force patterns were similar
in his preliminary and final trials
both for his forward 3% (dive
number 107B, Figure 3) and his
forward flving 1% (dive number
3B, a distinet dilference
was evident in  the horizontal
component. In both cases in the fi-
nals, the braking component was
clearly larger than the braking force
in the preliminary trials. Thus facili-
tated the buildup of greater forward
somersaulting angular momentum
magnitudes. The result was re-
flected n scores of 8.9 in the final
compared with only 7.4 and 7.5 in
the preliminary trials.

Back and Reverse Dives on the Plat-
form. The similarity in the patterns
of mation of back and reverse dives
15 reflected in the similarity of plat-
form reaction forees. The complete
arm swing used in the springboard
takeoffs 15 retained in platform
takeoffs and 1s consistent with the
direction of angular momentum re-
quired in both cases, The maximum
vertical reaction force in dives from
the back and reverse groups is small
in comparison with those attained
from the inward ETONIrs, all three of
which use standing starts. However,
the resultant upward force of the
back and reverse dives lasts longer
("Table 2).

Because the propulsive hon-
zonial force characteristic of stand-
ing dive takeoffs promotes reverse
somersaulting and impedes back
somersaulting angular momentum,
differences in the honzontal force
patterns and body positions would
be expected between the back and
reverse groups. The intricacies of
such differences and how they
change with respect to dives of in-
creasing degree of difficulty are the
subject of ongoing nvestigation,

28/JANUARY 1988/50MA

Implications for Flight
Table 2 provides a com-
parative summary of springhoard
and pl;ltfnrm ﬁighl characteristics
assuming m:gligiblﬂ alr resistance,
On the basis of Louganis’ perform-
ances, there is a clear distinction be-
tween the ranges of vertical ve-
locities attained at the end of
5|}|'jnghnz|rd and [:latf{u'm takeoffs.
As a result, the diver achieves con-
siderably less height in the flight
ahove the f]ix-'ing surface in platform
competition. Consequently, despite
the 7-meter difference in starting
height, flight times from the 10-
meter plalﬁrl‘m do not exceed those
from the 3-meter board by as great
a margin s mighl he expected.
MNevertheless. entry velocities of be-
tween o) and 52 kilometers per
hour characteristic of platform dives
givc the spectator um'll researcher a
new appreciation of the skill re-
quired by athletes in this sport.
What does all this mean for
the flizht of the dive, which is the
major focus of attention of spec-
tators and judges alike? It is during
the flight that the diver must cap-
italize on the linear and angu]ﬂr
momentum produced during the
takeoff, While the angular momen-
tum cannot be ch&mgml during
flight, the speed of the spin can be
adjusted by changing the moment
of inertia through alterations in
hmi}-‘ position. The diver therefore
aims not only o complete the re-
quired rotations, but to finish them
as high above the water as possible,
allowing a long eye-pleasing drop
prior to entry. Vertical takeofl ve-
locities and their associated flight
times are thus key to a successful
performance. i
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