BIOMEKANIKA OLAHRAGA
(SPORT BIOMECHANICS)

DEFINISI

1. Biomechanics uses the scientific methods of mechanics to study the effects
of various forces on the sports performer. It is concerned, in particular, with
the human neuromusculoskeletal system. It is also considers aspects of
the behaviour of sports implements, footwear and surfaces where these
affect performance or injury (Bartlett,1997)

2. Biomechanics is considered to be that aspect of the science concerned with
the basic laws governing the effect forces have upon the state of rest
or motion of animals or humans (Luttgens, Deutsch, Hamilton, 1992)



Biomechanics may be defined as that area of study wherein the knowledge
and methods of mechanics are applied to the structure and function of
living human system (Kreighbaum, Barthels, 1981)

Biomechanics is the science concerned with the internal and external forces
acting on a human body and the effects produced by these forces (Hay, 1993)

Biomechanics involves the use of the tools of mechanics, the branch of physics
that analyzes the actions of forces, in the study of anatomical and functional
aspects of living organisms (Hall, 1995)

Biomechanics is the application of the laws and principles of mechanics to
living
organisms (Carr, 1997)
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Subdisiplin Kinesiologi
Sumber : Hall (1995, hl 6)
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FUNGSI

Biomekanika berguna bagi para pelatih, atlet, guru penjas, dan penggemar olahraga

Bidang studi ini menjelaskan bagaimana pengetahuan tentang mekanika olahraga
membantu menciptakan performa yang lebih baik

Pelatih : membantu menjadi seorang pelatih yang lebih baik

Atlet : menemukan bahwa informasi dalam biomekanika membantu
memperbaiki penampilannya

Penggemar : membantu menjadi pengamat olahraga yang kritis



Ketika mempelajari Biomekanika olahraga, tidak terkonsentrasi hanya pada
berbagai cabang olahraga — seperti bola voli, tenis, badminton dsb atau
beberapa keterampilan khusus — passing, servis, atau spike. Malahan

Biomekanika olahraga menjelaskan bagaimana dan mengapa pemahaman

dasar prinsip-prinsip mekanika membantu menciptakan peningkatan
penampilan

Jika pelatih sedang dalam proses latihan, maka akan mampu mengamati

penampilan atletnya & berkata pada dirinya sendiri :

" beberapa aksi (gerakan) yang ditampilkan atlet cukup baik, tetapi masih
terdapat beberapa aksi yang tidak efisien dan perlu perbaikan”



What I know of Biomechanics tells me that they are wrong, and I know
What kind of movements should replace them.

Ketika dibuat koreksi atau perbaikan, maka atlet akan mempunyai teknik yang
lebih efisien dan penampilannya semakin lebih baik

Para ilmuwan yang berurusan dengan mekanika mempelajari efek dari berbagai
gaya (seperti gravitasi, gesekan, tahanan udara) terhadap benda atau manusia.
Pengetahuan mekanika digunakan untuk membantu mendesain benda-benda
Dalam kehidupan sehari-hari seperti : gedung-gedung, jembatan, kendaraan, dan
pesawat terbang. Selain itu pula, dipelajari efek gaya terhadap manusia dan
Sebaliknya, efek gaya yang diterapkan oleh manusia



Jelas sekali bahwa gravitasi, gesekan, dan tahanan udara berpengaruh baik
terhadap aktivitas olahraga maupun di luar olahraga.

Seorang pelompat tinggi berlomba melawan gravitasi sama seperti
seseorang yang sedang menaiki tangga, atau kapal udara yang akan takeoff.

Begitupun tahanan udara dan gesekan menghambat para pembalap sepeda.
Hal ini menunjukkan bahwa prinsip-prinsip mekanika yang sama digunakan

dalam kehidupan sehari-hari dapat diterapkan pada aktivitas olahraga



PRINSIP-PRINSIP MEKANIKA

Dalam olahraga, prinsip-prinsip mekanika tidak lain dari pada prinsip dasar yang
mengatur aksi atlet

Contoh : Jika pelatih dan atlet memahami karakteristik gaya gravitasi bumi,
maka mereka mengetahui apa yang harus dilakukan mengatasi efek gaya ini,
dan sebaliknya aksi apa yang harus ditampilkan dengan memanfaatkan gaya ini.
Seorang peloncat indah menyadari bahwa gravitasi bekerja tegak lurus dengan
permukaan bumi, maka harus memahami tentang lintasan bagaimana yang
memberikan jalur melayang optimalnya.

el

Total 596.04




Begitu pula para pegulat menggunakan gravitasi ketika lawannya sudah berada
pada posisi tidak seimbang. Sebaliknya jika tidak mempertahankan kestabilannya,
maka gravitasi berbalik menjadi teman lawan dan akan memutarnya ke samping.




Subject A. Front vie:.

Fig 6c. The performa .ce of tennis serve of each subject

Sequence form servis tenis front view — side view

Lokasi : Yamanashi University Japan



FIGURE 16.9 High 'ump computer simulat'on.
(Courtesy of Dapena ard R. Bahamonde.)

BACK VIEW

High jump computer simulation
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Figure 1 — Electromyographic record-
ing of the service of player C.

Figure 2 — Electromyographic record-
ing of the forehand of player C.

Figure 3 — Electromyographic record-
ing of the volley of player .

Aktivasi otot selama servis, drive, dan voli tenis
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Figure 3
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PAUT Ul ball, CHLIEs 161 EoC1e cyuar i 1
tervals. Note the fins to track rotations of
body segments. Fins are also useful devices
when only one camera can be used.

(From Atwater, A. E. 1970. Movement characteris-
tics of the overarm throw, Ph.D. dissertation, Uni-
versity of Wisconsin.)

BALL PATH

SUBJECT A-1
SKILLED MAN

a
FIGURE 8.12 Contourogram and three-dimensional force-time

mostly planar movement than that of a three-dimensional move-

histories of judo throw (a), and walking at different speeds (b). ment, such as a judo throw.
Note how much easier it is to evaluate the kinetics of a cyclic and
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Development of a Motor Skill

Velocity
(m/sec)

Golf ball

Professional golfer

Amateur golfer

Time (m sec)

T 18 21 24

Figure 1 —Changes in velocity of the club head and golf ball around the moment of impact.

Figure 5.12 Threa-dimensional camera alignments: (a) with perpendicularly
intersecting optical axes; (b) DLT camera set-up — note that the rays from the cal-
ibration spheres are unambiguous for both cameras (for clarity only the rays from
all the upper or lower spheres are traced to one or other camera).

Data kinematika dan setting kamera



i 5 WF 22 29 —(3), 1997

(h) i €& (k)

g5 S3EHCHIIEHWRFOKRBEORFTF A v IETFv—
(@XTHERFE, ARHEFRFOSEE OCOLR)

(i) i) (k)

HERPBICH (T IETRRFOHMBIOABBORT r v I EVF v —
(@12 52:RF, AHFRFOFETCOLR)

— 16 —

Stick figure Judo




Figure 5.4 Computer visualization: (a) stick figure of hammer thrower; (b) as (a)
but with body shading and hidden line removal; (c) solid body model of cricket
fast bowler.

Figure 5.3 Stick figure sequences of a skier: (a) front view; (b) side view; () top
View.

Visualisasi komputer



3D Pan & TiLT SPECIFICATIONS

Instead of constraining movement to the
POWER SOURCE camera’s field of view (above), the Peak 3D
# Pan & Tilt Module lets you follow the
12V DC, 1 A p movement in its entirety (center). The Peak5
System then reads in the coordinates as if it
were a stationary camera (below).

Power ConsumPTION

Approximately 12 watts maximum

Dicitar Encoping Unir (DEU) Input

Video:
—One Camera NTSC, PAL, or Peak High-

Speed Video System (120 Hz)

DEU Ourpur

Video:
—Two Video outs. One for local viewing and
one for event synchronization

CAMERA

Any camera with Gen-lock and shutter Tripop

Rance Potts Any make or model of surveying tripod can be
e TR used as long as it can be properly leveled and
Any make of range poles is permissible has a 5/8 x 11 mounting stud.

3D Pan & TiLt MopuLE CALIBRATION SETUP

2 Video

Cameras i | i
Peak Digital VCRs and Monitor
Encoding Units

L\
\' Range Poles

for Calibration

©1995 Peak Performance Technologles Inc. Al Rights Reserved. Printed in the U.S.A. This document
is for informational purposes only. Peak Performance Technologies Inc. makes no warranties, ex-
pressed or implied, in this summary. Specifications subject to change without notice.

7388 S. Revere Pkway ~ Suite 601 - Englewood, CO 80112 ~ 1-800-PIK-PEAK (U.S./Canada) ~ (303) 799-8686 - FAX (303) 799-8690

Software Komputer Biomekanika



Gait Analysis

an objective method for analysis of walking patterns

The Qualisys Motion Capture System i Marker setup for
Qualisys Medical offers an end-user Gait Analysis product Ghsciinalysts
that can be used for clinical as well as research studies. The

user can choose to run standard protocols or develop their

own methods and routines. All parts, both hardware and

software, are designed to give the user a complete package

— from data capture to analys

Methods and calculations
The user can define their own marker config-
uration or use an already implemented stand- mm Right
ard setup (Helen Hayes or 6DOF (6 Degrees / 3 knee angle in saggital plane
of Freedom). 3

Once the marker setup is defined, kin-
ematic and kinetic calculations can be per-
formed and standard parameters such as joint
angles, moments and power can be reported. ’q""it"it from S

Other typical gait parameters are speed, l’t“{:;;j‘/t s
stride length, step length/time, stance and ntwerpern,
swing phase. The Nether-

lands

Reporting and visualization
One of the key functions of the system is the presentation
of the parameters. The results can be saved and reported
in standard or customized graph layouts and comparisons
between different patients and groups can be done. Several
visualization functions are implemented. Motion data can
be shown as skeletons, mannequins or user-defined anima-
tions.
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