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KUtle Merkezi

Kitle merkezi, bir cismin toplam kuitlesinin ortalama konumunu ifade eder. Kitle merkezinin
konumu, cismin yogunluguna ve sekline bagl olarak cismin lizerinde veya disinda bulunabilir.

Kitle Merkezi

Kitle Merkezi

Kitle
Merkezi

Bir kati cisim tam olarak kitle merkezinin bulundugu noktadan desteklendiginde
veya asildiginda hareketsiz kalarak denge durumunda bulunur.
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KUtle Merkezi

Denge durumunda cisim kitlelerinin, kiitle merkezine gore meydana getirdikleri
momentlerin toplami sifirdir.
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Insan kUtle merkezinin bulunmasi

Denge tahtasi yontemi
Hareket edebilen iki veya daha fazla Gyeye sahip sistemlerin (insan viicudu gibi) kiitle
merkezini bulmak goérece zorludur. Uyeler hareket ettiginde sistemin sekli ve agirhgin

sistemdeki dagilimi da degismektedir.
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Italyan matematikgi Borelli’nin gelistirdigi denge tahtasi yontemi.
_A
R
JH A
|/ e L-\I I: ‘\
':"I' 1 -1-‘| . Bu yontemde kisi bir denge tahtasi Uzerinde yatarak ve ayakta
I | i |I.|I .'I .
[ )=l ) E durarak vicudunu konumlandirir.
;,- /1 || "'II,I".\ I. f}h
il | il ‘]| \ . o . ..
| || Tahtanin hareketsiz kalarak dengede bulundugu pozisyonda kitle
‘ I ‘ (1 merkezinin konumu bulunmus olur.
/1N /1N




HACETTEPE UNIVERSITESI Biyomekanik Arastirma Grubu

Spor Bilimleri Fakdltesi www_biomech_hacettepe edu.tr . :
Insan kutle merkezinin bulunmasi 2
Reaksiyon tahtasi yontemi St
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Reaksiyon tahtasi yontemi

Destek noktasi donme ekseni olarak belirlenir. Zit yénlerdeki kuvvetlerin destek
noktasinda meydana getirdikleri momentler hesaplanarak kisinin kutle merkezinin

konumu hesaplanabilir.
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Insan kutle merkezinin bulunmasi {
Segmentasyon yontemi

Dinamik hareketler sirasinda vicut kutle merkezinin konumu nasil bulunur?

insan viicudunun kitle merkezini bulmak igin 0o
kullanilan yontemlerden biri segmentasyon g otes
yéntemidir. eSS ~
ol e
Vicut kutle merkezini hesaplamak icin Gye kutle S0 . 5
. . . . Al )
oranlarina ve uye kitle merkezlerinin konum 2o ©8
bilgisine ihtiyac vardir. tg?ﬂ
Vicut kutle merkezi, Gye katle merkezlerinin »\/g@ @g,%()@

agirhkh ortalamasidir.
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Insan kUtle merkezinin bulunmasi
Viicut segment parametreleri

(1962, Whitsett) (1964, Hanavan)
Some Dynamic Response Characteristics of Weightless Man A mathematical model of the human body
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Insan kutle merkezinin bulunmasi 2
Viicut segment parametreleri :

(1955, Dempster et al) (1975, Chandler et al)
Space requirements of the seated operator Investigation of Inertial Properties of the Human Body
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Insan kUtle merkezinin bulunmasi

Viicut segment parametreleri

SPACE REQUIREMENTS OF THE SEATED OPERATOR

Geometrical, Kinematic, and Mechanical Aspects of the Body
With Special Reference to the Limbs

WILFRED TAYLOR DEMPSTER

8 kadavra Uzerinde vyapilan calismalar
sonucunda uyelerin:
* Eylemsizlik
e Kutle merkezi konumu
JULE.I0R e Kuitle miktari
e Uzunluk
 DoAnme merkezi
gibi parametreleri tablolastiriimistir.

UNIVERSITY OF MICHIGAN

AERO MEDICAL LABORATORY
CONTRACT No. AF 18(600)-43
PROJECT No. 7214

WRIGHT AIR DEVELOPMENT CENTER
AIR RESEARCH AND DEVELOPMENT COMMAND
UNITED STATES AIR FORCE
WRIGHT-PATTERSON AIR FORCE BASE, OHIO
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Insan kutle merkezinin bulunmasi 2 W
Viicut segment parametreleri :

Dempster’s Body Segment Parameter Data for 2-D Studies'

Endpoints
(proximal to
distal)
Hand Wrist axis to 0.0060 0.306 0494
kmuckle TI third finger
Forearm elbow axis to 0.0160 0430 0.570 0.303 0.526 0.647
ulnar styloid
Upper glenohumeral joint to 0.0280 0436 0.564 0322 0342 0.643
arm elbow axis
Forearm elbow axis to 00220 0.682 0318 0.468 0.827 0.363
& hand ulnar styloid
Upper glenchumeral jomt to 0.0500 0330 0470 0.368 0.645 0.39%6
extremity  elbow axis
Foot lateral malleolus to 00145 0.300 0.500 0.473 0.690 0690
head metatarsal IT
Leg femoral condyles to 0.0465 0433 0.567 0.302 0328 0.643
medial malleclus
Thigh greater trochanter to 0.1000 0433 0.567 0323 0340 0.653
femoral condyles
Leg femoral condyles to 0.0610 0.606 0.394 0.416 0.735 0372
& foot medial malleclus
Lower greater trochanter to 0.1610 0447 0553 0.326 0.360 0.650
extremity  medial malleolus
Head C7-T1 to ear canal 0.0810 1.000 0.000 0.493 1116 0.495

Shoulder sternoclavicular joint to (0.0138 0.712 0.288
glenohumeral joint

Thorax CI-T1to T12-L1 02160 0.820 0.180

Abdomen  T12-L1 to L4135 0.1390 0.440 0.560

Pelvis LA-L3 to trochanter 0.1420 0.105 0.895

Thorax CT-TltoT4L5 03530 0.630 0.370

& abdomen

Abdomen  T12-L1to 02810 0270 0.730

& pelvis greater trochanter

Trmk greater trochanter to 0.4970 0495 0.505 0.406 0.640 0.648
glenohumeral joint

Trumk greater trochanter to 0.5780 0.660 0.340 0.503 0.830 0.607

& head glenohumeral joint

Head arms  greater trochanter to 0.6780 0.626 0374 0.496 0.798 0.621

& tnmk glenohumeral joint

Head arms  greater trochanter to 0.6780 1.142 -0.142 0.903 1436 0914

& tnmk midrib

' Adapted from D_A Winter, Biomachanics and Motor Control of Himan Movement, Second edifion. John
Wiley & Sons, Inc., Toronto, 1990.
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Insan kUtle merkezinin bulunmasi

Uye kitle merkezi

Bir segmentin kitle merkezinin konumu nasil hesaplanir?

Proksimal ve distal ucglarinin konumu bilinen bir segmentin kutle
merkezinin konumu Dempster (1955) segment parametreleri kullanilarak
hesaplanabilir.

Segment Endpoints Seg. mass || Centre of m
Ame (proximal to total massj segment length
distal) (F) Brd R
Trumk greater trochanter to 0.4970 0.495 0.505
glenohumeral joint

ka = Aproximal + Rproximal (Xdistal - Xproximal)

Ykm = Yproximal + Rproximal (Ydistal - Yproximal)
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Insan kutle merkezinin bulunmasi , _,
Uye kiitle merkezi —

Uye kiitle merkezinin konumunu hesaplamak icin proksimal ve distal uclarin konum bilgisini ve
Dempster segment parametrelerini kullanalim.

Nokta X (m) Y (m)

Omuz 0.37 1.24

Kalca 0.63 0.79
ka = Aproximal + Rproximal(Xdistal - Xproximal)

Xim = 0.37 + 0.495(0.63 — 0.37)

Xim = 0.49m

Ykm = Yproximal + Rproximal(ydistal - Yproximal)

Y = 1.24 + 0.495(0.79 — 1.24)
Yem = 1.01m
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Insan kUtle merkezinin bulunmasi
Viicut kiitle merkezi

Vicut (sistem) kiitle merkezinin konumu nasil hesaplanir?

Vicut katle merkezinin (VKM) konumunu hesaplamak icin sistemde yer
alan uyelerin kitle merkezlerinin konum bilgilerine ve kitle degerlerine

ihtiyag vardir.

mqXxq + myXx, + M X;

L
-1P.X
__ Ls=11s%km X —
Xvkm - g_l PS ‘ vkm ml + mz + .- mi
v = 5=1 PYiem | Yy, = miy; + mpy; + - mpy;
vkm — é_lps vkm ml_l_mz_l_...mi

Kitlesi fazla olan segmentin kitle merkezinin
konumuna olan etkisi de fazladir.
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Insan kutle merkezinin bulunmasi 20
Viicut kiitle merkezi S

Segment kitlesini hesaplamak icin Dempster segment parametrelerini kullanalim.

—_ Segment Endpoints Seg. mass [QCentre of mass
mvijcut - 75 kg name (proximal to total mass JJ /segment length
dist:{lj {P ) LR‘B_"D_‘(."'E.‘A.:) (R.:'.‘:n:f)
m = Mm,.: (P) Trunk greater trochanter to 0.4970 0.495 0.505
Segment vucut glenohumeral joint
Thigh greater trochanter to 0.1000 0.433 0.567
— femoral condyles
Leg femoral condyles to 0.0465 0.433 0.567
medial malleolus
mthlgh - 75 (0'1000) Foot lateral malleolus to 0.0145 0.500 0.500
head metatarsal II

Myeg = 75(0.0465)
Moot = 75(0.0145)

Uye Kiitle (kg)
Govde 37.2
Ustbacak 7.5
Altbacak 3.4
Ayak 1.0
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Insan kUtle merkezinin bulunmasi
Viicut kiitle merkezi

Segment kutle merkezlerinin agirlikli ortalamasini alarak

vicut kiitle merkezinin konumunu (t) ani igin hesaplayalim.

Xim (M) Yim (M) m (kg)
Govde 0.50 1.01 37.2
Ustbacak 0.54 0.65 7.5
Altbacak 0.47 0.33 3.4
Ayak 0.49 0.08 1.0

o _3720050) +7.5(0.54) +3.4(047) + 1.0(049) _
vkm = 372+ 75+ 34+ 1.0 — ol m

_ 37.21.01) + 7.5(0.65) +34(033) +1.0(0.08) _
vkm = 372+ 75+ 34 + 1.0 - vesm
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Insan kutle merkezinin bulunmasi 20
Uye ve viicut kitle merkezi o

Squat sicarama sirasinda Uye ve vicut kiitle merkezi konumunun degisimi.

CoM trajectory during squat jump
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Insan kUtle merkezinin bulunmasi
Viicut kiitle merkezi
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Vicut kutle merkezi, (X,o10p Yiota) Uye kutle merkezlerinin

agirhklh ortalamasidir. L P Xim

Xokm = Ms

L
s=1 Psykm

Yvkm - wg

Tdm vicut icin P degerlerinin toplami 1.0’dir.
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. Yokm = z PYim
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