BOLUM
06.02

KUTLE
ATALET MOMENTI




N

KUTLE ATALET MOMENTLERI




xx eksen takimindan r kadar uzaklikta bir Am kutlesi dusunelim
buna bir kuvvet cifti uygulayalim (T). Sistem hareketsizken Am
kutlesi xx  ekseni etrafinda donmeye baslayacaktir. Burada
sistemin verilen bir donme hizina erismesi icin gerekli zamanin Am
kutlesiyle orantili oldugunu gostermek istiyoruz.

Bundan dolayi »* - Am carpimini sistemin ataletinin (eylemsizliginin)

yani sistemi harekete gecirmeye calistigimizda bunun direncinin bir
olgusudur.

r2 - Am carpimina Am kutlesinin xx~ eksenine gore kutle atalet
momenti denir.
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m =) Am; =(Am; + Am, + AM; +..eeeeee, +Amn)
=1

[ =) r’Am; =rAm, +r;Am, +.......... +r"Am

I =Ir2dm =k’m K =\/% ( atalet yaricapi )

Burada k atalet yaricapi, | sabit kalmak tUzere cismin tum kutlesinin
konulmasi gereken uzakligi ifade eder.

k = cismin tiim kiitlesini ayni etkiyi verecek sekilde yerlestirecegin uzakhktir.




PARALEL EKSENLER TEOREMI
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(L k=(Ig)+ md,




Ornek
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t : sabit

dA

"ince Levhalarin Kiitle Atalet Momentleri
p: birim hacmin kitlesi ( kg / m3)

(Ixx )kUtIe=J- r de

d..=tpdA

(L= J' r’tpdA =tp _[ r’dA
burada j r‘dA Polar At. M

(Ixx)kt'jtle= t,O ( I xx) alan

birimi ise (kg.m2 ) dir

(Iyy) kUtIe=tp(Iyy)aIan
(Io)kUtIe=tp(Io)alan
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ab?®

Yy (Ixx)k[]tle= tp(l )alan _tp( )

b 3
— 4 (L aoe= EP(Nyy ) g t( %)

V=a.b.t ve m=pV yukarndaki
| ifadelerde yerine konulursa

i
— / (Lkie=mb?/12 ve
; (I, )kae=ma/12
(Io)kUtIe=(m/12)-( a2+b? ) elde
edilir.
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LINEER VE ACISAL HAREKET

éabit bir noktadan r kadar uzakliktaki m kutlesi sabit bir eksen
etrafinda dondurulmek istensin. Bu lineer hareket Newton'un ikinci
kanunundaki kuvvet ve ivme tanimlanabilir. Sadece donme olarak ele

alinsa da bu donen sistemde ikinci kanun uygulanabilir ve buradan
kutle atalet momenti tanimlanabilir.

Acisal hareket icin

_ Newton’'un Newton’un
Ikinci kanunu Ikinci kanunu

Lineer hareket Acisal hareket
r Tm ﬁ r T m
F=ma a- =la
1=Fr o=
T=m.a.r r
m.a.r=I
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BAZI CISIMLERIN KUTLE ATALET MOMENTLERI
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Disk
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I=1/2M(R,2+R,2)
Ici bos silindir.
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PR

| = MR?
Ince Cidarl silindir
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I=1/12M(a%+b?)
Dikdortgen levha
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[=1/3Ma?
Dikdortgen levha
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KUTLE ATALET MOMENTI ILE ILGILI COZUMLU PROBLEMLER

L=50 mm ve p=7.85 gr/cm3 olan
ince bir cubugun;

a) Yy ekseni etrafinda donmesi
durumunda meydana gelen
kiitle atalet momentini

x b) Y ekseni etrafinda donmesi
durumunda meydana gelen
kiitle atalet momentini
hesaplayiniz.
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V=n.r2.L.=r.22.5=62.831 cm?
m=p.V=7.85.62,831
m=493,223 gr
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a)

b}

| . =im.L2

Y12

| =1 493.223.(5)?
Y 12

| . =1027,548 gr.cm?

1

2
Iy :gml_

1

y:§

2
|, =4110,19 gr.cm

| ==493.223.(5)°
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20 mm | 25 mm

.

Sekilde gosterilen cismin
X ve z eksenleri
etrafinda dondurulmesi
durumunda kutle atalet
momentlerini bulunuz.
(p=7,85 gr/cm?)
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I 1 -— g mlaz

V,=05.1.15=7,5cm’

m=pV, > m=78575 = m, =58,875 gr

| = %mlaz = %.58,875.(15)2 — |, =4415,625 gr.cm’
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i %(R“ —r*).pt+m,.d?

V, =z.(R°-r?)t=x.(25°-2%).0,56=3,53cm’
m,=pV, = m,=7,85353 = m, =27,719r
7T

|, :Z(R4 —r*).pt+m,.d?

|, = %(RZ +r2).(R*=r?).pt+m,.d?’

1., :%(R2 +r°)+m,.d? = 271’171.(2,52 +2°)+27,71.(17,5)°

| , =8557,19 gr.cm?
IxT — le + Ix2

| . = 4415,625 +8557,19
| . =12928,815 gr.cm?®
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1
|  ==m,a’
3

L %.58,875.(15)2

Izl

| . =4415,625 gr.cm?
| , = %.mz.(R2 +r?)+m,.d’

= %.27,71.(2,52 +2°)+27,71.(17,5)* =8628,2 gr.cm’

IzZ

IT :Izl+|22

yA

| =4415,625+8628,2
| . =13043,82 gr.cm?
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Sekli asagida verilen
cismin kutle atalet
momentini
hesaplayiniz.
(p=7850 kg/m?3)
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Cismin atalet momenti paralel eksenler teoremi ile
cOzulebilir. 7= I+ m d?. Cisim asagidaki gibi atalet
momenti kolaylikla hesaplanabilen kucluk parcalara ayrilir,
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Dikdortgen cisim icin;
m=pV

VY= (0.15 m)(0.09 m)(0.03 m)
/'=4.05x 10-4 m3

m = (7850 kg/m3)(4.05x10-4 m3)
m = 3.18 kg

1 1
| =—m,a®==.318.(015)"
x1 3 1 3 ( )

| , =0,02385 kg.m?
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Yarim daire icin;

Il

2
V = %.(0,045)2.0,04 ~1,27.10*m?

V = A

m=pV = m=7850.127.10"
m =10 kg
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pt+md?

|x2:

m.r* ~1.(0.045)°

+md?=87515=1,, =

Ix2:

|, =0,0171 kg.m’

Tam daire delik icin;
V =7zr°t

V = 1.(0,038)2.0,03=1,36.10 m’
m=pV = m=7850.1,36.10""
m =1,068 kg

+1.(0,13)°
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|, :%m.L2 +m.d?

|, = %.1,068.(0,03)2 +1,068.(0,06)?

| , =0,0041 kg.m?
Sonucta hepsini toplarsak;
e = la+ 1o — s
| . =0,02385+0,0171-0,0041
| . =0.03685 kg.m?

28




N

50 mm

50 mm

0 mm

Sekilde verilen cismin z
eksenine gore kutle
atalet momentini
bulunuz.

100 mm (p=7,85 gr/cm3)




V, =2.05.5=5cm’
m, =pV, = m =/7,85.5

m, = 39,25 gr
1
| . =—m,(a® +b?
z1 12 1( )
1

| . =—.39,25.(5% + 2°
z1 12 ( )

| , =94,85 gr.cm?
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V, =10.1.5 =50 cm?®
m, = oV, — m, = 7,85.50
m, =392,5 gr

1

|l . =—m.,(a® +Db?
z2 12 2( )

1
| — —.392,5.(5° +10°
z2 12 ( )

| ., =4088,54 gr.cm?

| ., = 94,85+ 4088,54
| . =4183,39 gr.cm?
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R=100 mm, r=25
mm, L=300 mm, t=5
mm ve p=7/.85
gr/cm3 olan sekildeki
parca icin z ekseni
etrafinda donmesi
durumunda meydana
gelen kutle atalet
momentini
hesaplayiniz.
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V, =7r°.L

V, =7.(2,5)°.30

V, =589,04 cm®

m, = pV, = m, =7,85.589,04
m, =4624,03 gr

1
|, ==m.r’
2

|, = %.4624,03.(2,5)2

| . =14450 gr.cm’
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V, =xz.(R*=r?).L

V, = 7.(10* — 2,5%).0,5

V, =147,26 cm®

m, = pV, = m, =7,85.147,26

m, =1156 gr

|, =1m2.(R2+r2)
2
1

|, = E.1156.(102 +2,5%)

| , =61412,5 gr.cm?

|, =14450 + 614125
| . =75862,5 gr.cm?
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