'%0,

FLane Kiverics of Riaio Bopies

E XTERNAL l%&c&'s & resulting [Enusz_anmm_
and Rorationac Mot ioas

KINEHHTJCS V. fHPéRTAu'r

£

F = force Ma- = moment gbout

m = mass [ Center of massS

3. = accelkration o H&-= rate of change
. of nnaufar momentum

a.bnwt- c. of. Mea £,
NOTE: BOTH ARE VECTOR Sums,

THES & ARE GENERAL ERUARTOMNS => WIDELY wsePd

= ZMe H,
@) & o (h) @)
& - ma,

? E— e
[ |

- l'IF

A

. K INETIC
F5D EFauiv Fooce/cudte a——

at G



Simplfﬁcation: PLHNE Mortion 4 @
ALL FORCES , MoVEMENT (TRANSLATION & ROTATION )
IN 4 PLANE,
ALL MOMENTS L +o +his PLANE
Lo can use scaLar womaTEn for
MOMENT, ANGULAR ACCLN, ETc.,

57’ JLL : __TRANSLATION

ROTHTIOM. g 2 ? 3 COMPONEAITS ©F ACCEL.

ds”
- {x > l :‘> 3 comp. of -Por(_q_
MO

L
2. M;nit* ... toward &
3. MiRK ...Ll+r

LOOK AT MOMENT OF EAcH comPonenT: AROUT &
4. M;: M: Qe SIN(O) Xi = M: Qg con(0) Y
2. ME O (Dirxal of w Does net matter)
8. M= (MmirioXr:) = marie
apD 4. 2. > 3. _.. +hen sum all +he m: Hat
sl
MakE&€ WP THE Bo2VY:

ZM" = Qg 9nO) ZMiXim A wls)TMiy: + K > mint
T
ZERo =ERO
BECAUSE ORiGiv @ &G

2 Mo = 07 AT 2P

Const s Loy



M ass Momen’c of Iuem:m: ff@

5 N.B. relative to a g}ven axis
I=[rtdm

I represents ( f?opy.?; RESISTANCE To ROTAT(O
ABouT A PARTICULAR AXS.

1
. |
1
il‘
Lag > Zox .. DIFFERENIAXIS => DIFFERENT I

on_gemoced.
,2 -ﬁ SLANE prp7700

= all axes FarAwerL * rook Lixe PONIS

2-D oNE Axis SPECIAC ... THRouGH CE~nTER o MASS

(n 3D Lovs of axés go Fthrowy G, BuT we wonsr
LooK oot #‘A;‘ = 'qu_ Currendt r_miq_b

—r%g Ze; axi€ IS PERPENDICULAR TO PLANE

oF MmoTion . (Zb Fny&*s)



OFten pewnsity (@) 1s constan:
dm = Pd,xr (dv is voLume of dm )
71- f r‘dm = fr“odv'

How to evaluate fr"d't.r ?

Derends on geometry ... some examples

O ~4— ©
SoLip Cyuuom: radius R, height h
density €

CONSIPER ELEMENTAL SHELL
radius r
wall thickness dr

= VoL = @QmrXdrXh)=dv

_Z;:- o [ridy
:[0/:2211‘11 ~dr

:—“F%TRH\

NOTE VoL = TTR*
* I'= mA®

-0 G 2




FiaD T abowt Z axis

ASE /NFIMITE SstrAR{ DIsk ELFMET {
mass = pdv=p(rx*dz)

Iaf Disk = L‘MR L
({rpm las+ e- 9 )

= 4l = 7 dm Z"
[fﬁz‘di]x‘ fag“*‘ »

ze E*; It‘-"JdIl

|

o o
0 _.___--""‘-——-—__.4
= 813 ka m*
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Pracier Axis Treorer :
1F Ze is knowal, +hen I for another
paralle/ axis s

!I'-'IG"' md""!

d ts £ cdlistance between +he axes

rsnt+d*+2r d Ca®)
Z=Ir*dm

I=f6';‘+ d*+ 2R d (n6)dm

= fﬁ’“dm +d‘j}[m + 2dfr,anedm
EER O BECAWSE aé_ md;-l.t.-h:.
ol =Te + md* Y et o e

05*—-—0
Rapius or Gyration K

d You are +ld , ™M, Ham o Lt 2

N-g. k 1s *dbou-f an axis , Just Lice T

Baby LIt AR DIFFERENT Kk o
D) FrFreresrt 4xes ... ,;‘6'7&“‘4'



6@

moment of INERTIA OF A ComPoSITE RoDY AROUT
AN AxiS IS THE ALGEBRRIC sum oF THE MOI's ot

THE COMPONEATS ABOUT THAT Ax!S

C OMPOSITE b ODIES

ER&LLEL Ax(S THEORE™M USEFLL

I= Z(Io" = Md9 for  composite Bopy

ALSG,YOU CAN SUBTRACT RoDI/ES

E-;. CYLinDER tITH EmMBEDDED
SPHE RICAL CAv.TY,

OR  Hottow TuLRE .
SURTRACT .0, T. .ﬁ HAUSSing BITS




EXAHPLES-' finp MoT of a sowp SPhera d®
ocbout a diameter

o Zos

USE DISk AS ELEMENT
dl-i'i z i!(dm)"‘

- "-z

= TR ¥) 4z

Ii:?: ¥ fd_z;a
= f“ ﬂ(z'—zt)’dz

g 2
= Te [*(p- 2K 72" de

e [g'z - W, 2°7¢
2 32 &

+ R
e 111 )
= gf(z)( R"%‘Srf %’)

= gmWEeR®
15

il

I

NOoTE N = (9:";11'["3 "pf-ﬂ" SPle_re

!‘. I‘H; = %’mﬁ-i

k = 1{_5_‘ ' 1/52_,2 radius of «3yratfo~



F-!ND Mol of 410mm +hik crewlsr "
Plul-r. obowt axis | I—éhq

to Page Hew O

R_ATE HAS HOLE AS SuoN).

Composﬂc bovy ...

Intact disk Te=3mr?
|| wis +hw: Z, = Tg+ md® = fmr® +md?

1esl
Mok = Bugie Vou = 530; kg/m? [ﬂ' (0-25)‘(@0:)}
= )5. %] ka
(I"'k)n - W!.(%r;‘-rdt)
= I-4#3 ka m*

h
Now-—- look @ Hore

Mype = el Vu = 8000 kﬂ/ﬂ’[ﬂ (0425)1(0-0!)}

= 2.93 L:a
(Ix), = M ({ f';"+d‘)

. Y
(Iﬂm). = (Im). - (Im -

= -473%-0-27%¢

e ———




T L

RBaducum mave of 2 Slemk rovs g
So N I.Jl.la‘# 2ach. '-1: o
Lind Mo T about axis Hn-’((} .
end ool G .
. B
E:;R & RoD E_é—i__h._ ﬂ.}_,_ = w
- Tar =0 l}” 1.'3 )
Iyy = f m[? . - >
Iyy'= g miL?
: END i 8 / e B
(Zan). = g'-(a)(m* 169 kgmt ~ ROP ©OA
(Iu). = !i" met+ md* Ro®d BC

= T!i'(s'g‘u)("")l "'(%9)(:-0)"
= 5-522 kg m*
gs Lo i (I.,). (Iu) 7-92 k& - com Bo
T 8!.4- Ic:r ) need o Lind
05(&)1-”_1( - 075 m

Dy 1Tt
. Z2m S0 + 50 %‘?=Ma$5_d

T P

Fnawee axis 1#m
T = Ia + md- & Ts =

Te = 7-20- (’9-")(5-?-5)1

Iﬂ"MOl &‘5




