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@ Rigid Body Mechanics

. . A |
Kinematics —
 Study of geometry of motion Mechanics
d Used to relate ' — —

) M '
— displacement Mg?kr]iari]acs eco?nlcs Mechanics
: bodiges deformable of fluids
- velocity bodies
— acceleration . \ ' \

without reference to the
cause of the motion
(Force not considered)

Statics
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(Y Rigid Body Mechanics

. . h |
Engineering
2 Study of relation between echanics
— the forces acting on the body [ \ ' )
- the mass of the body Mg??%ril(ijcs Mecré?nics Mechanics
~ the motion of the body bodies ko ot fluids
d Used — —

— to predict the motion Statics

caused by the forces or _

— to determine the forces . S ' ! .

Kinetics Kinematics

T.Akylrek ME 204 Engineering Mechanics: Dynamics - Kinetics of Particles 3/19



The same force exerfed on a larger mass produces
a correspondingly smaller acceleration.
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A particle acted upon by unbalanced force
experience an acceleration a that has the
same direction as the force and a magnitude
that is directly proportional to the force.

The same force exerfed on a larger mass produces
a correspondingly smaller acceleration.
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() Typical Kinetics Problems

Problem Types

1. Given Y F, find @ — Calculate motion (s(¢),
v(t)) via integrating a
2. Given @, find ¥ F

3. Problem 1 in one axis, Problem 2 in another
axis
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(Y Solution Methods for Kinetics Problemsi&

d Newton’s 2" law (3 F = ma)v’
d Work, energy methosv’
1 Impulse, momentum methods

|
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) Impact

Direct Central Impact

Since the contact forces are equal and ZIE_G’

opposite during impact, linear B

momentum is conserved, i.e. remains v > Ug

unchanged.

MV, + MV, = MV, +m,V, (@) Before _ —
1mpact

(b) Maximum
deformation —
during impact

(c) After impact —
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Ratio e of the magnitude of restoration
impulse to the maghnitude of
deformation impulse.

Coefficient of Restitution

"Fd F.dt
o= F t ml[—Vl'—(—Vo)]:VO—Vi _ b m [ V ( v )] Vo_V;
j F, dt ml Vo — (= Vl)J Vi—V T j F,dt mz - (- V)J v,
T_ For particle 2 Uy Vg
For particle 1 -
Deformation
period B

! !/ 1 H T
v, —v, |relative__velocity _of _separation|

e = =
v,—v, [relative_velocity _of _approach|

Restoration
period 1
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Energy Loss During Impact

_ V, -V, _ \relative _velocity _of _ separation\
v,—v, |relative _velocity _of _approach

Coefficient of
restitution, e
e=1 elastic impact (no energy loss) ;| Perfectlyelastic
e=0 inelastic (plastic) impact e,
(maximum energy loss) \\\ Glass on glass
\
\ \\\
\\ Steel on steel
\
"\ _Leadonlead
o E—— Perfectly plastic
0 Relative impact velocity

|
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Oblique Central Impact

Known: My, My, (v ), (v (Vo) (%2 ) - Unknowns (4): (), (), (v3),,(v3),
1| Momentum of the system in n-direction is conserved:

ml(vl)n + m2 (VZ )n = ml(V{)n + mZ (V; )n
2,3 [Momentum for each particle in t-direction is conserved:

ml(vl)t = ml(vi)t m, (Vz )t =M, (V; )t
4 | Coefficient of restitution e: n

. (V;)n o (Vi)n mq ’ll My VY |
|
|

. (V1)n _(Vz)n Q\Vg\ ‘ Q/ Q i

(a) (b) (c) (d) (e)
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) Problem 3/255

The ball is released from position A and drops 0.75 m to the incline.
If the coefficient of restitution in the impact is e = 0.85, determine
the slant range R.

QA

0.75 m
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The two cars eollide at right angles in the intersec-

tion of two 1cy roads. Car A has a mass of 1200 kg

and car B has a mass of 1600 kg. The cars become

entangled and move off together with a common ve-

locity v’ in the direction indicated. If car A was trav- 3|’
|
|
|
|
|

eling 50 km/h at the instant of impact, compute the
corresponding veloeity of car B just belore impact.
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) Kinetic Methods Applied to Relative Motion ©

Translating Axes
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(@) (b)

T.Akylrek ME 204 Engineering Mechanics: Dynamics - Kinetics of Particles 15/19



Path relative

Z F = méA = m(aB T é:rel) tO x'y'Z m drrel
Vv, =const = a, =0 | |

> F=md, =mi,

Z Z
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Translating Frames (constant velocity, no rotation)

dUreI = Z IE .drrel

= rr.Ié:rel * dFreI =)
—— Path relative
o rnVrel VreI to X-y-2 m dr
=mv,_dv_, rel v
1 i
= d (E mVZrel )
= dTreI Ap = Apg]

|
(Ul—z)rel = ATrel = (Tz)rel _(Tl)rel :
(Ul—z)'rel = AEreI = (EZ)reI _(El)rel O |< == B

—~Y
[W-E] & [M-W-E] eq’s hold for b AN
measurements made wrt non- \ %

rotatingi constant velocitx frames X X

T.Akylrek ME 204 Engineering Mechanics: Dynamics - Kinetics of Particles 17/19



Translating Frames (constant velocity, no rotation)

[LI-LM] Equation

LI =) Fadt

= ma,,dt *F
_md Path relative
= MV to x-y-z m .
=d(mv,,) ! Vrel
=d(Gy) s
y Fdt = dGrel | Z| Ap = Ape]

IZ Ifdt = Aérel = (GZ)rel - (él)rel l |

—— = = — | vy |

JXMdt=8Hy =(H)u - -7

[LI-LM] & [AI-AM] eq’s hold for \\ \\

measurements made wrt non- \ N

rotatingi constant velocitx frames X X
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English — Turkish Dictionary

particle

kinetics
velocity
translation
relative
position
plane
embedded
track

circular

oblique

plastik

deformation

T.Akylrek

Maddesel nokta,
pargacik

Kinetk, hizbilim
hiz

Oteleme

Bagil, goreceli
konum
duzlem
goémulu

takip

dairesel

egik

kalici

Sekil degistirme

kinematics

Angular rate
acceleration
rotation
rectilinear
displacement
trajectory
accelarating
deflection

initial velocity

slant

approach

restitution

Kinematik,
hareket bilimi

Acisal hiz
ivme

donme
dogrusal

Yer degistirme
yorunge
hizlanan
sapma

ik hiz

egimli

yaklagsma

Eski haline
getirme

resultant

displacement
revolution

rod
curvilinear
stationary
instantaneous
decelarating
swinging

wedged

separation

impact

restoration
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bilegke

Yer degistirme
devir

cubuk

egrisel

Sabit, hareketsiz
anlk
yavaslayan
salinan

Sikismis,
kamalanmig

ayrilma

garpma

Yeniden kurma
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