ME 204 Engineering
Mechanics: Dynamics

Dynamics of Particles -
Kinetics of Particles

Asst.Prof.Dr.Turgut AKYUREK

Cankaya University, Ankara



@ 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
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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 Problem

0 Newton’s 2™ law (3 F = ma)
1 Work, energy methos
d Impulse, momentum methods

D’Alambert Principle: Treat the dynamic problem as statics methods!

Zl_f—m§=0

Y F =0; Y F =0; Y F, =0

> F -ma =0; > F,-ma,=0; > F, -ma, =0

T.Akylrek ME 204 Engineering Mechanics: Dynamics - Kinetics of Particles 7/19



@ Kinetics of Particles

1 Rectilinear Motion
— Motion along a line

'
y

J Curvilinear Motion
— Motion along a curve
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F _ /ma ZE:ma
N« S(Fi+F, j+F k)=mai+a,j+ak

F, > F, =ma,
m . > F, =ma,
F, =0
> F, =ma,
“'ma

d F and d are in the same directions
d When a=0 — Statics
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If the coefficients of static and kinetic friction bhe-
tween the 20-kg block A and the 100-kg cart B are
hoth essentially the same value of 0,50, determine
the acceleration of each part for (a¢) P = 60 N and
(b} P = 40 N,
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D Problem 3/37

Compute the acceleration of bleck A for the instant
depicted. Neglect the masses of the pulleys.

.= 0.50

\
4y = 0.40 k
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Problem 3/41

T.AkyUrek

The design of a lunar mission calls for a 1200-kg
spacecraft to lift off from the surface of the moon
et traved a0 o stoaigint line from point A and pass
point B. If the spacecrail motor has a constant
thrust of 2500 N, determine the speed of the space-
craft as it passes point B. Use Table D/2 and the
gravitational law from Chapter 1 as needed.
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) Curvilinear Motion

Coordinate Systems

 Cartesian (Rectangular)
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d Normal and Tangential
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) Curvilinear Motion

Rectangular Coordinates PRSI}

ZFX:m;; ZFy:m§

Normal & Tangential Coordinates

Y F =ma; > F =ma
2

dv v a=a +an
F=m—; YF =m—
YF, -nS TF,-m"

_ dr (doY
Polar Coordinates [Pl ZFfmdtz—f(dt”

F,=Ma, " d%0  _drdo
YF =mr—+2—="
0 T

[ 1) 02 > ( 1) e o — > >
a=(r-ré@ )ir+(ré+2rf)iy »>a=a.lr+a,le
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Y Problem 3/72

A 2-kg sphere S is being moved in a vertical plane by
a robotic arm. When the angle # is 30°, the angular
veloeity of the arm about a horizontal axis through
O is 50 deg/s clockwise and its angular acceleration
is 200 deg/s® counterclockwise. In addition, the hy-
draulic element is being shortened at the constant
rate of 500 mm/s. Determine the necessary mini-
mum gripping force P if the coefficient of static fric-
tion hetween the sphere and the gripping surfaces is
0.5. Compare P with the minimum gripping force P,
required to hold the sphere in statie equilibrium in
the 307 position.
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&) Problem 3/75

A stretch of highway includes a succession of evenly spaced dips
and humps, the contour of which may be respresented by the

relation y = bsin(z%). What is the maximum speed at which the car

A can go over a hump and still maintaion contact with the road? If
the car maintains this critical speed, what is the total reaction N
under its wheels at the bottom of a dip? The mass of the car is m.
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) Problem 3/95

T.AkyUrek

A small collar of mass rm i3 given an initial veloeity
of magnitude vy on the horizontal circular track

fabricated from a glender rod. If the coefficient of

kinetic friction is pg, determine the distance trav-
eled before the collar comes to rest. (Hinf: Recog-
nize that the friction force depends on the net
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® Homework 2 (Chapter 3)

Problems for Week 04

4 Problem 3.43 Q There will be additional problems for the next
week(s).

& Problem 3.45 0 Solve each weeks problems in that week, do
not wait for the last day!

& Problem 3.65 0 Submit the Homework 02 in due time.

5 A You will have a quiz in the 1st hour of Week 7.

& roblem 3.74 A problem will be asked from the Homework 2

questions.

d Your homework grade will be assessed only
from that question of your homework.

Due date: 15t hour of Week 7
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particle

momentum
velocity
translation
Slender rod
position
coefficient

Degree of
freedom

track
circular
gripping

horizontal

Evenly
spaced

T.Akylrek

Maddesel nokta,
pargacik

Momentum, devinim

hiz
Oteleme
ince cubuk
konum
katsayi

Serbestlik derecesi

takip
dairesel
sikma

yatay

Duzenli aralikl

kinetics

Angular rate
acceleration
rotation
rectilinear
displacement
trajectory

accelarating

cart
lunar
polar

vertical

succession

Kinetik, hizbilim

Acisal hiz
ivme

donme
dogrusal

Yer degigtirme
yorunge

hizlanan

(el) arabasi
Ay ile ilgili
kutupsal
dusey

Birbirini takip
etme

English — Turkish Dictionary

impulse

displacement
revolution
puck
curvilinear
stationary
instantaneous

decelarating

pulley

thrust
dip
hump

collar
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itki

Yer degistirme
devir

Buz hokeyi diski
egrisel

Sabit, hareketsiz
anhk

yavaslayan

makara
itme
cukur

timsek
bilezik
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