ME 204 Engineering
Mechanics: Dynamics

Dynamics of Particles -
Kinematics of Particles

Asst.Prof.Dr.Turgut AKYUREK

Cankaya University, Ankara



() Kinematics of Particles

1 Rectilinear Motion
— Motion along a line

'
y

J Curvilinear Motion
— Motion along a curve
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() Relative Motion (Translating Axes)

Rectilinear Motion

SA = SB + SA/B
@ B A S
. > _
4 SB IASA/B r Va=Vg +Vas
SA -I A, =dg + Ay
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() Relative Motion (Translating Axes)

Curvilinear Motion
y

Fan=Ies+rla/B

- X R .
dra dre +drA/B
dt  dt dt

Va=VB +Va/B

da =dB t+da/s
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) Relative Motion (Translating Axes)

Curvilinear Motion

Y

4

F'e=ra+IB/A

dFB B dFA N dFB/A
dt dt dt

VB =VaA+Vs/A

dg =da t+ds/A

'e/a =—I'a/B
VB/A =—Va/B

dB/A = —aAa/B
|
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The car A has a forward speed of 18 km/h and is ac-
celerating at 3 m/3%. Determine the velocity and ac-
celeration of the car relative to observer B, who
rides in a nonrotating chair on the Ferris wheel.
The angular rate £ = 3 rev/min of the Ferrig wheel
18 constant.

2= 3 rev/min /' y
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Hockey playver A carries the puck on his stick and
moves in the direction shown with a speed v, =
4 m/s. In passing the puck to his stationary team-
mate B, by what angle « should the direction of his
ghot trail the line of sight if he launches the puck
with a speed of 7 m/s relative to himself?
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D Problem 2/198

The spacecratt 5 approaches the planet Mars along
a trajectory -4 in the orbital plane of Mars with an
abzolute velocity of 19 km/s. Mars has a velocity of
24.1 km/s along its trajectory e-a. Determine the
angle 8 between the line of sight S-M and the tra-
jectory b<b when Mars appearsz from the spacecraft

ta be approaching it head on.
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() Constrained Motion of Connected Particle

One degree of freedom

[ LLLL L L L

(L L/

Ya

Ye

L=y, +2y; +const

V,+2v, =0

2a, +2a; =0
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() Constrained Motion of Connected Particle

One degree of freedom

LSl L L[l [
L=2y,+2y; + Y. +const
Ye
|V 2V, +2vy +v. =0
2a,+2a; +a. =0
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() Constrained Motion of Connected Particle

Two degrees of freedom

LS L

L, =y, +2y, +const

Ye

Ly =Yg + Y +(Yc — Yp) +coOnst

a,+2a,=0
Vg + 2V, =V, =0 a; +2a. —a, =0
&
V,+2vg+4v. =0 a,+2a; +4a. =0
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Determine the constraint equation which relates
the accelerations of bodies A and B. Assume that
the upper surface of A remains horizontal.
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D Problem 2/117

Determine an expression for the veloeity vy of the
cart A down the incline in terme of the upward ve-
locity vg of cylinder B.

T.Akylrek ME 204 Engineering Mechanics: Dynamics — Kinematics of Particles 13/20



ONJ)
A RNIVES
8 o
57 oA
\z&/

Chapter Review

4 Important Concept: Time derivative of a vector
(magnitude+direction)
4 Categories of Motion:
Rectilinear motion (one coordinate)

Plane curvilinear motion (two coordinates)
Space curvilinear motion (three coordinates)

& Use of Fixed Axes:

Fixed reference axes (absolute motion)

Moving reference axes (relative motion)
»  Restricted to translating reference axes.
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(D) Chapter Review

€ Choice of Coordinates:
Rectangular (Cartesian) coordinates (x-y) and (x-y-

Z)

Normal and tangential coordinates (n-t)

Po
Cy
Sp

ar coordinates (r-6)
indrical Coordinates (r-6-z)

nerical Coordinates (R-9-0)

4 Choice depends on how the motion Is
generated or measured.
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I'he small eylinder 13 made to move along the ro-
tating rod with a motion between r = r, + b and

: . 2t :
r = ry — b given by r = ry + b sin ==, where { is

the time counted from the instant the cylinder
passes the position r = rg and 7 is the period of the
oscillation (time for one complete oscillation). Si-
multaneously, the rod rotates about the vertieal at
the constant angular rate #. Determine the value
of r for which the radial (r-direction) acceleration is
Zero.
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Car A negotiates a curve of 60-m radius at a con- |
stant speed of 50 km/h. When A passes the position

shown, car B i= 30 m from the intersection and is e
accelerating south toward the intersection at the

rate of 1.5 m/s“. Determine the acceleration which 30 m
A appears to have when observed by an cccupant of

B at this instant. —
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O Problem 2/243

At the instant depicted, assume that the particle P,
which moves on a curved path, is 80 m from the
pole O and has the velocity v and acceleration a as
indicated. Determine the instantaneous values of r,
7, 8, 8, the n- and t-components of acceleration,
and the radius of curvature p.
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® Homework 1 (Chapter 2)

Problems for Week 03

& Problem 2.192 Aa Ther;(e(vx)/ill be additional problems for the next
week(s).
€ Problem 2.196 Q0 Solve each weeks problems in that week, do
not wait for the last day!
€ Problem 2.216 1 submit the Homework 01 in due time.
A You will have a quiz in the 1st hour of Week 4.
% Problem 2.220 A problem will be asked from the Homework 1
») questions.
% roblem 2.237 d Your homework grade will be assessed only
& Problem 2.253 from that question of your homework.

Due date: 15t hour of Week 4
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particle

Ferris wheel
velocity
translation
relative
position
spacecraft

Degree of
freedom

track
circular
drag

horizontal

launch
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Maddesel nokta,
pargacik

Dénme dolap
hiz

Oteleme
Bagil, goreceli
konum

Uzay araci

Serbestlik derecesi

takip
dairesel
suruklenme

yatay

firlatma

kinematics

Angular rate
acceleration
rotation
rectilinear
displacement
trajectory

accelarating

oscillation
initial velocity
polar

vertical

normal

Kinematik,
hareket bilimi

Acisal hiz
ivme

donme
dogrusal

Yer degigtirme
yorunge

hizlanan

salinim
ik hiz
kutupsal

dusey
dik

English — Turkish Dictionary

rim
displacement
revolution
puck
curvilinear
stationary
instantaneous

decelarating

simultaneous
intersection
chamber

launch

tangential
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kenar

Yer degistirme
devir

Buz hokeyi diski
egrisel

Sabit, hareketsiz
anhk

yavaslayan

Es zamanli
kavsak
Oda(cik)

firlatma

tegetsel
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