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() Kinematics of Particles

d Rectilinear Motionv’
— Motion along a line

J Curvilinear Motion
— Motion along a curve
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) Plane Curvilinear Motion

T Position vector
Ar  Displacement vector

As  Distance travelled along the path during At
AT

Average velocity v,, = n

Path of
. N . AT dar particle

Instantaneous VGIOCIty V= llm —_— = —
At—0 At dt

v is always tangent to the path!
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U velocity at time ¢
v
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velocity at time t + At

A B -
At At

L S . AV dv  d47F
Instantaneous accelaration a = lim — = — = >
At—0 At dt dt

Acceleration component normal to path : directed towards the
center of curvature of the path.

Average acceleration dg, =
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Coordinate Syste Mms
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Normal and Tangential Coordinates (n-t)§&

A Position attime t
A" Position attime t + At
C Center of curvature at A Path f ©t
p Radius of curvature at A VS p
e,, Unit vector in normal direction q+' towards C) [v /e
é, Unit vector tangent to path (+: motion direction) o
_ds  pdf : l Lo
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& Normal and Tangential Coordinates (n-t{&

A=y}
I
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== (v8,) = V8, + vé, =

dé,| = |é,ldB = 1dB = dB
As dt — 0 direction of de, — e,

-

- 5 - Al ;
. : . : v/
a = ve, + ve, = ve; + vfe, i~
- - - T~ _ "l""l-' ' ,-"
a=a,e, +ae, a~ |\ /dw
2 [y
(% : 9 . [ .44
An = — = pIB — UIB dvy |/
p [ /o
at — U — S II." .:".
_ 2 2 s
a= \/ a,” + a, ;’ dB
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For a line or inflection point p - 0o & a,, =0

|
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) Normal and Tangential Coordinates (n-t}§&

At IETa Y [e)ile]aR Special case with p =constant=r

v=r10 o %
2 " il “~\a;
a, = — = 7,.92 = 10 \‘\ >‘P
r .. r\ n_-- a
j— 9 — 9 .‘ \'\.,."')Xnt l
A =V =T 8 ‘
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The design of a camshaft-drive system of a four-
cvlinder automobile engine is shown. As the engine
is revved up, the belt speed v changes uniformly
from 3 m/s to 6 m/s over a two-gecond interval. Cal-
culate the magnitudes of the accelerations of points
P, and P, halfway through this time interval.

60 mm

Drive belt (@&
tensioner 8
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Race car A follows path a-¢ while race car B follows
path b-6 on the unbanked track. If each car has a
constant speed limited to that corresponding to a
lateral (normal) acceleration of 0.8¢g, determine the
times £, and {g for both cars to negotiate the turn

as delimited by the line C-C.
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Coordinate Syste Mms
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&) Polar Coordinates (r, 6)

Path
. ; 6 |
r,6 —Polar coordinates of particle N
e., e, »Unit vectors in r, 8 directions Nee [ _r
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dt dt dt
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) Polar Coordinates (r, 6)
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) Polar Coordinates (r, 6)

Circular Motion Special case with r=constant

- - - dr - - . t
r=rer - VZE - _rer+ree
—rer+r569 \

o [ 1) 02 e o \_,
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a=-ré a,=ré@
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<) Problem 2.157

The robot arm 15 elevating and cxtending simulta-
neously, Al a given uu»tdnt # = 30° 8 = 10 deg's =
constant, /= 0.5m, [ = 0.2m/s,and / = —0.3 m/s’.
Compute the magnitudes of the velocity v and ac-
celeration a of the gripped part P. In addition, ex-
press v and a in terms of the unit vectors i and j.
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() Problem 2.162

A fireworks shell P fired in a vertical trajectory has
a y-acceleration given by a, = —g — kuv®, where the
latter term is due to aerodynamic drag. If the speed
of the shell i3 15 mys at the instant shown, deter-
mine the corresponding values of r, r, r, 8, i, and
{i. The drag parameter k has a constant value of
0.01 m™".
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() Space Curvilinear Motion

Coordinate Systems
6
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() Space Curvilinear Motion

Cartesian Coordinates

Roxi+y j+zk

= dR o,: o_: o _, ° ° °
V=—==XI+YyJ+zZk >V, =X VvV, =y V,=1
dt
V o0 oo _, o0 _, [ 1] o0 (1)

5:(3—t:xi+yj+zk—>axzx a, =y a,=1
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) Space Curvilinear Motion
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() Space Curvilinear Motion
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Problem 2.169

The rotating element in a mixing chamber is given a
periodic axial movement z = 2z, sin 2#nf while it is
rotating at the constant angular velocity 8 = w. De-
termine the expression for the maximum magnitude
of the acceleration of a point A on the rim of radius
r. The frequency n of vertical oscillation is constant.

T
I
|

o C ‘)* z=2z,8in 2T nt
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T.Akylrek

Y Problem 2.172

An aireraft takes off at A and climbzs at a steady
angle with slope of 1 to 2 in the vertical y-z plane at
a constant speed v = 400 km'h. The aircraft is
tracked by radar at 0. For the position B, deter-
mine the values of K, #, and :,b

z
B | 5 v
P - - o
- \,,—’ /.
A N ,‘\] 1 / :
- - e ‘,/ \
- e 'l" | 300 m
- " . I/" ‘
R/ |
Ky AT w
./ o "_, N .
/‘. | - e U
/ _+Bo0om )
Lo \\
e .7
R’ w
O ‘6
AEL
x>

ME 204 Engineering Mechanics: Dynamics

24/26



® Homework 1 (Chapter 2)

Problems for Week 02

& Problem 2.121 AQ Ther;(e(vx)/ill be additional problems for the next
week(s).
€ Problem 2.128 Q0 Solve each weeks problems in that week, do
not wait for the last day!
€ Problem 2.151 1 submit the Homework 01 in due time.
A You will have a quiz in the 1st hour of Week 4.
% Problem 2.164 A problem will be asked from the Homework 1
») questions.
% roblem 2.174 d Your homework grade will be assessed only
& Problem 2.177 from that question of your homework.

Due date: 15t hour of Week 4
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English — Turkish Dictionary

particle
rigid
velocity
translation
relative
position
elevate
Rev up
track
circular
drag

horizontal

|
T.Akylrek

Maddesel nokta,
pargacik

Sekil degistirmeyen,
kati

hiz

Oteleme

Bagil, goreceli
konum

yukselme

Devirini yukseltmek
takip

dairesel
suruklenme

yatay

kinematics
Rigid body

acceleration
rotation
rectilinear
displacement
extend
accelarating
fireworks
initial velocity
polar

vertical

normal

Kinematik,
hareket bilimi

Kati cisim
ivme

donme
dogrusal

Yer degistirme
uzama
hizlanan
Havai fisek

ik hiz
kutupsal

dusey
dik

rim

displacement

inertial

cam
curvilinear
average
instantaneous
decelarating
penetrate
inflection
chamber

launch

tangential
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kenar

Yer degistirme

eylemsizlik
Kam, eksantrik
egrisel
ortalama

anlk
yavaslayan
delmek

donum
Oda(cik)

firlatma

tegetsel
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