3/11/2008 : Le05 Radial and Transverse Coordinates

Panel 1

ES204 Mechanical Systems

Radial and Transverse Coordinates

Lecture 05

Dr. Fisher

Panel 2

/\

Kinematics
(tke geomerry of the motion)

Relative Dependent
motion fance
Separate vanables and
Integrate Represent in different
-~ coordiare systems Define position vectors and
Acceleration -.. differentate
©Ot constant
Constant
acceleration =
Rectangular Normal and
coordinates > 1
coordinates
‘rojectile motion Tramslanon Fived axis {General
Poe. rotation place
(8 = constant) motion.
Translation Rotating
- axis
Rotation

Figure 1.5 Concept Map for Kmematies
~

Radial and Transverse
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Panel 3

Kinematics
(the zeomeny of the motion)

T

Ralative motion notation Basic kinematic relationthips _DGPH-\d!N motien
aF d 1) Define position vectors
0 =0ty s vE— fH=— 2) Write a constraint equation
FymTg+iap d{ dt, (length ot_‘cal:](. for example)
i 3aV a =90 1) Differentiate to get an equation
Aa=3ptiue de dt that relates the

velocities/accelerations

integrate \
// Define position vectors and

Acceleration not constant differentiate

Ay
Mt AR \
ax): usea= "'% Normal and Tangential [Polar Coordinates

Rectangular . "
(Coordinates Coordinates 40 dQ
s T=ve, dt oxy

\Lz\'l"‘-' »
. o TV ,

te variables
Sapaats yaidblas and Represent in different

coordinate systems

¢ =8, +168,

i=li-87k, < B =28k,

Use analogous expressions for a8), ()

(Q 13 any vector)

l a :a:; "-a_\.;
1

[Constant acceleration

i=vg+ g,
2

[Fixed Axis Rotatien

x=xg+ vt +l_“3 Translation ¥p =01, (Magnirade i3 G, direction is
3 2 (8 = constant) -
" = perpendicular to r)
o fpmdeg i, toxlang,.)
vl =l $2a0x-xg) A= 28 General Plane|

(there are analogous = ar perpendicular to r 2nd Motion

expressions for @,0,8 and t)

@°r dizected from p to the fixed pomt O

VASVET VAR

Projectile Motion

x-direction: x = xy +vp t, vy =vy

=ig+@xly,p

Ay =Ap T4

(General Plana Motion (translation-rotation)

e

‘:r=‘:°“"=~!'::’”:v°

|General Plane Motion (rotating axis)

Do 2 g 5 3 miy+i rlxE, cOx(@xi s 26xT
y-dizection: =ag+dxn, g +0x(0x5,g) BT e ke by

Y=Yo Vo t—Tgt vy =ve —Bt vy =vg —28ly-v¥o)

=ig+dxiyp - Oasliya)

3

Panel 4

Radial and Transverse

Particle position
given by r, &

e, = unit vector in the radial direction
e, = unit vector in the transverse direction
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Panel 5

Radial and Transverse Components

o 7
O

Panel 6

Radial -Transverse coordinates (cont.)

S t v Cfré +7r ' e, +ré
0 We g —— =
& dt T dt IE R
Vi =i
v, =r0

Radial and Transverse
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Panel 7

Radial -Transverse coordinates (cont.)

dvy  d 5
E= E(rer +re.)
/ T —

e

Acceleration: d-=

8+ 76, rE,+rE,+r &,
—
. A =T
rée, -r@<é

¥

a, = ¥— r@* = radial acceleration

a, = r&+ 270 = tangential acceleration

= e a2

Note: g, is not the time derivative of v,

dgis not the time derivative of v,

Panel 8

Path of
particle
(total acceleration)
Coordinate Position Velocity Acceleration
System

Cartesian f=xi+y =i+ A= +4

Normal and I e TR

Tangential N/A Y= ax "et"'?en

Radial and i e - P - o - .

Transverse A5 V=nr+m;f“ a=["’e )e:+[1‘3+2¥9k3=a,er+aeea
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Panel 9
Path of
particle
(total acceleration)
Coordinate Position Velocity Acceleration
System
Cartesian f=xi+y =i+ A= +4
Normal and I e TR
Tangential N/A =0 a= Ve +—ep
Radial and i e - P - o - .
Transverse B v=n1'+re;3 a=[r—xe )er"’[’G"’z"e};’e:ﬂ:er"‘ae?e
Panel 10

Path of
particle

(total acceleration)

Coordinate Position Velocity Acceleration
System
Cartesian f=xi+y =i+ A= +4
Normal and I e TR
Tangential N/A =0 a= Ve +—ep
Radial and i e - P - o - .
Transverse B it +ref?.] A [’ -1 )er + [‘e g 2"9};3 = arer + agty
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Panel 11
Path of
particle
(total acceleration)
Coordinate Position Velocity Acceleration
System
Cartesian T=xi+y =g+ d=xi+4)
Normal and e )
Tangential e Lk A
Radial and = . e o " v f a3k Bk - a
Transverse B v=mf+mf"i a=["’e)er+[‘e+2’eke=%%+%ee
Panel 12
2.137

The rocket is fired vertically and tracked by the radar shown. When 6 = 60",
other corresponding measurements give the values of r =30,000 fi,

¥ =70 ft/s? ,and 8 = 0.02 rad/s . Calculate the velocity and acceleration of
the rocket at this position.

Ans. v=1200 fi/s
a=670 ft/s’
(taken from Dynamics, 3rd Edition by Merriam & Kraige)

Acceleration
82 tFra®) 8 4 (rEe2r5)s
m. = I 2pd
o, °
o o W T
Og =

12
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Panel 13
2.137 The rocket is fired vertically and tracked by the radar shown. When 6 = 60",

other corresponding measurements give the values of r =30,000 fi,

¥F=70 ﬁ/.i‘z ,and 8 = 0.02 rad/s . Calculate the velocity and acceleration of

the rocket at this position.

Ans. v=1200 fi/s
a=670 ft/s’
(taken from Dynamics, 3rd Edition by Merriam & Kraige)
@]
Geo &
X
Use the formulas
for velocity and
acceleration to find
either the radial or
__ transverse components
13
Panel 14
ROSE-HULMAN INSTITUT I NOL
Example - Le 04
]
4
14
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Panel 15

A spider is crawling towards the center of a rotating fan at a constant speed of .1 m/s relative to the
fan. The fan is rotating at a constant 2 rad/s. The spideris a very rare Jjumping spider that can
Jjump with a take-off speed of & m/s when standing still.

HG

a) At the instant shown what is the velocity
and acceleration of the spider? (15 pts)

b) If the spider wants to jump onto the light in
the center of the fan in what direction
should the spider jump? Assume the spider
leaves the fan with a horizontal velocity.

(10 pts)
r .
e o
r=
i'.= é- —_—
Acceleration

i A
2=0-raVé, + (rot2-0)€g
[

'

15

X

Panel 16

A spidet is crawling towards the center of a rotating fan at a constant speed of .1 m/s relative to the
fan. The fan is rotating at a constant 2 rad/s. The spideris a very rare Jjumping spider that can
Jjump with a take-off speed of & m/s when standing still.

HG

a) At the instant shown what is the velocity
and acceleration of the spider? (15 pts)

b) If the spider wants to jump onto the light in
the center of the fan in what direction
should the spider jump? Assume the spider
leaves the fan with a horizontal velocity.
(10 pts)

Solve for part b)

16
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Panel 17

ROSE-HULMAN IS TE OF TECHNOLOGY

Part Aand B
Solution
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