3/13/2008 : Lel0 Translation

Panel 1

Translation

ES204 Mechanical Systems

Translation
Lecture 10

Dr. Fisher

Panel 2

Relative motion notation
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Separate varables and

Kinematics

{the geomeny of the motion)
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Basic kinematic relationships
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//’* integrate

a(x): usea

Acceleration not constant

a(t): use a =£

dt
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Use analogous expressions for al8), o)

[Constant acceleration
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vg+2alx=xy)
(there are analogous
exprassions for 0,0,8 and t)

Represent in different
coordinate systems

——

—

Dependent motion

1) Define position vectors

2) Write a constraint equation
(lemgth of eable, for example)

3) Differentiate to get an equation
that relates the

velocities accelerations

\ Define position vectors and

differentiate

—

Rectangular
Coordmates

=ity

i=ag+a,)

3.

Normal and Tangential
Coordmates
T=ve,,

Polar Coordinates
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dt oxy  dt oxy
(Q is any vector)
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[Fixed Axis Rotation

Translation
(6 = constant)

¥ =@x 1, (Magnitude is @r, direction is
perpendicular to 1)
i, =axg,, oxlexg,)

General Plane|

= ar perpendicular to r and

3 = [Motion
@ directed from p to the fixed point O

¥

Projectile Motion

y-direction

x-direction: x =x + v t,vo = vy

General Plans Motion (translation-rotation)
Vs +¥a/n
-\B-(;fo_,‘ 3
dy=ag iy s e
=ig+nty g +Ox(Bxiy gl

|General Plane Motion (rotating axis)
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3/13/2008 : Lel0 Translation

Panel 3
Rigid body motion
Three types of motion
' (every line remains parallel to original orientation)
+ N o (every point travels in a circle about a fixed point)
+ {a combination of translation + rotation)
Translation +

When an object 1s translating every point on the
object has the same velocity and acceleration

(Y]

Panel 4

Review of linear and angular momentum (rate)
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Kinetic Diagram Free Body
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Translation
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Panel 5
The thin plate ABCD weighs 16 Ib and is held in position by the three i
inextensible wires AE, BF, and CH. Wire AE is then cut. Determine : - _/"f\.
(a) the acceleration of the plate, X A gl £
(b) the tension in wires BF and CH immediately after wire AE {4 B
has been cut. ‘
(taken from Vector Mechanics for Engineers, 5th Edition by Beer & .
Johnston) o
What kinetic approach do we want to use? | e
[ | Fa T
What key words tell us the approach to use? €\ sin
o 12 ir - *
5
Panel 6
| Kinetics
Conservation Pn’ncip/\
Rate form of conservation of Finite time form of Finite time form of conservation of
linear and angular momentum conservation of energy linear and angular momentum
Clues as to when to l
-want to find forces and/or - have two locations in - have an impact or impulsive forces
accelerations space
. . - are considering several objects that
-want to find veloaties and/or -want to find velocities, are interacting
distance traveled (which can be distances, and
found by separating variables sometimes forces - given force as a function of time
and integrating the kinematic
relationships for gor @). -givena forceas a - want to find velocities, times,
function of displacement| | forces (especialy impulsive forces)
Procedure: l l
Define the system Define the system Define the system
Draw FBD and KD Draw system in two Draw Impulse-Momentum
Define a coordinate system locations diagrams
Apply the principle Define a coordinate system Define a coordinate system
Check to make sure there are Apply the principle Apply the principle
enough equations Check to make sure there are| | Check to make sure there are
enough equations enough equations
6

Page 3 of 7



3/13/2008 : Lel0 Translation

Panel 7

The thin plate ABCD weighs 16 Ib and is held in position by the three
inextensible wires AE. BF, and CH. Wire AE is then cut. Determine :
(a) the acceleration of the plate,
(b) the tension in wires BF and CH immediately after wire AE

has been cut.

(taken from Vector Mechanics for Engineers, 5th Edition by Beer &

Johnston)
FBD KD
FBD KD
Panel 8
FBD KD

What Rate equations do we want to write and in what directions?

Translation
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Panel 9
FBD KD
[ o)
Rate form Cons LM
()
Rate form Cons LM
(2)
o’
Panel 10
+ FBD KD
S I =0
;} L lex. man [translation)
2 man =0
ES :2 M fan = vair)
- fvelocity =0}
mag
Rate form Cons AM about cg
T 4+ + N
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3/13/2008 : Lel0 Translation Translation

Panel 11
16.20  The thin plate ABCD weighs 16 Ib and is held in position by the three
inextensible wires AE, BF, and CH. Wire AE is then cut. Determine
(a) the acceleration of the pla
(b) the tension in wires BF |r|1 CH immediately after wire AF
has been cut
(ta om Vector Mechanics for Engineers, Sth Edition by Beer &
Je o)
Panel 12

The riding mower has a weight of 280 1b with a center of mass
at G;. The operator weighs 180 Ib with a center of mass at G,.
Calculate the minimum coefficient of static friction that will
permit the front wheels of the mower to lift off of the ground as
the mower starts to move forwards.

(taken from an unknown source)

Which Kinetic approach do we want?
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Panel 13

Translation

The riding mower has a weight of 280 1b with a center of mass
at G;. The operator weighs 180 Ib with a center of mass at G,.
Calculate the minimum coefficient of static friction that will
permit the front wheels of the mower to lift off of the ground as

the mower starts to move forwards.
(taken from an unknown source)
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Panel 14
FBD KD
C
K_\'\ i | > — [
. . ) /+ ij—]t—_%ﬂ_
- ‘:j.c\
| _ ! .
g [r.S\,f'j) A a)f?\ - _\;__'?'f - 4\ 2 {| /{{/
— i’il\ 7T R, S €
9t ot Y 3 r v
TR - 3 N
(I ( 2\ (3
14

Page 7 of 7



