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Panel 1

ES204 Mechanical Systems

Fixed Axis Rotation - Energy
Lecture 12

1 Dr. Fisher

Panel 2
1-1
Kinematics
(the geomety of the motion)
.
IR elative motion notation Basic kinematic :e!a'.la_u:hip: ‘Depr;d:n! muﬁon
& dé 1) efine position vectors
By =ty T3 Tm— a=— 2) Write a constraint equation
EE dE dt (length of cable, for example)
b A g a¢ _do 3) Dufferentiate to get an equation
Sa=3g+iys dt dt that relates the
\ velocities/accelerations
-Szpaz.mz vanablas and Represent in different \\
integrate e
/ coordinate systams Define position vectors and
Acceleration not constant Aiffirwiate
dv
MRS \
alx): wse a= = Rect i ‘c.ﬁr:l ,:.: Tangential Polar Cmr.d.:mm'. @ F -
Use analogous expressions for al®), ait) Coordu{:tu - ___1 ‘..ém : e @ i _— +éxQ
i i=lr-187f, + 16+ 2066, toxy  at oxy
Ii : 3 B (Q is any vector)
Constant !:CI‘]RI:‘.IOH . [Fixed Auxis Rotation
g Vot at? Iﬁ“‘“““‘m i'P =@Hx ip o (Magnitude is @r, direction is
P - E ;iw stant) perpendicular to 1)
3_ 3 ;"—;: iyxdxipoéex(axipn]
v? =vi+2a(x-xy) A General Plane|
(there are analogous o pery Tl Motion
TR @°r divactad from p to the fixed point O
expressions for 0,08 and t)

(General Plane Motion (translation~rotation) /

Va=Tg + ¥
s B S AR [General Plane Motion (rotating axis)
Tp =Ty # ¥pq + BT

T ERE 2 0x(BxE, , )+ 205,

Projectile Metion =vg +OxIy g
x-direction: x =xq+ vy t.vy =V

ia=dgTags
y-direction: =i+t g+ Ox(BxF gl F

vo t=fgt’,

: . 2 fa
=ag+@¥1y, s~ Dasliass)
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Panel 3

Fixed Axis Rotation - Energy

Conservation Principle:

Rate form of conservation of
linear and angular momentum

Clues as to when to

| Kinetics

Finite time form of
conservation of energy

-want to find forces andfor
accelerations

-want to find veloaties and/or
distance traveled (which can be
found by separating variables
and integrating the kinematic
relationships for ¢ or @).

- have two locations in
space

-want to find velocities,
distances, and
sometmes forces

-given a forceas a

Procedure:

function of displacement

l

Finite time form of conservation of
linear and angular momentum

- have an impact or impulsive forces

- are considering several objects that
are interacting

- given force as a function of ime

- want to find velocities, times,
forces (especaly impulsive forces)

1

Define the system

Draw FBD and KD

Define a coordinate system

Apply the principle

Check to make sure there are
enough equations

Define the system

Draw system in two
locations

Define a coordinate system

Apply the principle

Check to make sure there are
enough equations

Define the system

Draw Impulse-Momentum
diagrams

Define a coordinate system

Apply the principle

Check to make sure there are
enough equations

3

Panel 4

where
1

Epu=E+Eg+E,+U

Cor

mments

1 2
£y =Emvé +E,’Gc-3'

Eg=mgz

- 1
E ==k
2
U = internal energy

and work is defined to be
W= [ Far
i

Special Cases:

constant force:

constant moment:

W:—j?‘dﬁ" = :[Fa’s:: Fja’s = W
1 o

W= [ Md6 =

(you will always need to use kinematics to relate vg and ©.)
(z is the distance the center of mass is from the datum)
(x is measured from the free length of the spring)

(this is usually zero in this class unless there is an impact)

or W= _f Mdo
1

[
&

,*.fj'u'a = |[W=M0

rolling friction (on a fixed surface): W :J F.dF —j}.‘{j_‘;(“‘ fa F Fodt=0 = W=0

\at ) i

velecity of the point of contact
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Fixed Axis Rotation - Energy

Panel 5
id 1
Solid Sphere
2
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Panel 6
Given: ;
s m, L @
[‘) B

Find: When the cable at B breaks determine:

a) ap
b) reactionat A
¢) the reaction at A when the bar is in the vertical position

6
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Panel 7

Fixed Axis Rotation - Energy

Given:

8
|l
5
los)

A

Find: When the cable at B breaks determine:

a) ap
b) reactionat A
¢) the reaction at A when the bar is in the vertical position

I

When in the
vertical

Rightwhen cable hreaks position

Swing down
Panel 8
Given: -
m, L észa i
T B

A

Find: When the cable at B breaks determine:

a) ap
b) reactionat A
¢) the reaction at A when the bar is in the vertical position

FBD KD

FBD KD
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Panel 9
FBD KD
—fl 1 |
|,
q
AM rate about A
= <
) < Lsys
, >M, =
Values for r and I +
Panel 10
Part A
Part B

Fixed Axis Rotation - Energy
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Panel 11

Given:

Fnergy diagram

m,L *

||B

Find: When the cable at B breaks determine:
a) ag

Skip part Bit'sjust CoL M rate again

¢) the reaction at A when the bar is in the vertical positio:

Write the energy equation (remember the new term)

Panel 12
AEsys= 97
f:'K."EG. = Ek‘ & 651.
)
Fw, ® =
& !
1 2 -
Fk‘ 2 i
E=——1
Elra i
Eg. = )
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Panel 13
FBD KD
FBD KD
13
Panel 14
CE rens m L on Rate CoAM about pivot
: |
® nB
A 8 ‘ C
Find: When the cable at B breaks determine:
a) ag
b) reaction at A
¢) the reaction at A when the bar is in the vertical position
Rate CoLM X&Y Directions
14
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