4/22/2008 : Le21 GPM Acceleration GPM Acceleration

Panel 1

ES204 Mechanical Systems

General Plane Motion
Acceleration
Lecture 21

Dr. Fisher

Panel 2

Kinematics
(the geometry of the motion)

N

e
R alative motion notation Basic kinematic relationships ?'P!d.lm motion
. dF & 1) De:}.ne position vectors
vE— 0= — 2) Write 2 constiaint equation
d'_ dt, (length of cable, for example)
i= L d= 45 3) Differentiate to get an equation
dt dt that relates the
!l velocities/accelerations

Separate vanables and

Reprezent in different
integrate A 3
/ coordinate systams Define position vectors and

differentiate

a(x): uzea= Rectangular Nomaal and Tangential 0 pr
Use analogous expressions for af8), a(t) C °mdm_‘“!: 3 ? - d_ +GxQ
Fovitv, oXY t Oxy
T N 4 (Q 15 any vector)
‘ i=aita)
[Constant acceleration [Fixed Axiz Rotation
It e . .
FEE TR Ry Translation =@% 5, (Magmiude is @r, direction iz
. 2 (8 = constant) o
v b - 2 perpendicular to r)
TS A= 8 ip=txg  +axlexg,)
v mvy+la(x=xg) AL : General Plane|
i 1 ;- = Qir perpendicular to r and Motion
(there i a.n? oo ©°r directed from p to the fixed point O
expressions for a,0,8 and 1) I
General Plans Motion (translation=rotation)
- 5+ VA -
e (General Plane Motion (rotating axis)
Projectile Motion =Vp QX1 T+ T O,
x-direction: x=xg + v v, =¥, dy=ig+a i ! R .
R S e ATIBT A T By md, by XD, FOX(BxE,, )5 20xT
y-direction: =ag+dxiy, g rdx(dxTy,;p)
Y=Yo+vot= 8, =2ely=vo) =g +lixiyp-0ialiys)
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Panel 3

GPM Acceleration

Review velocity kinematics

« Instantaneous center of velocity (IC)

V, = WI, - direction 1s perpendicular tor

» Vector algebra

Ve =V, +OXTIg,a
— Substitute in what you know

— Take cross product
— Equate components to get scalar equations

(]

Panel 4

VB =VaA TVpsa

aB=QAL Q%

Equation to relate the velocity of two points on the same rigid body is:

Equation to relate the acceleration of two points on the same rigid body

-~
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Panel 5

GPM Acceleration

Accelerations

ay ay

General Plane

. - i +
Motion Translation

Ay = dp +
Observations:
® ap;, hasanormal and atangential component
e Tangential component = & x g,y
o Magnitude = arg;,
o  Direction =perpendicular to rg;,
® Normal component = Gx(BX1g,,)
o Magnitude = coerM

o Direction =towards point A

*  You cannotuse IC’s for acceleration 4|

Fixed Axis
Rotation

Panel 6

At the instant shown, 0=45 deg and the plate ABC has
a counterclockwise angular velocity of 20 rad/s and a
clockwise angular acceleration of 100 rad/s”,
Determine:
a) the magnitude of the velocity of the piston
attached to C,
b) the magnitude of the acceleration of the piston /
attached to C b
(taken from Dynamics, 3rd Edition by Merriam &
Kraige)

Page 3 of 7



4/22/2008 : Le21 GPM Acceleration

Panel 7

GPM Acceleration

At the instant shown, 0=45 deg and the plate ABC has
a counterclockwise angular velocity of 20 rad/s and a
clockwise angular acceleration of 100 rad/s”,

Determine: b4
a) the magnitude of the velocity of the piston :
attached to C, A
b) the magnitude of the acceleration of the piston o7 i

attached to C
(taken from Dynamics, 3rd Edition by Merriam &
Kraige)

N

— iy’

VB=

( -

= A A
Pick a coordinate system that puts V, and \7\‘; in the i and j directions, respectively

Panel 8

At the instant shown, 0=45 deg and the plate ABC has
a counterclockwise angular velocity of 20 rad/s and a
clockwise angular acceleration of 100 rad/s”,

Determine: b4
a) the magnitude of the velocity of the piston :
attached to C, A
b) the magnitude of the acceleration of the piston o7 i

attached to C
(taken from Dynamics, 3rd Edition by Merriam &
Kraige)

Solve using the vector approach

Vc: VG - U\)&X k_:‘/g

Solve using IC method

V.

—_

>
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Panel 9

GPM Acceleration

At the instant shown, 0=45 deg and the plate ABC has
a counterclockwise angular velocity of 20 rad/s and a
clockwise angular acceleration of 100 rad/s”, .
Determine: g
a) the magnitude of the velocity of the piston
attached to C, Py
b) the magnitude of the acceleration of the piston /
attached to C
(taken from Dynamics, 3rd Edition by Merriam &

Kraige) Solve using the vector approach
et I
Vc = VG - w'k X V;/@

Solve using IC method

9

C

Panel 10

At the instant shown, 0=45 deg and the plate ABC has
a counterclockwise angular velocity of 20 rad/s and a
clockwise angular acceleration of 100 rad/s”, .
Determine: g
a) the magnitude of the velocity of the piston
attached to C, "y
b) the magnitude of the acceleration of the piston /
attached to C
(taken from Dynamics, 3rd Edition by Merriam &

Kraige) i ! ('

- &g = zc

Find the acceleration, a,

10
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Panel 11

Point A has a constant velocity of 10 m/s to the right.
Determine the velocity and acceleration of point B
when 6 = 30°. Hint: Don't you dare say the
acceleration of point B is zero!

Draw on velocity and acceleration vectors

11
Panel 12
Point A has a constant velocity of 10 m/s to the right.
Determine the velocity and acceleration of point B
when 6 = 30°. Hint: Don't you dare say the
acceleration of point B is zero!
—
Ve
S E
X
Find the velocity of Vb using any method you like
10 mis
s>
— - - —

12
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Panel 13

GPM Acceleration

Point A has a constant velocity of 10 m/s to the right.

Determine the velocity and acceleration of point B
when 6 = 30°. Hint: Don't you dare say the
acceleration of point B is zero!

=

™

—_— O e
St = K

wldn
3|

V31

o WL gyl
z C = J

<
e L
)

> >  Find the acceleration of ab

Panel 14

-

. - - N
= X F -y —
Cf‘!‘ QA + o g{,q 5/4

Point A has a constant velocity of 10 m/s to the right.
Determine the velocity and acceleration of point B
when 6 = 30°. Hint: Don't you dare say the
acceleration of point B is zero!

=

™

—_— O e
St = K

wldn
3|

V31

o WL gyl
z C = J

T
o
i}

-

5
<

|

14

._-3 Find the acceleration of an
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