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Panel 1

ES204 Mechanical Systems

General Plane Motion
Instantaneous Centers
Lecture 14

1 Dr. Fisher
Panel 2
1-1
Kinematics
(the geometry of the motion)
l —
T ———
B —
Rlitive motion notation Basic kinematic re.ano‘n'.hp', '?epe];ldfnt motion
af a8 1) efine position vectars
vE— H=— 2) Write a constraint equation
dr_ 4. (length of cable, for example)
i= d'i‘ = ﬂ 3) Duafferentiate to get an equation
dt dt that relates the
‘l velocities accelerations
Separate vanables and Represent in different
integrate .
/"_f coordinate systems Define position vectors and
Acceleration not constant diffrentinle
Rectangular Nommal and Tangential [Polar Coordinates _\‘ .
Coordinates Coordmates ¢ =i, +198, aQ e . @xQ
v ‘i-v‘r;‘ VEve, i=lf-187f, + [+ 268, dt oxr
[ . = 3 . = (Q is any vector)
Constant a:ceh:lr.wn o [Fixed Axis Rotation
+vgt +oar? Translaton Ty Bx %, (Magmitude is @r, direction is
2 (8 = constant) SR
£ Ly perpendicular tor)
A ip=axg,,+oxlexg,,)
vi 4 2alx=x;) AT ) General Plane|
: losous = Or perpendicular to r and Dotion
(there are analogous @' directed from p to the fixed point O
exprassions for a,0,8 andt)
General Plans Motion (translation-rotation)
=g+
A f _ ,A l,’ (General Plane Motion (rotating axis)
Projectile Motion =Vptaxn,y T XL,
x-direction: x=x, + v Ly, =v, dg=ig+i " = o —
0 T Vot Vo = Vo, -‘__’ _-“3_ o w FE Ry +Ex(BE, J# 20% T
y-direction: =ig tOxiy g+ Ox(GxE,5)
Y=Yotvo t=%st", , = 28ly=vo) =ig+xiy 5 -0l )
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Panel 3
Rigid body motion
Three types of motion
1. Translation (every line remains parallel to original orientation)
9 Fixed Axis Rotation  (every point travels in a circle about a fixed point)
General Plane Motion {(a combination of translation + rotation)
Panel 4

There 1s general plane motion all around us

Connecting rods .

.
-

A Biomechanics
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Panel 5

What 1s general plane motion?

General plane motion is a combination of a translation and a rotation.

= P
1 ] o | :-: ’

General Plane Motion Translation of B Rotation about B

= . Vy=VptVp,,
g B B

General Plane IMotion Translation of B Rotation about B

Panel 6

Summary

If two points A and B are on the same rigid body
Vp/a =@OXTpy
Magnitude = w 1y, for plane motion

Direction = perpendicular to w and 1,

So, for general plane motion

/ General equation to
= B relate two velocity of
8 n two points on the
Translation Rotation same rigid body

GPM - Instantaneous Centers
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Panel 7

Three types of plane motion

Type of motion How to find the velocity of a point on the rigid body

1. Translation -

2. Fixed axis .

rotation

3. General plane (
motion

Panel 8

The Instantancous Center of velocity (IC)

The instantaneous center of velocity (IC) is a unique reference point which momentarnily
has a velocity of zero. Thus, as far as velocities are concerned, the body seems to rotate
about the instantaneous center, that is, the velocity of any point on the rigid body 1s simply
the angular velocity of the rigid body times the distance to the IC (» = ®/zixr)

Direction of the velocity of B

B
1S
4
A3

. .
» Direction of the velocity of C

8
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Panel 9

Working Model Example:

Instantaneous Center of Veloci

Concepts:

1) How to locate the instantaneous cente (IC) of velocity for the
- draw lines perpendicular to the known direction of the vglocity of two points (blue lines)
-note when lines are parallel the velocity of the end poipt are equal

2) Procedure
- use known velocity and distance to the IC to find omgga of red link
- use omega and distance to other points to find othef velocities

3) Caution: The acceleration of the instantaneous cente{ cannot be used for acceleration

V=1.076mis

V=0.803mis

Run
[ Step Forwards ]

[ Reset

Panel 10

Find the IC for these cases

Case 1 Case 2 Case 3

Gatisrsl Plaie itotiag Fixed axis rotation or tl‘ranslatiun or an
an instant of general instant of general
plane motien plane motion

10
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Panel 11

Observations

Notes:
» The instantaneous center may lie off the body

* Once the instantaneous center is found the absolute velocity of any point on the
body is readily determined

» The acceleration of the instantaneous center is not zero (in general) so it cannot
be used to find the acceleration of points on the rigid body.

* For rolling without slipping on a fixed surface the IC is the point of contact.

11

Panel 12

Concept question

Where is the Assume no slipping
instantaneous center of between AB and disk C
velocity of disk C?
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Panel 13

GPM - Instantaneous Centers

Arm OB of the linkage has a clockwise )
angular velocity of 10 rad/s in the position oy b Iy
shown where 6=45°. Determine : w2 °

(a) the velocity of point A,

(b) the velocity of point D,

(c) the angular velocity of link AB
(taken from Engineering Mechanics, 3rd
Edition by Meriam & Kraige) 0!

g
[¥5]

Panel 14

Arm OB of the linkage has a clockwise )
angular velocity of 10 rad/s in the position oy b Iy
shown where 6=45°. Determine : w2 °

(a) the velocity of point A,

(b) the velocity of point D,

(c) the angular velocity of link AB
(taken from Engineering Mechanics, 3rd
Edition by Meriam & Kraige) 0!

Prodedure:

- Find Vg using fixed axis
- Draw dir of V5

- Find IC

- Find omas

Draw on V,and Vg
Find IC

- Find V3 and Vg4 [

14
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Panel 15

GPM - Instantaneous Centers

Arm OB of the linkage has a clockwise
angular velocity of 10 rad/s in the position
shown where 0=45°. Determine : 1
(a) the velocity of point A,
(b) the velocity of point D, e
(c) the angular velocity of link AB '
(taken from Engineering Mechanics, 3rd Aoy
Edition by Meriam & Kraige) (e}

-,
Find omega

Find Va

Panel 16

Arm OB of the linkage has a clockwise
angular velocity of 10 rad/s in the position
shown where 0=45°. Determine : 1
(a) the velocity of point A,
(b) the velocity of point D, e
(c) the angular velocity of link AB '
(taken from Engineering Mechanics, 3rd Aoy
Edition by Meriam & Kraige) (e}

I
\ -~ it
Vi2: Wan R/
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