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@ Rigid Body Mechanics

. . A |
Kinematics —
 Study of geometry of motion Mechanics
d Used to relate ' — —

) M '
— displacement Mg?kr]iari]acs eco?nlcs Mechanics
: bodiges deformable of fluids
- velocity bodies
— acceleration . \ ' \

without reference to the
cause of the motion
(Force not considered)

Statics
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(Y Rigid Body Mechanics

. . h |
Engineering
2 Study of relation between echanics
— the forces acting on the body [ \ ' )
- the mass of the body Mg??%ril(ijcs Mecré?nics Mechanics
~ the motion of the body bodies ko ot fluids
d Used — —

— to predict the motion Statics

caused by the forces or _

— to determine the forces . S ' ! .

Kinetics Kinematics
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Rigid Body

System of particles
where the distances
between particles are
constant.

Plane Motion

All parts of the body
move in parallel planes.
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Types of Rigid Body Plane Motion

J Translation
Rectilinear Translation
Curvilinear Translation

J Fixed Axis Rotation
J General Plane Motion

|
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() Relative Acceleration

Relative Acceleration Due to Rotation
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Acceleration of A = vector sum of translational

portion &, + rotational portion 8,5 = @x(@XT )+axTt
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Problem 5/140

The bar AB from Prob. 5/73 is repeated here, If
the velocity of point A 15 3 m/s to the right and is
constant for an interval including the position
ghown, determine the tangential acceleration of
point B along its path and the angular accelera-
tion of the bar,
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If link AB of the four-bar linkage has a constant
counterclockwise angular velocity of 40 rad/s dur-

ing an interval which includes the instant repre-
sented, determine the angular acceleration of AQ

and the acceleration of point [}, Express your re- p
gults 1n vector notation.
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100 mm

— 100
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A o

-

mim

<200 —>

mim

The mechanism of Prob. 5/90 for pushing small
boxes from an assembly line onto a conveyor helt is
shown with arm OD and crank CB in their vertical
positions. For the configuration shown, ¢rank CB
has a constant clockwise angular velocity of #

rad/s. Determine the acceleration of E.
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Time Derivative of Unit Vectors

XY system: Fixed (origin O)
Xy system: Rotating reference frame (angular velocity g = 9, origin B)
A: Particle moving in the XY plane (XY system)
_«plate» or rigid body moving in the XY plane (xy system)
Fy,=T+0y =T +(XI +V])
M8 Position vector of A wrt rotating XY o VA/B
system given by _ %,
Farg = Xl +Y] \
X, Y Coordinates of A (wrt xy system)
i,] Unit vectors, along x & y axes,
which rotate with the xy system Y
(i.e., 1, Jare attached to the xy
system)

P (fixed to path
and coincident
withA) -~
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() Motion Relative to Rotating Axis

Relative Velocity

[ [

Fy,=T+0ys =0 —I—(XI +yj)

r —F.+E(XT—I- Vi)
A B dt

F.-I-(XI-I-yj)+(XI—I-yj)

xT+y]:a)XX|+a)xyj_a)x(xf+yj7):a3xf y A
\

P (fixed to path
and coincident
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& Motion Relative to Rotating Axis

Relative Velocity

P (fixed to path

— — - - — and coincident
V,=Vg T@OX r TV
V, =V, +V,,, +V V, =V, +V
A B P/B AlP
RN I 2L —>preferred ['A~ Y TYaR] 1 7B .
T Ve Tlwe 7=,
N ~— J — a)
- = P B A/B
Vy=Vg + +VA/B
VA/P :Vrel = X1 +yJ
Vi =Vasp Relative velocity of A wrt B for a nonrotating xy system (i.e.,
when =0

OxTys +Viy  Relative velocity of A wrt B for a rotating xy system.

wxf,s =V,p Relative velocity of A wrt B when A does not move relative to
the xy system (i.e., when V_, =0 implying that A is fixed to the
“plate” , i.e., A=P)

|
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(dv ]
dt
XY

v
dt

:(\}Xh\}yij{vxﬁvyﬂ V : Any vector

7 o\
| (4] o
XY dt Xy \
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& Motion Relative to Rotating Axis

Relative Acceleration

Vel d(x1+y1) (XI+yJ)+(XI+yJ)
c?)x(X|+yJ)+(X|+yj)
XV +a,

rel
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& Motion Relative to Rotating Axis

Coriolis Acceleration

+ a'reI

rel

d, =8y + OXT +Ox(OxF)+20xV

!

Coriolis acceleration

—

aCor — Za) X Vrel
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() Motion Relative to Rotating Axis

Coriolis Acceleration

8, =d, +OXT +Dx(&XT )+ 25XV

+ areI

rel

(@)
\
I
I
I
Dol

Origin B is at fixed center O =—>» d; =

Constant angular velocity =—2» oxr =0 s
Vel constant in magnitude ~

é ~ : 2
No curvature to slot Ay =0 Y y\\

dxw)=wdx +xdo
\ =wdx+0

a, =—Xol +2xWj

(b)
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8, =d, +OxXT +DOx(OXT)+20xV  +a_,
Ay =dg + /g + Aprp
a, = ap + Ap/p

rel

rel

|
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&) Problem 5/176

For the instant represented, link CB iz rotating
counterclockwise at a constant rate N = 4 rad/s,
and its pin A causes a elockwise rotation of the slot-

ted member ODE. Determine the anpular velocity w 120
and angular acceleration o of ODE for this instant. mm
120
mim
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The erank 0OA revolves clockwise with a constant
angular velocity of 10 rad/s within a limited are of
its motion. For the position # = 30° determine the
angular velocity of the slotted link CB and the accel-
eration of A asg measured relative to the slot in CB.
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® Homework 4 (Chapter 5)

Problems for Week 10

£ Problem 5/153 Q There will be additional problems for the next
week(s).
4 Problem 5/154 Q solve each weeks problems in that week, do
not wait for the last day!
4 Problem 5/162 1 submit the Homework 04 in due time.
A You will have a quiz in the 1st hour of Week
¢ Problem 5/165 11. A problem will be asked from the

Homework 4 questions.
d Your homework grade will be assessed only
from that question of your homework.

Due date: 1st hour of Week 11
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particle

kinetics
velocity
translation
relative
position
plane
tangential
lever
circular
rolling

horizontal
link
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Maddesel nokta,
pargacik

Kinetk, hizbilim
hiz

Oteleme

Bagil, goreceli
konum

duzlem
tegetsel

levye

dairesel
yuvarlanan

yatay
Baglanti, biyel

kinematics

Angular rate
acceleration
rotation
rectilinear
displacement
normal

slider
deflection
initial velocity
polar

vertical

Four-bar linkage

Kinematik,
hareket bilimi

Acisal hiz
ivme

donme
dogrusal

Yer degigtirme
dik

piston

sapma

ik hiz
kutupsal

dusey

Dort cubuk
mekanizmasi

English — Turkish Dictionary

resultant

displacement
revolution

rod

curvilinear
component
instantaneous
Connecting rod
swinging
reciprocating
Conveyor belt

absolute

rigid

bilegke

Yer degistirme
devir

cubuk

egrisel
bilesen

anhk

Piston kolu
salinan
karsilikl
Taslyici bant

mutlak

Kati, sekil
degistirmeyen
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