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©, Rigid Body Mechanics

Kinematics Engineering

d Study of geometry of motion ISEEEE

1 Used to relate . ) . \
: Mechanics
- displacement Mechanics of Mechanics
. bod?es deformable of fluids
- velocity bodies
— acceleration : \ . \

without reference to the

Statics

cause of the motion
(Force not considered)
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(Y Rigid Body Mechanics

- . 1
Engineering
O Study of relation between iechanics
— the forces acting on the body L \ ' )
— the mass of the body Mgg?i%q(ijcs Mechgnes Mechanics
~ the motion of the body bodies e of fluids
d Used — —

— to predict the motion Statics

caused by the forces or _
|

— to determine the forces . S | .

Kinetics Kinematics
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The same force exerfed on a larger mass produces
a correspondingly smaller acceleration.
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A particle acted upon by unbalanced force
experience an acceleration a that has the
same direction as the force and a magnitude
that is directly proportional to the force.

The same force exerfed on a larger mass produces
a correspondingly smaller acceleration.

T.Akyurek ME 204 Engineering Mechanics: Dynamics - Kinetics of Particles 5/31



Typical Kinetics Problems

Problem Types

1. Given Y F, find @ — Calculate motion (s(¢),
v(t) ) via integrating a
2. Given d, find ¥ F

3. Problem 1 in one axis, Problem 2 in another
axis
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() Solution Methods for Kinetics Problemsi

J Newton’s 2" law (3 F = ma)y’
J Work, energy methos
d Impulse, momentum methods

D’Alambert Principle: Treat the dynamic problem as statics methods!

Zl_f—mazo

Y F =0; Y F =0; Y F, =0

> F, -ma,=0; Y F, -ma, =0; > F, -ma, =0
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@ Kinetics of Particles

d Rectilinear Motion
— Motion along a line

'
y

d Curvilinear Motion
— Motion along a curve
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(Y Work and Energy

Second method for kinetics (First: Newton’s 2" Law)

Definition of Work

I r +dr
du=F-dr
du = F.ds
du=F ds Cosa 0
\F, \
Y
\\‘df/\/’j’
P
SCOSQ
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&, Work and Energy

= £, does no work

N.m=J] = U might be + or -
Calculation of Work

dU =F-dr F, ,

dU = Fds —_——

t
dU =F ds Cosa //\I

dU =F dx+F dy+F, dz 1/ :
S 4 /dU=F

|

|

|

I

ds

N )

= [F-dr= }FCOSa)dS:J.FtdS /
S;

Sy

= | (F, dx+F, dy+F, dz)

'—'[\) I—"—.I\J

S1 S9
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() Examples of Work

J Work of Constant External Force
J Work of Spring Force

J Work of Weight

g=constant
g+constant

|
T.Akyurek ME 204 Engineering Mechanics: Dynamics - Kinetics of Particles 11/31



W Work and Energy
Work of Constant External Force

i
|
L« P

| L |
1 2
dU =F dx+F dy+F, dz

2

j H(PCOSO{)I +(Psma)j]dX|

1

U,, = _[Pcosadx =Pcosa (x,—X%)=PLcosax
Xy
|
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W Work and Energy
Work of Spring Force B ol g

BI—W.

%
F=—kxi | A
du = F.dF = —kxi.dxi = —kxdx -— I
Xy Undeformed I
2 2 osition
U, = !— kxdx = 2 kx; —Z kX, d N
U,,=-2(F +F,)AX AR = =
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O Work and Energy

Work of Weight
F, =0 2

F, =-W} du=-Wdy
F, =0

dU =F dx+F,dy+F, dz

2 — — 2 e - -
U, , = | F.dr = [ (~mgj).(dxi +dyj)

=-mg | *dy =-mg(y, - y,)

T.Akyurek ME 204 Engineering Mechanics: Dynamics - Kinetics of Particles 14/31



) Work and Energy

Work of Weight

U, =[ Fdr= —OMM e drs, — —Gmm [~ 90
r nor
= Gmem(i —EJ = ngz(l —lj
r2 rl r2 r‘l
Gm.m —
: % rz —_ o . A
2
Earth | - ] L
m, /
k1
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Advantages of Work-Energy Method

O Used to compute velocity changes without computing
acceleration

4 Involves only the forces which do work (external
forces=active forces (for a system of particles))

L Applies to an interval (not instantaneous)

A system of particles can be analyzed without dismembering
the system

du =-dr =_ 1 W=1]/s
P PP Lheeraew

POUtUt
p R A 4 A

Mechanical Mechanical || Electrical Thermal
efficiency efficiency efficiency || efficiency
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@ Problem 3/107

The system is released from
rest with no slack in the cable
and with the spring
unstreched. Determine the
distance s traveled by the 10-
kg cart before it comes to rest
(a) if m approaches zero and
(b) if m = 2 kg. Assume no
mechanical interference.

k =125 N/m
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The small slider of mass m is released from rest
while in position A and then slides along the verti-
cal-plane track. The track is smooth from A to D
and rough (coefficient of kinetic friction u;) from
point D on. Determine (a) the normal force Ny ex-
erted by the track on the slider just after it passes
+— A point B, (b) the normal force N, exerted by the
track on the slider as it passes the bottom point C,

and (¢} the distance s traveled along the incline
IR past point D before the slider stops,
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@ Problem 3/133

Calculate the horizontal velocity v with which the 20-kg carriage must strike the
spring in order to compress it a maximum of 100 mm. The spring is known as
«hardening» spring, since its stiffness increases with deflection as shown in the
accompanying graph.

W
W ™ o0k

A e B N B Nl B N |
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® Modified Work-Energy Equation

Gravitational Potential Energy

g = constant
V, =mgh
. - - Vg =mgh
Work done against the gravitational
field to elevate the particle a distance
h above some arbitrary reference h
plane (datum), where V, is taken to
be zero. & — Ve=0

AV, =mg(h, —h,) =mgAh
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frz mgR? d_zr = ngz(l—lJ = (Vg )2 _(Vg )1

g r Lo,

When r, = , (V,),=0
mgR’
r

V, =

AV, = ngz[l —1J
rl IF2
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() Modified Work-Energy Equation
:

lg‘f‘rm

-!_x_ N._

Y.

-
I
|
|
o
1

k

2 ™ >
i_wlw«ww =

The work done on the spring to deform

it is stored in the spring and is called its
elastic potential energy V.

< <
Il [l
N~ [ O )y <
T1
o
>
Il
O T <
N
x
o
>
Il
[—=
=
>
N

AV, =1k(x: —kx?)

|
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@ Modified Work-Energy Equation

Total Potential Energy V

—f Vg = mgh
\ h
mg

V., =mgh _
g a"y,iv;,=o

| ¢ :
: |
:_ Q1“1*11*«.* H: ?ﬁ":

Ve =%kX2 l k. C
j_wfvmw‘ e

F: |'§‘#‘.
V=V, +V,

Total Mechanical Energy E

E=T +V
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T+ Vg #Vi J+ Upy =T, + Vg, Vi)
v v,

T,+V,+U_, =T, +V,

(a)

Ull_2 = AV + AT N F
\
T \
Work of all external Fy
forces other than L
gravitational forces Uyp = AT
and spring forces, U'yy= AT + AV
while moving from ®) ©
point 1 to 2.
(_U_A—B)spring AVe :VeB +VeA much easier to calculate
difficult to calculate

Work-Energy Modified Work-

Equation Energy Equation
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@ Problem 3/151

The two springs, each of stiffness k=1.2
kN/m, are of equal length and undeformed
when 0=0. If the mechanism is released

from rest in the position 8=20% determine
its angular velocity 8 when 6=0. The mass E/
m of each sphere is 3 kg. Treat the spheres 1,

as particles and neglect the masses of the
light rods and springs.
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@ Problem 3/153

The 1.5-kg ball is given an initial velocity v,=2.5 m/s in the vertical plane at
position A, where the two horizontal attached springs are unstretched. The ball
follows the dashed path shown and crosses point B, which is 125 mm directly
below A. Calculate the velocity v of the ball at B. Each spring has a
stiffness of 1800 N/m.

./
MWV

300 mm ——

|
300 mm ‘ 125 mm

215
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&) Problem 3/171

The system is released from rest with the angle
8= 90°. Determine 6 when 6 reaches 60°. Use
the values m;=1 kg, m,=1.25 kg, and | 2b
b=0.40 m. Neglect friction and the mass of
bar OB, and treat the body B as a particle.

(© c @
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® Homework 2 (Chapter 3)

Problems for Week 05

& Problem 3/127 Q There will be additional problems for the next
week(s).
4 Problem 3/135 0 Solve each weeks problems in that week, do
not wait for the last day!
& Problem 3/158 1 submit the Homework 02 in due time.
A You will have a quiz in the 1st hour of Week 7.
¢ Problem 3/166 A problem will be asked from the Homework 2

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

Due date: 1st hour of Week 7
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particle

kinetics
velocity
translation
relative
position
plane

Degree of
freedom

track
circular
drag

horizontal

Mechanical
efficiency

T.Akyurek

Maddesel nokta,
pargacik

Kinetk, hizbilim
hiz

Oteleme

Bagil, goreceli
konum

dizlem

Serbestlik derecesi

takip

dairesel
sUruklenme

yatay

Mekanik verim

kinematics

Angular rate
acceleration
rotation
rectilinear
displacement
trajectory

accelarating

oscillation

Initial velocity
polar

vertical

Thermal
efficiency

Kinematik,
hareket bilimi

Acisal hiz
ivme

donme
dogrusal

Yer degistirme
yorunge

hizlanan

salinim

ik hiz
kutupsal

dusey

Isil verim

English — Turkish Dictionary

neglect

displacement
revolution

rod
curvilinear
stationary
instantaneous

decelarating

modified

intersection
stiffness

slack

tangential
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ihmal etme

Yer degistirme
devir

cubuk

egrisel

Sabit, hareketsiz
anlk

yavaslayan

Yeniden
duzenlenmis

kavsak
Sertlik, katilik

Bosluk, gevseklik

tegetsel
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