Karadeniz Teknik Universitesi

Engineering Faculty
Mining Engineering Department

MINE1000-DYNAMICS

Week 4:
Kinetics of a Particle: Force and Acceleration

Dr. Serdar YASAR

\f“‘ .
,% Karadeniz Teknik Universitesi




Course Content

1 Warming up, general introduction to dynamics
2 Kinematics of a particle
3 Kinematics of a particle

[+l eewsorapmaerocesscoemon |
5 Kinetics of a particle: Work & energy
6 Kinetics of a particle: Impulse & momentum
7 General review & problem solving
9 Kinematics of a rigid body
10 Kinematics of a rigid body
11 Kinetics of a rigid body: Force & acceleration
12 Kinetics of a rigid body: Work & energy
13 Kinetics of a rigid body: Impulse & momentum
14 General review & problem solving
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Kinetics: Force & Acceleration

Kinetics is a branch of dynamics that deals with the relationship between the
change in motion of a body and the forces that cause this change.The basis for
kinetics is Newton’s second law, which states that when an unbalanced
force acts on a particle, the particle will accelerate in the direction of the force
with a magnitude that is proportional to the force.

The above equation, which is referred to as the equation of motion, is one of the
most important formulations in mechanics.
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Kinetics: Force & Acceleration
Newton’s Law of Gravitational Attraction

Shortly after formulating his three laws of motion, Newton postulated a law
governing the mutual attraction between any two particles. In mathematical
form this law can be expressed as

nym,

F —_— GT m-:k-_:_l—__,\\

F = force of attraction between the two particles

W= mp(N]
G = universal constant of gravitation; according to )
experimental evidence G = 66.73(107'%) m*/(kg - %)
my, m, = mass of each of the two particles W =mg(N) (g = 951 m/s)

r = distance between the centers of the two particles
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Kinetics: Force & Acceleration

Equations of Motion: Rectangular Coordinates

When a particle moves relative to an inertial x, y, z
frame of reference, the forces acting on the particle, as
well as its acceleration, can be expressed in terms of
their i, j, k components

F = ma; ZF,i+ ZF,j+ ZFk=m(ad+ aj+ ak)

: EFt — ma,
X ! S
y e 2F, = ma,
Te
2F. = ma.
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Kinetics: Force & Acceleration

Force Causes Acceleration

When an objects accelerate, it can be caused by a number of different forces.

APPLIED NET
FORCES FORCE

oz m -
ION

5N ION| &= 5N

 p

ol

(“‘ .
g Karadeniz Teknik Universitesi




Kinetics: Force & Acceleration

Friction

Friction always acts in the opposite direction of the motion.

AIR RESISTANCE

[l

r_“u .
,% Karadeniz Teknik Universitesi




Kinetics: Force & Acceleration

Numerical Example:

P =400 N The 50-kg crate shown rests on a horizontal surface for
which the coefficient of kinetic friction is puk=0.3 If the
crate is subjected to a 400-N towing force as shown,

determine the velocity of the crate in 3 s starting from
== rest.
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Kinetics: Force & Acceleration

Numerical Example:

; 4905 N
P=400N A00N
\‘30°
> 4
<—l— F=03Ne
N('

Free-Body Diagram. The weight of the crate 1s W = mg =
50 kg (9.81 m/s®) = 490.5 N. As shown in Fig. 13-6b, the frictional
force has amagnitude F = p; N and acts to the left, since it opposes the
motion of the crate. The acceleration a is assumed to act horizontally, in
the positive x direction. There are two unknowns, namely N and a.

Equations of Motion. Using the data shown on the free-body Kinematics. Notice that the acceleration is constant, since the
diagram, we have applied force P 1s constant. Since the initial velocity 1s zero, the

velocity of the crate in 3 s 18

b SF, = ma,; 400 cos 30° — 0.3N, = 50a (1)
+13F, = may; Ne — 490.5 + 400 sin 30° = 0 @) (=) v =g+ at = 0 + 5.185(3)
Solving Eq. 2 for N, substituting the result into Eq. 1, and solving = 15.6 m/s — ARS.
for a yields
Ne = 2905N
a = 5.185 m/s’
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Kinetics: Force & Acceleration

Numerical Example:

8 A 10-kg projectile is fired vertically upward from the
ground, with an initial velocity of 50 m/s. Determine
the maximum height to which it will travel if (a)
atmospheric resistance is neglected; and (b)
atmospheric resistance is measured as

Fp = (0.012*) N
where v is the speed of the projectile at any instant,

measured in m/s.
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Kinetics: Force & Acceleration

Numerical Example:

]
~

| 1
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SOLUTION

In both cases the known force on the projectile can be related to its
acceleration using the equation of motion. Kinematics can then be
used to relate the projectile’s acceleration to its position.

Part (a) Free-Body Diagram. Asshown in Fig. 13-75, the projectile’s
weight s W = mg = 10(9.81) = 98.1 N. We will assume the
unknown acceleration a acts upward in the positive z direction.

Equation of Motion.
+12F, = ma,; —98.1 = 10a, a = —9.81 m/s
The result indicates that the projectile, like every object having free-

flight motion near the earth’s surface, is subjected to a constant
downward acceleration of 9.81 m/s’.

Kinematics. Initially, z; = 0 and vy = 50 m/s, and at the maximum
height z = h, v = 0. Since the acceleration is constant, then

(+1) v’ = v + 2a.(z — z)
0 = (50)* + 2(—9.81)(h — 0)
h=127m Ans.



Kinetics: Force & Acceleration

Numerical Example:

-y

]

98.1N

u=v2+9810
du=2vdv
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Part (b) Free-Body Diagram. Since the force Fp = (0.01»*) N
tends to retard the upward motion of the projectile, it acts downward
as shown on the free-body diagram, Fig. 13-7c.

Equation of Motion.
+12F, = ma,;;  —0012* — 981 = 10a, a = —(0.0012* + 9.81)

Kinematics. Here the acceleration is not constant since Fp depends
on the velocity. Since @ = f(v), we can relate a to position using

(+T) adz = vduv; —(0.0011;2 +98l)dz = vdv

Separating the variables and integrating, realizing that initially z;, = 0,
vp = 50 m/s (positive upward), and at z = /i, v = 0, we have

h v v dv 0
/ dz = — f > = —500 In(»* + 9810)
0 59 0.001v° + 9.81 50 m/s
h=114m ARns.
Variable
transformation



Kinetics: Force & Acceleration

Numerical Example:
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If blocks A and B of mass 10 kg and 6 kg,
respectively, are placed on the inclined plane and released,
determine the force developed in the link. The coefficients
of kinetic friction between the blocks and the inclined plane
are w, = 0.1 and ug = 0.3. Neglect the mass of the link.



Kinetics: Force & Acceleration

Numerical Example:

Free-Body Diagram: Here, the kinetic friction (Fg)y = paNy = 01N, and
(Fr)p = ppNp = 03N are required to act up the plane to oppose the motion of
the blocks which are down the plane. Since the blocks are connected. they have a
common acceleration a.

Y
& r0genh
X

Equations of Motion: By referring to Figs. (a) and (b), P 20 .
+/2Fy = may; N 4 — 10(9.81) cos 30° = 10(0)
N,=8496N
N+IFy = may; 10(9.81) sin 30° — 0.1(84.96) — F = 10a (f}' )A=0'1NA F
40.55 — F = 10a
and NA
+/73Fy = may; Ng — 6(9.81) cos 30° = 6(0)
Np=5097TN
N+2EFy = may: F + 6(9.81) sin 30° — 0.3(50.97) = 6a
F + 1414 = 6a

Solving Egs. (1) and (2) yields
a=342

/2
F =637TN

|75
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Kinetics: Force & Acceleration

Numerical Example:

The van is traveling at 20 km/h when the coupling
of the trailer at A fails. If the trailer has a mass of 250 kg and
coasts 45 m before coming to rest, determine the constant
horizontal force F created by rolling frichon which causes
the trailer to stop.
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Kinetics: Force & Acceleration

Numerical Example:

20(10%)

20 km/h = 3600 5.556 m/s 250(7.81)N
b S, 250(0.3429) Kg- mfe*
(‘_) v- =y + 2a. (s — )
0 = 5.556% + 2(a)(45 — 0) ==
a = —03429 m/s? = 0.3429 m/s> — F
5 3F, =ma,; F =250(0.3429) = 857N N
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Kinetics: Force & Acceleration

Numerical Example:

(k) =02

Determine the acceleration of the system and the
tension in each cable. The inclined plane 1s smooth. and the
coefhicient of kinetic friction between the honzontal surface

and block Cis (pg)e = 0.2,
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Kinetics: Force & Acceleration

Numerical Example:

Free-Body Diagram: The free-body diagram of block A, cylinder B. and block C are
shown in Figs. (a), (b). and (c). respectively. The frictional force
(Ff)e = (tx)c Ne = 02N ¢ must act to the right to oppose the motion of block C
which is to the left.

Equations of Motion: Since block A, cylinder B, and block C move together as a
single unit. they share a common acceleration a. By referring to Figs. (a). (b).and (c).

SF, = may; Ty — 25(9.81) sin 30° = 25(—a) (1)
and
+12F, =may,: Ty—T,— 59.81) = 5(a) 2)
and
+12F, = may; N — 10(9.81) = 10(0)

Nc=981N
5 3F, = may ~T5 + 02(98.1) = 10(—a) (3)

Solving Egs. (1). (2). and (3). yields
a=1349m/s> T;=8890N = 889N Ans.

T,=3311N=331N Ans.
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Kinetics: Force & Acceleration

Numerical Example:

F (M)

450

If the force of the motor M on the cable is shown
in the graph, determine the velocity of the cart when ¢ = 3s.
The load and cart have a mass of 200 kg and the car starts
from rest.
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Kinetics: Force & Acceleration

Numerical Example:

Fi(N)

450
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45
Equations of Motion: For) =t < 3s. F =

3= (1501} N. By referring to Fig.
we can write

+7%F, = may;  3(1501) — 200(9.81) sin 30° = 200a
a = (225t — 4.905) m/s

Fort = 3s, F = 450 N.Thus,

+/5F, = may;  3(450) — 200(9.81) sin 30° = 200a
a=1845m/s’

Equilibrium: For the rail car to move, force 3F must overcome the weight
component of the rail crate. Thus, the time required to move the rail car is given by

ZF.=0; 3(150¢) — 200(9.81) sin 30° = 0 = 2.18s

Kinematics: The velocity of the rail car can be obtained by integrating the kinematic
equation. dv = adt. For 2.18s =t < 3s, v = 0 at t = 2.18s will be used as the
integration limit. Thus,

(+1) /@=/m
/du——/ (2.25t — 4.905)d!t
I8s

(11257 — 4.9051)|

218s
(11257 — 4.905¢ + 5.34645 )m/s

Whent = 35,

v = 1.125(3)> — 4.905(3) + 5.34645 = 0.756m/s Ans.
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