
These comments on the aerodynamics of cars have becn couched in terms 
of drag and the design goal of redwing such form. Lift forces are also 
experienced by cars and by either increasing or reducing the loads carried 
on the wheels, such form can change the magnitude of the friction forces 
generated on the ground. Changcs of this kind will affect a car's dynamic 
and control charaotcristics. Some car designs incorporate small 'wing' at 
the rear, although in many cases such aerofoils m more as flow control 
devices rather than S i n g  surfaces. 

Aerodynamic form also have a role to play in the directional stability of 
can, although in this context the effects of the lateral foras are also 
important. The vertical tail fins on the test vehicle of Figun 73 contribute 
to directional stability. 

Drawing the fre&odj diagram 
The previous explanation should enable you to estimate the magnitude 
and direction of fluid dynamic form if you a n  given the appropriate 
information. What about the line of action? This is a difficult problem 
except for very simple shapes, and is usually measured experimentally, 
when needed. In general a drag force, for example, is directed very roughly 
through the centre of frontal area. If you need to know the line of action to 
solve a problem then you will b$ given that information -otherwise when 
drawing the free-body diagram just show the force vector at a position 
which you think reasonable. 

One difficulty which you will encountef ia deciding in which cases fluid 
dynamic forces are significant. In engineering practice such decisions are 
founded on experience and preliminary oalculations. In these early stages 
of your studies it is not easy to decide. However, remember that the force 
depends on the relative fluid speed, so in problems where this is zero (for 
example, accelerating from rest) the fluid force must be zero. In facing 
examination or other assessment questions you obviously must neglect the 
force if you are not given the information needed to estimate it. If you are 
given a drag coefficient, that is a pretty clear hint to use it. 

4 Translatlonal motion 
In Section 1 you were asked to accept that if a system of forces acts on an 
object (Figure 74). the motion of the centre of mass may be estimated from 
the relation 

R=& K - the resultant of the force system 

m - the mass of the objcct 

cT - the acceleration of the centre 
of mass 

Now we will look at the justification for this and go on to use the first five 
s-of the problem-solving proccduro of Section 2.4 to analyst situations 
in which rotation is not important. 

I should emphasize, at this stage, that you will not bt expected to 
reproduce the derivation of 4.1. It is included because I feel that it is much 
easier to use an equation once you have seen how it is derived. 

4.1 Derlvatlon of the translatlonal equation, 
R= ma 

The starting point is Newton's Second Law of Motion for a particle. This 
is summarized in Figure 75. Since we will only be dealing with problems 
which can be analysed in two dimensions we will not need the z co- 
ordinate. It is worth noting that three-dimensional analysis does not 
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Figure 75 R, = ma, R, - may 



introdua any new principles; it only increases the complexity of the 
algebra Indeed the derivation given here in terms of vector algebra is 
qually applicable to a three-dimensional treatment. It is only at the stage 
when cartesian component equations an extracted from the vector m d t  
that additional complexity oocurs. 

As we discussed in W o n  1, the particle, a point mass, is a rather abstract 
model. However, the objects which we want to analyst such as block& cars 
and machine components may be modelled as comprising a number, n, of 
such particleg Figure 76 shows a block with a few of the particles included. 
The particles i and j arc shown with ktexnal foras:E,,, acting upon them. 
These form are responsible for maintaining the Bhapc of the object. The 
notation E,,, say, means the i n t d  foroo exerted on m, by m,. 

Now consider figurc 77. This shows the M& with a set of external forces 
F,, F,, ..., F, acting on it, where 4 is the resultant external force acting on 
the ith particle, with mass m,. 

We can apply Newton's Second Law to the ith partiole: 

I 

Remember that means 'summation' and so 3; means 'sum all the 
t- 3 

internal forces acting on i from& to&, whcre n is the number of particlea'. 
We are only conmcd here with the internal forces exerted on the ith 
particle, by the other particles in our model, so that &=O. We am 
interested in the motion of the block as a whole, so we need to sum over all 
of the particles, f = 1 to n. 

The basic equation of motion, thetefo~e is: 

So we now have an equation which relates the sum of the e x t e d  and 
internal f o r a  to the motion of al l  of the partidca. It is not, however, in a 
fonn which we oan apply. What we need to do is to look at each term in 
turn and see what it actually means. 

is the sum of the external forces applied to the system of partides - that is 
our block. So: 

Tnc second tern is a sum of forces of two t ~ ~ e s : f ~ , , 3 ~ ~ , 3 ~ , , A ~ ~ J ~ ~ , ~ ~ ,  
etc., andZ,,,]2,,]m, etc. Newton's Third Law tell8 us that/,, = -hl so 

+A1 = 0 and];, +A2 = Oand so on. In addition, as I remarked bdorc, 
= O  for the ith partide. Thus terms such as$, andf,, am also zero, so: 

We have now reduad the force terms in the equation of motion to the 
single rcsdtant force R. The equation of motion is now therefore: 

NOW Iet US try to #implily the right-hand side of this equation. In order to 
make the right-hand side of the equation more manageable we need the 
concept of the centre of mass G. Figure 78 shows the block with the 
position of the ith particle located relative to the xy co-ordinate systm 
and to G. 



Thus: 

we on intereatcd in the acceleration of the particle, a,. As you saw in 
Kinematics, thh is obtained by difkrentiating twia, thus: 

Substituting thh relationship into the right-hand side of ow equation: 

ern&= iqo+ imt(io 
i-l 1-1 i- 1 

What docs I: m,(iJo equal? It is zero, as I will now demonstrate From 
1- I 

the definition for the centre of mass in Section 1, the first moment of mass 
about G is zero. That is 

If I differentiate this relationship twia with respect to time I can dcdua 
that 

Finally, thedore 

as h-& is the acceleration of G and is a constant as far as the 
I 

summation C is wnamcd The sum of the. masscs of the particles 
1-1 

the total mass m of the system so: 

You ahould remember that in Sootion 1, I decided to drop the subsoript G 
when referring to the acceleration of the centre of mass since we wen going 
to usc it so o h .  So. 

which is the rcsult I quoted in Section 1. 

Several point8 should be noted at this stage. 
1 The derivation which I have just explained is valid for any system of 

particles. In practia we are going to usc it mainly to wlve rigid-body 
Dynamics problems. For this purpose a rigid body is modcUcd as a 
system of particles rigidly wuplcd together, M, that the distana 
between any pair of particles is constant 

2 The mult R= nJ tcUs us that the trendatid motion of a rigid body 
can be modelled by the motion of a partide of mass m, moving with 
the omtre of masr of the body under d o n  of the Multant R of the 
external forces applied to the body. This is a further rcason for 
studying the Dynamics of a particle, even though a particle is an 
abstract wnapt. 

3 As a conscqucnw of 2 the body under analyais may well be in 
translation, rotation or wmbiicd motion. The. equation holds true for 
the translation of the antre of mass no matttr what type of motion the 
object undergoes. 



4.2 How to solve tr8nsIaHon8l problems 
Many dynamic problems can be solved without using the moment 
relationship, M = ltz The required equations of motion can be derived 
wing R= m# nine. In general thgc can be deacrihcd as problems in 
which there is no rotation, or where rotation may be neglected without 
signi6cantly affecting the result. However, this statement does not provide 
any sort of test by which you can cbeck whether or not a problem can be 
tackled in this way. In many instance8 it may not be dear even to someone 
prPctiacd in this type of anal@ whether moment relationships will be 
required until the analysis is in pmLPgs. Indeed, as you will see later. it is 
oftea possibk to p r d  to a solution with or without the use of moment 
relationships. In these cases the simple model providea a 'first estimate' 
and the decision whether to p r d  to a more complex model and thus to 
a better estimate, depends upon the accuracy required. 

Theas sorts of decision cannot be made without exporisnce. The next 
section is, therefore, designed to give you an appreciation of the range of 
problems which may be approached using the simple R = m# model alone. 
AU of theas problems can be tackled using the fint five steps of the 
probbm-solving procedure of Section 2.4 alone. I suggost that you have 
your copy of the procedure to hand I have summarized the first five steps 
Wow and added some relevant equations which should now be h m i h  to 
you If you add these to your copy they could be a U& memory jogger as 
you work through the problems. 
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4.3 Gefflng started 

A crate is to be moved across a flat horizontal floor by a cable and winch 
as shown in Figure 79. The mass of the crate is 200 kg and the cocfecient of 
friction betwan the crate and the floor is 0.3. The mass of the cable may be 
neglected. If the crate is to acalerate from rest at 0.2 m S-', what tension is 
required in the cable? 



Soluilm 
Step I Sketch (Figure 80). Quantities already in S1 units. 

Step 2 Draw free-body diagram (Figure 81) and add axes. 

P - force exerted by cable 

W - weight 

F - friction 

N - normal reaction 

S t e p 3  R.=P-F=- 

R , = N -  W=nur, 

S t e p 4  11,=0.2ms-' 

a,=O 

S t e p 5  W=mg 

Sia dipping occum F = F, = f l  

(a) Combii the equatiom in steps 3 and 5 with the mult a, = 0 from 
step 4 to provide the equation of motion (in the form ma. = ). 

(b) Rearrange thin equation to solve for the unknown force P (in the form ' 

P =  ). 
(C) Evaluate P by b d n g  the data from Step 1 and the mult a, 

=02ma-'from stcp4. 

A crate M placed on a atationmy conveyor belt er shown in Figure 82. The 
ca&chf of friction bctwcca crate and belt M 0.6. What accehtion mwt 
the belt not oxcced if the crate M to move without slipping? 

Step 2 Draw b b c d y  diagram ( E i  84) 

N - nonnal reaction 

Figure 82 

L- p-0.6 

Figure 83 

F - friction 

The direction of F acting on the crate $hould be noted. Remember that it 
misrS the motion of the crate dative to the belt. If t h m  was very little 
friction, the crate would not be accelerated; it would, thmlore, move to 
the M dative to the belt. Thmfore, the friction force on the crate M to the 
right. Note that the location of the normal d o n  force N M to the idt of 
the centre of m m .  This location M mcaaaq to ensure that in the prcaeacc 
of the friction F, t h m  M no net moment of form about the centre of mm, 
so that the crate m m i ~  in rotational equilibrium. F i v e  84 

(a) Complete the ateps 3 to 5. (Remember that the acceleration of the box 
will be limited by the maximum friction force available.) 

(b) Combine the cquatioas to obtain the equation of motion (in the form 
a,= ). 

(C) Evaluate the maximum noxlcration by inacrting the data. 






