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Unit 15 
The mechanics of an electric lift 
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The aims of this Unit are 

To demonstrate how the ideas and techniques of mechanic8 i n t r o d d  
and taught earlier in the wurm could be uscd in a spcci6c design 
problem. 
To illustrate how human faoton arc one of the inputs to engineering 
dcs'i.  
To show the subject of mechanic8 as a W e d  system. 



So far the course has tended to treat the subject of solid mechanics as 
somewhat discrete packa~ts, and prime attention has had to be given to 
presenting the individual concepts and techniques acparately. With aU 
that behind you it is now possible for me to say and show much more 
than I could before about the relatedues of these many sections of mech- 
anics. In this Unit you will see the techniques being called upon and 
applied, and encounter some of their limitations. This Unit is different 
from the previous ones. They were each self-contained and suitable for 
direct use in, for example, the analysis of a beam to withstand bending 
stress, or analysis of the crankshaft motion in an engine. Each aspect of 
mechanics could usefully stand alone. However, engineering is more than 
just mechanics. It is the arrangement of mechanics, money and people so 
as to perform set tasks for society. An qxample would be the connection 
of the wheels of a vehicle, via the suspension, to other parta such as the 
engine, the steering controls, the bodywork and (the only r e v e n b n g  
part) the driver and the payload canied. The application of solid mcch- 
ania in this ceae is puqIOSC-Oriented. Therefore, the value of each branch 
of Engineering Mechanics lies in what it does for us in the overall scheme. 
So in approaching and conducting the purposeful activity of engineering 
we need to select the appropriate analytical tools, all the while knowing 
the source and destination of the piam of information being handled. To 
judge. the level of detail needed in cach analysis, and indeed whether we 
even need to draw, say, a velocity diagram, wc need to know beforehand 
how the nsults of the technique arc to be uaed, and from that the con- 
sequences if a particular result - to emerge. After all, the purpose of 
cnginccring is not to produce nice picm of analysis having perfect internal 
logic, it is to produce components and systems which arc satisfactory in 
load-bearing and motion-producing ways. 

Rather than aiming to produce as many pioocs of analysis as possible, 
design engineers avoid analysis if they can, for time spent on calculations 
costs money, and the investment must show a return. It may be cheaper 
to leave a little more metal on the component whilst it is being machined 
than to conduct a precise hut long-winded calculation of the deformation 
of a simple bracket. Between the two a r t m a r  there may lie compromises 
employing various quickly made estimates. Clearly, past experience of 
mechanical analysis and practice will guide selection from the range of 
simplifications of this kind that are available, but the level of sophistica- 
tion chosen for each element of analysis will not be found merely by 
studying the techniques themselves. Each must be judged on the relative 
need for various degrm of aofuracy. A piece of analysis related to the 
weight of the structure of an aircraft will certainly need more precision 
and be of more value than the same piece of work applied to a piece of 
earth-moving equipment. Indeed a machine for compacting earth needs 
to be heavy. 

&cause there are so many sections in a full mechanical analysis of a 
design, we need to know how they all fit together, how the output from 
one is the input to another. What we shall find as we go along is that the 
branches of mechanics, many of them set out individually in the earlier 
Blocks of this course, do link together in an organized way so as to 
perform a duty in the design of engineering equipment. The value of a 
particular technique, such as the application of Newton's laws, is changed 
if we look at it only in isolation. This a r r a rgm~n t  as a system is clearly 
of great concm not only to engineers but also to those people who 
commission and use the work of engineers. There is much more that we 
could say on this, hut rather than pursuing the philosophy further we 
shall look at a specific example - electric lifts for buildings. 
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Flgure 2 The engineer's ukwpoint 

In order to show the co~ections between some of the various aspects of 
merbaaica that have already been introduced, it is iostmtive and interest- 
ing to take a spec& example. The one that I have chosen is the armup 
mcnt for vertical tmnspoMtion of passmgers and certain items of 
accompaoied goods from floor to floor in an o& building (Elgun l). In 
other words, a set of electric lifts or elevators. Even in thie brief statement 
the idea of purposefulnc~ h a  already h introduced. The equipment 
will be deaigned with the broad intention of pleasing the uacr rather than 
snving the interests of the desigmr and manulacturn directly. Of courac, 
their best interests are w e d  by satisfying the user: this is a business 
enterprise (Figure 2). Notia too, how constraints have entered the scene 
already. By setting out to allow for the movement of some goods such as 
the ddivery of office equipment and bulky mail bags, not to mention the 
all-important tea-trolley, we exdude the altcmatives to l i b  such as a 
continuously moving escalator or patemoater. On the other hand an 
exhaustive analysis of people's WAS for movement in the building might 
show that one or both of these would be bene6cial as additional l i s  in 
the transport system of the building. 

For the entire lift installation, just as for a simple crank forming part of the 
door nwldm, we must examine inputs, outputs, constraints, dcgrcca of 
frcedom and so on, and c o ~ &  all thgc thingr pwpoacfdy. At an 
abstract level the very tools and techniques of ndumics arc pur- 
poschrlly linked, with objectives ckarly in mind, ultimately human ones. 

Although in the design of electric lifts, and indeed in all we do, the ultimate 
aim is some sort of human satisfaction, this actual o w v e  cannot be 
scientifically measured, and neither can our pcrlormana in achieving i t  
We cannot judge the performance of even a lift in absolute tenns. So we 
come down several levels until we reach one at which numbers can be 
allocated, and we find we are at the level of Engineering Mechanics. 
Although mechanics may sometimes seem to be a dry, inhuman subject, 
it is a subject in which vague human goals are framed in hard terms 
and e x p d  as a set of statements comprising a contract betwan the 
customer, such as a building's superintendent, and the intending supplier 
of lifts. These statements concerning the lift installation obviously include 
the speed and rated load of the lift, the dimensions of the lift well the 
power supply and the type of lit control. These parameters 
are easily mognhble as concepts that we would expect to we in a study 
of lift mechanics. But you will be meeting kss obvious ones too. 

Long ago the governing of the motion of a lift as well as the opening 
and closing of the doors, was a manual operation. Nowadays automatic 
contrivances give improved convenience and safety through the applica- 
tion of sophisticated ideas in mechanics and control so that a lift is now 
one of the safest vehicles in which to travel. If the designer pays attention 
to artain kiimatic parameters it can be comfortable too, so that another 
somewhat intangible objective is reached by the tangible route of mech- 
anics. Although we shall be observing the interplay of many of the aspects 
of an electric li we shall not be designing a lift installation. 'Lift design' 
is an art as much as it is a science, although to the extent to which it is 
an art it is one based on s c i w  it neglects the laws of mechanics at its 
p e d  Conversations with the manufacturers of lifts reveal that a ICUI lift 
incorporates many featurn whosc pmena is demanded by operational 
experience rather than theoretical analysis. Nevertheless, all parta w d o m  
to the laws of mechanics and could form the subject of piecea of analysis 
here. As an examplc I shall look first at the prediction of the perfonnana 
of Lifts in terms of spcsds and capacities. A lift man-r will do thii 
by a combination of detailed tables of lift data, rules of thumb, and a 
wealth of experience. We shall be tryinB to develop similar mults d i i y  
by using the principles of mechanics. 
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We arc not the first to consider thc design of ekctrically operated Lifts; 
nearly a century of development pnades us. As a mult, manufacturers 
now have standard designs available for a a g e  of Lifts already embodying 
the nsults of the examination we are about to perform. But this realization 
does not d u c e  our exercise to one that can be described derogatorily 
as 'academic'. There will be departures from the standard Lift in special 
ciroumstances. New devices will be pressed upon manufacturers by the 
suppliers of components. At any time the lift designer may need to return 
to basic ideas and amongst t h a  an found the needs and desim of the 
USCI. The passenger does not want to wait very long for a Lilt, and would 
like to travel quickly when it does arrive. It seems from this that to provide 
a good smia, lifts need high accckration and speed. We shall sec whether 
mechanics bears this out in such dearcut tcnns. 

In considering the quality of a lift service we must look first, but not 
exclusively, at the worst case. For an office building this will probably be 
first thing in the morning, when most of the occupants of the building 
arrive at the ground floor within a short time span and all expect to travel 
to their place of work on the various Boors. How long will they have to 
wait for a l i i  and how long will their journey take? Mechanics and a little 
mathematics tell us. 

2 Liff kinematics 
The round-trip time for a lift is the time taken for a complete cycle of 
travel. It is taken up by movements of the lift between floors and a number 
of stops while the doors open, passengers enter or leave, and the doors 
close again. It is convenient to regard the round trip as commencing from 
the opening of the doors of an empty lift which has just arrived at the 
ground Aoor. A fairly full load of passengers is taken on and the lift 
ascends to the highest floor desired, delivering people as it goes, then the 
lilt returns non-stop. However, to build up the picture of lift performance 
it is best to analyse the downward movement first, as it is simpler to 
explain in kiicmatic terms. 

During the downward journey the lift car will accelerate to a design speed 
called the 'rated' speed. For the present we assume a constant acceleration 
(but more on this later). The rated speed is the speed the customer spdics  
and pays for, so it is an important feature of the design. On a long enougb 
run the l i i  mcbes this speed, and a sensibk customer checks it with a 
stopwatch before paying the bill. 

If the acceleration is a and the rated spced v, then the time taken to 
accelerate from rest to rated speed is obtained from the equation (Unit 5) 
v = u +at where u is the initial spced (zero here) and v is the speed reached 
as a result of approximately constant acceleration during a time period t, A A  I 

Another equation of kinematics gives the distance travelled during 
constant accebtion. It is S= v2/2a (zero initial speed). In practice the 
magnitudes of the values of accekration and k k r a t i o n  arc approxi- a m  
mately equal, so the time and distance occupied by dcaleration will be 
the same as for the acceleration phase. If the top and bottom floors are a 
distance D apart there will be a distance D - Z(v2/Za) to be travelled at 
rated speed (Figure 3). The time taken to do this will be 

Hence the total time taken for the downward journey will be 

@/v) - (via) + Z(v/a) = (Dlv) + (ula) 

I 
F-c 3 The downward jovrnay 




