
3 Lift structure 
What have we done so far? We have taken into account the mechanics of 
human behaviour and of mechanical elements in order to arrive at a set 
of figures for the quality of lift service. This was expressed as readily 
understandable data on the waiting period and journey time. These cer- 
tainly influence user acceptability and we have also seen how passenger 
comfort can be assured by careful control of the 'nematics. We have 
looked at the output of the lift system, seen as a 'black box'. Now we can 
begin to examine how the output of the lift system is achieved by a proper 
arrangement of parts. 

An electric lift of the kind we are examining is basically a passenger car 
in a sling (Figure IOa), to the top of which is attached a set of wire ropes. 
The ropes pass up the lift well and over a driving pulley called a 'sheave' 
(Figures lob and 11) on the shaft of a motor and brake unit, then down 
the well again to a counterweight, which balances the weight of the car 
and sling, together with some &50% of the full rated load. Sometimes 
the ropes an not fastened directly to the sling or counterweight, but pass 
around pulleys attached to them, and are then fastened at the head of the 
well. 

Figure I I  

The car is restrained laterally by two pairs of sliders or roUers, at the top 
and bottom of the sling (Figure 12). These engage with guide rails fastened 
to the waU of the lift well. If the lift should descend too fast as a result of 
some mishap, an overspeed governor at the head of the weU switches off 
the motor, applies the brakes on the motor shaft and if necessary actuates 
safety gear in which wedge-action grips mounted on the lower beam of 
the sling grasp the guide rails, bringing the li to a smooth but rapid stop. 
At the foot of the 1st weU are buffers (usually hydraulic, and similar to 
railway buffers) which will cushion the last few feet of travel if the car runs 
down too far because of a control malfunction. It must be emphasized 
that this is only the most basic description of an electric lift, which actually 
comprises many more mechanical and electrical parts. 
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Many sub-assemblies in a lift installation are readily amenable to analysis 
by the principles of mechanics, so which section must be treated next? 
Our only fixed data so far are the building height and floors, the rated 
load and its motion. The building height gives us an idea of the set of 
ropes needed, but not the number required. Our knowledge of lift speed 
goes some way towards determining a running speed for the motor, but 



not the power needed. This and many other details depend on the total 
mass to be moved and controlled, so clearly we need to examine the car 
and sling as these units have to move and accelerate with the payload. 

There are many variations of car layout, depending on the door arrange- 
ments. We can begin by a simple approach, regading the car as a box 
supported by the lower member of the sling Although it might seem that 
the acceleration of the lift influences the forces in the entire car and sling, 
and therefore the structure, this is really only true for the floor. The major 
factor determining the strength necessary in the floor, walls, ceiling and 
sliding doors is use and misuse by passengers. To a certain extent this is 
amenable to strict mechanical analysis, but detailed consideration on these 
lines is not pursued here because the magnitude and nature of the loads 
are so uncertain. As well as rough handling during the loading of goods, 
the car walls must withstand not only the actions of well-intentioned 
passengers, but also attack by vandals. 

Not even the floor can be designed with complete rationality and confi- 
dence, as it will receive on its surface a motley collection of loads and 
impacts. It is usually constructed of a metal or wooden plate, with beams 
underneath and plastic tiles on top. An interesting problem for designers 
of lift and other floors is posed by the occasional vogue for 'stiletto' heels 
on ladies' shoes. The heel tips could have a diameter at contact with the 
floor of only 5 mm. If the person in question has a mass of 50 kg the static 
compressive stress on the floor would be about 

% 12.5 MN m-' 

Such stresses will leave indentations on many materials. 

The sizes of human occupants fix the car size, in that the car interior must 
be at least 2 m high to provide headroom. The maximum number of 
passengers (i.e. the safe number) is sixteen, so the car floor is not permitted 
to exceed 2.8 m' and we envisage the car as a box, whose inside dimensions 
are 2.2 m high, 2.0 m wide and 1.4 m from front to back. The dimensions 
of the outside will be a little larger, over the frame. 

The sling supports the car, and ideally it would hang precisely vertical for 
any uniform floor loading, without needing side forces from the guide 
rails. Our first response to this is to place the sling midway between the 
front and back of the car. Changes of load will then not change the trim 
of the lift. There is a snag about balancing a liR in this way. Because the 
door, the adjacent wall structure, and the door operating gear are 
together heavier than the back wall, the empty car is front-heavy. When 
the car is loaded up, the combined centre of mass moves backwards 
towards the centre of the floor. The sling cannot be moved according to 
the degree of loading, so what is to be done? One solution would be to 
provide a counterbalance mass at the rear of the car so that the centre of 
mass of the empty car coincides with that of the load. The sling could 
then be positioned centrally, and as long as the load is uniformly distrib- 
uted across the car floor, no forces would be needed from the guides. 
What would be the size of balance weight needed? We can assign to each 
item of the car an estimated mass and a position measured from the lift 
floor centre, positive towards the front. The balance 'weight' has a mass 
m, and for perfect balance m is chosen so that the moment about the 
centrally placed sling is zero (Table 1). 

If a mass balance is not used then a couple of magnitude I960 N m is 
required, and each of the four pairs of guide rollers (two pairs at the top 
of the sling, two at the bottom, say 3 m apart vertically), experiences a 
loading of 1960/(2 X 3) = 327 N. Notice that this will not change with the 
degree of loadiig of the lift unless the distribution of load is non-uniform. 



Table l Car structure, the masses and their locations 

MomentjN m 
Ma.w/lcg Positionlm (g = 9.81 m S-') 

Rear wall 
Side wall 
Side wall 
Roof 
Doors and door 

gear, etc 
Platform 
Accessories 
Balance mass 

To eliminate these forces a balance mass of 1960/6.87 = 285 kg is needed. 
This is too heavy a penalty, as it amounts to the same mass as four 
passengers permanently in the W. To an extent it is possible to make a 
virtue of necessity by fitting such items as the ventilation fan, some of the 
control gear and other g a d  aaxssories at the back of the car. But some 
balance mass would still be needed, so the alternative course of action is 
adopted; the sling is placul coincident with the mass centre of the empty 
car. Balance masses arc not usually fitted. The result is that the guide 
forces are large when the lift is fully loaded, but of course lifts are only 
infrequently fully loaded, spending much more of their time travelling 
empty! On these occasions the guide foras will be nil There is clearly a 
need for the guide rails to be smooth, otherwise any irregularities will be 
transmitted to the car passengers in the same manner as joints in the track 
jolt railway p a s w r s .  

Now we have enough information to begin examining the sling that sup- 
ports the car and load. It comprises a frame rather l i e  a picture frame 
made up of a beam across the top, a beam across the bottom, and two 
vertical 'suspension members' connecting them. The car sits inside it ling 
(Figure 13). We shall assume again that the load is uniformly distributed 
over the l i t  floor and that the floor bears evenly on the lower horizontal 
member of the sling. The only member that we will look at in detail is car 
this 'buffer channel' beam. Notice how it plays several roles, among which 
the clearest and most important is to support the car and its occupants, 
transmitting forces to the suspension members during normal running. 
and to the buffers or guide rails in emergency. Design of the beam requires F@C 13 
an estimate of the bending moment that it must resist. 

The loads that the beam supports against gravity and provides accelera- 
tion forces for (neglecting many minor loads) are the following. 
1 The rated load: 1200 kg, distributed over a length of 2.0 m. 
2 The car: 1130 kg, distributed over a length of 2.0 m (an even distribu- 

tion is a reasonable assumption to begin with). 
3 The safety gear and other equipment in and below the buffer beam, 

approximately uniformly distributed although its heavier parts are at 
the end. A typical mass is 200 kg for this size of lift. 

4 The beam itself. Strictly speaking we cannot assign a figure for this 
until we have calculated the stresses from the loading and chosen a 
cross-section. But part of the loading is the beam itself, which depends 
on its cross-section. 

As a starting point I shall 'guess' the mass of the beam as 100 kg. This 
gives us a total distributed load of 2630 kg. There must be sutficient 
internal strength available in the beam material so that the beam does 
not yield. What accelerations will the load experience? There are at least 
four cases to consider. 

I5 



1 Durlng normal 0p.mth 
(a) 1.5 m S-' upward acceleration. This occurs towards the end of the 

first second of upward movement. Notice that this is identical to 
1.5 m S-' acceleration, occurring at about one second before the lift 
stops on a downward journey. 

@) 1.5 m S-' downward acceleration (or 'upward deceleration' when 
stopping on an upward journey). 

2 In enmlg.ncy condMma 
(a) Acceleration equal to g (9.81 m S-') when hitting the safety buffers. 

(Standards give this as the permitted limit.) 
@) Between O.2g and g acceleration when the safety gear operates to save 

the lift from a free fall after a mishap. For illustration I shall use the 
last of these conditions, adopting a mean value of 0.6g (5.89 m S-'). 

Operation of the safety gear does not necessarily constitute the worst case, 
and it would be necessary to check the structure for the other cases as 
well. When the safety gear operates, applying retarding forces to the ver- 
tical side members, these side members apply vertical supporting forces 
close to the ends of the buffer beam. The other forces on the buffer beam 
are those associated with the weight and acceleration of the rated load, 
the box, the safety gear and the beam itself. The box is 2 m wide, so the 
supporting forces are slightly over 2 m apart, and the beam's total length 

R RB is slightly more again. However, I shall approximate this by the beam 
shown in Figure 14, with the supporting forces 2 m apart and the total 

B distributed load (2630 kg) distributed uniformly between. We want to plot 
zrn the bendiig moment diagram for this beam when it is accelerating u p  

Figure I4 wards at the specified 5.89 m S-'. The beam and load are symmetticd, so 
by moments about antn C: 

R A x l m - R B x l m = O  

SO RA =RB 

Along y: R, + Rg - mg = ma (m = 2630 kg) 

So 2RA=mg+ma 

= 2630 X 9.81 + 2630 X 5.89 

=41291N 

R, m 20.65 kN 

1.1 1 Now, what forces does the distributed load exert on the beam? To clarify 

1 this, Figure 15(a) shows a beam with a point load m, accelerating upwards. 
Ibl Figure IS@) shows the FBD for the load. 

(cl + a I f a Uong y: F -mg =M 
) F = m g + m a  

so F=mg+ma 
Fipre I5 

This equation says that the upward fom on that load must support its 
weight and also give it the acceleration a. By Newton's Third Law there 
is an opposite force on the beam (Figure 1%). We can apply the same 
arguments to the distributed load on the liR buffer beam, The total force is 

F=mg+ma 

= 2630 X 9.81 + 2630 X 5.89 

=41 291 N 

%41.3 kN 

which is, of course, equal to the sum of the reactions we calculated earlier. 
This 4 1 . 3 ~ ~  is distributed over the 2 m  length of beam 
(20.65 kN m-'). Experience shows that, despite the fact that the beam is 



not stationary, the stresses inside the beam can stiU be estimated using 
the Statics methods of Block 6, always provided we include amongst the 
forces those needed to give accelerations. Figure 1qa) shows the forces 
on the buffer beam. I shall replace the distributed load by a four-section 
approximation (Figure 16b), and then I can calculate the bending moment 
at each point load (Unit 11). Figure 1qc) shows the BM diagram. This 
gives me my estimate of the maximum bending moment: 10.33 kN m. 

In Engineering Mechanics the bending moment is used for two distinct 
purposes. One is to evaluate the deflections of a beam. This wurse has 
not shown you how to do that, so I shall not pursue this except for noting 
that an electrical switch wuld be strategically placed so as to switch off 
the lift or illuminate a warning sign when there is too large a load in the 
l& 

The other application of knowledge of the bending moment is in gauging 
the stresses in a beam. The basic equation giving the stress in simple 
bendiig is a = My11 where M is the bending moment, I  is the second 
moment of area of the cross-section taken about the neutral axis, y  is the 
distance of the extreme fibre from this axis, and a is the longitudinal stress 
in that fibre. We shall use two 'channel' beams back-to-back for the buffer 
beam of the sling, arranged as shown in Figure 17. It is convenient to use 
a pair in this way, because the vertical suspension members rising from 
each end will fit wnvenicntly in between and join the ends in a neat 
formation. 

How are we to choose the c ro s s -don  of the channels7 It is obviously 
important that the beams should be suI&iently strong. They support 
the car enclosure during n o d  operation of the lift and also when the 
emergency gear is called upon to function. Thcir security is vital. The 
loading on them is a repeated one, and might involve impacts that we 
have not been able to foresee, let alone calculate. There will be holes in 
the beam which, in addition to reducing the beam's cross-sectional area, 
cause a localized increase of stress. For all these reasons we need a sub- 
stantial safety factor. This is not the place for a further exposition of 
the meaning and role of safety factor, but you should recall that it can 
represent the difference between: (1) calculated values and true values, 
(2) safe stresses and yield stresses. The steel to be u?ed is one for which the 
guaranteed yield stress is 245 MN m-', but one must allow for the possi- 
bility that, while a sample from a batch of steel may show a yield stress 
that is the guaranteed figure and acceptable to the designer, the material 
might be weakened subsequently by damage during manufacture, trans- 
port or use. Exposure to excessive heat from welding or cutting can do 
this. The bending moment M may be augmented by overloading of the 
lift. We can envisage uneven loading that would alter the bending moment, 
for we had to make an estimate of how the load was distributed on the 
beam. If no other specific allowance has been made, we must include a 
margin for the removal of material to form attachment holes, and for the 
local stress-raising effect of holes. There. must be an allowance in case the 
cross-sectional dimensions of the beam are below what was expected. A 
small discrepancy in the depth of a beam has a magnified effect on the 
value of I  as this is, in broad terms, a function of beam depth to the fourth 
power. The result of this and other uncertainties is that we arrange for a 
safety factor of 5 against yield of the structure. Reducing uncertainty is 
very much worthwhile in an aircraft study but less so for a lift. 

The beam section will be governed by the equation a = Myl l ,  where I  
refers to the two channels taken together and a is the safe working stress 
(a = a,/SSF). This equation has two unknowns and so cannot be solved 
as it stands. However, each cross-section that is available from a steel 
manufacturer has a 6xed value of I  and y. The ratio I / y  for a given section 
is given the name section (or elastic) modulus, denoted by Z. 

Figure 16 
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For the whole beam 

= SSF X M/aY 

so for each channel 

Standard tables of steel sections can be used which give the properties of 
various sections. Table 2 is an extract from a table on the properties of 
steel sections. The data indicate that a pair of 152 X 76 mm nominal size 
c h a ~ e h  would be needed, giving a section modulus of 11 1.8 X mm3 
each. The same tables show that each channel has a mass of 17.88 kg m-'. 

The mass of this pair in the length required (just over 2 m) would be 
about 2 X 17.88 X 2 = 72 kg. We allowed 100 kg: not too bad a guess, so 
it is not worth repeating these calculations at this stage. It would be better 
to start analysing the safely grip equipment we are to use, to find out 
whether the deceleration will actually be 0.6g or nearer to 0.2g or g. Then 
of course there are other loadings to be considered, such as the force 
exerted on the buffer chamek by the buffers themselves, if and when they 
are brought into use. 

Table 2 Dimensions and properties of steel channel, for the cross-section shown above, left 

Second moment 
Nominal Mass Thickness Area of area I Section modulus Z 

size per Web Flange of Dimension Axis Axis Axis Axis 
D X B metre t T section P X - X  Y-Y X-X Y-Y 

Note: I f  you consult published data you may see some of the above values expmsed in cm, cm', cm3, or cm4. 
In this course we have adopted the practice of workiig in prderred S1 units, using mm, mm2, mm3 or mm4. 




