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In Barcelona, I spoke about  my researching into the tensioning devices, with the 
Politecnico di Torino. 
We are able to control  really few variables of a lift line and we are accustomed to take 
the other ones as intouchable values. 
For instance, in variable speed lifts we can change the speed and in detachable ones it 
is possible to control the number of the carriers running on the rope, to  have the lift 
working in the best way, in abide by the number of passengers to be transported, but 
the line characteristics are fixed. 
For a long time, the rope tension of circulating lifts has been controlled by means of a 
counterweight, which had a constant value. 
Sometimes it is useful to change the counterweight value to fit different working phases 
of the lift. The designers have developed, mainly for  track ropes, many ingenuous 
devices, as two steps concrete counterweights,  huge navy chains connected to the 
tensioning rope, shock absorbers,  and so on. 
Many years ago, the magazines reported a chairlift with mountain drive and tensioning 
station, where the pressure of the hydraulic tensioning device was modulated to have a 
constant rope tension at the valley station. 
The widespread use of hydraulic devices to tension the rope of the monocable 
circulating systems opened a new chapter in the line calculation systems. 
The hydraulic tensioning devices have the purpose of  working with a constant rope 
tension, but no hydraulic tension device is fast enough to match the dynamic 
phenomena of a lift rope, so in  acceleration and deceleration phases, the lift acts as a 
quasi-anchored rope lift. 
The behaviour above can help the stability of weigthy lines, for instance the 4-6  
passengers chairlifts, that have by far less oscillation with a hydraulic tensioning device, 
than with a classic counterweight. 
My Barcelona paper was written to explore the advantages of  adapting the value of the 
rope tension to the way the lift is loaded (amount and load position on the line). 
Afterwards the CNR (Italian National Research Council) research of Politecnico di 
Torino went on and I was responsible for the design of a device able to measure the 
rope tension while the lift was moving;  we mounted that device on a Leitner 12 
passengers gondola lift in Gressoney, Aosta Valley; the gondola lift had a hydraulic 
tensioning device. 
A research with similar purposes was made in the same period in France. 
The sensors measured the rope tension before and after the bull-wheel and the data 
were filed on an industrial computer, modified to work at severe temperature and 
humidity conditions, by means of a custom program. 
The data filed on the hard disk were then analized by means of a standard program on 
a desktop computer. 
The loading tests made on many hydraulic tensioned lifts gave further data, so we had a 
large amount of data and experiences. 
Collecting and comparing our data and the data published by other researchers, we 
found out that the dynamic effects where by far different between the lifts fitted with 
mechanical counterweights and the lifts using hydraulic rope tensioning; in many cases, 
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these effects were not so different between the hydraulic rope tensioning working and 
the hydraulic rope tensioning set in a fixed position. 
According to the Italian Norms, we test all the hydraulically tensioned lifts in anchored 
conditions, to have a simulation of a hydraulic cylinder failure, performing acceleration 
and emergency deceleration with  full load on the line. 
The tests above should be made at a reduced speed, but sometimes they were made 
(even by mistake) at 5 m/s, for instance on a Garaventa detachable quad I designed in 
Courmayeur, with interesting results. 
At the end we became aware of an important consequence: in many conditions, the 
tensioning device can be avoided. 
No tensioning device means money saving and easier maintenance, which is interesting 
enough, and  even better reliability and safety of the lift, which is far more interesting.  
In the meantime, the CNR research was over, so the research continued as a private 
enterprise of mine. 
As a further control on my research, I suggested the now dott. ing. Francesco Colli to 
study the problem and to verify the principles of the no tension lift for his graduation 
thesis. Dott. ing. Colli, an inspector of the Italian Ministero dei Trasporti, was able to find 
other data, which we found in accordance with the previous ones. 
During the development of my research, a Swiss manufacturer studied a chairlift station 
designed to work with no tensioning device, the Italian Cableway Authorities approved a 
chairlift without tensioning device and a jigback without tensioning device for the haul 
rope (like everybody knows, the anchored track ropes have been used  for decades in 
Italy). 
Now the first question is:  why should we use a counterweight for the haul ropes? 
The obvious answer is: to get a constant tension somewhere in the rope. 
But, why should we need a constant and known rope tension? 
One of the reasons is: because “once upon a time” it was really boring to calculate a 
classic circulating lift line and  too boring to calculate an anchored rope circulating lift. 
In the late Sixties, the birth of small desktop computers allowed the first automatic 
calculations of lift lines, even if with many practical problems, like the trigonometric 
functions, which had to be calculated using a series, a tiny memory, and so on. 
In the early Seventies, smaller and cheaper computers ran faster programs, with built in 
trigonometric and elliptic functions, so  the parabolic approximation and the classic 
catenary equation method could be used. 
In 1972, I  wrote my first compact program for a small HP 67: this way, I was able to 
make fast modification and line verification, even on the mountain. 
The low cost personal computers, like Apple and Commodore PET 2001, made easy 
and fast for anyone to develop their own basic programs, to use iterative methods and 
to compare the different calculation methods. 
I wrote my own program for a Commodore 2001, with  some features not possible 
before, like changing the position of any towers at any time, and getting the results of 
many different loading conditions simultaneously. The program internal database was 
connected to the tower calculation program, to make the lift design faster and easier. 
In the same period, the Politecnico di Torino, using a mainframe, tested the finite 
elements method to calculate the ropes, but no serious advantage came from this way, 
as usual, when the known  analytic solution of the problem is good enough. 
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The parabolic solution and its development, the corrected parabola developed by my 
father, prof. Dante Marocchi, gave good results. In my opinion, the corrected parabola is 
even nearer to the actual rope than the classic catenary curve, based on an ideal 
inextensible and infinite flexible rope. 
Now the PCs and the Macs, and the connection with CAD programs and Ms-Excell too, 
have made everything faster and easier for anyone.  
The up-to-date programs can take into account the elastic elongation of the rope, its 
actual length and so on, but even with these features the actual weight of the rope, the 
lubrification conditions and the friction of the rope on the rollers, introduce an 
unavoidable degree of approximation. 
On the other side, the technological development brought new opportunities: for 
instance,  
now it is possible to know the rope tension at any time with sufficient precision, reliabilty 
and at a low cost, by means of tested industrial devices. 
This hardware mounted in detachable as well as in fixed grips chairlifts, allows a 
continuous link  between the actual working  data and the pre-calculated ones. 
Now it is fast and easy to calculate a lift line for a wide range of rope tensions and be 
certain that, if the rope tension remains inside this pre-calculated range, the lift will work 
properly: it is not even expensive to verify everything when the lift is working. 
The suggested calculation procedure is: 
  
1st: assuming as known the tension of the rope in the return station at the colder rope 
temperature, we can easily calculate the line and the length of the rope in those 
conditions;  
 
2nd: we can calculate the new rope length for the temperature difference requested by 
the norms for a day work, usually about 30°C warmer; 
 
3rd: using an automatic iterative calculation, we will vary the tension as long as we get 
as total rope length the value calculated in the second step. 
 
At the end of this very easy and fast procedure, we will have the safety degree of the 
rope, the loads on the rollers and the sag of the spans in the set range of rope lengths: 
that means to have all the necessary data in the set range of temperatures. 
Theory and calculation tests have shown that it is usually enough to compute the line for 
the minimum and maximum temperature of the chosen range, as it can be seen from 
the sample figures temperature versus load on the rollers. 
Looking at the dark side of the solution, the rope minimum tension should be, according 
to the different national Norms, about 9÷12 times the weight of the loaded carrier. 
To have in any condition the minimum rope tension, because the rope gets longer and 
relaxes when the temperature gets warmer, the maximum tension in the cold periods 
will be usually a bit higher than the one normally got using a traditional counterweight. 
On the other side, we have to comply with another limit, that states a ratio between the 
weight of a loaded carrier and the cross section of the rope: in many cases, this norm 
compels the use of  bigger ropes than the ones calculated with the maximum tension 
criterium. 
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If the vertical drop is not too great, the big cross section of the rope, resulting by the 
norms on the carrier weight, can be used to bear the higher cold weather rope tension 
with the due safety degree and the “no tension device” lift will have the same rope size 
as a traditional one. 
I have to underline that the temperature to be used for these calculations is the “rope 
temperature” and not the surrounding air temperature. At the moment, I do not have a 
fully reliable method to bind the local atmospheric conditions to the rope temperature 
and to the actual rope length. From snowmaking technology we know that the actual 
thermal exchange coefficient increases with a factor 8 and more between quiet air and 
wind, the rope colour has an influence (galvanized or greased), and so on. 
This is not   a problem anymore, because now we are able to check the rope tension. 
To splice the rope and to limit the tension difference between cold and warm periods, 
one at least of the stations has to be fitted with a bull wheel position regulation; I mean a 
very simple and cheap device, as many lifts  already have  got, to make the interval 
between splicings  longer. 
This device is really simpler than the simplest hydraulic tensioning device, because it 
works only when the sled is regulated, with no friction or sensitivity problem, and has 
not the danger of a sudden pressure drop. 
The Italian norm,  which  states the possibility to have the lift moving, even after the 
tension carriage has made all its stroke following a pressure loss,  often compels the 
choice of a bigger rope: this condition is often more difficult to met than the ones 
connected to an anchored rope . 
To give some pratical data, I include  anchored rope calculations made for some 
existing  chairlifts. 
 

CHAIRLIFT I II III IV 
 

horiz.lenght 614,8 457,1 696,4 696,4 m 
vertical drop 158,9 87,6 75,5 75,5 m 
carriers n. 64 68 102 102
carrier weight 68,9 113 120 160 DaN 
passengers per carrier 2 4 2 4
rope diameter 30 30 34 34 mm 
rope speed 2,5 2 2,3 2,3 m/s 
main  motor power 70 80 60 100 kW 
towers n. 10 9 10 10
longest span 160,9 86,5 120,7 120,7 m 
drive station top top top top 

 
The calculations gave the following results: 
 

CHAIRLIFT I 
 min. temp max.temp.

min.tension (DaN) 7212,5 5050
used power (kW) 62,5 58,7
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rope saf.degree 6,09 7,26
rope length (m) 1278,53 1299,37
b.w. Tension ratio 1,35 1,45
max. sag (m) 5,79 7,79

 
CHAIRLIFT II 

 min. temp max.temp.
min.tension (DaN) 6513 5920
used power (kW) 77,7 77,1
rope saf.degree 4,95 5,24
rope length  (m) 935,54 935,85
b.w. Tension ratio 1,55 1,59
max. sag (m) 3,81 4,1

 
 
 
 

CHAIRLIFT III 
 min. temp max.temp.

min.tension  (DaN) 7038 5880
used power  (kW) 50,4 49,5
rope saf.degree 8,22 9,28
rope length  (m) 1407,17 1408,1
b.w. Tension ratio 1,4 1,46
max. sag  (m) 4,97 4,1

 
CHAIRLIFT IV 

 min. temp max.temp.
min.tension  (DaN) 8700 7530
used power  (kW) 84 83
rope saf.degree 6,09 6,66
rope length  (m) 1408,1 1409,03
b.w. Tension ratio 1,52 1,6
max. sag  (m) 5,97 6,64

 
The load on the towers and on the rollers remained in the design limits. 
 
 
 
The assumed temperature range is 60°C (~108°K), but, with the bull wheel regulation, 
this range could be assumed smaller, for instance 30°C (~54°K). 
A smaller assumed temperature range improves further the data above.  
To give an idea of the influence of  temperature on the lift, I include some charts from 
ing. Colli’s graduation thesis (temperature range 80°C =~144°K) 
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The following chart shows the influence of temperature on the minimum and maximum 
load on the rollers: 

MINIMUM AND MAXIMUM LOAD PRO 
LINE ROLLER VERSUS TEMPERATURE
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Anchored rope or intelligent tension device 
 
The cases above show that it is possible and easy to build a chairlift with no tensioning 
device, paying some attention to its line, which must be able to bear a certain amount of 
load variation on the towers and of sag of the long spans. 
For small vertical drops, the features of the lift are the same, with or without tensioning 
device. 
The rope safety degree could be the same or very near to the one requested for 
traditional lifts; today, hydraulic tensioned chairlifts and gondolalift are calculated with 
the same rope safety degree as the counterweight fitted ones, even if the line is 
calculated assuming a ± 10% or ± 5% (depends on the Country norms) rope tension 
range. 
The hydraulic tension device usually has stroke limits: if  the tension carriage 
approaches its limits, the cilinder position or the mechanical stroke limits must be 
adjusted. 
We are accustomed to adjust the wheel position of the hydraulic tensioned lift, to 
maintain the devices inside a pre-set position range, so why not accept  the idea of 
adjusting the wheel position to maintain the tension inside a pre-calculated range of 
values. 
The intelligent rope tensioning has much in common with the anchored rope on the 
design point of view, because it  needs programs able to calculate the line in a given 
rope tension range and a device able to measure the rope tension.  This would be 
useful to save energy, for instance in urban transportation lifts and in material lifts or 
when the loads are great and concentrated and the spans are long. 
 
Reliability and operating advantages 
 
An anchored chairlift is more reliable than a traditional one, because: 
 
no hydraulic tensioning means a lot of components that cannot fail because they are not 
used  in the lift 
 
An anchored lift is safer than a traditional one 
 
If a hydraulic cylinder suddenly fails (or if a tensioning rope fails), the tension carriage 
runs pushed by the rope tension and stops against the mechanical stroke limits; a large 
part of the lift structures would collapse, in this eventuality. 
If the cylinder has a device (luckily some lifts have this feature), able to stop the carriage 
at once, not when it reaches the end of its stroke, it is much better. 
 
An anchored lift is easier to maintain than a traditional one 
 
The maintenance of a  hydraulic tensioning device is expensive and many parts have to 
be changed after some years; the tension ropes are usually changed, even with no 
broken wire, after a certain period of use. 
These operations are expensive and difficult: no tensioning device means no problem. 
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Something about the norms 
 
There is no uniformity between different national norms; I have not the conceit  of 
drafting a proposal, but I can suggest some issue items. 
 
The allowed rope safety degree could be the same used for hydraulic tensioned ropes 
(4.5÷5), if there is a device able to monitor the actual rope tension; this device could 
alert when the actual tension is approaching to the limit. 
 
The  line calculation should be performed for not less than 30°K temperature range, if it 
is possible to regulate the  wheel position, and 60÷80°K, according to the local 
conditions, if this  regulation is too small or not possible. 
 
Tests 
 
The anchored rope technology does not request further test (on the scientific point of 
view), but if some test would be necessary to develope new norms, I suggest the 
following general procedure. 
The experience shows that it is really difficult and expensive to perform tests on existing 
lifts: they are seldom effective  and many factors are not known nor adjustable. 
The best way to make research is a good  mathematical model. 
To calibrate the model, we are in need of a large amount of data and it is not possible to 
collect these data on an existing lift. 
A solution is to build a small experimental lift, where the data are easy and fast settable, 
to calibrate the model on the result of the tests and afterwards to go on with virtual 
experiments by computer. 
The test apparate should have adjustable towers, drive and tension stations  and 
components: a Lego concept lift, which can be configured ad libitum. 
The sizes of the experimental lift are not important, because the actual values can be 
input for the computer and the outputs can be verified on the lift: the experimental lift 
can be built even  inside a research  center, saving time and money.  
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