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TECHNICAL RECOMMENDATIONS FOR THE CONSTRUCTION AND OPERATION OF SKI-TOW 

In June 1988, the International Ropeway Organisation decided to work out, within the Study Committee n° 1, the „Technical recommendations for the construction and operation of ski-tows“.

The inaugural meeting o the ski-tows working party was held at Innsbruck on October 13th, 1988. After a number of meetings, a draft was worked out by the following team members : Wolfgang Allgeuer (Amt der Vorarlberger Landesregierung - A); Erwin Bloch (IKSS, Thun - CH); Michel Bonny (IKSS, Thun - CH); Heinrich Brugger (Ufficio Trasporti funiviari -Bolzano - I)M Claude Dournon (S.T.R.M. Ministére des Transports - F); Karl Fritsche (Amt der Vorarlberger Landesregierung - A); Roar Moe (Veritas - N); Robert Monz (Amt der Tiroler Landesregierung - A); Hansjörg Ranalter (Ufficio Trasporti funiviari - Bolzano - I); Franz Schorn (Techn. Überwachungsverein Bayern - D); Prof. Dr. Erwin Wrbka (Bundesministerium für öffentliche Wirtschaft und Verkehr - Vienna - A).

The above mentioned draft has been revised in a second phase of the study, which included representatives from ski-tows manufacturers and operating organisations.

Their representatives were : René Brian (Pomagalski Co. - F); Gianpaolo Burti (Leitner Co. - I); Fritz Engerer (Österr. Fachverband für Seilbahnen - A); Walter Gisler (Garaventa Co. - CH); Robert Heer (Ascom Gfeller Co. - CH); Kurt Pitschieler (Doppelmayr Co. - A); Andrè Rosset (Televerbier Co. - CH); Dr. Alain Soury-Lavergne (S.N.T.F. - F).

Points of view expressed by manufacturers, operating organisations and supervising authorities were unanimously endorsed.

The draft text has been prepared in a friendly atmosphere. The result is not intended to be a minimum common denominator of all the national standards, but presents a high level of operating safety.

The working party is convinced that this document constitutes useful preparatory work, in view of a forthcoming European technical standard in the ski-tow sector.

1.
GENERAL
1.1.
The present recommendations apply to the construction and operation of ski-tows intended for the transport of skiers. The transport of persons carrying other sports equipment has to be considered separately.

1.2.
In addition to the present recommendations, the recognised technical rules must be observed.

2.
ROUTE AND ASCENDING TRACK
2.1.
The route must be chosen in such a manner that it can be assumed that the transport of skiers can be carried out without any danger.

2.2.
Should a skier fall off, he/she must be capable of easily reaching a safe area within the terrain.

2.3.
In choosing the route, it should be borne in mind that the greatest possible portion of the ascending track should be capable of visual inspection from the supervision points.

2.4.
Reverse slopes and transversal slopes are permitted only if they are quantitatively slight.

2.5.
The width of the ascending track must not be less than :


- 2.0 m for single-person ski-tows


- 2,5 m for two-persons ski-tows.

2.6.
Over bridges or in cuttings, the width of the ascending track must not be less than :


- 2.5 m for single-person ski-tows


- 3.0 m for two-person ski-tows

2.7.
The parapets of the bridges must be constructed using a solid wall. The height of the parapet must be chosen so as to protrude at least 1.0 m above the snow-covered surface.

2.8.
The longitudinal slope of the ropeway must not exceed the following values :

2.8.1.
Ski-tows using a low rope :


- hand lifts : 25%


- handling attachments : 40%

2.8.2.
Ski-lifts using a high rope :


- two-person tows : 50%


- single-person tows : 60%.

2.9.
Over a length equal to twice the distance between successive lifts, the slope may be increased to 60% for two-person tows and 70% for single-person tows. These sections must be preceded by lower-slope sections, with a maximum slope of 40% and with a length at least equal to that of the steep section.

2.10.
Whenever the ascending ropeway is situated alongside a descending track, it may be necessary to mark out limits between the two.

2.11.
The lateral space clear of supports and fixed obstacles on the ascending side, measured from the axis of the ropeway, must be at least :


- 1.25 m for single-person ski-tows


- 1.50 m for two-person ski-tows


Whenever, for reasons related to the system, the ascending track is displaced from the ropeway axis, the clearance is referred to the mid-point of the ascending track.

2.12.
Whenever the configuration of the terrain may constitute a danger to skiers who have fallen and might slide downhill, suitable protection devices must be provided (e.g. padding, protective nets, collection hollows).

2.13.
If, as a result of terrain configuration, it is permitted that, in parallel installations, the two ascending ropeways are placed inside, the distance between those ropes must be at least 3.5 m.

2.14.
Level crossings with descending ski tracks should be avoided if possible. Where such crossings are permitted, the safety of the skiers on the ski-tows and on the ski track, must be assured by means of suitable arrangements, such as signals and control fences.

3.
OPERATING SPEEDS AND INTERVAL BETWEEN DEVICES BEING HAULED
3.1.
The maximum operating speed is fixed as follows :


- low rope : 2,0 m/s


- high rope : 4,0 m/s

3.2.
When the route configuration is favourable and when the arrival and departure tracks are suitably arranged, the time interval between two successive devices being hauled must not be less than the following values :


- for single carries : 4.0 secs.


- for double carries : 6.0 secs.


In cases where technical and operational conditions permit it, the above values may be reduced to 3,4 secs. and 5.0 secs. respectively.

4.
ROPEWAY CONFIGURATION
4.1.
In the case of ski-tows employing a high rope, the height of the rope along the line must be such that the hauling devices with the rope completely withdrawn are at least 2.3 m above the snow-covered surface. Whenever this is not possible, either locally or for system-related reasons, the necessary protective arrangements are to be determined on a case-by-case basis. For telescopic-type hangers, the clearance between rope and ground must be at least as great as the length of the hanger itself.

4.2.
In the case of hauling devices employing a rope, the angle between the fully-extracted rope and the vertical, in the least favourable conditions, must be less than 30° in order to avoid litting the skier off the ascending ski-track. For telescopic-type hangers, the side must not be greater than the length of the hauled carrier, whose weight is equal to 200 N.

4.3.
In ski-lifts employing a low rope, the rope must be guided so as to ensure that its distance from the ascending ski-track is as constant as possible or that the raising or lowering of the rope by the skiers requires a reasonable amount of force. The rope on the ascending side cannot be guided on supports. The inclined length must not exceed 300 m.

4.4.
Hauling devices must be assured of a clearance for a transversal oscillation of 25% with respect to station structures and supports, including their associated equipment (e.g. roller bearings, working platforms, access ladders, ropegathering devices). The maximum longitudinal oscillation possible in the case of the latter must be taken into account. This value may be reduced in the case of contact with the roller rim.


For telescopic-type hangers, stations and supports on bends, it is possible to make exceptions, provided appropriate guides are fitted.


Whenever special conditions exist (e.g. strong transversal winds) the above-mentioned value must either be increased or appropriate construction arrangements must be introduced.

4.5.
Rope-guiding devices for the horizontal displacement of the line rope must lie in the plane of the resulting force. Rollers or vertical pulleys must be provided both before and after the deviation. These can be omitted whenever the difference between the entry and exit angles of the rope to and from the deviation is mall or when the displacement is being carried out by pulleys without a fixed support.

5.
LOAD DETERMINATION AND LINE CONSTRUCTION
5.1.
When calculating the ropeway configuration under conditions of operation, the following parameters must be assumed :


- weight of a single person : 80 kg


- coefficient of friction over snow : 0.1


- coefficient of friction of the line rope :



- over rollers : 0.03



- over pulleys : 0.015


- coefficient of friction of the rope over the drive pulley equipped with a lining :



- fixed terminals (without compensation of the rope torque) : 0.25



- temporary attachments (with compensation of the rope torque) : 0.35

5.2.
Wind force must be determined assuming the following conventional pressures :


- operating : 300 N/m2

- non-operating : 800 N/m2

Appropriately higher values must be assumed in particularly exposed areas. In order to calculate wind forces, the following form factors must be used :


- rope : 1.2


- rollers and roller bearings : 1.6


- hauling devices : 1.0


- circular cross-section solid-wall supports without ladders : 0.7


- solid-wall supports with plane surfaces : 1.3


- lattice supports : 2.8


When national standards specify otherwise, the above values must not be applied.

5.3.
In order to evaluate the dynamic forces acting upon the carrying-hauling rope, static loads must be increased by 30%.

5.4.
In the design of supports it must be assumed that, under conditions of operation, the force in the direction of the rope equals 10% of the static load on the support.

5.5.
National standards should be used to determine loads due to telephone and signalling cables.

5.6.
In the design of station and line structures, the safety factor with respect to the yield point must, under the most severe conditions, be at least :


- operating : 1.7


- non operating : 1.5

5.7.
In the design of hauling devices, a weight of 100 kg per person must be assumed.

5.8.
The clamp slipping force must be at least double the holding force of the clamp along the rope axis. A value not exceeding 0.16 can be assumed as the coefficient of friction, without a specific demonstration.

5.9.
The drive shaft and the rotating axes of the pulleys must be designed and constructed to resist metal fatigue.

5.10.
Station and support foundations must normally be of the gravity type, constructed in reinforced concrete and reaching a depth free from frost. They must have a minimum safety factor of 1.5 against overturning, slippage and lifting. Foundations of different types are permitted, as long as the safety of the structures supported can be demonstrated.

5.11.
In foundation calculations, static loads may be assumed.

5.12.
All welding on load-bearing structures must be carried out by experienced welders.

5.13.
All the steel parts must be provided with protection against corrosion.

6.
ROPES
6.1.
The safety factor for hauling and for tightening ropes, defined as the ratio between the nominal breaking load and the maximum operating tensile stress, must not be less than 4.5.

6.2.
The safety factor for suspension ropes in glacier-type ski-tows and for anchoring ropes, defined as the ratio between the nominal breaking load and the maximum operating tensile stress, must not be less than 3.5.

6.3.
The nominal breaking load is evaluated as the product of the metallic cross-section of the rope and the unit yield load of the wire material.

6.4.
The breaking stress of the cables in the hauling devices must not be less than 4000 N per person.

6.5.
The junction in the hauling rope must be carried out by means of a long splice. The length of the splice must not be less than 1200 times the nominal rope diameter. A maximum of five spices is permitted in the closed loop of the hauling rope.


The distance between the extremities of two successive splices must not be less than 3000 times the nominal rope diameter. In ski-lifts using a low rope, other types of rope junction are also permitted.

6.6.
Tensioning cables must be galvanised and may remain in service for up to 12 years.

6.7.
The diameter of the driving and return pulleys must be at least 60 times the nominal diameter of the carrying-hauling rope.

6.8.
The diameter of mobile pulleys operating on the tensioning ropes must be at least 30 times the nominal diameter of the tensioning rope and at least 500 times the nominal diameter of the main wire. The diameter of fixed pulleys operating on the tensioning ropes and of the winding drums must be at least 15 times the nominal diameter of the tensioning rope.

6.9.
The diameter of the pulleys and drums is the value measured on the axis of the rope.

6.10.
Hauling and tensioning ropes may only employ circular strands of the limited torsion and tension types, with certified-quality steel wires. In ski-lifts employing a low rope, reduced-torsion type ropes may also be used. These are constructed from other materials, using different methods.

6.11.
Resistance characteristics of hauling, tensioning, anchoring and suspension ropes must be certified either by a factory declaration from the supplier firm or by a test certificate from an authorised laboratory.

6.12.
In the case of glacier-type ski-tows, the hauling, tensioning and support guide ropes must be either replaced or returned to a permitted condition when the carrying cross-section is reduced, either because of wire breaks or because of other damage, by more than 15% over a length equal to 40 times the nominal rope diameter and by more than 6% over a length equal to 6 times the nominal rope diameter.

6.13.
Telephone and signalling cables must be installed in such a manner that, during operation, the possibility of an excessively close approach to the carrying-hauling rope can be excluded.

7.
TENSIONING DEVICES
7.1.
The hauling rope must be kept under tension by means of a tensioning device, so that the pull does not fall below and does not exceed the limits of the permitted range.

7.2.
In ski-lifts employing a low rope, the self-adjusting tensioning device may be omitted.

7.3.
The tensioning rope must be wound on a drum, with at least three complete turns. The gearing of the tensioning winch must be designed so that the winch has automatic braking characteristics.

7.4.
If pulley-type stretching devices (tirfor) are used, then a suitable device for the prevention of rope slipping must also be provided.

7.5.
The fixing of the rope ends must always be effected using recognised types of construction (e.g. cast head, plate-type jaws, key and counter-key drum attachment).

7.6.
In order to determine the length of the free run, it is necessary to consider variations of load and temperature, as well as the stretching of the hauling rope.

7.7.
The free run must be limited on both sides by mechanical limiting devices or supervised by electrical limit switches.

7.8.
The axial tension in the guide ropes for the supports of glacier-type ski-tows must be supervised by measuring devices. If the permitted axial tension is exceeded, this must cause the stopping of the ski-tow.

7.9.
Hydraulic tensioning devices must satisfy the following conditions :


- the pressure must be indicated and the necessary operating pressure must be shown using suitable markings,


- a drop in operating pressure exceeding 10% must automatically cause the ski-tow to stop


- an increase of pressure by more than 10% must be prevented


- the end-of-run limit positions of the hydraulic cylinder must be supervised in such a manner that, if these positions are reached, the ski-tow is automatically stopped


- a condition whereby a sudden pressure drop in the circuit causes piston movements at excessive speed must be prevented by means of suitable devices (e.g. flow limiting valves, parachute-type valves).

8.
STATIONS
8.1.
The layout of the stations ensure that access to the departure point and the release upon arrival happen without danger.

8.2.
Station mechanisms and devices must either be weather-resistant or must be suitably protected. These mechanisms and devices must be accessible for maintenance purposes and protected against tampering.

8.3.
Stations must be equipped with barriers to ensure that users are not exposed to danger due to swayingcables, cables in the recovery stage and movements of the counterweight or of other movable parts of the ski-tow. In this case of ski-tows employing a low rope, suitable arrangements must prevent a dangerously close approach of the hauling rope on the descending side to the drive pulley (e.g. tearing-type cable or cover).

8.4.
The manning of the stations depends upon the type of the terrain and installation, as well as on the possibilities of supervision. At least one of the stations must be manned.

8.5.
Stopping devices must be installed at the service posts of operating personnel and close to the hauling rope pulleys.

8.6.
Stopping devices accessible to anybody are permitted and must be labelled. Such devices, easily reached, must be installed at all unmanned stations.

9.
WINCH AND BRAKING DEVICES
9.1.
Winching devices must permit a gradual start-up under all load conditions.

9.2.
The winch must be equipped so as to make it possible to start up the plant at a speed suitable for controlling the rope. If a winch used for maintenance is present, it must be assured that its simultaneous operation with the ski-lift winch is possible.

9.3.
The maximum stopping distance, under the least favourable load conditions, must not be greater than the distance covered by the rope in 3.0 secs. at the maximum permitted operating speed. Certain situations related to the plant may necessitate even shorter stopping distances.

9.4.
If the braking distance specified in para. 9.3. above cannot be obtained otherwise, the winch must be equipped with a passive-action brake. The brake must be designed for a braking force which is 1.5 times the difference between the maximum and minimum tensions acting upon the drive, whenever a non-return device is not fitted additionally.

9.5.
If the driving force from the winch is absent, the loaded ascending rope must not move backwards.

9.6.
If the drive is capable of operation in reverse for maintenance purposes, the reverse drive selector must be of such a type that a conscious choice must be made before engaging the reverse gear.

9.7.
In the case of variable-speed winches, a revolution-limiting device must be fitted, so as to prevent the maximum operating speed being exceeded.

9.8.
In the case of winches where the STOP command only interrupts the transmission of force to the driving pulley, the above-mentioned transmission cannot be restarted as long as the safety circuit remains interrupted.

9.9.
The winch must be designed so that the start-up can take place only after actuating a key-operated switch. The withdrawal of the key must be possible in the „OFF“ position only.

10.
DEPARTURE AREA
10.1.
Depending on the type of access, control systems must be provided, guiding the users to the departure area in an ordered manner.

10.2.
The departure area must be arranged so that the planned hourly carrying capacity is met and so that an acceleration as constant as possible is assured.


The departure area must be situated outside the danger zone due to station devices and must be nearly horizontal.


The departure area must be arranged to allow easy correction of the height of the snow layer.

10.3.
If the departure occurs under the hauling device, the anchors or end-plates of the tow-hangers must be at a height of at least 2.0 m above the snow surface. In the case of a „self-service“ arrangement with long tow-hangers, the above clearance reters to the hauling device recovery winch. Exceptions are permitted when departure takes place on the side of the hauling device. In the self-service case, skiers using the plant must have a sufficiently clear view of the arriving tow-hangers. The provision of self-service must be appropriately signposted.

10.4.
As a minimum, the following notices, possibly using unified symbols, must be displayed :


- it is forbidden to leave the ascending track


- in case of a fall, leave the ascending track immediately


- along the ascending track, it is forbidden to pick up or to abandon the tow-hanger


- hold both ski-poles in one hand only.

11.
ARRIVAL AREA
11.1.
In the case of ski-tows using a high rope and equipped with tow-hangers using a springbox, the rope in the arrival area must be guided at a height such as to assure a clearance of at least 2.3 m between the fully withdrawn tow-hanger and the snow-covered surface.


However, when the skiers using the plant are in no danger from the tow-hanger platters, as is the case when the plant speed does not exceed 2.0 m/sec. with lightweight platters, and if the descending branch of the rope does not have to be crossed after uncoupling, the above clearance refers to the two-hanger withdrawal mechanism.


In the case of telescopic tow-hangers, the clearance between the hauling rope and the ground must be at least equal to the length of the tow-hanger in the withdrawn position. When the skiers using the plant may cross the descending branch of the rope, a clearance of at least 2.3 m must be guaranteed between the tow-hangers and the snow-covered surface.

11.2.
The arrival area must be located so close as possible to a support. It should be basically horizontal, with a slight inclination towards the descending track. The arrival area must be clearly recognisable and of limited length.

11.3.
The arrival area must be laid out as that if can be quickly abandoned and so that the tow-hangers can be normally withdrawn, reaching their rest position.

11.4.
In the case of tow-hangers with a springbox, the span between the start of the arrival area and the following rope-guiding device must have a length corresponding to at least 16 secs. of the hauling rope when running at its maximum permitted operating speed.


For tow-hangers with cords not exceeding 2.5 m in length, a span equal to the distance travelled in 11 secs. is sufficient, while for telescopic-type hangers this figure becomes 8 secs.

11.5.
A reduction in the distances stated in para. 11.4 above may be permitted when a safe passage of tow-hangers at the return station is assured using specific arrangements (e.g. guide for the tow-hangers in the recovery stage).

11.6.
In the case of telescopic tow-hangers, release underneath the pulley is possible whenever the type of construction permits it.

11.7.
Release underneath the pulley can be permitted for single-person and two-person hangers, on condition that the operating speed, the length of the fully extracted tow-hanger and the height of the haul rope permit the safe sending and recovery of the towing devices.

11.8.
At least one safety device must be fitted after the arrival area, in order to stop the ski-tow if a skier has not yet released himself from the towing device or if a tow-hanger does not recover the cord.

11.9.
In the case of ski-tows using a low rope, a safety device must be fitted in a position which prevents a dangerous approach to the station fittings. Over this span, it must be assured that the skier cannot lose contact with the ground.

11.10.
At points of attachment to, and release from, the line, safety devices must be provided which may be the same as at departure and arrival points.

11.11.
As a minimum, the following notices, possibly using unified symbols, must be displayed :


- operate release from towing device


- leave the arrival area quickly.

12.
MECHANICAL DEVICES
12.1.
At the stations, the pulley of the carrying-hauling rope must be fitted with rope-gathering devices. The return of the hauling rope at the uphill station must be designed in such a way that the rope which has slipped off the entry rollers and from the respective rope-gathering device still remains within the pulley. This ruling may not be observed if, as a result of specific arrangements, it is possible to exclude the likelihood of the hauling rope slipping off.

12.2.
The hauling rope pulley supports at the stations must be constructed in such a manner that, even when a support gives way, an unacceptable lowering or tilting is prevented. The supports must be capable of operating, even in the case of structural failure.

12.3.
The hauling rope pulley at the stations must be equipped with ice-scraping devices if the height of the lip of the rim is smaller than the diameter of the hauling rope.

12.4.
At the entry to the hauling rope pulleys, adjustable-height rollers or pulleys must be fitted for guiding the rope.

12.5.
Rollers and pulleys must be equipped with linings and metal lips. The lips must be higher than the linings by at least 1/10th of the nominal diameter of the hauling rope.


In the case of return pulleys, exceptions based on the system construction are permitted.

12.6.
A suitable groove must be made in the roller lining in order to assure secure guidance of the rope.

12.7.
For hauling rope with a nominal diameter of up to 16 mm, the rollers must have a diameter of at least 200 mm and the deviation of the hauling rope must not exceed 15%. For hauling ropes with a nominal diameter exceeding 16 mm, the above limits become 250 mm and 10%.

12.8.
If pulleys for the guidance of the hauling rope are mounted on the line supports, the diameter of the pulley must be at least 40 or 60 times the nominal diameter of the hauling rope for deviations of up to 30% and exceeding 30% respectively.

12.9.
Under the least favourable load conditions, the load on the rollers must not be less than the following values :


- support rollers : 500 N


- retaining rollers : 900 N


The lead may be less than the above values in the cases of guiding rollers, combined roller runs and roller runs on the starting section.

12.10.
Under the least favourable load conditions, the load on support-mounted pulleys must not be less than the following values :


- support rollers : 1000 N


- retaining rollers : 1800 N


The load may be less than the above values in the cases of guiding pulleys, combined pulleys and pulleys on the starting section.

12.11.
Combined roller runs or pulleys must be constructed so as to assure secure guidance of the hauling rope and a passage of the clamps without causing excessive stresses.

12.12.
Rollers must be grouped into roller runs so as to balance the load. Single rollers can only be used as rope guides.

12.13.
Roller runs may oscillate only in the longitudinal and transversal directions. Roller runs oscillating freely in all directions are permitted for the supports of glacier-type ski-tows. This presupposes that guide rollers with a substantial groove depth are employed.

12.14.
Roller runs and pulleys on supports must be adjustable for the alignment of the rope.

12.15.
Roller runs and pulleys on supports must be provided with devices capable of preventing the slipping off of the hauling rope towards the inside. In the case of roller runs, such devices must, at least be placed in line with the first and last rollers.

If the height of the internal rim of the roller with respect to the bottom of the groove is greater than twice the nominal diameter of the hauling rope, the above anti-slipping devices can be omitted. Devices must be fitted to gather the hauling rope which has slipped off to the outer side of the line. Such devices must allow the passage of fixed-attachment grips. The devices must be constructed to gather the hauling rope which slips off the edged of the roller with an inclination of 55% referred to the roller plane.

12.16.
The correct position of the hauling rope must be supervised at the entry ends onto the roller using a device which stops the ski-tow if the rope slips off. Roller runs made up of more than six rollers must be provided with such a device also at the hauling rope exit ends. The STOP command must be independent of the position of the derailed hauling rope.

13.
LINE CONSTRUCTION
13.1.
The supports must be numbered in a clearly visible manner, in the direction of motion.

13.2.
The supports must be fitted with safe access ladders and working platforms if the height of the hauling rope exceeds 3.0 m. Warning notices prohibiting access by unauthorised personnel must be displayed.

13.3.
Supports must be capable of, or fitted with devices permitting, the complete lifting of the hauling rope.

13.4.
The wind-bracing of supports is not normally permitted, in cases where it is unavoidable, it must be indicated in a clearly visible manner.

14.
HAULING DEVICES
14.1.
The freedom of longitudinal oscillation of the hauling devices must be limited. This is to make sure that the devices cannot touch parts of the plant and overturn onto the hauling rope.

14.2.
Hauling devices of the fixed-attachment type must be numbered.

14.3.
The element, whether of the anchor or platter type which constitutes the skier’s attachment, must be designed so that the skier is towed in safety and so that he can easily free himself at any moment.

14.4.
The freedom of oscillation of the element constituting the skier’s attachment., whether it is of the anchor or platter type, must be limited with respect to the springbox when in the recovery position.

14.5.
The skier’s attachment element of the „anchor and long rod“ type, used for self-service operation, must be at least 1,5 m long, be able to swing freely backwards and to assume a transversal position with respect to the axis of the hauling rope.

14.6.
The towing device must be designed to accelerate the skier to the speed of the hauling rope in a continuous, and possibly uniform, manner.

14.7.
The recovery speed of the element, whether of the anchor or platter type,. constituting the skier’s attachment must be controlled so as to assure a safe recovery and to prevent the element from overlapping the hauling rope.

14.8.
The distance between two towing devices must be at least 1,1 times the overall length of a towing device in its fully extended condition.

14.9.
The attachment grips of the tow-hangers to the hauling rope must be designed to embrace the rope sufficiently and not to detach themselves if the rope turns right round.

14.10.
The attachment grips of the two-hangers to the hauling rope must be designed to be capable of applying the necessary gripping force to the rope even if the diameter of the latter is reduced by 15% with respect to its nominal value.

14.11.
If attachment grips using elastic gripping are employed, at most 80% of the working range of the springs must be used.

15.
ELECTRICAL EQUIPMENT
15.1.
General
15.1.1.
A fault current detection circuit must be installed in order to protect persons against indirect contacts.

15.1.2.
All electrical plant must be capable of disconnection from the power supply by means of a sectioning device. This device must be fitted in the station providing the drive and must be accessible to service personnel. The parts which retain their voltage even after the sectioning must be provided with protection against direct contact.

15.1.3.
Safety devices must be grouped into safety circuits. The quiescent current principle must be applied. Any interruption of a safety circuit must initiate a STOP command. The permission to start the plant up presupposes that all safety circuits are closed.

15.1.4.
The line safety circuit must be powered with category 0 voltages.

15.1.5.
Electrical equipment must be housed in cabinets, using a tidy layout. It must be identified in a clear and long-lasting manner.

15.1.6.
Electrical cabinets of the ski-tows must not contain any apparatus not belonging to the plant.

15.1.7.
All parts carrying voltages other than those of category 0 must be protected and labelled against direct contact even when the cabinets are open.

15.1.8.
Command devices acting upon safety circuits must be of the forced action type.

15.1.9.
Stopping devices activated by service personnel must be designed to ensure that the STOP command remains effective until re-start.

15.1.10.
Line lighting plant and other electrical equipment must be fed via the terminating boards of their respective cables, which are normally buried. A fault current detection circuit must be installed as protection against indirect contacts.

15.2.
Electrical drives
15.2.1.
Electrical drives must be designed for continuous service at maximum load and at the maximum permitted operating speed.

15.2.2.
Electrical drives must include technically advanced protection devices. Any operation on their part must initiate a STOP command.

15.2.3.
STOP commands must disconnect the drive from its power supply and apply a brake whenever this exists.

15.2.4.
On ski-tows with an installed power exceeding 20 KW, the values of the significant electrical quantities must be displayed. The working range must be made clear.

15.2.5.
The winch motor must be fitted with an hour-meter.

15.2.6.
Adjustable-speed drives must be fitted with an operating speed control device and with a device comparing the imposed speed against the actual one. The operating speed control device must act if the nominal speed is exceeded by 10%. The speed must be displayed. On ski-tows with an installed power of less than 20 KW, a speed control device is sufficient. If the imposed speed is set at zero or if the speed drops below about 0.3 m/sec. a command stopping the plant must be given automatically.

15.2.7.
For A.C.-powered plant, the starting device must be designed with a compulsory return to zero.

15.2.8.
It must be assured that the service can be carried out with starting resistance's excluded.

15.3.
Control of return and intermediate stations, of the line, telecommunications and remote commands
15.3.1.
Line and return station safety circuits must be constructed so as to initiate a STOP command in the cases of a short-circuit, earth contact or interruption. The STOP command relays must be duplicated.

15.3.2.
The correct functioning of the safety devices must not be disturbed by telecommunications and signalling circuits.

15.3.3.
Fault indications must persist until manual re-start.

15.3.4.
Manned stations must be equipped with a telephone or intercom connection. These connections must continue functioning even when the mains supply is interrupted and defects appear in the line safety circuit.

15.3.5.
When control plant using CCTV (Closed-Circuit Television) is installed for the supervision of unmanned return stations, those stations must also be equipped with a remotely-controlled intercom system with a loudspeaker.

15.3.6.
If the possibility exists of starting up the plant from more than one station, the pre-setting of the station enabled to issue the start-up command must be provided only on the drive command desk.

15.4.
Electrical earthing and lightning protection arrangements
15.4.1.
The stations must be provided with lightning protection arrangements.

15.4.2.
Line structures must normally be electrically grounded.

15.4.3.
Electrical grounding arrangements must conform with the national norms.

15.4.4.
Telephone and signalling cables of ski-tows employing a high rope must be protected against atmospherically-generated overvoltages.

16.
OPERATION
16.1.
Service personnel
16.1.1.
An operations manager must be appointed. The operations manager is responsible for safety, orderly operation, maintenance and personnel training.


The operations manager must be familiar with the ski-tow plant and must have the technical qualifications required. The operations manager may direct several installations. When the plant is operating, the operations manager must either be present or find himself in the neighbourhood, where he can be contacted.

16.1.2.
During plant operation, the necessary service personnel must be present.

16.2.
Operating procedures
16.2.1.
The service must be managed in accordance with a manual of operating procedure. This must define the duties of the personnel. The personnel must be familiar with the operating procedures. The manual of operating procedures must be available at one of the stations.

16.2.2.
The operating manual must contain at least the following procedures :


- arrangements and procedures necessary to ensure regular operation,


- checks and functional tests needed to place the plant in daily service,


- time interval for the spacing of the grips of adjacent tow-hangers,


- visual checking of hauling and tensioning ropes before opening for the season,


- visual checks after moving the grips, to ascertain possible damage to the hauling rope,


- checks on the tensioning equipment when replacing the tensioning rope,


- conditions under which service to the public can be provided (e.g. weather conditions, snow cover, visibility),


- obligation on the part of service personnel to communicate to the operations manager all events which might negatively affect operating safety,


- written record of unusual events and accidents.

16.2.3.
For the ski-tow to provide service at night, the ascending track and stations must be sufficiently illuminated. Night service requires a specific authorisation.

16.3.
Instructions to travellers
16.3.1.
The instructions to travellers must define the sports equipment allowed to be carried and the rules of behaviour for skiers using the ski-tow. The instructions must be displayed at the downhill station so as to be clearly visible by skiers. The instructions may employ unified symbols.

16.3.2.
The above mentioned instructions must cover at least the following points :


- follow the instructions given by service personnel,


- follow the instructions displayed,


- inform the service personnel of accidents or damage,


- follow the rules of behaviour specific to unattended stations,


- failure to observe instructions may lead to refusal to provide ski-tow transport to the person concerned.

16.4.
Daily logbook

16.4.1.
A daily logbook must be kept.

16.4.2.
Each day, at least the following entries must be made :


- names of service personnel


- weather conditions


- routine inspection results


- daily test results


- start and end of operation (times)


- count of persons served.

16.4.3.
The following items must be recorded :


- special events, accidents


- maintenance work carried out


- movement of tow-hanger grips


- results of checks on ropes


- results of periodic tests and checks.

16.5.
Usage and maintenance book
16.5.1.
A book of usage and maintenance must be kept. The book must contain information on the functioning, management and maintenance of the plant.

16.5.2.
The usage and maintenance book must be available at the plant from the start of operations onwards.

