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REPLACEMENT OF
TRACK AND HAULING ROPES
1987
CONSULTANTS REPORT.

COMMENTS, OBSERVATIONS AND RECOMMENDATIONS 
(In connection with the replacement of the track and hauling rope at the Mt. Bellenden Ker rope way installation; May - June 1987)
PRELIMINARIES.
The task of replacing two of the main components of a rope way, i.e. the track rope and the hauling rope in succession, is a big undertaking for any aerial rope way installation anywhere in the world.
In traditional rope way countries, the replacement of main ropes, although part of the general maintenance schedule, such work is progressively carried out by highly experienced contractors, employing specially developed tools, equipment and specially trained personnel.
In the case of the installation at Bellenden Ker, it has to be noted, that after 15 years since its initial commissioning, it is still the only passenger carrying rope way installation of any notable dimensions in Australia and therefore isolated in experience and technical contacts or feed backs.
Climatic conditions and other restrictions are very often an impediment to operation and maintenance.
BRIEF RECALL OF EVENTS LEADING TO THE REPLACEMENT OF THE TWO ROPES 
The decision to replace the hauling rope was made in compliance with standard procedure for passenger carrying rope ways.
After more than 15 years in service, tests and close inspections have indicated, that the safe operating life of the rope was near its end. It was decided to opt for a galvanised rope which should be more resistant to the harsh climatic conditions in the area.
A comprehensive technical specification for the manufacture, testing and delivery of a new rope was issued for tendering. The order for the new hauling rope was awarded to BULLIVANTS, LIFTING GEAR DIV., an affiliate company of AUSTRALIAN WIRE ROPE INDUSTRIES.
Unfortunately, the actual delivery and subsequent installation of the new hauling rope had to be deferred, because of events concerning the Track rope.
The decision to replace the existing track rope was not a voluntary one.
In August 1985, during a routine rope inspection a very suspicious section of rope was discovered at a distance of 890 m. down from the top stations. As a consequence, the installation was closed for operation and steps for an urgent replacement of the rope were initiated.
To maintain, for the interim time at least, a reduced service for essential transport requirements and emergency service for transmitter equipment, the suspected section of the rope was pulled up to the top station, the affected portion of the rope was cut out and the rope anchored again.
An equivalent length of a similar type of rope was joined by means of a coupling on the bottom end of the line and an improvised temporary terminal was established at the downhill side of Tower 6
A later investigation of the suspected part of the rope revealed, that all 6 'strands of the inner rope and the core strand were broken plus 7 wires in the outer strand (56 wires out of a total of 133, this amounts to 42% of all wires of the rope.) A specification for a new track rope, with as near as possible the same technical and physical properties as the original rope was issued.
Tenders were called worldwide and again BULLIVANTS LIFTING GEAR DIVISION, acting for the overseas company AUSTRIA DRAHT, was successful. (The original track rope was manufactured by an affiliated company of AUSTRIA DRAHT.)
PLANNING AND ORGANISING THE INSTALLATION OF THE TWO ROPES. 
As the delivery dates of the ropes was determined in accordance with the specification, the planning and time scheduling for the actual installation of the ropes was now an urgent matter.
A stringent condition of the whole operation was, that both ropes have to be pulled up along the line to the top station under a certain tension, to prevent the rope from touching the ground, or even the tree tops in the spans between the supporting towers.
This unavoidable requirement was the pivot point for all planning at the management level as well as for most of the preparation work on site.
Representatives of Bullivants, the only Australian company with experience in replacing steel ropes for mines and conveyors, had given the assurance, to be able to supply and operate the necessary special winches for handling the ropes under the required tension at the bottom station.
The whole planning was also centred on a time factor.
To replace the track rope, using the same method and equipment which was employed when shifting the damaged section of the rope to the top station in 1985, then an optimistic time of 45 days for the replacement of the new track rope alone could be estimated.
In establishing the time schedule for this work programme, the hire of a specially developed hydraulic pulling machine from overseas was included. The technical priority of such equipment against the method used here in the past, should rectify the cost involved by saving time and hard physical work.
A suitable hydraulic power plant for this equipment was designed and manufactured locally by Brisbane Workshops designed by Ross Vidler.
Also, from overseas, a set of three "Carpenter" clamps (quick release type) were purchased to be used instead of some of the conventional, very time-consuming heavy clamps of the bolt and nut type.
Using the special equipment at the top station for pulling and Bullivants winching set up at the bottom station an optimistic time of 7 days can be estimated for replacing the track rope.
As it was out of the question to bring the old track rope in one length from the top to the bottom, an efficient steel cutting machine and two air operated strapping guns have been organised to cut the incoming old track rope in approximately 4 m. pieces for easy handling.
At the actual site of the rope way, a great amount of work was to be carried out previous to the start of the replacement operations.
The two rope reels were placed at the most suitable position for unwinding; foundations for heavy equipment and machinery had to be provided.
Numerous rollers had to be mounted on top of all tower saddles to support and guide the moving rope during the pull up.
Many loads of heavy equipment and tools required at the top station and at some of the towers had to be transported with the rope way car from the improvised terminal at Tower 6.
Before the track rope could be moved, the car including carriage and hangers have to be taken off the rope.
Time and manpower schedule had to be carefully worked out and all tools, equipment, services required at various locations along the line and at the stations for the duration of the operation had to be precisely planned and organised and made available on site.
The service of a helicopter had to be secured for a time prior to and during the whole replacement operation for transport of men and material to the various positions along the line and at the top station and also for the event of an emergency.
It was decided to engage the non-destructive tester right from the start, to obtain a graphic impression of the state of both of the ropes for reference for future tests.
OBSERVATIONS DURING THE PULL OPERATION.
The following cannot be regarded as a day-by-day account of events during the execution of the work. It is meant as a record only of observations as the work progressed.
The date to commence the actual work on site was scheduled for the first week in May, but bad weather, which has also limited the use of helicopters, forced a delay of one week to the 11 of May.
A . TRACK ROPE
With the arrival of additional staff, the final pre-preparation work could be carried out.
BULLIVANTS, the supplier of the ropes and contractor for the winching operations at the bottom station was setting up the winching machinery and the hydraulic power units, ready for the release of the new rope from the reel.
The old track rope was anchored at the Bottom Station, the counterweight lifted, the rope cut and the old and the new rope connected by a coupling.
At all towers, the rope was lifted from the saddles on to guide rollers except at Tower 1 where it was supported by a snatch block.
The reel of the new track rope had to be stiffened at the centre, because both side flanges of the reel appeared to buckle.
The imported Carpenter clamps were tested on site, and it was found that only one was fitted with the correct rope profile. New wedge jaws with correct moulds were ordered.
A device to prevent the moving rope from turning was fabricated on site.
On the 12 May all men, required at the top station were flown in and for the next two days a lot of work was accomplished at both stations and on the towers.
The track and hauling rope was taken off from Tower 1.
At the Top Station the rope was attached to a temporary anchor to release the tension of the rope on the bollard, the rope was cut and fed through the jaws of the pulling machine.
On the 15 of May the actual pulling operation started. 49 m. of the track rope was released at the bottom station into the system, reducing the rope tension to an amount, manageable by the equipment set up in both stations. It was calculated that a pulling force of 16 to 18 tonne at the top, requires a corresponding back tension of 6 to 8 tonne.
After pulling in just 4 metres at the top, indicating a required force of 16 to 17 tonne, it was evident that the capacity of the Bullivant equipment was inadequate to maintain the back tension required.
The whole operation was suspended for 3 days for readjustment of the machines.
On the 20 May the pulling operation started again with the result of 56 metres for this day. Some more trouble developed at the winching gear and the reel of the new track rope needed some bracing to soften the flanges.
The result of the second day pulling was 682 metres. To prevent interference of the hauling rope with the passing anti-twist device at the coupling of the track rope when the hauling rope was taken out of the tower sheaves.
Some more interruptions of the work at the bottom Station occurred because of necessary changes to the winching gear, but good progress was made over the following days.
And this despite very bad weather, foremost at the top station, with all but every day having rain, strong winds (30km/h to 60km/h) and low temperatures.
The pulling plant at the top station performed excellently with a stroke length of 860mm. the machine pulled in an average of 2 metres per minute. The best achievement was 1066m. for a full day. After more than 3000m. of rope had been pulled up the pulling jaw, as well as the holding jaw, had to be readjusted to secure a firm grip on the rope for both actions.
The rope cutting device has proved to be a very good idea and was a great success. On the 25th. of May the new track rope reached the top station.
Anchoring the new rope around the bollard and placing the rope from the rollers in the saddles at the towers accessible from, the top station required another one and a half days. On the 27 May all men were back at the bottom station again.
It has to be noted here, that during the last phase of the pulling operation one of the Carpenter clamps, fitted with newly made jaw, was to hold the rope tension of approximately 16 tonne slipped. (see recommendations).
B. HAULING ROPE
After the pulling operation of the Track rope was successfully concluded, the preparation for the much simpler job. ie. to bring the hauling rope up and down the mountain got full attention.
The "WORKING CAR" stored for 18 months at the improvised terminal at Tower 6 was brought back to the base station.
According to the planned procedure, the existing hauling rope was cut on one side at the bottom station. One end was spliced to one end of the new hauling rope and the other end of the old rope was attached to the now empty reel of the new track rope.
Winding in the old rope and letting the new rope out under the pre-calculated tension of 2 to 4 tonne appeared to be an easy task, compared with the procedure with the track rope under much greater tension and the complication of bringing two couplings over all the towers.
It progressed quite well for a while and on the first day 600 metres of rope were moved. But unfortunately, the setup of Bullivants equipment for the job was just not adequate.
It took longer than anticipated to bring the new rope up the line to the top, around the deflection sheaves and back to the bottom station again using the main drive to assist the winches.
On Tuesday the 2nd. of June, the winching operation was finally concluded and a new undamaged hauling rope in place of the old one.
During the following 3 days, the track rope end socket was made and connected to the counterweight and the rope fully operational tensioned.
The new hauling rope was pre-tensioned, cut to the required length and the end sockets for the coupling made.
The car - the original passenger car- was put on to the track rope and the hauling rope connected, It was Friday the 5th of June when the first run from the bottom station to the top and back was made.
A hectic but exciting time had come to a close. A period of hard work for all staff involved, but also a time during which all of them have displayed great enthusiasm and dedication to the work. All have given unquestionably their best.
Congratulations to all who have contributed to this success.


RECOMMENDATIONS
Although the rope way installation is operative again and a car is able to travel the full length between the designed terminals, there are several items, which have to be attended to, to comply with the designed specified functions and regain the full operating standard stated in the original commissioning report prepared by Professor Bittner.
1.	REGISTRATION OF NEW ROPES.
In accord with the International Rope way Regulations, every main rope of installation has to be identified and recorded by its specification label, by its consecutive number and the type in regard to its operational purpose at the installation.
For the Bellenden Ker Rope way the registration would be as follows: 
Track Rope 
The original (first) rope was specified as:
36A 200KP ONORM M9531, Fs 522 MM2 g= 4.9KP/M.
The rope was identified as: T/I 36 MM 1972

The new (second) rope is specified as:
36A 1960 N/MM2, ONORM M9531, FS 578 MM2 g=4.93 Kg/M.
The rope has to be typified as: T/2 36 MM 1987

Hauling Rope: 
The original (first) rope was specified as:
22B 180 KP, ONORM M 9534, FS 185.8 MM2 g= 1.76 KP/M
The rope was typified as H/I 22 MM 1972.

The new (second) rope is specified as:
22 MM DG 1840 MPa RHLL POLYCORE g= 1.73 Kg/M
The rope has to be typified as: H/2 22MM, 1987.

2.	LUBRICATION OF ROPES. 
Over several weeks after re-opening of operations (weather permitting) several light coats of lubricant should be applied to both of the new ropes. (The hauling rope appears particularly dry.)
3.	TRACK ROPE END SOCKET.
The counterweight end socket of the new rope should be re-made no later than six months from the date it was put under full tension, regardless of the position of the counterweight on the Tower.
4.	SADDLE LINING.
The brass linings of all saddles for the track rope at stations and on towers should be inspected and all worn out sections of liner replaced. The material of new liners should be CARO BRONZE 40 as originally designed, or a material with very near the same physical properties.


5.	HAULING ROPE SHEAVES.
In the case of the required repeated lubrication of the new rope and until the spaces between the strands of the rope are filled and closed with sustained lubricant, the rubber liners of the hauling rope sheaves will be prone to more wear and tear as experienced with the old rope. Systematic checks should be made in this direction.
6.	SLIPPERY STEEL STRUCTURE.
It appears, that the surface of the structure of the towers along the line and the exposed points of the top station structure has accumulated some sort of sediments from the atmosphere. If the surface of ladders, platforms and other structural members of towers are wet from moisture and rain, then they become very slippery and dangerous.
The matter should be investigated, and a practical solution may be found.
1.	RE-GROWTH ALONG THE LINE.
The shrubs and trees at some sections of the line have grown out of proportion and should be cut back rigorously.
2.	ELIN-SCHRACK-EQUIPMENT.
The electric-electronic control equipment at all stations, bottom control room, top station and car panel needs a thorough overhaul.
It may be necessary to obtain new units of filters, transmitters and receivers.
Because of the new hauling rope and the car now travelling the full length of the line again it will be necessary to correct or even re-set the entire automatic operating programme.
The contacts, activating the deceleration and acceleration points in relation to the tower positions have to be adjusted by re-setting the relevant diodes at the crossbar distributor on the ELIN UNIT (VIACOMP II)
Also, the approach-ramp from both terminals should be checked for correct functioning.
The designed performance of the approach setting was: - 
The warning sound came on when the car was 215 metres in front of terminals. Speed control was taken over automatically at a distance of 210-200 metres from the terminals.
The deceleration settings were: - 
80% of normal speed = 4.8 metres per second at 50M. 55% of normal speed = 3.3 metres per second at 30M. 35% of normal speed = 2.1 metres per second at 20M. 15% of normal speed = 0.9 metres per second at 14M.
It has to be pointed out, that the above stated performance data cannot be achieved all the time and in all circumstances. Tolerances of approximately 10% should be allowed but considered as the limit.
3.	COMMUNICATION FACILITIES 
All elements of the communication facilities should also be thoroughly checked.
The telephone service via the Schrack channel may be improved by fitting new units.
The wireless two-way equipment should also be more reliable.
10.	USE OF ORIGINAL PASSENGER CAR. 
The locally made "Working Car" which was in use for 16 years is now in a stage of deterioration, that it can hardly be recommended to spend any more time and money to restore it for further use.
Since the originally provided passenger car has been thoroughly overhauled and some structural members strengthened, it is highly advised to use this car only until a new car, specially designed for the purpose at this installation, is available.
The acquisition of such a new car and a new suspension hanger has been requested for several years and it can only be now again urged to give the matter top priority.
11.	TRACK ROPE BRAKE SLIDING TEST.
It is recommended to check and be absolutely sure, that all visible and accessible parts of the brake arresting and releasing mechanisms are in sound condition and functioning accordingly.
With the car several metres in front of the bottom station, the track rope brake should be applied from the car.
The force required to break the rigid grip of the brake liners on the rope and force the car to move should be established.
The force to initiate the move should be approximately 37.25 KN, but not less than 34.40 KN.
The force required to slide the car along the rope should be approximately 31.40 KN, but not less than 29.50 KN.
If the test results are not satisfactory and no further adjustments on the spring can be made, then it is recommended to increase the number of spring washers in the spring chamber of the brake assembly from 26 to 28.
The spring washers are held in stock on site,
12.	TRACK ROPE BRAKE FIELD TEST
Concerning field tests with the track rope brake, it is recommended to repeat the procedure, carried out at the commissioning tests of the rope way.
They were as follows: - 
The fully loaded car at approximately 150 metres east of Tower 4. (The steepest part) was brought to a stop by the application of the track rope brake by the car operator. (The service brakes were isolated from the system for the purpose of the tests.)
From a velocity of 4.27 metres per second the car was stopped in a measured distance of. 7.0 metres at a brake deceleration rate of approximately 1.3 metres per second2 (this is considered satisfactory)
The movement of the hauling rope on both sides was small, no significant marks were observed on the track rope, there was no abnormal wear on the brake lining and after releasing the brake the track rope turned approximately one (1) turn.
This is normal.
Similar figures and appearances should be achieved this time.
13. FREE WHEELING OF CAR. 
The possibility of movement of the car from the top to the bottom station under the inertia of the System, ie. with no positive driving force has been checked with a payload of 882 kg. with the following results:
a)	Travelling east (downhill) from Tower 2. at a speed of 3.05 metres per second the car stopped in 15 seconds after travelling 40.5 metres, giving a deceleration of 0.20 metres per second2. (no freewheeling of car was possible at the time of recommissioning; future checks to be done.)
b)	Travelling east from tower 4 at a speed of 4.57 metres per second the car stopped in 32 seconds after travelling 73.0 metres giving a deceleration of 0.14 metres per second2.
The operational deceleration of the hydraulic system is approximately 0.25 to 0.31 metres per second2. Therefore, the car would come to a halt by using the deceleration of the hydraulic system only and without using a brake. The result shows, that over speeding of the car is unlikely to occur but it must be remembered that the installation at the time when the tests were made was new and that after 16 years of operation some of the friction in the system has decreased.
Re-newed tests will probably result in different performance data but should still be inside the limits provided by the inertia of the hydraulic system.
c )	If the hauling rope breaks on any point of the line, then the track rope brake will be automatically released by the tensionless coupling by which the rope is connected to the hanger of the car.
The correct functioning of the brake release mechanism related to the hauling rope coupling should be tested each time a new hauling rope end sockets is made.
14. BRAKING TESTS WITH SERVICE BRAKES ON HAAGLUND DRIVE
The design of the hydraulic system makes it very difficult to adjust the mechanical braking force. The commissioning tests were limited to check the braking force by deceleration of the hydraulic system, the results obtained are as follows:
a)	The car fully loaded, travelling downhill on the eastern side of Tower 4 at a speed of 4.72 metres per second.
It was stopped and came to halt in 16.5 seconds after travelling 40.0 metres giving a deceleration of 0.29 metres per second2.
a)	The car travelling uphill with the same load at 4.78 metres per second, it stopped in 14.2 seconds after travelling 36.0 m, giving a deceleration of 0.33 m/sec2 
b)	Travelling downhill with no load at 4.81 metres per second it stopped in 17.1 seconds in a distance of 36 metres, giving a deceleration of 0.28 metres per second2.
c)	Travelling uphill with no load at 4.87m/sec it stopped in 14.4 seconds in a distance of 38.0 metres to give a deceleration of 0.34 metres per second2.
15. BRAKE TEST OF DISC BRAKE.
a)	With a fully loaded car travelling downhill east of Tower 4. at a speed of 4.87 metres per second, the car stopped in 6 seconds, in a distance of 14.6 metres, giving a deceleration of 0.81 metres per second2.
b)	The same load travelling uphill at 4.57 metres per second, the car was stopped in 3.6 seconds in a distance of 8.2 metres, giving a deceleration of 1.27 metres per second2.
c)	No load downhill at 4.87 metres per second, the car stopped in 5.1 seconds in a distance of 12.4 metres giving a deceleration of 0.96 metres per second 2.
d) No load up hill at 4.57 metres per second, the car stopped in 3.3 seconds, in a distance of 7.5 metres, giving a deceleration of 1.39 metres per second 2.

All the above tests under 14 and 15 were carried out under conditions of no side wind, a longitudinal wind, a longitudinal wind with a velocity generally between 45 to 65 km per hour and clear vision.
It is not anticipated that repetition of the above tests will result in exactly the same performance figures, a deviation of approximately 10% tolerance will not adversely affect the safe operation, because of the high resistance of the hydraulic system of the drive arrangement.
If it appears the tests are totally unsatisfactory, then all brakes should be adjusted accordingly.
16.	CARPENTER - QUICK RELEASE CLAMPS. 
These Ruston CARPENTER WIRE ROPE STOPPER were purchased from overseas. One of those was tested at BULLIVANTS testing machine prior to the operation on site. The result was a load of 33 tonne.
A test on one of the clamps on site was not successful, it slipped at approximately 3 tonne when equipped with a wedge with the incorrect moulded profile.
It appears, that the pattern moulded in the metal jaw must be a perfect mirror image of the helical lay of the rope on which the clamp should act.
The question arises: should the moulded pattern of the jaw be that of the relaxed rope or to what degree can the helical lay pattern of the rope change under applied tension without affecting the secure grip of the jaw on the rope?
It is recommended to obtain more information from the supplier. This and a better familiarity with the workings of the clamp, by exercise will raise the confidence in the use of those clamps. If they can successfully be used, then the savings on time and hard work will be enormous.
17.	NON-DESTRUCTIVE ROPE TEST.
The attempt to get an impression of the original state of the new ropes was not successful. It is recommended to carry out repeated tests for both ropes during the following months to obtain a consistent and comparable graph as reference for the future.
The above listed recommendations and tests should be made part of a programme for the immediate future to bring the entire rope way installation, including all main and auxiliary facilities and equipment up the original commissioned operation standards. After a reasonable time, say 3 to 6 months and after the management is satisfied with the achieved solutions an extensive inspection by an independent expert should be carried out.
It is recommended to arrange a re-commissioning of the whole installation by an authority with government or semi-government status.
The activity and workload at the Bellenden Ker rope way will certainly increase in anticipation of the considered extension of the transmitting facilities at the top station.
A "RECONDITIONED" and recertified installation with new main ropes, will be of great benefit to all involved or connected with this first Australian rope way.
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