Sample 1
Sample Task Assessment Training Modules
for in-house training of an Organisation’s personnel
involved with the rebuilding of

RailCorp’s Traction Overhead Wiring System.
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Module 1 – TERMINATION OF REGULATED SYSTEM TASK COMPETENCY ASSESSMENT TOOL
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Assessee’s Name: _______________________________________________________
INTRODUCTION

This Organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.

OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.

PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Before the assessment takes place, the ‘on the job’ work book must be completed over 3 attempts of terminating wire. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to read the Railcorp installation book 

· Identify the termination arrangement components

· Be able to handle the termination components safely without causing injury or damage to them
· Be able to safely use the correct rigging equipment
· Be able to install the termination assembly to RailCorp standards for the safe passage of electric traction 
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
DESCRIPTION OF APPARATUS
A regulated overhead wiring system is where the conductors are tensioned in a manner that keeps the individual conductors tensions constant. The conductors maintain their heights above track, irrespective of conductor temperature which leads to good pantograph performance at high speeds. Tensioning is provided by means of weights and pulleys at the anchors points.

The maximum ‘tension length’ from a fixed anchor to a tension regulator is limited to about 1,000m. However, the actual tension length used is site specific and depends on a number of factors, such as track geometry and number of cantilevers installed. Typically there is a limit of 15no cantilevers in a tension length. 

The conductor is attached to a stack of galvanised weights via a galvanised wire rope (colour coded black for catenary & yellow for contact), which runs through a pulley system with a ration of 3:1 (Refer to Figure 1). Each weight has a nominal mass of 25kg. The mass of the weight stack including the weight rod is one third of the tension in the conductor.
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Figure 1 – Twin Contact Regulated Arrangement

As the conductors expand & contract with temperature changes, the weight stack moves vertically, up in cold weather & down in hot weather. The vertical movement of the weight stack is three times that of the horizontal movement at the end of the conductor. A drilled weight located midway in the weight stack (26th from bottom) has an eye bolt screwed into it which slides along a weight guide rod which is connected to the mast and prevents sideways movement of the weight stack.

In twin regulated systems, separate weight stacks are provided for both catenary and contact wires terminating on the same structure. The conductors are anchored on opposite sides of the anchor mast (flanges) to provide clearance for the weights and to prevent the mast from twisting. The contact is terminated on the side of the mast closest to the cess, whereas the catenary is terminated on the side of the mast closest to the track (Refer to Figure 2).

Where both the catenary & single contact wires are tensioned by a single stack of weights, the wires are terminated on a yoke plate (equalising bar). High strain disc insulators (254mm (, 160kN) are used in this arrangement as they must withstand the combined loads of the catenary and contact wires. This arrangement typically involves terminating the conductors to the web on the mast and not the flanges.
The table below summarises the amount of weights required for the various overhead traction systems used in the Sydney metro electrified network.
	CONDUCTOR SIZE (mm2)
CATENARY / CONTACT
	NO. OF WEIGHTS REQUIRED

	
	CATENARY
	CONTACT

	270 (0.4)
	2*137 (0.2)
	40
	34

	270 (0.4)
	193 (0.3)
	31
	24

	2*270 (0.4)
	2*137 (0.2)
	55
	34

	327 (0.5)
	193 (0.3)
	35
	24

	510 (0.8)
	193 (0.3)
	46
	24

	165 (0.25)
	193 (0.3)
	49


Table 1 – Summary of tension regulator weight requirements
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Figure 2 – Typical termination arrangement for 270/193 conductors showing catenary weight stack on track side of mast and contact weight stack on cess side of mast.
INSTALLATION OF TERMINATION ARRANGEMENTS
Temporary Balance Weight Platform
Prior to the running out of the conductors, a temporary balance weight platform is set up at the terminating structure which is supported on the concrete footing by an acro prop. This platform is set at a height of approximately 2m above rail level. A set of galvanised weights & weight rod are then loaded onto the platform in readiness for wire running (see Figure 3). A locking bracket is used to secure the weight system to the structure. If this work is carried out prior to the construction possession, then rope must secure the weights to the structure in order to restrict any free movement.
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Figure 3 – Temporary Balance Weight Platform Arrangement

Terminating Catenary Wire
Once the wire has been run out, (typically, this operation is conducted by RailCorp) it is pre-tensioned to 50% greater than its design load for a minimum of 2 hours immediately after erection. Place a rigging shackle in the top hole of the triangular link plate and attach a dynamometer to it. Fully extend the lever hoist chain and then attach the 6T lever hoist to it Place a rigging chain from the 6T lever hoist and connect it to the catenary wire with a Klein (Chicago) come-along. Pump up the lever hoist until the catenary wire is in super tension state (typically 45kN). After pre-tensioning, the tension in the catenary shall be reduced to 90% of the temperature corrected tension and then slowly increased to the temperature corrected tension (typically 30kN). This reading will be given to you by the Supervisor. Remove the plate that is holding the weights to the mast ensuring they are 50-100mm off the temporary platform.
The catenary wire is then cut with cable ratchet cutters leaving enough wire to connect to the termination arrangement. At feeder locations the catenary wire shall be left long enough to enable connection to the copper plate on the feeding structure. The termination arrangements for both fixed & moveable end arrangements can then be installed to the tensioned cable.

Installation of Preformed Grips (Dead Ends)
The preformed dead end is designed to grip uniformly to prevent the distortion of the conductor. It also offers a unique design that eliminates bolts, nuts, washers and other component parts that may become lost or damaged during installation or in service. Preformed dead ends are colour coded to assist in identifying the conductor diameter range. The location of these colour codes are also known as crossover marks. This mark indicates the starting point for the application of the conductor. Also found on the dead end is an identification tape which must remain on the fitting.
	CATENARY

CONDUCTOR
SIZE
(mm2)
	CONDUCTOR STRANDING (mm)
	DIAMETER (mm)
	COLOUR CODE

	165 (0.25)
	19/3.3
	16.64
	Orange

	270 (0.4)
	37/3.05
	21.34
	Red

	327 (0.5)
	37/3.35
	23.47
	Orange

	510 (0.8)
	37/4.19
	29.34
	


Table 2 – Summary of preformed dead end colour codes
Preformed dead ends are to be installed in the following manner:
· Ensure the dead end is the same lay as the conductor wire (typically right hand)
· Split the legs and insert the conductor into the end of the dead end allowing the tail of the conductor to extend beyond the cross over mark. Do not cut any excess wire as the tail may be required as a feeding point. Your supervisor will advise you of the length of tail required.
· By hand, start wrapping the short leg of the dead end starting at the cross over mark all the way onto the conductor
· Place the brass dead end thimble into the loop of the dead end

· Then wrap the longer leg of the dead end starting at the cross over mark all the way onto the conductor

· If required, use a screw driver to tap the sets in place with the handle of the screw driver. If the legs need splitting, no more than two strands can be split.

· A preformed dead end can only be applied three times on new installations, if sag adjustments are necessary
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Figure 4 – Typical dead end for 270mm2 catenary wire
Composite Insulators (K-Line Insulators)
K-line insulators have been recently introduced into the Sydney metro electrification network to replace the porcelain disc insulators previously used in termination arrangements (refer to Figure 5).

A number of failures have occurred in recent times, whereby excessive twist/bending has caused the K-Line insulator to shear. Twisting can be identified by the longitudinal displacement of the shed joint. The K-Line insulator has little resistance to twisting/bending that may be introduced by any of the following:
· Rigging across the insulators
· Conductor twisting during catenary wire installation & tensioning
· Adjustment of the turnbuckles 

Work methods must ensure that twisting/bending moment is not applied to an insulator during conductor installation or tensioning. When rigging, you must ensure that the rigging equipment does not apply any sideway forces (bending) on the insulators whilst loads are being applied through the rigging process. All tensile loads applied must be transferred in a longitudinal direction through the insulator. Also, if you notice the catenary conductor twisting, release the termination clevis link (H piece) and allow to conductor to unwind in order to release the twist in the wire then connect again. 
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Figure 5 – Termination arrangement utilising Composite Insulators (K-Line)
Terminating Twin Contact Wire
Once the wires have been run out, (typically, this operation is conducted by RailCorp) they too are pre-tensioned to 50% greater than their design load for a minimum of 2 hours immediately after erection. Place a rigging shackle in the top hole of the triangular link plate and attach a rigging chain and equalising bar to it. Fully extend 2no 3T lever hoist chains. To each end of the equalising bar place a dynamometer, 3T lever hoist and connect a pfisterer come-along clamp to each contact wire. Pump up the lever hoists simultaneously until the contact wires are in super tension state (typically 37.5kN combined). After pre-tensioning, the tension in the contacts shall be reduced to 90% of the temperature corrected tension and then slowly increased to the temperature corrected tension (typically 25kN combined). This reading will be given to you by the Supervisor. Remove the plate that is holding the weights to the mast ensuring they are 50-100mm off the temporary platform.

Install contact anchor fittings ensuring that wedges are securely installed and that the correct size wedge is used. For twin contact wires (137mm2), the wedge has a boss at the end of it for identification (refer to Figure 6). Bend back the contact wires on top of the anchor fitting leaving a tail no longer than 200mm. The contact wires can then be cut with bolt cutters. The termination arrangements for both fixed & moveable end arrangements can then be installed to the tensioned cable.
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Figure 6 – Contact anchor wedges
Application of Pfisterer come-alongs
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How To Use PFISTERER Wedge-Type Pulling Clamps

Assembly

. Clean the conductor where it is to be clamped. New conductors

should be cleaned with cotton waste, old ones with a wire brush.

Pull the pair of wedges @ and ® out of the clamp body ®.

. Remove the screws @ from the pair of wedges and turn the

setscrew ® back completely (see indication on clamp body).

. Place the wedges @ and ® onto the conductor and tighten the

screws @ alternately and uniformly to the following torques:-

Thread Torque Allen Key
Mi12 50Nm 19mm
M14 80Nm 22mm

. Open up the clamp body © and slip it over the conductor, then

close the clamp body and slide it onto the assembled pair of
wedges.

. Place the loops of the pulling rope over the strain trunnion ® and

apply the required tension to the conductor.

Disassembly

. Release the pulling clamp and remove the pulling rope.

. Detach the clamp body @ from the pair of wedges with the help

of the set screw ® or impact point @

. Pull the clamp body ® back and remove it from the conductor

. Unscrew the screws @ and remove the wedges from the

conductor.





ASSESSORS CHECKLIST
· Firstly check whether the back stay guy anchors are installed between the anchor mast and the concrete footing prior to attaching wires to the termination arrangements.
· Install the balance weight temporary platform ensuring the platform is facing the wire run & that all support bracket bolts are snug tight & that the acro-prop is safely supported on the concrete footing of the structure (see Figure 3).

· Install contact anchor plate ensuring that it is on the closest face of the structure to the cess & is facing the right direction. Also install guy rods between the contact anchor plate & footing ensuring that the turnbuckle is adjusted to approximately 50% of the available extension adjustment.

· Install catenary anchor plate ensuring that it is on the closest face of the structure to the track & is facing the right direction. Also install guy rods between the catenary anchor plate & footing ensuring that the turnbuckle is adjusted to approximately 50% of the available extension adjustment.

· Ensure that the contact balance weights are stacked closest to the cess. The catenary balance weights should be stacked closest to the track.

· Ensure that the correct number of balance weights are stacked onto the temporary platform. A typical twin regulated system has 40no weights stacked for the catenary wire & 34no weights stacked for the twin contact wires.

· Ensure that the 26th balance weight for both stacks has a threaded tap drilled in one end to cater for the weight rod eye bolt.

· Attach the pulley rope assemblies complete with the insulator assemblies to the anchor plates & balance weights. Ensure that the yellow colour coded pulleys are connected to the contact wires & that the black colour coded pulleys are connected to the catenary wire.

· Once catenary wire is run out it must be pre-tensioned. Place a large shackle in top hole of triangular link plate & attach 6T lever block to it. Fully extend the lever block chain, then attach a dynamometer to it. Place a rigging chain from the dynamometer & connect it to the catenary wire with a Klein (Chicago) comealong. Before applying tension, check that the plate that is holding weights to the mast is secure. Pump up the lever block until wire is in super-tension (typically 45kN). Leave in super-tension for approximately 2 hours. Back off lever block until no load tension. Remove plate that is holding weights to the mast ensuring they are 50-100mm off the temporary platform.

· Ensure that the ‘Y’ dimension which is the distance between the bottom weight guide bracket to the 26th balance weight with eye bolt is as per design requirements.  

· Ensure that the turnbuckle is adjusted to approximately 75% of the available extension adjustment.

· Install termination clevis link (H piece), thimble (brass roller) & preformed deadend to the catenary wire.

· Tighten turnbuckle until the weight is out of the lever block.

· Trim the tail of the catenary wire so that it just protrudes the H piece.

· Remove rigging equipment.

· For contact wires, use same rigging gear as for catenary, except for the use of 2no. pfisterer contact comealongs, 2no dynamometers, 2no. rigging chains & an equalising bar (Typically super-tensioned to 37.5kN combined wires).

· Install contact anchor fittings ensuring that wedges are securely installed & that the correct size wedge is used. For twin contact wires (137mm2), the wedges have a boss at one end for identification.

· Bend back the cut end of the contact wire on top of the anchor fitting leaving a tail no longer than 200mm.

· Ensure both anchor fittings are positioned vertically.

· Remove rigging equipment.

· Ensure that catenary & contact weights are aligned with each other (i.e. underside of both balance weight stacks should be at the same level). 

· Ensure that the mast is not twisted.

· Ensure that catenary & contact insulators are aligned with each other (i.e. above & below each other).

· Install weight guides, eye bolts & supporting brackets ensuring that the centreline of the bottom weight guide bracket is at the correct height above rail level. This can be obtained from the RailCorp ‘Installation Book’
· Ensure that all fastenings are snug tight throughout the entire termination arrangement and that all split pins are installed and are fully home. There should be at least 11/2 threads showing between the nut & the end of the bolt also spring washers should be compressed where provided.
· Ensure that all nuts & pins, wherever practicable, can be visible from the underside for ground level inspection.

TASK ASSESSMENT – TERMINATION OF REGULATED SYSTEM

Date:











Assessee:











Assessor:











Location (Project)










[image: image54.wmf]I certify that the Assessee named above has been deemed Competent to terminate regulated conductors and it is requested that this Organisation’s Certificate of Competency is issued.


I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.
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Signed: 




Assessor

Assessee Declaration

I 



 sign this document hereby agreeing that this assessment is a fair, valid and accurate task competency assessment and all elements were explained carefully and that I understood those elements.

Signed: 



Assessee
Module 2 – REMOVAL OF OVERHEAD WIRING TASK COMPETENCY ASSESSMENT TOOL
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INTRODUCTION
This Organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.
OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.
PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Before the assessment takes place, the ‘on the job’ work book must be completed over 3 shifts of removing & lowering overhead wiring. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to strip fittings off catenary & contact wires

· Be able to rig up & lower contact wire to the ground

· Be able to rig up & lower catenary wire to the ground

· Be able to cut up contact wire safely
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
WARNING: Always work on the outside of the curve or stagger of the wire & not the inside (or ‘silly’ side) of the wire to eliminate the risk of being struck by conductors with radial loads. 
STRIPPING CONDUCTORS
This assessment defines the mechanisms adopted when cutting & dropping overhead wiring and their ancillaries.

Prior to dropping the wires, all ancillary assemblies such as droppers, in-span feeders, pull-offs, knuckles etc must be stripped & removed. Whilst unclipping contact & catenary wires, all persons shall stand on the outside of the curve or stagger of the wire, not the “silly side”. This includes personnel walking on the track below the wires & any other persons working in the vicinity of the danger zone.

On straight track, the contact wire shall be temporarily supported vertically from the catenary wire using 18mm diameter ropes no more than 20m apart to prevent the contact wire sagging when the droppers & in-span feeders are removed (see Figure 1). 


[image: image11]
Figure 1 – Temporary Contact Wire Vertical Restraint

For curved track, vertical restraint will be as per Figure 1 above with the exception that, if the radial load is high enough for a lever block to be used, then an additional horizontal rope is to be installed between the contact wire & a fixed location such as a mast, drop vertical or span wire in order to secure the wire to a fitting to prevent the rope from slipping which could release the wire inadvertently (see Figure 2).


[image: image12]
Figure 2 – Temporary Contact Wire Horizontal Restraint

All vertical support ropes shall have a running knot (loop) around the contact wire so that the wire is free to move once the tension is released.

The catenary wire is to remain in the existing catenary envelope. The u-bolt securing the catenary to the envelope shall be loosened, removed & reinstated into the bottom hole of the envelope with both nuts in place. This will allow the catenary to move through once the tension is released.

REMOVAL OF SPAN WIRES
If the contact wire on the 12mmØ steel cross span wire is under radial load, the contact wire must be secured with rope and the arms released. If there is no radial load on the contact wire, release the arms and let the contact wire float.

Only after all the contact wires have been removed from an individual span wire can the span wire be cut.

Do not cut the span wire if any contact registrations still remain attached to the span wire. A rig will be required in order to cut the span wire & release the tension in a controlled manner so that it doesn’t swing onto non-possession track or live electrical equipment.

[image: image57.wmf]Figure 3 – Typical Span Wire Arrangement
LOWERING THE CONTACT & CATENARY WIRES
Contact Wire
The contact wire is always lowered before the catenary wire.

Once the stripping is complete, a 3T tirfor & pfisterer come-along shall be rigged up over 1m at the midpoint of the tension length. Care must be taken when cutting contact wire as the wire has latent tension still in it even in a de-tensioned state. The ends near where the cut is to occur need to be held by tying a rope around the contact wire and the lever hoist. For short tension lengths (<1,000m), this rig can occur at a fixed anchor structure (Refer to Figure 4). Tension shall be slightly increased between the 1m rig in order to slacken the wire between the rig where it will be cut. Once the wire is cut with a cable ratchet cutter between the rig, the tension in the wire is progressively released until the wire is lying on the ground in a de-tensioned state.

After the 3T lever hoist is fully released, move along the contact wire releasing the vertical & horizontal restraint ropes. Ensure that the contact wire remains clear of the track rails when resting on the ground.

Catenary Wire

The same method is used for lowering catenary wire except Klein (Chicago) come-along clamps are used in lieu of the pfisterer come-along clamp.
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Figure 4 – Typical contact wire rig around a termination mast. 

CUTTING THE CATENARY & CONTACT WIRES

Once the catenary & contact wires are on the ground in a de-tensioned state they can now be cut up into shorter lengths so they can be disposed off.

Catenary wire is generally cut into approximately 15m lengths using cable ratchet cutters and rolled up into coils and held together by removing several individual strands of copper wire and wrapping them around the coil.

Contact wire on the other hand is cut up into approximately 2m lengths using bolt cutters. Care must be taken when cutting contact wire as the wire has latent tension still in it even though it is in a de-tensioned state. A minimum of two people must be used to cut the contact wire to a manageable length to restrain the contact wire from springing once cut. One person will cut whilst the other restrains the wire.

ASSESSORS CHECKLIST

· Ensure that all fittings such as droppers, in-span feeders, pull-off arms, knuckles etc are removed from the conductors.

· When working on curves, ensure that you are situated on the outside of the curve or stagger. Do not situate yourself on the “silly side” of the wire.

· Place temporary vertical support ropes between the catenary & contact wire of 18mmØ no more than 20m apart ensuring that the ropes have a running knot (loop) around the contact wire.

· On curved track where the radial load is such that a lever block is required, place a horizontal rope between the contact wire & a fixed location such as a mast, drop vertical or span wire in order to secure the wire & prevent it from slipping which could release the wire.

· Loosen the u-bolt on the catenary envelope then place in bottom hole of envelope with nuts attached to allow the wire to move.

· Remove contact arms from the cross span wire. Where radial loads exist, secure with rope before releasing arm.

· Rig up & cut the span wire so that the tension is released in a controlled manner so that it doesn’t swing onto non-possession track or live electrical equipment. Do not cut if any contact registrations still remain attached to the span wire.

· Rig up to cut the contact & catenary wires using a 3T tirfor, long rigging chain & comealongs. This can occur at the mid point of a long tension length or at a fixed anchor structure for short tension lengths. 

· Cut wire with cable ratchet cutters between the rig length.

· Progressively release tension in wire until the wire is lying on the ground in a de-tensioned state.

TASK ASSESSMENT – REMOVAL OF OVERHEAD WIRING
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[image: image58.wmf]I certify that the Assessee named above has been deemed Competent to remove overhead wiring and it is requested that this Organisation’s Certificate of Competency is issued.





I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.
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Assessor

Assessee Declaration

I 



 sign this document hereby agreeing that this assessment is a fair, valid and accurate task competency assessment and all elements were explained carefully and that I understood those elements.

Signed: 



Assessee
Module 3 – OVERLAP INSTALLATION TASK COMPETENCY ASSESSMENT TOOL
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DESCRIPTION OF APPARATUS
Airgaps or overlaps appear as two sets of parallel overhead wiring conductors in one or more adjacent bays.

They provide the following functions:

· They allow for one overhead wiring conductor run to start whilst the other goes to anchor.

· They provide a smooth mechanical path for pantographs at normal speed.

· They provide a smooth transfer of electrical current to the pantograph from one wire run to the next.

· They allow for pantograph security (with appropriate contact staggers) throughout the transition from one wire run to the next.

[image: image61.wmf]They provide suitable electrical clearances from one electrical overhead wiring section to the next.  
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CONFIGURATION
Feeding Airgaps

Feeding airgaps provide external 1500V feeding to the overhead wiring and are typically located adjacent to substations or sectioning huts. They are designed for feeding to independent overhead wiring electrical sections. Appropriate horizontal clearances are required in this arrangement as the potential’s of the adjacent parallel conductors throughout the airgap may differ by 1500 volts. This typically requires 300mm horizontal separation. The two electrical sections in the airgap are temporarily bridged out by each passing pantograph. Pennant insulators installed at strategic locations in the bays serve the following purposes:

· They allow adjacent conductors to be at the same electrical potential, e.g. where one wire goes to anchor. A potential jumper is used to keep the adjacent wires at the same potential.

· They can be used for feeder connection points from the substation/sectioning hut to the catenary wire at a point where the catenary wire is not in tension.

Sectionable Overlaps

Sectionable overlaps provide the same function as for feeding airgaps, except that there is no external feed to the overhead wiring. These allow one run of overhead wiring to be electrically disconnected from the next. This can be achieved by removing the feeding jumpers. Alternatively, an isolating switch can be installed across the overlap providing a more convenient means of sectioning the overlap. 

Sectionable overlaps require the same horizontal clearances as the feeding airgaps. Feeding from one electrical section to the next in the airgap is provided by:

· Installation of feeder jumpers from the catenary to the adjacent catenary in the overlap bay. 

· Connection through an isolating switch which can conveniently open the connection between the adjacent electrical sections.

Non-Sectionable Overlaps

These overlaps are not configured to allow any electrical sectioning described above. They simply allow a mechanical overlap of adjacent overhead wiring runs therefore always kept at the same potential i.e. either both live 1500V or both isolated. The horizontal clearances between adjacent conductors can be reduced.

ASSESSORS GUIDELINES

General

· Ensure that in-running & out-of-running cantilevers are installed as per design and within tolerances.

· Ensure that the out-of-running conductors always cross the in-running conductors at the Sydney end of the overlap. 

· Ensure that the smooth pantograph transition from one contact wire to the other occurs in the middle of the overlap bay.

· Ensure that droppers are installed as per the installation book, keeping in mind that all overlap droppers are numbered from country end to city end. Only the in-running half of the overlap bay is droppered. The upper loop of these droppers are usually left open for future adjustment. The anchor end is left floating as it is out-of-running.
· Ensure that there is 50mm clearance between the crossing in-running & out-of-running catenary’s of same electrical potential.

· Ensure that there is 3no. droppers per contact wire installed in the anchor bay. The first dropper is to be located where the overhead wiring intersects the track rail (in plan view).

· Ensure that all fastenings are snug tight and that all split pins are installed and are fully home.

· Ensure that all nuts & pins, wherever practicable, can be visible from the underside for ground level inspection.

Feeding Airgaps

· Ensure there is a minimum of 300mm horizontal clearance between the closest parallel contact wires to a maximum of 450mm clearance.

· Ensure that there is 300mm horizontal clearance where in-span feeders are located. Generally,
· in-span feeders should not be positioned adjacent to each other in the parallel conductors.
· They should be offset by a set of droppers.

· Ensure that catenary & contact insulators are cut-in at both inside ends approximately 1.5m from the structure. A Supervisor/Engineer will advise on their exact location.

· Check that potential jumpers are in their correct position at both ends of the airgap. Also ensure that the catenary clamps are directly opposite the parallel conductors and that the loop is a minimum of 800mm deep.

· Engineer/Supervisor will advise on where to connect the feeder cables from the sub-station/sectioning hut.

Sectionable Overlaps

· Ensure there is a minimum of 300mm horizontal clearance between the closest parallel contact wires to a maximum of 450mm clearance.

· Ensure that there is 300mm horizontal clearance where in-span feeders are located. Generally, in-span feeders should not be positioned adjacent to each other in the parallel conductors.
· They should be offset by a set of droppers.

· Ensure that catenary & contact insulators are cut-in at both inside ends approximately 1.5m from the structure. A Supervisor/Engineer will advise on their exact location.

· Check that potential jumpers are in their correct position at both ends of the airgap. Also ensure that the catenary clamps are directly opposite the parallel conductors and that the loop is a minimum of 800mm deep.

Non-Sectionable Overlaps

· Ensure there is a minimum of 150mm horizontal clearance between the closest parallel contact wires to a maximum of 300mm clearance.

· Ensure that the feeding jumpers are in their correct position at both ends of the overlap as per the installation book & in-span feeders are connected to them.

TASK ASSESSMENT – AIRGAP / OVERLAP INSTALLATION
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[image: image63.wmf]I certify that the Assessee named above has been deemed Competent to install an airgap / overlap and it is requested that this Organisation’s Certificate of Competency is issued.
I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.
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Module 4 – OVERHEAD WIRING ADJUSTMENTS TASK COMPETENCY ASSESSMENT TOOL
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INTRODUCTION

This Organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.
OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.
PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Before the assessment takes place, the ‘on the job’ work book must be completed over 2 shifts of adjusting overhead wiring. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to read the cantilever installation & handover books 

· Identify the overhead wiring components

· Be able to adjust the overhead wiring system to RailCorp standards for the safe passage of electric traction 
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
HOW TO READ AN INSTALLATION BOOK
When looking at diagrams always stand looking at the location with your back facing Sydney. The attached cantilever installation diagram is an example which has been itemised to show the following:

1. Area of work

2. Name of track – direction of traffic

3. Structure location number

4. Type of support fitting, side of installation & type of installation –ve or +ve.

5. Heights of top & bottom cantilever also contact arrangement brackets

6. Catenary support arrangement and position

7. Contact arrangement

8. Stagger of conductors

9. Pull-off arm types and lengths

10. Heel height

11. Dropper spacing

12. In-span feeder positions

13. Position number of dropper and the length of the dropper 
Typically, most new construction works utilise the Mark 2 type cantilever system. Therefore, this task assessment is based on utilising such a system.

[image: image66.wmf]Figure 1 – Sample of cantilever from installation book

[image: image17.jpg]OHW REGULATED SYSTEM CONSTRUCTION - QUALITY CHECK SHEET

LOCATION TRACK
MEASUREMENTS ACCEPT
TOLERANCE Design Actual (YIN)

Cantilever arrangement installed as design
Contact height  (from mean rail to contact wire(s)) +/-50mm
Stagger (maximum stagger allowed at registration NOT OVER 400mm) +/-50mm
Heel height +-25mm

Required

1300mm
Clearance from super-elevated track center line to heel of pull-off arm *) (Min)
Clearance from super-elevated track center line to adjacent track drop- 1550mm
vertical face *) (Min)

150mm
Electrical clearance between live 1500 volt & dead components *) (Min)

4750mm
Country side mid bay contact height (from this location) (Min)
Country side mid bay stagger with blowout (from this location. If twin contact wire 350mm
system, the centre of the twin contact wires to be used) (Max)

Maximum Mid-Bay stagger to achieve Blowout < 350 is mm

1:500m
Contact wire height gradient (ramp rate to next location) *) (Min)
Are insulators installed as required? i Y/IN
Alignment of catenary with contact Y/N
Are bolts, nuts, pins secured to support wired? Y/N
Catenary support position correct? (to be in line with support structure at 20°C) Y/N
NOTE: For check items with an (*) indicated fulfilment of the check criteria may be indicated by either a “v*“ or an

actual measurement under the “Actual” column

Measuring equipment has been checked and calibrated ¥ if completed
This location has been adjusted to design and safe running of electric trains ¥ if completed
This location has been adjusted for safe running of electric trains v if completed

ACCEPTANCE NOTES:

CHECKED BY (PRINT NAME)

(PRINT COMPANY NAME)

(SIGNATURE)

(DATE)





Figure 2 – Typical QA Handover Sheet 
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Figure 3 – Type 1 mast cantilever
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Figure 4 – Type 2 drop vertical cantilever
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Figure 5 – Type –2A mast cantilever
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Figure 6 – Type 3 drop vertical cantilever 
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Figure 7 – Type 3 mast cantilever

ASSESSORS CHECKLIST

Contact height for MARK 2 cantilevers can be adjusted by the following methods:

· Raising or lowering all the mast attachments brackets (usually done for large out of tolerance measurements) which in turn adjusts the entire cantilever.
· Take up or release one or more chain links in the cantilever ensuring that the chain remains level & in excess of two links hanging are cut. Typically, each chain link varies the height by approximately 50-60mm depending on the length of the cantilever pipe.

· Tolerance of contact wire height is + 25mm.

Stagger for MARK 2 cantilevers can be adjusted by the following methods:

Type 1 & 2 Cantilevers (+ve load)

· Adjust the pin setting on the internal & external tube behind the post type insulator. Hole spacings are 50mm apart, or 

· Replace the contact arms ensuring the offset between the two contact wires is maintained & that the clearance from super elevated track centre line to the heel of the pull-off arm is greater than 1,300mm.

· Ensure that catenary & contact wires are aligned. If required, move catenary suspension insulators to an adjacent hole.

· Contact wire stagger tolerance is + 25mm.

Type 1A & 2A Cantilevers (-ve load)

· Slide the pull-off arm attachment bracket along the horizontal boom, or

· Replace the contact arms ensuring the offset between the two contact wires is maintained & that the clearance from super elevated track centre line to the heel of the pull-off arm is greater than 1,300mm, or

· Replace horizontal boom or pivoted horizontal boom.
· Ensure that the bridle is positioned above the mean contact stagger and that the catenary clamps are approximately 1,000mm either side of the catenary envelope.

· Ensure that catenary & contact wires are aligned. If required, move catenary suspension insulators to an adjacent hole.

· Contact wire stagger tolerance is + 25mm.

Type 3 & 3A Cantilevers

· Adjust the number of horizontal chain links behind the post type or suspension insulators, or

· Replace the contact arms ensuring the offset between the two contact wires is maintained & that the clearance from super elevated track centre line to the heel of the pull-off arm is greater than 1,300mm.

· Ensure that catenary & contact wires are aligned. If required, move catenary suspension insulators to an adjacent hole.

· Contact wire stagger tolerance is + 25mm.

Heel height for MARK 2 cantilevers can be adjusted by the following methods:

Type 1 & 2 Cantilevers (+ve load)

· Adjust the vertical position of the external tube on the vertical adjustment plate, or

· If required, install a raiser plate between the post type insulator & the pull-off arm attachment fitting.

· Heel height tolerance is +25mm, -0mm.

Type 1A & 2A Cantilevers (-ve load)

· Adjust the jib clamp assembly & bridle ensuring that the horizontal boom remains level, or

· Heel height tolerance is +25mm, -0mm.

· Type 3 & 3A Cantilevers

· Adjust the links in the vertical chain, or

· Adjust the height of the contact arrangement support brackets, or

· If required, install a raiser plate between the post type insulator & the pull-off arm attachment fitting.

· Heel height tolerance is +25mm, -0mm.

Type 3 & 3A Cantilevers

· Adjust the links in the vertical chain, or

· Adjust the height of the contact arrangement support brackets, or

· If required, install a raiser plate between the post type insulator & the pull-off arm attachment fitting.

· Heel height tolerance is +25mm, -0mm.

General

· Ensure that clearance from super elevated track centre line to adjacent drop vertical face is a minimum of 1,550mm.

· Ensure that electrical clearance between live 1500V & dead components is a minimum of 150mm.

· Ensure that all fastenings are snug tight and that all split pins are installed and are fully home. There should be at least 11/2 threads showing between the nut & the end of the bolt also spring washers should be compressed where provided. 

· Ensure that all nuts & pins, wherever practicable, can be visible from the underside for ground level inspection.
TASK ASSESSMENT – OVERHEAD WIRING ADJUSTMENTS
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[image: image67.wmf]I certify that the Assessee named above has been deemed Competent to carry out OHW adjustments and it is requested that this Organisation’s Certificate of Competency is issued.
I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.

[image: image68.wmf]
Signed: 



Assessor

Assessee Declaration

I 
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Module 5 – MID POINT ANCHOR INSTALLATION TASK COMPETENCY ASSESSMENT TOOL
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INTRODUCTION

This Organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.
OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.
PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Deemed competent in ‘Clipping Up Conductors’

· Deemed competent in ‘Termination of Regulated OHW System’

· Before the assessment takes place, the ‘on the job’ work book must be completed over 3 attempts of installing mid point anchors. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to read the RailCorp installation book 

· Identify the mid point anchor arrangement components

· Be able to install 165mm2 catenary anchor bridle

· Be able to install the catenary to contact bridles

· Be able to install the midpoint arrangement to RailCorp standards for the safe passage of electric traction 
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
DESCRIPTION OF APPARATUS
The mid point anchor is used in a regulated overhead wiring system at a location near the middle of a tension length between the regulators. 

The mid point anchor fixes the catenary and contact wires from moving longitudinally along the track without the need for physically terminating these wires. These are typically used in tension lengths greater than 1,000m.

Basically, a tension regulator can be installed at both ends of a wire run, provided that near the middle of this wire run is a mid point anchor installed. This is to prevent the conductors from drifting which could otherwise lead to:

· Malfunction of the tension regulators (weights bottoming out) and,

· Excessive movement of the supporting cantilevers, resulting in unacceptable contact staggers as the pull-off arms swing excessively. The maximum tension length from tensioner to midpoint is limited to 1,000m because of this friction problem.

The typical midpoint anchor arrangement has an independent catenary wire 165mm2 which is attached to the catenary wire and normally spans two bays to fixed anchors (see Figure 1). Twin bridle wires are attached either side of the midpoint between the catenary and contact wires at a shallow angle which fix the contact wires relative to the catenary and also provides function of an in-span feeder (see Figure 3).

Another midpoint anchor arrangement utilises two post type insulators in series, bolted to the underside of a portal beam. The catenary is rigidly connected to the lower end of the insulators. This fixes the catenary from moving longitudinally along the track.

INSTALLATION OF MID POINT ANCHOR

Once the catenary & contact wires have been super tensioned and returned to ‘no load tension’ state, the mid point anchor can then be installed. The catenary bridle is typically 165mm2 catenary wire and spans two bays. 

Firstly, install the back stay guy anchors between the anchor masts and the concrete footings prior to attaching wires to the termination arrangements. Install the fixed termination arrangements as shown in Figure 4 to both of the anchor masts. Also install a set of catenary suspension insulators, a double catenary hanger and a ginney wheel to the midpoint cantilever.

Attach the catenary wire to one of the fixed termination arrangements by using a preformed dead end. Run out the catenary wire to the opposite anchor mast feeding the wire through the ginney wheel at the mid point cantilever taking up as much slack as possible. Rig up between the anchor plate and the catenary wire by using shackles, 3T lever hoist, rigging chain, dynamometer and a Klein (Chicago) come-along. Pump up the lever hoist until the design tension is achieved. This reading will be given to you by the Supervisor. Typical tension is 9kN at 20°C. Once tension is achieved complete the termination by installing another preformed dead end. Remove rigging equipment.

Returning to the mid point cantilever, a rig is required to release the load on the ginney to enable its removal. Place a rig using ¾ T lever hoist & sling between either the portal beam or the tie-rod end and pump up the lever hoist until there is no load on the ginney wheel. Remove the ginney wheel then connect the catenary envelope to the twin suspension insulators ensuring that the u-bolt nuts on both envelopes on this double hanger are facing each other. Release the lever block so that the envelope is taking up the full load of the catenary ensuring the wire is correctly sitting in the saddle of the envelope and that the cantilever is square to the mast before you tighten the u-bolts on the envelope.

Then install one catenary feeder clamp approximately 1m either side of the mid point cantilever where the two wires cross each other fixing the two wires together. Then proceed to the middle of each bay on either side of the mid point cantilever and install the catenary to contact bridles (refer to Figure 3). These bridles must be installed at an angle not more than 1 in 5 and approximately 0.5m apart. For twin contact systems, the closest bridle to the mid point cantilever is on the left hand contact wire with your back facing the city. Twin catenary & contact clamps are used on each bridle and should be spaced 75mm apart. 
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Figure 2 – Aerial View of Typical Dual Track Midpoint Anchor Arrangement
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Figure 3 – Typical Midpoint Bridle Arrangement 
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Figure 4 – Midpoint Anchor Termination Arrangement

ASSESSORS CHECKLIST

· Install back anchor guy rods ensuring that all fastenings are snug tight and that the stainless steel pins are fully home and folded back.

· Ensure that the turnbuckle end rods on the back anchor are adjusted to 50% of the available extension adjustment.

· Install termination arrangements in accordance with the drawings at both ends.

· Run out the 165mm2 (0.25) catenary wire & connect it to one of the termination arrangements using the preformed deadend ensuring that the turnbuckle is adjusted to 75% of the available extension adjustment.

· Install two sets of catenary suspension insulators to the double catenary hanger at the midpoint cantilever.

· Install ginney wheel to the double catenary hanger supporting the midpoint catenary.

· Feed catenary wire through the ginney wheel taking up as much slack as possible.

· Set up rig at free termination end using 3T tirfor or 3T lever block, rigging chain, comealong & dynamometer.

· Tension catenary wire to 9kN for temperature of 200. RailCorp Electrical Engineer will verify tension required at the time. 

· Terminate the catenary wire using a preformed deadend ensuring that the turnbuckle is adjusted to 75% of the available extension adjustment.

· Remove rigging equipment.

· Rig up between the catenary wire & either the tie-rod end or the portal beam. Ensure correct rigging technique & equipment is utilised. Equipment includes 3/4T lever block, rigging chain &/or sling, 17mm spanner & pliers.

· Release the load on the ginney wheel to enable its removal.

· Connect the catenary envelope to the twin suspension insulators ensuring that the u-bolt nuts on both envelopes are facing each other.

· Release the lever block so that the envelope is taking up the full load of the catenary wire and that the wire is correctly sitting in the saddle of the envelope.

· Ensure that the cantilever is 90° to the face of the structure.

· Tighten the u-bolt nuts on the envelope in order to secure the midpoint catenary wire.

· Install feeder clamps approximately 1m either side of the cantilever connecting the 165mm2 & the 270mm2 catenary wires together.

· Install midpoint bridles to both adjacent bays either side of the midpoint anchor at an angle not more than 1 in 5 (location to be determined by the design). Ensure that the catenary & contact feeder clamps are coated with grease before installation. Two sets of catenary & contact clamps are required for each bridle & should be 75mm apart.

· Ensure the closest bridle to the midpoint anchor is on the left hand contact wire with back facing Sydney. 

· Ensure that all fastenings are snug tight and that all split pins are installed and are fully home. There should be at least 1 ½ threads showing between the nut & the end of the bolt also spring washers should be compressed where provided.

· Ensure that all nuts & pins, wherever practicable, can be visible from the underside for ground level inspection.
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[image: image71.wmf]I certify that the Assessee named above has been deemed Competent to install a mid point anchor and it is requested that this Organisation’s Certificate of Competency is issued.
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Module 6 – IN-SPAN FEEDER INSTALLATION TASK COMPETENCYASSESSMENT TOOL
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Assessee’s Name: _______________________________________________________
INTRODUCTION

This Organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.
OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.
PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Before the assessment takes place, the ‘on the job’ work book must be completed over 2 shifts of installing in-span feeders. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to read the cantilever installation book 

· Identify the in-span feeder components

· Be able to install the in-span feeder assembly to RailCorp standards for the safe passage of electric traction 
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
DESCRIPTION OF APPARATUS
In-span feeders appear typically as a ‘helical coil’ in each bay of overhead wiring between the catenary & contact wires.

Their function is to provide a means of transferring current from the catenary wire to the contact wire/s (and vice versa) thus reducing current feeding through the droppers. The length of the bay will determine the amount of in-span feeders required for that bay. Short bays will have 1 or 2 in-span feeders while long bays may have up to 4 in-span feeders in each bay.

INSTALLATION OF IN-SPAN FEEDERS
Where in-span feeders are to be placed on existing wires, wires have to be cleaned with emery paper (create shining surface). This is done to both the catenary and the groove of the contact wire. Both the top & bottom clamps must be coated with grease before installation. If the feeder clamps are not coated with grease do not install them. 

The information on the location of the in-span feeders can be found in the OHW installation books. They are generally placed in the middle of the bay between a set/s of droppers.

· Install the top clamp with the tail of the in-span feeder fitted through the packing piece. The nuts should be firm enough so that the feeder does not fall out whilst attaching it to the contact wire.

· Place bottom of feeder into contact clamp with the tail facing the same direction of pantograph travel.

· Tighten the contact clamp nuts with a 17mm spanner. The nuts are to be tightened just enough so the clamp will not move on the contact wire. To test this, you should strike the contact clamp from one end with the spanner to see whether the clamp slides along the contact wire.

· Adjust the in-span feeder by pulling the feeder vertically up until you are able to place 4 fingers (75mm) between the helical coils.

· Tighten the 19mm nuts until snug but do not over tighten.

· Place the twisted copper wire which is wound around the top of the in-span feeder until 75mm above the catenary clamp and cut any excess wire off and dispose off by placing in bin on hi-rail truck.

· Ensure that the in-span feeder is positioned vertically.

· On twin catenary systems, the two in-span feeders tops must be looped and joined using two split bolt clamps. This is to energise both wires and feed the contact wire/s.
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Direction of train traffic
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END VIEW

Must ensure bottom feeder clamp is secured into the groove of the contact wire
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Sample page out of an Installation Book showing the location of the in-span feeders for that bay
ASSESSORS CHECKLIST

· Ensure existing wires are cleaned with emery paper in order to create a polished outer surface on the copper strands.

· Ensure top & bottom feeder clamps are coated with grease. 

· Ensure Sydney end in-span feeder is connected to the left hand contact wire when working on twin contact arrangements (with back facing Sydney).

· Ensure clearance between coils is 75mm.

· Ensure in-span feeder is positioned vertically.

· Ensure contact tail is facing the same direction as normal running traffic.

· Ensure contact fitting is sitting in the groove of the contact wire.
· Ensure feeder top is trimmed to 75mm above catenary wire.
· Ensure that all feeder clamp fastenings are snug tight secured (approx 80Nm).

· Ensure that the top feeder clamp is perpendicular to the catenary cable.

· Ensure in-span feeder is installed to + 100mm of its design position.

TASK ASSESSMENT – IN-SPAN FEEDER INSTALLATION

Date:











Assessee:











Assessor:











Location (Project)










I certify that the Assessee named above has been deemed Competent to install in-span feeders and it is requested that this Organisation’s Certificate of Competency is issued.

I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.


Signed: 



Assessor

Assessee Declaration

I 



 sign this document hereby agreeing that this assessment is a fair, valid and accurate task competency assessment and all elements were explained carefully and that I understood those elements.

Signed: 



Assessee

Module 7 – DROPPER INSTALLATION TASK COMPETENCY ASSESSMENT TOOL

[image: image32.jpg]



Assessee’s Name: _______________________________________________________
INTRODUCTION

This Organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.
OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.
PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Before the assessment takes place, the ‘on the job’ work book must be completed over 2 shifts of installing droppers. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to read the cantilever installation book 

· Identify the dropper arrangement components

· Be able to install the cantilever assembly to RailCorp standards for the safe passage of electric traction 
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
VISUAL INSPECTION
Prior to the droppers being installed, the following must be verified:

· That the batch of droppers is correct for the proposed bay that is being droppered.

· That you have a copy of an installation book in order to obtain the dropper spacings.

DESCRIPTION OF APPARATUS
Droppers support the weight of the contact wire/s from the catenary. They are located in sufficient numbers and with each having an appropriate length to allow the contact wire to take up a flat or pre-sagged profile. Droppers are not intended to transfer electrical current between the catenary & contact wire/s.

Standard Single Dropper
This is the most common type of dropper (Refer to Figure 2) used in the Sydney Metropolitan electrified area and consists of the following components:

Dropper Bottom: The length of the first & last dropper/s either side of a support structure have dropper bottom lengths of 300mm to allow for greater uplift due to proximity to the support structure. All other dropper bottoms are typically 200mm in length. Some are 150mm depending on system depth requirements.

Dropper Suspension Clamp (Top Clip): This consists of a pair of brass clamps that are clamped to the catenary wire by a stainless steel 10mm bolt & nut set. In older systems, a half shell and moon were used. These clamps come in three sizes depending on the diameter of the catenary wire:

· 165mm2 for .25 catenary wire

· 270mm2 & 327mm2 for .4 & .5 catenary wire respectively

· 510mm2 for .8 catenary wire

The most commonly used catenary wire in the Sydney Metro area is 270mm2.
Dropper Upper Loop: The upper loop consists of an eye at the top and a loop at the bottom. The eye is used to suspend the dropper from the suspension clamp. The loop has a copper thimble which supports the lower loop assembly. The thimble reduces wear on the dropper bottom caused by uplift from the pantograph.

Contact Dropper Cotter Clip: The dropper is attached to the contact wire by inserting a nail between the contact wire groove and dropper clip. 

Special Dropper
Special droppers are used where the distance between the catenary and contact is less than 350mm. The minimum for this arrangement is 89mm, and 95mm for .8 catenary wire. A problem encountered with this type of dropper is usually the catenary is not directly over the contact wire which causes the dropper to be skewed causing the contact wire to roll. As a result, the contact wire, clips & saddle become worn at a faster rate than normal operating conditions.

To alleviate this problem, special droppers are used which comprise of the following components: 

· top clip is replaced with a catenary saddle clamp

· a special lower loop, and

· special contact clip assembly called a Delrin Bar (95 fitting)

The catenary saddle clamp arrangement is made up of two halves which are bolted together to clamp onto the catenary wire. One half of the clamp is thick whereas the other half is thin so that it can be rotated to give a 5mm height adjustment in the contact wire/s. The delrin bar consists of a link bar, pins and circlips and are used on twin contact wires (Refer to Figure 3). The wires have a separation of 50mm once installed. 

Restricted Dropper
Restricted droppers are also used where it is required to limit pantograph lift, for example, under bridges. Its construction is the same as the special dropper except that the dropper loop is crossed over so that the rise is limited to the height of the crossover.

INSTALLATION OF DROPPERS

The dropper spacings are measured from the centre of the contact clamp assembly (61 fitting). The number one dropper is the first dropper from the city end structure (cantilever) and measuring towards the country end and is identified by a metal tag (refer to Figure 1). When working with twin contact wire, the first dropper is always placed on the left hand wire (with back facing Sydney). The measurements are located in the installation books. Use the fibreglass ribbon tape only to mark out the dropper spacings as arcing can occur using a metal tape.

The dropper bottom is attached to the contact wire by inserting a nail between the contact wire groove and contact dropper clip. There is only one size nail that fits both 137mm2 (.2) and 193mm2 (.3) contact wire. The nail must be inserted on the same side and in the same direction as the embossed arrow on the side of the clip (Refer to Figure 4). After the nail is inserted in the clip, the end of the tail must be bent upwards at an angle of 30° to the horizontal. 

If when installing a nail it breaks, the broken nail needs to be removed and a new nail inserted. To do this, slightly pull the top of the bottom loop towards the embossed part which will raise the edge of the clamp, which sits in the contact grooves enough so it won’t dig into the contact wire. Then tap the embossed part of the bottom away from the head of the nail which will release the nail.

The nails inserted in the contact clips for the twin contact system shall be inserted in opposite directions for each set of droppers on the outside of the wires to allow for easy adjustment by maintenance crews.

Clip the number 1 dropper (identified by metal tag) through the dropper bottom. Then loosen the bolt on the catenary clamp and place onto the catenary wire. Tighten the bolt ensuring it is snug tight. The nut is tightened when the spring washer is fully compressed and at least 1 ½ turns of the thread are protruding from the end of the bolt.

When installing droppers on twin contact systems the distance between the set of left & right droppers is 1m.   

When installing delrin bar contact clips, the centre pin must be extracted by removing one circlip in order to fit the lower dropper loop to it.
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Figure 1 – Typical Elevation View of a bay of Droppers
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Figure 2 – Typical Dropper Arrangement
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Figure 3 – Special Dropper Arrangements
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Figure 4 – Contact Cotter Pin Arrangement

The dropper nail is to be inserted in the direction of travel and same side as the embossed arrow on the side of the dropper clip as shown above.

After the nail is inserted it is to be bent upwards to an angle of approximately 300 to the horizontal.

ASSESSORS CHECKLIST

· Check that the bay of droppers are the correct ones for your location. Mast numbers on

· structures run from lowest to highest with your back facing Sydney. If in doubt check with your Supervisor.

· Find the page in the ‘RailCorp OHW Installation Book’ that matches your bay. You should be located at the Sydney end of the bay.

· Measure from the contact arm to the first dropper (on twin contact measure the left hand wire).

· Ensure Sydney end dropper is connected to the left hand contact wire when working on twin contact arrangements (with back facing Sydney).

· Install the dropper bottom to the first location. This dropper has a metal tag attached to it. The first dropper bottom/s is/are always 300mm in length. Ensure contact clip is sitting in the groove of the contact wire correctly. The dropper nail is to be inserted in the direction of travel and on the same side as the embossed arrow on the side of the dropper clip. After the nail is inserted thoroughly, it is to be bent upwards to an angle of approximately 300 to the horizontal.

· Connect upper loop dropper assembly to the lower loop dropper assembly.

· Place dropper suspension clamp around catenary wire & through the eye of the upper loop assembly.

· Ensure dropper is positioned vertically before tightening.

· Ensure that all dropper clamp fastenings are snug tight. 

· Ensure that there is no rattle between the upper & lower loops. If there is rattle, this means that there is no weight bearing load on the dropper.

· Measure from 1st dropper to 2nd dropper and repeat installation sequence as indicated above. There is a one metre spacing between the left & right hand droppers on twin contact systems.

· Ensure that the top dropper suspension clamp is perpendicular to the catenary cable i.e. facing directly below the catenary wire.

· Ensure dropper is installed to +  25mm of its design position.

TASK ASSESSMENT – DROPPER INSTALLATION

Date:











Assessee:











Assessor:











Location (Project):









I certify that the Assessee named above has been deemed Competent to install droppers and it is requested that this Organisation’s Certificate of Competency is issued.

I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.


Signed: 








Assessor

Assessee Declaration

I 



 sign this document hereby agreeing that this assessment is a fair, valid and accurate task competency assessment and all elements were explained carefully and that I understood those elements.

Signed: 



Assessee

Module 8 – CUTTING IN INSULATORS TASK COMPETENCY ASSESSMENT TOOL
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Assessee’s Name: _______________________________________________________
INTRODUCTION
This Organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.
OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.
PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Deemed competent in ‘Termination of Regulated OHW System’

· Before the assessment takes place, the ‘on the job’ work book must be completed over 3 attempts of cutting in insulators. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to read the RailCorp installation book & drawings 

· Identify the insulation components

· Be able to safely use the correct rigging equipment

· Be able to install the insulation assembly to RailCorp standards for the safe passage of electric traction 
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
DESCRIPTION OF APPARATUS
An insulator can be installed in line with the catenary or contact wires, generally for the purpose of electrical sectioning, i.e. it allows the overhead wiring on one side of the insulator to be at a different electrical potential to the other side. 

A pennant insulator can also be used to provide for feeding to the catenary wire out-of-tension. Here the catenary tension is held by the insulator and the catenary wire passes (under slack tension) around the insulator in a loop. This provides a point for an aerial feeder wire to connect to this out-of-tension catenary.

Pennant insulators typically appear at airgaps or sectionable overlaps (refer to Figure 1), mid tracks and section insulators (refer to Figure 2). Insulation may also need to be cut in wires to protect areas from becoming energised especially if there is a danger to the safety of personnel working in the vicinity. One common scenario is where the overhead wiring passes over or is close to a signal then insulation is cut in to maintain electrical clearances to safeguard employees who may inadvertently come within the electrical safe working clearances. 
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Figure 1 – Feeding Loop Insulation in Airgap
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Figure 2 – Type 6 Single Contact Section Insulator Arrangement

Catenary Insulator Configuration

Catenary wires are terminated at insulation points by means of preformed helical dead ends. Such terminations may be found in:

· Section insulators

· Mid track insulators

· Pennant insulators

· Feeding loop insulators in airgaps 

Contact Insulator Configuration

Contact wire is terminated at insulation points by a half splice fitting typically made from gunmetal (refer to Figure 3). The contact is anchored in the body of the splice by a stainless steel wedge. Care must be taken during installation of the contact wire termination to ensure that twist is not introduced into the contact wire/s. After securing the wire in the splice body, the wire protruding at the top of the splice fitting is to be bent backwards to allow for installation of the anchor pin. Such terminations can be found at:

· Mid track insulators

· Pennant insulators

· Out-of-running insulators in airgaps 

Twin contact wires are terminated at insulation points either onto a double contact equalizer or a triangular link plate. Where a double contact equalizer fitting is used, adjustments of the wires are provided through the eye bolts.

Contact anchor fittings (contact half splice) accepts the contact wire from one end only and does not have pantographs passing under it (i.e. it is out-of-running). The contact wire passes through one end and a wedge (refer to Figure 4) is installed which restrains the contact wire. The tighter the pulling force, the more effective the wedge binds the contact wire to the anchor fitting.  

There are basically two types:

· Contact half splice – this splice is basically the in-line full splice cut in half with a hole in the casting for terminating onto an anchor.

· Serrated clamp – this type of clamp is used in the Type 6 section insulator for connecting the contact wires to the section insulator body. Serrated teeth on the clamps bit into the contact wire grooves as the clamps are tightened with the several nuts and bolts installed on the clamp.
Figure 3 – Contact Anchor Splice (Half Splice)

Refer to Figures 5 to 8 below for typical insulation arrangements utilised in the Sydney metro electrification network.
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Figure 4 – Contact Wedge Fittings
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Figure 5 – Catenary to Catenary Insulation Arrangement
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Figure 6 – Single Contact to Single Contact Insulation Arrangement
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Figure 7 – Twin Contact to Twin Contact Insulation Arrangement
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Figure 8 – Catenary to Twin Contact Insulation Arrangement

A summary of components is as follows:
· Item 1 – Preformed Grip (Deadend wrap)

· Item 2 – Clevis link for dead end & brass roller

· Item 3 – Triangular link plate

· Item 4 – Clevis link plate (H piece)

· Item 5 – Composite insulator (K line)

· Item 6 – Contact anchor (Half splice)

· Item 7 – Wedge

· Item 8 – Eyebolt

· Item 9 – Twin contact equaliser

How to cut in insulators

Catenary Arrangement

· Mark catenary wire where the proposed insulator will be positioned. 

· Measure from centre of insulator to either hole of brass thimble (B & C).

· Mark position “B” on wire.

· Mark position “C” on wire.

· Apply preformed deadends on catenary wire with brass thimbles on their mark for B & C.

· Ensure that B + C = A

· Set up a rig by placing catenary comealongs on wire outside both preformed deadends. Other tools

· include a rigging chain and a 3T lever block.

· Mark the centre between the two brass thimbles and place insulation tape around the catenary wire.

· Apply tension to the catenary wire until there is slack between the two comealongs.

· Cut the catenary wire with the cable ratchet cutters.

· Attach the insulator arrangement.

· Trim the tail of the catenary wire so that it just protrudes the H piece.

· Ensure that all the split pins are installed and are fully home.

· Ensure that all pins, wherever practicable, can be visible from the underside for ground level inspection.

· Remove rigging equipment.

Contact Arrangement

· Plumb bob down from centre of catenary insulator.

· Mark contact wire where the proposed insulator will be positioned. 

· Measure out either side of insulator arrangement. Measurement is taken from centre of insulator skirt to pin holes on contact anchor fittings.

· Double check measurement by taking overall measurement from pin to pin.

· Mark contact wire where the pins of the contact anchor fittings go.

· Set up a rig by placing pfisterer contact comealongs on wire outside the work area. Other tools include a rigging chain and a 3T lever block.

· Apply tension to the contact wire until there is a bow in it between the two comealongs.

· Find the centre between the two pin hole marks & tie down contact wire on both sides of the proposed cut mark. Cut the contact wire with a cable ratchet cutter or bolt cutter.

· Install the contact anchor fittings ensuring they are on the mark and are centred on top of the wire.

· Knock in & secure the wedge ensuring you have the correct size wedge for wire.

· Bend back the cut end of the contact wire on top of the anchor fitting. If required, trim the contact wire so that the tail is no longer than 200mm.

· Ensure anchor fitting is positioned vertically.

· Install insulator arrangement.

· Ensure that all the split pins are installed and are fully home.

· Ensure that all pins, wherever practicable, can be visible from the underside for ground level inspection.

· Remove rigging equipment.

TASK ASSESSMENT – CUTTING IN INSULATORS

Date:











Assessee:











Assessor:











Location (Project)










I certify that the Assessee named above has been deemed Competent to cut-in insulators and it is requested that this Organisation’s Certificate of Competency is issued.





I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.


Signed: 



Assessor

Assessee Declaration

I 



 sign this document hereby agreeing that this assessment is a fair, valid and accurate task competency assessment and all elements were explained carefully and that I understood those elements.

Signed: 



Assessee

Module 9 – CLIPPING UP CONDUCTORS TASK COMPETENCY ASSESSMENT TOOL
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Assessee’s Name: _______________________________________________________
INTRODUCTION

This Organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.
OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.
PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Before the assessment takes place, the ‘on the job’ work book must be completed over 2 shifts of clipping up conductors. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to read the cantilever installation book 

· Identify the cantilever & contact arrangement components

· Be able to rig up & release the ginney wheel

· Be able to clip up the catenary wire into the  suspension envelope

· Be able to remove swing restriction devices

· Be able to rig up and install contact pull off arms

· Be able to install the cantilever assembly to RailCorp standards for the safe passage of electric traction 
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
WARNING: Always work on the outside of the curve or stagger of the wire & not the inside (or ‘silly’ side) of the wire to eliminate the risk of being struck by conductors with radial loads. 
DESCRIPTION OF APPARATUS
This assessment defines the mechanisms adopted when clipping up the catenary & contact wire/s to the cantilever.

The prime objective of a cantilever is to support & register the overhead catenary and contact conductors.

CLIPPING UP CATENARY WIRE
The catenary wire is a stranded copper wire hanging between two support points (cantilevers) forming a parabolic curve. From the catenary wire hangs the contact wire which supplies power to the train via the pantograph. As well as supporting the contact wire, it provides sufficient cross sectional area to carry the load currents required to operate electric trains.

Various sizes of catenary wire are in service throughout the Sydney Metropolitan electrified network. The most common in use is the 270 mm2 or is commonly referred to as .4.

Once the catenary wire has been erected, super-tensioned & then adjusted to design tension, the catenary conductor is now ready to be clipped up.

The following method is to be adopted to clip up the catenary wire:

· A rig using a ¾ T lever hoist is required between the catenary wire near the ginney wheel and the tie-rod end or portal beam in order to release the weight in the ginney wheel so that it can be removed. Place the lever hoist hook onto the catenary wire and the end hook either on a sling around the portal beam or onto the shackle (66 fitting) on the tie-rod end. Take up the load in the lever hoist until the weight is off the ginney wheel.

· Once the weight is off the ginney wheel, push the safety latch on the ginney wheel in to allow the ginney wheel and insulators to hang free of the catenary wire. Remove the ginney wheel from the insulators by undoing the nut or releasing the stainless steel pin.

· Once the ginney wheel is removed, the suspension envelope is connected into the tongue of the lower of the twin suspension insulators ensuring that the u-bolt nuts always face the cantilever. The lever block can then be released so that the catenary wire sits in the saddle of the envelope (see Figure 1). Prior to fastening the u-bolt nuts, you must ensure that the cantilever is 90° to the face of the structure. The swing restriction device can then be removed.
All nuts and cotter pins whenever practicable should be visible from the underside for ground level inspection. Ensure that all u-bolt nuts are snug tight.

CLIPPING UP CONTACT WIRE/S
The contact wire is suspended from the catenary wire by way of droppers which are uniformly distributed along the length of each wire run. The electric current is conveyed from the overhead traction wiring and into the train via numerous pantographs located on the top of the trains which make continuous contact with the wire as they travel.

The contact wire needs to maintain a near flat profile and to have sufficient weight and tension to limit pantograph uplift. There are two sizes used throughout the Sydney Metropolitan electrified network, these are, 193mm2 or .3 and 137mm2 or .2.
Once the contact wire/s have been erected & tensioned to design load, the conductor/s must be checked for any twist prior to being clipped up. 

The installation of the pull-off arms must start at the mid point and progress both sides towards the termination anchors. On short runs where there is no mid point start from one anchor & move towards the next anchor.

A rig is required at each registration point (depending on radial load) in order to release the hook that is temporarily registering the conductor/s. Place the ¾ T lever hoist hook onto the twin contact hook and the end hook with sling around either a mast or drop vertical, the vertical plate/horizontal strut for positive cantilever or the horizontal boom/pull off arm attachment bracket for negative cantilever. Take up the load in the lever hoist until the weight is released on the hook temporarily registering the contact wires. The pull-off arm/s and contact clamp assemblies can then be installed ensuring that the contact clamps are correctly installed in the groove of the contact wires. The contact clamp body must be positioned so that it is resisting the radial load and not the twin contact clamp plates (see Figure 2). 

On twin contact systems, the nuts of the contact clamp assemblies should be on the outside of the wires for ease in future maintenance. Also, the shortest pull-off arm must be on the city side not the country side. 

Prior to snug tightening the bolts you must ensure that the contact arrangement is 90° to the face of the structure and directly beneath the catenary envelope. The lever block can now be released.
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Figure 1 – Catenary Suspension Assembly
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Figure 2 – Contact Swivel Clamp Assembly


Figure 3 – Typical Contact Pull-Off Arms

ASSESSORS CHECKLIST

· Rig up between the catenary wire & either the tie-rod end or the portal beam. Ensure correct rigging technique & equipment is utilised. Equipment includes 3/4T Lever Block, rigging chain &/or sling, 17mm spanner & pliers.
· Release the load on the ginney wheel to enable its removal. When ginney wheel is released, care should be taken so that arm does not swing down and injure the worker. 

· Connect the catenary envelope to the twin suspension insulators ensuring that the u-bolt nuts always face the cantilever.

· Release the lever block so that the envelope is taking up the full load of the catenary wire and that the wire is correctly sitting in the saddle of the envelope.

· Ensure that the cantilever is 90° to the face of the structure.

· Tighten the u-bolt nuts on the envelope in order to secure the catenary wire.

· Remove swing restriction device.

· Check contact wire/s for signs of twist starting at the midpoint and progressing both sides towards the termination anchors.

· Install contact pull-off arms starting at the midpoint and progressing both sides towards the termination anchors. A rig may be required at each registration point (depending on radial load) in order to release the hook that is temporarily registering the conductor/s. Ensure correct rigging technique & equipment is utilised. A 3/4T lever block, rigging chain &/or sling must be secured around the mast or drop vertical. 

· On high radial load curves, place a catenary envelope & shackle around the contact wire rather than the lever block hook to minimise placing any kinks in the wire/s.

· Ensure that the contact clamp assembly is correctly installed in the groove of the contact wire.

· Ensure that the contact clamp body is positioned so that it is resisting the radial load and not the twin contact clamp plates.

· On twin contact systems, ensure that the nuts on the contact clamp assemblies are facing away from each other.

· On twin contact systems, ensure that the shortest contact pull-off arm is on the Sydney side.

· Prior to tightening the bolts to the correct torque, ensure that the contact arrangement is 90° to the face of the structure and directly beneath the catenary envelope.

· Release the lever block.

· Ensure that all fastenings are snug tight and that all split pins are installed and are fully home. There should be at least 11/2 threads showing between the nut & the end of the bolt also spring washers should be compressed where provided.
· Ensure that all nuts & pins, wherever practicable, can be visible from the underside for ground level inspection.

TASK ASSESSMENT – CLIPPING UP CONDUCTORS

Date:











Assessee:











Assessor:











Location (Project):









I certify that the Assessee named above has been deemed Competent to clip up conductors and it is requested that this Organisation’s Certificate of Competency is issued.

I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.


Signed: 



Assessor

Assessee Declaration

I 



 sign this document hereby agreeing that this assessment is a fair, valid and accurate task competency assessment and all elements were explained carefully and that I understood those elements.

Signed: 



Assessee

Module 10 – CANTILEVER INSTALLATION TASK COMPETENCY ASSESSMENT TOOL
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Assessee’s Name: _______________________________________________________
INTRODUCTION
This organisation has a duty of care to ensure the health and safety of personnel at their worksites by providing training, instruction and supervision to allow all employees to competently and safely undertake their duties.
OBJECTIVE

This competency based training session has been designed so that overhead line contract workers can be assessed & certified in overhead wiring skills which are in line with the transmission & distribution industry training package.
PRE-REQUISITES
Trainees participating in this module must meet the following pre-requisites:

· English skills

· Working aloft

· Construction Industry Induction Certificate

· Track Safety Awareness Certificate

· RailCorp Electrical Safety Instructions

· Elevated Work Platform Certificate

· Cardio Pulmonary Resuscitation

· Self Rescue from Elevated Work Platform

· Before the assessment takes place, the ‘on the job’ work book must be completed over 2 shifts of installing cantilevers. This ‘on the job’ work book must be signed by your supervisor after each task is completed and must be presented to the assessor before assessment takes place.

LEARNING OUTCOMES
At the end of this training session, participants will be able to:

· Be able to read the cantilever installation book 

· Identify the cantilever & contact arrangement components

· Be able to handle a cantilever safely without causing injury or damage to it

· Be able to measure the location of the supporting brackets

· Be able to install the cantilever pipe

· Be able to install the contact arrangement components

· Be able to install the cantilever assembly to RailCorp standards for the safe passage of electric traction 
SAFETY
Prior to starting work, the following must be conducted:

· Breathalysed for detection of alcohol in your blood. If you provide a non-negative result you will be removed from the work site.
· Site specific induction conducted by RailCorp & this Organisation. 
· Job safety analysis of your working activities
· Signing of the electrical access permit personnel register
The above systems and processes will outline, but are not limited to, the following:

· Scope of work
· Site familiarity including access & emergency meeting points
· Site specific hazards and what preventative measures have been put into place to eliminate the likelihood of that hazard occurring
· Location of worksite protection so that you are made aware of your safe work area in which you are able to work within. Do not proceed outside of these limits. 
· Limits of the electrical access permit that you will be working under. The location between the electrical earths will be your safe work area. Do not work on any electrical apparatus outside of the earthed area.  
DESCRIPTION OF APPARATUS
This assessment defines the mechanisms adopted when assembling & erecting the cantilever arrangements in accordance with RailCorp’s specifications, drawings & CCON installation books.

The prime objective of a cantilever is to support & register the overhead catenary and contact conductors.

All pre-assembled & labelled cantilever components will either be laid out on site adjacent to each OHW structure or be loaded onto hi-rail trucks at the beginning of the possession and be transported out by this Organisation or RailCorp staff. 

VISUAL INSPECTION
Prior to the cantilever being erected, the following must be verified:

· That the cantilever is correct for the proposed track that is being rebuilt.

· That the mast location plague matches the label on the cantilever assembly 

· That the arrangement matches the type indicated in the CCON installation book (see Figure 3). 

· That all components are checked for signs of damage. If required, damaged components must be replaced before being erected.

· Note: When viewing the installation book you must have your back facing Sydney in order to view the correct alignment of the cantilever.

INSTALLATION OF CANTILEVER SUPPORT BRACKETS

All brackets should be installed at precise heights on the mast by either measuring from the ramset nail to the underside of the top bracket (mast attachment bracket) & bottom bracket (jib support bracket), or by measuring from the underside of the portal beam to the underside of the top & bottom brackets.
After measurements have been taken & marked the top bracket is to be installed in the following manner. Firstly, check whether the correct brackets & bolts have been supplied for each mast. Typical examples of hole spacings and bolt lengths are as follows:

· 150UC drop vertical
180mm hole spacing
205mm bolt length

· 250UC mast

280mm hole spacing
300mm bolt length

· 310UC mast

330mm hole spacing
360mm bolt length

Note: The nut always faces the field side of the mast.

If lindaptors are being used on the 150UC drop verticals you must ensure that the clip is snug tight and square to the support plate. You must also ensure that the bolts are level and that brackets are square to the track.

The bottom support bracket can then be installed in a similar manner to the top bracket.

MANUAL HANDLING & LIFTING TECHNIQUES

When handling a cantilever you must ensure that correct manual handling techniques are used, that is, keep back vertical when lifting and lowering, bend knees to raise or lower components, do not twist your back whilst lifting, use your legs to turn & utilise team lifting or mechanical means where necessary. Also wear riggers gloves to protect your hands from injury.

When raising a cantilever arrangement into position, always have it aligned parallel to the track centreline so that structure & electrical clearances to potentially live adjacent tracks are not encroached.

Similarly for raising large negative boom arrangements, always have it aligned parallel to the track centreline so that structure & electrical clearances to potentially live adjacent tracks are not encroached. Once the negative boom is at contact wire level, tie a rope from the cantilever to the negative boom for additional support & restraint whilst it is being connected to the cantilever.

INSTALLATION OF CANTILEVER
Once brackets are erected, place tuning fork into the bottom plate (jib support bracket) ensuring that the white fibre washer is at the bottom, then the blue fibre washer, then the galvanised steel washer on top. Then place the cantilever pipe onto the tuning fork and attach the chain to the top bracket using a shackle ensuring that the chain is not twisted and that two chain links are hanging for adjustment. All nuts and cotter pins whenever practicable should be visible from the underside for ground level inspection.

After the pipe has been installed, the twin suspension insulators are attached to the jib end (pistol grip) with a shackle. A ginney wheel (running-out block) is then attached to the tongue of the bottom suspension insulator with a pin in readiness for running out the conductors.

Swing restriction devices are then fitted to the cantilever to prevent the cantilever from swinging during the course of wire erection. Install a swing restriction device (“cricket stump” with long cantilevers and “two square steel pieces” with short cantilevers) to ensure each cantilever remains perpendicular to the face of the structure whilst the conductors are being strung out (see Figure 2).

If the wire running activity is planned for a future possession, the cantilevers must be folded upwards & tied back to the mast or drop vertical by wrapping the chain around the mast or drop vertical and securing it with the shackle. Only positive contact arrangements can be installed without the contact pull-off arms. No negative arrangements are to be temporarily installed. This will ensure the safe passage of electrical traction trains.

The contact arrangement can now be installed to the jib. Contact arrangements have either negative or positive radial loads. Negative arrangements occur when the radial load in the contact wire/s is being pulled away from the support mast or drop vertical. Positive arrangements occur when the radial load in the contact wire/s is being pulled towards the support mast or drop vertical.

A positive contact arrangement is installed by connecting it to the tuning fork and jib clamp (139 fitting). A negative contact arrangement can only be installed if the catenary wire has been run and is connected to the jib clamp and also by two bridle wires attached to the catenary wire nominally 1000mm either side of the suspension insulators.
The contact pull-off arms are typically left on the ground adjacent to each mast to be later installed as they would interfere with the passage of moving plant and trains.
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Figure 1 – Typical Cantilever Arrangements
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Figure 2 – Swing Restrictions Devices


Figure 3 – CCON Installation Sheet
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Figure 4 – CCALC Cantilever Data Sheet
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Figure 5 – CCALC Cantilever Construction Sheet

ASSESSORS CHECKLIST

· Verify that the cantilever is correct for the proposed track & structure location.

· Ensure that the cantilever arrangement matches the type indicated in the ‘CCON Installation   Book’ (see Figure 3).
· Check that no components are missing or damaged. If required, replace fittings prior to the Installation of the cantilever.

· Measure the height to the underside of the top & bottom cantilever attachment brackets either from the ramset nail at the base of the mast or from the underside of the portal beam. The ramset nail is nominally 300mm above rail level. The tolerance for mast bracket heights is 

· + 25mm.

· Ensure that all components are free from dirt, mud & grease prior to their installation.

· Ensure that the top & bottom cantilever support brackets are level & square to the track. The bolts must also be level & the nuts should be on the outside face of the mast & snug tight. If Lindaptor fastenings are utilised, must ensure that the clip is snug tight and square to the support plate.

· Install the tuning fork into the bottom support bracket (jib support bracket) ensuring that the white fibre washer is at the bottom, then the blue fibre washer, then the galvanised steel washer on top.

· Ensure correct manual handling techniques are used.

· Ensure correct erection & positioning techniques are used for cantilevers and negative boom arrangements.

· Place the cantilever pipe onto the tuning fork and attach the chain to the top support bracket with a shackle ensuring that the chain is level, not twisted & that two chain links are hanging.

· Place the twin catenary suspension insulators into the hole indicated on the insulator & tie-rod end. Then connect a ginney wheel to the insulators in readiness to run wire.
· Install swing restriction devices to prevent the cantilever from swinging during the course of wire erection keeping it square to the track. There are two types of such devices used:
· “Cricket stumps” are used on large cantilevers & are placed over the cantilever pipe. Alternatively, “two square steel plates” are used on small cantilevers & are placed within the tuning fork.

· Install the contact arrangement assembly as indicated in the CCON Installation book. Ensure contact pull off arms are not yet installed.

· Ensure that all fastenings are snug tight and that all split pins are installed and are fully home. There should be at least 11/2 threads showing between the nut & the end of the bolt also spring washers should be compressed where provided.
· Ensure that all nuts & pins, wherever practicable, can be visible from the underside for ground level inspection.

· If the wire running activity is planned for a future possession, ensure that the cantilever has been secured around the mast correctly.
TASK ASSESSMENT – CANTILEVER INSTALLATION

Date:











Assessee:











Assessor:











Location (Project):









I certify that the Assessee named above has been deemed Competent to install cantilevers and it is requested that this Organisation’s Certificate of Competency is issued.

I certify that the Assessee named above has been deemed Not Yet Competent and hereby recommend that he / she undertake additional training and re-assessment.


Signed: 



Assessor

Assessee Declaration

I 



 sign this document hereby agreeing that this assessment is a fair, valid and accurate task competency assessment and all elements were explained carefully and that I understood those elements.

Signed: 



Assessee

OVERHEAD LINE WORKER

This is to certify that  
…………………………………………..
is employed by

Insert Organisation’s name here.

The person above is authorised to perform duties as listed below after being assessed by a recognised workplace assessor. The signed assessment forms shall be kept on record in there personnel file. 

	Overhead Line Worker Pre Certification
	
	Competent

	OHS General induction
	
	Yes  /  No

	Rail Industry  Safety Induction (RISI)
	
	Yes  /  No

	Electrical Safety Instruction (ESI)            Expiry Date……………………….
	
	Yes  /  No

	Rigger – basic  (Re-builder only)
	
	Yes  /  No

	Elevating work platform – EWP / Scissor – this Organisation’s Assessment
	
	Yes  /  No

	Elevating work platform Hi-Rail – this Organisation’s Assessment
	
	Yes  /  No

	Hi-Rail Truck  – BMCL Assessment
	
	Yes  /  No

	
	

	Authorised to work as a Overhead Traction System Assembler
	Date Assessed
	Competent

	Dropper Installation
	………………
	Yes  /  No

	Cantilever Installation
	………………
	Yes  /  No

	In - Span Feeder Installation
	………………
	Yes  /  No


	Authorised to work as a Overhead Traction System Re-builder
	Date Assessed
	Competent

	Clipping up Conductors

	………………
	Yes  /  No

	Cutting In Insulators

	………………
	Yes  /  No

	Mid Point Anchor Installation
	………………
	Yes  /  No

	Over Head Wiring Adjustments

	………………
	Yes  /  No

	Overlap Installation

	………………
	Yes  /  No

	Removal of Overhead wiring

	………………
	Yes  /  No

	Termination of Regulated System
	………………
	Yes  /  No

	

	
	


	Authorised to work as a Overhead Line Contract Worker
	
	

	Qualified RSA /RIC/Rail Corp. Linesman 
	
	Yes  /  No


Medical Restrictions:……………………………………………………………………………..
Authorising Area Manager:
Print Name : ………………………………………

Signed : …………………………………………...
OVERHEAD LINE WORKER

This is to certify that  
…………………………………………..
employed by

Insert this Organisation’s name here.

is authorised to perform duties as listed below in accordance with the Electricity (Worker’s Safety) Regulation 1992 and the Railway Services Authority’s Electrical Safety Instructions.

	
	Authorised

	Authorised to work on:
	

	
HV / LV Transmission Lines
	Yes  /  No

	
1500V Overhead Wiring
	Yes  /  No


	Authorised for height access using:
	Authorised

	
Ladder, body belt and pole strap
	Yes  /  No

	
Elevating work platform
	Yes  /  No


	Specific Overhead line work which holder can carry out:
	Authorised

	
Installation of hardware (cantilevers, insulators, crossarms, droppers)
	Yes  /  No

	
Make electrical connections (inspan feeders, all electrical connections to OHW transmission lines)
	Yes  /  No

	
Installation of helical fittings (wrap on terminations and splices)
	Yes  /  No

	
Rigging of conductors (including installation and removal)
	Yes  /  No

	
Install type 5 and 6 section insulators
	Yes  /  No


Restrictions:

1. The minimum Safe Working Distance from LIVE HIGH OR LOW VOLTAGE LINES AND 1500V OVERHEAD WIRING IS 3 METRES.

2. This authority is VALID TO  ……../………../……….
I, ……………………………………….., accept this Authorisation and agree to the above conditions.






Signed: …………………………  Date: ……./……./……..

……………………………………...….. has been assessed as being competent in:
· resuscitation and releasing a person from live electrical apparatus;

· rescuing a person from a pole or structure;

· rescuing a person from an elevated work platform;

· appropriate knowledge of the Electrical Safety Instructions by passing the prescribed written exam; and is

· certified by a Supervisor nominated by the Contractor as being able to perform the duties of an Overhead Line Contract Worker satisfactorily.

Signed: Authorising Officer : 
………………………………………


Workplace Assessor


This Organisation’s name to go here
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Upper Loop Assembly





Contact Dropper Cotter Clip (Nail)





Lower Loop Assembly





Dropper Suspension Clamp





Contact Dropper Cotter Clip





Direction of arrow on dropper bottom clip
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