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9.
Power

Reference:
1.  CenturyLink Technical Publication 77385, “Power Equipment and Engineering Standards.”
Notes:
•
All connectors, wiring, conduit, fixtures, etc. installed in CenturyLink locations shall meet the requirements of the National Electric Code (NEC), National Electrical Manufacturer's Association (NEMA), Underwriters' Laboratories (UL), or Canadian Standards Association (CSA).

•
Service Suppliers engaged in the installation, removal, or modification of live power equipment shall protect exposed live conductors, bus bars, adjacent equipment, etc. with power insulating blankets.  Materials other than power insulating blankets shall not be used. Refer to cautionary notes in 2.4.8.

•
No work shall be performed on LIVE AC Circuits by anyone other than a qualified Electrician. Since most AC circuits and some DC circuits can be worked on with the energy removed, the MOP shall contain the reason for working on any live AC circuits.  Work on live circuits shall not proceed without the specific approval of the authorized CenturyLink person. For AC circuits that can be de-energized, lock-out / tag-out procedures must be followed.  National Network Services facilities do not permit contracted suppliers to energize/operate any AC/DC breakers/fuses.  The only exception is when fuse panel shelf covers are not in place (refer to 00243 for clarification).
•
The building location Single Line AC drawing shall be updated with any installation of major AC components. Identification shall be placed on added AC components to agree with the identification on the Single Line AC drawing. Major components are defined as panels, switchboards and other distribution equipment from which individual circuits are derived.

•
The real estate document “Building Equipment Design Guidelines” for electric

(division 16) shall also be adhered to.
•
The removal of a fuse or the opening of a breaker for the purposes of de-energizing a DC circuit shall be done by a CenturyLink employee. Prior to de-energizing, a current probe or clamp on ammeter capable of reading DC current shall be used to identify zero current flow. Only one LOAD of current to any one element shall be de-energized at one time.

9.1
AC Circuits
Note:  AC circuits serving an “Isolated” ground plane shall not be extended to serve an “Integrated” ground plane.
9.1.1 Wire Type and Color

9.1.1.1 AC wire for distribution shall be THWN, THW, or THHN type.

9.1.1.2 Exposed Alternating Current Equipment Grounding (ACEG) conductors shall be green in color, or taped green where they are run exposed.

9.1.1.3 Green conductors shall not be used for any purpose other than an ACEG conductor, interior ring ground, or Central Office grounding conductors, unless the manufacturer has used it in intra-bay or intra-shelf wiring (which is not preferred)..

9.1.1.4 Neutral conductors shall be white or gray, or taped gray/white at all appearances.

9.1.1.5 Hot or phase conductors shall conform to the following color configurations:
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Typical Power Wiring Color Code:
	Nominal Voltage
	Phase/Line/Leg
	Color

	240/120
	L‐1
	Black

	208/120 Y
	Ø‐A
	

	240/120 Δ
	
	

	240/120
	L‐2
	Red

	208/120 Y
	Ø‐B
	

	240 Δ
	
	


	208/120 Y
	Ø‐C
	Blue

	240/120 Δ
	
	

	240/208 Δ
	Ø‐B
	Orange

	480/277 Y
	
	

	480/277 Y
	Ø‐A
	Brown

	480/277 Y
	Ø‐C
	Yellow

	Grounding
	
	Green or Green w/yellow stripe or bare Copper

	120/208/240
	Neutral
	White or Gray

	277/480
	
	


9.1.2 AC Connecting Methods

9.1.2.1 Compression connections are preferred for AC termination.

9.1.2.2 Mechanical and single hole connectors are permitted where allowed by the National Electrical Code (NEC) and are readily accessible for inspection, repairs and maintenance. They may not be used when the conductors terminate in vibrating machinery (generators, etc).

9.1.2.3 Connectors shall be the proper size specified by the manufacturer for the wire gauge and type, copper or tin-plated copper and the correct hole size for mounting hardware.

9.1.2.4 Connections of ACEG conductors shall not be made by wrapping the conductor under a mounting screw/bolt. A two-hole connector, ground bar or terminal strip shall be used. The exception is when connecting the ACEG to a common NEMA configuration outlet box, switch and/or receptacle.

9.1.3 Wire Nut Connections

9.1.3.1 Shall be placed so as to be accessible for maintenance and inspection.

9.1.3.2 Shall be made in an approved enclosure; i.e., junction box, conduit box, or pull box.

9.1.3.3 Splices shall not be made in the open areas of frame bases, vertical cable ducts, or end guards unless they are a raceway approved for splicing.

9.1.3.4 Shall be the correct size for the wire gauge and number of conductors being joined.

9.1.4 Enclosures, Cabinets, Boxes and Panels (Commercial and Emergency Service) Protective metallic coverings (such as conduit, armor, lead covering, raceways, boxes, fittings, cabinets and fixtures) shall be grounded. Underwriters Laboratory (UL) approval of these coverings and devices assure that they will extend ground to one another when mechanical connections are made up tight.  Ground is provided to the house service cabinet and ground continuity is extended to the power consuming device through these enclosures.

9.1.4.1 CenturyLink requires that a separate AC Equipment Grounding Conductor (ACEG) is extended in all raceways of all circuits.
9.1.4.2 The ACEG shall be enclosed in the same conduit or raceway with the phase and neutral conductors.
9.1.4.3 All enclosure covers, service panel covers or doors removed during installation shall be replaced at the end of each working day.

9.1.4.4 All AC enclosures, where knock outs or circuit breakers have been removed, shall be equipped with appropriate plugs, caps, or covers.
9.1.4.5. All unused, punched knockouts or holes in boxes and cabinets shall be closed. 
9.1.5
Conduit
9.1.5.1 All wall mounted conduits shall be run per job drawing / record, securely fastened at a maximum interval of ten feet and within three feet of each outlet box, junction box, device box, cabinet, conduit body or other tubing
.
9.1.5.2 Conduit shall be attached to the ceiling, suspended as close as possible and placed so as not to block future cabling, ladders, etc.

9.1.5.3 All rigid, Electrical Metallic Tubing (EMT), and liquid tight flexible metallic conduit runs shall be made with compression or threaded type fittings, couplings, and junction boxes.  Set screw or stake type fittings and couplings shall not be used in CenturyLink locations on conduit sizes 1-1/4”and smaller. Exception: Screw type fittings and couplings may be used on armored cable and flexible metallic conduit, and on conduit larger than 1-1/4” diameter.

9.1.5.4 Poly Vinyl Chloride (PVC) conduit is not allowed for running AC circuits, alarm /monitoring leads, or other miscellaneous wiring applications.  Note: For NNS sites, an exception is permitted for conductors run underground.  PVC is permitted to extend into the building to the first “pull” or junction box, switch gear/panel box, or (for alarm/monitoring leads), the nearest rack.
9.1.5.5 Conduit, flex conduit, or armored cable may not be run in cable rack or on hangers with switchboard, fiber or power cable.

9.1.5.6 Metal flex conduit or armored cable shall not be run exposed for a distance exceeding three feet and shall never be used in a power room environment. Insulated coated armored cable or liquid tight flexible metallic conduit may be run in excess of three feet when properly supported. Liquid tight flexible metallic conduit shall never be run on a cable rack with switchboard or other power cable. These cables may be secured to auxiliary framing (but not cable rack stringers) using 9 ply cord. Armored cable and flexible conduit run outside of the power equipment application must be placed in accordance with TP 77351 Chapter 7B.6 and Section 4.2 on page 4-3, P. 8-8 (p. 8.4) and Sect. 1.3.  Flexible MC cable is allowed to be used under raised floors (if the floor is used as a plenum; the flexible MC must be sealed.

Note: Liquid tight flexible metallic conduit should never be run in excessive lengths in applications where rigid, metallic EMT conduit should be used.

9.1.5.7 No wire splices are permitted within conduits. Make splices only in authorized boxes, fittings, wireways, etc. See 9.1.3, “Wire Nut Connections.”

9.1.5.8 Conduit shall, where possible, be run parallel and adjacent to auxiliary framing or cable rack.
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9.1.5.9 All bends made to EMT or rigid conduits shall be made with a tool specifically designed for that purpose. The conduit bends shall not contain kinks or other imperfections.

9.1.6
Branch Circuits

Note:  Use UL approved spring clips, wire nuts, solderless connectors, etc. to make AC branch circuit connections.
9.1.6.1 When adding branch circuits from the distribution panel or extending existing circuits, verify that no local continuity exists between the added neutral (white/gray wire) and the ACEG (green or bare wire) before the connection is made.

9.1.6.2 Lighting circuits and appliance outlet circuits shall not be supplied by the same branch circuit. However, conductors for both types of circuits may be run in the same conduit/raceway providing the conduit/raceway is properly sized for multiple circuits. Circuits from protected sources (i.e. inverters) are to be separately identified per NEC 200.6(D) to separately identiry the neutral wire.

9.1.6.3 Lighting circuits supplied by polyphase service shall be assigned in such a manner as to balance the load on the different phases/legs as closely as possible. One neutral conductor of the same size as the phase conductor(s) shall be run with each phase conductor set.

9.1.6.4 All AC circuits shall have a separate ACEG (green wire) run with phase conductors.

9.1.7 Appliance and Utility Outlets

All outlets shall be of the standard type that connects its grounding terminal to its frame. Isolated ground or “Orange” outlets are not allowed going forward in CenturyLink locations.  The only exception to this requirement is the outlet assemblies already embedded within the existing plant footprint (Refer also to Par. 3.3.3).
9.1.7.1 Grounding and polarity verification of outlets is required.

9.1.7.2 When removals involve AC, as with appliance/base outlets, utility outlets, or permanently mounted power strips, all remaining AC conductors shall be properly terminated.

9.1.7.3 In Stored Program Control Systems (SPCS) switching equipment, the appliance outlets will be provided as an integral part of the SPCS. In no instance shall appliance outlets be added to any SPCS equipment without meeting all interface and grounding requirements of that SPCS equipment.

9.1.7.4 Base mounted AC appliance outlets are required in every new CenturyLink network facility lineups.  Refer to TP 77351 Chapter 2.5.13.3.


9.1.7.5 Outlets shall have their ground terminal referenced to the frame in which they are mounted.

9.1.8
Multiwire Circuits

All multiwire (two or more ungrounded conductors) branch circuits shall be wired with a continuous grounded conductor (neutral), except for rectifiers fed by 208V or 240V single-phase ”…the continuity of a grounded conductor shall not be dependent upon device connections, such as lamp holders, receptacles, etc., where the removal of such device would interrupt the continuity.”  [NEC 300.13(B)].

9.1.9
Flexible Cordage

9.1.9.1 Excess flexible cordage shall be bundled, secured, and stored in a manner that prevents accidental disconnection or snagging.

9.1.9.2 Flexible cordage shall not be used to extend “base outlet” AC supply to permanently mounted equipment.  A dedicated circuit is required for this type of installation.

9.1.9.3 Exception: When temporary AC power is required to rewire or remove an existing dedicated circuit, Ground Fault Circuit Interrupter (GFCI)-protected flexible cordage of the proper type and gauge may be temporarily used to supply power to permanently mounted equipment.  (See 9.1 “AC Circuits.”)
9.1.10 Receptacles

Higher voltage receptacles shall have the receptacle cover plate marked with the appropriate voltage (e.g., 208V AC, 240V AC, 277V AC, etc.).  Stamp with three sixteenths of an inch or equivalent font characters in vermilion (red) ink.  Receptacles protected at over 20 amps shall have the protection size stamped as above.

9.1.11 Dedicated Circuits

Frame mounted equipment (modems, permanently mounted test equipment, etc.) that require AC utility outlets or power strips, shall have a dedicated circuit. This circuit shall be designated at both ends. Protected AC circuits (fed from an inverter or UPS) shall be utilized for this purpose if available in the central office. Dedicated AC circuits should be in a separate conduit from the equipment to the AC source. Where this is not possible, such as limited surface opening space on the panel or only gutter access to the panel is provided, this circuit can share the same conduit or gutter with existing outlet circuits if all NEC code requirements (conductor fill, etc.) are met. A dedicated circuit that is in a shared enclosure, junction, or pull box shall be designated at each enclosure, junction, or pull box.

9.1.12 Work Performed On Live Circuits - Lock Out/Tag Out
All persons that intend to work on or around energized circuits or circuits that could become energized shall be familiar with and adhere to the CenturyLink practices described in the safety and loss prevention manual that applies to lockout / tagout.  This practice is consistent with OSHA requirements. Refer also to Par. 8.28 and 9.7.1.1.

9.1.13 Temporary AC Circuits

When work requirements dictate the necessity to power permanently mounted equipment with temporary AC power, flexible cordage, such as type SJ00-junior hard service cord, may be used. However, suitable disconnecting switches at plug connectors shall be installed to permit the disconnection of all conductors of each temporary circuit simultaneously (NEC 305-3).  For CenturyLink purposes, temporary AC power refers to any wiring configuration installed to supply AC power that will be disassembled and removed prior to the actual completion of a job and includes extension cords. All such circuits shall be Ground Fault Interrupter (GFI) type and run in a manner that properly supports and protects the temporary circuit and personnel and does not present a safety hazard.

9.1.14 Frame and Aisle Lighting

Frame and aisle lighting shall conform to standard design configuration, or follow approved existing office convention. The Service Supplier shall follow the switch manufacturer’s requirements as determined by the job site situation.

9.1.15 The operating temperature of all AC and DC wiring in UPS equipment will not be greater than 20°F above the ambient temperature, or 115 degrees Fahrenheit, whichever is higher.

9.1.16 High Temperature Surfaces

9.1.16.1 Exposed surfaces with temperatures that can be greater than 115° Fahrenheit shall be marked with warning labels.

9.1.16.2 Surfaces that can reach temperatures greater than 130° Fahrenheit shall be guarded as well as marked with warning labels.

9.2
Primary & Secondary Distribution
9.2.1 Run all leads in continuous lengths per job specification. The use of “in-line” drop splices or H-tap connections does constitute “continuous length” runs.  Installation work at a Power Board or BDFB shall be completed before the total job has reached 70% complete.
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9.2.2 DC wire for distribution and grounding shall be RHW, or XHHW (in standard Class B stranding or flexible Class I stranding) halogenated or non-halogenated wire. This requirement applies to all DC power conductors that are 14 AWG and larger.  The color of –48V & RTN (DC) power leads is typically black. Grounding conductors shall be green with a yellow tracer or bare.

Note: All XHHW wire does not require a cotton braid or to be fiber-wrapped (due to “cold flow”) at lacing points on cable rack straps. Also, it is not required that this cable be tinned when it is run outside the power room, since there are no halogenic or sulfuric compounds to oxidize and corrode the copper. Unprotected power leads must be tinned.
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9.2.3 All battery and battery return cables shall be run closely coupled and in pairs (except for at the termination ends, and for return conductors running past remote ground windows, which must be paired back on themselves). Power cables (Battery and Battery Return) run on panned racks shall be paired and secured together at 24- inch intervals. (“Paired” is defined as placing these cables above/below or at the side of each other and securing with a 9 ply cord lock stitch such as would be done when sewing on power cable rack with existing conductors.)

9.2.4 Where space does not permit the addition of a separate, dedicated power cable rack, power cables with protection devices rated at 70 amp or less and using cables 4/0 AWG, may be run on cable racks utilized for switchboard cabling if no other option exists. Any power cable larger than 4/0 AWG regardless of amperage size shall be run on dedicated FUSED POWER CABLE ONLY cable racks (TP 77385). The placement of any type of cable used for anything other than power on FUSED POWER CABLE ONLY racks is strictly prohibited. The issuance of Letters of Deviation waiving any of these requirements in a central office going forward shall be considered invalid. Also refer to Chapter 5, Par. 5.6.

9.2.5 Primary DC power distribution cable shall be run on a dedicated DC power cable rack.  Primary DC power distribution is defined as leads from the power plant to the BDFB or the power distribution frame dedicated to a switch. Secondary DC power distribution is defined as power from the BDFB to the equipment.  Primary and secondary power leads are not to be segregated and can be run commingled on the same dedicated power cable rack.

9.2.6 When secondary power cable is tapped down for entry into equipment frames, taps shall be placed on the cable rack between cable rack straps, and staggered above or within six feet of either side of the frame, bay, or cabinet.

9.2.7 All tap connections shall be accessible for inspection. Connections that are taped and have covers applied shall be considered accessible. Heat shrinkable tubing, other than clear, is not considered accessible.

9.2.8 Main conductors and feeders in the plant should be sized for the ultimate capacity of the plant (see TP 77385).

9.2.9 Un-protected cables from chargers to batteries and from batteries to discharge panels or bus assemblies shall be on a separate cable rack from all other cables. Power conductors that run from the battery string to the power board are considered “Un-protected leads.”

Note:  In power rooms untinned wire will not be used in applications where “Un-protected leads” are required. Cabling in those applications must be tinned and is usually rated by the manufacturer as “Class I flex” power cable.  However, untinned wire can be run in the power room for –48V distribution from the power board to any subsequent distribution location. In that application(s) the installer is required to “dead-end” these “hot” power leads on the cable rack above the power board and H-tap down the associated Class I flex “drops” that terminate directly to the power board. The return conductors do not generally tap down, but are run directly to the return buss bar assembly.

9.3
Battery Primary Conductors
Battery distribution circuits protected at 100 AMPs or greater may require a means to monitor the load. Refer also to TP 77385.

9.3.1 On new installations of primary DC (Un-protected) power cable in a central office, the cable shall not share a cable rack with any other type cable and shall be run on dedicated DC power cable rack.

9.3.2 All battery and battery return cables shall be run closely coupled and in pairs. with the following exceptions:

9.3.2.1 This "pairing" requirement does not apply to cabling between the power plant and batteries and/or primary distribution board, or the cable within a few feet of the return bus of a secondary distribution center — e.g. BDFB.

9.3.2.2 It also is not required for Outside Plant applications — cabinets and Customer Premise — where the DC plant size does not exceed 100 Amperes.)
9.3.2.3 In cases of a remote ground window where the served equipment is not on the same floor as the remote ground window the battery feed leads do not have to be paired with the battery return leads all the way to the ground window. For the portion of the run where the battery feed and the battery return leads are not paired, the battery return lead shall be paired back on itself, (this includes going through the same cable hole). The total impedance of the battery feed and the total impedance of the battery return must be equal (i.e., the voltage drop must be divided equally between the battery feed and the battery return — 0.5 V one-way drop for both the feed and return).  Refer to CenturyLink Pub 77355 for ground window guidelines as required.

9.3.2.4 Between the bays and/or battery stands, internal to the power plant, paired battery and return are preferred. However, unpaired leads are allowed internal to the power plant under the following conditions:

- They are run as closely as possible;

- No other cables are placed between them; and

- No non-referenced (non-grounded) equipment is within ten (10) feet.

9.3.2.5 The battery return leads are not to be confused with the grounding conductors and are exempt from the green color requirement. They are not to be marked or otherwise identified with the color green.  Nor should they be colored red unless that is the color from the manufacturer in a winning harness.

9.3.2.6 Occasionally it is required to run DC conductors inside of a conduit. When this is required, both the battery and battery return shall be paired in the same conduit.

9.4
Bus Bars
9.4.1 Bus bars shall be free of sharp edges, burrs, corrosion, etc. and shall be copper or tin-plated copper.

9.4.2 Bus bars shall be properly supported per drawings/records and insulated from surrounding metal work.

9.4.3 Coating and Plating

A metallic coating or plating is sometimes used on bus bars to reduce the resistance of the connecting joints. These contact surfaces should be cleaned with a clean, dry cloth to remove grease and other foreign matter, but should not be sanded or the surface otherwise scratched. Non-plated copper bars shall have connection points cleaned. See 9.4.6, “Bolts, Screws, Nuts and Washers,” and Section 9.6,“Connecting.”
9.4.4 Aluminum Bus Bars

9.4.4.1 Aluminum bus bars are not authorized for new installation.  Where aluminum bars exist, contact the CenturyLink Design Engineer for approved connecting procedures.

9.4.4.2 Existing aluminum bus bars shall not be tapped for fastening terminal lugs or for fastening bar to bar.  Use through bolts, clamp joints or threaded inserts.

9.4.5 Bus Bar Clamps

Install a pal nut or locknut on each bus bar clamp bolt.  Verify that regular nuts are tight before applying the pal nuts or locknuts.

9.4.6 Bolts, Screws, Nuts and Washers

Ferrous bolts, screws, nuts, washers, bus bar supports and clips used in fastening copper to copper, or combinations of metals shall be zinc or cadmium plated; however, copper, copper plated, tin-plated copper and stainless steel parts may be used when furnished.

9.4.7
Protective Enclosures

Bus bars which are located external to an equipment framework enclosure, and have a potential different than the surrounding or supporting metal work shall be protected from short circuits by means of an insulated removable cover. The intent of this requirement is to prohibit the practice of using tape as the protecting medium on bus bars and to allow protection to be removed and reinstalled for growth and/or maintenance activities.

9.4.7.1 Bus bars requiring protective covers:

•
All battery bus bars and splice plates not located within the power room or within a framework enclosure.

•
Battery return splice plates where the potential of the plates are associated with an isolated ground plane, but are physically located and/or supported from ironwork associated with the integrated ground plane.

9.4.8
Bus bars that do not require protective covers:

9.4.8.1 All bus bars or splice plates located on a battery stand or in a power room, unless they present a safety or service hazard.

9.4.8.2 Battery return distribution bars located above a BDFB. Even if the power source feeding the BDFB is used to power a SPCS, the BDFB should appear subsequent to the Ground Window; therefore, contact between the return bus bar and surrounding metalwork would not constitute a single point ground violation.

9.4.8.3 Bus bars used as the Main Grounding Bus (MGB). This is the point of interface between the two ground planes (commonly referred to as the Ground Window). Therefore, accidental and / or additional contact with either ground member would have minimal effect.

9.4.8.4 Bus bars that are used as a grouping point to bond integrated ground members together or to the MGB when required.

9.4.8.5 Central Office (COGB), Principal Ground Point (PGP) and Office Principle Ground Point (OPGP) bars.
9.4.9 Separation of Bus Bars from Surrounding Objects

9.4.9.1 All Bus Bars shall be a minimum of 3 inches from any metal objects. Where this cannot be avoided, insulation must be provided between the Bus Bar and the metallic object. All Bus Bars shall be installed as to afford ready access. The only exclusion permitted pertains to factory installed bus bar assemblies located within the DC plant or BDFB and/or P BD locations.
9.4.9.2 All Bus Bars shall be installed as to afford ready access to the connecting surface 
(minimum of 4 inches of clearance).
9.5
Cabinets
Isolated cabinets such as motor starters, self-contained power distribution service cabinets, generator control bays, etc., shall be secured to the floor with a minimum of four approved 12mm, torque indicating, expansion anchors. See Paragraph 3.21,”Floor Anchors and Installation Instructions.”

9.6
Connecting
Electrical resistance shall be kept as low as practical.
9.6.1 Contact surfaces shall be cleaned so that direct metal to metal contact is made. Non conductive coatings (such as paint, lacquer and enamel) on equipment shall be completely removed under the entire contact surface to assure good electrical continuity.  Copper bars may require the use of low abrasive pads to remove oxidation.

9.6.2 Plated surfaces, such as silver or lead plated copper, etc., are plated to prevent oxidation and reduce contact resistance and, therefore, should never be sanded or abraded. If cleaning is required, wipe with a dry cloth.

9.6.3 Mating surfaces shall be flat to ensure maximum cross-sectional area contact.

9.6.4 A non-oxidizing agent shall be applied to inhibit corrosion on all battery, battery return, and grounding connections, i.e., at all contact points, bolts, washers, nuts, "H" taps, "C" taps, lugs and other items. 
9.6.5 Pressure or clamping devices shall be tight.

9.6.6 DC power, return, and bonding/grounding lead connections shall have lock washers installed to ensure secure connections. Use shake proof (star) lock washers under mounting screws and split ring lock washers with bolts and nuts, except where double or locking nuts are standard. Lock washers shall not be placed between the connecting terminal and the contact surface. Connections that require annual re- torque routines do not meet CenturyLink Standards and are not acceptable.  Battery inter- cell connectors are exempt from this requirement since they require annual re-torque. For those kits that are not equipped with lockwashers (Refer to Par. 10.2.12.2).
9.6.6.1 Connecting hardware shall be torque per the following table:
	Generic torque values for U.S. (coarse thread) hardware stacks consisting of a hex head cap screw (bolt), two flat washers, hex nut, and a spring lock washer.

	 
	Plated Steel*
	Silicon Bronze
	Stainless Steel

	DIA
	TPI
	in-lb
	ft-lb
	in-lb
	ft-lb
	in-lb
	ft-lb

	1/4"
	20
	96
	8
	144
	12
	96
	8

	5/16"
	18
	120
	10
	180
	15
	120
	10

	3/8"
	16
	180
	15
	240
	20
	180
	15

	1/2"
	13
	300
	25
	480
	40
	300
	25

	5/8"
	11
	480
	40
	660
	55
	480
	40

	*ASTM A449 / SAE Grade 5 or equivalent.


Note: Some installation suppliers provide Belleville spring washers as a tensioning and locking mechanism for connecting hardware. This conical spring washer provides even pressure across a wider contact patch than can be achieved with a standard hardware stack. When Belleville spring washers are installed, they shall be torqued per the installation supplier’s and/or equipment manufacturer’s specifications. 
9.6.7
General Connecting Methods

Attach only one lead to a punching, lug or connector that is designed to accommodate one lead.

9.6.7.1 Attach only one connector with the same mounting screw(s) or bolt(s) unless specified in the associated equipment configuration. The “back-to-back” mounting of a single -48V and RTN LD-A and LD-B leads (from a common network element or shelf) utilizing common terminating material on opposite sides of an RTN Bus Bar assembly is prohibited (refer also to Par. 9.6.8.3). Frame ground connectors, chassis, shield, and equipment bonds shall not be stacked one on top of the other under the same mounting hardware.

9.6.7.2 Any connector fabricated with two holes shall be secured using both holes.

9.6.7.3 On BDFB and Power Boards all alarm wiring for power fuses and associated alarm fuses shall be connected initially whether the locations are to be fused or to be spared.
9.6.7.4 Stranded cables shall retain all of their strands at the point of termination.

9.6.7.5 All connectors with a potential other than ground shall be protected if they extend out beyond a protective cover and if they are within 3 inches of any differing potential.  Suitable protection shall be clear heat shrinkable tubing or one wrap of sheet fiber paper.

9.6.8
Crimp/Compression Connections

DC power connections for supply and return shall use irreversible crimp-type copper connections, wire wraps, or latching "plugs".  Aluminum connectors shall not be used, and set-screw connections are not allowed. DC power connections to non service- affecting equipment (e.g., indicating lights, alarm equipment) are exempt from this requirement (with the exception of NNS facilities where alarm equipment is considered “critical”).

9.6.8.1 Internal to the supplier's equipment, power connections types are the prerogative of the equipment manufacturer.

9.6.8.2 DC power connections between the source fuse panel and the shelf shall meet the requirements of Par. 9.6.8 above (e.g.; can be a one-hole or two-hole crimp, wire wrapped, or latching “plug”) depending on equipment design.

9.6.8.3 All connections to a battery return bus bar must be a two-hole crimp only.  These connections should be stacked (one above and one below the return bus bar) to conserve space whenever it is feasible to do so without jeopardizing network operation (refer also to Par. 9.6.7.1). Exceptions to the “two-hole” requirement are allowed for battery return bus bars in DC plants rated at 50 Amperes or less wire wrap or single-hole lugs for monitors, displays related to the BDFB or PBD the bus serves when the wire is smaller than 14 AWG..

9.6.8.4 All connections (nuts and bolts) made to battery posts, terminal plates, and inter cell connectors shall be made with stainless steel (preferred), lead, or lead-coated copper. Lead-plated compression-type lugs are not required to have inspection holes. However, all other compression type lugs are required to have inspection holes.

9.6.8.5 On flooded batteries, inter-cell connectors, inter-tier connectors, inter-row connectors, terminal plates, and all connector lugs connected directly to the battery posts shall be lead or lead-coated copper. There shall be NO exceptions to this.  Tin- plated copper compression type lugs can be used when connecting to the terminal plates, however they cannot be used to connect directly to the battery posts. There will be no connectors varnished, lacquered or painted, during or after installation.

9.6.8.6 For battery connectors, heat shrink tubing will only be applied at the factory during initial manufacture. Heat shrink tubing that does not provide a hermetically sealed connection will not be allowed. Only clear heat shrink tubing may be used.

The integrity/quality of a crimp connection is dependent upon the following:

9.6.8.7 The correct size connector for the particular wire size(s) involved.

9.6.8.8 Insulation removed so that the wire extends the full length of the barrel or groove.

9.6.8.9 Preparation of the wire end and connector as required.

9.6.8.10 The use of a non-oxidizing agent on the wire and in the connector as required.

9.6.8.11 Full insertion of the wire into the connector. The wire shall be inserted to within 1/8 inch of the inspection hole for wire sizes 2 AWG and smaller and within 1/4 inch for wire sizes 1/0 AWG and larger.
9.6.8.12 Compress the connector the correct amount and in the proper sequence using the lug manufacturer's recommended tool and die set.

9.6.9
Power/Grounding Connections

9.6.9.1 Mechanical connectors shall not be used in DC power distribution and grounding systems. Exceptions to this requirement are detailed in CenturyLink Standard Configuration documents.

9.6.9.2 All electrical connections shall be smooth and treated with a non-oxidizing agent.

9.6.9.3 Parallel taps for branching or frame entry on power and grounding conductors shall be equal to or smaller than the feeder conductor being tapped.

9.6.9.4 Battery and battery return connections made with H-taps require the connection to be taped, a cover applied, and secured with 9 ply cord.

9.7
Fuse Bays, BDFBs, BDCBBs, POWER BOARDs, etc.
9.7.1 All fuses and circuit breakers shall be of the proper type and capacity specified in job drawings/records and shall be in compliance with manufacturers' design specifications. Cable ampacity shall equal or exceed the protecting device size. When manufacturers specify multiple loads (A&B, etc.) they shall be fused from different power board feeders. Fuses shall be installed or breakers energized at the completion of the job to identify the correct polarity of the connection at the fuse panel, and test records shall be provided. For facility locations utilizing Battery Distribution Control Breaker Boards/Bays (BDCBBs), the recommended manufacturer vintage/type of breaker MUST be installed per that specific model of BDCBB.  When installing breakers greater than 60 amperes, the manufacturer’s spacing requirements shall be adhered to.
9.7.1.1 Lock Out/Tag Out warning labels shall be used on all DC circuits that are connected to the distribution source and are not energized at the time of termination. Refer also to Par. 8.27 and 9.1.12. 
9.7.2 All cartridge, knife type fuses, and fuse reducers being installed shall be cleaned and lubricated with a non-oxidizing agent.

9.7.3 A non-oxidizing agent shall be applied to inhibit corrosion on all battery, battery return, and grounding connections.

9.7.4 Dummy fuses shall be installed where fuse holders depend on the dummy fuse as tensioning agents.  Dummy fuses are no longer required at all unassigned fuse locations.

9.7.5 Alarm fuses shall be installed or an alternate system provided to indicate when a feeder fuse has opened. All BDFBs and PBDs that use TPS distribution fusing must use alarm fuses rated .18A (GMT-type).

9.7.6 Fuse reducers shall not be used in “dead front” fuse panels. Dead front is defined as having no exposed electrical potential.  Fuse reducers shall not be used to reduce the fuse size more than once (double reducers).

9.7.7 All unassigned circuit fuses, their designations/pins, and associated alarm fuses shall be removed. Dedicated alarm fuse designation pins may remain in place. See Chapter 8 “Breakers, Fuses, Switches, and Shunts.”

9.7.8 All “live front” power distribution bays designed to have front protective covers, shall have those covers installed. Live front is defined as having exposed electrical potential.
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9.7.9 All unequipped fuse/breaker block positions or panels shall have blank panels installed,. No holes shall be permitted.

9.7.10 The largest fuse permitted in a BDFB is 100 Amps, and only if the BDFB will accept that size of fuse (in some cases, use of these larger fuses may require sparing of the next and/or previous position due to heat per the manufacturer requirements).

9.7.11 No cable larger than a 1/0 AWG shall be terminated to a BDFB fuse position. Larger distribution cables shall be tapped down to a maximum of a 1/0 AWG before entering the BDFB. For miscellaneous-mounted fuse panels in relay racks, no cable larger than a 4 AWG shall be terminated on the rear entry of the panel (unless the source amperage and/or manufacturer’s specifications warrants a larger size).

9.7.12 BDFB fuse positions shall be cabled, installed and assigned from the bottom up in top-fed BDFB’s. Once installed, the fuse positions are numbered from the top down per TP 77385 Issue K; Fig. 9-13.

9.7.13 When power cables are tapped down in size for entry (see 9.7 “Fuse Bays, BDFBs, POWER BOARDs, etc.”), taps shall be placed within six feet of the entry point into the BDFB (15’ for PBDs). Taps shall be staggered to prevent pileups (reducing splices do not have to be staggered).

9.7.14 All tap connections shall be accessible for inspection. Connections that are taped and have covers applied shall be considered to be accessible. Heat shrinkable tubing, other than clear, is not considered to be accessible.

9.7.15 Equipment shall not be powered from BDFBs not located on the same floor or from BDFB’s supplied by different power plants.

9.7.16 Equipment loads on a BDFB feeder, shall never exceed 50% of their fused value.

9.7.17 Use only DC type fuses and breakers for DC circuits, and only AC type fuses and breakers for AC circuits.

9.7.18 No circuits shall be energized without both ends of the circuit identified and connected.

9.7.19 When 500V-rated insulation (minimum) is not used on conductive members of differing potentials, those conductors must be separated by at least 2 inches of air space (Refer also to Par. 11.5.1.1 and TP 77355).

9.8
Fuse Contact Preparation and Protection
9.8.1 Fuse ferrules, blades, and contact area of their associated clips shall be coated with a thin film of a non-oxidizing agent.

9.9
Knife Switches, Fuses and Fuse Mountings
Power shall be disconnected whenever possible from switches, fuses, clips or connections before they are worked on. If the potential cannot be removed, protect adjacent parts of opposite polarity with insulating materials.

9.10
Standby Engines
9.10.1 The CenturyLink Design Engineer shall specify, prior to the start of installation, the electrical, intake, exhaust, fuel, and floor grade requirements based on the engine manufacturer's recommendations for the particular engine being installed.

9.10.2 Fuel systems shall be free of copper or galvanized metal.

9.10.3 Engine areas shall be labeled to provide warnings of hazardous conditions, as follows:

9.10.3.1 Noise: “Ear Protection Required” on or at Entrance and Exit doors.

9.10.3.2 Voltage:  “Danger High Voltage.”  AC Service Panels, Transfer Switch, Distribution Panel, Served Equipment (rectifiers etc.).

9.10.3.3 Fuel:  “Danger NO SMOKING or Open Flame“ on or at Engine room and fuel storage systems and cabinets.

9.10.3.4 Temperature: “Danger HOT” on or at Engine exhaust system.

9.10.4 New standby engine-alternator installations and modifications to existing ones shall comply with TP 77385 and all current Planning & Engineering Guidelines.  This includes “temporary” installations of any kind.  All onsite testing, including connections to the site systems, shall have an authorized CenturyLink representative in attendance.  The MOP for the job shall reflect the date for the work to start, to complete and include reference to having a CenturyLink person on site.

9.10.5 Cutovers/Turn-ups shall not occur unless all alarms are connected and tested.
9.11 Voltage Distribution Requirements
The requirements for distribution voltage drop and recommended current/amperage drains to use for sizing are specified in TP 77385 Issue K, Figures 9-1 through 9-7.  These Figures and the associated bulleted items are designed around nominal -48 V battery/rectifier plants (moninal -48V is the DC voltage that CenturyLink™ provides to all CLECs and to most CenturyLink equipment). For nominal 24 V output battery plants, cut the voltage drops in half. For nominal 130 V output battery plants, double the allowable voltage drops.  For converter plants without batteries attached to the output bus, the voltage drops can be much greater (follow the NEC® note of maximum 5% voltage drop from the converter plant to the using equipment overall, with no more than 3% in any one branch).















































9.12 Wire Information Table
The cable is sized by the Design Engineer for ampacity and voltage drop. The Service Supplier is responsible for verifying that the circuit protection device is sized correctly for the cable.
	WIRE INFORMATION

	WIRE SIZE
	AMPS*
	CIRCULAR MILLS
	WEIGHT PER FT
	DIA. OVER INSULATION
	BEND RADIUS

	14 AWG
	15
	4,110
	0.026#
	0.19"
	1.71"

	12 AWG
	20
	6,530
	0.035#
	0.21"
	1.89"

	10 AWG
	30
	10,380
	0.049#
	0.24"
	2.16"

	8 AWG
	40
	16,510
	0.084#
	0.31"
	2.79"

	6 AWG
	55
	26,240
	0.126#
	0.40"
	3.60"

	4 AWG
	70
	41,740
	0.190#
	0.45"
	4.05"

	2 AWG
	95
	66,360
	0.275#
	0.51"
	4.59"

	1/0
	150
	105,600
	0.443#
	0.63"
	5.67"

	2/0
	175
	133,100
	0.540#
	0.68"
	6.12"

	4/0
	230
	211,600
	0.814#
	0.75"
	6.75"

	350 KCM
	310
	350,000
	1.310#
	0.98"
	8.82"

	500 KCM
	380
	500,000
	1.815#
	1.12"
	10.08"

	750 KCM
	475
	750,000
	2.700#
	1.34"
	12.06"

	1/0 FLEX
	150
	111,100
	0.510#
	0.66"
	5.94"

	2/0 FLEX
	175
	131,300
	0.630#
	0.72"
	6.48"

	4/0 FLEX
	230
	222,200
	0.890#
	0.84"
	7.56"

	350 KCM FLEX
	310
	373,700
	1.490#
	1.07"
	9.63"

	350 KCM FLEX
	380
	535,300
	2.000#
	1.24"
	11.16"

	750 KCM FLEX
	475
	777,700
	2.900#
	1.54"
	13.86"
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