SECTION 16405: ARC FLASH PROTECTION SYSTEM

SECTION 26 23 05: ARC FLASH PROTECTION SYSTEM

PART 1 GENERAL

1.01. The requirements of the Contract, Division [1] [01], and Division [16] [26] apply to work in this Section.

1.02. SECTION INCLUDES

1.03. RELATED SECTIONS

1.04. REFERENCES

A. The equipment and protection devices in this specification are designed and manufactured according to latest revision of the following standards (unless otherwise noted).

B. ANSI/IEEE C37.13, IEEE Standard for Low-Voltage AC Power Circuit Breakers Used in Enclosures

C. ANSI C37.16, Low Voltage Power Circuit Breakers and AC Power Circuit Protectors, Preferred Ratings, Related Requirements and Application Recommendations for

D. ANSI C37.17, Trip Devices for AC and General Purpose DC Low-Voltage Power Circuit Breakers

E. ANSI C37.50, Equipment - Low Voltage AC Power Circuit Breakers Used in Enclosures - Test Procedures

F. ANSI C37.51, Equipment - Metal-Enclosed Low-Voltage AC Power Circuit Breaker Equipment Assemblies - Conformance Test Procedures

G. ANSI Z535, Safety Alerting Standards 

H. ANSI/IEEE C37.20.1, Metal-Enclosed Low Voltage Power Circuit Breaker Switchgear

I. ANSI/NFPA 70, National Electrical Code

J. CSA C22.2 No. 31 Equipment Assemblies

K. CSA C22.2, No. 0, General Requirements of Canadian Electrical Code, Part II

L. IBC 2006, International Building Code  

M. IEEE Std 1584, Guide for Performing Arc-Flash Hazard Calculations

N. UL 1558, Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear

1.05. DEFINITIONS

1.06. SYSTEM DESCRIPTION

A. Protective devices and systems for detecting the presence of an arcing fault of high magnitude via a set of current and potential transformers.  Control electronics and power circuits create a low-impedance three-phase arc inside a containment vessel (arc containment device) within a pre-defined response curve of the arc fault initiation.  The contained, low-impedance arc diverts fault currents into the arc containment device until an upstream breaker, signaled by the system, opens the circuit.  The system monitors the status of its components and provides visual and contact closure information of its status.  

1.07. SUBMITTALS

A. Manufacturer shall provide 5 copies of following documents to owner for review and approval.

1. Front View

2. Plan View

3. Side View 

4. Elementary Diagrams

5. Bill of Material

6. One Line Diagram

7. Installation Detail

1.08. PROJECT RECORD DOCUMENTS

A. Manufacturer shall submit 5 sets:

1. Include as built record drawings as follows:

a. Front View

b. Floor Plan

c. Side View

d. Elementary Diagram showing power, metering and control circuits

e. Equipment internal wiring diagrams

f. Bill of Material 

g. One Line Diagram

2. Instruction books on major components

3. Installation drawings

4. [Certified factory test reports] 

5. [Recommended renewal parts information]

1.09. OPERATION AND MAINTENANCE DATA

A. Manufacturer shall provide copies of installation, operation and maintenance procedures to owner in accordance with general requirements of Division [1] [01] and Division [16] [26].

B. Submit operation and maintenance data based on factory and field testing, operation and maintenance of specified product.

1.010. QUALITY ASSURANCE (QUALIFICATIONS)

A. Equipment shall be completely factory assembled and metal enclosed. The equipment shall be the product of a single manufacturer.

B. Only manufacturers who have specialized in the manufacture and assembly of switchgear equipment for 25 years will be considered.

1.011. REGULATORY REQUIREMENTS

A. Equipment shall be listed by Underwriters Laboratories in accordance with standards listed in Article 1.03 of this specification and shall bear the UL label.  

1.012. DELIVERY, STORAGE, AND HANDLING

A. Equipment shall be provided with adequate lifting means and shall be able to be rolled or moved into installation position and bolted directly to floor without using floor sills.

B. Deliver, store, protect, and handle products in accordance with recommended practices listed in manufacturer's Installation and Maintenance Manuals.

C. Deliver each equipment lineup in shipping sections for ease of handling. Each section shall be mounted on shipping skids.

D. Inspect and report concealed damage to carrier within specified time.

E. Store in a clean, dry space. Maintain factory protection or cover with [heavy canvas] [plastic] to keep out dirt, water, construction debris, and traffic. [Heat enclosures to prevent condensation.] 

F. Handle equipment in accordance with manufacturer's written instructions to avoid damaging equipment, installed devices, and finish. Lift only by installed lifting provisions.

1.013. PROJECT CONDITIONS (SITE ENVIRONMENTAL CONDITIONS)

A. Equipment shall be located in well-ventilated areas, free from excess humidity, dust and dirt and away from hazardous materials. Ambient temperature of area will be between minus [30] and plus [40] degrees C. Indoor locations shall be protected to prevent moisture from entering enclosure.

1.014. SEQUENCING AND SCHEDULING

1.015. WARRANTY

A. Manufacturer warrants equipment to be free from defects in materials and workmanship for 1 year from date of installation or 18 months from date of purchase, whichever occurs first.

1.016. EXTRA MATERIALS

A. Provide [parts] [spares] as listed herein.

1.017. FIELD MEASUREMENTS

A. Make all necessary field measurements to verify that equipment shall fit in allocated space in full compliance with minimum required clearances specified in National Electrical Code.

PART 2 PRODUCTS

2.01. MANUFACTURER

A. General Electric Company products have been used as the basis for design. Other manufacturers' products of equivalent quality, dimensions and operating features may be acceptable, at the Engineer's discretion, if they comply with all requirements specified or indicated in these Contract documents.

2.02. EQUIPMENT

A. Furnish General Electric Arc Vault™ Protection System as indicated in drawings.

2.03. COMPONENTS

A. Refer to Drawings for: actual layout and location of equipment and components; current ratings of devices, bus bars, and components; voltage ratings of devices, components and assemblies; and other required details.

B. General

1. The equipment shall be rated 480 volts, 3-phase, 60 Hz.  It shall be suitable for use on 3-phase 3-wire and 4-wire systems

2. Equipment shall include all protective devices and equipment listed on drawings with necessary interconnections, instrumentation and control wiring.

3. The arc protection system shall contain an arc fault in less than 8ms, resulting in incident energy in accordance with IEEE 1584 at 18 inches from the arc event of less than 1.2 cal/cm², with the protected equipment doors/covers open or closed, in a 480V 65kAIC system.

4. The energy diversion system shall not divert current into a bolted fault.  An intentional bolted fault produces too much fault current.  Crowbar devices are not acceptable.

C. Enclosure

1. Equipment shall be furnished with an indoor NEMA 1 enclosure.

D. Structure

1. Equipment assembly shall be UL-1558 classified and be labeled. All live components shall be contained in a grounded metal enclosure 81.5 inches high, 24 inches wide and 48 inches deep.

2. The assembly shall be constructed of bolted 11-gauge modular steel frames with removable plates. The arc containment device compartment shall be completely isolated from other compartments by grounded metal barriers. Barriers shall isolate the arc containment device compartment from the busbar system.

3. Neither exhaust chimneys nor plenums shall be permitted.  The equipment must be able to fulfill its function without these items.

4. Furnish a front-hinged door with a [padlockable] quarter turn latch for each arc containment device compartment and auxiliary compartment.  [Provide an interlock on the arc containment device compartment door.]  

5. Equipment shall have a rear cable and terminal compartment for cable termination and installation. Cable bending space shall meet National Electrical Code requirements.  Furnish bolted covers on rear and sides for access to cable compartment.

6. Auxiliary compartment(s) shall be supplied and equipped with [devices as herein described] [all necessary devices requested to perform the specified equipment functions] [including auxiliary relays, primary and control circuit fuse blocks, potential transformers  and auxiliary power supplies]. 

7. Furnish space heaters in the cable / bus compartment of each assembly: 1000 W at 240V / 250 W at 120V, operated at 120VAC.

E. Bus Bars

1. Bus bars shall be rated 2000A, and full-sized.

2. Bus bar material shall be copper, [tin -plated] [silver-plated] at all bolted vertical-to-horizontal bus connections and at points where the vertical bus connects to bus bars supplying power to circuit breaker compartments.

3. All bolted joints for bus interconnections and connection to equipment shall be [tin-plated] [silver-plated] copper.

4. All buswork shall be fully isolated from the arc containment, instrument and auxiliary compartments.

5. Vertical busses shall be held rigid in a support structure of non-hygroscopic and flame retardant molded, glass reinforced polyester.

6. Current rating will be based on temperature rise as limited by ANSI/IEEE standards and will be demonstrated by design tests. 

7. Arc containment device primary disconnects (moveable and fixed) shall be silver-plated copper-to-copper.

8. Bus bars shall be braced to withstand short circuit mechanical forces exerted during a short circuit of 65kA RMS symmetrical. 

9. A copper, [800] [1600] ampere, ground bus shall be secured to the [top] [bottom] of the  structure. Ground bus shall extend entire width of equipment and shall be equipped with a minimum of six 4/0 terminals for connection to purchaser's ground system. 

F. Incoming Line

1. Connections from the protected equipment main bus shall be 3- phase, 3-wire, minimum six 500kcmil cables per phase, [entering the top of the arc containment assembly enclosure.] [entering the bottom of the arc containment assembly enclosure.] 

2. Connections from the protected equipment to the arc containment assembly enclosure shall be [cable connection with mechanical lugs.] [cable connection with compression lugs.] 

G. Arc Containment Device Compartment

1. The arc containment device shall be mounted in a separate compartment. The compartment shall have grounded metal barriers at top, bottom, front and side and a flame retardant, track resistant glass reinforced polyester base barrier at the rear.

2. Furnish the compartment with draw-out rails, stationary containment device contacts, mechanical interlocks and required control and indicating devices.

3. Furnish shutters to cover the primary line disconnects when the arc containment device is removed from compartment

4. Draw out mechanism shall retain removable element in connected position and shall overcome mechanical resistance of making and breaking the contacts of the self coupling primary and secondary disconnects.

5. Positive mechanical interlocks shall prevent arc containment device from being racked in or out unless the internal capacitors have been discharged. Arc containment device can be triggered only in Connected or Test positions. Limit stop shall be provided in withdrawn position.

6. A true closed-door drawout mechanism shall permit containment device to be moved from the connected to disconnected position without opening the containment device cubicle door. Draw out mechanism shall provide four distinct positions for containment device: Connect, Test, Disconnect, and Withdrawn. Mechanism shall be able to be operated without opening door over arc containment device. An indicator shall be provided on the front of the arc containment cubicle to show its position.

7. Containment device frame shall be grounded to the equipment throughout travel of draw out mechanism.

8. Containment device doors shall be provided without ventilation slots and shall be able to be closed when the containment is in any of the drawout mechanism positions.

9. [The compartment shall be equipped with a position switch (2 form “c” contacts) to indicate if the arc containment device is in the racked-in to the CONNECTED position or racked out to the TEST / DISCONNECTED position.]

10. [The compartment shall be equipped with [one] [two] key interlocks.  Refer to drawings for interlock scheme.]

11. The compartment shall be equipped with a collapsible racking  handle and  internal storage of the racking handle.  [A switchgear-type racking handle that may also be used on similar drawout circuit breaker enclosures shall be provided.]  

H. Arc Containment Device

1. Arc containment device shall be individually mounted, drawout, 600V class, metal frame construction, with features and accessories as described in this specification.

2. Arc containment device housing shall be designed to contain the arcing within the device and  vent gases (arc containment device cubicles shall not require “flash shields”).

3. The arc containment device shall be suitable for 480V systems with a maximum available fault current of 65kA.    

4. The arc containment device shall be provided with a “pop-out” style event target that activates when the arc containment device receives a transfer signal from the arc protection relay.  The event target shall be manually reset by the user after the arc containment device has been inspected and/or serviced.  ·

5. The arc containment device shall be equipped with two  push buttons and LED indicators with a clear viewing window.  

a. The pushbuttons shall be a red colored “Discharge” button and a black colored “Charge” button similar to the open and close buttons on low voltage power circuit breakers.  

b. The LED indicators shall indicate “Charged” or “Discharged” based upon the last button pushed by the user.

c. The charge/discharge buttons shall be padlockable to maintain the arc containment device in either the Charged or Discharged state.  The padlock provisions shall accept up to 3 padlocks.

6. The operator shall not be able to insert a racking handle into the arc containment device drawout mechanism until the capacitors are fully discharged.

7. The arc containment device shall be equipped with lockout provisions allowing a user to padlock the device in either the Discharge or Charge state with up to three padlocks following OSHA lock-out/tag-out requirements.

8. The arc containment device shall be provided with self-aligning secondary contacts.  The contacts shall be used for inputs to the plasma gun and capacitor charging circuit.  Form C outputs shall be wired through the secondary contacts for capacitor status (two each) and target status (two each).  

I. Arc Protection Relay

1. The arc protection system shall be equipped with a digital electronic arc protection relay. The protective relay shall consist of a solid state, microprocessor based programmer.  The arc protection relay shall monitor the current transformers, potential transformers and confirm the presence of an arc incident by comparing current levels to a user set threshold.  Current levels shall be pre-defined user selectable settings within the arc protection relay. Upon exceeding the current threshold setting and confirming an acceptable presence of voltage, the arc protection relay shall send a signal to the arc containment device and initiate a trip to either a MV controllable device or LV circuit breaker along with initiating a trip to a lockout (86) device.

2. The current pickup settings for the arc protection relay shall have an adjustable range of 4,000A to 15,000A, based on the use of 5000/5A current transformers.  Provide a minimum of 14 settings within this range.

3. As a minimum, the arc relay shall include the following features:

a. High contrast, backlit, liquid crystal display (LCD) unit shall display settings, operation status, and relay health indicator.

b. Multi-button keypad to provide local setup and readout of the arc relay settings on the LCD. 

c. Noise immunity shall meet the requirements of IEEE C37.90.2.

4. Arc protection relay shall be provided with discrete inputs for the following:

a. Test switch status

b. Activation switch status  

5. Arc protection relay shall be provided with output contacts for the following.  Output contacts shall be compatible for both inductive and resistive load circuits.

a. Provide dedicated output to initiate the operation of the plasma gun within the arc vault containment device when an event has been detected.  This contact shall mimic a single normally open (NO) contact with a rating of 24VDC.  

b. Provide a dedicated dry contact to initiate the opening of either a MV circuit breaker or a LV circuit breaker when an arc flash incident has been detected.  Contact shall be a single normally (NO) contact. 

c. Provide a dedicated dry contact to initiate operating the lock-out relay (86 device) when an arc flash incident has been detected.  

d. Provide dedicated dry contacts for positive feedback contact closure of activation switch operation confirming that the relay has received an “On” input from the activation switch and that the relay internal watchdog confirms protective mode is active.  Contact shall be comprised of a single form-c contact. 

6. The arc protection relay shall be enabled by an activation switch, mounted on the front of the enclosure.  See Front Panel Controls and Indicators.  

7. Provide an internal watchdog circuit that will indicate if the relay is operational or defective.  If the arc protection relay is defective, the protection icon will not be displayed on the relay LCD screen and the output contact (positive feedback) shall change to indicate the device is no longer operational.

8. The arc protection relay shall initiate the plasma gun electronics in the arc containment device when a user changes the test switch to the “Test” position.  The arc protection relay shall ignore test switch inputs when the activation switch is in “On” position

9. The arc protection relay shall utilize sensing of the phase voltages to determine whether a bolted fault condition exists.  The arc containment device shall not be triggered unless the phase voltages are within the operational range of the device.  

J. Front Panel Controls And Indicators

1. Activation switch.  Provide a three-position switch with the following functions.  The switch shall be provided with a transparent hinged cover with a hasp that will permit an operator to lock out access to the switch.  The switch shall have three unique positions of “Off”, “On” & “Test”.  

a. When in the “On” position, the arc protection relay shall:

(1) Provide the user with protection as defined in paragraph 2.03.I.1 of this section; 

(2) Display an icon on its LCD screen;

(3) Provide a contact closure (positive feedback) allowing a user to confirm its mode of operation.

b. When in the “TEST” position, all system status indicator lights shall turn on.

c. When in the “OFF” position, the system shall no longer provide the user with protection.  It shall be possible to test the system in this mode when the arc containment device is racked out to the Test position.

2. System Status Lights.  Provide four system status lights:  

a. Blue – Full protection. The arc protection relay is functional and has been enabled by the activation switch, the arc containment device capacitors are charged, and the device is in the Connect position. 

b. White – Partial protection.  The arc protection relay is functional and has been enabled by the activation switch.  It shall be capable of tripping the upstream circuit breaker. 

c. Red – No protection.

d. Amber – Arc event has occurred.

3. System Test Switch.  Provides a means to initiate a trigger of the arc containment device when it is withdrawn to the Test position and the device test switch is rotated to the “TEST” postion.

4. System Lockout (typically 86 functionality).  This lockout relay shall be tripped by the arc protection relay simultaneously with the triggering of the arc containment device and the tripping of the upstream circuit breaker.  A normally closed contact shall be connected as a permissive in the close circuit of the upstream circuit breaker tripped by the arc protection relay to prevent reclosure following an arc protection relay trip until after the lockout relay has been reset.

5. Arc Containment Device Status Lights, with labels:

a. Green – Device ready;

b. Red – Device not ready. 

K. Wiring

1. Control wiring shall be #14 SIS, enclosed in top and vertical metal wiring troughs.

2. Terminal blocks for external connections shall be heavy duty, molded, one-piece type.

3. Terminal blocks shall be mounted in an enclosed area on the top of the assembly enclosure , easily accessible, away from  cable terminals. 

4. Furnish a bolted steel cover to enclose the terminal blocks.

5. Control wires leaving the equipment shall be terminated on terminal blocks with suitable numbering strips. 

6. [Provide marking sleeves on all equipment control wiring, heat stamped with wire origin/destination information.]  

NOTE TO SPECIFIER:  WHEN APPLIED WITH NEW EQUIPMENT, THE EQUIPMENT SUPPLIER SHOULD PROVIDE THE NECESSARY CURRENT TRANSFORMERS REQUIRED FOR THE ARC PROTECTION SYSTEM.  WHEN ADDING AN ARC PROTECTION SYSTEM AS A RETROFIT TO EXISTING EQUIPMENT, THE CURRENT TRANSFORMERS WILL BE SUPPLIED WITH THE ARC PROTECTION EQUIPMENT FOR INSTALLATION INTO THE EQUIPMENT BEING RETROFITTED.

L. Instrument Transformers

1. All instrument transformers shall be UL listed and classified as indicated in drawings.

2. Current Transformers shall be [provided] [installed] in equipment as shown on drawings with burden and accuracy to support connected meters and relays as required by [ANSI/IEEE C57.13]. Current transformer rating shall be 5000/5A.

3. Potential transformers shall be provided with burden and accuracy to support connected meters and relays as required by [ANSI/IEEE C57.13]. 

2.04. CONTROL POWER

A. Control power shall be [120 VAC] [240 VAC] [48 VDC] [125 VDC] supplied from an external source.  AC control power voltages shall be backed up by an internal uninterruptible power supply.  Refer to project drawings for details on external connections.  

B. Assembly shall include all auxiliary power supplies required by components to form a fully functional system.  

2.05. ACCESSORIES

A. Manual racking handle.

B. Spreader-lifting unit for lifting arc containment device off drawout rails when in the Withdrawn position.  

C. [Remote racking device.  The remote racking device shall allow the operator to rack the arc flash containment device in or out up to 30 feet away from the front of the equipment.]  

D. [Portable lifting device to aid in installing and removing the drawout arc containment device.]

2.06. TESTING

A. Manufacturer shall perform the following production tests on the assembled equipment:

B. Device check – visual inspection of device catalog number to verify compliance to specification;

C. Control lead check – continuity test to ensure correctness of all wiring;

D. Instrument transformer ground test – verify that instrument transformer frame is grounded;

E. Relay check  - induce signals on the secondary side of current and voltage transformers to verify device functionality; 

F. Control power check – apply power to control circuits;

G. Bus check – visual check of phase and ground buses in accordance with  one-line diagram;

H. Clearance check – inspect buses and devices for proper electrical clearances;

I. Connection test – check tightness of all bolted connections;

J. Nameplate check – verify nameplate engraving and location are per drawings;

K. Current and voltage transformer polarity check – visually inspect transformer polarities are in accordance with drawings;

L. Secondary high potential test – 1500vAC for 1 minute on control wiring;

M. Primary high potential test – 2200vAC for 1 minute on bus system;

2.07. FINISH

A. Paint shall be light gray epoxy electro-deposition ANSI 61. Paint qualification test shall be per UL-1558 and ANSI/IEEE C37.20.1.

PART 3 EXECUTION

SPECIFIER NOTE:  RETAIN THE FOLLOWING PARAGRAPH ONLY FOR RETROFIT APPLICATIONS

3.01. MANUFACTURER’S PRE-DELIVERY SERVICES 

A. Provide services of factory trained Field Engineer at owner's job site to perform the following survey tasks prior to releasing the equipment for manufacturing.

B. Confirm available location for power cable connections at the equipment to which the arc protection system is connected.  Determine size of additional bus pieces necessary for this connection.  Determine if additional bolt holes must be created.  

C. Confirm location for current transformers.  Confirm available dimensions for proposed current transformers.  Confirm dimensions of any hardware necessary to mount the current transformers.

D. Confirm conduit routing path does not exceed maximum cable length requirements for proper system operation.

E. Determine tripping control power source for the breaker used by the system to clear an arcing fault.  Verify compatibility of trip coil or shunt trip device that will be operated by the arc containment device.

3.02. EXAMINATION

A. The contractor/installer shall verify that the equipment is ready to install before installing.

B. The contractor/installer shall examine the installation area to assure there is enough clearance to install the equipment such that it will fit in the allocated space in full compliance with the minimum required clearances recommended by the manufacturer, specified in National Electrical Code and required by any applicable local/facility constraints.

C. The contractor/installer shall check concrete pads for uniformity and level surface.

D. The contractor/installer shall verify that the field measurements are as shown on drawings.

E. The Contractor/Installer shall verify that required utilities are available, in proper location and ready for use.

F. Beginning of installation means installer accepts conditions.

G. Verify breaker tripping control power is not affected by an arcing fault in the protected equipment

3.03. LOCATION

A. Locate the arc protection system assembly where indicated in the project drawings.  Conduit routing path shall not exceed maximum cable length requirements for proper system operation.

3.04. INSTALLATION

A. The contractor/installer shall furnish and completely install the equipment as shown on the drawings and per manufacturer's installation instructions.

B. During the course of final installation, a start-up service engineer provided by the manufacturer shall provide factory startup/commissioning.  

C. The contractor/installer shall provide and install any required safety labels. 

SPECIFIER NOTE:  RETAIN THE FOLLOWING PARAGRAPH ONLY FOR RETROFIT APPLICATIONS

D. Final installation shall occur during a scheduled outage whereby the contractor/installer will complete installation of the equipment as shown on the drawings and per manufacturer’s installation instructions.  

3.05. FIELD QUALITY CONTROL

A. The contractor/installer shall inspect the installed equipment for proper anchoring, alignment and grounding as well as inspecting for any internal and external physical damage.

B. The contractor/installer shall check tightness of all accessible mechanical and electrical connections with a calibrated torque wrench.  Minimum acceptable values are specified in the manufacturer's instructions. 

C. The contractor/installer shall refer to manufacturer's instruction books for any other equipment requirements.

D. The contractor/installer shall test each key interlock system for proper functioning if keyed interlocks are provided.

3.06. ADJUSTING

A. Refer to manufacturer's instruction book to make adjustments as required.

B. As part of the manufacturer-provided start-up services, the manufacturer’s service engineer shall provide the following.

1. Perform short-circuit and coordination assessment to determine calculated arc flash incident energy levels and arc protection relay settings.

2. Adjust the arc protection relay settings to the values recommend in the short-circuit and coordination assessment. 

3.07. CLEANING

A. Clean equipment interiors to remove construction debris, dirt, and shipping materials.

B. Repaint scratched or marred exterior surfaces to match original finish.

3.08. TRAINING

A. Provide services of factory trained Field Engineer for training at owner's job site. Training shall include instructions on operation, adjusting, servicing, and maintaining equipment assemblies.  Field Engineer shall be at the site for ___ days of training.  

END OF SECTION
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