SECTION  16481

MOTOR CONTROL CENTERS

PART 1 GENERAL

1.01 SUMMARY 

A. Section includes:  The construction, arrangement, and testing for an enclosed, free‑standing, floor‑mounted, dead‑front, low‑voltage (600‑V‑max) MCC.

1.02 RELATED SECTIONS

A. Section 16191, Supporting Devices.

B. Section 16960, Electrical Testing.

1.03 REFERENCES

A. NEMA ICS 1‑1988, General Standards for Industrial Control and Systems. 

B. NEMA ICS 2‑1988, Standards for Industrial Control Devices, Controllers, and Assemblies. 

C. NFPA 70‑1999, National Electrical Code (NEC). 

D. UL 508‑1993, Industrial Control Equipment. 

E. UL 845‑1988, Motor Control Centers.

1.04 SUBMITTALS

A. Submit shop drawings for approval. 

1. Include overall dimensional drawings showing approximate weight and arrangement.

2. Indicate on shop drawings, front and side views of MCC enclosures with overall dimensions.  Include conduit entrance locations and requirements; nameplate legends; size and number of bus bars per phase, (neutral, if required) and ground; electrical characteristics including voltage, frame size and trip ratings, withstand ratings, and time‑current curves of all equipment and components.

B. Submit product data for approval on motor starters and combination motor starters, relays, pilot devices, and switching and overcurrent protective devices.

C. Submit manufacturer's certified inspection and standard production test reports for information. 

D. Submit operation and maintenance data for information. 

1. Include spare parts data listing and recommended maintenance procedures and intervals.

E. Submit field test reports for approval.  

1.05 DELIVERY, STORAGE, AND HANDLING

A. Protect equipment and other parts and auxiliary devices or accessories against corrosion, dampness, breakage, or vibration damage that might be encountered in transportation and handling.  Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or heavy plastic cover to protect units from dirt, water, construction debris, and traffic. 

B. Handle in accordance with manufacturer written instructions.  Lift only with lugs provided for the purpose.  Handle carefully to avoid damage to motor control center components, enclosure, and finish.

PART 2 PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS

A. Allen-Bradley.  

B. GE.  

C. Square-D.  

2.02 MOTOR CONTROL CENTER REQUIREMENTS

A. Enclosure

1. The vertical sections shall be constructed of formed steel or sheet steel covers on angle framing.  Each section shall be a rigid, self‑supporting assembly.  The bases shall be reinforced and provisions made for fastening the sections to the floor.  The nominal height of the vertical sections shall be 90 in. with 72 in. of mounting space for plug‑in units.  The 72‑in. mounting space shall provide six spaces of 12 in. each.  The nominal width of each section shall be 20 in. 

2. The vertical sections shall be arranged for either front‑only or front‑and‑rear compartment sections as specified.  Spaces shall be covered with blank panels and shall be available for future use.  The enclosure shall be constructed in a manner that will permit end‑to‑end placement against similar control centers.  

3. Enclosures for front‑only mounting of plug‑in units shall be designed such that the rear of the assembly may be placed directly against a wall.  All equipment components, wiring connections, bus splices, etc., shall be accessible from the front. 

B. Bus Structure 

1. The bus structure shall be constructed of tin‑plated high‑conductivity copper or aluminum, as specified.  The busses shall be designed for the ampacities specified.  All bus and bus connections shall be capable of continuously carrying their rated currents without exceeding a temperature rise of 50oC over a 40oC ambient in conformance with Table 20.1 of UL‑845.  

2. The phase busses and neutral bus, when specified, shall be isolated from the enclosing structure and braced to provide the short‑circuit current rating specified.  Bus support insulators shall be flame‑retardant, nonarc‑tracking with mechanical and dielectric strength to provide the specified rating.  

3. The three‑phase main bus shall run horizontally the full length of the assembly.  The main bus may be located in the top, middle, or bottom of the assembly.  

4. A neutral bus shall be provided when specified.  The bus shall be sized as specified and shall be installed in the bottom of the MCC assembly.  

5. Each section shall contain a three‑phase, vertical bus, to which the specified combination motor control units and feeder tap units are connected.  Each vertical bus shall be permanently connected to the three‑phase, horizontal bus and shall extend the full usable height of the vertical section.  

6. There shall be a minimum of 1‑in. clearance in air between phases and between each phase and ground.  The vertical bus shall be arranged to provide a phasing of 1‑2‑3, left to right, when viewed from the front of the MCC.  The main bus phasing shall be identified accordingly.  

7. All busses shall be continuous (without splice) in each shipping split, and the Manufacturer/Vendor shall provide splicing kits containing bus and hardware for splicing the bus (phases, ground, and neutral if required) at each shipping split.  

8. For the bus system provided to be acceptable, the design must have successfully passed the design test requirements of NEMA ICS‑2‑322 and UL‑845.  

C. Electrical Isolation 

1. Barriers or baffles shall be provided to prevent an arc from leaving the compartment in which it originates and in any way damaging devices, wiring, or other equipment outside the compartment.  

2. Insulating covers shall be provided for the vertical busses to isolate the bus from the removable units.  The covers shall contain the necessary openings to permit insertion of the plug‑in stab assemblies.  

3. The horizontal and vertical wireways shall be isolated from the bus structure.  

D. Control Units

1. Combination motor control units and feeder tap units (fused disconnect switches and circuit breakers) shall be plug‑in type except that Size 5 combination nonreversing and Size 4 combination reversing starters (and larger units) may be nonremovable, permanently connected type. 

2. Combination motor control units and feeder tap units shall be housed in individual compartments.  The units shall be readily removable from the front by disconnecting the necessary control and load leads and removing a minimum number of mounting screws, bolts, or fasteners.  It shall be possible to remove any unit without opening adjacent compartment doors, disconnecting adjacent equipment, or in any manner disturbing the operation of any other unit in the control center.  Each unit shall have devices to assure accurate mechanical alignment, both horizontally and vertically.  Units requiring the same size compartments shall be interchangeable.  The assembly shall permit rearrangement of the units at a later date (such as replacing three single units with a unit requiring three spaces) without cutting or welding. 

3. Doors provided for combination motor control units and feeder tap units shall be provided with an interlocking feature to prevent the opening of any door when the unit it houses is energized.  Means of locking the switch or breaker handle in the "OFF" position shall be provided.  The doors shall be provided with a defeater mechanism to permit the door to be opened while the operating lever is in the "ON" position.  Operating handles shall clearly indicate the "ON" or "OFF" position of switches and circuit breakers.  

4. Combination motor control units and feeder tap units shall have a short‑circuit withstand rating equal to or greater than the bus bracing specified.  For the control units to be acceptable, identical units to those supplied must have successfully passed the design test requirements in NEMA ICS‑1‑109 and UL‑508.  

E. Connections to Bus 

1. The connections of the removable plug‑in units to the vertical bus shall be made with stab‑type clips with plated contact surfaces.  

2. They shall make contact automatically upon inserting the unit and disconnect automatically upon removal of the unit.  

3. The stab assembly shall be constructed so that line‑to‑line and line‑to‑ground short circuits will not be possible when a unit is being inserted or removed.  

F. Arrangements of Removable Units  

1. All components of each removable plug‑in unit shall be accessible from the front.  Components shall be mounted to permit normal maintenance and replacement of equipment in one compartment without interference with other compartments.  No wiring except connections to stabs shall be located on the back of the removable units.  

G. Fused Disconnect Switches

1. Fused disconnect switches shall be horsepower‑rated and sized to accept the fuse sizes as specified.  

2. Fuse clips shall have contact surface and springs tension to prevent heating or loosening of the fuses after continued operation or repeated removal and replacement.  

3. Switch operation shall be by means of a snap‑action mechanism which opens and closes all contacts simultaneously with a quick‑make, quick‑break operation.  

H. Circuit Breakers 

1. Circuit breakers shall be molded case type operated by a toggle mechanism of the quick‑make, quick‑break type and shall be trip free.

2. Each breaker shall open all phases and shall trip all poles simultaneously. 

3. The trip rating and type of trip unit (thermal magnetic or magnetic only) for each circuit breaker shall be as specified. 

4. All breakers shall be 600‑V class and have 100‑A‑min frame size.

I. Magnetic Starters 

1. Starters shall be of the type and size specified and shall be three‑pole rated for 600 V.  

2. Auxiliary contacts, where called for, shall be in addition to those supplied for the starter operating coil and are for the Contractor's use, unless otherwise indicated.  

3. All auxiliary contacts, except those used to perform functions within the removable unit, shall be wired to the terminal boards.  

J. Thermal Overload Relays 

1. Thermal overload relays shall be provided on all motor control units.

2. Relays shall be metallic or eutectic‑alloy type.  

3. One relay shall be supplied in each phase.  

4. Eutectic‑alloy elements shall be of thin‑film type construction.  

5. Thermal overload relays shall be furnished complete with the heaters sized in accordance with full‑load currents specified.  

6. Overload relays shall be resettable without opening the compartment doors.

K. Wireways 

1. A horizontal wireway shall be provided at the top and bottom of each section which shall extend the entire length of the control center.  The wireway fronts shall have doors or screw covers.  

2. Each section of the control center shall contain a vertical wireway that shall open into the horizontal wireways.  The wireway shall be enclosed either by individual full‑width compartment doors or by a single‑hinged cover extending the full height of the section.

3. The horizontal and vertical wireways shall be accessible from the front, and the wireways shall be sized to accommodate interconnecting and incoming wiring. 

L. Terminal Blocks 

1. Terminal blocks for control wiring shall be provided, within the unit, for all combination motor control units.  The blocks shall be rated 25 A at 600 V, 90oC, and have tubular screw‑type terminals. 

2. Terminal blocks for power wiring shall be provided within the unit for all combination motor control units, Size 2 and smaller.  The blocks shall be rated 60 A at 600 V, 90oC, and have tubular screw type terminals.  

3. Terminal blocks for power wiring are not required for combination motor control units larger than Size 2 and feeder tap units.  The power conductors leaving units will terminate directly on devices.  

M. Pilot Devices 

1. Pilot devices, such as control switches and indicator lights, shall be heavy‑duty type as recognized by the industry and shall conform with the requirements of NEMA ICS‑2‑216 and UL‑508.  Unless otherwise specified, control switches and indicator lights shall be mounted on the front of the compartments. 

2. Indicator lights shall be transformer type.  Lamps shall be incandescent type, rated 6.3 V, 50,000‑h life, Type T‑3 1/4 miniature bayonet, Chicago Miniature Lamp CM‑755, or approved equal.  

N. Control Transformers 

1. Control transformers shall be 480‑120 V and shall be firmly mounted on the removable unit with no wiring behind the unit.  

2. One side of the secondary winding shall be fused, and the other side shall be grounded. 

O. Wiring 

1. All wiring in the MCC shall be single conductor stranded copper with 600‑V Type SIS or MTW insulation.  

2. Control wiring shall be No. 14 AWG min.  

3. Power wiring shall be sized in accordance with the NEC but shall be No. 12 AWG min.  

4. Wiring at door hinges shall be extra‑flexible type.  

5. The wiring of individual units shall conform to the diagrams on the procurement drawings.  

6. Wiring between devices and terminal blocks shall be neatly arranged and supported.  

P. Grounding 

1. A copper ground bus, sized as specified, shall be provided.  The bus shall be located near the bottom of the assembly.  Two cable lugs shall be provided for connecting the bus to the ground system at the installation site.  The lugs shall be copper compression type sized as specified. 

2. The design of the MCC shall include provisions for effectively joining the steel housing of the removable units to the control center enclosure to ground the units when they are connected.  

Q. Finish 

1. Vertical sections, doors, and other parts shall all burrs and sharp edges removed and shall be smooth and without blemishes.  

2. Parts to be painted shall be thoroughly cleaned of rust, slag, oil, grease, or other foreign material.  

3. The exterior finish shall be gray and the interior finish shall be light gray or white.

2.03 IDENTIFICATION

A. The following nameplates shall be provided on the MCC assembly:  

1. An assembly nameplate shall contain the MCC equipment number and service voltage as specified.  This nameplate shall be attached at the top front of one of the middle vertical sections.  Lettering shall be a minimum of 1 in. high.  

2. Individual nameplates shall be provided for each compartment to identify the equipment served as specified.  Lettering shall be a minimum of 1/2 in. high.  

B. Nameplates shall be either photometal or engraved phenolic.  They shall be attached with screws in a way that allows them to be removed.  Rivets are not acceptable.

2.04 SOURCE QUALITY CONTROL

A. The Manufacturer shall perform a detailed inspection of the completed assembly to assure that the equipment conforms to the specification and the Manufacturer design drawings approved by the Construction Manager. 

B. The Manufacturer standard production tests shall be performed on the completed assembly.  

C. The Manufacturer/Vendor shall notify the Contractor 10 working days prior to the commencement of tests.  

D. The Contractor/Construction Manager, at their option, may witness these tests.  

E. Certified inspection and test results shall be furnished to the Construction Manager. 

PART 3 EXECUTION

3.01 INSTALLATION

A. Install motor control center in accordance with the drawings and Manufacturer/Vendor's instructions.

B. Install fuses in fusible switches.

C. Select and install heater elements in motor starters to match installed motor characteristics.

D. Motor Data:  Provide neatly typed label inside each motor starter enclosure door identifying motor served, nameplate horsepower, full load amperes, code letter, service factor, and voltage/phase rating.

3.02 FIELD QUALITY CONTROL

A. After completion of installation, inspect equipment to determine the equipment has not been damaged in transit and is properly installed, conditioned, and ready to be energized and accept design load. 

B. Before energizing the MCC, make the following tests:

1. Take ohmmeter readings between the MCC ground bus and the MCC enclosure. The maximum acceptable resistance shall be 0.01 ohm.

2. Connect a "Kelvin Bridge" between the MCC ground bus (to which the equipment ground conductor is connected) and the nearest building ground bus or ground strap connected directly to the building ground grid.   The readings taken will indicate the resistance between the MCC ground bus and the building ground grid. The maximum permissible resistance shall be 0.1 ohm. 

C. After completing the above tests, additional checks shall include the following:

1. A visual check of all starter locations, nameplates, etc. 

2. A check of all wiring against Manufacturer's and Contractor's drawings. 

3. Check ratings of, and make settings on, all over‑current protective devices. 

4. An operational check of control circuits. 

5. A check for tightness of all connections. 

6. Check phasing of busses.  All busses shall be phased and identified so that circuit breaker phase identification is 1‑2‑3, left to right, as viewed from the front of the breaker. 

D. The main bus in all low‑voltage MCCs shall be given an "Insulation Resistance Test" using a 1,000‑V insulation tester (Simpson Model 405 or approved equal).  Each phase shall be meggered to ground with the other two phases grounded. 

1. Apply the voltage for a minimum of 3 min and until the reading reaches a nearly constant value.  Tests shall be made with all branch circuit breakers connected to the bus and with all load side conductors disconnected. 

2. Minimum acceptable resistance readings shall be 30 megohms. 

E. Mechanical and electrical operational tests shall be performed on all breakers and their starters and associated alarm and indicating devices.  All interlock devices must be tested operationally.
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