motor STARTERS (ampgard) – MEDIUM VOLTAGE

Section 26 18 39

section 26 18 39
motor STARTERS (ampgard) – MEDIUM VOLTAGE

PART 1 General

1.01 Scope

A. The Contractor shall furnish and install the medium voltage motor starters as specified herein and as shown on the contract drawings.

1.02 Related Sections

A. Section 26 18 16 – Fuses – Medium Voltage

B. Section 26 27 13 – Microprocessor-Based Metering Equipment

C. Section 26 09 13.13 – Protective Relays

1.03 References

A. Medium voltage motor starters shall be designed, manufactured, assembled and tested in accordance with the following standards:

1. ANSI/NEMA ICS 3 – Medium Voltage Controllers
2. UL 347 – Medium Voltage AC Contactors, Controllers and Control Centers

3. CSA C22.2 No. 14 – Industrial control equipment

4. CSA C22.2 No. 253 – Medium Voltage AC Contactors, Controllers and Control Centers
1.04 Submittals – for review/Approval

A. The following information shall be submitted to the Engineer:

1. Master drawing index

2. Front view elevation

3. Floor plan

4. Top view

5. Schematic diagram

6. Nameplate schedule

7. Component list

8. Conduit entry/exit locations

9. Assembly ratings including:

a. Short-circuit rating

b. Voltage

c. Continuous current

d. Basic impulse level

10. Major component ratings including:

a. Voltage

b. Continuous current

c. Interrupting ratings

11. Cable terminal sizes

12. Descriptive bulletins

13. Product data sheets

B. Where applicable, the following additional information shall be submitted to the Engineer:

1. Busway connection

2. Connection details between close-coupled assemblies

3. Composite floor plan of close-coupled assemblies

4. Key interlock scheme drawing and sequence of operations

1.05 Submittals – for construction

A. The following information shall be submitted for record purposes:

1. Final as-built drawings and information for items listed in Paragraph 1.04 above, and shall incorporate all changes made during the manufacturing process.

2. Wiring diagrams

3. Certified production test reports

4. Installation information, including equipment anchorage provisions

5. Seismic certification as specified.

1.06 Qualifications

A. The manufacturer of the assembly shall be the manufacturer of the major components within the assembly.

B. For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002 certified.

C. The manufacturer of this equipment shall have produced similar electrical equipment for a minimum period of five (5) years. When requested by the Engineer, an acceptable list of installations with similar equipment shall be provided demonstrating compliance with this requirement.

D. (Provide Seismic tested equipment as follows:

1. The equipment and major components shall be suitable for and certified by actual seismic testing to meet all applicable seismic requirements of the [latest International Building Code (IBC)] [latest California Building Code (CBC) with OSHPD Amendments][latest Uniform Building Code(UBC)]. [The equipment shall have OSHPD Special Seismic Certification (OSP) Pre-Approval.]

2. The Project Structural Engineer will provide site specific ground motion criteria for use by the manufacturer to establish SDS values required.

3. The Structural Engineer for the Site will evaluate the SDS values published on the [Manufacturer’s] [OSHPD] website to ascertain that they are "equal to" or "greater than" those required for the Project Site.
4. The following minimum mounting and installation guidelines shall be met, unless specifically modified by the above referenced standards.

a. The Contractor shall provide equipment anchorage details, coordinated with the equipment mounting provision, prepared and stamped by a licensed civil engineer in the state. Mounting recommendations shall be provided by the manufacturer based upon the above criteria to verify the seismic design of the equipment.

b. The equipment manufacturer shall certify that the equipment can withstand, that is, function following the seismic event, including both vertical and lateral required response spectra as specified in above codes.

c. The equipment manufacturer shall document the requirements necessary for proper seismic mounting of the equipment. Seismic qualification shall be considered achieved when the capability of the equipment, meets or exceeds the specified response spectra.

1.07 Regulatory Requirements

A. Equipment shall be provided with the following special labels ([none] [UL] [cUL][CSA (7.2kV and below)]. (Note: All optionally specified features must be confirmed to meet above specified labeling requirements to insure label can be applied.)

1.08 Delivery, Storage and Handling

A. Equipment shall be handled and stored in accordance with manufacturer’s instructions. One (1) copy of these instructions shall be included with the equipment at time of shipment.

1.09 Operation and Maintenance Manuals

A. Equipment operation and maintenance manuals shall be provided with each assembly shipped, and shall include instruction leaflets and instruction bulletins for the complete assembly and each major component.
PART 2 PRODUCTS

2.01 manufacturers

A. Eaton 

B. (__________

C. (__________

The listing of specific manufacturers above does not imply acceptance of their products that do not meet the specified ratings, features and functions. Manufacturers listed above are not relieved from meeting these specifications in their entirety. Products in compliance with the specification and manufactured by others not named will be considered only if pre-approved by the Engineer ten (10) days prior to bid date.

2.02 ratings

A. Starters shall have an integrated interrupting rating with current limiting fuses of 50kA.

B. When starters are grouped together in a lineup, the entire assembly shall be suitable for application on a power system having a short-circuit capacity of 50kA
C. The vacuum contactor shall have the following ratings:

7200V Max.


400 Amperes

800 Amperes





___________________________________
Max. Interrupting


8500 Amperes

12500 Amperes

Current (3 OPS)
Rated Current – Enclosed
400 Amperes

720 Amperes
Rated Current – Open

400 Amperes

800 Amperes
 Short-Time Current

30 Sec.


2400 A


4320 A

1 Sec.



6000 A


10800 A

8.7 ms (0.5 Cycle)

63 kA Peak

86 kA Peak
Mechanical Life


2.5 Million

1.0 Million
Electrical Life


300,000

200,000 

at rated current
Impulse Withstand

60 kV


60 kV





(1.2 x 50 Micro Sec.)
(1.2 x 50 Micro Sec.)

15,000V Max


300 Amperes

_____________________________________________________________

Max. Interrupting


5000 Amperes



Current (3 OPS)
Rated Current – Enclosed
300 Amperes


Rated Current – Open

300 Amperes
 Short-Time Current

30 Sec.


1800 Amperes



1 Sec.



4500 Amperes


8.7 ms (0.5 Cycle)

42 kA Peak


Mechanical Life


1.0 Million


Electrical Life


100,000


at rated current
Impulse Withstand

75 kV








(1.2 x 50 Micro Sec.)


D. Reduced Voltage Solid-State Starters (5kV maximum voltage) shall have the following ratings:

Description


Specification
_____________________________________________________________
Horsepower


hp as shown on the drawings
Power Ratings


600% FLA for 30 Sec. 125% Continuous
PIV Ratings


2300 Vac: 6500 V





3300-4160 Vac: 13000 V

Starting Torque


5 to 85%
Ramp Time


1 to 120 Seconds
Maximum Voltage Rating

5000 Vac
 BIL Rating


60 kv






Rated Short Circuit Amperes
50 kA rms Sym.
SCR Voltage Drop or

3.5 V without bypass/<1 V with bypass

Voltage Drop “L” to “T”
Overall Efficiency


99.7% without bypass/99.94 with bypass
Transient Protection

DV/DT Circuits/Phase

2.03 construction

A. Isolating switch and contactor assemblies, including current limiting fuses, shall be of the component-to-component design with a minimum amount of interconnecting cables. The isolating switch shall be easily removed from the enclosure by removing the pin securing the operating rod to the switch and then removing two bolts securing the removable portion of the switch. Line and load cable terminations shall be completely accessible from the front.

B. The isolating switch shall be an externally operated manual three-pole drawout type, such that in the open position it grounds and isolates the starter from the line connectors with an isolating shutter leaving no exposed high-voltage components. Integral mechanical interlocks shall prevent entry into the high-voltage areas while the starter is energized and shall block accidental opening or closing of the isolating switch when the door is open or the contactor is closed. The isolating switch handle shall have provisions for padlocking in the open position. *[The isolating switch shall have a mechanical blown fuse indicating device.] The isolation switch shall be designed for a minimum of 10,000 operations.

C. Current limiting power fuses shall be provided with special fatigue proof elements that allow the elements to absorb the expansions and contractions created by the heating and cooling associated with severe cycling as is typical with motor starting. The fuses will include visible fuse condition indicators. The fuses shall incorporate special time/current characteristics for motor service allowing proper coordination with the contactor and overload relay for maximum motor protection. This coordination shall be such that under a low-fault condition the interrupting rating and dropout time of the contactor shall be properly coordinated with all possible fuse sizes to eliminate contactor racing. The power fuses shall be vertically mounted permitting easy inspection and replacement without starter disassembly. 

D. The vacuum contactor shall be of the  roll-out, ( [stab][bolted] connection, and ([latched] [magnetically-held] design, rated ([300] [400] [800] amperes with single-break high-pressure type main contacts with weld-resistant alloy contact faces. The vacuum contactor contact wear shall be easily checked with the use of a “go/no-go” feeler gauge.

E. A built-in test circuit shall be included to permit checking of the starter control and pilot circuit, with the high voltage de-energized and isolated, and the contactor in its normal position or in the drawout position. The control circuit shall be capable of being energized through a polarized plug connector from an external 115-volt supply while in the test mode.

F. The low voltage control compartment shall be isolated and barriered from the high voltage area and located behind  a separate low voltage access door. The low voltage compartment shall be painted white to increase visibility of components mounted inside the compartment..

G. Each starter cell shall contain a vertical and horizontal low voltage wireway.

2.04 bus

A. When starters are grouped together in a lineup, the horizontal main bus shall be located in its own separate, 12-inch high enclosure and isolated from the starters. To allow for ease of maintenance or extension of lineups without disassembling starters, the main bus shall be front, top and side accessible.

B. Starters shall be connected by an insulated vertical bus.

C. All bus bars shall be copper ([tin-plated] [silver-plated]. Bus shall be rated for ([1000A] [1200A] [2000A] [3000A (7.2kV and below)] continuous current.

D. Provide a 1/4 x 2-inch ground bus throughout the entire lineup. Ground bus shall also be supplied in upper compartments of 2-high starters and be bus connected to the ground bus supplied in the lower compartments.

2.05 wiring/terminations

A. All control wire shall be UL/CSA approved.

B. Standard control wire shall be 14GA, stranded, tin-plated, red, dual-rated type XLPE (UL 3173) 125 degrees C, SIS 90 degrees C.

C. Current transformer circuits shall utilize #12 wire with the same characteristics as above. Provide shorting blocks for all current transformers.

D. Provide “plug-in” terminal blocks, rated 600 V, 50 A with “clamping collar.”

E. Wire markers shall be a “sleeve” type.

F. “Clamping-collar” type terminals shall be used to terminate control wiring. Current transformer circuits shall be provided with ring-type terminals where applicable.

2.06 starters

A. The starters shall be designed to accommodate motors of the size and type as shown on the drawings.

B. The starters shall be ([non-reversing] [reversing] to accommodate the following motor type:

1. ([Induction Motor Full-Voltage Start]

2. ([Induction Motor Autotransformer Start]

3. ([Induction Motor Reactor Start]

4. ([Induction Motor Solid-State Reduced Voltage Start] (5kV and below only)

5. ([Synchronous Motor Full-Voltage Start – Brush-Type]

6. ([Synchronous Motor Full-Voltage Start – Brushless-Type]

C. The following equipment shall be provided for the starter type indicated in Paragraph 2.06B.

1. Each induction motor full voltage starter shall include:

a. Medium Voltage Section

1. One – Fixed portion isolating switch with shutter mechanism

2. One – Removable portion isolating switch [with blown fuse indication]

3. Three – ([Bolt-in] [Clip-in] Current-limiting power fuses (bolt in only on the 300A and 800A Contactors)

4. One – ([Stab-in] [Bolt-in] three-pole main vacuum contactor assembly

5. One – Control circuit transformer ([750 VA @ 4.16 kV] [750 VA @ 2.4 kV] [2 kVA @ 4.16 kV] [2 kVA @ 2.4 kV] [1.5kVA @ 6.6kV] [2 kVA @ 15kV] [5 kVA @ 15kV]

6. Two – Control circuit primary current limiting fuses

7. One – Control circuit secondary fuse

8. One – Run-test circuit

9. Four – Electrical interlocks

10. ([One -  Three-phase current transformer suitable for use with electronic overload and electronic meter]
11. ([Three – Current transformers]
12. One – Zero sequence ground fault current transformer where ground fault protection is specified

b. Low Voltage Compartment and Door

1. One – Motor Protection Relay (MPR as specified in 2.10) 

2. One – Interposing control relay

3. One – Set of control circuit terminal blocks

4. (Two – PT’s, Open Delta, 

5. Isolation switch viewing window to verify switch position

6. One – CT shorting terminal block

7. (One – Microprocessor metering package as specified in 2.11.

c. Where motor reversing is shown on the drawings, provide an additional vacuum contactor for reversing. Both contactors shall be mechanically and electrically interlocked.

2. Each induction motor autotransformer starter shall include the following equipment:

a. Medium Voltage Section

1. One – Fixed portion isolating switch with shutter mechanism

2. One – Removable portion isolating switch [with blown fuse indication]

3. Three – [Bolt-in][Clip-in]Current-limiting power fuses (bolt in only on the 300A and 800A Contactors)

4. One – ([Stab-in] [Bolt-in] main vacuum contactor assembly

5. One – ([Stab-in] [Bolt-in] shorting vacuum contactor assembly

6. One – ([Stab-in] [Bolt-in] run vacuum contactor assembly, mechanically and electrically interlocked with shorting contactor

7. One – NEMA “medium duty” auto transformer (with 50-65-80% taps)

8. One – Control circuit transformer (750 VA @ 4.16 kV] [750 VA @ 2.4 kV] [2 kVA @ 4.16 kV] [2 kVA @ 2.4 kV] [1.5kVA @6.6kV] [2 kVA @ 15kV] [5 kVA @ 15kV]

9. Two – Control circuit primary current limiting fuses

10. One – Control circuit secondary fuse

11. One – Run test circuit

12. Four – Electrical interlocks

13. ([One Three-phase current transformer suitable for use with electronic overload and electronic meter]

14. ([Three – Current transformers]

15. One – Zero sequence ground fault current transformer where ground fault protection is specified

b. Low Voltage Compartment and Door
1. One – Motor protection relay (MPR as specified in 2.10)

2. One – Set of control relays

3. One – Set of control circuit terminal blocks

4. (Two – PT’s, Open Delta

5. Isolation switch viewing window to verify switch position

6. (One – Microprocessor metering package as specified in 2.11

c. Where motor reversing is shown on the drawings, provide an additional vacuum contactor for reversing. Forward and reversing contactors shall be mechanically and electrically interlocked.

3. Each induction motor reactor starter shall include the following equipment:

a. Medium Voltage Section

1. One – Fixed portion isolating switch with shutter mechanism

2. One – Removable portion isolating switch [with blown fuse indication]

3. Three – ([Bolt-in] [Clip-in] Current-limiting power fuses (bolt in only on the 300A and 800A Contactors)

4. One - ([Stab-in] [Bolt-in] main vacuum contactor assembly

5. One - ([Stab-in] [Bolt-in] run vacuum contactor assembly

6. One - NEMA “medium duty” reactor (with 50, 65 and 80% taps)

7. One control circuit transformer ([750 VA @ 4.16 kV] [750 VA @ 2.4 kV] [2 kVA @ 4.16 kV] [2 kVA @ 2.4 kV] [1.5kVA @6.6kV] [2 kVA @ 15kV] [5 kVA @ 15kV]

8. Two - control circuit primary fuses

9. One - control circuit secondary fuse

10. One - run test circuit

11. Four - electrical interlocks

12. ([One - Three-phase current transformer suitable for use with electronic overload and electronic meter]

13. ([Three – Current transformers]

14. One – Zero sequence ground fault current transformer where ground fault protection is specified

b. Low Voltage Compartment and Door
1. One - motor protection relay (MPR as specified in 2.10)

2. One - set of control relays

3. One – Set of control circuit terminal blocks

4. (Two – PT’s, Open Delta

5. Isolation switch viewing window to verify switch position

6. One microprocessor metering package as specified in 2.11.

c. Where reversing is shown on the drawings, provide an additional vacuum contactor for reversing. Forward and reversing contactors shall be mechanically and electrically interlocked.

4. Each induction motor Reduced Voltage Solid-State Starter shall include the following equipment: (4160V and below)

a. Medium Voltage Sections

1. One – Fixed portion isolating switch with shutter mechanism

2. One – Removable portion isolating switch [with blown fuse indication]

3. Three – [Bolt-in][Clip-in]Current-limiting power fuses (bolt in only on the  800A Contactors)

4. One - [Stab-in] [Bolt-in] main vacuum contactor assembly

5. One - roll-out three-phase solid-state power stack assembly (herein after specified, 400A only)

6. One - control circuit transformer ([750 VA @ 4.16 kV] [750 VA @ 2.4 kV] [2 kVA @ 4.16 kV] [2 kVA @ 2.4 kV] [

7. Two - control circuit primary fuses

8. One - control circuit secondary fuse

9. One - run test circuit

10. Four - electrical interlocks

11. ([One - Three-phase current transformer suitable for use with electronic overload and electronic meter]

12. ([Three – Current transformers]

13. One – Zero sequence ground fault current transformer where ground fault protection is specified

b. Low Voltage Compartment and Door
1. One - motor protection relay (MPR as specified in 2.10) herein after specified

2. Slide-out panel

3. One - set of control relays

4. One – Set of control circuit terminal blocks

5. (Two – PT’s, Open Delta

6. Isolation switch viewing window to verify switch position

7. One solid-state reduced-voltage control assembly (herein specified).

c. Where motor reversing is shown on the drawings, provide an additional vacuum contactor for reversing. Both contactors shall be mechanically and electrically interlocked.

d. The solid-state reduced-voltage controller shall be Eaton type MV4S. The starter shall be UL and CSA listed. The SCR-based power section shall consist of back-to-back SCRs and shall be rated for a minimum peak inverse voltage rating as shown in the ratings section. Units using triacs or SCR/diode combinations shall not be acceptable. Resistor/capacitor snubber networks shall be used to prevent false firing of SCRs due to dv/dt effects. 

e. The control board shall be mounted for ease of testing, service and replacement. It shall have quick disconnect plug-in connectors for all connections. The logic board shall be identical for all ampere ratings and voltage classes and shall be conformal coated to protect environmental concerns
f. The integral paralleling run bypass contactor shall energize when the motor reaches 90% of full speed and close/open under one (1) times motor current.

g. The solid-state power stack assembly shall be mounted on a roll-out truck for ease of maintenance. When the truck is removed, the load cables shall be easily moved to the line side stabs to allow full voltage starting in emergency situations.

h. (Supply a bypass truck to allow full voltage starting when the soft start truck is removed from the cell.

i. Starter shall be provided with electronic overload protection as standard and shall be based on inverse time-current algorithm. Overload protection shall be capable of being disabled during ramp start for long acceleration loads via the device keypad. Units using bimetal overload relays are not acceptable.

1. Overload protection shall be adjusted via the device keypad and shall have a motor full load ampere adjustment from 50 to 100% of the maximum continuous ampere rating of the starter.

2. The starter shall have selectable overload class setting of 5, 10, 20 or 30 via the device keypad.

3. The starter shall be capable of either an electronic or mechanical reset after a fault.

4. Over-temperature protection (on heat sink) shall be standard.

5. The starter shall provide protection against improper line-side phase rotation as standard. Starter will shut down if a line-side phase rotation other than A-B-C exists. Provide a means to disable phase rotation protection via the device keypad.

6. The starter shall provide protection against a phase loss or unbalance condition as standard. Starter will shut down if a current differential (adjustable 5-30%) between any two phases is encountered. Provide a means to disable phase loss/unbalance protection via the device keypad.

7. The starter shall provide protection against a motor stall condition as standard. Provide a means to disable stall protection via the device keypad.

8. The starter shall provide protection against a motor jam condition as standard. Provide a means to disable jam protection via the device keypad.

9. The starter shall be provided with a Form C normally open (NO), normally closed (NC) contact that shall change state when a fault condition exists. Contacts shall be rated 60 VA (resistive load) and 20 VA (inductive load). In addition, an LED display on the device keypad shall indicate type of fault (Overtemperature, Phase Loss, Jam, Stall, Phase Reversal, and Overload).
j. The following control function adjustments on the device keypad are required:

1. Selectable Torque Ramp Start or Current Limit Start

2. Adjustable Kick Start Time, 0 – 10 seconds

3. Adjustable Kick Start Current, 0 – 300%

4. Adjustable Ramp Start Time, 0.5 – 120 seconds

5. Adjustable Initial Starting Ramp Current, 0 – 300%

6. Adjustable Smooth Stop Ramp Time, 0 – 60 seconds

k. Maximum continuous operation shall be at 125% of continuous ampere rating.

5. Each synchronous brush-type motor starter shall include:

a. Medium Voltage Section

1. Three – Isolated vertical line connectors

2. One – Drawout three-pole isolating switch

3. Three – ([Bolt-in] [Clip-in] Current-limiting power fuses (bolt in only on the 300A and 800A Contactors)

4. One – ([Stab-in] [Bolt-in] main run vacuum contactor assembly

5. One – Control circuit transformer ([750 VA @ 4.16 kV] [750 VA @ 2.4 kV] [2 kVA @ 4.16 kV] [2 kVA @ 2.4 kV] [1.5kVA @ 6.6kV]

6. Two – Control circuit primary current limiting fuses

7. One – Control circuit secondary fuse

8. One – Run test circuit

9. Four – Electrical interlocks

10. ([One - Three-phase current transformer suitable for use with electronic overload and electronic meter]

11. ([Three – Current transformers]

12. One – Zero sequence ground fault current transformer where ground fault protection is specified.

b. Low Voltage Section
1. One - motor protection relay (MPR as specified in 2.10)

2. One - set of control relays

3. One – Set of control circuit terminal blocks

4. (Two – PT’s, Open Delta

5. Isolation switch viewing window to verify switch position

c. Provide a synchronous motor control, brush-type field application panel. The field application panel shall include the following protective features:

1. Locked rotor protection

2. Incomplete sequence

3. Failure to synchronize

4. Fuse failure

5. Pull-out protection

6. dc current failure protection.

d. Application of the dc power to the motor field windings will be sensed and accomplished with solid-state components and feature a “soft turn on” circuit when applying the dc field voltage to the motor field.

e. The following equipment shall be provided in the control panel:

1. One – Step down exciter transformer (3-phase)

2. Three – Primary fuses

3. Three – Secondary fuses

4. One – “SCR” power supply panel

5. One – Synchronous control board

6. One – dc ammeter (panel-type)

7. Three – “MOV” for surge protection

8. One – Starting and field discharge resistor

9. One – Field failure relay

10. One – Incomplete sequence timer

11. One – Start timer

12. One – Potentiometer.

6. Each synchronous brushless-type motor starter shall include:

a. Medium Voltage Section

1. Three – Isolated vertical line connectors

2. One – Drawout three-pole isolating switch

3. Three – ([Bolt-in] [Clip-in] Current-limiting power fuses (bolt in only on the 300A and 800A Contactors)

4. One –([Stab-in] [Bolt-in] main run vacuum contactor assembly

5. One – Control circuit transformer ([750 VA @ 4.16 kV] [750 VA @ 2.4 kV] [2 kVA @ 4.16 kV] [2 kVA @ 2.4 kV] [1.5kVA @ 6.6kV]

6. Two – Control circuit primary current limiting fuses

7. One – Control circuit secondary fuse

8. One – Run test circuit

9. Four – Electrical interlocks

10. ([One - Three-phase current transformer suitable for use with electronic overload and electronic meter]

11. ([Three – Current transformers]

12. One – Zero sequence ground fault current transformer where ground fault protection is specified

b. Low Voltage Compartment and Door
1. One – Motor protection relay (MPR as specified in 2.10) 

2. One – Control relay

3. One – Set of control circuit terminal blocks
4. (One – Microprocessor metering package as specified in 2.11

c. Provide a synchronous motor control, brushless-type field application panel that utilizes a relay to apply dc power to the motor exciter field circuit. Power rectifiers for the motor field circuit and automatic synchronizer shall be mounted on the synchronous motor rotor.

d. The brushless excitation controller shall provide regulated dc excitation to the field of a rotating exciter on the common shaft with the motor rotor. This controller shall operate in conjunction with a brushless synchronous motor controller and monitor to provide sequencing of the control for interfacing with the internal motor controls to provide protection from incomplete sequencing faults, running faults and annunciation of motor operation. (
e. The system shall be initiated by a dry contact which closes upon the motor start from the motor starter which starts the brushless excitation system. A CT (current transformer) in the motor armature circuit shall provide motor current sensing to the control. The motor current signal is used to determine locked rotor conditions and detection of impending pull-out-of-sync condition. A PT (potential transformer) signal from the motor starter shall be provided so that power factor may be calculated. Phase sequencing of the CT and PT signals is important as two signals in quadrature at 1.0 power factor are required for proper operation of the power factor circuitry. This is normally obtained by using the CT from Phase C and the PT signal from Phases A-B. Other phase combinations can be utilized but the quadrature constraint must be observed.

a. The brushless synchronous motor controller and monitor shall provide tripping contacts for interlocking with the motor stop control to trip the motor in the event of incomplete sequencing, failure to synchronize, loss of excitation during run, or impending pull-out-of-sync during run. Once field is applied, the brushless excitation system regulated rectifier shall maintain the preset voltage

f. Remote annunciation of motor achieving synchronization shall be provided by the relay dry contact.

D. All medium voltage starters shall be as manufactured by Eaton type AMPGARD.
2.07 Mechanically-latched contactor

A. Mechanically-latched contactor, where shown on the drawings, shall be provided. The contactor shall remain closed, if there is a loss of voltage or a reduced-voltage condition.

B. Mechanically-latched contactor shall be closed electrically from a local or remote CLOSE pushbutton, and tripped by a mechanical linkage to an externally operated manual trip device.

C. An electrically-operated solenoid shall be supplied to trip the contactor as indicated on the contract drawings.

2.08 main switches/feeder switches (7.2KV mAX)

A. Furnish, where shown on the contract drawings, three-pole manually operated quick-make, quick-break load break switches or integrated metal enclosed breakers. 

B. The fixed-mounted switches shall fit in one-half of a standard 90-inch high, 36-inch wide vertical structure, when supplied with 400 A or smaller fuses. Provide mechanical interlocks such that the switch door cannot be opened when the switch is on, and when the door is open the switch cannot be closed. A safety screen shall be provided behind the switch door.

1. The load break switch shall have the following ratings:

Maximum Voltage

(____ kV
BIL Rating


 60kV

Continuous Current

(____ Amperes
Interrupting Capacity

(____ Amperes at 80% PF
Interrupting Capacity

(____ Amperes at 10% PF
Momentary Current

(____ 10 cycles Asymmetrical (Amperes)
Momentary Current

(____ 4 seconds Asymmetrical (Amperes)
Fault Current Closing

(____ Asymmetrical (Amperes)

Note to Spec. Writer:  Fill in the switch data from Table 16349-2 below.
Table 16349-2

Max.
BIL
Continuous
Interrupting


Fault
Voltage
Rating
Current
Capacity


Current
(kV)
(kV)
(Amperes)
(Amperes)
Momentary Current
Closing



_________________________________



at
at
10 Cycles
4 Seconds
Asymmetrical



80%
10%
Asymmetrical
Symmetrical
(Amperes)



PF
PF
(Amperes)
(Amperes)

5.5
60
 600
 600
 80
40,000
25,000
40,000
5.5
60
1200
1600
300
61,000
38,000
61,000

7.2
60
 600
1600
300
40,000
25,000
40,000
7.2
60
1200
1600
300
61,000
38,000
61,000
2. The load break switch shall be as manufactured by Eaton 

2.09 main/tie breakers (7.2Kv mAX)

A. Furnish, where shown on the contract drawings, main and or tie breakers fully integrated with the motor starters. The main breaker structure dimensions shall be no greater than 62 inches wide by 60 inches deep. The tie breaker structure dimensions shall be no greater than 48 inches wide by 60 inches deep. Both main and tie breakers shall be fully front accessible.

1. The Main Breaker shall have the following ratings:

Nominal Voltage Class
(____ kV (4.16 or 6.9)
Impulse Withstand

(____60kV BIL
Interrupting / SCCR 

(____50kA 
Continuous Current

(____ Amperes (1200, 2000,3000)
2. The breaker shall be as manufactured by Eaton type MBA.

2.010 Protective relays
Note to Spec. Writer:

For Protective Relays please refer to specification 26 09 11
2.011 customer metering  
Note to Spec. Writer:

Select devices as required for Paragraph 2.11 A.
Refer to section 26 27 13.11 or detailed specification for metering.

A. Microprocessor-Based Metering Package

B. Auxiliary Devices

1. Provide ([fixed-] [disconnecting] potential transformers, fused-type, of the quantity and ratings indicated on the contract drawings

2. Provide window-type current transformers of the quantity and current rating as indicated on the contract drawings. Current transformer accuracy shall be suitable for the connected burden

3. Provide an auxiliary control power transformer of the quantity and kVA rating as indicated on the contract drawings

2.012 enclosures

A. Provide ([NEMA 1] [NEMA 1 with gasket] [NEMA 12] [NEMA 3R non walk-in] enclosures for ([outdoor] [indoor] applications where shown on the contract drawings. Outdoor enclosures shall be provided with space heaters and thermostats. Control power shall be obtained from an ([internal control power transformer] [external source as shown on the contract drawings].

B. Enclosures for the medium voltage starters shall meet NEMA ICS 6 standards. Enclosure shall be NEMA 1, unless otherwise noted, completely front accessible, allowing for free-standing, against a wall, or back-to-back mounting. 

C. Provide a dedicated incoming line enclosure section to accommodate the number and size of incoming cables for ([top] [bottom] entry.

D. Structures shall be welded steel frame, formed steel doors and side sheets, flat steel top and rear covers.

E. Standard hardware shall be grade 5, plated zinc-dichromate.

2.013 nameplates

A. Nameplates shall be 2-inch high x 2-1/2 inch wide x 1/16 inch thick, laminated ([black with white text] [white with black text].

B. Unit nameplate and device marker lettering shall be 3/16-inch high.

2.014 finish

A. The finish for internal and external parts shall consist of a coat of ANSI 61 (gray) thermosetting, polyester, powder paint applied electrostatically to pre-cleaned phosphatized steel and aluminum surfaces.

2.015 accessories

A. (Provide a portable lifting device for transporting contactor outside its compartment.

PART 3 execution

3.01 factory testing

A. The following standard factory tests shall be performed on the equipment provided under this section. All tests shall be in accordance with the latest version of ANSI and NEMA standards.

1. Wiring check

2. Sequence of control circuits

3. Dielectric Test (Hi Pot) per NEMA ICS 3 at 2000 volts plus 2.25 times nominal voltage, for 60 seconds, phase-to-phase and phase-to-ground

B. The manufacturer shall provide three (3) certified copies of factory test reports.

C. (Factory tests as outlined above shall be witnessed by the owner’s representative.

1. The manufacturer shall notify the owner two (2) weeks prior to the date the tests are to be performed

3.02 field quality control

A. Provide the services of a qualified factory-trained manufacturer’s representative to  provide startup of the equipment specified under this section for a period of (_____ working days. 

B. The following minimum work shall be performed by the Contractor under the technical direction of the manufacturer’s service representative:

1. Megger bus

2. Ground test

3. Verify that all mechanical interlocks are functioning properly

C. The Contractor shall provide three (3) copies of the manufacturer’s field startup report. 

D. Sequence the control circuit to verify that the starter will start and run properly.

3.03 training

A. The Contractor shall provide a training session for five (5) owner representative(s) for (______ normal workday(s) at a job site location determined by the owner.

B. The training session shall be conducted by a manufacturer’s qualified representative and include instructions on assembly, starters and other major components.

3.04 installation

A. The Contractor shall install all equipment per the manufacturer’s recommendations and the contract drawings.

B. All necessary hardware to secure the assembly in place shall be provided by the Contractor.

C. Check all bolted connections to assure that they are in accordance with the manufacturer’s recommended torque requirements.

3.05 field adjustments

A. Program the motor protective relays in accordance with the recommendations documented by the coordination study, Section 16015A [26 05 73] or as directed by the Engineer.
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