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SECTION 23 05 12
GENERAL MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
PART 1 ‑ GENERAL 

1.1 DESCRIPTION:


This section specifies the furnishing, installation and connection of motors for HVAC and steam generation equipment. 

1.2 RELATED WORK:

A.
Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General electrical requirements that are common to more than one Section of Division 26.

B.
Other sections specifying motor driven equipment in Division 23.

1.3 SUBMITTALS:

A.
In accordance with Section, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, submit the following: 

B.
Shop Drawings: 

1.
Sufficient information, clearly presented, shall be included to determine compliance with drawings and specifications. 

2.
Include electrical ratings, dimensions, mounting details, materials, horsepower, RPM, enclosure, starting characteristics, torque characteristics, code letter, full load and locked rotor current, service factor, and lubrication method. 

C.
Manuals: 

1.
Submit simultaneously with the shop drawings, companion copies of complete maintenance and operating manuals, including technical data sheets and application data. 

D.
Certification: Two weeks prior to final inspection, unless otherwise noted, submit four copies of the following certification to the Resident Engineer: 

1.
Certification that the motors have been properly applied, installed, adjusted, lubricated, and tested. 

1.4 APPLICABLE PUBLICATIONS:

A.
Publications listed below (including amendments, addenda, revisions, supplements and errata) form a part of this specification to the extent referenced. Publications are referenced in the text by designation only. 

B.
National Electrical Manufacturers Association (NEMA): 

MG 1-98
Motors and Generators 

MG 2-01
Safety Standard and Guide for Selection, Installation and Use of Electric Motors and Generators 

C.
National Fire Protection Association (NFPA): 

70-02
National Electrical Code (NEC) 

PART 2 ‑ PRODUCTS 

2.1 MOTORS:

A.
For alternating current, fractional and integral horsepower motors, NEMA Publications MG 1 and MG 2 shall apply.  

B.
Voltage ratings shall be as follows: 

1.
Single phase: 

a.
Motors connected to 120-volt systems: 115 volts. 

b.
Motors connected to 208-volt systems: 200 volts. 

c.
Motors connected to 240 volt or 480 volt systems: 230/460 volts, dual connection. 

2.
Three phase: 

a.
Motors connected to 208-volt systems: 200 volts. 

b.
Motors, less than 74.6 kW (100 HP), connected to 240 volt or 480 volt systems: 230/460 volts, dual connection. 

c.
Motors, 74.6 kW (100 HP) or larger, connected to 240-volt systems: 230 volts. 

d.
Motors, 74.6 kW (100 HP) or larger, connected to 480-volt systems: 460 volts. 

e.
Motors connected to high voltage systems: Shall conform to NEMA Standards for connection to the nominal system voltage shown on the drawings. 

C.
Number of phases shall be as follows: 

1.
Motors, less than 373 W (1/2 HP): Single phase. 

2.
Motors, 373 W (1/2 HP) and larger: 3 phase. 

3.
Exceptions: 

a.
Hermetically sealed motors. 

b.
Motors for equipment assemblies, less than 746 W (one HP), may be single phase provided the manufacturer of the proposed assemblies cannot supply the assemblies with three phase motors. 

D.
Horsepower ratings shall be adequate for operating the connected loads continuously in the prevailing ambient temperatures in areas where the motors are installed, without exceeding the NEMA standard temperature rises for the motor insulation. 

E.
Motor designs, as indicated by the NEMA code letters, shall be coordinated with the connected loads to assure adequate starting and running torque. 

F.
Motor Enclosures: 

1.
Shall be the NEMA types shown on the drawings for the motors. 

2.
Where the types of motor enclosures are not shown on the drawings, they shall be the NEMA types, which are most suitable for the environmental conditions where the motors are being installed. 

3.
Enclosures shall be primed and finish coated at the factory with manufacturer's prime coat and standard finish. 

G.
Additional requirements for specific motors, as indicated in other sections, shall also apply. 

H.
Energy‑Efficient Motors (Motor Efficiencies): All permanently wired polyphase motors of 746 Watts or more shall meet the minimum full-load efficiencies as indicated in the following table, and as specified in this specification.  Motors of 746 Watts or more with open, drip-proof or totally enclosed fan-cooled enclosures shall be NEMA premium efficiency type, unless otherwise indicated. Motors provided as an integral part of motor driven equipment are excluded from this requirement if a minimum seasonal or overall efficiency requirement is indicated for that equipment by the provisions of another section.

	Minimum Efficiencies

Open Drip-Proof
	Minimum Efficiencies

Totally Enclosed Fan-Cooled

	Rating
kW (HP)
	1200 RPM
	1800 RPM
	3600 RPM
	Rating
kW (HP)
	1200 RPM
	1800 RPM
	3600 RPM

	0.746 (1)
	82.5%
	85.5%
	77.0%
	0.746 (1)
	82.5%
	85.5%
	77.0%

	1.12 (1.5) 
	86.5%
	86.5%
	84.0%
	1.12 (1.5) 
	87.5%
	86.5%
	84.0%

	1.49 (2)
	87.5%
	86.5%
	85.5%
	1.49 (2)
	88.5%
	86.5%
	85.5%

	2.24 (3)
	88.5%
	89.5%
	85.5%
	2.24 (3)
	89.5%
	89.5%
	86.5%

	3.73 (5)
	89.5%
	89.5%
	86.5%
	3.73 (5)
	89.5%
	89.5%
	88.5%

	5.60 (7.5)
	90.2%
	91.0%
	88.5%
	5.60 (7.5)
	91.0%
	91.7%
	89.5%

	7.46 (10)
	91.7%
	91.7%
	89.5%
	7.46 (10)
	91.0%
	91.7%
	90.2%

	11.2 (15)
	91.7%
	93.0%
	90.2%
	11.2 (15)
	91.7%
	92.4%
	91.0%

	14.9 (20)
	92.4%
	93.0%
	91.0%
	14.9 (20)
	91.7%
	93.0%
	91.0%

	18.7 (25)
	93.0%
	93.6%
	91.7%
	18.7 (25)
	93.0%
	93.6%
	91.7%

	22.4 (30)
	93.6%
	94.1%
	91.7%
	22.4 (30)
	93.0%
	93.6%
	91.7%

	29.8 (40)
	94.1%
	94.1%
	92.4%
	29.8 (40)
	94.1%
	94.1%
	92.4%

	37.3 (50)
	94.1%
	94.5%
	93.0%
	37.3 (50)
	94.1%
	94.5%
	93.0%

	44.8 (60)
	94.5%
	95.0%
	93.6%
	44.8 (60)
	94.5%
	95.0%
	93.6%

	56.9 (75)
	94.5%
	95.0%
	93.6%
	56.9 (75)
	94.5%
	95.4%
	93.6%

	74.6 (100)
	95.0%
	95.4%
	93.6%
	74.6 (100)
	95.0%
	95.4%
	94.1%

	93.3 (125)
	95.0%
	95.4%
	94.1%
	93.3 (125)
	95.0%
	95.4%
	95.0%

	112 (150)
	95.4%
	95.8%
	94.1%
	112 (150)
	95.8%
	95.8%
	95.0%

	149.2 (200)
	95.4%
	95.8%
	95.0%
	149.2 (200)
	95.8%
	96.2%
	95.4%


I.
Minimum Power Factor at Full Load and Rated Voltage: 90 percent at 1200 RPM, 1800 RPM and 3600 RPM.

J.
Premium efficiency motors shall be used where energy cost/kW x (hours use/year) > 50.

2.2
SINGLE-PHASE MOTORS

A.
Type:  As indicated or selected by manufacturer from one of the following, to suit starting torque and other requirements of specific motor application.

1.
Permanent-split capacitor.

2.
Split-phase start, capacitor run.

3.
Capacitor start, capacitor run.

B.
Shaded-Pole Motors:  Do not use, unless motors are smaller than 1/20 hp.

C.
Thermal Protection:  Where indicated or required, internal protection automatically opens power supply circuit to motor when winding temperature exceeds a safe value calibrated to temperature rating of motor insulation.  Thermal protection device automatically resets when motor temperature returns to normal range, unless otherwise indicated.

D.
Bearings:  Ball-bearing type for belt-connected motors and other motors with high radial forces on motor shaft.  Sealed, prelubricated sleeve bearings for other single-phase motors.

2.3
MANUFACTURERS

A.
Allen Bradley

B.
Cutler Hammer

C. Square D Co.

D. Or Approved Equal.

2.4
MANUAL MOTOR STARTERS

A.
Manual Motor Starter:  NEMA ICS 2; size M-O 2 pole, AC general-purpose Class A manually operated, non-reversing, full-voltage controller for induction motors rated in horsepower, with overload relay, low voltage protection, green pilot light, and toggle operator.  Provide the number of contacts required to satisfy the sequence of described control in Section 15985.

B.
Enclosure:  ANSI/NEMA ICS 6; Type 1.

2.5
MAGNETIC MOTOR STARTERS

A.
Magnetic Motor Starters:  NEMA ICS 2; AC general-purpose Class A magnetic controller for induction motors rated in horsepower.

B.
Full Voltage Starting:  Non-reversing type.

C.
All exterior starters to be NGMA 3R.

D.
Coil Operating Voltage:  120 volts, 60 Hertz.

E.
Size:  NEMA ICS 2; size as required for equipment shown on Drawings.

F.
Overload Relay:  NEMA ICS 2; ambient compensated bimetal.

G.
Enclosure:  NEMA ICS 6; Type 1 type.

H.
Combination Motor Starters:  Combine motor starters with motor circuit protector and disconnect in common enclosure.

I.
Auxiliary Contacts:  NEMA ICS 2; two field convertible contacts in addition to seal-in contact.  Provide the number of contacts required to satisfy the sequence of described control in Section 15985.  

J.
Indicating Lights:  NEMA ICS 2; RUN:  green in front cover.

K.
Selector Switches:  NEMA ICS 2; HAND/OFF/AUTO, locking type, in front cover.

L.
Control Power Transformers:  120 volt secondary, 40 VA minimum, in each motor starter or capacity as required to power ATC controls.  See Section 15985.

2.6
FUSES

A.
Fuses 600 Amperes and Less:  ANSI/UL 198C, Class J; as indicated in Section 16000; dual element, current limiting, one-time fuse, [250] [600] volt.

B.
Interrupting Rating:  200,000 [600 VOLTS] rms amperes.

2.7
ADJUSTABLE (VARIABLE) FREQUENCY DRIVE MANUFACTURER

A.
Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated in the Work include, but are not limited to, the following:

1.
Cutler Hammer.

2. Alan Bradley.

3. ABB.

4. Square "D".

5. Or equal/approved. 

2.8
ADJUSTABLE (VARIABLE) FREQUENCY DRIVES, GENERAL

A.
Scope:  This specification describes the electrical, mechanical, environmental, agency, and reliability requirements for three-phase, adjustable frequency drives as specified herein and as shown on the contract drawings.

B
References:  The adjustable frequency drives and all components shall be designed, manufactured, and tested in accordance with the latest applicable standards of IEC, UL, CUL, ANSI, and NEMA.

C.
Submittals For Approval:  Four copies of the following information shall be submitted to the Engineer:

1.
Dimensioned outline drawing.

2.
Schematic diagram.

3.
Component list.

4.
Power and control connection diagrams.

D.
Submittals For Information:  When requested by the Engineer, the following product information shall be submitted:

1.
Descriptive bulletins.

2.
Product sheets.

E.
Submittals For Close-Out:  The following information shall be submitted for record purposes prior to final payment:

1. Final “as-built” drawings and information for items listed in    

  Part 1.3.

2.
Installation information.

F.
Qualifications:

1.
The manufacturer of the assembly shall be the manufacturer of the major components within the assembly.

2.
For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002 certified.

3.
The manufacturer of this equipment shall have produced similar electrical equipment for a minimum period of ten years.  When requested by the Engineer, an acceptable list of installations with similar equipment shall be provided demonstrating compliance with this requirement.

4.
Adjustable frequency drives shall be on the basis of Cutler-Hammer IS905 Series for function and quality.  Products which are in compliance with the specification and manufactured by others will be considered only if pre-approved by the Engineer.
G.
Delivery, Storage, and Handling:  Equipment shall be handled and stored in accordance with manufacturer’s instructions.  One copy of these instructions shall be included with the equipment at the time of shipment.

H.
Operation and Maintenance Manuals:  Five (5) copies of the equipment operation and maintenance manuals shall be provided and shall include the following information:

1.
Instruction books.

2.
Recommended renewal parts list.

3.
Drawings and information required by Part 1.5.

2.9
ADJUSTABLE (VARIABLE) FREQUENCY DRIVES (AFD)

A.
Where shown on the drawings, adjustable frequency drives 1/2 through 300 horsepower shall have the following:  Provide adjustable frequency drives for the following systems:

1. Supply Fan AHU-AMBSURG-SF-1 
2. Return Fan AHU-AMBSURG-RF-1
3. EFs as listed on Drawing Schedule

4. Chilled Water Pump CHWP-AMBSURG-1 & 2
5. Hot Water Pump HWP- AMBSURG-1 & 2
B.
The AFD shall be rated 480 Vac.  The AFD shall provide microprocessor based control of three-phase motors.  The controllers shall be rated at shown in the drawings.  As a minimum, the continuous full load output current of the drive shall be equal to 1.05 times the full load current of the equivalent motor horsepower as listed by National Electric Code Table 430-150.  The continuous full load output current rating shall be based on 104º F ambient and 12 kHz switching frequency for 1/2 and 20 hp, 6 kHz for 30 through 100 hp, and 3 kHz for 125 through 300 hp, and not any lower switching frequencies.

C.
The AFDs shall be of the Pulse Width Modulated (PWM) design converting the utility input voltage and frequency to a variable voltage and frequency output via a two-step operation.  Drives shall be 12 pulse type with line noise filters as reactors.  Adjustable current source AFDs are not acceptable.  Insulated gate bipolar transistors shall be used in the inverter section.  Bipolar junction transistors, GTOs or SCRs are not acceptable.   The AFDs shall run at the above listed switching frequencies and shall be programmable on over-temperature to either fold back the switching frequency to a minimum of 3 kHz or fold back the speed, without shutdown, until the over-temperature condition has passed.

D.
The AFDs shall have an efficiency that exceeds 97% at 100% speed and load.  The efficiency shall exceed 80% at 50% speed and load.

E.
The AFDs shall maintain the line side displacement power factor no less than 0.95 regardless of speed and load.

F.
The AFDs shall have a one minute overload current rating of 150% for constant torque drives.  The AFDs shall have a one minute overload current rating of 110% for variable torque drives.

G.
The AFDs shall be capable of operating any NEMA design B squirrel cage induction motor, regardless of manufacturer, with a current rating within the capacity of the AFDs.

H.
The AFDs shall be Cutler Hammer type IS905 or approved equal.

I.
The AFDs shall limit harmonic distortion reflected onto the installation distribution system to a voltage and current distortion level as defined by IEEE 519 for general system applications.  Harmonic attenuation shall be provided by the addition of drive line reactance.  Harmonic calculations shall be provided upon request.

J.
Any harmonic calculations shall be done based on kVA capacity, X/R, and impedance of the transformer supplying the AFDs as shown on the drawings, and shall be calculated at the point of common coupling, the utility feeder to the facility.

K.
The AFDs shall be able to start into a spinning motor.  The AFDs shall be able to determine the motor speed in any direction  and resume operation without tripping.  If the motor is spinning in the reverse direction, the AFDs shall start into the motor in reverse direction, bring the motor to a controlled stop, and then accelerate the motor to the preset speed.

L.
Standard operating conditions shall be as follows:

1.
Incoming Power:  Three-phase, 480 Vac (+10% to -10%) and 60 Hz (±2 Hz) power to a fixed potential DC bus level.

2.
Frequency stability of ±0.5% for 24 hours with voltage regulation of ±2% of maximum rated output voltage.

3.
Motor slip dependent speed regulation of 3% (0.5% with slip compensation).

4.
Five cycle carryover during utility loss.

5.
Insensitive to input line rotation.

6.
Humidity:  0% to 95% (non-condensing and non-corrosive).

7.
Altitude:  1 to 3,300 feet above sea level.

8.
Ambient Temperature:  32º to 104º F.

9.
Storage Temperature:  -4º to 158º F.

M.
Control Functions:  Frequently accessed AFD programmable parameters shall be adjustable from a digital operator keypad located on the front door of the AFD.  Parameters shall include:

1.
Programmable speed command (keypad, remote) with two pilot lights and selector switch.

2.
Programmable start command (keypad, remote) with two pilot lights and selector switch.

3.
Two pilot lights to indicate display in operation or diagnosis.

4.
Two pilot lights to indicate setup is in scroll or change mode.

5.
Increase/decrease buttons to change speed or setup or display or diagnosis.

6.
Programmable maximum and minimum speed limits.

7.
Programmable acceleration and deceleration time (two each).

8.
Programmable critical frequency avoidance lockout zones (five each).

9.
Programmable electronic overload and torque limits.

10.Programmable multiple attempt restart.

11.Programmable preset speeds.

12.Programmable “Catch a Spinning Motor” function.

13.Programmable output digital relay (two).

14.Programmable analog output (two).

15.Programmable DC injection braking time.

16.Full proportional/integral/derivative (PID) process control built in.

N.
The AFDs shall have the following interfaces:

1.
Inputs:  A minimum of eight (8) programmable digital inputs and two (2) programmable analog inputs shall be provided with the following available as a minimum:

a.
Remote manual/auto contacts.

b.
Remote start and stop contacts.

c.
Remote forward/reverse contacts.

d.
Remote preset speed contacts.

e.
Remote external trip contact.

f.
Remote reset contact.

g.
Remote jog contact.

h.
Process control speed reference interface to receive either a 0-10 Vdc, 4-20 mAdc.

i.
Speed potentiometer signal.

2.
Outputs:  A minimum of two (2) discrete programmable digital outputs and two (2) programmable analog outputs shall be provided with the following available as a minimum:

a.
Programmable relay outputs (2) with one set of Form C contacts each, selectable with the following available as a minimum:

1)
Fault.

2)
Run.

3)
Ready.

4)
At Speed.

5)
Stopped.

6)
Current Limit.

7)
Auto Reference.

8)
Reverse.

b.
Programmable analog output signals (2), selectable with the following available as a minimum:

1)
Speed.

2)
Load.

3)
Kilowatts.

4)
Motor Voltage.

5)
Motor Amps.

6)
Line Voltage.

7)
Bus Current.

8)
Speed Reference.

O.
Monitoring and Displays:  The AFDs shall have a two-line by 16 character programmable display indicating as a minimum the monitored functions described in the following:

1.
Output current.

2.
Output frequency.

3.
Speed.

4.
Output voltage.

5.
kW.

6.
Load.

7.
Run time.

8.
Trip cause.

9.
Flash memory programmed via RS 232 port with windows based configuration software included for advanced programming and troubleshooting.

10.
User display functions shall be selectable from a list to avoid displaying unused functions.

P.
Protection Functions:  The AFDs shall include the following protective functions:

1.
Overcurrent protection.

2.
Overvoltage protection.

3.
Undervoltage protection.

4.
Overfrequency protection.

5.
Phase loss protection.

6.
Overtemperature protection.  The AFD shall run at the previously specified switching frequency.  On first stage overtemperature, the AFD shall be programmable to fold back the switching frequency to a minimum of 3 kHz or reduce the current limit setting automatically, without AFD shutdown.  It shall automatically return to the primary settings upon cooler temperature.  Second stage overtemperature shall stop the AFD.

7.
Ground fault protection.

8.
Adjustable current limit.

9.
Line-to-line and line-to-ground output short circuit protection.

10.
Overload capability shall be 150% of the motor FLA based on the NED ratings for 60 seconds on constant torque drives.  (110% on variable torque drives)

Q.
Braking:  DC injection braking shall be included.

R.
Diagnostic features shall include the following:

1.
Fault History:  Record and log faults in English language, most recent first, by date, time, item, and description of that item.  Store up to 15 faults.

2.
Warning History:  Record and log the last 15 warnings by date, time, command, and description of that command.

3.
Event History:  Record and log the last 15 command events by date, time, command, and description of that command.

4.
Trend Files:  Record 1000 msec of trend data before each of the recorded faults.  Display any four of eight parameters both digitally and in four color graphics via the Windows based program.

5.
I/O Monitor:  Provide a monitor to aid in troubleshooting by showing digital I/O status.

S.
Additional features to be included in AFDs are as follows:

1.
Input breaker or MCP to provide a disconnect means.  Operating handle shall protrude through the AFD door.  The disconnect shall not be mounted on the door.  Extended operator handles shall not be permitted.  The handle position shall indicate On, Off, or Tripped condition.  The handle shall have provisions for padlocking in the “Off” position with at least three (3) padlocks.  Interlocks shall prevent unauthorized opening or closing of the AFD door with disconnect handle in the “On” position.  This shall be defeatable by maintenance personnel.

2.
Three contactor bypass shall include a drive input disconnect, and AFD input isolation contactor, bypass contactor, and an AFD output contactor that is electrically and mechanically interlocked with a bypass contactor.  This circuit shall include control logic, optional status lights, and either one or two motor overcurrent relays.  The complete bypass system shall be packaged in the AFD’s enclosure.

a.
The AFD for the supply fans and the return fan shall include all contactors and control logic components required to allow each of two motors to be started independently.  Each motor shall have its own overload relay and output contactor.  A failure of one motor shall not effect the operation of the remaining motor.  This also is required for the hot water pumps.  

3.
1% input line reactor.

4.
120 Vac control to allow AFD to interface with remote dry contacts.

5.
Motor overcurrent relay to provide motor overcurrent sensing of a given level of load current.

6.
RLC output filter combination dv/dt and peak voltage limiter.

7.
Direct communication/interface control (software & hardware) for all information data output.

8. Three year warranty to include parts and labor.

9. Each motor on the dual fan operation shall be provided with independent disconnect to isolate each fan while the other fan stays in operation.  

T.
Enclosure:  The AFD enclosure shall be NEMA 1.  The AFD shall have complete front accessibility with easily removable assemblies.

U.
The AFD manufacturer shall maintain, as part of a national network, engineering service facilities within 250 miles of project to provide startup service, emergency service calls, repair work, service contracts, maintenance, and training of customer personnel.

NOTE:
Drives shall be able to interface with Building Automation System.  This is required to extract drive operation and failure alarms to the DDC system.

V.
Factory Testing:  The following standard factory tests shall be performed on the equipment provided under this section.  The manufacturer shall provide three certified copies of factory test reports.  All tests shall be in accordance with the latest version of UL and NEMA standards.

1.
All printed circuit boards shall be functionally tested via fault finder bench equipment prior to unit installation.

2.
All final assemblies shall be tested at full load with application of line-to-line and line-to-ground bolted faults.  The adjustable frequency drive shall trip electronically without device failure.

3.
After all tests have been performed, each AFD shall undergo a burn-in test.  The drive shall be burned in at 100% inductive or motor load without an unscheduled shutdown.

4.
After the burn-in cycle is complete, each AFD shall be put through a motor load test before inspection and shipping.

W.
Field Quality Control:  Provide the services of a qualified factory trained manufacturer’s representative to assist the Contractor in installation and startup of the equipment specified under this section.  The manufacturer’s representative shall provide technical direction and assistance to the Contractor in general assembly of the equipment, connections, adjustments, and testing of the assembly and components contained herein.  The Contractor shall provide three copies of the manufacturer’s field startup report before final payment is made.  The following minimum work shall be performed by the Contractor under the technical direction of the manufacturer’s service representative:

1.
Inspection and final adjustments.

2.
Operational and functional checks of AFDs and spare parts.

X.
Manufacturer’s Certification:  A Qualified factory trained manufacturer’s representative shall certify in writing that the equipment has been installed, adjusted, and tested in accordance with the manufacturer’s recommendations.  The Contractor shall provide three (3) copies of the manufacturer’s representative’s certification before final payment is made.

	EQUIPMENT STARTER TYPE ACCESSORIES
	DISCONNECT TYPE

	
	

	Control Panels
	Manual

	
	

	Return Fan/Exhaust Fan AHU-AMBSURG-RF-1&2
	Variable frequency drive with Bypass and Internal Disconnect. 

	
	

	Supply Fan AHU-AMBSURG-SF-1 & 2
	Variable frequency drive with Bypass and Internal Disconnect.

	
	

	Exhaust Fans as Scheduled on Drawing
	Variable frequency drives with bypass and internal disconnect.  Also a disconnect at unit.  All external to be NEMA 3R.

	
	

	Chilled Water Pump CHWP-AMBSURG-1 & 2
	Variable frequency drive with Bypass and Internal Disconnect.  

	
	

	Hot Water Pump HWP AMBSURG – 1 & 2
	Variable frequency drive with Bypass and Internal Disconnect.  

	
	

	Exhaust Fans as Scheduled 
	Combination starter disconnect.  Exterior to be NEMA 3R.

	
	

	Exhaust Fans as Scheduled
	Manual motor starter and disconnect.

	
	

	Unit Heater
	Manual motor starter and disconnect.

	
	

	Cabinet Heater
	Manual motor starter and disconnect.

	
	

	Chiller
	Packaged starter and contractor disconnect NEMA 3R

	
	

	Condensate Return Unit with Duplex Pumps
	Combination starter disconnect.  Exterior to be NEMA 3R.
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