SECTION 15685�CHILLERS

PART 1 - GENERAL

1.01	SUMMARY

A.	Provide, ship, deliver, and rig into place one (1) chiller,  chiller temporary tag no. is 18.  Starters will be provided by separate contract.  Proposal requirements are included in Part 4.

1.02	WORK INCLUDED

A.	The work under these specifications shall include furnishing f.o.b. Owner's site, with freight prepaid and equipment insured, and providing drawings, engineering data, accessories, and field services, complete as described herein and in accordance with the specifications and documents defined herein.

B.	Equipment, materials, and accessories furnished will be received, unloaded, stored, moved into place into the designated area within the plant, and assembled together into a complete unit by the Manufacturer.  Unloading from cars and storing will not constitute acceptance.

C.	Equipment must be brought into place through existing doors and aisles in pieces.  The largest piece that can be brought in without rework of existing conditions must be determined by the bidders.  Manufacturer to verify adequate room exists to move his equipment into place prior to beginning manufacture of the equipment.  Space for rigging and delivering the equipment to the final location is limited in some areas;  the bidders must  complete a thorough field review  of existing conditions and certify that the proposed equipment will fit.  No additional compensation will be given to the supplier for lack of adequate field  investigation in determining if the proposed equipment can be assembled  in place. 

D.	The Bidder shall provide drawings, instruction manuals, and engineering data; manufacturer's field services including start-up, debugging, and training of the Owner's personnel, tools; and miscellaneous materials and services, as specified in the following paragraphs.

E.	The equipment will be designed and constructed to previously ARI certified chiller models.  This unit to be factory performance tested by the Manufacturer to verify that the design conditions can be met.  Tests will be in accordance with the latest edition of ARI Standard 550.  The Engineer, Owner and Owner's Construction Contractor shall have the right to witness the tests. If the tests indicate that the equipment fails to meet guaranteed performance, the Bidder shall make additional tests and modifications as required by the Owner at the cost of the cost of the chiller manufacturer.  The Owner reserves the right to add  a  field test requirement to ensure that the equipment performs as submitted in the proposals for a period of 1 year from the date of the Owner's acceptance of the equipment. 

F.	Failure of the Bidder to submit drawings and engineering data on or before the dates specified shall be considered a breach of contract and may be considered reason for termination of the Contract if the Owner so desires.

G.	Manufacturer's Field Service.  The Bidder shall furnish the services of a competent, experienced, authorized manufacturer's field service representative who shall perform the following:

1.	Provide service normally furnished with the equipment and as required to assure installation in accordance with the warranties and guarantees specified herein.

2.	Provide service as required to correct manufacturing errors.

3.	Provide technical assistance as required by the Owner during the period when piping, electrical and controls are being connected to the equipment.

4.	Provide technical; assistance during startup, initial operation, and testing of the equipment as required by the Owner.

5.	Instruct the Owner's personnel in proper operating and maintenance procedures.  Provide two (2) training sessions at IBM site, each session of 4 hours duration with one of the sessions performed on off shift.

H.	The number of days attendance of the manufacturer's field representative at the job site and the number of round trips to the site included in the lump sum prices shall be indicated in the Proposal.  This shall include sufficient time to cover all the services specified in these documents.  Adjustments will not be made in the payment due the Bidder for total days at the job site in excess of the days stated in the Proposal.

I.	If the Owner requests additional supervisory assistance for items not specifically covered herein, it shall be furnished in accordance with the per diem rate stated in the Proposal.

J.	Signed service reports verifying the tests and work performed, errors corrected, and the state of the equipment readiness at the times of inspection shall be submitted to the IBM Construction Coordinator upon completion of any manufacturer's supervision. The service reports may be in letter form or on special forms furnished by the manufacturer.

K.	Tools.  The Bidder shall furnish one set of all special tools required for the erection, dismantling, or maintenance of the equipment.  The tools shall be shipped in separate heavily constructed wooden boxes.  Boxes shall be marked with the large stenciled legend as follows:



INTERNATIONAL BUSINESS MACHINES CORPORATION

BUILDING 963 DEPARTMENT KUB

TOOLS FOR IBM CHILLERS

PURCHASE ORDER #             

L.	Miscellaneous Materials and Services.  Miscellaneous materials and services not otherwise specifically called for shall be furnished by the Manufacturer in accordance with the following:

1.	Supply of initial  charge of new virgin refrigerant.  Provide all necessary hoses, equipment and labor to load into machine after field assembly and successful field pressure test as per ASHRAE 15 Field Pressure Tests.

2.	All nuts, bolts, and gaskets between components and equipment furnished under these specifications.

3.	All piping integral to or between any equipment furnished under these specifications, except as otherwise specified.  This shall include piping, isolation valves, pressure gages, and thermometers for the gear oil and compressor oil heat exchangers (both sides) as well as the pump out unit heat exchangers.

4.	Hangers and supports for piping and equipment furnished under these specifications, including miscellaneous steel.

5.	Lubricants for the compressor, gear, motor, and other accessories.

6.	All necessary connections for the Owner's piping and instrumentation.

7.	All necessary instrument, power and control wiring, and raceways integral to any equipment furnished by the Bidder.  This shall include terminal blocks and internal wiring to these terminal blocks for equipment requiring external connection. As well as any power or control wiring for safety equipment required during field work. 

8.	All auxiliary equipment necessary for the operation of the chillers (excluding condenser and chilled water pumps) shall have the motor starters and fusible disconnects as well as control wiring - provided, installed, and wired by the original equipment manufacturer.

9.	All sensors and appurtenances for head  pressure control shall be included in this chiller package.  The condenser water control valve will be provided and installed by others.  The control valve signal requirement shall be 4-20mA, and shall be a 2-way valve. 

1.03	SCHEDULE

A.	Within 14 days after the contract award, the Bidder shall submit to IBM's Construction Coordinator a production schedule for all major equipment and components.  This schedule shall be corrected and resubmitted monthly until all equipment has been shipped.

B.	The Bidder shall give the IBM Construction Coordinator a schedule for the field erection, startup, and the field performance test.  This schedule shall be corrected and resubmitted monthly until all equipment has been successfully tested and accepted by Owner.

1.04	REFERENCES

A.	BSR/ASHRAE STANDARD 15-1994 - Safety Code for Mechanical Refrigeration.

B.	ASME SEC VIII - Boiler and Pressure Vessel Code.

C.	ASME B31.5 - Refrigerant Piping.

D.	ARI STANDARD 550-92 - Centrifugal or Rotary Water Chilling Packages.

E.	AFBMA 9 - Load Ratings and Fatigue Life for Ball Bearings.

F.	ASHRAE STANDARD 34 - Number Designation and Safety Classification of Refrigerants.

G.	ARI STANDARD 575 - Method of Measuring Machinery Sound Within Equipment Rooms.

H.	ARI STANDARD 740 -1993  Refrigerant Recovery / Recycling Equipment.

1.05	Quality ASSURANCE

A.	Regulatory Requirements:

1.	Conform to ARI Standard 550-92 code for rating and testing of centrifugal and rotary chillers.

2.	Conform to ANSI/ASME SECTION VIII Boiler and Pressure Vessel Code for construction and testing of centrifugal chillers as applicable.

3.	Include vessel stamp and U-1 test data sheet for record (forward U-1 form to owner).

4.	Conform to ASME B31.5 for refrigerant piping.

5.	Conform to BSR/ASHRAE STANDARD 15-1994 code for construction and operation.

6.	Unit shall bear the ARI Certification Label for Centrifugal/Rotary Water-Cooled Chillers as applicable.

7. 	Unit and ancillary equipment shall comply  with 40 CFR Part 82 Protection of Stratospheric Ozone; Refrigerant Recycling: Final Rule 

B.	Perform factory performance testing as specified in Part 2 article "Source Quality Control."

C. 	The supplier shall certify that all materials or components  used in the chillers shall not contain PCBs, asbestos, or lead paint. 

1.06	SUBMITTALS

A.	The following shall be submitted to IBM's Construction Coordinator not later than 14 days after award.  Include all data submitted in the pre-purchase proposal, indicating any deviations from proposal data.

B.	Product Data:  Submit the following information:

1.	Manufacturer's catalogue cuts indicating rated capacities, weights, specialties and accessories, electrical requirements and wiring diagrams.  Include, as a minimum, the following information:

a.	Capacity in tons at scheduled conditions.

b.	Power consumed at design duty (kW).

2.	Manufacturer's installation instructions.

3.	Performance data indicating energy input versus cooling load output from 20 to 100 percent of full load with condenser water relief per ARI.

4.	Stability data with constant entering condenser water temperature down to 20% load 

5.	Impeller speed (RPM), number of bearings, type of bearings, high speed impeller shaft, low speed compressor shaft, sound level per ARI 575-87 (dB), number of stages, number of sets of inlet guide vanes, amount of refrigerant charge (lb.), and amount of oil required (lb.).

6.	Provide chiller energy input (kW) at decreasing condenser water temperatures from the design point to the minimum temperature allowed by the chiller in 5 degree F increments. For each condenser water temperature provide chiller energy input for loading conditions of  100% , 80%, 60%,  40%, and 20 % of the design capacity. 

C.	Shop Drawings:  Submit drawings indicating components, assembly, dimensions, weights and loading, required clearances, and location and size of field connections. Indicate equipment, piping and connections, valves, strainers, and thermostatic valves required for complete system.

1.	Furnish complete wiring diagrams of the centrifugal chiller and required starter interlocks for devices supplied by this vendor and those required and provided by others such as but not limited to components like:  pumps,  refrigerant leak sensors, miscellaneous  interlocks, etc. as applicable.

1.07	OPERATION AND MAINTENANCE MANUALS

A.	Six copies of complete and final operation and maintenance manuals, including one set, suitable for  reproduction,  shall be furnished to the Owner within 6 weeks of Award.

B. 	The manuals shall include a table of contents, specifications, drawings, and description of equipment; installation instructions; operating instructions; Maintenance instructions; parts lists; and test data and performance curves.  The table of contents shall be marked with the Owner's name, project name, equipment name, and the Owner's purchase order number.

C.	Where applicable, the information contained in the manual shall include a list of recommended spare parts and a schedule of required lubricants, as recommended by the Manufacturer.  The data shall also include all nameplate information and shop order numbers for each item of equipment and component part thereof.

D.	Provide a pressure / enthalpy chart of the chiller refrigeration cycle highlighting the pressures, temperatures, and enthalpies of the state points at the entrance and exit of each component. Additionally, provide mass flow and shaft or compressor work calculations using the state points previously mentioned. 

1.08	shipping

A.	Machine sections are to be shipped with protective covers over all openings.  Each section is to be individually shrink-wrapped prior to loading onto truck(s).  All sections or subassemblies on the refrigerant side shall have the ends reinforced with plywood or cardboard as required and shrink-wrapped. Additionally the control panel and all other sections that will be adversely impacted by snow, ice, road salt, etc. shall be shrink-wrapped.  After loading, secure tarps over the machines to protect the shrink-wrapping.  Trucks arriving at site without protective packaging will not be allowed to unload. In the event that the equipment is drop shipped to a location other than IBM for the initial factory delivery,  the  owner shall be notified 2 days in advance with the scheduled date and location.  The owner reserves the right to inspect the equipment prior to unloading.  

B.	Protective covers to remain in place until chiller connections are made during installation.

1.09	warranty

A.	All equipment furnished under this section of the specifications shall be guaranteed against defective workmanship and material for a period of one (1) year from the date of IBM acceptance of the chiller. 

B.	The supplier shall guarantee a maximum leakage rate of the refrigerant from the machine.  If the leakage rate exceeds this guaranteed maximum limit, the supplier shall fix the machine and install new refrigerant at no cost to IBM.  The compressor seal shall have a normal refrigerant consumption of 10 ounces per year of refrigerant or less.

PART 2 - PRODUCTS

2.01	general

A.	The components shall be factory assembled, then disassembled and protectively packaged before shipment.  The initial  charge of new virgin refrigerant shall  be shipped separate and field installed. Provide detail indicating how the chiller will be broken down for shipment and field assembly. This information shall indicate the style, quantity, and general arrangement of the critical breaks. Replace the filter drier cores after the chiller is charged with refrigerant in the field.

B.	Mounting Bases.  The entire unit shall be suitable for mounting on the housekeeping pads on the  concrete slab forming the floor of the existing equipment room.

C.	Nameplates.  The chillers shall bear firmly attached metal nameplates which include the chiller: manufacturer’s name, nationally registered trademark or name, identification or  tag number, the design pressures, unit model number, unit serial number, National Board number, date of manufacture, refrigerant type, compressor type, and refrigerant used.

D.	If it will not be possible to supply and rig into place the chiller in a single factory built section.  Accessories and equipment shall be shipped loose is to be installed and interconnected by Manufacturer’s field service technicians.  In addition, provide the following:

1.	A rigid steel base for compressor and motor drive mounted and factory aligned.  If a TWAC motor is required for noise reductions,   then  motor drive cooling water piping and wiring to be terminated at a manifold/terminal strip at one edge of the steel base, clearly labeled.

2.	Refrigerant piping to be cleaned, pickled, sealed and pressurized with nitrogen for shipping and storage.

3.	Manufacturer to install all refrigerant piping including pump-out refrigerant piping as well as the pump out heat exchanger cooling water piping. Provide isolation valves at the  chiller and at the pump out unit. 

4.	Assembled unit to be hydrostatic tested to 150% of the design working pressure.

5.	Manufacturer to dry, evacuate, and charge the chiller with refrigerant in the field.

2.02	MANUFACTURERS

A.	Acceptable Manufacturers:  Carrier or York 

2.03	DESIGN CONDITIONS (refer to PART 4 of this specification for additional REQUIREMENTS)

A.	Evaporator  side-water 

1.	Inlet temperature, F						54

2.	Outlet temperature, F						42

3.	Evaporator flow, GPM and passes				4200/ 2 pass

4.	Evaporator pipe connection size, inches				14 

5.	Minimum tube side velocity, fps				3

6.	Maximum tube side velocity, fps				12 

B.	Condenser side-water

1.	Condenser water entering, F					85

2.	Condenser water flow, GPM and passes			4400/ 2 pass

3.	Condenser pipe connection size, inches*			14

4.	Minimum tube side velocity, fps				3

5.	Maximum tube side velocity, fps				10

	* connections on opposite end from evaporator connections.

2.04	COMPRESSOR AND MOTOR

A.	Centrifugal single or multiple-stage design.  Multiple-stage designs  include interstage flash economizer for maximum cycle efficiency and lowest operating cost.  The compressor transmission gears are to be arranged for visual inspection without disassembly or removal of compressor casing or impeller, and have flanged connections.

B.	Friction losses shall be maintained at a minimum by an impeller design utilizing precision shaft placement.  Impeller shall be of an in-line design for even unloading and ease of maintenance.  Multiple-stage compressors shall have diaphragms between stages.  Provide fully shrouded, high strength aluminum alloy impellers which have been dynamically balanced and over-speed tested at 1.25 times impeller shaft speed.

C.	The compressor shall be capable of operation without surge, cavitation or undue vibration from full load to 25%  (specify the minimum  percent load)  at 85 degree F  condenser water temperatures without hot gas bypass (reductions per ARI not possible due to condenser water temperature control system). In the event that hot gas bypass would be required provide pricing for stubouts and pricing for the complete hot gas bypass installation. 

D.	Lubrication System:  The compressor lubrication system shall be of the self-contained force feed type with an integral or separate motor driven oil pump.  The system shall be complete with oil pump, oil cooler, pressure regulator, oil filters, oil heater controlled by thermostat, reservoir oil temperature gauge, and motor controls.  The oil pumps shall be energized prior to chiller motor activation and the oil pump starter shall be factory supplied, factory wired, and mounted on the chiller.  The oil pump is to be provided with a separate power source.  Initial oil charge shall be provided by the Bidder.

E.	Motor: Open Drive, ODP type enclosure (or as required to meet the noise level criteria).  Openings in motor to exposed windings to have protective insect screens.  No holes larger than 1/4 inch  in diameter shall exist  in exterior casings which separate the room and high voltage components of any type.  Class F insulation.  Service Factor 1.15.

1.	Provide six, 3-lead, 100-ohm platinum RTD's imbedded in the stator coils, two per phase, at 60 degree intervals for connection to the starter motor winding high temperature alarm relay.  Terminate sensor leads in a separate terminal strip and junction box.

2.	Include in the base bid if standard feature.  (If special feature describe price and schedule impacts in bid proposal):  Provide each motor bearing with 3-lead, 100-ohm platinum RTD's with 4-20 mA transmitters for connection to starter remote temperature readout.

3.	Provide a motor terminal box sized to terminate 5KV shielded cables with stress cones approximately 3’-0” long.  Boxes are to be equipped with three 5KV stand off terminals necessary to connect the incoming 5KV cables and the motor leads.

4.	The motor shall not exceed 95% of the nominal horsepower at  full load conditions and with 2 GPM/ton of condenser water flow.

F.	Compressor shaft seal leakage containment system shall include:

1.	An oil reservoir shall collect any oil and refrigerant that leaks past the seal.

2.	A float device shall be provided to open when the reservoir is full, directing the refrigerant/oil mixture back into the compressor housing.

3.	Manufacturer shall warrant the shaft seal, reservoir, and float valve system against leakage of oil and refrigerant to the outside of the chiller for a period of 5 years from initial start-up, including parts and labor to replace a defective seal and any refrigerant required to trim the charge to original specifications. Inspections shall be performed a minimum of once a year.

4. 	Any external gear boxes shall have a back up or alternate source of lubrication other than the main compressor motor.

G.	All components requiring annual replacement such as but not limited to refrigerant dryers or filters, oil filters, etc. shall have duplex service isolation valves to permit replacement without the potential of a refrigerant release.

H.	Units operating with refrigerant HCFC-22 or HFC-134a must have the capability of storing the entire refrigerant charge in the condenser. HCFC-22 units shall be capable of being converted to HFC-134a, with the  full initial nominal tonnage maintained, in the future with compressor and oil  changes only. Gaskets, O-rings, seals and any other components shall be compatible with R-22 and R-134a. The execution of this change shall be completed by others in the future and is not a part of  this specification. 

I.	The compressor housing or casing shall be designed, rated, and tested at  1 1/2 times the working pressure of the compressor (high side).

J.	Provide a thermometer and a thermowell to measure the superheat after the compressor.

2.05	EVAPORATOR AND CONDENSER

A.	Design, build, and test  the evaporator and condenser in accordance with referenced standards.

B.	Evaporator and condenser tubes shall be copper, internally enhanced, 0.035" wall thickness at the base of the root of the fin. 

C.	Units with multi-stage compressors shall incorporate an interstage flash vessel "economizer" in the refrigerant cycle. All units with single stage compressors shall have the condensers circuited for a minimum of 10 degrees of liquid sub cooling and be provided with a thermometer well to monitor the amount of sub cooling.

D.	The tubes shall be removable from either end of the heat exchangers without affecting the strength and durability of the tube sheet and without causing leakage.

E.	Marine water Boxes shall be provided and the piping connections flanged.  Design the cover plates on the Marine water boxes to be hinged or davitted to allow opening the covers without use of cranes or trolley beams.  Supply and return head water boxes shall be designed for a working pressure of 150 PSIG.  The water boxes shall be machine welded or bolted to the heat exchanger tube sheet and equipped with tapped drain and vent connections.  Suitable female iron pipe (1 inch or manufacturer's standard) taps shall be provided in water boxes and nozzles for control sensors, gauges and thermometers.

F.	Provide field installed 3/4" closed cell foam insulation with a 0.016 in aluminum covering and cover all low temperature surfaces of  60 degrees surface temperature or less, this shall  include but not be limited to, the evaporator, water boxes, miscellaneous piping and components, and suction elbow. In the event that insulation for sound attenuation is required, this shall be installed by the chiller manufacturer on top of this non-wicking closed cell material. The 0.016 in aluminum covering shall be installed as the outer most cover if insulation material must be stacked. All miscellaneous piping on the chiller that must be insulated shall be piped with adequate stand off distances to allow the installation of the full thickness of  the required insulation.  

G.	Refer to section 2.07 and provide thermowells and pressure taps with an isolation valve to accommodate the additional measurement devices.

2.06	PUMP-OUT SYSTEM

A.	Provide a pump-out system complete with transfer pump, condensing unit and tank constructed in accordance with ASME Code for unfired pressure vessels bearing the National Board stamp. The pump out and storage system shall be ARI certified and shall have been tested  by an EPA approved equipment testing organization. The unit shall have a 3 HP motor minimum, shall be sized for 80% full at 90 degrees Fahrenheit in accordance with the latest EPA guidelines. The vapor recovery rate shall be at least 5.8 pounds/minute, the liquid recovery rate shall be at least 196 pounds/minute, and the final vacuum achieved shall be at least 500 microns of deep vacuum.  The pump out tank shall have a graduated sight glass (with isolation valves) on the storage tank, graduations shall be as small as reasonably possible.  Forward ASME U-1 test data sheet of ASME code compliance and test for record to owner.

B. 	Provide a chart which correlates the room ambient temperature and refrigerant volume (charge weight) in the storage vessel. This should be complimentary to the scaled graduations provided on the sight glass on this unit.  

 2.07	CONTROLS

A.  	General:  The chiller shall be provided with a chiller control panel from the chiller manufacturer's regular product line. The chiller control panel shall be a factory installed microprocessor based chiller control panel primarily constructed of solid state components. The chiller control panel shall be a complete system capable of standalone automatic chiller control and shall include all features necessary to safely and efficiently operate the chiller.  It shall provide local operation, monitoring, control and safeties for all chiller equipment.  Remote start/stop, temperature reset, and load limiting features shall also be provided. Custom designed chiller control panels primarily constructed of separate and discrete components are not acceptable. Optional user communication, interface or I/O panels are not acceptable. All functions and features shall be integral to the chiller control panel. Addition of user interface boards or cards to the chiller control panel are acceptable.



B.  	Safeties:

1.  	Upon detection of a violated safety, the chiller control panel shall illuminate the front panel alarm light, shut down the chiller and display the diagnostic.

2.  	The microprocessor shall determine which safeties shall be enabled or inhibited during each phase of the chiller's operation.  Inhibited safeties shall not initiate a safety shutdown or safety alarm, but will continue to be monitored by the microprocessor.  For example, low chilled water flow would be inhibited if the chiller were OFF.  The microprocessor would ignore this condition but continue to monitor the chilled water flow and re-transmit or display where applicable.

3.  	Safety shutdown with local alarm indication, remote alarm indication and local manual reset shall be provided as recommended by the chiller manufacturer and as listed below:

a.  	low chilled water temperature.

b.  	low evaporator refrigerant temperature.

c.  	high compressor discharge temperature. 

d. 	high condenser refrigerant temperature.

e.  	low chilled water and condenser water flows. 

f.  	low oil (differential or absolute) pressure. 

g.  	high and low compressor motor bearing temperatures (if standard option).  These devices would  have factory installed temperature sensors installed in the oil return lines of each motor bearing.

h.  	high compressor motor winding temperature.

i.  	compressor motor over current- Unit and starter shutdown for motor over current shall be microprocessor initiated.

j.  	compressor motor over voltage and under voltage and starter shutdown for motor over current shall be microprocessor initiated

k.  	insufficient time between compressor motor start and stop.

l.  	insufficient time between compressor motor starts. 

m.  	microprocessor, sensor, or other control failure. 

n.  	compressor motor starter failure to transfer to full voltage.

o.  	compressor motor starter fault.

C.  	Control Panel:  The chiller control panel shall be capable of displaying chiller data in English or Metric units. Numerical data shall be displayed as whole numbers or with one digit right of decimal. The user shall have the capability to select which mode shall be used while the chiller is OFF or ON.

1.  	The front of the chiller control panel shall be capable of displaying the following in clear language, without the use of codes, look-up tables, or gauges: 

a.  	Entering and leaving chilled water temperature 

b.  	Entering and leaving condenser water temperature 

c.  	Saturated evaporator and condenser refrigerant temperature

d.  	Evaporator and condenser refrigerant pressure

e.  	Oil Temperature

f.  	Differential oil pressure

g.  	Compressor motor starts and running hours

h.  	Compressor motor current, by phase

i.  	Compressor motor winding temperature

j.  	Chilled water set point and set point source 

k.  	Current limit set point and setpoint source 

l.  	Current chiller operating mode

m.  Chiller diagnostics including a time and date of occurrence (minimum 20 historical diagnostics stored in non-volatile chiller control panel memory).  The historical diagnostics shall be accessible locally from the chiller control panel without the use of additional equipment. Provide a printer which is wired into the chiller control panel which will print the shutdown error codes or causes if all messages can not be displayed with the standard factory control panel. 

n.  	Discharge Temperature (compressor) 

o.  	Compressor motor voltage, by phase 

p.  	Compressor motor power factor

q.  	Compressor motor kW

r.  	Time between compressor stop and start

s.  	Time between compressor starts

t.  	Microprocessor, sensor and control failure 

u.  	Compressor motor starter fault

v.  	Compressor motor winding temperature

D.  	Sequence of Operation:

1.  	Applying power to the control panel energizes the temperature, pressure, flow and other applicable safety circuits.

2.  	If all required safeties are satisfied, the chiller can be started by pressing the START button on the chiller control panel (or closing the remote start contacts if in the remote start/stop mode).

3.  	Once the START button has been pressed, the microprocessor ensures the proper sequencing of the oil pump, etc. to allow compressor start.

4.  	Once the compressor motor is running at full voltage, the microprocessor activates the capacity control algorithm to meet chilled water setpoint.

5.  	The chiller is stopped by pressing the STOP button on the chiller control panel (or opening the remote start contracts if in the remote start/stop mode).

6. 	The oil pump shall have a delayed OFF circuit to provide oil pressure during machine coast down.

7.  	In auto the oil pump shall be controlled by the microprocessor. In addition to automatic oil pump starting and stopping based on the sequence of operation the microprocessor shall also permit automatic timed pump starting and stopping when the chiller is OFF.

E.  	The chiller control panel is to be provided with a factory installed compressor motor starts counter and elapsed run time meter (hour meter).

F.  	The control panel shall contain a switch to permit manual or automatic operation of oil pump. Automatic control shall consist of starting and stopping based on sequence of operation with the ability to permit automatic timed pump starting and stopping when the chiller is OFF.

G.  	If the chiller control panel can not display the most recent or historical fault diagnostic messages then the chiller manufacturer shall provide a printer to record and print the diagnostic messages as they occur.

H.  	Start Interval Timer:

1. 	Start-to-start timer.  To guard against stress or damage to the compressor motor and motor starter the unit shall be provided with a microprocessor or mechanical type variable interval timer which shall inhibit the chiller from starting for approximately 15 minutes after a previous compressor motor start.

2.  	Stop-to-start timer.  To guard against stress or damage to the compressor motor and motor starter the unit shall be provided with a microprocessor or mechanical type variable interval timer which shall inhibit the chiller from starting after a compressor motor start. This will allow an organized sequential shutdown prior to restarting.

3.	Fixed start-to start or stop-to-start short cycling protection timers are not acceptable.

4.  	The user shall have the ability to manually override the start-to-start and stop-to-start timers.

I.  	Generic I/O Specifications:

1.  	Chiller control panel discrete outputs shall be double pole double throw dry relay contacts rated for a minimum of: 10 amps at 24 Vdc; 10 amps at 120 Vac.

2.  	Chiller control panel discrete inputs shall be 24 Vdc. A 24 Vdc voltage source shall be supplied with the chiller. The user may choose to use the 24 Vdc source supplied with the chiller, a separate 24 Vdc source or a combination of the two.  The user shall supply dry contacts to make and break the 24 Vdc to the discrete inputs.  Each input shall be isolated and individually fused.

3.  	Analog inputs and outputs shall be isolated 4-20 mA. The chiller manufacturer shall provide and install the necessary boards or cards in the chiller control panel to meet the isolation and 4-20 mA requirement.

J.  	Discrete Outputs:  If available from the chiller control panel without the addition of a user communication, interface or I/O panel then provide discrete outputs for each of the following:

1.  	Compressor motor running (full voltage).

2.  	Generic Safety Shutdown.

3.  	Compressor motor running (reduced voltage).

4.  	Chiller at 100% capacity.

5.  	Chiller is in condenser limit mode, requesting temperature relief.

6.  	Oil Pressure Low.

7.  	Condenser pressure high.

 8.  	Open/Close contracts for cooler/condenser valve operation

 9.  	Start/stop contract for chilled water pump.

10.  	Start/stop contract for condenser water pump.

11.  	Start/stop contract for cooling tower fan.

K.  	Discrete Inputs:  If available from the chiller control panel without the addition of a user communication, interface or I/O panel then provide discrete inputs for each of the following:

1.  	Remote chiller start/stop.

2.  	Remote chiller load limit on/off.

L.  	Analog Outputs:  If available from the chiller control panel without the addition of a user communication, interface or I/O panel then provide the following analog outputs:

1.  	Chiller percent load.

2.  	Compressor motor amperage.

3.  	Evaporator refrigerant temperature.

4.  	Condenser refrigerant pressure.

M.  	Analog Inputs:  If available from the chiller control panel without the addition of a user communication, interface or I/O panel then provide the following analog inputs:

1.  	Leaving chilled water setpoint adjustment. Setpoint adjustment is of primary concern.

2.  	Chiller load limit adjustment.

N.  	Miscellaneous Monitoring:  Provide and install the following additional equipment for user monitoring if not available from the chiller control panel. All equipment must have the ability to be isolated and detached from the chiller for maintenance purposes.

1. 	Refrigerant Temperature:

	Burns Engineering Temperature transmitter, probe & well #WSP5K22-6-3A-R3-TL22, 20 to 70 Degrees F, 4-1/2" insertion, 3/4" NPT on well for threading into process piping

2. 	Compressor Oil Temperature:

	Burns Engineering Temperature transmitter, probe & well #WSP5K22-6-3A-R3-TL22, 100 to 200 Degrees F, 7-1/2" insertion, 3/4" NPT on well for threading into process piping

3. 	Condenser Refrigerant Pressure Johnson Controls, Penn Division #P70CA-3, 50 to 450 PSIG

4. 	Thermowell and thermometer for superheat measurement.

5. 	Thermowell and thermometer for sub-cooling measurement.

O.  	Chiller D/P Flow Switches:  Provide and install the following chiller flow safety equipment.

1. 	Chilled Water D/P Flow Switch.

	United Electric Type J21K, Model S150B STK #9519, 0-40 PSID

2. 	Condenser Water D/P Flow Switch.

	United Electric Type J21K, Model S150B

	STK #9519, 0-40 PSID 

3. 	D/P flow switches shall be installed with isolation and bypass valves. See existing installations prior to installation.

P.  	Capacity Control:

1.  	A capacity control device shall be provided within the chiller control panel so that maximum compressor motor current may be either locally or remotely set to any fraction of full load amperes between 40 percent and 100 percent.

2.  	Capacity control on startup, evaporator freeze protection and low limit control, and condenser low limit control shall take precedence over manually set capacity controls.

3.  	The chiller control panel shall operate the capacity control mechanism to limit the load on the compressor motor to a safe maximum when starting the chiller.

4.  	The chiller control panel shall be provided with evaporator freeze protection and low limit control. This control shall be used to prevent the evaporator refrigerant temperature from reaching the low evaporator refrigerant temperature trip-point during critical periods of chiller operation. The control shall take progressively more aggressive load limiting action in response to the severity of the rate of change and the actual value of the evaporator refrigerant temperature. A clear language diagnostic message, reflecting the operating status, shall be automatically displayed at the front panel whenever this control is in effect, and if the condition exists for more than 20 minutes, a limit warning alarm relay shall energize to indicate that the condition persists.

5.  	The chiller control panel shall provide condenser limit control to include a pressure transducer and interconnecting piping and wiring. This control shall be used to prevent the condenser refrigerant pressure from reaching the high condenser refrigerant pressure trip point during critical periods of chiller operation. The control shall take progressively more aggressive load limiting action in response to the severity of the rate of change and the actual value of the condenser refrigerant pressure. A clear language diagnostic message, reflecting the operating status, shall be automatically displayed at the front panel whenever this control is in effect, and if the condition exists for more than 20 minutes, a limit warning alarm relay shall energize to indicate that the condition persists.

Q.  	The chiller control panel shall be capable of independently invoking password protection of the entire display and keypad, operator settings, machine configuration settings, and service start-up settings.

2.08	Additional items

A.	Purge System:  If required, the purge system shall be included in the package.  The purge system shall be self-contained with any necessary devices for evacuating air and water vapor from the system and for condensing, separating, and returning refrigerant to the system.  Water piping required to make the purge system operational shall be included.  This purge system shall be the most recent "State of the Art" system.  Provide rating of refrigerant loss per purge.

B.	Refrigerant.  Initial refrigerant charge shall be provided and installed by the Bidder. This initial charge shall be weighed and the transfer shall be documented in the service reports and invoices. 

C.	Refrigerant flow control shall be by means of a positive metering device either float or pressure operated.

D.	The chiller shall be capable of operating safely and reliably with entering condenser water temperature of 60°F.  Provide in the bid data the lowest condenser water temperature at which the chiller will start with and without head pressure control.  

2.09	ISOLATING ASSEMBLY

A.	Isolation assembly shall consist of steel support plates with 0.75" thick elastomeric pads of resilient cross-ribbed neoprene.  The elastomeric pads shall rest upon steel sole plates with jacking screws and leveling pads.

2.10	SOUND LEVELS and noise reduction AND VIBRATION 

A.	The chillers representative A weighted sound pressure level shall not exceed 85 dB(A) when measured in accordance with ARI 575.  One chiller is to be performance tested, in accordance with ARI 575, including sound level measurements at full load.  Submit all test data.

B.	In order to meet the above requirement, the manufacturer may elect to wrap or insulate motors, gearboxes, compressor housings, refrigerant piping etc. with leaded vinyl, high density fiberglass or solid sheet metal.  Alternate motor, compressor and gearbox designs may also be proposed.  Refer to section 2.05 for the requirements of insulation on cold surfaces. 

C.	Maximum vibration  levels measured 0.5 mils peak to peak for the operating assembly measured on 3 axes, measurements shall be taken  on the motor.   

2.11	RELIEF VALVES 

A.	Relief valves shall be factory sized and installed on the chiller, these devices shall be a combination non fragmenting rupture disk and resetting relief valve in series. The safety device shall be sized and installed as per ASHRAE 15.  Additionally, a full size dirt leg shall be provided and installed at the device.

2.12	LEVEL INDICATIONS

A.	A graduated device shall be installed on a sight glass (with isolation valves) on the  chiller evaporator and pump out unit to determine the amount of refrigerant.  An indication of the Refrigerant 100% full and lesser quantities shall be readily inspected.  Graduations shall be as small as reasonably possible. 

2.13	source quality control

A	The chiller shall be factory tested with the proposed refrigerant under full load conditions. The manufacturer shall supply a certified test report to confirm performance as specified. Proper ARI certification documents for the test loop shall be made available upon request from the manufacturer for inspection. The performance test shall be conducted in accordance with ARI Standard 550-92 procedures and tolerances.  Stable operation at a minimum load of 25% shall be demonstrated during the field performance test with constant entering condenser water temperature. The machine shall be modified to include hot gas bypass if the minimum load cannot be demonstrated.



1.	All proposals for chiller performance must include an ARI approved selection method for the specified refrigerants. Verification of date and version of computer program selection or catalog is available through the Vice President, Engineering, ARI (703) 524�-8800.



2.	The performance test shall be run with clean tubes in accordance with ARI 550-92 to include the following:



a.	A downward temperature adjustment per Section A7.3 shall be made to the design leaving evaporator water temperature to adjust from the design fouling to the clean tube condition.

b.	An upward temperature adjustment per Section A7.3 shall be made to the design entering condenser water temperature to adjust from the design fouling to the clean tube condition.

c.	There shall be no exceptions to conducting the performance test with clean tubes and with temperature adjustments in (1) and (2). The manufacturer shall clean tubes, if necessary, prior to test to obtain a test fouling factor of 0.00025 hr. sq. ft. F/BTU.



3.	Factory test instrumentation shall be per ARI Standard 550, and the calibration of all instrumentation shall be traceable to the National Institute of Standards and Technology (formerly NBS).



4.	The equipment will be accepted if the test procedures and results are in conformance with ARI Standard 550-92. If the equipment fails to perform within allowable tolerances, the manufacturer will be allowed to make necessary revisions to his equipment and retest as required. The manufacturer shall assume all expenses incurred by the owner or his representative to witness the retest. In the event that these revisions do not achieve submitted performance, the following penalties will be imposed:



5.	Equipment manufacturer shall not invoice greater than 90% of the bid price for the centrifugal chiller until the unit is accepted by the owner and there are no open punch list items. Invoicing shall otherwise be in accordance with contract terms and conditions.

2.13	AUXILIARY EQUIPMENT AND CONNECTIONS 

A	Should the chiller require any services beyond the following they shall be designed and installed  by the chiller manufacturer’s field technicians as per the IBM Burlington Facilities Specifications. This shall include but not be limited to oil cooler heat exchangers, and any other miscellaneous appurtenances.



a)	main motor power connections

b)	chiller control panel to switchgear wiring

c)	control panel power connections

d)	differential pressure flow switches

e)	main 14 inch diameter condenser water connections

f)	main 14 inch diameter chilled water connections

g)	city water to pump out units

h)	relief piping through the roof 

B.	All auxiliary heat exchangers shall be piped up by the chiller manufacturer’s field technicians and shall have pressure gages with gage isolation valves as well as thermometers with thermowells on all the shell and tube side connections. Any remote pump out units shall have the refrigerant piping to the chiller installed and pressure tested by the chiller manufacturer’s field technicians.

PART 3 - EXECUTION

3.01	INSTALLATION

	

A.	Manufacturer of chiller shall deliver to site and place in position a completely assembled chiller which is ready for  subsequent fit-up by other trades.

3.02	MANUFACTURER'S FIELD SERVICES

A.	Startup.  Chillers shall be leak tested, pressure tested, evacuated, dehydrated, charged, started, controls calibrated as per the original equipment manufacturer’s installation, operation and maintenance manuals. 

B.	Service reports shall be submitted to IBM's Construction Coordinator upon the completion of manufacturer's supervision.  The reports shall attest to the tests and work performed, errors corrected, and state of equipment readiness.

C.	Training classes covering the theory, operation, and maintenance of the new chillers shall be  given to those individuals IBM desires. The instruction session shall be held at IBM Burlington, and shall not last less than 4 hours for each event, there shall be a minimum of two events. One shall be scheduled for a weekday mid afternoon class and the other for an early morning class (Prior to 7:00 AM). These training sessions shall be conducted by a factory education instructor and not by the local technicians. The instructor shall have been employed by the chiller manufacturer in appropriate technical positions for a minimum of five years.  Additionally, the instructor shall have worked on the specific equipment for a minimum of 5 years.

 Part 4:	proposal data

4.01	bidding REQUIREMENTS

A.	Each prospective bidder shall submit complete and definitive information in sufficient detail to permit a detailed analysis.

B.	The requirements for information contained in this section are basic requirements. Provide additional information as requested by IBM.

C.	Provide published catalog data or certified computer selections to support all performance data stated herein.

D.	All variations from and exceptions to the contract documents shall be listed in the proposal.

4.02	DRAWINGS AND DATA

A.	Outline drawings, with dimensional information, showing the overall size, configuration, support, utility connections, and arrangement of the complete unit and each major component thereof.

B.	Basic electrical diagrams illustrating the principles of operation of the unit and its associated controls, interconnection wiring diagrams showing terminations of interconnecting conductors between component assemblies, systems, control devices, and control panels.

C.	Information on weights of components and field assembly information.

D.	Descriptive information on the control systems and equipment detailing the sequence of control.

E.	Performance data/curves for specified operation.

4.03	SPARE PARTS

	Submit a list of recommended spare parts that IBM should stock for normal maintenance purposes.  The spare parts list shall be organized in the following format:



Item�No. Required�Unit Price�Lead time �������4.04	EQUIPMENT DATA

A.	The requested information is to assist IBM in preparing a request for proposal and in making an accurate estimate of the work required to install and erect the equipment and materials.  All information listed in paragraph 4.05 shall be submitted as a minimum.  Provide additional data to reinforce potential manufacturer selection.

�4.05	proposal information:

A.	Submit separate information for 4200 GPM and 6300 GPM to complete the following tabular data for each chiller selection (use multiple columns as required) :

 

Item�Nominal value�Value Optimized @ 75% Load�Value @100% Load data @ 4200 and  6300 GPM��Tons ¹�2,100����Maximum kW at full load ²�1,400����max. kW / ton at full load, standard efficiency�0.65@ 4200 GPM

0.63 @ 6300 GPM����kW / ton high efficiency (lowest value possible)�-����Refrigerant (propose for each)�22 and 134a����Refrigerant charge, pounds�-����Guaranteed maximum charge loss/year, pounds�-����Compressor Motor and Starter�����Number of stages/final RPM�1/3600����Motor type�ODP����Maximum Motor RPM�3600����Starter Type (by IBM, to match existing GE cubicle dimensions)�Primary Reactor 65% load tap����Electrical characteristics �4160v����Maximum Motor FLA.�210 @ 4200 GPM

210 @6300 GPM����Motor efficiency, percent�96.0����Max. motor inrush amps under current limiting�815����Motor locked rotor amps�-����Oil Pump Electrical service, kva/v/ph/Hz�-����Controls Electrical service,  kva/v/ph/Hz�-����Gearbox loss in horsepower�-����Brake horsepower at compressor�-����Compressor efficiency in %�-���������Evaporator �����GPM / water pressure drop in feet / passes�4,200/25/2����Entering water temperature °F.�54����Leaving water temperature °F.�42����Fouling factor�0.00025����Number of tubes �-����Tube surface area  (total) �-���������Condenser(submit for 4400 &6300 GPM)�����GPM / water pressure drop in feet / passes�4,400/25/2����Entering water temperature °F.�85����Leaving water temperature °F.�-����Fouling factor�0.00025����Number of tubes (total)�-����Tube surface area  (total) �-����Number of  tubes in subcooler �-����Sub-cooling tubes surface area �-����Degrees of Superheat �-����Degrees of Sub-cooling  �-���������ARI Standard 550-92 APLV�-����Max. kW at 100% load & 85.00 ECWT�-����Max. kW at  75% load & 78.75 ECWT�-����Max. kW at  50% load & 72.50 ECWT�-����Max. kW at  25% load & 66.25 ECWT����� Maximum chiller APLV �-����

¹    Net usable tons per ARI-550 = Gross compressor tons less cooling of auxiliaries such as oil cooling.��²    kW calculation per ARI-550 must include compressor usage at gross tons plus that of auxiliaries such as oil pumps and controls.��

B.	Bid Tabulation



Item�IBM Preferred�As Bid��Price including delivery to site,�-���Price of Pump out System����Price of 1 year Full service contract ����Factory Performance Test�-���All Submittals (weeks after award)�2���Approval of all Submittals (weeks)�2���Delivery schedule (weeks after approval)�24���Price for installation/startup services�-���Time for the above (weeks/weeks after delivery)�2/1���B.	The performance data requested above represents peak cooling plant capacity conditions. This performance as well as off peak performance shall be used as a part of the bid evaluation. Provide repeat performance data for all the selections requested and submitted in response to that noted above as well as  the following: 

1.	KW input and projected tonnage at 20%, 40%, 60%, 80% and 100% load  with the condenser water entering  temperature at 85, 80, 75, 70, 65, 60, and the coldest that the chiller can safely and reliably operate with 2 and 3 GPM/Ton of condenser water. 

2.	Best machine available , i.e., the lowest KW input and the projected tonnage available. at 2 and 3 GPM per ton.  

C.	Document method of securing turndown and the minimum turndown, listed as a percentage  of the 100 percent rating.

D.	Document specifics of compressor and bearing design and any claimed advantages.

E.	List all support services and capabilities required to operate the chillers, i.e.; water, oil, compressed air, drain, vents, etc.

F.	Provide MSDS sheets on all refrigerants, lubricants, cleaners, or chemicals that will be proposed to be shipped to the job site.

G.	List certified noise levels in each octave band and method used to determine values.

H.	List features of R-22 proposed machines that make future conversion to R-134a easier or lower cost.

I.	List three methods of measuring actual refrigerant charge accurately, indicate which one is included in the price and alternate pricing for other methods.

J.	Provide price for a full service, parts and labor contract, including monthly operating inspections,  monthly refrigerant leak checks, and all recommended preventative maintenance procedures, extending to 1/1/97.  Include manufacturer's terms and conditions in proposal and list price as a lump sum requirement at time of bid award and alternately an annual fee. All the chiller components that are installed  between the chilled and condenser water flanges and the pump out unit would be included, the starter for the motor would be by IBM and would be not included in the scope.

K.	Provide detail in the proposal which describes the noise treatment which will be utilized to meet the specified acceptable levels. Provide price and attenuation values for each additional treatment above the standard base unit which  is proposed. 

L.	The control specification section is clear, provide a base price which meets this specification and provide a separate price which represents the manufacturers standard basic control arrangement.  Provide sufficient detail  in the proposal to determine the signal characteristics and which devices are included. 

M.	The proposal shall be bound (3 ring loose-leaf) with the individual requested options clearly identifiable. The proposal shall include a section which highlights any request options which severely  impact price or delivery, 

N. 	Provide list of additional features or  options with individualized pricing and delivery problems if any requested features noted in these specifications are a special or non standard item.   Include any additional features that might be available and desirable that were not requested. 
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