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Part 1. PRODUCT(S) - Outdoor Units (Variable Refrigerant Flow Systems) 
Multi VTM Water 5 Heat Pump / Heat Recovery Systems – (6 to 48 tons nominal) <ARWM072BAS5><ARWM096BAS5><ARWM121BAS5><ARWM144BAS5><ARWM168BAS5><ARWM192BAS5><ARWM216BAS5><ARWM240BAS4><ARWM264BAS5><ARWM288BAS5><ARWM360BAS5><ARWM432BAS5> <ARWM072DAS5><ARWM096DAS5><ARWM121DAS5><ARWM144DAS5> <ARWM168DAS5><ARWM191DAS5><ARWM192DAS5><ARWM216DAS5><ARWM240DAS5><ARWM264DAS5><ARWM288DAS5><ARWM360DAS5><ARWM432DAS5> 
0. Product Design
0. Variable Refrigerant Flow (VRF) HVAC system shall be a variable capacity, direct expansion (DX) heat pump or heat recovery selectable engineered system (Water Source VRF System).
Each water source VRF system may consist of one to three water source unit frames(s) that circulate refrigerant to/from multiple VRF Indoor Units (IDUs) strategically located throughout the conditioned space via a field supplied, assembled and insulated refrigerant piping system.
Each water source VRF system has the ability to reject heat to or absorb heat from a common condenser water loop. Other traditional HVAC equipment that may be connected to the condenser water loop includes one or more water pumps(s), boiler(s), cooling tower(s), and/or geothermal heat sink(s). These traditional heat generation/transfer devices provide supplemental heat to the condenser water loop or remove heat from the loop as necessary to maintain an acceptable water loop temperature necessary for stable water source VRF system operation. 
Operating Conditions
0. The VRF systems shall be capable of providing continuous compressor operation at listed water flow conditions. VRF products with submittal or technical performance data that does not guarantee continuous compressor operation shall not be acceptable.
0. The water source unit’s required minimum operating range is:
All IDUs in cooling mode
Entering water temperature: 
0. 50°F to 113°F
Below 59°F requires optional variable flow control kit.
Heat exchanger design: Water side
0. Flow: 1.4 to 5.0 GPM/ton
Pressure: 640 PSIG 
All IDUs in heating mode
0. Entering water temperature: 
0. 50°F to 113°F
0. Below 59°F requires optional variable flow control kit.
Heat exchanger design: Water side
0. Flow: 1.4 to 5.0 GPM/ton
Pressure: 640 PSIG 
Simultaneous heating and cooling (Heat Recovery Models Only)
0. Entering water temperature: 
0. 50°F to 113°F
Below 59°F requires optional variable flow control kit.
Heat exchanger design: Water side
0. Flow: 1.4 to 5.0 GPM/ton
Pressure: 640 PSIG 
Electrical
0. ALL water source heat pump and heat recovery frame(s) shall be designed and electrically protected to maintain stable continuous compressor operation when provided with 460V/60Hz/3 phase or 208-230V/60Hz/3 phase power with the following specifications: 
460V/60Hz/3 phase
0. Voltage tolerance between 414V and 528V
0. SCCR rating: 65 kA RMS symmetrical 460V maximum
208-230V/60Hz/3 phase 
0. Voltage fluctuation of ± 10%
0. SCCR rating: 56 kA RMS symmetrical 208V maximum / 62 kA RMS symmetrical 230V maximum
Phase to phase voltage imbalance of up to two percent. 
General Features
0. Heat Recovery System Specific Architecture
LG Multi V Water 5 heat recovery system(s) shall be capable of simultaneously providing heat to some zone(s) while removing heat (cooling) from other zone(s) irrelevant of the position of the reversing valve of the water source unit frames. When the multiple water source frames are present, the reversing valve in each frame shall act independent of the other frames to optimize the simultaneous heating and cooling capacity and range of operation.
Heat recovery units (HRUs) shall be provided by the VRF manufacturer. HRUs that have one or more parts made in China (or unit assembly completed in China) are not acceptable. The refrigerant piping system shall be comprised of three (3) parallel pipes between the water source unit, HRUs and two (2) parallel pipes between the HRU and each IDU. Each pipe shall be individually insulated.  Each IDU port on the HRU shall be equipped with a dedicated independent refrigerant flow control apparatus that serves the connected indoor unit(s) with liquid refrigerant or super-heated refrigerant vapor.
Heat recovery units shall be engineered for installation in a semi-conditioned space where temperature is maintained between -13F and 130F. Heat recovery unit’s case and internal components where surface temperatures may operate below dew point shall be factory insulated. Heat recovery units that condense and require condensate drain shall not be acceptable.
Each of the three (3) parallel pipes connected to the water source unit shall be dedicated duty. One each to transport refrigerant in the following state and quality: 1) high pressure liquid; 2) high pressure superheated vapor; 3) low pressure vapor. Each pipe of the refrigerant network shall be individually insulated. VRF systems designed to transport, low quality, mixed state refrigerant are not acceptable.
0. Heat Pump System Specific Architecture
LG Multi V Water 5 heat pump system(s) shall be capable of providing cooling OR heating to all conditioned spaces served. The VRF system’s mode of operation (i.e. cooling or heating decision) is directly controlled by the position of the reversing valve in the water source unit. When the multiple water source frames are present, the reversing valve in each frame shall operate in parallel and shall be controlled by the microprocessor controller of water source unit frame designated as the “Master” frame.
The refrigerant piping system shall consist of two (2) parallel pipes between the water source unit frame(s) and each indoor unit. While operating in heating mode, the water source unit(s) shall provide superheated refrigerant vapor to the indoor units. During cooling mode operation the water source unit(s) shall provide high pressure subcooled liquid refrigerant to the indoor units. Each pipe of the refrigerant network shall be individually insulated. VRF systems designed to supply, low quality, mixed state refrigerant to the indoor units are not acceptable.
0. All three-phase water source units provided, irrelevant of the Heat Pump or Heat Recovery models, shall be the same generation and provide with most up to date firmware version at the time of delivery. Manufacturers commissioning agents shall identify the software version revision in the commissioning report and assure the owner that the latest software version has been installed.
If the plans and/or specifications include both heat pump and heat recovery outdoor models, the manufacturer shall provide the most recent generation equipment only. Old stock, obsolete models or a mixture of design generations will not be accepted. Products sourced from the internet and not from the manufacturer’s authorized Applied Representative or authorized distributer with territorial responsibility for the quality of the VRF system installation will not be accepted. 
The water source unit shall be shipped from the factory fully assembled including internal refrigerant piping, compressor, contacts, relay(s), as well as an onboard, self-contained, stand-alone VRF system control.
The water source unit shall be matched with VRF components from the same manufacturer consisting of the water source unit, indoor units; factory designed and supplied Y-branches and/or Headers, zone controls, and an array of optional central control devices.
Direct communication between the water source unit and indoor units shall be provided over a field supplied RS-485 twisted wire pair. Systems requiring intermediary protocol translators, signal boosters, integration with a third party building management systems (BMS) or any other device required for communication to occur between VRF system refrigerant bearing components shall not be accepted.
The water source unit shall be designed to be placed in a room where the ambient temperature may vary between 33°F and 104°F without condensation forming on the exterior surface of the unit case.
Refrigeration Circuit: 
The water source unit refrigeration circuit shall be equipped from the factory with a minimum of these components:
Refrigerant strainer
Check valves
Oil separator
Accumulator
Hot gas bypass valve
(2) 4-way reversing valves
Electronic expansion valve(s)
Sub-cooler
Service valves with Schrader ports
 Self-cooling heat exchanger
			xi.  Inverter PCB refrigerant cooled heat sink
Refrigerant and Lubricants
Refrigerant
0. The water source unit shall be supplied from the manufacturer with refrigerant R-410a. Any system that utilizes an alternate refrigerant must obtain prior approval to bid a minimum of 10 days prior to bid date from the Engineer of Record. Manufacturer shall provide with their request MSDS sheet(s), and ASHRAE sourced documentation that declares the alternate refrigerants ozone depletion potential and flammability classifications using ASHRAE Standard 15.
All proposed VRF systems that utilize a refrigerant with a flammability classification of “A” will not be accepted.
Refrigeration Oil
0. Each compressor shall ship from the factory with a full charge of Polyvinylether (PVE) refrigerant oil. Any additional oil required by manufacturer to initially commission the system shall be provided and shipped to the jobsite by the VRF manufacturer at no charge to the installer.
The refrigerant oil supplied shall have a flash point rating of no less than 395°F.
VRF systems that utilize refrigerant oils that can “hydrolyze” and result in capillary tube or strainer blockage when mixed with water vapor, such as Polyol Ester (POE), are not acceptable.
Refrigerant/Water Heat Exchanger Freeze Protection
The microprocessor control shall be provided with freeze protection logic that attempts to minimize the potential of forming ice in the heat exchanger by monitoring:
0. Loss of flow below the minimum required.
Reduction in water temperature leaving the heat exchanger.
The water source unit shall have a field provided and wired flow detection device designed for stable operation and suitable for the location where it is installed.
On Multi-frame VRF Systems, provide an independent dedicated flow detection device for each water source unit frame.
The flow detection device shall be field calibrated prior to commissioning. Flow detection device shall provide a stable signal without fluttering across the VRF manufacturer’s acceptable water flow range.
Refrigerant System Cycle and Control
The mass flow rate of refrigerant between components shall be accomplished using the compressor(s) and a sub-cooler without the assistance of any type of intermediary mass flow booster devices.
The refrigerant cycle operation core logic shall establish and maintain target evaporating temperature (Te) to be constant in cooling mode and condensing temperature (Tc) constant in heating mode and maintain system stable operation while operating compressors across the published acceptable entering water temperature range. Specified entering water temperature range must fall in the manufacturers’ performance tables that guarantees continuous compressor operation. “Reference data” is not acceptable.
VRF system refrigerant cycle core logic shall be able to dynamically modify the target evaporator and condenser temperatures to maximize energy savings when system is operating at part load conditions.
VRF System Water Flow Management 
Constant Flow (2-position shut-off valve and valve operator provided by others)
0. Multi-frame VRF water source systems shall be provided with an independent dedicated field provided water shut-off valve and valve operator for each frame.
0. The temperature of the water entering the heat exchanger shall be maintained above 59°F at all times.
0. The field provided shut-off valve and valve operator shall be provided to:
0. Prevent heat exchanger from freezing while unit is not operating.
Prevent refrigerant migration while VRF system in not operating.
Save pumping energy (2-way valve installations only)
VRF water source unit shall:
0. Open the valve on a compressor start and shall close the valve when compressor operation is halted.
Be provided with screw terminals to accept 208-220/60/1 field provided wiring to valve operator. Current draw from field provided valve operator shall not to exceed one (1) Ampere.
The field provided water shut-off valve shall be:
0. Two-way or three-way configuration.
Normally closed to the water source unit frame.
Fail closed to the water source unit frame.
Full port (full throat) design.
The field provided valve operator(s) shall:
0. Conform to the VRF water source unit manufacturer’s electrical specifications.
220/60/1
Maximum current rating of less than one (1) Ampere at 220v.
Variable Flow (0-10VDC variable position valve by others)
0. If the mechanical equipment schedule shows an entering water temperature to the water source unit below 59F°, the VRF manufacturer shall provide an optional variable water flow control kit to be field installed and wired.
The Variable Flow Control Kit, valve, and valve operator assembly shall be provided to:
0. Maintain stable refrigerant cycle head pressure 
Sustain the ability of IDUs to deliver quality heated air that exceeds 105°F year round;
Save pumping energy (on variable primary and/or secondary flow designs only).
Multi-frame VRF water source systems shall be provided with an independent dedicated Water Flow Control Kit, field provided valve and field provided valve operator for each frame.
VRF manufacturer’s Variable Water Flow control kit shall be provided with the following components for field mounting by the installer.
0. Valve control interface printed circuit board to provide an analog 0-10 VDC valve position control signal.
Valve control interface printed circuit board mounting bracket(s).
Interface cable between the valve control interface printed circuit board and the water source unit main microprocessor control board.
The field provided water flow control valve shall be:
0. Two-way or three-way configuration.
Normally open to the water source unit frame.
Fail closed to the water source unit frame.
Full port (full throat) design.
The field provided water flow control valve operator(s) shall:
0. Conform to the VRF water source unit manufacturer’s electrical specifications.
Water to Refrigerant Heat Exchanger
The water source unit shall be provided with an internally factory mounted heat exchanger manufactured with 316 stainless steel. Heat exchanger shall be a brazed plate design with a cross flow, micro-channel heat exchanger high efficiency surface.
Heat exchanger shall be designed for operating at a continuous water and/or refrigerant side pressure of up to 640 PSIG.
The heat exchanger pipe connections shall be capped at the factory and shall remain in place during project construction until such time the field piping is connected.
[bookmark: _Ref524343045]Pipe specialties shall be field provided and installed by others or optionally purchased as pre-manufactured assemblies (see next section). Piping specialties shall include the following components:
0. Mandatory field provided piping specialties will include:
1. Outlet pipe water flow adjustment device or circuit setter
2. Inlet & outlet isolation ball valves
3. Inlet pipe strainer (50 MESH or finer)
4. Inlet & outlet PT service ports
5. Water flow control valve and operator (see VRF System Water Flow Management section for details).
0. Optional recommended additional field provided piping specialties:
10. Inlet & outlet water pressure gauges
1. Inlet & outlet water temperature gauges
2. Inlet and outlet braided stainless steel flexible connector
VRF manufacturer shall make available to the installer pre-engineered piping packages complete with high pressure stainless steel flexible hoses, shutoff valves, strainer, flow control valve, coupling die-electric unions, circuit setter (or balancing valve) purchased through and manufactured by Hayes Fluid Products or equal.
Sub-cooling Control:
The water source unit shall have a spiral tube-in-tube or plate type sub-cooling device with automatic self-adjusting refrigerant flow control. Field mounted remote located sub coolers shall not be accepted 
The amount of refrigerant used by the sub cooler shall dynamically vary and be held at the minimum required to maintain the target temperature of liquid refrigerant.
The water source unit shall have an algorithm embedded on the main microprocessor that monitors and adjusts in real time the target temperature of the liquid refrigerant supplied to the evaporator. The algorithm shall consider the following pipe system architectural variables to assure that refrigerant remains in 100% saturated state when the refrigerant enters EEV(s) at the indoor unit.
0. Maximum length of liquid pipe considering elbows and fittings (i.e.  Equivalent feet length).
Water source unit heat exchanger entering water temperature.
Indoor unit (as an evaporator) refrigerant entering pipe temperature.
Wireless Service Communication 
The water source unit manufacturer shall make available an optional plug-n-play field installed Wi-Fi communication kit that enables service personal wireless access at a minimum of 20 feet away to the operating system diagnostics and monitoring functions.
Service software shall be able to provide:
0. Collection of point in time (snapshot) information including all current outdoor unit operating conditions and each indoor unit, system EEV and solenoid valves, sensors, compressor speed, and refrigerant operating pressures and temperatures.
Real-time system operation monitoring with the ability to capture refrigerant cycle operating data for a field determined period of time and save it to an operating log file on a service providers personal computer or equal.
Transfer the saved operating log file into *.csv file format.
Microprocessor Controller
The water source unit shall have factory installed and programmed microprocessor controls necessary to efficiently control and operate the VRF system without the use of third party control products or building management interface.
All printed circuit boards (PCBs) surfaces shall be coated on both sides with a polymer based sealant designed to protect from corrosion and solder joint deterioration.
Communication between all products, devices, or elements of the VRF system and other products provided by the VRF manufacturer on the project shall communicate using the same protocol. Intermediary signal boosters or auxiliary protocol translators (i.e. gateways or bridges) of any kind are not allowed. 
Power interruption: The VRF system shall be capable of operating indefinitely during a partial power outage which is defined as a power loss to one or more indoor units. Following a building (or whole system) power outage and subsequent power restoration, the VRF system shall automatically restart and continue with operation as it was prior to the outage without manual intervention to resume normal operation. 
Communications interruption: The VRF system shall be capable of operating indefinitely if communication is lost between one or more indoor units and the water source unit. VRF systems that cannot continue to operate normally during a prolonged communication loss to one or more indoor units that cause the water source unit to cease operation are not acceptable. After communication is re-established, the VRF system shall automatically recognize the components and proceed to operate normally without requiring maintenance personnel intervention to cycle power or to reboot the microprocessor controller.
The water source unit shall be provided with a human interface display that is visible without removing major service panel(s). The human interface shall at a minimum provide a trained service technician with visual codes, graphics, or English verbiage that reports systems operation status, malfunction, and/or warn of unsafe operating condition.
The water source unit processor shall be provided with easy to use customization features that assist the commissioning agent to adjust system operating parameters to optimize efficient operation and stabilize refrigerant cycle operation at specified conditions. Customization features shall include ability to adjust:
0. Cooling mode superheat setting (on a per IDU basis).
Sub-cooling setting (on a per IDU basis).
Compressor low pressure target.
Compressor high pressure target. 
Field Supplied Refrigerant Piping System
0. VRF System Refrigerant Pipe System: Attributes, Capabilities, & Limitations
VRF systems with a design combination ratio greater than 130% are not acceptable
Longest equivalent pipe length (ELF) between water source unit and farthest indoor unit shall not exceed 738 equivalent length feet.
Longest pipe length between the water source unit and farthest indoor unit shall not exceed 656 physical feet.
Maximum pipe length between the first Y-branch (closest to the water source unit) and the farthest indoor unit shall not exceed 295 physical feet.
Maximum distance between a Y-Branch, Header Fitting, or Heat recovery unit and an indoor unit is 131 physical feet.
The maximum elevation an IDU may be mounted above the water source unit: 164 physical feet
The maximum elevation an IDU may be mounted below the water source unit: 164 physical feet. 
The maximum elevation change between any two recovery units piped in parallel: 98 physical feet.
The maximum elevation change between any recovery units piped in series: 16 physical feet.
The maximum elevation between the highest and lowest indoor units in a system shall be 131 physical feet.
VRF Refrigerant Pipe System: Computer Aided Design
Basis of design is LG’s Air Conditioning Technical Software (LATS) or equal.
The VRF refrigerant system pipe design shall originate utilizing the most recent version of the proposed VRF Manufacturer’s computerized Engineered Refrigerant Pipe Design tool.
The software brand, model, and version number shall be generated by the program and noted on the VRF Refrigerant Piping Output Tree Diagrams.
Piping systems designed using a BETA software version (or other test version) is not acceptable.
VRF Refrigerant Pipe System: Field Drawings/Refrigerant piping Tree Diagrams
Shall indicate the pipe sizes and lengths of each pipe using IP unit of measure. SI units are not acceptable.
Shall display the Indoor Unit model number and associate the IDU with a field defined room and floor tag.
The corrected (NET) sensible, total, and heating PEAK capacity of each indoor unit at project design conditions. Tree diagrams that display “nominal” capacity or block capacity based on the capacity of the water source unit) are not acceptable.
The Outdoor Unit model number, the frame count and the individual frame model numbers.
The corrected (NET) cooling and heating capacity of the outdoor unit at project design conditions.
Shall display the VRF System’s Combination Ratio.
A printed list of the manufacturer’s pipe design rules compared with the current design.
The tree diagram shall graphically associate the building load(s) as listed in the mechanical schedule with the IDU serving the room(s).
The tree diagram shall calculate and display on a % of room load the corrected NET capacity of the indoor unit.
VRF System: Field wiring: Power and communication wiring diagrams.
Shall indicate the pipe sizes and lengths of each pipe using IP unit of measure. SI units are not acceptable.
VRF System Refrigerant Pipe System: Field Change Approval Process
The Applied representative shall keep the installer informed of any and all critical pipe lengths that need to be closely adhered to during the pipe installation process.
Any proposed field modification to the Engineered Refrigerant Pipe Design shall be proposed to the VRF Applied representative dedicated to support the installation of VRF Systems. 
The Applied Representative shall validate the installing contractor’s proposed change(s) using the VRF manufacturer’s pipe design tool to validate the proposed change does not violate any of the rules and limitations set-forth in the specification.
Communication via email, text, fax, or other written documentation validating the proposed change(s) shall be required.
Any of the following proposed modifications to the installation of the VRF system shall require pre-approval from the VRF equipment’s Applied Representative prior to proceeding:
Modification of any pipe diameter.
Length of a segment of pipe.
A change in the mounting elevation of a pipe.
A change in the mounting elevation of one or more VRF manufacturer supplied refrigerant containing devices, the addition or deletion of an Indoor unit.
The installation of a VRF Indoor Unit with a model number different than the IDU specified on the VRF Engineered Refrigerant Pipe System Tree-Diagram.
VRF System Refrigerant Pipe System: Field Provided Pipe System Materials
The refrigerant distribution piping system shall be constructed using field provided copper pipe, couplings and fittings rated for use with refrigerant R-410A.
The VRF manufacturer shall provide all Y branch and/or Header Fittings at any junction in the pipe system that joins 3 or more pipe segments. Third party fittings are not acceptable.
VRF Refrigerant Pipe System: Installation
The quality and method of coupling pipe segments to create the pipe system shall be the sole responsibility of the installer.
All pipe components in the VRF system shall be installed per manufacturer’s published instructions.
The pipe system shall be installed to allow for expansion and contraction. Pipe hangers, supports, insulation shall not impede the free movement of any pipe segment.
Expansion loops, offsets or other expansion absorbing configurations shall be field designed, supplied and installed based on proper evaluation of the proposed piping design. The design of expansion absorbing pipe segments shall meet or exceed the intent of specification details provided by the design Engineer of Record and the VRF equipment manufacturer’s published guidelines.
Each refrigerant pipe shall be independently insulated. All insulation joints shall be glued and sealed with no air gaps per insulation manufactures instructions and/or best practices to create an air tight assembly.
Oil Management
0. Each compressor shall discharge superheated compressed refrigerant vapor directly into a centrifugal type oil separator that shall have no moving parts. The oil separator shall be a minimum of 97% effective at removing oil from the oil/refrigerant gas stream and return the extracted oil via gear pump directly to the compressor oil sump without the use of pressure regulating intermediary control devices such as injectors, hot gas-bypass valves, electronic or pressure dependent expansion valves.
Systems designed to return oil to the sump via the low pressure vapor pipe or alternately bypass high pressure vapor from the compressor discharge back to the suction pipe, or mix captured refrigerant oil with low pressure vapor entering the compression chamber are not acceptable. 
The compressor shall be equipped with an oil level sensor designed with no moving parts. The sensor shall electronically notify the water source unit controller when the oil level in the compressor sump is low. The water source unit shall be factory programmed to initiate an oil return cycle only upon receiving a signal from the oil level sensor. Systems designed with oil return cycles that occur on a timed basis are not acceptable.
Cabinet
0. Water source unit cabinet shall be made of 20 gauge galvanized steel and finished with a baked enamel finish.
Water, refrigerant and condensate drain pipe connections shall be from the front side of the water source unit. Front panel of unit shall be removable without first removing field connected piping or wiring.
All major maintenance and routine service activity shall be from front side of the unit. Unit designs that require service access or pipe connections through either side, top or back panels will not be acceptable. 
A separate microprocessor service access panel, not larger than 4”x 8”, tethered to the unit case to prevent misplacement, shall be provided to access the following:
Service diagnostic tool access port.
Error code diagnostics.
DIP switches
Unit drain pan shall be designed to contain, collect, and drain 100% of the internal condensate that may form during heating operation and drain it via factory provided condensate drain nipple at the base of the unit.
Provide optional field supplied non-ferrous or galvanized steel secondary drain pan and auxiliary float switch. Provide non-ferrous support structure to mount the water source unit frame at a height that allows easy removal of access panel(s).
Compressor(s)
0. Compressor shall be a hermetic, high-side shell (HSS), commercial grade, compliant scroll direct-drive design.
Compressor shall be designed and assembled by the VRF manufacturer specifically for use in the VRF product line. Third party manufactured, branded, or designed to the VRF system’s OEM specifications by a third party manufacturer shall not be acceptable.
The fixed and oscillating compressor scroll components shall be made of high grade (GC25) or denser steel material. All scrolls shall be heat treated and tempered.
The oscillating scroll shall be finely machined and polished. PVE refrigerant oil shall be used as the sole liquid used to maintain a seal between the high and low sides of the compression chamber. Compressors that requires the use of any type of mechanical or wearable sealant material between the moving surfaces of the compression chamber is NOT ACCEPTABLE.
Bearing surfaces shall be coated with Teflon® equal. Bearings shall be lubricated using a constant flow of PVE refrigerant oil to the bearing surfaces The film of oil separating the crankshaft journals and bearing surfaces shall be consistent at all times the crankshaft is in motion and shall be maintained irrelevant of crankshaft rotational speed.
 An internal, integrated, mechanically driven gear pump shall draw oil from the compressor sump reservoir, pressurize the oil and inject the oil directly to the crankshaft journals maintaining a consistent film of oil between all moving parts. Auxiliary, indirect, or electronically driven pumps are not acceptable.
The viscosity property of the PVE oil in the compressor sump shall be maintained irrelevant or compressor operation and the surrounding ambient temperature.
The compressor shall be equipped with an external thermally protected electric crankcase heater that is automatically activated only when the ambient temperature is below freezing and the compressor is not running to maintain the temperature of the oil in the sump above the refrigerant boiling point.
During stable operation, irrelevant of ambient air temperature outside the water source unit, the temperature of refrigerant vapor in contact with the surface of the oil in the compressor sump shall be maintained above 140°F to prevent foaming and to eliminate refrigerant from mixing with the oil degrading the viscosity of the oil in the sump.
Low side shell (LSS) type compressors that use suction vapor to cool the compressor motor shall not be acceptable.
The compressor motor shall be designed to operate at high temperatures.
The motor winding insulation shall be designed to operate continuously at a minimum temperature of 180°F without deterioration.
The motor cooling system shall be designed to maintain acceptable operational temperature at all times and in all conditions using high pressure, hot refrigerant vapor as motor coolant.
Low side shell and compressors that use low pressure, low temperature refrigerant gas to cool the motor are not acceptable.
Inverter Compressor Controller(s)
Each compressor shall be equipped with a dedicated inverter compressor drive. The control of multiple compressors using a single drive is not acceptable.
The inverter drive shall vary the speed of the compressor crankshaft between 15 Hz and 150 Hz in one (1) Hz increments.
The inverter driver controller shall be matched with the physical properties of the compressor. The drive shall be manufactured by the VRF water source unit manufacturer. The inverter drive and matching compressor shall have been thoroughly tested as a matched pair. The inverter drive shall be programmed to avoid operating the compressor at any speed that results in harmonic vibration, nuisance noise, or mechanical damage to either the driver or the compressor with power provided that is within the tolerance specification.
The compressor inverter drive assembly and software must be designed, manufactured, and supplied by the VRF product manufacturer. Third party branded inverter driver hardware and/or driver software or inverter driver hardware and/or software provided by a third party manufacturer to meet OEM specifications of the VRF water source manufacturer will not acceptable.
All inverter drive hardware or software manufactured in, is a product of, or sourced from China, or using a broker or third party provider as an intermediary that obtains the product from CHINA shall not be acceptable.
Operational Sound Levels 
0. The compressor(s) shall be wrapped with heat resistant foil faced, sound deadening blanket that covers all exposed surfaces of the compressor. Sound deadening blankets shall be secured in place by use of a Velcro™ tool-less joint sealing system with a minimum of ½” of overlap along all seams. The sound deadening compressor blanket shall be engineered to leave no direct sound path between the outer surface of the body of the compressor and the surrounding environment.
The compressor(s) shall be mounted on rubber isolation grommets. Compressor shall ship with removable clamps that secure the compressor in place while transported. The installing contractor shall remove and discard (or optionally adjust the clamps to allow the isolator to properly function) the clamps prior to commissioning the water source unit.
Unit shall be mounted on field provided combination rubber and cork (or equal) isolation pads provided by the installing contractor. Provide a minimum of (1) pad per mounting point described in the VRF manufacturer’s installation manual.
Each water source unit frame shall be rated with a sound level not to exceed 65 dB(A) 
Test data shall be collected in an anechoic chamber using procedures publish under ISO Standard 3745.
Microphone shall be placed in front of the unit on the center line of the front panel at distance of 3.3 feet away and at an elevation of 3.3 feet above the finished floor.
Sensors:
0. Water source unit shall be provided with these sensors to monitor and control refrigerant cycle operation.
Compressor inlet temperature thermistor
Compressor discharge temperature thermistor
Liquid pipe temperature sensor
High Pressure switch
High Pressure sensor
Low Pressure sensor
Leaving water temperature thermistor
Entering water temperature thermistor
Ambient air temperature thermistor
Inverter Drive/Compressor Assembly Protection 
Multiple sensors shall be provided that actively guard against the following potential conditions and when one or more occurs, the unit microprocessor control shall adjust cycle operation when possible to protect the inverter drive/compressor assembly from:
Over-current /under current
Phase loss, reversal and imbalance 
Excessive refrigerant charge and high pressure.
Low refrigerant charge/ overheating
Seismic Installations
0. Provide with submittal: 1) OSHPD Special Seismic Certification Preapproval (OSP) documents for certified product list of VRF equipment to be installed in high seismic risk areas. 2) Equipment installation documents in conformance with CBC 2013, 2016 and 2019 California Building Code and IBC 2012, 2015 and 2018 International Building Code.
Warranty 
0. Limited Warranty Period
STANDARD ONE-YEAR PARTS WARRANTY FOR A QUALIFIED SYSTEM - The Part(s) of a qualified System, including the compressor, are warranted for a period (the “Standard Parts Warranty Period”) ending on the earlier to occur of one (1) year after the date of original installation, or eighteen (18) months from the date of manufacture. 
ADDITIONAL SIX (6) YEAR COMPRESSOR PART WARRANTY - The Compressor is warranted for an additional six (6) year period after the end of the applicable Standard Part Warranty Period (the “Compressor Warranty Period”).
Extended Warranty
The Standard Warranty Period and the Compressor Warranty Period are extended to a total of ten (10) years (the “Extended Warranty Period”) for qualified Systems that have been (a) commissioned by a party that has completed the current Training Requirements, (b) such commissioning is pursuant to LG’s current published instructions, and (c) the System commissioning results and supporting documents are entered correctly into LG’s online commissioning system. Commissioning of a System requires one (1) hour of LG Monitoring View (LGMV) data. Commissioning results must be entered into LG’s online commissioning system within sixty (60) days of System startup.
PRODUCT(S) - Heat Recovery Units (Heat Recovery Systems Only) <PRHR023A><PRHR033A><PRHR043A><PRHR063A><PRHR083A>
0. General
Heat recovery unit shall be designed and manufactured by the same manufacturer of VRF indoor unit(s) and outdoor unit(s). 
Heat recovery unit casing shall be constructed with galvanized steel.
Heat recovery unit shall require 208-230V/1-phase/60Hz power supply.
Heat recovery Unit shall be an intermediate refrigerant control device between the air source outdoor unit and the indoor units to control the systems cooling and heating operation. 
Heat recovery unit shall be engineered to work with a three pipe VRF system comprising of:
High Pressure Vapor Pipe
Low Pressure Vapor Pipe
Liquid Pipe
Heat recovery units’ main 3 pipe connections shall be capable of series or parallel pipe configuration.
The quantity of heat recovery units that can be piped in series shall be limited to 16. 
Heat recovery units shall be engineered for installation in a semi-conditioned space where temperature and humidity is maintained between -22Deg F to 130Deg F. Heat recovery unit’s case and internal components where surface temperatures may operate below dew point shall be factory insulated. Heat recovery units that condense and require condensate drain shall not be acceptable.
A single string of series piped heat recovery units shall be capable of serving any combination of styles of VRF indoor units with a combined nominal capacity of up to 230 MBh.
Heat recovery unit shall have 2, 3, 4, 6 or 8 ports, each port supporting one or more indoor units with a maximum connected capacity of 60 MBH. 
Each port shall be capable of operating in cooling or heating independently regardless of the operating mode of any other port on the heat recovery unit or in the system.
Each port shall be capable of connecting from 1 to 8 indoor units. 
Connection to indoor units totaling greater than 60MBh nominal capacity shall be twinned to two adjacent ports of the heat recovery unit using a reverse Y-branch connector supplied by manufacture.
Heat recovery unit shall be internally piped, wired, assembled and run tested at the factory.
Heat recovery unit shall be designed for installation in a conditioned environment per specifications.
Heat recovery unit shall employ a liquid bypass valve.
Heat recovery unit shall have (2) electronic expansion refrigerant valves per port.
Heat recovery unit shall have a balancing valve to control the pressure between the high pressure and low pressure pipe during mode switching to minimize any change-over pressure related sounds.
Heat recovery unit shall employ an electronic expansion valve to ensure proper sub cooling of the refrigerant.
Heat recovery unit shall contain one double spiral sub-cooling heat exchanger per port.
Heat recovery unit shall not require a condensate drain or connection.
Heat recovery unit shall be internally factory insulated. 
All field refrigerant lines between outdoor unit and heat recovery unit and from heat recovery unit to indoor unit shall be field ACR tubing, insulated per building or energy code and as instructed by the manufacture.
The heat recovery unit shall not exceed a net weight of 68 lbs. 
Heat recovery units, for line length and pressure drop calculations, shall not exceed a maximum equivalent pipe length value of 8.2 feet.
The VRF manufacturer shall provide published documentation that specifically allows the installation of field provided isolation valves on all pipes connected to the Heat recovery unit to allow the servicing of heat recovery units, refrigerant circuit or the replacement of heat recovery unit without evacuating the balance of the piping system.
Controls
0. Heat recovery unit(s) shall have factory installed unit mounted control boards and integral microprocessor to communicate with other devices in the VRF system.
Heat recovery unit shall communicate with the indoor units via a 2-conductor stranded communications cable terminated using a daisy chain configuration.
The contractor is instructed to review the Electrical and ATC drawings and specifications for other items or tasks which this contractor is or may be responsible to provide materials and or labor under this contract. Failure to do so will not relieve this contractor of their responsibility to provide such materials and or labor and in no case shall this contractor be further compensated as a result.
Seismic Installations
0. Provide with submittal: 1) OSHPD Special Seismic Certification Preapproval (OSP) documents for certified product list of VRF equipment to be installed in high seismic risk areas. 2) Equipment installation documents in conformance with CBC 2013, 2016 and 2019 California Building Code and IBC 2012, 2015 and 2018 International Building Code.
Warranty 
0. Please refer to the respective outdoor unit for applicable warranty.
For continual product development, LG Electronics USA Inc. reserves the right to change specifications without notice.
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