DIVISION 23 52 00 – PACKAGED BOILER SYSTEM
PART 1 - GENERAL
1.1 WORK INCLUDED
A. Design, furnish and install a complete hydronic heat transfer package in accordance with this specification. System shall be furnished by a single manufacturer regularly engaged in the design and manufacturing of heat transfer systems.  

B. Manufacturer or Manufacturer’s representative shall provide technical assistance during installation and system start up.

1.2 SYSTEM DESCRIPTION
A.
System shall be a hydronic type consisting of boiler(s), circulating pump(s), air and dirt separator, expansion tank, and control system. The system shall be designed for a performance capacity of listed in the schedule and specification. Heat transfer package and control system shall be factory pre-assembled unit by Htec (a division of Heat Transfer Equipment Company Inc.)  
PART 2 - PRODUCTS
2.1 ACCEPTABLE MANUFACTURER
A.
The skid packaged system shall be as manufactured by Htec Packaged Systems and controls. or pre-approved equal
2.2 EQUIPMENT
A. HEAT TRANSFER PACKAGE

1. The unit shall consist of Boiler(s), pump(s), air and dirt separator, expansion tank, service valves, thermometer(s), pressure gauge(s) and control system. The unit shall be factory pre-assembled on a structural steel powder coated frame, piped, and wired. Equipment to consist of the following:
2.3 BOILER
A. General
B. Boiler shall be a Raypak XVers L model ________ built and constructed for indoor/outdoor installation
1. The boiler shall be fired with natural gas at a rated input of ________ BTU/hr.

2. The boiler shall be CSA tested and certified with a minimum thermal efficiency of up to 98% at full fire 
3. The boiler shall be ASME inspected and stamped and National Board registered for 160 PSIG maximum allowable working pressure and 210ºF maximum allowable temperature, complete with a Manufacturer's Data Report.
C. Heat Exchanger
1. The primary heat exchanger shall be of a single-pass flue gas, vertically-oriented fire-tube design with water surrounding the combustion chamber for maximum efficiency.
2. The heat exchanger shall be fully-welded construction utilizing 316L stainless steel for the fire-tubes, tube sheets, combustion chamber, flue collector and pressure vessel shell. 
3. The boiler water connections shall be 2-inch NPT for model 406L-606L and 2.5 inch for model 726L & 856L, ANSI 304AL stainless steel.
4. The heat exchanger shall be ASME inspected and stamped and National Board registered for 160 PSIG maximum allowable working pressure and 210ºF maximum allowable temperature, complete with a Manufacturer's Data Report.
5.       psig ASME pressure relief valve, piped by the installer to an approved drain (shipped loose for field installation by others).

6. Temperature and pressure gauge 

7. The heat exchanger must have two lifting lugs welded to the top of the vessel to aid in rigging the unit for installation.

8. A built-in flue gas test port must be included as a standard part of the heat exchanger flue collector.

9. The heat exchanger shall have a volume no less than:

	Model
	Water Content

	406L
	13.2 gal

	506L
	11.9 gal

	606L
	11.9 gal

	726L
	17.2 gal

	856L
	15.9 gal


D. Condensate Drain

1. The boiler(s) will feature a condensate drain switch which will shut down the boiler(s) if the condensate drain is blocked.

E. Burner

1. The combustion chamber shall be of the sealed-combustion type employing the Raypak high- temperature FeCrAloy knitted mesh burner, mounted in a vertical orientation.
2. The burner must be capable of firing both a complete blue flame with maximum gas and air input as well as firing infrared when gas and air are reduced. The burner must be capable of firing at 100% of rated input when supplied with 4.0” W.C. of inlet natural gas pressure, or 8.0” W.C. when supplied with propane gas, so as to maintain service under heavy demand conditions; no exceptions.
3. The burner shall use a fully-sealed, non-sparking combustion air blower to precisely mix and control the flow of fuel/air mixture for maximum efficiency throughout the entire range of modulation. The combustion air blower shall operate for a pre-purge period before burner ignition and a post-purge period after burner operation to clear the combustion chamber.
4. The blower shall infinitely vary its output in response to a Pulse Width Modulation (PWM) signal supplied directly from the VERSA IC® modulating temperature control, thereby electronically and precisely adjusting the volume of air and gas supplied for combustion. 
F. Ignition System
1. The boiler(s) shall be equipped with a 100% safety shutdown.

2. The ignition shall be proven Direct Spark Ignition (DSI) type with full flame rectification by remote sensing separately from the ignition source. A three-try-for-ignition sequence is standard with single-try available as an option.

3. The igniter will be oriented vertically to extend the life of the igniter.
4. The ignition control module shall include an LED display that indicates fifteen (15) individual diagnostic flash codes and transmits any faults to the touchscreen display.

5. An external viewing port shall be provided, permitting visual observation of burner operation.

G. Gas Train

1. The boiler(s) shall have a firing/leak test valve and pressure test valve as required by CSD-1.

2. The boiler(s) shall have dual-seated main gas valve.

3. Gas control trains shall have a redundant safety shut-off feature, main gas regulation, shutoff cock and plugged pressure tapping to meet the requirements of ANSI Z21.13/CSA 4.9.
H. Boiler Control

1. The following safety controls shall be provided:

a. High limit control with manual-reset, mounted and wired

b. Low water cut-off with manual-reset, mounted and wired

c. Blocked vent pressure switch, mounted and wired

d. Blocked condensate switch, mounted and wired

e. Flow switch (optional – please specify shipped loose or installed)
f. Adjustable high limit control with manual-reset (optional – please specify shipped loose or installed)
g. Adjustable high limit control with auto-reset (optional – please specify shipped loose or installed)
h. Low gas pressure switch (optional – please specify shipped loose or installed) 
i. High gas pressure switch (optional – please specify shipped loose or installed) 
2. The boiler(s) shall be equipped with the following:

a. VERSA IC® modulating temperature controller with 4.3” capacitive color touchscreen display

b. Three adjustable energy-saving pump control relays (boiler, system, indirect DHW)

c. Freeze protection

d. Three (3) water sensors included (shipped loose for field installation by others)

e. High limit water sensor on outlet

f. Outdoor air sensor (shipped loose for field installation by others)
g. Water flow rate sensor, mounted on a vertical manifold for field installation and wiring. Accurate to +/- 1%. (displays flow in GPM and available via BMS data port) (OPTIONAL)

3. The boiler(s) shall have built-in “Cascade” function for up to eight (8) units of same or different BTUH inputs without utilizing an external controller or sequencer.

a. The Cascade function shall include selectable modes for parallel modulation and sequential modulation with lead boiler rotation and lead-lag operation.

b. System shall be capable of leader redundancy and lead rotation every forty-eight (48) hours.

c. Cascade function shall allow users to enable or disable alarm sharing across cascaded appliances when an alarm condition occurs.

d. Cascade functions shall include an interstage delay setting with auto-delay option.

4. Each boiler shall have the ability to receive a 0-10 VDC signal from the Central Energy Management and Direct Digital Control System (EMCS) to vary the set point or control firing rate. Each boiler shall have an alarm contact for connection to the central EMCS system.

5. Each boiler shall be equipped with Modbus communications compatibility with up to 146 points of data available.

a. B-85 Gateway – BACnet MS/TP, BACnet IP, N2 Metasys or Modbus TCP (optional – please specify shipped loose or installed)
b. B-86 Gateway – LonWorks (optional – please specify shipped loose or installed)
6. The boiler(s) shall feature the integrated VERSA IC® modulating digital controller, mounted and wired.

a. Mode 1 = Hydronic, without indirect domestic hot water

b. Mode 2 = Hydronic, with indirect domestic hot water plumbed into system loop piping

c. Mode 3 = Hydronic, with indirect domestic hot water plumbed into boiler loop plumbing (Primary/Secondary Piping Only)
7. System cascade sensor and optional air temperature sensor shall be shipped loose for field installation by installing contractor. Inlet, outlet, flue gas, and water flow rate sensors are factory-installed.

8. VERSA IC® control system is capable of controlling up to three (3) connected pumps.

a. Boiler pump (Fixed- or Variable-Speed)

b. System pump

c. Indirect DHW pump

I. Firing Mode: Provide electronic modulating control of the gas input to the boiler.

J. Boiler Diagnostics
K. Boiler Diagnostics – The front panel Raypak logo shall be illuminated to provide external display of the following boiler status/faults:

1. Solid White: Power On

2. Pulsing Blue: Call for heat

3. Solid Blue: Burner On

4. Pulsing White: Post-Purge (gas purge)

5. Pulsing Red: Error 
L. Provide monitoring of all safeties, internal/external interlocks with fault display by a 4.3” capacitive color touchscreen display:

1. System status
2. Condensate blockage

3. Low water cut-off

4. Blocked vent

5. Controller alarm

6. Factory option

7. External interlock

8. Ignition lock-out
9. Blower speed error
10. Low 24VAC

11. Sensor failure
12. Inlet sensor (open or short)

13. Outlet sensor (open or short)

14. System (cascade) sensor (open or short)

15. Air sensor (open or short)

16. Temperature to indirect sensor (open or short)

17. Indirect DHW tank sensor (open or short)

18. Water flow rate sensor

19. Vent temperature sensor

20. Internal control fault

21. ID card fault

22. Cascade communication error

23. Adjustable-reset high limit (optional – please specify shipped loose or installed) 
24. Auto-reset high limit (optional – please specify shipped loose or installed) 
25. High/Low gas pressure switches (optional – please specify shipped loose or installed)
26. Flow switch (optional – please specify shipped loose or installed)

27. High Differential, with flow-meter option, varies based on flow (optional – please specify shipped loose or installed)
M. Combustion Chamber

1. The combustion chamber shall be constructed of 316L stainless steel and fully surround the burner for maximum efficiency.

N. Cabinet

1. The corrosion-resistant galvanized-steel jackets shall be finished with a baked-on epoxy powder coat suitable for outdoor installation, applied prior to assembly for complete coverage, and shall incorporate louvers in the outer panels to divert air past the heated surfaces.
2. The boiler(s), if located on a combustible surface, shall not require a separate combustible floor base.
3. The boiler(s) shall connect the combustion air through the top of the cabinet and flue products through the back of the unit.

4. The boiler(s) shall have as standard an internal, high-capacity combustion air filter rated to MERV 8 (equal to or greater than 95% arrestance).

5. The formed structural steel base shall include properly-sized openings for forklift from either side or a pallet jack from the front or rear of the unit.

O. Boiler Pump – The boiler(s) shall have the option of a fixed or variable speed boiler pump controlled by the Versa IC® integral control system.

P. Cold Water Protection System

1. The boiler shall be configured with a cold-water protection automatic proportional bypass system that ensures the heat exchanger of the boiler will experience inlet temperatures in excess of 40°F in less than 7 minutes to avoid damaging condensation.
2.4 BOILER OPERATING CONTROLS

Q. Each boiler shall have the ability to receive a 0 to 10 VDC signal from the Central Energy Management and Direct Digital Control System (EMCS) to vary the setpoint or control firing rate. Each boiler shall have an alarm contact for connection to the central EMCS system.

R. Each boiler shall be equipped with Modbus communications compatibility with up to 146 points of data available.

a. B-85 Gateway – BACnet MS/TP, BACnet IP

S. The boiler(s) shall feature the integrated Versa IC modulating digital controller, mounted and wired.

1. Mode 1 = Hydronic, without indirect domestic hot water.

2. Mode 2 = Hydronic, with indirect domestic hot water plumbed into system loop piping

3. Mode 3 = Hydronic, with indirect domestic hot water plumbed into boiler loop plumbing
T. System sensor and optional air temperature sensor shall be shipped loose for field installation by installing contractor. Inlet/Outlet sensors are factory-installed.

U. Versa IC control system is capable of controlling up to 3 connected pumps.

1. Boiler pump

2. System pump

3. Indirect DHW pump

2.5 ELECTRICAL POWER

V. Controllers, electrical devices and wiring: Electrical devices and connections are specified in Division 26 sections.

W. Single-Point Field Power Connection: Factory-installed and factory-wired switches, motor controllers, transformers and other electrical devices shall provide single-point field power connection to the boiler.

X. Electrical characteristics:

	Model
	120VAC, 60 Hz 1Ø (Standard)
	208VAC, 60 Hz 1Ø  (Optional)

	406L
	<7.5 A
	<5.0 A

	506L
	<5.0 A
	<5.0 A

	606L
	<5.0 A
	<5.0 A

	726L
	<5.0 A
	<5.0 A

	856L
	<7.5 A
	<7.5 A


2.6 VENTING

Y. The exhaust vent must be UL listed for use with Category II, III and IV appliances and compatible with operating temperatures up to 230°F, condensing flue gas service. UL listed vents of Polypropylene and AL 29-4C stainless steel must be used with boilers.

Z. The minimum exhaust vent duct size for each boiler is eight-inch diameter.

AA. Combustion-Air Intake: Boilers shall be capable of drawing combustion air from the outdoors via a metal or PVC duct connected between the boiler and the outdoors.

AB. The minimum sealed combustion air duct size for each boiler shall be eight-inch diameter.

AC. Common vent and common combustion air must be an available option for boiler installation. Consult manufacturer for common vent and combustion air sizing. Follow guidelines specified in the manufacturer’s venting guide.
2.7 VERTICAL INLINE PUMPS WITH INTERGRAL VFD
A. 
Pumps shall be Armstrong Fluid Technologies or approved equal. The pumps shall be single stage, single suction type, Tango or dualArm vertical inline design pump with integrated intelligent controls. The cast casing with equal size suction and discharge flanges, each having separate tapped flush line and pressure gauge connections, shall incorporate two radially split, single stage centrifugal pumps.
1. 
The inlet and outlet ports on the casing shall be a common size, so that both units may operate in parallel or individually in duty / standby operation

2. 
The discharge port shall be fitted with a component that allows each unit to operate independently, without bypassing fluid through the idle pump and for duty / standby operation

3.   Meet or exceed energy saving requirements of ASHRAE 90.1 by pump selection,     

based on optimum performance at part load, to save 70% of design flow energy at 50% part-load
B. 
Pump casing shall be constructed of ASTM A48 class 30 cast iron. The pump casing/volute shall be rated for 250 psi working pressure for all jobs. The pump flanges shall be matched to suit the working pressure of the piping components on the job, with either ANSI Class 125 flanges or ANSI class 250 flanges.  The pump casing shall be drilled and tapped for gauge ports on both the suction and discharge connections and for a drain port at the bottom of the casing. The casing shall have an additional tapping on the discharge connection to allow for the installation of a seal flush line.  The pump cover shall be drilled and tapped to accommodate a seal flush line which can be connected to the corresponding tapping on the discharge connection, or to an external source to facilitate cooling and flushing of the seal faces.

C.
All casings shall be flanged.  Threaded casings not allowed unless extra unions and fittings are provided with that pump to allow servicing.

D.
The pump shall have a factory installed vent/flush line to insure removal of trapped air from the casing and mechanical seal cooling. The vent/flush line shall run from the seal chamber to the pump discharge.
E.
The impeller shall be ASTM B584-836/875 bronze and hydraulically balanced. The impeller shall be dynamically balanced to ANSI Grade G6.3 and shall be fitted to the shaft with a key. The impeller shall be cast by the hydraulically efficient lost foam technique to ensure repeatability of high quality.

F.
The pump shall incorporate a dry shaft design to prevent the circulating fluid from contacting the shaft. The pump shaft shall be AISI 1045 carbon steel with field replaceable bronze SAE 660 shaft sleeve. In order to improve serviceability and reduce the cost of ownership the shaft sleeve must be slip on (press on not allowable) and must be easily replaced in the field.

G.
The pump shall be fitted with a single mechanical seal, with EPT elastomers and Carbon/Ceramic faces, rated up to 250ºF. This seal must be capable of being flushed externally via a tapping in the pump cover adjacent to the seal cavity. The entire pump line shall use no more than three different sizes of seals.

H.
The pump shall be closed or split coupled coupled to a NEMA standard JM frame motor.

I.
In order to both simplify and reduce the total cost of ownership, the manufacturer shall standardize on no more than three sizes of mechanical seals through out the entire range of the family of pumps. The manufacturer shall not use multiple part numbers for the same part.

VARIABLE FREQUENCY DRIVES (dualArm)
1. The VFD shall convert incoming fixed frequency three-phase ac power into an adjustable frequency and voltage for controlling the speed of three-phase ac motors. The motor current shall closely approximate a sine wave. Motor voltage shall be varied with frequency to maintain desired motor magnetization current suitable for the driven load and to eliminate the need for motor derating. When properly sized, the VFD shall allow the motor to produce full rated power at rated motor voltage, current, and speed without using the motor's service factor. VFDs utilizing sine weighted/coded modulation (with or without 3rd harmonic injection) must provide data verifying that the motors will not draw more than full load current during full load and full speed operation.

2. The VFD shall include an input full-wave bridge rectifier and maintain a fundamental (displacement) power factor near unity regardless of speed or load.

3. The VFD shall have a dual 5% impedance DC link reactor on the positive and negative rails of the dc bus to minimize power line harmonics and protect the VFD from power line transients. The chokes shall be non-saturating. Swinging chokes that do not provide full harmonic filtering throughout the entire load range are not acceptable. VFDs with saturating (non-linear) dc link reactors shall require an additional 3% AC line reactor to provide acceptable harmonic performance at full load, where harmonic performance is most critical.

4. The VFD’s full load output current rating shall meet or exceed nec table 430-150. The VFD shall be able to provide full rated output current continuously, 110% of rated current for 60 seconds and 120% of rated torque for up to 0.5 second while starting.

5. The VFD shall provide full motor torque at any selected frequency from 20 hz to base speed while providing a variable torque v/hz output at reduced speed. This is to allow driving direct drive fans without high speed derating or low speed excessive magnetization, as would occur if a constant torque v/hz curve was used at reduced speeds. Breakaway current of 160% shall be available.

6. A programmable automatic energy optimization selection feature shall be provided standard in the VFD. This feature shall automatically and continuously monitor the motor’s speed and load to adjust the applied voltage to maximize energy savings.

7. The VFD must be able to produce full torque at low speed to operate direct drive fans.

8. Output power circuit switching shall be able to be accomplished without interlocks or damage to the VFD.

9. An automatic motor adaptation algorithm shall measure motor stator resistance and reactance to optimize performance and efficiency. It shall not be necessary to run the motor or de-couple the motor from the load to perform the test.

10. Galvanic isolation shall be provided between the VFD’s power circuitry and control circuitry to ensure operator safety and to protect connected electronic control equipment from damage caused by voltage spikes, current surges, and ground loop currents. VFDs not including either galvanic or optical isolation on both analog i/o and discrete digital i/o shall include additional isolation modules.

11. VFD shall minimize the audible motor noise through the use of an adjustable carrier frequency. The carrier frequency shall be automatically adjusted to optimize motor and VFD operation while reducing motor noise. VFDs with fixed carrier frequency are not acceptable.

12. All VFDs shall contain integral EMI filters to attenuate radio frequency interference conducted to the ac power line.

13. The drive enclosure shall be standard as NEMA 12 (IP 55) and optional shall be NEMA 4X (IP 66). See schedules for project requirements.

14.  Protective features

a) A minimum of class 20 i2t electronic motor overload protection for single motor applications shall be provided. Overload protection shall automatically compensate for changes in motor speed.

i. Protection against input transients, loss of AC line phase, output short circuit, output ground fault, over voltage, under voltage, VFD over temperature and motor over temperature. The VFD shall display all faults in plain language. Codes are not acceptable.

ii. Protect VFD from input phase loss. The VFD should be able to protect itself from damage and indicate the phase loss condition. During an input phase loss condition, the VFD shall be able to be programmed to either trip off while displaying an alarm, issue a warning while running at reduced output capacity, or issue a warning while running at full commanded speed. This function is independent of which input power phase is lost.

iii. Protect from under voltage. The VFD shall provide full rated output with an input voltage as low as 90% of the nominal. The VFD will continue to operate with reduced output, without faulting, with an input voltage as low as 70% of the nominal voltage.

iv. Protect from over voltage. The VFD shall continue to operate without faulting with a momentary input voltage as high as 130% of the nominal voltage.

v. The VFD shall incorporate a programmable motor preheat feature to keep the motor warm and prevent condensation build up in the motor when it is stopped in a damp environment by providing the motor stator with a controlled level of current.

vi. VFD shall include a “signal loss detection” algorithm with adjustable time delay to sense the loss of an analog input signal. It shall also include a programmable time delay to eliminate nuisance signal loss indications. The functions after detection shall be programmable.

vii. VFD shall function normally when the keypad is removed while the VFD is running. No warnings or alarms shall be issued as a result of removing the keypad.

viii. VFD shall catch a rotating motor operating forward or reverse up to full speed without VFD fault or component damage.

ix. Selectable over-voltage control shall be provided to protect the drive from power regenerated by the motor while maintaining control of the driven load. 

x. VFD shall include current sensors on all three output phases to accurately measure motor current, protect the VFD from output short circuits, output ground faults, and act as a motor overload. If an output phase loss is detected, the VFD will trip off and identify which of the output phases is low or lost.

xi. If the temperature of the VFD’s heat sink rises to 80(c, the VFD shall automatically reduce its carrier frequency to reduce the heat sink temperature. It shall also be possible to program the VFD so that it reduces its output current limit value if the VFD’s temperature becomes too high. 

xii. In order to ensure operation during periods of overload, it must be possible to program the VFD to automatically reduce its output current to a programmed value during periods of excessive load. This allows the VFD to continue to run the load without tripping.

xiii. The VFD shall have temperature controlled cooling fan(s) for quiet operation, minimized losses, and increased fan life. At low loads or low ambient temperatures, the fan(s) may be off even when the VFD is running.

xiv. The VFD shall store in memory the last 10 alarms. A description of the alarm, and the date and time of the alarm shall be recorded.

xv. When used with a pumping system, the VFD shall be able to detect no-flow situations, dry pump conditions, and operation off the end of the pump curve. It shall be programmable to take appropriate protective action when one of the above situations is detected.

15. Internal Control Algorithm

a) This is a standard HVAC drive that has been upgraded and modified by pump experts for Hydronic applications. It is set up with a closed loop internal control sequence that will optimize life cycle, system comfort, and minimize energy consumption.

16. Interface Features

a) Hand, off and auto keys shall be provided to start and stop the VFD and determine the source of the speed reference. It shall be possible to either disable these keys or password protect them from undesired operation.

i. There shall be an “info” key on the keypad.  The info key shall include “on-line” context sensitive assistance for programming and troubleshooting.

ii. The VFD shall be programmable to provide a digital output signal to indicate whether the VFD is in hand or auto mode. This is to alert the building automation system whether the VFD is being controlled locally or by the building automation system.

iii. Password protected keypad with alphanumeric, graphical, backlit display can be remotely mounted. Two levels of password protection shall be provided to guard against unauthorized parameter changes.

iv. All VFDs shall have the same customer interface. The keypad and display shall be identical and interchangeable for all sizes of VFDs.

v. To set up multiple VFDs, it shall be possible to upload all setup parameters to the VFD’s keypad, place that keypad on all other VFDs in turn and download the setup parameters to each VFD. To facilitate setting up VFDs of various sizes, it shall be possible to download from the keypad only size independent parameters. Keypad shall provide visual indication of copy status.

vi. Display shall be programmable to communicate in multiple languages including English, Spanish and French.

vii. A red fault light, a yellow warning light and a green power-on light shall be provided. These indications shall be visible both on the keypad and on the VFD when the keypad is removed.

viii. A quick setup menu with factory preset typical HVAC parameters shall be provided on the VFD. The VFD shall also have individual fan, pump, and compressor menus specifically designed to facilitate start-up of these applications.

ix. A four-feedback PID controller to control the speed of the VFD shall be standard. This controller shall accept up to four feedback signals. It shall be programmable to compare the feedback signals to a common setpoint or to individual setpoints and to automatically select either the maximum or the feedback signal as the controlling signal. It shall also be possible to calculate the controlling feedback signal as the average of all feedback signals or the difference between a pair of feedback signals.

x. The VFD shall be able to apply individual scaling to each feedback signal.

xi. For fan flow tracking applications, the VFD shall be able to calculate the square root of any or all individual feedback signals so that a pressure sensor can be used to measure air flow. 

xii. The VFD’s PID controller shall be able to actively adjust its setpoint based on flow. This allows the VFD to compensate for a pressure feedback sensor which is located near the output of the pump rather than out in the controlled system.

xiii. The VFD shall have three additional PID controllers which can be used to control damper and valve positioners in the system and to provide setpoint reset.

xiv. Floating point control interface shall be provided to increase/decrease speed in response to contact closures.

xv. Five simultaneous meter displays shall be available. They shall include at a minimum, frequency, motor current, motor voltage, VFD output power, VFD output energy, VFD temperature in degrees, among others.

xvi. Programmable sleep mode shall be able to stop the VFD. When its output frequency drops below set “sleep” level for a specified time, when an external contact commands that the VFD go into sleep mode, or when the VFD detects a no-flow situation, the VFD may be programmed to stop.  When the VFD’s speed is being controlled by its PID controller, it shall be possible to program a “wake-up” feedback value that will cause the VFD to start. To avoid excessive starting and stopping of the driven equipment, it shall be possible to program a minimum run time before sleep mode can be initiated and a minimum sleep time for the VFD.

xvii. A run permissive circuit shall be provided to accept a “system ready” signal to ensure that the VFD does not start until dampers or other auxiliary equipment are in the proper state for VFD operation. The run permissive circuit shall also be capable of initiating an output “run request” signal to indicate to the external equipment that the VFD has received a request to run.

xviii. VFD shall be programmable to display feedback signals in appropriate units, such as inches of water column (in-wg), pressure per square inch (psi) or temperature (°f).

xix. VFD shall be programmable to sense the loss of load and signal this condition via a keypad warning, relay output and/or over the serial communications bus. To ensure against nuisance indications, this feature must be based on motor torque, not current, and must include a proof timer to keep brief periods of no load from falsely triggering this indication.

17. Standard Control And Monitoring Inputs And Outputs

a) Six dedicated, programmable digital inputs shall be provided for interfacing with the systems control and safety interlock circuitry. 

i. Two terminals shall be programmable to act as either as digital outputs or additional digital inputs. 

ii. Two programmable relay outputs, Form C 240 V AC, 2 A, shall be provided for remote indication of VFD status.

iii. Each relay shall have an adjustable on delay / off delay time.

iv. Two programmable analog inputs shall be provided that can be either direct-or-reverse acting.

v. Each shall be independently selectable to be used with either an analog voltage or current signal.

vi. The maximum and minimum range of each shall be able to be independently scalable from 0 to 10 V dc and 0 to 20 mA.

vii. A programmable low-pass filter for either or both of the analog inputs must be included to compensate for noise.

viii. The VFD shall provide front panel meter displays programmable to show the value of each analog input signal for system set-up and troubleshooting,

ix. One programmable analog current output (0/4 to 20 mA) shall be provided for indication of VFD status. This output shall be programmable to show the reference or feedback signal supplied to the VFD and for VFD output frequency, current and power. It shall be possible to scale the minimum and maximum values of this output. 

x. It shall be possible through serial bus communications to read the status of all analog and digital inputs of the VFD.

xi. It shall be possible to command all digital and analog output through the serial communication bus. 

18. Optional Control And Monitoring Inputs And Outputs

a) It shall be possible to add optional modules to the VFD in the field to expand its analog and digital inputs and outputs.

i. These modules shall use rigid connectors to plug into the VFD’s control card.
ii. The VFD shall automatically recognize the option module after it is       powered up. There shall be no need to manually configure the module.

iii. Modules may include such items as:

iv. Additional digital outputs, including relay outputs

v. Additional digital inputs

vi. Additional analog outputs

vii. Additional analog inputs, including Ni or Pt temperature sensor inputs

viii. It shall be possible through serial bus communications to control the status of all optional analog and digital outputs of the VFD.

19. Standard programmable firefighter’s override mode allows a digital input to control the VFD and override all other local or remote commands. It shall be possible to program the VFD so that it will ignore most normal VFD safety circuits including motor overload. The VFD shall display firemode whenever in firefighter’s override mode.  Firemode shall allow selection of forward or reverse operation and the selection of a speed source or preset speed, as required to accommodate local fire codes, standards and conditions.

20. A real-time clock shall be an integral part of the VFD.
a) It shall be possible to use this to display the current date and time on the VFD’s display.  

i. Ten programmable time periods, with individually selectable ON and OFF functions shall be available. The clock shall also be programmable to control start/stop functions, constant speeds, PID parameter setpoints and output relays. Is shall be possible to program unique events that occur only during normal work days, others that occur only on non-work days, and others that occur on specific days or dates. The manufacturer shall provide free PC-based software to set up the calendar for this schedule.

ii. All VFD faults shall be time stamped to aid troubleshooting.

iii. It shall be possible to program maintenance reminders based on date and time, VFD running hours, or VFD operating hours.

iv. The real-time clock shall be able to time and date stamp all faults recorded in the VFD fault log.

21. The VFD shall be able to store load profile data to assist in analyzing the system demand and energy consumption over time.

22. The VFD shall include a sequential logic controller to provide advanced control interface capabilities. This shall include:
a) Comparators for comparing VFD analog values to programmed trigger values

i. Logic operators to combine up to three logic expressions using Boolean algebra

ii. Delay timers

iii. A 20-step programmable structure 

23. The VFD shall include a cascade controller which allows the VFD to operate in closed loop setpoint (PID) control mode one motor at a controlled speed and control the operation of 3 additional constant speed motor starters.

24. Serial communications
a) The VFD shall include a standard eia-485 communications port and capabilities to be connected to the following serial communication protocols at no additional cost and without a need to install any additional hardware or software in the VFD:

i. Johnson Controls Metasys N2

ii. Modbus RTU 

iii. Siemens FLN

iv. BACnet MS/TP

v. Optional communication shall include:

vi. LonWorks Free Topology (FTP) 

b) VFD shall have standard USB port for direct connection of Personal Computer (PC) to the VFD. The manufacturer shall provide no-charge pc software to allow complete setup and access of the VFD and logs of VFD operation through the USB port. It shall be possible to communicate to the VFD through this USB port without interrupting VFD communications to the building management system.

c) The VFD shall have provisions for an optional 24 v DC back-up power interface to power the VFD’s control card. This is to allow the VFD to continue to communicate to the building automation system even if power to the VFD is lost.

25. Adjustments

a) The VFD shall have a manually adjustable carrier frequency that can be adjusted in 0.5 khz increments to allow the user to select the desired operating characteristics. The VFD shall also be programmable to automatically reduce its carrier frequency to avoid tripping due to thermal loading.

i. Four independent setups shall be provided.

ii. Four preset speeds per setup shall be provided for a total of 16. 

iii. Each setup shall have two programmable ramp up and ramp down times. Acceleration and deceleration ramp times shall be adjustable over the range from 1 to 3,600 seconds. 

iv. Each setup shall be programmable for a unique current limit value. If the output current from the VFD reaches this value, any further attempt to increase the current produced by the VFD will cause the VFD to reduce its output frequency to reduce the load on the VFD. If desired, it shall be possible to program a timer which will cause the VFD to trip off after a programmed time period.

v. If the VFD trips on one of the following conditions, the VFD shall be programmable for automatic or manual reset: external interlock, under-voltage, over-voltage, current limit, over temperature, and VFD overload.

vi. The number of restart attempts shall be selectable from 0 through 20 or infinitely and the time between attempts shall be adjustable from 0 through 600 seconds.

vii. An automatic “start delay” may be selected from 0 to 120 seconds. During this delay time, the VFD shall be programmable to either apply no voltage to the motor or apply a DC braking current if desired.

viii. Four programmable critical frequency lockout ranges to prevent the VFD from operating the load at a speed that causes vibration in the driven equipment shall be provided.  Semi-automatic setting of lockout ranges shall simplify the set-up.

26. Optional features

a) All optional features shall be built and mounted by VFD manufacturer. All optional features shall be UL listed by the VFD manufacturer as a complete assembly and carry a UL label.

i. All panels shall be marked for their short circuit current rating in compliance with UL.

27. Service conditions

a) Ambient temperature, continuous, full speed, full load operation:

i. -10 to 45°C (14 to 113°F) through 125 HP @ 460 and 600 volt, through 60 HP @ 208 volt

ii. -10 to 40°C (14 to 104°F) 150 HP and larger

iii. 0 to 95% relative humidity, non-condensing.

iv. Elevation to 3,300 feet without derating.

v. AC line voltage variation, -10 to +10% of nominal with full output.

vi. No side clearance shall be required for cooling.

vii. All power and control wiring shall be done from the bottom.

viii. All VFDs shall be plenum rated.



Pump Logic Controller.

28. The controller operation shall operate the system using a tested and proven program that safeguards against undesirable or damaging conditions including:

a. Motor overload

b. Pump flow surges

c. Hydraulic cycling (hunting).  

d. End of curve unstable operation:  The pump logic controller, through a factory pre-programmed algorithm, shall be capable of protecting the pumps from hydraulic damage due to operation beyond their published end-of-curve.  This feature requires a flow meter for activation. The operator interface shall include an owner adjustable flow setpoint to set the parameters for this routine. 

29. The pump logic controller shall be capable of starting, unloading, and stopping pumps based on a system performance program that will minimize energy consumption, provide reliable performance and bumpless transitions.

30. The integrated logic controller shall be capable of running four different hydronic optimization sub-routines

a. Setup one: This subroutine shall allow the pump package to track a quadratic system curve and will optimize a secondary distribution loop. It shall use a technology that allows the pump, drive, and motor package to translate the hydronic data from both a pump and system curve and translate it to electrical data. This allows the drive to know exactly where it is in the hydronic world.

i. Setup two: This subroutine shall allow two pumps to run as backup for each other and shall alternate the pumps based on a real time clock.

ii. Setup three: This subroutine shall allow the package to run in a customer defined flow rate. The package will always seek to run at the user defined flow even with fouling causing system changes. It shall use a technology that allows the pump, drive, and motor package to translate the hydronic data from both a pump and system curve and translate it to electrical data. This allows the drive to know exactly where it is in the hydronic world.

iii. Setup four: This subroutine shall incorporate a traditional external sensing and control platform. It shall allow the option of controlling the pumps with three zones of differential pressure or central plant differential temperature. This optional setup shall allow the owner the option of external sensing without adding an external controller. This feature shall be equal to Taco System Logic (TSL) or equal.

31. The control platform shall include a subroutine equal to the Taco Self-Sensing Series with ProBalance™. This subroutine shall allow for the automatic balancing of secondary system distribution pumps. The package shall automatically run system distribution pumps to a user defined duty point and will recognize that duty point and hold the pumps at a speed that matches the actual installed system quadratic system curve. The package will then use this data to set up a new duty point as the max point for the quadratic control curve. Use of external balancing devices or contractors will not be needed.

32. The package shall serve as a flow metering device and will display pump flow at the user interface.

33. Shall have optional ProView controller that automates pump balancing.  

A. Software – ProView:  A pre-programmed interface module that will easily integrate HVAC components into any Building Automation System (BAS).

1. Features

a) Pump Monitoring 

i. Horsepower (Power from the drive to the motor (not motor plus drive)

ii. KW

iii. Energy

a. KWh counter w/reset

b. Add local kw rate

i. Peak and off-peak rate

ii. Schedule

iv. Runtime hours w/reset

v. Head

vi. Flow

vii. Speed Hz, RPM, %

viii. Amps

ix. Volts

b) Single button OneTouch ProBalance - Remote pump/system balancing controlled by Building Automation System (BAS) that is activated by a web-based user interface.


c) BTU Monitoring 

1) Shall allow for BTU monitoring 

2) VFD drive shall allow (2) UI’s which will be used for Delta-T readings.

a. Temperature transducers shall be:  

i. Part Numbers

1. ACC-BP-TT100

2. ACC-WS-4-TT100-GB

ii. Range:

1. Power:  24VDC

2. Input:  0-250F

3. Transducer Output:  2-10V linear

iii. Accuracy:  Modbus network poll interval on the order of 5-60s 

d) Monthly calculations

1) Software shall automatically have trends and graphs set up for the following:

a. Pump Monitoring data points listed above.

b. At least 30 days of data.  

c. 1 year of history 

d. Max and mins for user specified time

2) Software shall provide graphical load profile display – bar chart normal-distribution

a. Applies to Pump Monitoring data points above.

b. Snap shots at user-specified intervals.

c. Follows monitoring above.

e) Mode Selection

	Mode

	Variable Flow

	Constant Flow

	Constant Pressure

	Standby


f) Pump Fault Monitoring

1) Software shall display Application Faults, System Faults and Warnings

2) Software shall initiate E-mail alerts

3) Software shall provide system and pump performance snapshot at alarm point of entry

2. User Interface

a) Hardware 

1. GCI/JENE-based - ProView shall be based on the Taco Graphical Controller Interface (GCI).  The GCI itself consists of a  Taco-specific-device and software templates, settings, and graphics.

2. Capabilities

a) DDC Integration into existing  3rd party controls platform

b) The GCI allows for integration into the following Building Automation System (BAS) networks: 

i. BACnet

ii. LonWorks 

iii. Modbus

iv. N2

b) Supported Interfaces:

1) Desktop Web:  Views formatted for a computer screen.  Visible through any Java-enabled web browser.

c) User interface screen shall have the following layout features:

1) Monitoring Tab

a. Dynamic graphical display of system pump performance point 

b. Dynamic graphical display of system performance curve 

c. Graphical display of pump performance range 

d. Dynamic graphical cost and energy comparison of SelfSensing variable speed pump and constant speed pump 

d) Status Tab

1) 2nd Monitoring Page for additional “Pump Monitoring” data points and Status Bits and Extended Status bits.
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e) ProBalance Tab

1) Button for One-Touch ProBalance

2) Fields to enter setpoints:

a. Active Setup

b. Design Flow 

c. No-flow Head

d. Max VFD speed

e. Min VFD Speed

f. Control head 

g. Mode Selection

f) Setup Tab

1) BTU Setup

g) Maintenance Tab

1) Monitor cycles – 

a. GCI to monitor number of cycles since last Seal change and bearing check/change

2) Maintenance data logger 

a. GCI PM reminder for seal change / Bearing maintenance

a. GCI based historical record of technician’s notes e.g. note & timestamp

h) Alarms Tab:  

1) Pump Faults/Warnings
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2.8 EXPANSION TANKS

B. Manufacturers:

Armstrong Fluid Technologies, Model ______ L Series  
C. Construction: Welded steel, designed, tested and stamped in accordance with ASME (BPV code sec VIII, div 1); supplied with National Board Form U-1, rated for working pressure of 150 psi, with flexible heavy duty butyl rubber bladder. Bladder shall be able to accept the full volume of the expansion tank and shall be removable and replaceable. Bladder shall be NSF 61 rated for potable water service and shall be manufactured with FDA approved materials.

D. Accessories: air-charging fitting; precharge to 12 psi.

E. Automatic Cold Water Fill Assembly: Thrush 417-20 Pressure reducing valve, 

2.9 AIR and DIRT SEPARATORS

F. Manufacturers:

Thrush Model SV (R/F),  (size and capacity as called for on plans)

G. Air and dirt removal device shall be constructed of steel. It shall be designed, fabricated and stamped per ASME Section VIII Division 1 with a maximum working pressure of 175 psi at 250°F. Manufacturer shall be holder of ASME U stamp. 

H. Units will have flanged system connections as standard. Inlet and outlet connections to be inline with piping system.  Both inlet and outlet to be in the same horizontal and vertical planes.

I. Each air and dirt removal device shall be equipped with a stainless steel coalescing medium air venting chamber designed to minimize system fluid from fouling the venting assembly. The air vent shall be able to be closed to allow flushing and purging of dirt via side port without dirt passing through vent on initial system fill.

J. A brass flushing cock shall be located on the side of each separator to facilitate system fast-fill and removal of the floating impurities from the air system interface within the separator.

K. A blow down valve shall be provided by the unit manufacturer on the bottom of each unit to allow blow down and cleaning. 

L. The air and dirt removal device shall remove air down to 17 microns and shall remove dirt/debris down to 17 microns. The unit shall be 100% efficient at removing dirt down to 90 microns in 100 passes or less.

M. The unit manufacturer shall provide the owner and design engineer third party independent test data certifying that their unit performs to the above standards. Suppliers not providing these independent performance test results will not be acceptable.

N. The air and dirt separator shall employ the use of high surface area coalescing medium to achieve optimal separation of air and dirt with minimal pressure drop. The pall rings shall be made of stainless steel. Stainless steel will be the only acceptable material used for suppressing turbulence and increasing surface area for high efficiency air and dirt removal. Inferior materials of construction such as copper for the straining medium will not be acceptable.

O. Manufacturer must have at least 15 years of experience with microbubble coalescing and dirt removal technology.

3.0 PUMP ACCESSORIES

P. Pump discharge Flow-Trex valves: All pumps shall be fitted with a discharge multi-purpose balancing valve or other means of providing system balance, isolation, and check feature for reverse flow. The valve shall be straight or angle pattern and shall be field convertible between the two. The valve shall be ductile iron and rated for 250 psi working pressure for all jobs. The valve flanges shall be matched to suit the working pressure of the piping components on the job; with either ANSI class 125 flanges or ANSI class 250 Flanges. The valve shall include the following components; non-slam check valve with spring-loaded bronze disc and seat, stainless steel stem, and calibrated adjustment permitting flow regulation. Valve shall be serviceable under full system pressure. The valve shall be a Armstrong Fluid Technologies model Flow-Trex valve or equivalent.

Q. Pump inlet guide fitting: All pump suctions to be fitted with a multifunction inlet suction diffuser equal to that as manufactured by Armstrong Fluid Technologies. The suction guide body and cover plate shall be ductile iron and be rated for 250 psi for all jobs.  The guide flanges shall be matched to suit the working pressure of the piping components on the job; with either ANSI class 125 flanges or ANSI class 250 flanges.  The suction guide shall include the following components; full length S.S. straightening vanes, permanent S.S. strainer, disposable 16 mesh bronze start up strainer, blow down ports, and metering ports. For those pumps where an inlet guide fitting is not installed, there should be five pipe diameters of straight undisturbed flow going into the pump suction. The fitting shall be a Armstrong Fluid Technologies model SG inlet suction elbow or equivalent.

3.1 PAINT AND COATINGS
A. All major equipment such as boiler(s), pump(s), expansion tank, air and dirt separator, pot feeder, skid shall either be powder coated or painted with two coats of Sherwin William’s B66-T-1154 Marine Grade Acrylic 
3.4 ACCESORIES
1.
Shut off valves, service valves, fill valve, air purge valve and relief valve shall be manufacturers standard suitable for use as required.

2.  Thermometers and pressure gauges shall be manufactured by Miljoco.

3.   5 Gallon chemical pot feeder shall be a model DB-5HD.
4.   Braided Metal Flexible Connectors shall be manufactured by Unisource.
B.
CONTROL SYSTEM:

1. Starter shall be I.E.C. type with overload relay suitable for use at 460 volts, 3 phase, 60 hz and shall be factory wired to pump motors and control system. Starters shall be manufacturers standard.  Fused disconnect switches shall be provided with a door interlock to prevent opening electrical enclosure while system is energized.

2.
Digital electronic temperature control system shall be factory wired and programmed and include: supply temperature sensor, return temperature sensor, manual reset high limit with fault indicator light, status pilot lights, and control circuit transformer.

3.
System operation shall be initiated by remote contact closure. Once activated, the system shall monitor supply and return temperatures and stage boiler to maintain the desired set point. At the completion of the time cycle the system will reset in automatic mode.  System operation shall also be able to be initialized in automatic by remote contact closure.  The system shall reset in automatic at the end of the cycle.

4. System status outputs shall be provided for remote monitoring of the following:  freeze warning, fluid temperature, high fluid temperature and system alarm.

5. 
Optional: Modem and service contract for remote monitoring of system available shall be available.

PART 3 - EXECUTION
3.5 TECHNICAL SERVICE
A. 
Submittal and drawings shall be as prepared by Htec. layout of heat transfer package, system schematic, and details. 

3.6 INSTALLATION
A.
HEAT TRANSFER PACKAGE

1. 
Preassembled Heat Transfer Package shall be set in place by the project contractor.

2. 
Power wiring, remote sensor wiring and if subject to freezing, the required quantity of inhibited ethylene glycol (Dowtherm SR-1) or propylene glycol (Dowfrost HD) shall be furnished by the project contractor.

3. Supply and return mains above grade or inside building shall be Type “L” copper or schedule 40 black steel pipe, insulated, furnished and installed by the project contractor.

C. WARRANTY

1.
At the completion of installation, as described herein, and in the manufacturer's installation manual packet, the manufacturer shall furnish Certificates of Start-up to the project contractor. Limited warranty shall consist of one (1) year on the heat transfer package and controls. Limited warranty shall be provided to the owner through the project contractor.
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