
To other facilities with
Siemens and Alerton
control Systems

Existing Siemens Operator Work Station
Located in FS10

Si
em

en
s 

P2
/I

P
BA

Cn
et

/I
P

Siemens P2/IP

Network Diagram

Work Stations, Servers, Computers

Operator Work Station (OWS)
Functions and details as noted

Existing Siemens Server
Furnish and install a new 3TB
RAID array to be dedicated to 
archival data storage for LEED M&V

Rack Mounted Server
Functions and details as noted

Existing City of Seattle
DOIT Data Center
Router
DIOT to provide routing
table/path

Control System Field Panels
Function and details as noted

Field Panels and Equipment

Mitsubishi GB-50 Central Controller with:
PC Monitoring software option
PC Scheduling software option
Error e-mail software optoin
Online Maintenance Tool software option
Personal We Browser software option
BACnet Interface software option
Locate the controller in a NEMA 1 enclosure in the Com 003.

Located in Mech 005
Serves the following equipment and
functions:
1. Mitsubishi monitoring, B, and 1st Floor
2. DHW monitoring
3. EH-1 and 2
4. UH-1 and 3

Siemens
Modular

PXM
Controller

Mitsubishi PURY-P192
Outdoor Unit ACC-1

Mitsubishi PKFY-P06 Fan
Coil Unit FCU-7

Mitsubishi PAC-SF46EPA
Transmission Booster
Located with FCU-7

Mitsubishi PUY-A12 Outdoor
Unit ACC-2 with MNet Adapter

Controlled Equipment
Function and details as noted

Wire and Cable

Field Devices

Space temperature sensor with set point adjustmentT
SP

Damper with actuator;  see point list and narrative for details

Air differential pressure switch or transmitter;  see point list and
narrative for details

H

T

Duct humidity transmitter

Duct temperature transmitter;  rigid averaging sensor

Fz Freezestat;  Hardwired safety interlock

Sw
IT

Spring wound interval timer switch

Relay interlocking hardwired safties with a motor starter or VFD
and providing a mointoring input to the DDC system

R
Enable

Relay interfacing the DDC system with the control system in a
piece of equipment to enable the equipment for operation under
the control of its own control and safety interlock system

Cur

Supply fan start/stop
Supply fan proof of operation
Supply fan speed command
Supply fan speed feedback
Network card

Motor starter or Variable Speed Drive with indicated control
functions and interfaces

R
Pos

Analog position feedback signal from actuator

Sw
MomSPDT

Light

Momentary Single Pole Double Throw Center Off Switch

Pilot Light

Sw
End

End switch;  Digital input changes state at the end of the actuator
stroke

T
TC

Duct temperature transmitter - high temperature thermocouple
sensing element

Sw
Emerg

Emergency stop switch; Mushroom head emergency stop switch
hard wired to shut down the indicated equipment

Sw
Factory

Specialty switch provided by the referenced equipment factory;
Hardwired;  Function as indicated

Cur Current transformer;  analog sensor used for proof and
approximate power consumption calculation

Fz Freezestat;  Hardwired interlock; Responds to the coldest
temperature over 1 foot of the element

T Flexible averaging duct temperature sensor;  Provide 1 foot of
sensing element for every 4 sq.ft. of duct/coil/AHU cross-section

T Surface Temperature Sensor;  Adhere to clean pipe per
manufacturer's instructions;  Insulate and vapor seal;  See detail

P Liquid or gas pressure transmitter;  provide service valve and a tee
with a test port and service valve on the test port.

Remote space temperature controller with multiple functions
including On/Off, operating mode, set point adjustment, fan speed
adjustment, and air flow direction (where available).  Remote =
wired connection, Network - wired network connected, Wireless =
wireless network connection.

TC
Network

TC
Wireless

TC
Remote

Field Devices (Continued)

Occupancy sensor; automatically turns on immediately and off
after an adjustable time limit based on motion detection
Vacancy sensor;  manually turned on by occupant, automatically
turns of if not motion is detected after an adjustable time limit

M
Occupancy

M
Vacancy

M
Electric

M
Gas

Electric meter; See specs, point list and metering detail for
requirements

Compound water meter with pulse output;  See specs, point list, and
metering detail for requirements

Positive displacement gas meter with pulse output  See specs, point
list and metering details for requirements

M
Volts

M
Phase Angle

Voltage meter;  See specs, point list and metering detail for
requirements
Phase angle/power factor meter; See specs, point list and metering
detail for requirements

M
Transmit

Retransmitted signal from a utility meter

M
Water

Pipe temperature transmitter with well and a second calibration
well

T

Mod, NC

2Pos, NO

Modulating damper;  NO = Normally Open, NC = Normally Closed,
NS = No Spring Return

Two Position damper;  NO = Normally Open, NC = Normally Closed,
NS = No Spring Return

Position switch;  Analog input, changes value as the actuator
strokes to provide position feedback

Sw
Position

AHU1

Lines cross each other at different elevations

Line broken for presentation purposes to show something that is
below it more clearly

Analog output driving a Silicon Controlled Rectifier (SCR) in an
electric heater or similar final control element.  Coordinate output
type (1-5 vdc, 4-20 ma, etc.) with equipment vendor.

Relay interfacing the DDC system with a piece of equipment that
has staged capacity control;  one relay per stage, coordinate with
equipment vendor for contact requirements.

AO
SCR

R
Staging

G
CO

G
NO2

Carbon Monoxide detector/transmitter

Nitrous Oxide detector/transmitter

Carbon Dioxide detector/transmitterG
CO2

Line voltage conduit and wire providing interlock and line
voltage control functions

Service = Unit or function served by the run

## = Conduit identifier

4#14, 1/2"C = Number of conductors followed by their
AWG size followed by the conduit size
followed by the number of spares included

Wiring and Field Devices

Miscellaneous

Sheet note reference; see the number specified in the list of
sheet specific notes.

10

Combination Nitrous Oxide and Carbon Monoxide alarm and
ventilation controller with outputs re-transmitting the gas levels
for monitoring by the Siemens system.

G
NO2
CO

Maintained Double Pole Single Throw SwitchSw
MainDPST

Outdoor air temperature and relative humidity transmitterT &RH
Outdoor

Analog output interface to a modulating controlled device

Dry contact monitor

AO
4-20

C
Dry

R
Safe

Outdoor air temperature and relative humidity transmitterBACnet
Network

External shades motorM
ExtShade

Irr

WndSpd

Irradiance sensor

Wind speed sensor
12

Point number reference; see the number specified in the list of
sheet specific points.

Panel P-2
Ckt 1

Service ##
4#14, 1/2"C, 2S

Home run to the power source;  20 amp capacity with an
independent ground conductor. Panel space and circuit breaker
to be provided by Division 26,  conduit and wire from the
control panel location to the power source provided by the
Mechanical Instrumentation contractor.

Contractor to verify conductor and conduit size for each application per the
requirements of National Electric Code and other applicable standards and vendor
requirements

Service ##
4#14, 1/2"C, 2S

NEC Article 725 Low voltage Input/Output Cable or
Networking Cable.  Segregate Class 1 from Class 2 circuits.
Provide conduit where runs are exposed and at all locations
above 8'0" above finished floor.

## = Conduit identifier

4#14, 1/2"C = Number of conductors followed by their
AWG size followed by the conduit size
followed by the number of spares included

TSP = Twisted shielded pair

Per Vendor = Per the vendor requirements for the item
served

Per SEAIT = Per City of Seattle IT Requirements

MEP equipment tag number; reference the number in the list of
equipment included on the sheet.
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VRF System Sequence
of Operation Part 1

Variable Flow Refrigeration (VRF) Systems

Sequence of Operation

Overview

The VRF systems associated with this project operate using a
proprietary digital control system that manages the interactions of
the indoor units serving the occupied zones with the branch
controllers and outdoor units serving the system.

The system is served by:

· Two OutDoor Units (ODU) that can serve as conventional
condensers to reject heat to the ambient environment or
near-conventional heat pumps to extract heat from the ambient
environment, and

· Three Branch Controllers (BC) to manage and direct the flow of
refrigerant between

· Twenty-five InDoor Units (IDUs) with contain coils that function
as evaporators for a cooling cycle and condensers for a heating
cycle.

Note that the ODUs are two different sizes and that each ODU
contains two compressors. The ODUs are “twinned” which generally
means they are piped in parallel and will operate as a unit with the
Mitsubishi controllers using one as the master unit and the other as
the slave unit, staging the compressors based on the operating
mode and requirements of the system to optimize performance and
efficiency.

This system configuration will allow:

1. Refrigerant to be sent to the outdoor units operating as
conventional condensing units to reject heat if there is a net
cooling requirement on the system, or

2. Refrigerant to be sent to the outdoor units operating as heat
pumps to capture heat from the outdoors if there is a net
heating requirement on the system, or

3. Refrigerant to be redirected from zone to zone for the purposes
of heat recovery.

The system diagrams/operating diagrams used in the following
section can be viewed as a narrated animation by downloading the
Mitsubishi City Multi Refrigerant Flow Animation Application at
www.mylinkdrive.com.

Full Cooling

This operating mode is virtually identical to a conventional direct
expansion/vapor compression refrigeration process and is
illustrated in Figure 1.

In this mode, refrigerant is evaporated in the coils in all zones to

cool them.  The heat is then rejected in the coils at the ODU which
causes the refrigerant to condense.

In this operating mode the air leaving the ODU fan will be warmer
than the ambient temperature.  This condition is used by the
control system as an indication that the ODU is in the cooling mode.

Full Heating

This operating mode is virtually identical to a conventional direct
expansion/vapor compression process applied in a heat pump and is
illustrated in Figure 2, although the coils in the condenser can see a
liquid vapor mix entering them whereas heat pumps often receive
only liquid refrigerant and the outdoor coil.

In this mode, refrigerant is condensed in the coils in all zones to
heat them.  Then, the refrigerant is evaporated in the coils at the
ODU, which causes it to pick up heat from the ambient environment
for use in heating the indoor zones.

In this operating mode the air leaving the ODU fan will be cooler
than the ambient temperature.  This condition is used by the
control system as an indication that the ODU is in the heating
mode.

Heat Recovery

There are three general operating states associated with the VRF
system performing heat recovery.

Balanced System

This operating mode is illustrated in Figure 3.

In this operating mode, energy is transferred from the zones that
require cooling to the zones that require heating with no heat being
rejected or picked up at the coils in the ODU.  This is the lowest
energy state for the system because no ODU fan operation is
require and because the refrigerant moving through the system
does double duty by first passing through the coils where cooling is
required and picking up energy and then moving to the coils where
heating is required and giving that energy back up.

In this operating mode, the compressor operates but the ODU fan
does not operate.   The control system uses this as an indication
that the system is in a balanced state.

More Zones in Heating than Cooling

This operating mode is illustrated in Figure 4.

This operating mode allows the VRF system to concurrently provide
heating and cooling with the energy extracted from the zones
needing cooling providing energy to the zones that need heat.   But
because more heat is required than is being recovered from the

zones with a cooling load, the ODU coils are configured to recover
heat from the ambient environment and the ODU operates as a
heat pump.

As was the case for the full heating mode, the ODU coil receives a
mix of liquid and gaseous refrigerant, and the air leaving the ODU
fan is cooler than the ambient air.  The control system uses the
cooler air leaving the ODU fan in combination with a mixed
operating state of the VRF InDoor Unit (IDU) zones (some in
heating and some in cooling) as an indication that the system is in
this operating state.

More Zones in Cooling than Heating

This operating mode is illustrated in Figure 5.

This operating mode is similar to the operating mode discussed in
the preceding paragraph in that it allows the VRF system to
concurrently provide heating and cooling with the energy extracted
from the zones needing cooling providing energy to the zones that
need heat.   But because the heat that needs to be rejected by the
zones in cooling exceeds the amount of heat required by the zones
in heating, the ODU coils receive hot gas and the ODF fan operates
to .

As was the case for the full heating mode, the ODU coil receives a
mix of liquid and gaseous refrigerant, and the air leaving the ODU
fan is cooler than the ambient air.  The control system uses the
cooler air leaving the ODU fan in combination with a mixed
operating state of the VRF InDoor Unit (IDU) zones (some in
heating and some in cooling) as an indication that the system is in
this operating state.

Proprietary Digital Control System

The various elements in the VRF system are managed by a
stand-alone proprietary digital control system that is capable of
providing all of the functionality necessary to operate the system,
perform diagnostics, schedule equipment, and track energy
consumption including providing web-based access to these features
from a central location.   However, since the City of Seattle is a
sole source Siemens site, the Mitsubishi control system will be
integrated with the Siemens control system using BACnet as well as
dedicated physical points that are hardwired into the Siemens
control system.

The two primary control elements of the Mitsubishi Control
network are the Network Manager and the IDU Remote Controllers.

Network Manager

The Mitsubishi AE-200 controller functions as the network
manager for the Mitsubishi control system.  It shall be furnished

and programmed by the Mitsubishi installing contractor and will be
mounted by the Mechanical Instrumentation contractor in an
enclosure furnished by the Mechanical Instrumentation contractor.

The Mechanical Instrumentation contractor shall also furnish and
install all wiring, raceways and accessories require for a complete
wiring system and shall make final terminations to the Mitsubishi
equipment in coordination with the Mitsubishi Installing Contractor.

Commissioning shall be performed in conjunction with the
Commissioning Provider, the Mitsubishi installing contractor and the
Mechanical Instrumentation contractor with support from the
design and construction team as required by the contract
documents.

The AE-200 provides the following functions for this project.

· Master control functions for the network

· Operation and monitoring of the VRF equipment in the facility

· BACnet functions as required to integrate with the Siemens
system

· Web browser access to allow a user with proper credentials to
access the system via a web browser for monitoring, operation,
energy management, and maintenance functions.

(Continued on sheet MI.8.03-2)

Figure 1 - A VRF System Operating in
the Full Cooling Mode

Figure 2 - A VRF System Operating in
Full Heating Mode

Figure 4 - A VRF System  with a Net
Heating Requirement on the System

Figure 5 - A VRF System with a Net
Cooling Requirement on the System

Figure 3 - A VRF System Operating in a
Balanced State
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VRF System Sequence
of Operation Part 2

VRF System Sequence of Operation (Continued from MI.8.03-1)
IDU Remote Controller

The Mitsubishi PAR-U01MEDU remote controller provides local,
stand-alone control functions for the VRF IDUs on the project.
The AE-200 controller shall be configured to access the remote
controller to change set points, monitor the state of the IDU, and
generally manage the IDU from a central location and via a web
browser for personnel with appropriate log-in credentials.

The BACnet feature of the AE-200 shall also allow the Siemens
system to access key data and manage key operating set points to
provide scheduling functions, night set back and set up functions,
and monitoring of basic parameters as indicated below under
BACnet Points.

Some of the features provided by the Mitsubishi PAR-U01MEDU
remote controller shall also be activated to support how the units
respond during unoccupied hours when people are present. The IDU
Remote Controller Features and Settings table indicates the
anticipated settings required for each of the zone controllers at
the time of design.

This table should be field coordinated and verified and submitted
for approval as a part of the control system submittal package.

Siemens System Integration with the Mitsubishi

Control System

The Siemens control network will supplement the proprietary VRF
control network to provide the following functions:

1. Supervisory management to command units on and off as required
for scheduling, set back and set up, diagnostics or tenant
support.  All schedules, set backs and set  ups shall reside in the
Siemens system.

2. Diagnostic information via a combination of BACnet integration
with the proprietary VRF control system and physical points
wired to Siemens field panels and installed in key locations in the
VRF equipment.

3. Monitoring for LEED Measurement and Verification and Energy
Code compliance purposes.

The diagnostic information is intended to provide sufficient
information to allow a system manager working at a Siemens
Operator Work Station (OWS) to identify emerging problems
before they manifest themselves as tenant complaints and/or
system failures versus providing deep diagnostic capabilities.  Once
an issue is identified, the proprietary service and maintenance tool
associated with the proprietary VRF system network will be used
for deep diagnostics.  Access to the service and maintenance tool
and other proprietary Mitsubishi features will be via a web browser
interface to the Mitsubishi network controller.

Fairly detailed information regarding the operating sequence for
typical VRF components can be found by:

4. Going to the www.mylinkdrive.com web site and then,

5. Selecting the United States portion of the site and then,

6. Selecting the “R2 Series”, “Controls”, or “Software” options from

the list under the page header and then,

7. Navigate to the specific piece of equipment of interest based on
the model number information on the mechanical drawings.

The most detailed information is generally found in the Technical
Service instructions.  Branch controller service information is
typically found in the manuals for the outdoor units.

BACnet Points

General

BACnet object are provided for the indoor and outdoor units as
indicated in their respective point lists.  By the nature of its
operation, the Siemens system will auto-discover all of these
objects during the start-up and configuration process.  The points
will be integrated into the Siemens network and graphics to allow
the various fan coil units and heat pumps to be monitored and
managed remotely from the facility operations office.

To maximize flexibility, from a Mitsubishi M-Net address and
BACNet point standpoint, each fan coil will be configured as its own
group.  Thus, each indoor unit will have all of the BACnet objects
identified in the point list associated with it.

Details of the graphic presentation of these points and the logic
associated with them will be finalized during the control submittal
review process so they are compatible with the City of Seattle
control standards that are currently being developed.  In general
terms, the goal of the standards is to provide consistent
representation of the Mitsubishi equipment across all of the

facilities that incorporate it and to provide useful diagnostic
information to allow the Facility Operations staff to proactively
address emerging operational issues before they become occupant
issues.

The descriptions provided in the following sections of the BACnet
points and their possible values are states are taken from
Mitsubishi Application Note 3003 - BACnet point list.

Last Command “Wins”

The Mitsubishi command structure uses a “last command
wins” approach to control, meaning that the most recent command
received from the network or from the controller or remote
associated with a unit are the commands that will be in effect.  All
previous commands will be ignored.

This can have important implications in terms of how schedules are
implemented and programmed from the DDC system via the BACnet
interface in order to allow set backs and schedules to be effective.
An example of this can be found in Mitsubishi AE-200 Technical
Manual.

Scheduling and Operating Mode Points

The following point are provided to facilitated scheduled operation
based on occupancy, time of day or similar triggering mechanisms
and to manage the operating state of the IDU.

· On/Off Set-up; BACnet Binary Output Object used to set the
VRF IDU operating state.  The value can Stop or Run.

(Continued on MI.8.03-3)

IDU Remote Controller Features and Settings
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VRF System Sequence
of Operation Part 3

VRF System Sequence of Operation (Continued from MI.8.03-2)
IDU Remote Controller

The Mitsubishi PAR-U01MEDU remote controller provides local,
stand-alone control functions for the VRF IDUs on the project.
The AE-200 controller shall be configured to access the remote
controller to change set points, monitor the state of the IDU, and
generally manage the IDU from a central location and via a web
browser for personnel with appropriate log-in credentials.

The BACnet feature of the AE-200 shall also allow the Siemens
system to access key data and manage key operating set points to
provide scheduling functions, night set back and set up functions,
and monitoring of basic parameters as indicated below under
BACnet Points.

Some of the features provided by the Mitsubishi PAR-U01MEDU
remote controller shall also be activated to support how the units
respond during unoccupied hours when people are present. The IDU
Remote Controller Features and Settings table indicates the
anticipated settings required for each of the zone controllers at
the time of design.

This table should be field coordinated and verified and submitted
for approval as a part of the control system submittal package.

Siemens System Integration with the Mitsubishi

Control System

The Siemens control network will supplement the proprietary VRF
control network to provide the following functions:

1. Supervisory management to command units on and off as required
for scheduling, set back and set up, diagnostics or tenant
support.  All schedules, set backs and set  ups shall reside in the
Siemens system.

2. Diagnostic information via a combination of BACnet integration
with the proprietary VRF control system and physical points
wired to Siemens field panels and installed in key locations in the
VRF equipment.

3. Monitoring for LEED Measurement and Verification and Energy
Code compliance purposes.

The diagnostic information is intended to provide sufficient
information to allow a system manager working at a Siemens
Operator Work Station (OWS) to identify emerging problems
before they manifest themselves as tenant complaints and/or
system failures versus providing deep diagnostic capabilities.  Once
an issue is identified, the proprietary service and maintenance tool
associated with the proprietary VRF system network will be used
for deep diagnostics.  Access to the service and maintenance tool
and other proprietary Mitsubishi features will be via a web browser
interface to the Mitsubishi network controller.

Fairly detailed information regarding the operating sequence for
typical VRF components can be found by:

4. Going to the www.mylinkdrive.com web site and then,

5. Selecting the United States portion of the site and then,

6. Selecting the “R2 Series”, “Controls”, or “Software” options from
the list under the page header and then,

7. Navigate to the specific piece of equipment of interest based on
the model number information on the mechanical drawings.

The most detailed information is generally found in the Technical
Service instructions.  Branch controller service information is
typically found in the manuals for the outdoor units.

BACnet Points

General

BACnet object are provided for the indoor and outdoor units as
indicated in their respective point lists.  By the nature of its
operation, the Siemens system will auto-discover all of these
objects during the start-up and configuration process.  The points

will be integrated into the Siemens network and graphics to allow
the various fan coil units and heat pumps to be monitored and
managed remotely from the facility operations office.

To maximize flexibility, from a Mitsubishi M-Net address and
BACNet point standpoint, each fan coil will be configured as its own
group.  Thus, each indoor unit will have all of the BACnet objects
identified in the point list associated with it.

Details of the graphic presentation of these points and the logic
associated with them will be finalized during the control submittal
review process so they are compatible with the City of Seattle
control standards that are currently being developed.  In general
terms, the goal of the standards is to provide consistent
representation of the Mitsubishi equipment across all of the
facilities that incorporate it and to provide useful diagnostic
information to allow the Facility Operations staff to proactively
address emerging operational issues before they become occupant
issues.

The descriptions provided in the following sections of the BACnet
points and their possible values are states are taken from
Mitsubishi Application Note 3003 - BACnet point list.

Last Command “Wins”

The Mitsubishi command structure uses a “last command
wins” approach to control, meaning that the most recent command
received from the network or from the controller or remote
associated with a unit are the commands that will be in effect.  All
previous commands will be ignored.

This can have important implications in terms of how schedules are
implemented and programmed from the DDC system via the BACnet
interface in order to allow set backs and schedules to be effective.
An example of this can be found in Mitsubishi AE-200 Technical
Manual.

Scheduling and Operating Mode Points

The following point are provided to facilitated scheduled operation
based on occupancy, time of day or similar triggering mechanisms
and to manage the operating state of the IDU.

· On/Off Set-up; BACnet Binary Output Object used to set the
VRF IDU operating state.  The value can Stop or Run.

· Operational Mode Set-up; BACnet Multistate Output Object
used to set up the VRF IDU operating mode.  The values can be
01 = Cooling, 02 = Heating, 03 = Fan, 04 = Auto, 05 = Dry, and 06
= Setback.  Note that some IDUs will not provide all of these
functions.

· Fan Speed Set-up; BACnet Multistate Output Object used to set
up the VRF IDU fan speed.  Values can be 01 = Low, 02 = High, 03
= Mid 2, 04 = Mid 1, and 05 = Auto.  Note that different IDU
types can have a different number of speed options; i.e. not all
IDUs have 4 speed fans.

· Air Direction Setup; BACnet Multistate Output that can be used
to set up the air flow direction controls in the IDU.  Possible
values are Horizontal, Down-blow 60°, Down-blow 80°, Down-blow
100°, and swing.  Note that not all IDUs provide this feature.  For
instance, ducted IDUs do not have an air flow direction control
capability.

· System Force Off; BACnet Binary Value Object that can be used
to collectively or individually reset or and deactivate IDUs via a
command from the Siemens system.  Possible values are Reset
and Execute. Air Direction Setup

Setpoint Adjustment Points

The following points are provided to adjust set points in the VRF
unit controller.

· Set Temp; BACnet Analog Value Object used to adjust the room
temperature setpoint in °F or °C.

· Set Temp Cool; BACnet Analog Value Object used to adjust the
cooling set point in °F or °C for units with a cooling set point, a

heating set point, and a dead band in between.  These units, when
in Auto, will cool of the space temperature is above the cooling
set point, will heat if the temperature is below the heating set
point, and will not do heating or cooling if the temperature is
in-between the two set points.

· Set Temp Heat; BACnet Analog Value Object used to adjust the
heating set point in °F or °C  for units with a cooling set point, a
heating set point, and a dead band in between.  These units, when
in Auto, will cool of the space temperature is above the cooling
set point, will heat if the temperature is below the heating set
point, and will not do heating or cooling if the temperature is
in-between the two set points.

· Set Temp Auto; BACnet Analog Value Object used to adjust the
heating set point in °F or °C  for units that can heat and cool but
which have only a single set point and no dead band in between.
These units, when in Auto, will cool of the space temperature is
above the set point, will heat if the temperature is below the set
point.

· Set High Limit Setback Temp; BACnet Analog Value Object used
to adjust the cooling night set up set point in °F or °C; i.e. how
warm will the space be allowed to get during the unoccupied cycle.

· Set Low Limit Setback Temp; BACnet Analog Value Object used
to adjust the heating night set back set point in °F or °C; i.e. how
cool will the space be allowed to get during the unoccupied cycle.

State Points

The BACnet state points provide feedback regarding the state of
various operating parameters associated with the IDUs.

· Room Temperature; BACnet Analog Value Object used to report
the current room temperature control setpoint in °F or °C.

· On/Off State; BACnet Binary Input Object used to report the
current operating state of the IDU.  Values can be Stop or Run.

· Op Mode State; BACnet Multistate Input Object used to report
the operating mode of the IDU.  Values can be 01 = Cooling, 02 =
Heating, 03 = Fan, 04 = Auto, 05 = Dry, and 06 = Setback.  Note
that some IDUs do not accommodate all of these modes.

· Air Direction State; BACnet Multistate Input Object used to
report the air flow direction setting of the IDU.  Possible values
are Horizontal, Down-blow 60°, Down-blow 80°, Down-blow 100°,
and swing.  Note that not all IDUs provide this feature.  For
instance, ducted IDUs do not have an air flow direction control
capability.

· Fan Speed State; BACnet Multistate Input Object used to report
the VRF IDU fan speed.  Values can be 01 = Low, 02 = High, 03 =
Mid 2, 04 = Mid 1, and 05 = Auto.  Note that different IDU types
can have a different number of speed options; i.e. not all IDUs
have 4 speed fans.

Error Codes and Alarms

The BACnet error code and alarm point shall trigger logic in the
Siemens network designed to facilitate remote diagnostics from
the Facility Operations office.  In general terms the points will
trigger alarms and alarm messages with the text of the message
providing additional guidance regarding the actions required to
resolve the problem.  The error messages shall be presented in the
system graphics running at the Siemens Operator Work Station
(OWS).

Each error code shall have a specific customized message
associated with it.  The details contained in the message will be
coordinated with Facility Operations at the time of the control
submittal review.

· Alarm Signal - BACNet Binary Input Object used to report that
an error has been detected in the system and a error specific 4
digit error code has been transmitted to the AE-200.  Values can
be Normal and Error.  The error code is not visible through the
BACnet interface.

· Error Code - BACNet Multistate Input Object used to report a
number of general alarm conditions.  Values can be 01 = Normal,
02 = Other Errors, 03 = Refrigeration System Fault, 04 = Water

System Error (not applicable for this project), 05 = Air System
Error, 06 = Electronic System Error, 07 = Sensor Fault, 08 =
Communication Error, and 09 = System Error.  

· MNet Com State; BACnet Binary Input Object used to report
the operating state of the proprietary Mitsubishi communications
network.  Values can be Normal and Error.

Filter Status Points - General

Mitsubishi provides a time-based filter status alarm that shall be
mapped across the BACnet interface unless otherwise indicated.
The point shall be used to notify the operators of the need to
change the filters.  This point is intended to be manually reset
after the filters are changed to initiate a new timed filter change
cycle.

· Filter Sign; BACnet Binary Input Object used to report the state
of the filter change timer.  Values can be On or Off.

· Filter Sign Reset; BACnet Binary Value object used to reset the
filter change timer.  Possible values are Reset and Void.

The BACnet Prohibit Filter Sign Reset point shall be configured to
prevent the filter alarm from being reset from the remote
controllers.

Note that some of the IDUs are provided with filter boxes and will
not require that this point be used.  See the point list and Filter
Status Points- Ducted Fan Coil IDUs below for additional
information.

Prohibit Points

The BACnet object list includes a number of “Prohibit” points such
as:

· Prohibit Remote On-Off Override; BACnet Binary Value object
used to prevent the IDU On-Off state from being changed from
the remote controller.  Possible values are Permit and Prohibit.

· Prohibit Remote Operating Mode Override; BACnet Binary Value
object used to prevent the IDU Operating Mode from being
changed from the remote controller.  Possible values are Permit
and Prohibit.

· Prohibit Remote Filter Change Indication Reset; BACnet Binary
Value object used to prevent the change filter indication from
being reset from the remote controller.  Possible values are
Permit and Prohibit.

· Prohibit Remote Set Point Adjustment; BACnet Binary Value
object used to prevent the set point from being adjusted from
the remote controller.  Possible values are Permit and Prohibit.

Sending a Prohibit command makes the associated feature
unavailable for adjustment from the remote controller.  Sending
“Permit” commands makes the features available again.

When implemented in the “last command wins” environment, these
points and commands allow the Siemens system to place the IDUs in
different operating modes and manage whether an occupant can
control of features like starting and stopping the equipment,
changing its operating mode, or changing the temperature set point.

This capability, along with the other BACnet object provide the
capability for to implement schedules, night set back, and night set
up.

ODU Integration with IDU Operation

Integration of the operation of the ODUs with the IDUs is handled
by the Mitsubishi proprietary control system along with the
operation of the BCs as needed to support the IDUs.  The ODUs
will operate if any IDU is in operation and the compressors will be
staged to optimize efficiency and performance based on the
current system operating requirements by the Mitsubishi
controllers.

(Continued on MI.8.03-4)
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VRF System Sequence
of Operation Part 4

VRF System Sequence of Operation (Continued from MI.8.03-3)
Diagnostic Points

The VRF technology employs numerous analog sensors monitoring
system temperatures, pressures, currents and other physical
properties as required to control and optimize the system.  Most, if
not all of this data is available via the VRF Maintenance Tool
Software.  However, few if any of the points are made available as
BACnet objects for direct access by the Siemens control system.

To improve operability certain key parameters as outlined in the
point lists, will be brought into the Siemens network as physical
points to allow preliminary diagnostics to be performed via the
Siemens OWS.  Some of the diagnostics will simply present key
data to the operator for their assessment and judgment.  However,
in some instances control logic will be used to combine information
from multiple sensors to generate an alarm.

The details of the logic required for diagnostics will be developed
during the submittal process once the specific items of equipment
to be provided for the project are established, including make and
model.

LEED Measurement and Verification Requirements

The IDUs and ODUs are provided with current transmitters that
provide proof of operation, allow the operating state of the system
to be determined, and support metering functions needed for
measurement and verification purposes. See the metering sequence
of operation and point list for additional information.

Run Time Accumulation

The proof of operation points also supports run time accumulation
for each motor in the system.  Run time shall be accumulated and
archived.  The graphic for each individual unit shall display the run
time for that unit for the current day, the previous day, the month
to date, and the year to date.

Typical IDU Zone Sequences of Operation

DOAS Units Associated with IDUs

The IDU's associated with each of the four DOAS systems are as
follows:

DOAS-1 DOAS-2 DOAS-3 DOAS-4

IDU-1.2 IDU-1.14 IDU-1.4 IDU-1.8

IDU-1.3 IDU-1.15 IDU-1.5 IDU-1.9

IDU-2.1 IDU-1.6 IDU-1.10

IDU-2.2 IDU-1.7 IDU-1.11

IDU-2.3 IDU-2.6

IDU-2.4A IDU-2.7

IDU-2.4B IDU-2.9

IDU-2.5

IDU-2.6 In addition, there are three IDUs
that are associated with Heat Recovery Ventilators (HRV) as
follows:

· IDU-1.1 - Room 105 - Source Control Work Room is associated
with HRV-3

· IDU-1.12 - Room 161 - Warehouse Office is associated with
HRV-1

· IDU-1.13 - Room 164 - Tool Office is associated with HRV-2

Note that there is no IDU-2.8.

The association between an IDU and a DOAS unit or HRV unit is
created by the physical arrangement of the ductwork.  In other
words, the IDUs associated with a given DOAS or HRV unit have
outdoor air delivered to the zone(s) they serve by a connection
from the supply duct of their associated DOAS or HRV unit.

Similarly, exhaust air is returned from the IDU zone to the DOAS
or HRV unit to allow energy to be recovered when appropriate,
based on the current climate conditions, building operating state,
and utility rate structure.

The DOAS/HRV unit's function is to deliver the ventilation air
required by the zone when it is occupied.  Thus, the DOAS and HRV
systems will not run during a warm-up or cool down cycle.  They will
also not run during set back or set up cycles if the IDU(s) are only
running to maintain the space temperature with-in the set back or
set up limits and there are no occupants in the zone served by the
IDU.

See the DOAS and HRV sequence of operation for additional
information regarding the DOAS and HRV system control.

IDU Zone Types

There are several different zone configurations associated with
the IDUs as follows:

· Zone type 1 - Single zone ducted fan coil unit

· Zone type 2 - Multiple zone ducted fan coil unit

· Zone type 3 - Multiple zone VAV ducted fan coil unit

· Zone type 4 - Single zone ceiling cassette fan coil unit

· Zone type 5 - Single zone multiple ceiling cassette fan coil units

· Zone type 6 - Single zone wall mounted fan coil unit

· Zone Type 7 - Single space, single zone wall mounted IDU with a
heat recovery ventilator

· Zone Type 8 - Single space, single zone ducted IDU with
destratification fans

· Zone Type 9 - Single space, single zone, ceiling cassette IDU with
a dedicated exhaust fan and hood and a dedicated make-up air
system

· Zone Type 10 - Single space, single zone ducted IDU with
dedicated exhaust

Many of the zones have common sequence requirements as
described in the following section.

Operating Requirements Common to All Zone Types

Indoor Unit Function Switch Setting Coordination

Coordinate with the Mitsubishi start-up technician for the following
indoor unit function settings.

1. Set the IDU to not restart automatically after a power failure to
allow the Siemens power failure recovery sequence to manage the
restart.

2. For ducted units, set the external static switch for the
appropriate external duct static pressure requirement.   An initial
setting can be made based on the design documents but the final
setting should be coordinated with the testing and balancing
results during the commissioning process.

3. Unless otherwise noted, set the IDUs up to use the remote
controller sensor for space temperature control.

· External static pressure setting matches the requirements for
the unit

Occupied Setpoints

The following setpoints shall be used for occupied hours:

· Cooling - nominal setpoint of 75°F with an occupant adjustment
range of +/-2°F around the nominal setpoint.

· Heating - nominal set point of 70°F with an occupant adjustment
range of +/-2°F around the nominal setpoint.

The occupant range of adjustment shall be restricted to the bands
indicated above via the programmable settings of the Mitsubishi
PAR-U01MEDU remote controller.  See the IDU Remote Controller
Features and Settings table for additional information.

Unoccupied Setpoints

The following initial setpoints shall be used for unoccupied hours:

· Cooling - nominal setpoint of 85°F with no occupant adjustment
capability.

· Heating - nominal setpoint of 60°F with no occupant adjustment
capability.

Once a space has achieved steady state operating conditions at the
desired operating temperature, an investment has been made in
storing energy in the thermal mass represented by the space and
its contents at the steady-state condition.  Setback and setup
cycles are a balancing act between the cost of replacing the stored
energy that will be lost if the space temperature is allowed to drift
and the parasitic energy and time it takes to replace that lost
energy and recover the space from the setback/setup condition to
the desired condition.

The unoccupied set points shall be fine-tuned via the commissioning
process during the first year of operation to balance the recovery
time required to return the space to the nominal occupied set point
against the amount of operating time required to unoccupied hours
to maintain the set-back temperature.

Recovery from Power Failure

The VRF equipment shall be included in the power failure recovery
sequence provided for the facility.  Each VRF IDU shall have a
start order set point and a time delay set point.  See the Power
Failure Recovery Sequence of Operation for additional details.

Note that starting the first VRF IDU will also enable the operation
of the ODUs, which are significant loads.

Fire alarm shut down

A hardwired point from the fire alarm system provides an input to
the DDC systems.   The DDC system shall use this input to perform
a courtesy shutdown of all of the HVAC equipment if there is a fire
alarm.  This is not a code requirement but is being provided as an
added measure of protection against the spread of smoke in the
event of a fire.

Specifically, when a fire alarm is detected, all of the VRF IDUs
shall be commanded to the off state and restart from the local
controller shall be prohibited.  After the fire alarm is cleared, the
VRF IDUs shall be allowed to resume normal operation based on the
current operating condition.  The unit starts shall be staggered and
shall use the logic associated with the Power Failure Recovery
sequence for order of start and timing.

Drain Pan Alarm

Furnish and install the optional Mitsubishi DPLS2 drain pan level
sensor and connect the wiring harnesses to shut down the VRF unit
if the drain pan is about to overflow per the manufacturer's
instructions.  The level switch is powered by an internal 20-year life
cycle battery.

For each IDU graphic, provide an indicator showing the remaining
years of service available using a countdown timer that is started
and begins counting down based on the date of installation.  Include
the installation date below the countdown timer.

Operating Requirements Common to Multiple Zone Types

but Not All Zone Types

These features apply to multiple zone types as indicated, but not to
all zone types.

Time Driven Schedules

Unless otherwise indicated, the IDUs shall be controlled via an
optimized start-stop schedule with warm-up and cool-down cycles.

Each IDU shall be capable of having its own schedule with the hours
of operation fully adjustable by the operators.   The initial schedule
settings for each zone shall be as indicated below and shall be
fine-tuned to the Owner's specific requirements during the control
system submittal review process.

Occupancy Driven Schedules

The following zones are to be provided with occupancy driven
schedules based on the occupancy sensors that are incorporated in
the Mitsubishi PAR-U01MEDU controller.

· · Breakout 210

· Conference 230

· Conference 231

Occupied Cycle Temperature Control

When the occupancy sensor serving these zones detects motion the
IDU(s) serving the area shall be enabled and allowed to operate to
actively control the space temperature at the occupied heating and
cooling set points (70°F and 75°F respectively, both adjustable
+/-2°F).  When a cycle is triggered, the system will remain in the
occupied cycle for a minimum of 15 minutes (adjustable) from the
last time that motion is detected.

Unoccupied Cycle Temperature Control During Normal Hours

These zones shall have two different unoccupied cycle set back/set
up temperature set.  If the zone is unoccupied and all of the other
zones associated with the DOAS unit serving it are occupied, then
the set back/set up temperature set points shall be set to allow the
unit to shut down but also to minimize the drift from the normal
occupied set points so that the zone can recover quickly if a zone
level occupancy cycle is triggered.

At the end of an occupied cycle, the IDU(s) serving the area are
turned off and the temperature in the area is allowed to drift
between the unoccupied heating and cooling set points.  Each zone
shall have:

· A zone-specific unoccupied set-up set point that will be set to 1°F
(adjustable) above the current occupied cooling set point, and

· A zone-specific unoccupied set-back set point that will be set to
1°F (adjustable) below the current occupied heating set point.

If the zone temperature is between the unoccupied set points, no
active cooling or heating shall be provided.   But, if the temperature
drifts outside the set-back temperature range, the unit associated
with the space shall be placed in occupied mode and operated until
the space temperature is driven back inside the set back/set up
range at which time the unit shall return to the unoccupied mode.

Ventilation air will be provided to the zones by the DOAS units
serving them any time the DOAS runs and will continue to be
provided even if the zone is unoccupied.  Continuing to supply
ventilation air, along with a fairly narrow set-back/set-up range (1°F
above the maximum set point and 1°F below the minimum set point)
is intended to minimize the pull-down time required when a zone
goes occupied based on an occupancy sensor driven trigger.

Functional testing technique shall be used to fine tune the set back
and set up temperatures for the zones with occupancy-based
schedule during the commissioning and warranty period.   Test
results shall be used to optimize the initial set points provided and
tailor them to the thermal mass (stored energy) and HVAC process
energy associated with the zone served.

Figure 6 (see sheet sheet MI.8.03-4) illustrates how the zones
associated with DOAS-2 would operate over the course of a typical
day, including the interaction of the zones and DOAS-2 and
reflects the design intent for the integration of zones with time
driven schedules, occupancy driven schedules and the DOAS system
supporting them.

(Continued on sheet MI.8.03-4)
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VRF System Sequence
of Operation Part 5

VRF System Sequence of Operation (Continued from MI.8.03-4)
Filter Status Points- Ducted Fan Coil IDUs

The following ducted fan coil type IDUs are being provided with
separate filter boxes designed to accommodate MERV 13 filters in
support of LEED Indoor Air Quality (IAQ) requirements.

· · IDU 1.2

· IDU 1.3

· IDU 1.4

· IDU 1.5

· IDU 1.6

· IDU 1.14

· IDU 2.1

· IDU 2.2

· IDU 2.3

· IDU 2.7

· IDU 2.9

Under the Mechanical Instrumentation work, as indicated in the
point list, these filter boxes will be shall be provided with
stand-alone filter differential pressure sensors that are wired
directly to the Siemens system.  For these units, the BACnet filter
points shall be disabled and shall not be mapped across the BACnet
interface.

The design intent behind this decision is for the filters to be
changed based on pressure drop, which approaches changing them

based on best life cycle cost.  The higher performance filters have
a higher first cost and thus, maximizing their service life by not
changing them until the pressure drop warrants it was deemed
desirable. Monitoring pressure drop also provides more positive
proof that the filters are in place and functional and that the
intended IAQ benefit is being realized.

The filter change set points shall be coordinated during the
start-up and commissioning process to match the capabilities of the
IDU fans in terms of ensuring they deliver the required air flows at
a minimum with dirty filters.

Carbon Dioxide Monitoring

The following zones are provided with CO2 monitors for the
purposes of compliance with LEED Indoor Air Quality credits.

· · Dispatch A (Room 100),

· Dispatch B (Room 101),

· Break Out (Room 124),

· Break Out (Room 141),

· Break Out (Room 142),

· Conference (Room 143),

· Lunch Room (Room 144),

· Break Out (Room 210),

· Break Out (Room 212),

· Conference (Room 230),

(Continued on MI.0.03-6)
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VRF System Sequence
of Operation Part 6

VRF System Sequence of Operation (Continued from MI.8.03-5)
· Conference (Room 231),

· Break Out (Room 241), and

· Break Out (Room 244).

The manufacturer's recommended calibration kit for the make(s)
and model(s) of CO2 sensors furnished for the project shall be
provided as part of the turn-over package and the Facility
Operations staff who will be servicing the facility shall be trained
regarding its use as part of the training package.

Zone Specific Features and Operating Requirements

The following paragraphs describe the different zone types and
zone type specific sequence requirements.

Zone Type 1 - Single Space, Single Zone or Open Space,
Ducted IDU

This zone configuration applies to the following IUDs.

1. IDU-1.4 - Room 111 - Lobby

2. IDU-1.7 - Room 145 - Shared Support

3. IDU-1.8 - Room 150 - Women's Locker

4. IDU-1.10 - Room 151 - Men's Locker Room

5. IDU-2.1 - Room 211 - Open Office

6. IDU-2.3 - Room 200 - Hallway, Room 212 - Breakout

7. IDU-2.9 - Room 213 - Open Office

The Mitsubishi controller for these zones provides direct contr

For these zones, the zone temperature shall be be controlled by a
wired, multifunction controller mounted as shown on the floor plans.
When an occupancy sensor in these areas detects motion the
IDU(s) serving the area are turned on and allowed to operate to
actively control the space temperature at the occupied heating and
cooling set points (70°F and 75°F respectively, both adjustable
+/-2°F).  When a cycle is triggered, the system will remain in the
occupied cycle for a minimum of 15 minutes (adjustable) from the
last time that motion is detected.

At the end of an occupied cycle, the IDU(s) serving the area are
turned off and the temperature in the area is allowed to drift
between the unoccupied heating and cooling set points.  Each zone
shall have:

· A zone-specific unoccupied set-up set point that will be set to
1°F (adjustable) above the current occupied cooling set point, and

· A zone-specific unoccupied set-back set point that will be set to
1°F (adjustable) below the current occupied heating set point.

If the zone temperature is between the unoccupied set points, no
active cooling or heating shall be provided.   But, if the temperature
drifts outside the set-back temperature range, the unit associated
with the space shall be placed in occupied mode and operated until
the space temperature is driven back inside the set back/set up
range at which time the unit shall return to the unoccupied mode.

Ventilation air will be provided to the zones by the DOAS units
serving them any time the DOAS runs and will continue to be
provided even if the zone is unoccupied.  Continuing to supply
ventilation air, along with a fairly narrow set-back/set-up range (1°F
above the maximum set point and 1°F below the minimum set point)
is intended to minimize the pull-down time required when a zone
goes occupied based on an occupancy sensor driven trigger.

Functional testing technique shall be used to fine tune the set back
and set up temperatures for the zones with occupancy-based
schedule during the commissioning and warranty period.   Test
results shall be used to optimize the initial set points provided and
tailor them to the thermal mass (stored energy) and HVAC process
energy associated with the zone served.

Zone Type 2 - Multiple Space, Single Zone Ducted IDU

This zone configuration applies to the following IUDs.

1. IDU-1.14 - Room 120 - Hallway, Room 124 - Break-out, Room 127 -
Recovery Room, Room 128 - Restroom, Room 129 - Janitor's
Closet, and Room 131 - Waste/Recycle

Zone Type 3 - Multiple Space, Multiple Zone Variable Air

Volume (VAV) Ducted IDU

This zone configuration applies to the following IUDs.

1. IDU-1.5 - Room 140 - ERC, Room 141 - Break-out, Room 142 -
Breakout and Room 143 - Conference

2. IDU-2.2 - Room 221 - Office, Room 222 - Office, Room 223 -
Office, and Room 221 - Office

3. IDU-2.7 - Room 241 - Breakout, Room 242 - Office, Room 243 -
Office, and Room 244 - Breakout

Zone Type 4 - Single Space, Single Zone Ceiling Cassette

IDU

This zone configuration applies to the following IUDs.

1. IDU-1.6 - Room 144 - Lunch Room

2. IDU-2.5 - Room 231 - Conference

3. IDU-2.6 - Room 210 - Breakout

Zone Type 5 - Single Space, Single Zone, Multiple Ceiling

Cassette IDUs

This zone configuration applies to the following IUDs.

1. IDU-2.4A - Room 230 - Conference

2. IDU-2.4B - Room 230 - Conference

Zone Type 6 - Single Space, Single Zone Wall Mounted IDU

with Dedicated Exhaust

This zone configuration applies to the following IUDs.

1. IDU-1.15 - Room 130 - CCTV Workroom

Zone Type 7 - Single Space, Single Zone Wall Mounted IDU

with a Heat Recovery Ventilator

This zone configuration applies to the following IUDs.

1. IDU-1.12 - Room 161 - Warehouse Office

2. IDU-1.13 - Room 164 - Tool Office

Zone Type 8 - Single Space, Single Zone Ducted IDU with

Destratification Fans

This zone configuration applies to the following IUDs.

1. IDU-1.2 - Room 101 - Dispatch B

2. IDU-1.3 - Room 100 - Dispatch A

This

Zone Type 9 - Single Space, Single Zone, Ceiling Cassette

IDU with a Dedicated Exhaust Fan and Hood and a

Dedicated Make-up Air System, with Ventilation Air from a

Heat Recovery Ventilator

This zone configuration applies to the following IUDs.

1. IDU-1.1 - Room 108 - Source Control Work Room

Zone Type 10 - Single Space, Single Zone Ducted IDU with

Dedicated Exhaust

This zone configuration applies to the following IUDs.

1. IDU-1.9 - Room 152 - Women's Drying Room

2. IDU-1.11 - Room 153 - Men's Drying Room
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