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1.3 BACnet Control Systems, Data Submittals
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BACnet is a registered trademark of ASHRAE.  ASHRAE does not endorse, approve or test products for
compliance with ASHRAE standards.  Compliance of listed products to the requirements of ASHRAE
Standard 135 is the responsibility of BACnet International (BI).  BTL is a registered trademark of BI.

BACnet Testing Laboratories
Product Listing

This product has been tested at a qualified BACnet Testing Laboratory and found to comply with all the
necessary interoperability requirements in place on the published test date.  This listing represents the
tested capability of the Listed Product.  For information on additional functionality that was not covered in

I website.

Listing Information
Vendor Listing Status

Schneider Electric Buildings, LLC
1 High St
North Andover  MA 01845
USA

Listed Product

Test Requirements BACnet Protocol Revision Date Tested

Requirements as of July 2009 Revision 6 April 2011

Product Name Model Number(s) Software Version

Automation Server BACnet AS-B 1.1

Device Profiles
Profile Model Numbers

BACnet Building Controller (B-BC) AS-B

BIBBs Supported

Data Sharing

ReadProperty-A DS-RP-A
WriteProperty-A DS-WP-A
ReadProperty-B DS-RP-B
WriteProperty-B DS-WP-B

ReadPropertyMultiple-A DS-RPM-A
ReadPropertyMultiple-B DS-RPM-B
WritePropertyMultiple-B DS-WPM-B

COV-A DS-COV-A
COV-B DS-COV-B

Alarm and Event
Management

Alarm and Event-Notification Internal-B AE-N-I-B
Alarm and Event-ACK-B AE-ACK-B

Alarm and Event-Enrollment Summary-B AE-ESUM-B
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Alarm and Event-Information-B AE-INFO-B

Scheduling Scheduling Internal-B SCHED-I-B
Scheduling External-B SCHED-E-B

Trending
Viewing and Modifying Trends Internal-B T-VMT-I-B
Viewing and Modifying Trends External-B T-VMT-E-B

Automated Trend Retrieval-B T-ATR-B

Device and Network
Management

Dynamic Device Binding-A DM-DDB-A
Dynamic Device Binding-B DM-DDB-B
Dynamic Object Binding-B DM-DOB-B

Backup and Restore-B DM-BR-B
TimeSynchronization-A DM-TS-A
TimeSynchronization-B DM-TS-B

UTCTimeSynchronization-B DM-UTC-B
DeviceCommunicationControl-B DM-DCC-B

ReinitializeDevice-B DM-RD-B
Object Creation and Deletion-B DM-OCD-B

Object Type Support
Analog Input Analog Output Analog Value
Binary Input Binary Output Binary Value

Calendar Device Event Enrollment
File Loop

Multi-state Input Multi-state Output Multi-state Value
Notification Class Schedule Trend Log

Data Link Layer Options
Media Options

MS/TP master 9600, 19200, 38400, 76800
BACnet/IP (Annex J) BBMD

Character Set Support
ANSI X3.4 / UTF-8
ISO 8859-1




















 
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



























































































 

 

 

 



 

 

 

 

 

 

 

 

























































































































































































 



 

 





 







 







 



 
























      















   



 

 








































































































































































           















   



 

 





Page 1 of 2

BACnet is a registered trademark of ASHRAE.  ASHRAE does not endorse, approve or test products for
compliance with ASHRAE standards.  Compliance of listed products to the requirements of ASHRAE
Standard 135 is the responsibility of BACnet International (BI).  BTL is a registered trademark of BI.

BACnet Testing Laboratories
Product Listing

This product has been tested at a qualified BACnet Testing Laboratory and found to comply with all the
necessary interoperability requirements in place on the published test date.  This listing represents the
tested capability of the Listed Product.  For information on additional functionality that was not covered in

I website.

Listing Information
Vendor Listing Status

Schneider Electric Buildings, LLC
1 High St
North Andover  MA 01845
USA

Listed Product

Test Requirements BACnet Protocol Revision Date Tested

Requirements as of July 2009 Revision 6 April 2011

Product Name Model Number(s) Software Version

Automation Server BACnet AS-B 1.1

Device Profiles
Profile Model Numbers

BACnet Building Controller (B-BC) AS-B

BIBBs Supported

Data Sharing

ReadProperty-A DS-RP-A
WriteProperty-A DS-WP-A
ReadProperty-B DS-RP-B
WriteProperty-B DS-WP-B

ReadPropertyMultiple-A DS-RPM-A
ReadPropertyMultiple-B DS-RPM-B
WritePropertyMultiple-B DS-WPM-B

COV-A DS-COV-A
COV-B DS-COV-B

Alarm and Event
Management

Alarm and Event-Notification Internal-B AE-N-I-B
Alarm and Event-ACK-B AE-ACK-B

Alarm and Event-Enrollment Summary-B AE-ESUM-B
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Alarm and Event-Information-B AE-INFO-B

Scheduling Scheduling Internal-B SCHED-I-B
Scheduling External-B SCHED-E-B

Trending
Viewing and Modifying Trends Internal-B T-VMT-I-B
Viewing and Modifying Trends External-B T-VMT-E-B

Automated Trend Retrieval-B T-ATR-B

Device and Network
Management

Dynamic Device Binding-A DM-DDB-A
Dynamic Device Binding-B DM-DDB-B
Dynamic Object Binding-B DM-DOB-B

Backup and Restore-B DM-BR-B
TimeSynchronization-A DM-TS-A
TimeSynchronization-B DM-TS-B

UTCTimeSynchronization-B DM-UTC-B
DeviceCommunicationControl-B DM-DCC-B

ReinitializeDevice-B DM-RD-B
Object Creation and Deletion-B DM-OCD-B

Object Type Support
Analog Input Analog Output Analog Value
Binary Input Binary Output Binary Value

Calendar Device Event Enrollment
File Loop

Multi-state Input Multi-state Output Multi-state Value
Notification Class Schedule Trend Log

Data Link Layer Options
Media Options

MS/TP master 9600, 19200, 38400, 76800
BACnet/IP (Annex J) BBMD

Character Set Support
ANSI X3.4 / UTF-8
ISO 8859-1



 











 





































































































 

 

 

 

 

 

 

 

 

 
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
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
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














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

















































































































































   

   



   

        



  

   

  

   

    

    

  

   



          

           

           

            

          

           























































































































           



           






           

           























































































































































































































































          



          



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




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
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
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


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




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
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
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
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































































































































           








       

 

           

       








   

































































































































           



    






           


     








































































































































           


    



 


















































































































































































































           








       

 



           

           












































































































































































































































































































































           








       

 



           

           





















































































































































































































































































































































           

           


















































































































































































































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
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

 


 
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






















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
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

























































 

 

 

 

 

 

 

 

  



 

 














 

















































































 



 



 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 











 




































































































































   


















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Product Implementation Conformance Statement
for the b3xxx Series

Date: April, 2008
Vendor Name: Schneider Electric
Product Name: Continuum
Product Model Number: b3xxx Series (See Table on Page 2)
Applications Software Version: 4.5   Firmware Revision: 4.5
BACnet Protocol Version: 1  BACnet Protocol Revision: 4
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Product Description

The b3xxx Series of programmable controllers are BACnet Advanced Application Controllers (B-
AAC). The models are functionally similar, but have different input and output capabilities. The
table below details the differences.

Model Name Number and Type
of Inputs

Number and Type
of Outputs

Expansion
Modules
Support

Smart Sensor
Support

b3608 8 Universal Inputs  No No

b3624 24 Universal Inputs  No No

b3800 8 Universal Inputs 8 Digital Outputs No Yes

b3804 8 Universal Inputs 4 Analog Outputs,
4 Digital Outputs No Yes

b3810 8 Universal Inputs 8 Digital Outputs Yes Yes

b3814 8 Universal Inputs 4 Analog Outputs,
4 Digital Outputs Yes Yes

b3850 1 Flow Sensor
4 Universal Inputs 4 Digital Outputs Yes Yes

b3851 4 Universal Inputs 4 Digital Outputs Yes Yes

b3853 2 Flow Sensors
4 Universal Inputs 4 Digital Outputs Yes Yes

b3865 1 Flow Sensor
4 Universal Inputs

1 Actuator Output,
3 Digital Outputs No Yes

b3865-V 1 Flow Sensor
4 Universal Inputs

1 Actuator Output,
3 Digital Outputs No Yes

b3866 1 Flow Sensor
4 Universal Inputs

1 Actuator Output,
2 Analog Outputs,
3 Digital Outputs

No Yes

b3866-V 1 Flow Sensor
4 Universal Inputs

1 Actuator Output,
2 Analog Outputs,
3 Digital Outputs

No Yes

b3867 4 Universal Inputs 2 Analog Outputs,
5 Digital Outputs No Yes

b3885 1 Flow Sensor
2 Universal Inputs

1 Actuator Output 2
Digital Outputs No No

b3885-V 1 Flow Sensor
2 Universal Inputs

1 Actuator Output 2
Digital Outputs No No

b3887 3 Universal Inputs 5 Digital Outputs No Yes

b3920 16 Universal Inputs 8 Analog Outputs,
8 Digital Outputs Yes Yes
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BACnet Standardized Device Profile (Annex L)

BACnet Operator Workstation (B-OWS)
BACnet Building Controller (B-BC)

X BACnet Advanced Application Controller (B-AAC)
BACnet Application Specific Controller (B-ASC)
BACnet Smart Actuator (B-SA)
BACnet Smart Sensor (B-SS)
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BACnet Interoperability Building Blocks (BIBBs) Supported
BIBB Name BACnet Service Support Init Exec

DS-RP-A1 Data Sharing - ReadProperty-A ReadProperty X X
DS-RP-B Data Sharing - ReadProperty-B ReadProperty X  X
DS-RPM-B Data Sharing - ReadPropertyMultiple-B ReadPropertyMultiple X  X
DS-RPC-B Data Sharing - ReadPropertyConditional-B ReadPropertyConditional X  X
DS-WP-A1 Data Sharing - WriteProperty-A WriteProperty X X
DS-WP-B Data Sharing - WriteProperty-B WriteProperty X  X
DS-WPM-B Data Sharing - WritePropertyMultiple-B WritePropertyMultiple X  X

SubscribeCOV X X
ConfirmedCOVNotification X  XDS-COV-A Data Sharing - COV-A
UnconfirmedCOVNotification X  X
SubscribeCOV X  X
ConfirmedCOVNotification X XDS-COV-B Data Sharing - COV-B
UnconfirmedCOVNotification X X
ConfirmedEventNotification X X

AE-N-I-B Alarm and Event-Notification-B
UnconfirmedEventNotification X X

AE-ACK-B Alarm and Event-ACK-B AcknowledgeAlarm X  X
AE-INFO-B Alarm and Event-Information-B GetEventInformation X  X
SCHED-I-B Scheduling-Internal-B  X

T-VMT-I-B Trending - Viewing and Modifying Trends
Internal-B ReadRange X  X

ConfirmedEventNotification X X
T-ATR-B1 Trending – Automated Trend Retrieval-B

ReadRange X  X
Who-Is X X

DM-DDB-A Device Management-Dynamic Device
Binding-A I-Am X  X

Who-Is X  X
DM-DDB-B Device Management-Dynamic Device

Binding-B I-Am X X
Who-Has X X

DM-DOB-A Device Management-Dynamic Object
Binding-A I-Have X  X

Who-Has X  X
DM-DOB-B Device Management-Dynamic Object

Binding-B I-Have X X

DM-DCC-B Device Management-
DeviceCommunicationControl-B DeviceCommunicationControl X  X

DM-TS-B Device Management-TimeSynchronization-B TimeSynchronization X  X

DM-UTC-B Device Management-
UTCTimeSynchronization-B UTCTimeSynchronization X  X

DM-RD-B Device Management-ReinitializeDevice-B ReinitializeDevice X  X

AtomicReadFile X  X
AtomicWriteFile X  XDM-BR-B2 Device Management-Backup and Restore-B
ReinitializeDevice X  X
CreateObject X  X

DM-OCD-B Device Management-Object Creation and
Deletion-B DeleteObject X  X

1 Not supported by b3885, b3885-V, and b3887.
2  A single stream-based file object is provided, to support Backup and Restore. Record-based

access is not supported. The file has a proprietary format, which is produced by the controller
during a Backup operation. Any attempt to write the file using data not obtained by reading it,
will result in an error.
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Segmentation Capability

X Able to transmit segmented
messages Window Size: 1

X Able to receive segmented
messages Window Size: 1

Standard Object Types Supported

Object Type Supported Creatable1 Deletable¹
Analog Input X
Analog Output X
Analog Value X X X
Binary Input X
Binary Output X
Binary Value X X X
Calendar X X X
Command X X X
Device X
Event Enrollment X X X
File X
Loop X X X
Multi-state Input X
Multi-state Output X
Multi-state Value X X X
Notification Class X X X
Program X
Schedule X X X
Trend Log X X X

1  Except for Device and File, instances of all supported object types can be created, deleted and
configured using CyberStation.
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Object Types and Properties Supported
Properties that are Supported (S), Writable (W) and Optional (O) are indicated. See Restrictions
on Object Identifiers and Names, below. All other strings are restricted to 32 characters.
Unsigned values are limited to 4 294 967 294.

All Input and Output objects restrict Out_Of_Service to true if Channel is not configured.

Analog Input
Property S W O

COV_Increment X X
Description X X X
Event_State X

Object_Identifier X
Object_Name X
Object_Type X

Out_Of_Service X X
Present_Value X X
Status_Flags X

Units X X

Analog Output
Property S W O

COV_Increment X X
Description X X X
Event_State X

Object_Identifier X
Object_Name X
Object_Type X

Out_Of_Service X X
Present_Value X X
Priority_Array X

Relinquish_Default X X
Status_Flags X

Units X X

Analog Value
Property S W O

COV_Increment X X
Description X X X
Event_State X

Object_Identifier X
Object_Name X X
Object_Type X

Out_Of_Service X X
Present_Value X X
Priority_Array X

Relinquish_Default X X
Status_Flags X

Units X X

Binary Input
Property S W O

Active_Text X X X
Description X X X
Event_State X
Inactive_Text X X X

Object_Identifier X
Object_Name X
Object_Type X

Out_Of_Service X X
Polarity X X

Present_Value X X
Status_Flags X

Binary Output
Property S W O

Active_Text X X X
Description X X X
Event_State X
Inactive_Text X X X

Object_Identifier X
Object_Name X
Object_Type X

Out_Of_Service X X
Polarity X X

Present_Value X X
Priority_Array X

Relinquish_Default X X
Status_Flags X
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Binary Value
Property S W O

Active_Text X X X
Description X X X
Event_State X
Inactive_Text X X X

Object_Identifier X
Object_Name X X
Object_Type X

Out_Of_Service X X
Present_Value X X
Priority_Array X

Relinquish_Default X X
Status_Flags X

Calendar
Property S W O

Active_Text X X
Description X X X
Event_State X
Inactive_Text X X

Object_Identifier X
Object_Name X

Dates are restricted to years 1989-2105.
See Interpretation of Wildcards in Dates,
below.

Command
Property S W O

Action X X
Action_Text X X X

All_Writes_Successful X
Description X X X
In_Process X

Object_Identifier X
Object_Name X X
Object_Type X

Present_Value X X

Action is restricted to reference objects in
the same device.

Device
Property S W O

Active_COV_Subscriptions X
APDU_Segment_Timeout X X

APDU_Timeout X X
Application_Software_Version X

Backup_Failure_Timeout X X
Configuration_Files X
Database_Revision X

Daylight_Savings_Status X X
Description X X X

Device_Address_Binding X
Firmware_Revision X

Infinity_Path X  X
Last_Restore_Time X

Local_Date X
Local_Time X

Location X X X
Max_APDU_Length_Accepted X

Max_Info_Frames X X
Max_Master X X

Max_Segments_Accepted X
Model_Name X

Number_Of_APDU_Retries X  X
Object_Identifier X

Object_List X
Object_Name X  X
Object_Type X

Protocol_Object_Types_Suppo
rted X

Protocol_Revision X
Protocol_Services_Supported X

Protocol_Version X
Segmentation_Supported X

Serial_Number X  X
System_Status X

UTC_Offset X X
Vendor_Identifier X

Vendor_Name X

Infinity_Path is a proprietary property. See
“Infinity Path Property” below.
Max_Info_Frames is restricted to the range
1..127.
Number_Of_APDU_Retries is restricted to
the range 0..255.
Serial_Number is a proprietary property –
See “Serial Number Property” below.
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Event Enrollment
Property S W O

Acked_Transitions X
Description X X X

Event_Enable X X
Event_Parameters X X

Event_State X
Event_Time_Stamps X

Event_Type X
Notification_Class X X

Notify_Type X X
Object_Identifier X

Object_Name X X
Object_Property_Reference X X

Object_Type X

Event_Type limited to Change_Of_State,
Change_Of_Value, Floating_Limit,
Out_Of_Range and Buffer_Ready.
Object_Property_Reference must reference
Present_Value of point in same controller.

File
Property S W O
Archive X X

File_Access_Method X
File_Size X X
File_Type X

Modification_Date X
Object_Identifier X

Object_Name X
Object_Type X
Read_Only X

File_Size is writable when in Restore mode.
Values limited to zero and current file size.

Loop
Property S W O

Action X X
Bias X X X

Controlled_Variable_Reference X X
Controlled_Variable_Units X X
Controlled_Variable_Value X

Derivative_Constant X X X
Derivative_Constant_Units X X X

Description X X X
Event_State X

Integral_Constant X X X
Integral_Constant_Units X X X

Manipulated_Variable_Reference X X
Maximum_Output X X X
Minimum_Output X X X
Object_Identifier X

Object_Name X X
Object_Type X

Out_Of_Service X X
Output_Units X X

Present_Value X X
Priority_For_Writing X X

Proportional_Constant X X X
Proportional_Constant_Units X X X

Reliability X  X
Setpoint X X

Setpoint_Reference X X
Status_Flags X

Update_Interval X X X

Present_Value is writable only when
Out_Of_Service is true.

Multistate Input
Property S W O

Description X X X
Event_State X

Number_Of_States X
Object_Identifier X

Object_Name X
Object_Type X

Out_Of_Service X X
Present_Value X X

State_Text X  X
Status_Flags X
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Multistate Output
Property S W O

Description X X X
Event_State X

Number_Of_States X
Object_Identifier X

Object_Name X
Object_Type X

Out_Of_Service X X
Present_Value X X
Priority_Array X

Relinquish_Default X X
State_Text X  X

Status_Flags X

Multistate Value
Property S W O

Description X X X
Event_State X

Number_Of_States X
Object_Identifier X

Object_Name X X
Object_Type X

Out_Of_Service X X
Present_Value X X
Priority_Array X

Relinquish_Default X X
State_Text X  X

Status_Flags X

Cyberstation can configure the State_Text.

Notification Class
Property S W O

Ack_Required X X
Notification_Class X

Description X X X
Object_Identifier X

Object_Name X X
Object_Type X

Priority X X
Recipient_List X X

Program
Property S W O

Description X X X
Object_Identifier X

Object_Name X
Object_Type X

Out_Of_Service X X
Program_Change X X

Program_State X
Status_Flags X

Read_Property of Program_Change always
return Ready.

Schedule
Property S W O

Description X X X
Effective_Period X X

Exception_Schedule X X X
Following_Transition_Time X
List_Of_Obj_Property_Ref

erences
X X

Next_Transition_Time X
Object_Identifier X

Object_Name X X
Object_Type X

Out_Of_Service X X
Present_Value X X

Previous_Transition_Time X
Priority_For_Writing X X

Reliability X
Schedule_Default X X

Status_Flags X
Weekly_Schedule X X

In Effective_Period and
Exception_Schedule, dates are restricted to
years 1989-2105. See Interpretation of
Wildcards in Dates, below.

List_Of_Obj_Property_References is limited
to internal objects.

Present_Value is writable only when
Out_Of_Service is true.

Previous_Transition_Time,
Next_Transition_Time and
Following_Transition_Time are proprietary
properties – See “Support for Optimum
Start-Stop” below.
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Trend Log
Property S W O

Buffer_Size X X
COV_Resubscription_Inter

val X  X

Description X X X
Event_State X
Log_Buffer X

Log_Device_Object_Prop
erty X X

Log_Enable X X
Log_Interval X X

Object_Identifier X
Object_Name X X
Object_Type X

Record_Count X X
Start_Time X X
Stop_Time X X

Stop_When_Full X X
Total_Record_Count X

Log_Device_Object_Property is limited to
reference objects in the same device.

In Start_Time and Stop_Time, dates are
restricted to years 1989-2105.

Buffer_Size is required to be at least 2 but is
otherwise limited only by available memory.
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Data Link Layer Options

BACnet IP

BACnet IP, Foreign Device

ISO 8802_3, Ethernet

ANSI/ATA 878.1, 2.5 MB ARCNET

ANSI/ATA 878.1, RS_485, baud rate(s)_________________________

X MS/TP master, baud rate(s)_____9600,19200,38400,76800_______

MS/TP slave, baud rate(s)_____________________________________

Point-To-Point, EIA 232, baud rate(s)___________________________

Point-To-Point, modem, baud rate(s)___________________________

LonTalk, medium: ___________________________________________

Other

Device Address Binding

Static Device Binding Supported                     YES                         NO
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Networking Options

Router                       List all routing configurations
______________________________

Annex H, BACnet Tunneling Router over IP

BACnet/IP Broadcast Management Device (BBMD)

Support registrations by foreign devices

Character Sets Supported

ANSI X3.4                                                                ISO 8859-1

ISO 10646 (UCS-2)                                                 ISO 10646 (UCS-4)

IBM /Microsoft DBCS                                              JIS C 6626

Serial Number Property

Every Continuum device has a unique serial number, assigned at the factory. The serial number
is made available by the Serial_Number property of the Device object. The property identifier is
515, and the data type is Unsigned.
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Infinity Path Property

Continuum devices can also be accessed via the proprietary Infinity protocol, which requires
specific path information to access each device. Accordingly, the Infinity_Path property (identifier
517) of the Device object provides an unsigned integer value composed as follows:

Byte
Position bCX controllers b3xxx controllers

Lowest ACC Net ID of the device ACC Net ID of the parent bCX
device [bCX or other BACnet router]

Second 0 Commport Id [in the parent bCX] of
the MSTP network

Third 0 MSTP Mac address of the controller

Support for Optimum Start-Stop

The controller includes a proprietary extension that can be used, together with Plain English
programming, to optimize the start and stop times for heating and cooling systems based on
scheduled occupancy times. The extension consists of three proprietary properties of the
Schedule object type:

Name Identifier Meaning

Previous_Transition_Time 512 The time when the Schedule’s
Present_Value most recently changed value

Next_Transition_Time 513
The time when the Schedule’s
Present_Value is next scheduled to change
value

Following_Transition_Time 514

The time when the Schedule’s
Present_Value is next scheduled to change
value after the time indicated by
Next_Transition

These properties are unsigned integer values, each giving a date and time expressed as the
number of seconds after midnight, January 1, 1970. The Plain English language, which is used to
specify the behavior of Program objects, includes the ability to compare these times with the
present time, and to compute time intervals.

Each transition indicates a scheduled change in the value of the Schedule’s Present_Value
attribute. When determining a transition, time-value pairs that do not change the value are not
considered transitions.
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Restrictions on Object Identifiers and Names

The instance number portion of the Object_Identifier property has a restricted range, which
depends to some extent on the object type. The following table gives the valid range of instance
numbers:

Object Type Minimum Maximum

Device 1 4194302

File1 1 1

All others 1 200

For all object types, the Object_Name is limited to 16 characters. The first character must be
alphabetic, and the remaining characters must be alphabetic, numeric, or one of ‘_’ or ‘.’.

Interpretation of Wildcards in Dates

The BACnet specification [ANSI/ASHRAE Standard 135-2001] is open to multiple interpretations
regarding the meaning of wildcards in dates, especially when used to specify date ranges. The
following describes how the controllers, especially in the context of the Schedule properties
Exception_Schedule and Effective_Period, and the Calendar property Date_List, interpret
wildcards.

For purposes of comparing dates, the day-of-week fields are not used. That is, they are totally
redundant. When comparing dates, a wildcard field is considered equal to the corresponding field
in the date being compared. A date falls within the range if it is not before the StartDate and not
after the EndDate.

Because the day-of-week field is redundant, its value must be either unspecified or consistent
with the other fields. Because it can be consistent with those fields only if they are specified, the
controllers allow the day-of-week to be specified only if the other three fields are specified as well.

Accordingly, the following conditions in a date range are treated as errors and will prevent a
WriteProperty from completing:

1. A day-of-week is specified but two or fewer of the other fields in the Date are specified.
2. A day-of-week is specified, but is inconsistent with the Date specified by the other fields.
3. A year field is specified, which is outside the range limit of 1989 – 2105.
4. The endDate is earlier than the StartDate.
5. Any of the specified fields are out of range (e.g., 31st day of February).

1 Only one file object exists (for backup and restore) and users do not create objects of this type.
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


























































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




























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   

   




 

















     






























 


 

 



    



 

  




 

 




  




 



     





     














 
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



































































    





      

      

      

      

    

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 

 






 







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 





Duct Temperature Sensors
Model TE-701 / 702

          
           



              

       



Five installation options probe with
mounting flange or bulkhead fitting,
plastic, galvanized steel, or NEMA-4 / IP-
65 steel enclosure offer the industry’s
most extensive range to satisfy all HVAC,
appliance and industrial applications.

304 SS thin wall probe with a cold
rolled hermitically sealed end forms a
monolithic encapsulation cavity for the
sensor and is immune to failures caused
by high humidity, contamination, thermal
shock and vibration.

The flat probe end provides a large
thermally sensitive area and the sensor
is in direct thermal contact to this surface.
As a result, extremely fast response is
achieved to changes in temperature.

Probe is attached to the enclosure or
the flange using a patented process to
provide a rugged, reliable and low profile
attachment for ease of installation.

More than 15 types of interchangeable NTC
thermistors, precision platinum, nickel or
balco RTD’s are available for universal com-
patibility.

Baird House, Units 6&7



  



 




     


   
         

        



 





        


         
        
   

     


 




      

      



  







  



 




       

   


        


 




        
   
       




 
 
 
 
 
 
  
 
 
 
 
 
 
 

 





 

 



































































     
    

     
    

   

  

   

  

 

 

 

 

 

 

 

      



     
    

     
     

   

   

 

 

 

 

 

 

 

 

 

      
 

 

  

  









Pipe Temperature Sensors
Model TE-703 / 704




         
 
 





Four immersion thermowell installation
options— brass adapter with 304SS
probe for adjustable insertion, plastic,
galvanized steel or NEMA-4/IP-65 steel
enclosure. Four strap on surface mount
installation options— rugged 304SS
hermitically sealed probe, plastic,
galvanized steel or NEMA-4/IP-65
contact surface temperature sensors
offer the industry’s most extensive range
to satisfy all HVAC, appliance and
industrial applications.

304 SS thin wall probe with a cold rolled
hermitically sealed end forms a monolithic
encapsulated cavity for the sensor and is
immune to failures caused by high
humidity, contamination, thermal shock
and vibration.

Fast response brass contact sensor for
strap on applications is insulated from
the enclosure to provide accurate pipe
surface temperature measurement.

More than 15 types of interchangeable NTC
thermistors, precision platinum, nickel or
balco RTD’s are available for universal com-
patibility.

Baird House, Units 6&7







 



         

       


 

       
       


 




      

      


        
       


 



       
   
     

        



 




        
 


         








 




        





 



      




       


 



       
       
      

        
  


 




        
   
        












































































 

 



 
 
 
 
 
 
  
 
 
 
 
 
 
 

 













       

      

       

  

   

  

   

  

 

 

 

 

 

 

 

  




   

  

   

  

   

  

   

  

 

 

 

 

 

 

 

 

 
 

   

 









        
    
          












 
 

 
 

 

 
 

 

 

 
  
 

 
 

 

 





























  













      
      

       
         


 

       
       






 

         
       
       
        




         




      













   





 

 

 

 

 

 

 

 

 

 

 

















 
 

 

 

 

 

 

 

 

 

 

 
 










 
 
 
 
 
 

 

 










                

      



            

   


       






     































  



















































 












Input Voltage . . . . . . .24 Vac, 20 to 36 Vdc Class 2
Analog Output . . . . . . .4-20mA (clipped & capped)/

0-5VDC/0-10VDC (selectable)
Sensor Current Draw . . . . . . 20-36VDC 40mA avg.,

105mA max.
24VAC 50mA avg., 150mA max.

Operating Temperature Range . . . . . . . . .0° to 50°C
(32° to 122°F)

Operating Humidity Range . . . . . . . . . . . . . .0-95%
(noncondensing)

Housing Material . . . . . . . High impact ABS plastic


Sensor Type . . . . . Non-dispersive infrared (NDIR),

diffusion sampling
Output Range . . . . . . . . . . . . . . . . . . . . 0-2000 ppm
Accuracy . . . . . . . . ±1.5% of measurement range

 ±2% of measured value*
Repeatability . .  ±20 ppm ±1% of measured value
Response Time . . . . . . . . . . . <60 seconds for 90%

step change

HS Sensor . . . Digitally profiled thin-film capacitive
(32-bit mathematics); U.S. Patent 5,844,138
Accuracy . . . . . .  ±2% from 10 to 80% RH @ 25°C;
Hysteresis . . . . . . . . . . . . . . . . . . . . . . . 1.5% typical
Linearity . . . . . . . . . . . .  Included in Accuracy spec.
Stability  ±1% @ 20°C (68°F) annually, for two years
Output Range . . . . . . . . . . . . . . . . . .  0 to 100% RH
Temperature Coefficient . . . ±0.1% RH/°C above or
below 25°C (typical)


Sensor Type . . . . . . . . . . . . . . . . . . . . . . Thermistor
Accuracy . . . . . . . . . . . . . . . ±0.5°C (±1°F) typical


1 Form C . . . . . . 1A@30VDC, resistive; 30W max.

Specified accuracy with 24VDC supplied power with
rising humidity.


. . . . . . . . . . . . . . . . . . . . EN 6100-6-3: 2007 Class B
. . . . . . . . . . . . . . . . . . . . EN 61326-1: 2006 Class B
. . . . . . . . . . . . . . . . . . . . . . . . . . EN61000-6-2: 2005























































 






















































































































 


















  









 

























































































 











    





   

 







































































 





  

   

  

   

   

    

  

   

   

    

  

   

   

    

  

   

   

    

  

   

   

    

  

  


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





      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      







  






































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
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






 

 

 

 

 

 

 

 
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 

 

 

 












 







  

       

     

     

     

     

     

    













 















 

















































 



















































































 





























     

 

 





 





 




 






























































     

 















 

 









     

 

























 




























 








 


 




      

      

      

      

      

      

      

      



 









 
 

  
 
 
 
 


 
 
 

 


 

 
 


 


 
 




































 
 
 
 
 
 

















 

















  











    
 
 



 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

   

   

   

   







 is to be subjected to fl uid hammer, pressure surges, or pulsations, a Model 47 pressure snubber is





  
  
  
  
  
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Application
DuraDrive™ Direct Coupled Actuators are designed to
be used in both damper and valve control applications.
The follow general instructions are for damper
applications, refer to the Applicable Literature table for
valve literature.

The MA40-704X, MA4X-707X and MA4X-715X series
spring return actuators are used for the on-off, fail safe
control of dampers and valves in HVAC systems.

Features
• Two-position actuator controlled by SPST controller

• 133 lb-in (15 N-m), 60 lb-in (7 N-m), and 35 lb-in
(4 N-m) torque models

• 24 Vac/DC, 120 Vac, and 230 Vac models

• Rugged die cast housings rated for NEMA 2 / IP54

• Overload protection throughout rotation

• Optional built-in auxiliary switch to provide for
interfacing or signaling

• Provides 95° of rotation

• Visual position indicator provided

• Provides true mechanical clockwise or
counterclockwise spring return operation for reliable
fail safe application and positive close-off in air tight
damper applications

• Direct mount to round or square damper shafts

• Rotation limiting available

• MA4X-7153 series actuators can be double-
mounted (gang mounting) to accommodate high
torque application requirements

• Five year warranty

• MA41-707X-XXX and MA41-715X-XXX equipped
with manual override

MA40-704X Series,
MA4X-707X Series,
MA4X-715X Series

 DuraDrive Series Spring Return
Two-Position Actuators

General Instructions

MA40-704X

MA40-707X
MA40-715X

MA41-707X
MA41-715X



2 Copyright 2010 Schneider Electric All Rights Reserved. F-26642-8

Applicable Literature
F-Number Description Audience Purpose

F-26750 MX40-6XXX-2XX, MX4X-7XXX-2XXSeries
Actuator/Linkage Assemblies General Instructions

– Sales Personnel
– Application Engineers
– Installers
– Service Personnel
– Start-up Technicians

Describes the globe valve
actuator/linkage assembly’s features,
specifications, and possible applications.
Provides step-by-step mounting
instructions.

F-26751 VX-2000 Series Ball Valve Assembly Installations
Instructions

– Sales Personnel
– Application Engineers
– Installers
– Service Personnel
– Start-up Technicians

Describes the actuator/linkage/ball valve
assembly’s features, specifications, and
possible applications. Provides step-by-
step mounting instructions.

F-26646 MX4X-7XXX, MX40-6XXX Series TAC DuraDrive
Actuator Selection Guide

– Sales Personnel
– Application Engineers
– Installers
– Service Personnel
– Start-up Technicians

Provides actuator specifications and part
number cross referencing of phased out
actuators with the new TAC direct-coupled
actuators.

F-26752
VX-2000, VX-7000 Series
Ball/Linked Globe Linked Valve Assemblies
Actuator/Linkage Assemblies Selection Guide

– Sales Personnel
– Application Engineers
– Installers
– Service Personnel
– Start-up Technicians

Provides part number cross referencing of
phased out globe and ball valve
assemblies with the new TAC direct-
coupled actuators.

F-26080 EN-205 Water System Guidelines

– Application Engineers
– Installers
– Service Personnel
– Start-up Technicians

Describes TAC approved water treatment
practices.

F-13755 CA-28 Control Valve Sizing – Application Engineers
– Installers
– Service Personnel
– Start-up Technicians

Provides charts, equations, and diagrams
to assist in the configuration of valve
system applications. TOOL-150, valve
sizing slide rule may be purchased
separately.

F-11080 Valve Selection Chart Water

F-11366 Valve Selection Chart Steam (two-way valves only)
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SPECIFICATIONS

Actuator Inputs
Control Signal: On-off, spring return. SPST control contacts or Triacs (500 mA rated).
Power Input: See Table-1. All 24 Vac circuits are Class 2. All circuits 30 Vac and above are
Class 1.
Connections: 3 ft. (91 cm) appliance cables, 1/2 in. conduit connector. For M20 Metric

conduit, use AM-756 adaptor.

Actuator Outputs
Electrical:

Auxiliary Switches,
MA4X-715X-502 and MA4X-707X-502 Two SPDT 7A (2.5A) @250 Vac, UL listed;
one fixed @ 5° and one adjustable 25 to 85°.
MA40-7040-501 and MA40-7041 -501 One SPDT 6A (1.5A) @250 Vac, UL listed;
adjustable 0 to 95° (0 to 1 scale).
MA40-7043-501 One SPDT 6A (1.5A) @24 Vac, UL listed; adjustable 0 to 95°
(0 to 1 scale).

Mechanical:
Stroke, Angle of rotation 95° ± 5° maximum. Adjustable 30° to 95° with AM-689 installed
on MA4X-715X or MA4X-707X series. Stroke limiter is standard on MA40-704X series.
Damper Shaft Clamp,

MA40-704X The factory installed universal clamp is used for shafts up to 5/8”
(15 mm) diameter or up to 1/2" (13 mm) square. AM-710 accessory clamp is required
when mounting actuators to shafts up to 3/4" (19 mm) diameter or up to 1/2" (13 mm)
square.
MA4X-715X or MA4X-707X The factory installed universal clamp is used for shafts
up to 3/4" (19 mm) diameter or up to 1/2" (13 mm) square. AM-687 accessory clamp
is required when mounting actuators to shafts up to 1.05" (27 mm) in diameter or up
to 5/8" (15 mm) square.

Position Indicator, Visual indicator.
MA4X-715X and MA4X-707X, -5 to 90° (-5° is spring return position).
MA40-704X, 0 to 1 (0 is spring return position).

Nominal Damper Area, Actuator sizing should be done in accordance with damper
manufacturer’s specification.
Direction of Rotation, Clockwise or counterclockwise rotation determined by actuator
mounting.
Manual Override, MA41-707X and MA41-715X rotation is adjustable from -5o to 85o

using manual override crank.

Environment
Ambient Temperature Limits:

Shipping & Storage, -40 F to 160°F (-40 to 71°C).
Operating, -22 to 140°F (-30 to 60°C).

Humidity: 15 to 95% RH, non-condensing.
Location:

MA4X-715X and MA4X-707X, NEMA 1 (IEC IP30). NEMA 2 (IEC IP54) with conduit
connector in the down position.
MA40-704X, NEMA 2 (IEC IP54) no restrictions.

Agency Listings
UL 873: Underwriters Laboratories (File # E9429 Category Temperature-Indicating and
Regulating Equipment).
CUL: UL Listed for use in Canada by Underwriters Laboratories. Canadian Standards
C22.2 No. 24.
European Community: EMC Directive (89/336/EEC). Low Voltage Directive (72/23/EEC).
Australia: This product meets requirements to bear the C-Tick Mark according to the terms
specified by the Communications Authority under the Radiocommunications Act 1992.
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Table-1 Model Chart.

Part Numbers

Actuator Power Input

Auxiliary
Switch

Approximate
Timing in

Seconds @ 70°
(21°C)a

a Timing was measured with no load applied to the actuator.

Output Torque
Rating

lb-in (N-m)b

b De-rating is required at low temperatures.

Voltage

VA Watts

Powered Spring
Return Minimum Maximum

Stall
Manual

Override50 Hz 60
Hz

Running
DC

Amps

Holding
50
Hz

60
Hz 50 Hz 60 Hz

MA40-7153

24 Vac
± 20%
22-30
Vdc

9.8 9.7 7.5 7.5 0.29 2.8 2.8

No

<190 <30 133 (15) 350 (40)

No

MA40-7153-
502 Twoc

c One adjustable from 25 to 85° rotation and one set to operate @ 5° fixed.

No

MA41-7153 No Yes

MA41-7153-
502 Twoc Yes

MA40-7150

120 Vac
±10% 11.7 10.0 8.8 8.4 — 3.6 5.0

No No

MA40-7150-
502 Twoc No

MA41-7150 No Yes

MA41-7150-
502 Twoc Yes

MA40-7151

230 Vac
±10% 15.5 10.6 9.5 8.5 — 4.6 3.3

No No

MA40-7151-
502 Twoc No

MA41-7151 No Yes

MA41-7151-
502 Twoc Yes

MA40-7073

24 Vac
± 20%
22-30
Vdc

4.8 4.8 3.2 3.2 0.13 0.8 0.8

No

<80 <40 60 (7) 250 (28)

No

MA40-7073-
502 Twoc No

MA41-7073 No Yes

MA41-7073-
502 Twoc Yes

MA40-7070

120 Vac
±10% 10.7 5.6 4.2 3.6 — 2.0 1.2

No No

MA40-7070-
502 Twoc No

MA41-7070 No Yes

MA41-7070-
502 Twoc Yes

MA40-7071

230 Vac
±10% 17.0 8.0 5.1 4.0 — 2.7 1.4

No No

MA40-7071-
502 Twoc No

MA41-7071 No Yes

MA41-7071-
502 Twoc Yes

MA40-7043 24 Vac
± 20%
22-30
Vdc

4.4 4.4 2.9 2.9 0.11 0.8 0.8

No

<50 <26 35 (4) 150 (17)

No

MA40-7043-
501 Oned

d One adjustable from 0 to 95° rotation (0 to 1 scale).

No

MA40-7040
120 Vac
±10% 6.4 4.3 3.8 3.4 — 1.6 1.2

No No

MA40-7040-
501 Oned No

MA40-7041
230 Vac
±10% 5.8 4.6 4.1 3.9 — 1.5 1.2

No No

MA40-7041-
501 Oned No
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ACCESSORIES
For use with MA4X-7XXX:
AM-671 Universal Mounting Bracket, AM-693 is required
AM-672 Universal Mounting Bracket, AM-693 is required
AM-673 Mounting Bracket
AM-674 Weather Shield
AM-675 Base Mounting Plate for AM-674
AM-676 Universal Shaft Extension
AM-714 Weather Shield (polycarbonate)
AM-756 Metric Conduit Adapter M20 x 1.5 to 1/2" NPT
AM-761 7-inch Anti-rotation Bracket
AM-762 9-inch Anti-rotation Bracket

For use with MA40-7043:
AM-709 Position Indicator and Stroke Limiter
AM-710 Universal Clamp for up to 3/4" diameter shafts
AM-711 Crankarm for up to 1/2" round shaft
AM-712 Crankarm Adapter Kit
AM-713 Mounting Bracket for Honeywell Mod IV, M6415

type actuators and new installations
AM-715 Crankarm Adapter Kit for Honeywell Mod IV,

M6415 type actuators and new installations

For use with MX4X-7073, MX4X-7153
AM-686 Damper Position Indicator
AM-687 Universal Clamp for up to 1.05" (27 mm) diameter

shafts
AM-688 Replacement Universal Clamp
AM-689 Rotation Limiter
AM-690 Crankarm for round shafts up to 3/4" (19 mm)
AM-691 Crankarm for jackshafts up to 1.05" (27 mm)
AM-692 V-bolt Kit for AM-690 and AM-691 Crankarm
AM-693 Damper Linkage Kit
AM-758 Short "U" Mounting Bracket
AM-759 Tall "U" Mounting Bracket
AM-760 Slotted "L" Mounting Bracket
AM-763 1/8" Hex Crank for Manual Override
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TYPICAL APPLICATIONS (wiring diagrams)
Figure-1 through Figure-3 illustrate typical wiring diagrams for spring return floating
actuators. See Table-1 for model selection.












































































































  

  

  

Figure-1 Typical Wiring Diagram for 24 Vac Basic and Double Auxiliary Switch Models.

MX40-707X-502 and MX40-715X-502 units manufactured prior to the date code 0141
(October 6, 2001) used the following color coding for the auxiliary switches:

Auxiliary Switch 1

Orange: Fixed auxiliary switch common (com)
Yellow: Fixed auxiliary switch normally closed (NC)
Violet: Fixed auxiliary switch normally open (NO)

Auxiliary Switch 2
Orange/white: Adjustable auxiliary switch common (com)
Violet/white: Adjustable auxiliary switch normally closed (NC)
Yellow/white: Adjustable auxiliary switch normally open (NO)

The label information on these units is incorrect. If replacing these units, the auxiliary switch
operation of the replacement actuator will be per the product label.
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INSTALLATION

Inspection Inspect the package for damage. If damaged, notify the appropriate carrier immediately. If
undamaged, open the package and inspect the device for obvious damage. Return
damaged products.

Requirements • Job wiring diagrams
• Tools (not provided):

– #8 sheet metal screws
– 10mm open end wrench or socket wrench
– 7/16 inch, open end wrench or socket wrench
– 1/8 inch, allen wrench
– Appropriate screwdriver(s)

• Appropriate accessories
• Training: Installer must be a qualified, experienced technician

MA40-7040
MA40-7041

MA40-7040-501
MA40-7041-501

120 Vac or
 230 Vac

Wire No. 1
Wire No. 2

Neutral
Hot

2

2

Wire No. 2
Wire No. 1 Neutral

Hot
L1  N
L2  H

L1  N
L2  H

1

1

3

Orange
Violet

Yellow
N.C.

COM.

N.O.
Auxiliary Switch 1

1   Provide overload protection and disconnect as
required.

2   Actuators may be wired in parallel. Power
consumption must be observed.

3   For end position indication, interlock control, fan
startup, etc., MA40-704X-501 model incorporates
one built-in auxiliary switch. See Specifications
section for details.

120 Vac or
 230 Vac

Green/Yellow

Green/Yellow

Voltage Wire 1 Wire 2

120 Vac White Black

230 Vac Light Blue Brown

0 to 1 Scale
Adjustable

Figure-2 Typical Wiring Diagram for 120 Vac or 230 Vac Basic and Single Auxiliary Switch Models.

MA40-7043

MA40-7043-501

24 Vac
2

2

Red
Black Common

Hot

1

1

(1)
(2)

3

Orange
Violet

Yellow
N.C.
N.O.

Auxiliary Switch 1

Line
Volts

1   Provide overload protection and disconnect as
required.

2   Actuators may be wired in parallel. Power
consumption must be observed. Actuator may also
be powered by 24 Vdc.

3   For end position indication, interlock control, fan
startup, etc., MA40-7043-501 model incorporates
one built-in auxiliary switch. See Specifications
section for details.

24 Vac
Black

Red
Common

Hot
Line
Volts

SPST Control Contact

SPST Control Contact

Green/Yellow

Green/Yellow

0 to 1 Scale
Adjustable

Figure-3 Typical Wiring Diagram for 24 Vac Basic and Single Auxiliary Switch Models.
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Precautions General

Warning:
• Electrical shock hazard! Disconnect the power supply (line power) before installation to

prevent electric shock and equipment damage.
• Make all connections in accordance with the job wiring diagram and in accordance

with national and local electrical codes. Use copper conductors only.

Caution:
• Avoid electrical noise interference. Do not install near large contactors, electrical

machinery, or welding equipment.
• Do not drill holes in actuator body. Six pre-drilled holes are located on each side, under

the label, to accept #10-24 thread-forming screws for mounting accessories.

Caution: The MX41-707X and MX41-715X actuators are equipped with a manual
override.
• The manual override is to be used only when power is not applied to the unit.
• If the universal clamp is not set to 0  on the position indicator, manually wind the

actuator in the direction indicated with hex wrench from -5  to 0  and lock with a
screwdriver.

• When operating manual override, back off 5  from full open mechanical stop to ensure
proper release.

• Do not attempt to use the manual override with actuators mounted in tandem. Damage
to the gear train may occur.

Federal Communications Commission (FCC)

Note: This equipment has been tested and found to comply with the limits for a Class B
digital device, pursuant to Part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in residential installations. This
equipment generates, uses, and can radiate radio frequency energy and may cause
harmful interference if not installed and used in accordance with the instructions. Even
when instructions are followed, there is no guarantee that interference will not occur in a
particular—Which can be determined by turning the equipment off and on—the user is
encouraged to try to correct the interference by one or more of the following measures:
• Reorient or relocate the receiving antenna.
• Increase the separation between the equipment and receiver.
• Connect the equipment to an outlet on a circuit different from that to which the receiver

is connected.
• Consult the dealer or an experienced radio/television technician for help.

Canadian Department of Communications (DOC)

Note: This Class B digital apparatus meets all requirements of the Canadian Interference-
Causing Equipment Regulations.

Cet appareil numerique de la classe B respecte toutes les exigences du Reglement sur le
material broilleur du Canada.

European Standard EN 55022

Warning: This is a Class B digital (European Classification) product. In a domestic
environment this product may cause radio interference in which case the user may be
required to take adequate measures.

Location Caution: Avoid locations where excessive moisture, corrosive fumes, vibration, or
explosive vapors are present.
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Mounting Caution: To remain in NEMA 2/IP54 compliance, the MA4X-715X and MA4X-707X series
actuators should be mounted with conduit end down.

Mount the TAC DuraDrive Actuator directly on the damper shaft in locations that clear the
maximum dimensions of the actuator case and allow the actuator to be mounted flush to the
surface of the terminal box and perpendicular to the damper shaft.

Note: Some terminal boxes have sheet metal screw heads or other protrusions near the
damper shaft. In these cases, a spacer or shim may be added under the anti-rotation
bracket of the actuator to make the actuator perpendicular to the shaft.

Damper Actuator Sizing
Correct sizing of the actuator is necessary for proper control of dampers. The area of
damper that can be controlled by a given actuator is dependent upon the type of damper,
the quality of the damper, the pressure drop across the damper in the closed position, and
the velocity of the air flow through the damper. To obtain actual damper torque requirements,
contact the damper manufacturer.

Damper Shaft Sizing
Use the “Long Damper Shaft” mounting instructions if the damper shaft is at least 3-1/2"
(90 mm) long.

Use the “Short Damper Shaft” mounting instructions if the damper shaft is shorter than 3-1/2"
(90 mm) or the area around the damper shaft is too narrow to allow standard mounting, as
described in the “Short Damper Shaft” mounting section.

MA40-704X Series Installation

Note: The MA40-704X series actuator comes equipped with standard universal mounting
clamp. For damper shafts larger than 5/8" (16 mm) in diameter, the AM-710 universal
mounting clamp is required (order separately). The AM-710 clamp accommodates shafts
sizes up to 3/4" (19 mm) diameter shafts.






























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 
















































































 






































 


















































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









 

 

 

 

 























 











 

 

 

 

 

 



 
































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MA4X-707X and MA4X-715X Series Installation

Caution: Do not drill additional holes in the actuator body. Six pre-drilled holes are located
on each side, under the label, to accept #10-24 thread-forming screws for mounting
accessories.

Note: The MA40-707X and MA40-715X series actuators come equipped with standard
universal mounting clamp installed. For damper shafts larger than 3/4" (19 mm) in
diameter, the AM-687 universal mounting clamp is required (order separately). The AM-687
clamp accommodates round shaft sizes up to 1.05" (27 mm) in diameter or 5/8" (16 mm)
square shafts.

Caution: The MA41-707X and MA41-715X actuators are equipped with a manual
override.
• The manual override to be used only when power is not applied to the unit.
• If the universal clamp is not set to 0  on the position indicator, manually wind the

actuator in the direction indicated with hex wrench from -5  to 0  and lock with a
screwdriver.

• When operating manual override, back off 5  from full open mechanical stop to ensure
proper release.

• Do not attempt to use the manual override with actuators mounted in tandem. Damage
to the gear train could occur.

• Using power tools to adjust the manual override will cause damage to the gears.
• To unlock manual override without power, crank the manual override in the direction

indicated a minimum of 5 .
























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
























 

 

 




























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 
























 














































































 








 





































 








 
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 






 













 





 

 

 




 











 



























 

 

 

 

 

 







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 

 



















 


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Jackshaft Installation

(MA40-704X Series)

The MA40-704X actuator is designed for use with jackshafts up to 3/4" (19 mm) in diameter.
In most applications, the MA40-704X actuator may be mounted in the same manner as a
standard damper shaft application. If the jackshaft diameter is larger than 5/8" (16 mm) in
diameter, the optional AM-710 universal clamp must be used.

(MA4X-715X and MA4X-707X Series)

The MA4X-715X and MA4X-707X actuators are designed for use with jackshafts up to 1.05"
(27 mm) in diameter. In most applications, the actuator may be mounted in the same manner
as a standard damper shaft application. If the jackshaft diameter is larger than 3/4" (19 mm)
in diameter, the optional AM-687 universal clamp must be used.

Multiple Actuator Mounting
If more torque is required than one actuator can provide a second actuator may be mounted
to the damper shaft, using the AM-673 multiple mounting bracket. See Figure-4.

Multiple actuators may be powered from one transformer provided the following rules are
followed:

• The total current draw of the actuators (VA rating) is less than or equal to the rating of
the transformer and less than the rating of the control circuit.

• Polarity on the secondary of the transformer is strictly followed.
– All L2 wires from all actuators are connected to the common lead on the

transformer.
– All L1 wires from all actuators are connected to the hot lead.

Caution: Mixing the L2 and L1 wires on one lead of the transformer may result in erratic
operation or failure of the actuator and/or controls.

Caution: Do not attempt to use the manual override with actuators mounted in tandem.
Damage to the gear train may occur.

Multiple actuators positioned by the same control signal may be powered from multiple
transformers provided the following rules are followed:

• The transformers are properly sized.
• All L2 wires from all actuators are tied together and tied to the negative lead of the

control signal.

Table-2 Power Wiring Color Code.

Part Number L1 L2
MA4X-7XX3

MA4X-7XX3-502 Red Black

MA4X-7XX0
MA4X-7XXX-502 Black White

MA4X-7XX1
MA4X-7XXX-502 Brown Light Blue
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Wiring Requirements Control and Power Leads
See Table-3 for power wiring data. Refer to Figure-1 through Figure-3 for typical wiring
applications.

Note: Class 2 control and power lead wiring must be routed separately from line voltage
wiring and any other non-class 2 circuits. Line voltage, auxiliary switch, and auxiliary switch
leads must be connected to a class 1 circuit.

Table-3 Power Wiring Data.



Figure-4 Mounting Multiple Actuators.

Actuator Voltage Part Number
Maximum Wire Run in ft. (m) (5% Voltage Drop)
14 AWG 16 AWG 18 AWG

24 Vac
22-30 Vdc

MA4X-7153
330 (101) 200 (61) 130 (40)

MA4X-7153-502

24 Vac
22-30 Vdc

MA40-7043
1100 (335) 700 (213) 440 (134)

MA40-7043-501

24 Vac
22-30 Vdc

MA4X-7073
600 (183) 500 (152) 254 (77)

MA4X-7073-502
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Auxiliary Switches The MA40-704X-501 series actuators include one built-in SPDT auxiliary switch which can
be used for interfacing or signaling (e.g., for fan start-up). The switch is adjustable between
0° and 95° of rotation (0 to 1 scale).

The MA4X-715X-502 and MA4X-707X-502 series actuators include two built-in SPDT
auxiliary switches which can be used for interfacing or signaling (e.g., for fan start-up). The
switch position near the normal (spring return) position is fixed at 5°. The other is adjustable
between 25° and 85° of rotation.

Adjusting the Switching Point
Refer to Table-4 for auxiliary switch rating.

Adjusting the switching point for MA40-704X-501

1. The actuator must be in its normal (spring return) position.

2. Use a flat screw driver to rotate the switch pointer until it is at the desired switch position
on the 0 to 1 scale.

Adjusting the switching point for MA4X-715X-502 or MA4X-707X-502

1. The actuator must be in its normal (spring return) position.

2. Insert a 1/8" allen wrench into the hex hole located in the center of the adjustable switch
pointer.

3. Rotate the wrench until the switch pointer is at the desired switch position in degrees,
from 25 to 85°.

Table-4 Auxiliary Switch Rating.

Rotation Limitation Rotation Limitation for MA40-704X Series
The Stop Block is used in conjunction with the tab on the universal clamp or the AM-709
position indicator. In order to function properly, the clamp or indicator must be mounted
correctly.

The Stop Block controls the rotational output of the MA40-704X and MF40-704X-501
actuators. It is used in applications where a damper has a designed rotation that is less than
90°, for example with a 45° or 60° rotating damper.

1. Determine the amount of damper rotation required. The actuator stop block provides
limited rotation from 40° to 95°.

2. Loosen the screw securing the stop block to the actuator.

Note: The actuator is shipped with the Stop Block mounted to the “L” side. If the damper
application requires the “R” side face the installer, simply remove the Stop Block and screw
and move it to the new location.

3. Slide the stop block into position, so that its edge lines up with the degree graduation
on the actuator face which corresponds with the required rotation. See Figure-5.

4. Secure the stop block in place.

5. Test the damper rotation by applying power. Re-adjust if necessary.

Part Number Voltage Resistive Load Inductive Load
MA40-7043-501 24 Vac 6A 1.5A

MA40-7040-501
250 Vac 6A 1.5A

MA40-7041-501

MA4X-707X-502
250 Vac 7A 2.5A

MA4X-715X-502
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Rotation Limitation for MA4X-715X and MA4X-707X Series
The AM-689 rotation limiter is used in conjunction with the tab on the universal clamp or the
AM-686 position indicator which comes with the AM-689. In order to function properly, the
clamp or indicator must be mounted correctly.

The AM-689 rotation limiter controls the rotational output of the MA4X-715X, MA4X-715X-
502, MA4X-707X, and MA4X-707X-502 actuators. It is used in applications where a damper
has a designed rotation that is less than 90°, for example with a 45° or 60° rotating damper.

1. Determine the amount of damper rotation required.

2. Locate the AM-689 rotation limiter on the actuator so that its edge lines up with the
degree graduation on the actuator face which corresponds with the required rotation.
See Figure-6.

3. Find the appropriate cross-hair location through the slot of the rotation limiter. This is
the mounting location for the retaining screw.

4. Pierce through the label material to allow easy fastening of the retaining screw.

5. Position the rotation limiter back to the desired position, making sure the locating “teeth”
on the rotation limiter are engaged into the locating holes on the actuator.

6. Fasten the rotation limiter to the actuator using the self-tapping screw provided.

7. Test the damper rotation by applying power. Re-adjust if necessary.



 





















Figure-5 Adjusting Stop Block for Limited Rotation.

30
40

50
60

70
8090

Screw secured at
these cross hairs.

30
40

50
60

70
8090

Angle of rotation
is now set at 40.

Figure-6 Securing the AM-689 Rotation Limiter.
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CHECKOUT
After the entire system has been installed and the actuator has been powered up, the
following check can be made for proper system operation. Check for correct operation of the
damper while actuator is being stroked.

1. Apply power to the actuator. Actuator and damper should be driven to their powered
position.

2. On the MA4X-7XXX-50X models, check for correct auxiliary switch operation.

3. Break power to the actuator. Actuator and damper should return to their normal, or
spring return position.

Table-5 Power Wiring Color Code.

THEORY OF
OPERATION

The actuators are mounted directly onto a damper shaft using a universal V-clamp. When
power is applied, the actuator rotates 95° to its powered position, at the same time tensing
the spring return safety mechanism. When power is removed, the spring returns the actuator
to its normal position. The actuators provide true mechanical spring return operation for
reliable, positive close-off on air tight dampers.

The MA4X-707X, MA4X-707X-502, MA4X-715X, and MA4X-715X-502 actuators are
equipped with a graduated position indicator showing -5° to 90°. The MA40-704X and
MA40-704X-501 are equipped with a graduated position indicator showing 0 to 1.

The MA40-704X-501 models are provided with 1 built in auxiliary switch. The SPDT switch
is provided for interfacing or signaling, for example, fan start-up. The switching function is
adjustable between 0° to 95° rotation (0 to 1 scale).

The MA4X-715X-502 and MA4X-707X-502 models are provided with 2 built in auxiliary
switches. The SPDT switches are provided for interfacing or signaling, for example, fan
start-up. The switching function is adjustable on one switch between 25° to 85° rotation and
the other switch is fixed at 5°.

The MA41-707X-XXX and MA41-715X-XXX actuators are equipped with a manual override
mechanism. This allows the actuator to be manually positioned at any point between -5o and
85o. This mechanism is accessible on both sides of the actuator and can be used to ensure
tight close-offs for valves and dampers. The manual override should not be used while a unit
is powered or on units that are mounted in tandem.

MAINTENANCE Regular maintenance of the total system is recommended to assure sustained optimum
performance. The actuators are maintenance free.

FIELD REPAIR None. Replace with a functional actuator.

Part Number L1 L2
MA4X-7XX3

MA4X-7XX3-502 Red Black

MA4X-7XX0
MA4X-7XXX-502 Black White

MA4X-7XX1
MA4X-7XXX-502 Brown Light Blue
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DIMENSIONAL DATA
Figure-7 and Figure-8 dimensions are in inches (mm).

Figure-7 MA4X-707X or MA4X-715X Series Mounting Dimensions.
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s

Figure-8 MA40-704X Series Mounting Dimensions.
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



 



























 













 
























































 





 











 





     

 

 










































































































 












































































     

 

 









































































































































 













 



  





  





 

     

 



1/16 (2)

3/4 (19)

3/8 (10)

5-1/8
 (130)

4-3/8
(111)

2-3/8
(60)





1-3/8
(35)

1-3/8
(35)

2-9/16
(65)

1-11/16
(43)

2-1/2
(64)

3/8 (10)

1/2 (12)

5-1/8
(130)

4-3/8
(111)

3-9/16
(90)

4-7/8
(124)

1-3/8
(35)

1-3/8
(35)

2-9/16
(65)

3/4 (19)

2
(50)

2-1/2
(64)

1-11/16
(43)




































































































 















 















  









































 

 

 

 

 

 

 

 






  
  
 


  
  
 


 
  
  
  
  
  
  







 



 

 

 

 











  

 

     

  



  

  

  

  

























 














































 





















































































  

     

  

   





 

  

  



  

 









  

  

  

  

  

  

 



 















 

 

 

 

 

 













































 

 





  

















       





  

   

   

   

   

   

   

   

   

   

   

      

  





















 



 



























 

 



  

  

  

  

  

  

  

  









 

























386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

P/N 042007 - Lo-Capacitance, 24 AWG, 1 Pair Shielded, 12.5 pF,
Non-Plenum

Cable Specifications

Description: 1 Pair, 24 AWG Tinned Copper Shielded RS-232,
RS-422 Low-Capacitance Communication,
Instrumentation and Special Application Non-
Plenum Cable

Conductor
Description:

24 AWG (7/32) Tinned Copper

Insulation: Foam PE; .017"

Color Code: Black/White

Shield: Aluminum Mylar

Drain Wire: 24 AWG Stranded Tinned Copper

Jacket: PVC .015"

Marking: TEMPERATURE CONTROL SYSTEM LOW CAP 12.5
PF ZONE BUS / COMM A B C D E 0 1 2 3 4 5 6 7 8
9  24AWG 2C SHLD (UL) CM C(UL)US 75 C  ROHS

Overall Diameter: .150" Nom.

Conductor DCR: 25.7 Ohms/Mft. Max.
Capacitance: 12.5 pF/ft. Nom.
Impedance: 100 Ohms Nom.
Velocity of
Propagation:

78%

Temperature and
Voltage Rating:

75 C / 300 Volts

Cable Weight: 11 Lbs/Mft.

Flame Rating:
N/A

Agencies Approvals:
UL Subject 444 and NEC Article 800 Type CM Communication
Cable, C(UL), RoHS Compliant



386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

UL Listed and Rated Type CMP
Multi-Conductor Non-Shielded Plenum Cable

P/N 004360 - 22 AWG 2 Conductor Non-Shielded Plenum

Cable Specifications

Description: 22 AWG 2 Conductor Bare Copper, Non-Shielded
Plenum, UL Subject 444, Type CMP, C(UL)

Conductor
Description:

22 (7/30 Bare Copper)

Insulation: Low-Smoke PVC .008"

Color Code: Black/White

Jacket: Low-Smoke PVC .018"

Marking: TEMPERATURE CONTROL SYSTEM AN BIN DIG IN /
OUT A B C D E 0 1 2 3 4 5 6 7 8 9   22 AWG UL C
(UL) CMP    ROHS    MADE IN THE USA

Overall Diameter: .126" Nom.

Conductor DCR: N/A
Capacitance: 30 pF/ft.
Impedance: N/A
Temperature and
Voltage Rating:

75 C / 300 Volt

Cable Weight: 9 Lbs/Mft.

Flame Rating:
Approved For Plenum Use Without Conduit Per NEC Article 800,
NFPA 262 Flame Test

Agencies Approvals:
NEC Article 800, 725; UL CMP, C(UL), RoHS Compliant, Made in
the USA



386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

UL Listed and Rated Type CMP
Multi-Conductor Non-Shielded Plenum Cable

P/N 004370 - 22 AWG 3 Conductor Non-Shielded Plenum

Cable Specifications

Description: 22 AWG 3 Conductor Bare Copper, Non-Shielded
Plenum, UL Subject 444, Type CMP, C(UL)

Conductor
Description:

22 (7/30 Bare Copper)

Insulation: Low-Smoke PVC .008"

Color Code: Black/White/Red

Jacket: Low-Smoke PVC .018"

Marking: TEMPERATURE CONTROL SYSTEM AN BIN DIG IN /
OUT A B C D E 0 1 2 3 4 5 6 7 8 9   22 AWG UL C
(UL)  CMP    ROHS      MADE IN THE USA

Overall Diameter: .134" Nom.

Conductor DCR: N/A
Capacitance: N/A
Impedance: N/A
Temperature and
Voltage Rating:

75 C / 300 Volt

Cable Weight: 13 Lbs/Mft.

Flame Rating:
Approved For Plenum Use Without Conduit Per NEC Article 800,
NFPA 262 Flame Test

Agencies Approvals:
NEC Article 800, 725; UL CMP, C(UL), RoHS Compliant, Made in
the USA



386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

UL Listed and Rated Type CMP
Multi-Conductor Non-Shielded Plenum Cable

P/N 004380 - 22 AWG 4 Conductor Non-Shielded Plenum

Cable Specifications

Description: 22 AWG 4 Conductor Bare Copper, Non-Shielded
Plenum, UL Subject 444, Type CMP, C(UL)

Conductor
Description:

22 (7/30 Bare Copper)

Insulation: Low-Smoke PVC .008"

Color Code: Black/White/Red/Green

Jacket: Low-Smoke PVC .018"

Marking: TEMPERATURE CONTROL SYSTEM AN BIN DIG IN /
OUT A B C D E 0 1 2 3 4 5 6 7 8 9  22 AWG UL C
(UL)  CMP    ROHS     MADE IN THE USA

Overall Diameter: .145" Nom.

Conductor DCR: N/A
Capacitance: N/A
Impedance: N/A
Temperature and
Voltage Rating:

75 C / 300 Volt

Cable Weight: 16 Lbs/Mft.

Flame Rating:
Approved For Plenum Use Without Conduit Per NEC Article 800,
NFPA 262 Flame Test

Agencies Approvals:
NEC Article 800, 725; UL CMP, C(UL), RoHS Compliant, Made in
the USA



386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

UL Listed and Rated Type CMP
Multi-Conductor Non-Shielded Plenum Cable

P/N 004391 - 22 AWG 6 Conductor Non-Shielded Plenum

Cable Specifications

Description: 22 AWG 6 Conductor Bare Copper, Non-Shielded
Plenum, UL Subject 444, Type CMP, C(UL)

Conductor
Description:

22 (7/30 Bare Copper)

Insulation: Low-Smoke PVC .008"

Color Code: Black/White/Red/Green/Brown/Blue

Jacket: Low-Smoke PVC .018"

Marking: TEMPERATURE CONTROL SYSTEM AN BIN DIG IN /
OUT A B C D E 0 1 2 3 4 5 6 7 8 9  22 AWG UL C
(UL)  CMP    ROHS    MADE IN THE USA

Overall Diameter: .163" Nom.

Conductor DCR: N/A
Capacitance: N/A
Impedance: N/A
Temperature and
Voltage Rating:

75 C / 300 Volt

Cable Weight: 23 Lbs/Mft.

Flame Rating:
Approved For Plenum Use Without Conduit Per NEC Article 800,
NFPA 262 Flame Test

Agencies Approvals:
NEC Article 800, 725; UL CMP, C(UL), RoHS Compliant, Made in
the USA



386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

UL Listed and Rated Type CMP
Multi-Conductor Non-Shielded Plenum Cable

P/N 002360 - 18 AWG 2 Conductor Non-Shielded Plenum

Cable Specifications

Description: 18 AWG 2 Conductor Bare Copper,  Non-Shielded
Plenum, UL Subject 444, Type CMP, C(UL)

Conductor
Description:

18 (7/26 Bare Copper)

Insulation: Low-Smoke PVC .008"

Color Code: Black/White

Jacket: Low-Smoke PVC .018"

Marking: TEMPERATURE CONTROL SYSTEM AN BIN DIG IN /
OUT A B C D E 0 1 2 3 4 5 6 7 8 9   18 AWG UL  C
(UL)  CMP    ROHS    MADE IN THE USA

Overall Diameter: .158" Nom.

Conductor DCR: N/A
Capacitance: N/A
Impedance: N/A
Temperature and
Voltage Rating:

75 C / 300 Volt

Cable Weight: 18 Lbs/Mft.

Flame Rating:
Approved For Plenum Use Without Conduit Per NEC Article 800,
NFPA 262 Flame Test

Agencies Approvals:
NEC Article 800, 725; UL CL3P/CMP, (UL), RoHS Compliant, Made
in the USA



386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

UL Listed and Rated Type CMP
Multi-Conductor Non-Shielded Plenum Cable

P/N 002370 - 18 AWG 3 Conductor Non-Shielded Plenum

Cable Specifications

Description: 18 AWG 3 Conductor Bare Copper, Non-Shielded
Plenum, UL Subject 444, Type CMP, C(UL)

Conductor
Description:

18 (7/26 Bare Copper)

Insulation: Low-Smoke PVC .008"

Color Code: Black/White/Red

Jacket: Low-Smoke PVC .018"

Marking: TEMPERATURE CONTROL SYSTEM AN BIN DIG IN /
OUT A B C D E 0 1 2 3 4 5 6 7 8 9   18 AWG UL C
(UL) CMP    ROHS    MADE IN THE USA

Overall Diameter: .168" Nom.

Conductor DCR: N/A
Capacitance: N/A
Impedance: N/A
Temperature and
Voltage Rating:

75 C / 300 Volt

Cable Weight: 23 Lbs/Mft.

Flame Rating:
Approved For Plenum Use Without Conduit Per NEC Article 800,
NFPA 262 Flame Test

Agencies Approvals:
NEC Article 800, 725; UL CMP, C(UL), RoHs Compliant, Made in the
USA



386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

UL Listed and Rated Type CMP
Multi-Conductor Non-Shielded Plenum Cable

P/N 002380 - 18 AWG 4 Conductor Non-Shielded Plenum

Cable Specifications

Description: 18 AWG 4 Conductor Bare Copper, Non-Shielded
Plenum, UL Subject 444, Type CMP, C(UL)

Conductor
Description:

18 (7/26 Bare Copper)

Insulation: Low-Smoke PVC .008"

Color Code: Black/White/Red/Green

Jacket: Low-Smoke PVC .018"

Marking: TEMPERATURE CONTROL SYSTEM AN BIN DIG IN /
OUT A B C D E 0 1 2 3 4 5 6 7 8 9  18 AWG UL C
(UL)  CMP   ROHS    MADE IN THE USA

Overall Diameter: .184" Nom.

Conductor DCR: N/A
Capacitance: N/A
Impedance: N/A
Temperature and
Voltage Rating:

75 C / 300 Volt

Cable Weight: 32 Lbs/Mft.

Flame Rating:
Approved For Plenum Use Without Conduit Per NEC Article 800,
NFPA 262 Flame Test

Agencies Approvals:
NEC Article 800, 725; UL CMP, C(UL), RoHS Compliant, Made in
the USA



386 Internationale Drive Suite H, Bolingbrook, Illinois  60440
Tel: (630) 633-4500   Toll Free: (800) 379-1191   Fax: (630) 296-8100

Temperature Control SmartWire™

UL Listed and Rated Type CMP
Multi-Conductor Non-Shielded Plenum Cable

P/N 002391 - 18 AWG 6 Conductor Non-Shielded Plenum

Cable Specifications

Description: 18 AWG 6 Conductor Bare Copper,  Non-Shielded
Plenum, UL Subject 444, Type CMP, C(UL)

Conductor
Description:

18 (7/26 Bare Copper)

Insulation: Low-Smoke PVC .008"

Color Code: Black/White/Red/Green/Brown/Blue

Jacket: Low-Smoke PVC .018"

Marking: TEMPERATURE CONTROL SYSTEM AN BIN DIG IN /
OUT A B C D E 0 1 2 3 4 5 6 7 8 9  18 AWG UL C
(UL)  CMP   ROHS    MADE IN THE USA

Overall Diameter: .208" Nom.

Conductor DCR: N/A
Capacitance: N/A
Impedance: N/A
Temperature and
Voltage Rating:

75 C / 300 Volt

Cable Weight: 46 Lbs/Mft.

Flame Rating:
Approved For Plenum Use Without Conduit Per NEC Article 800,
NFPA 262 Flame Test

Agencies Approvals:
NEC Article 800, 725; UL CMP, C(UL), RoHS Compliant, Made in
the USA







   








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         

         

         

         

 


       

         

 



       

         

         

         

         

         

         





        

         

         

         

         

          





        

         

         

         

         

         

          

 



       

          





        

         

         

         

         

          

          









       

         



        

         

          

          













     

     

     

     

     

     

     







 



 
















































 




 

 

 


 

 

 

 

 

 

 

 

 

 

 






• •• •





    

 

    

 

    

 

    
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Juf n !Ef t dsjqujpo

Tqf djgjdbujpot

Tubdl .Po!Bmm!Tuf f m!3.Epps!X bmm!Df ouf s



S



Jot qjsf e!Ef t jho
Ui f !P qujQmf y!8121!jt !ef t jhof e!up!t f bn mf t tmz!jouf hsbuf !joup!

ui bu!bsf !bmm!pqujn j{ f e!up!n byjn j{ f !ef t l !t qbdf ;!n joj.upx f s-!
ef t l upq-!t n bmm!gpsn .gbdups-!boe!vmusb!t n bmm!gpsn .gbdups/!Jo!
beejujpo-!ux p!Bmm.jo.Pof !t uboe!t pmvujpot !f obcmf !ef qmpzn f ou!
bt !b!t johmf !ef wjdf !x jui !vq!up!35ñ!ejt qmbzt /

X jui !b!spcvt u!n f ubm!di bt t jt !ui bu!i bt !voef shpof !jouf ot f !
I jhi mz!Bddf mf sbuf e!Mjgf !uf t ujoh-!ui f !P qujQmf y!8121!jt !
ef t jhof e!gps!vmujn buf !evsbcjmjuz!boe!sf mjbcjmjuz/!Dpmps.dpef e!
i jhi mjhi u!uppm.mf t t !bddf t t jcmf !t zt uf n !dpn qpof out !boe!hsjq!
qpjout !n bl f !ui f !t zt uf n !f bt z!up!t f swjdf !boe!ef qmpz/

Ef mm!PqujQmf y!ef t l upqt !bsf !f ohjof f sf e!up!sf t qf du!pvs!qmbof u!

boe!sf dzdmf /!Ef mm!qspwjef t !sf dzdmbcmf !qbdl bhjoh-!boe!
PqujQmf y!t zt uf n t !i bwf !b!n jojn vn !pg!21&!qpt u.dpot vn f s!

t vqqmz!pqujpot /!

Tn bsu!Qspevdujwjuz

Nbyjn j{ f !qspevdujwjuz!x jui !jouvjujwf !ef t jho!gf buvsf t !ui bu!
bebqu!up!vojr vf !x psl !t uzmf t -!jodmvejoh!t vqqpsu!gps!vq!up!
ui sf f !ejhjubm!obujwf !n pojupst !boe!vq!up!gpvs!gspou!VTC!qpsut /

Cvt jof t t . Dmbt t !Dpouspm
Nbobhf !zpvs!PqujQmf y!8121!

!x jui !Ef mm!LBDF2!
bqqmjbodf t !ps!b!mf bejoh!dmjf ou!n bobhf n f ou!t pmvujpo/!
Esjwf s!boe!jn bhf !dpn n pobmjuz!bdspt t !gpsn !gbdupst !gvsui f s!

t pgux bsf -!Usvt uf e!Qmbugpsn !Npevmf !)UQN*3-!f odszquf e!
i bse!esjwf !pqujpot -!boe!pqujpobm!cjpn f usjd!bvui f oujdbujpo!

qf sjqi f sbmt /!Qi zt jdbm!mpdl !tmpu!boe!mpdl bcmf !qpsu!dpwf s!boe!
ef t l !n pvou!gvsui f s!i f mq!qspuf du!zpvs!t zt uf n /

Ef mm!PqujQmf y!mpoh!mjgf dzdmf t -!n bobhf e!usbot jujpot -!boe!
Jn bhf X budi õ !bewbodf !mppl !bu!t pgux bsf !boe!i bsex bsf !
di bohf t !i f mq!f ot vsf !mpoh.uf sn !t ubcjmjuz!t p!zpv!dbo!

Jouf hsbuf e!Tpmvujpot

n bobhf n f ou-!boe!f oe.vt f s!qspevdujwjuz/

Ef mm!Ebub!Qspuf dujpo!}!Fodszqujpo2

sf n pwbcmf !n f ejb/!P of .upvdi !qsf t f u!dpn qmjbodf !qpmjdz!
uf n qmbuf t !f obcmf !gbt u!ef qmpzn f ou-!boe!ui f !t pmvujpo!
ef mjwf st !ui f !i jhi f t u!mf wf m!pg!Gf ef sbm!Jogpsn bujpo!Qspdf t t joh!

ui f !pqujpobm!I bsex bsf !Fodszqujpo!Bddf mf sbups/

Ef mm!PqujQmf y!8121
Ui f !Ef mmõ !PqujQmf yõ !8121!cvt jof t t !dmjf ou!ef t l upq!ef mjwf st !sjhi u. t j{ f e!qf sgpsn bodf -!t f dvsjuz!boe!
n bobhf bcjmjuz!gf buvsf t !up!n budi !zpvs!qspevdujwjuz!of f et /



Ejt dpwf s!qspgf t t jpobm!dmbt t !ef t l upqt !bu!Ef mm/dpn 0PqujQmf y
3/!UQN;!UQN!jt !opu!bwbjmbcmf !jo!bmm!sf hjpot /
4/!Bwbjmbcjmjuz!boe!uf sn t !pg!Ef mm!Tf swjdf t !wbsz!cz!sf hjpo/!Gps!n psf !jogpsn bujpo-!wjt ju!x x x /ef mm/dpn 0t f swjdf ef t dsjqujpot /

6/!5HC!ps!Hsf buf s!Tzt uf n !N f n psz!Dbqbcjmjuz;!B!75.cju!pqf sbujoh!t zt uf n !jt !sf r vjsf e!up!t vqqpsu!5HC!ps!n psf !pg!t zt uf n !n f n psz/
7/!I bse!Esjwf ;!HC!n f bot !2!cjmmjpo!czuf t !boe!UC!f r vbmt !2!usjmmjpo!czuf t <!bduvbm!dbqbdjuz!wbsjf t !x jui !qsf mpbef e!n buf sjbm!boe!pqf sbujoh!f owjspon f ou!boe!x jmm!cf !mf t t /
8/!!

: /!Tzt uf n t !Nbobhf n f ou!P qujpot ;
Jouf m∞!wQsp!Uf di opmphz!.!Gvmmz!wQsp.dbqbcmf !bu!qpjou!pg!qvsdi bt f <!ui f !wQsp!t zt uf n t !n bobhf n f ou!pqujpo!sf r v jsf t !wQsp!qspdf t t pst /!!Jodmvef t !t vqqpsu!gps!Jouf m!Bewbodf e!
Nbobhf n f ou!Uf di opmphz!)BNU*!9/y/
Jouf m∞!Tuboebse!Nbobhf bcjmjuz!.!Gvmmz!f obcmf e!bu!qpjou!pg!qvsdi bt f -!ui f !Jouf m!Tuboebse!Nbobhf n f ou!pqujpo!jt !b!t vct f u!pg!ui f !BNU!gf buvsf t /!!JTN !jt !opu!vqhsbef bcmf !up!wQsp!
uf di opmphz!qpt u.qvsdi bt f /
Op!P vu.pg.Cboe!Tzt uf n t !Nbobhf n f ou!.!Ui jt !pqujpo!f oujsf mz!sf n pwf t !Jouf m!pvu!pg!cboe!t zt uf n t !)PPC*!n bobhf n f ou!gf buvsf t /!Ui f !t zt uf n !dbo!t ujmm!t vqqpsu!jo!cboe!n bobhf n f ou/!
PPC!n bobhf n f ou!t vqqpsu!ui spvhi !BNU!dboopu!cf !vqhsbef e!qpt u.qvsdi bt f /

21/!Mjn juf e!I bsex bsf !X bssbouz;!Gps!dpqz!pg!Mue!I bsex bsf !X bssbouz-!x sjuf !Ef mm!VTB!MQ-!Buuo;!X bssboujf t -!P of !Ef mm!X bz-!Spvoe!Spdl -!UY!89793!ps!t f f !x x x /ef mm/dpn 0x bssbouz/
22/!!Of yu!Cvt jof t t !Ebz!P ot juf !Tf swjdf !bguf s!Sf n puf !Ejbhopt jt ;!Sf n puf !Ejbhopt jt !jt !ef uf sn jobujpo!cz!pomjof 0qi pof !uf di ojdjbo!pg!dbvt f !pg!jt t v f <!n bz!jowpmwf !dvt upn f s!bddf t t !up!jot jef !
pg!t zt uf n !boe!n vmujqmf !ps!f yuf oef e!t f t t jpot /!Jg!jt t vf !jt !dpwf sf e!cz!Mjn juf e!I bsex bsf !X bssbouz!)x x x /ef mm/dpn 0x bssbouz*!boe!opu!sf t pmwf e!sf n puf mz-!uf di ojdjbo!boe0ps!qbsu!x jmm!cf !
ejt qbudi f e-!vt vbmmz!x jui jo!2!cvt jof t t !ebz!gpmmpx joh!dpn qmf ujpo!pg!Sf n puf !Ejbhopt jt /!Bwbjmbcjmjuz!wbsjf t /!P ui f s!dpoejujpot !bqqmz/!

23/!4se!hf of sbujpo!DQVt !obujwf mz!t vqqpsu!4!ejt qmbzt !x jui !ui f !jouf hsbuf e!DQV!hsbqi jdt /!Ui sf f !t jn vmubof pvt !ejt qmbz!pvuqvu!sf r vjsf t !pof !EQ!qpsu!x jui !b!n byjn vn !sf t pmvujpo!pg!3611y2711!
bu!71I { !sf gsf t i !sbuf !boe!b!EQ!boe!WHB!qpsu!x jui !n by!sf t pmvujpot !pg!2: 31y2311!bu!71I { !sf gsf t i !sbuf t /
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Tvn n bsj{ f e!Tqf dt ;!
!
!
Qspdf t t pst ! ! ! ! 4se!Hf o!Jouf m!Dpsf !j6.4581!)7N-!4/3HI { !x 0I E3611!Hsbqi jdt *!!
!
!
Pqf sbujoh!Tzt uf n )t *! ! ! X joepx t !8!Qspgf t t jpobm-!75.cju-!Fohmjt i !
!
!
PqujQmf y!8121!NU! ! ! PqujQmf y!8121!Njojupx f s!x 0!Tuboebse!Qpx f s!Tvqqmz!
!
!
Nf n psz! ! ! ! 9HC-!OPO.FDD-!2711NI [ !EES4!
!
!
Hsbqi jdt !Dbset !! ! ! Jouf m!Jouf hsbuf e!Hsbqi jdt !)I E3611!Hsbqi jdt *!
!
!
Sf n pwbcmf !Nf ejb!Tupsbhf !Ef wjdf ! 27Y!EWE.SPN!TBUB!
!
!
I bsex bsf !Tvqqpsu!Tf swjdf t ! ! 4!Zf bs!X bssbouz!Of yu!Cvt jof t t !Ebz!Po.t juf !I bsex bsf !Tf swjdf !
!
!
Fof shz!Fggjdjf odz!Pqujpot ! ! Op!FTUBS!Tf uujoht !
!
!
Cppu!I bse!Esjwf t !!!!!!!!!!!!!!!!!!! ! 2-111HC!4/6#!TBUB!7Hc0t !!
!
!
X jsf mf t t !!!!!!!!!!!!!!!!!!!! ! ! Opof !
!
!
L f zcpbse! ! ! ! Ef mm!LC323.C!VTC!215!Rvjf u!Lf z!L f zcpbse-!Fohmjt i !
!
!
Npvt f ! ! ! ! ! Ef mm!NT222!VTC!Pqujdbm!Npvt f !!
!
!
Tqf bl f st ! ! ! ! Jouf sobm!Ef mm!Cvt jof t t !Bvejp!Tqf bl f s!)Sf bmuf l !BMD37: R*!
!
!
Of ux psl !Bebquf st !)OJDT*! ! Jouf sobm!Jouf m!9368: MN!Hjhbcju!Fui f sof u!MBO!
!
!
!
!
!
!
Ef ubjmf e!Tqf dt !po!gpmmpx joh!qbhf t ;!
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Tf dujpo!3;! Df sujgjdbuf t !boe!Epdvn f oubujpo!
!
!
!
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Big Island Air Conditioning
Formally EMC and Custom Aire

73-5620 Kauhola Suite #6
Kailua Kona, HI 96740

CT-31753
(808)-329-7672 fax (808)-329-6462

t ŉ◘╨śľĊ wśźśŉś■ľśℓ

5ĂĊś⁬ June 14, 2013

t ŉ◘╨śľĊ⁬ NASA Infrared Telescope Facility

Maryl

Contact: Momi McCarter
Phone: 808-334-0891
Fax: 808-334-0895
Email: momi.mccarter@maryl.com

Project: American Savings Bank
Location: North Kona, HI
Year Installed: 2012
Dollar Value: $101,428.55

Honolulu Builders

Contact: Les Pederson
Phone: 808-935-5938
Fax: 808-936-7691
Email: lpedersen@honolulubuilders.com

Project: Hale Aloha
Location: Hilo, HI
Year Installed: 2013
Dollar Value: $715,500

Phillips Exeter Academy

Contact: Joe Malerba
Phone: 603-777-4459
Fax: 603-777-4392
Email: jmalerba@exeter.edu

Project: Phillips Exeter Academy
Location: Exeter, NH
Year Installed: 2009 - 2011
Dollar Value: Various



CJBD!
!
!

Csjohjoh!of x !mf wf mt !pg!t f dvsjuz-!t bwjoht !boe!t f swjdf !up!zpvs!pqf sbujpobm!jogsbt usvduvsf !

X i p!X f !Bsf ;!Cjh!Jtmboe!Bjs!Dpoejujpojoh!
!
! X f !ef t jho-!qspwjef -!jotubmm-!jouf hsbuf !boe!t f swjdf !ï Tn bsuñ!dpouspm!tztuf n t !gps!sf t jef oujbm-!
dpn n f sdjbm-!Jotujuvujpobm!boe!Joevtusjbm!dvtupn f st /!CJBD!pomz!sf qsf t f out !qspwf o!joevtusz!mf bef st !jo!
cvjmejoh!dpouspm!n bovgbduvsf e!f r vjqn f ou/!Ui f !t ztuf n t !x f !ef t jho-!jotubmm!boe!tvqqpsu!sf r vjsf !b!cspbe!
l opx mf ehf !pg!I WBD!tztuf n t !boe!dpouspmt-!jo!beejujpo!up!dpn qvuf s!boe!of ux psl joh!uf di opmphz/!Pvs!
tvqqpsu!uf bn !jt !i jhi mz!f yqf sjf odf e!boe!ef ejdbuf e/!Tpn f !pg!pvs!tztuf n t !jodmvef ;!
!

ó I WBD!Dpouspmt !
ó Bddf t t !Dpouspmt !
ó Mjhi ujoh!Dpouspm!
ó DDUW!
ó Joepps!Bjs!Rvbmjuz!
ó Dsjujdbm!Npojupsjoh!
ó Tztuf n t !Jouf hsbujpo!

!
Obujwf !Gvodujpobmjuz!ò!gspn !tbn f !wf oeps;!CNT-!Bddf t t !Dpouspm-!Tf dvsjuz-!Ejhjubm!Wjef p-!Mjhi ujoh!
Ui jse.Qbsuz!Jouf sgbdf t !ò!Gjsf -!WGEît-!Jouf sdpn -!Di jmmf st-!Qpx f s-!f ud/!Vtvbmmz!qpjou.up.qpjou!
Pqf o!Tuboebset !ò!I UNM-!YNM-!CBDof u-!MPO-!Npecvt-!PQD-!TONQ-!PECD/!
!

I WBD!Dpouspm!)UBD*!ò!CBDof u!Dpouspm-!Of ux psl !Dpouspmmf st-!Gjf me!Dpouspmmf st-!MpoX psl t -!!!!
X jsf mf t t !Of ux psl t /!
Bddf t t !Dpouspm!ò!Dbse!Bddf t t -!DDUW-!Fmf wbups!Dpouspm-!Dbn f sbt-!!Ejhjubm!Wjef p!Sf dpsejoh-!
Cbehjoh-!Jouf hsbujpo!up!I WBD!Dpouspmt/!
Fof shz!Tbwjoht !ò!Gptt jm!Gvfm!boe!Fmf dusjd!Fof shz!Tbwjoht !wjb!Dvtupn j{ f e!I WBD!Dpouspm-!
Sf dpn n jt t jpojoh-!Tvcn f uf sjoh/!
Dvtupn !Jouf hsbujpo!ò!X f c!Jouf sgbdf t -!Dvtupn !Bmbsn joh-!CBDof u-!Mpox psl t -!QMDît-!Npecvt-!
Kpi otpo!Dpouspmt-!BMD-!Efmub-!Bmf supo!boe!n psf /!
Qf sjqi f sbm!Efwjdf t !ò!X jsf mf t t !Tf otpst-!Gmpx !N f btvsf n f ou-!Uf n qf sbuvsf !boe!I vn jejuz/!
Joepps!Bjs!Rvbmjuz!ò!DP30DP!boe!Tqf djbmuz!Hbt!Tf ot joh-!Npojupsjoh!boe!Dpouspm/!
Mjhi ujoh!Dpouspm!ò!Dvtupn !Mjhi ujoh!Dpouspm-!Joepps!boe!Pvuepps!Mjhi ujoh!Dpouspm-!Mjhi u!Mfwfm!
Tf ot joh/!
Usbjojoh!ò!Tf swjdf !boe!Jotubmmbujpo-!Qsphsbn n joh-!Pqf sbujpo-!UBD-!Dpsqpsbuf !Usbjojoh-!
Dvtupn f s!Tjuf !Usbjojoh/!
VM!Qbofmt !ò!VM!Df sujgjf e!Qbofm!Cvjmejoh!Ti pq-!Cvjmejoh!pg!VM!Mjtuf e!Qbofmt !
Bduvbupst !boe!Wbmwf t !ò!Cfmjn p-!UBD-!Cbscf s!Dpmf n bo-!Tjf n f ot-!Tqbsubo!

!

! !!!!! !!!!!!!! !!!!!!!!! !
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NPEVF!TMPU$; VJ.27!Npe!4 $ KPC!SFGFSFODF!$
2

QBOFM!0!EJO!SBJM; Nbdi !SN!21: 3
4
5

TYX !VJ.27!
JOQVUT

DI BO UZQF QPJOU!OBNF !EFTDSJQUJPO RUZ EJTUSJCVUPS QBSU!$
2 BDDUFNQ DI 2` TVQQMZ` UFNQ DI JMMFS!2!TVQQMZ!UFNQFSBUVSF 2 NBNBD UF.814.D.8.B.2
3 BDDUFNQ DI 2` SFUVSO` UFNQ DI JMMFS!2!SFUVSO!UFNQFSBUVSF 2 NBNBD UF.814.D.8.B.2
4 WPMUBHF DI 2` TVQQMZ` QSFTT DI JMMFS!2!TVQQMZ!QSFTTVSF 2 LFMF QTT3.211
5 WPMUBHF DI 2` SFUVSO` QSFTT DI JMMFS!2!SFUVSO!QSFTTVSF 2 LFMF QTT3.211
6 WPMUBHF DI 2` GMPX DI JMMFS!2!GMPX 2 POJDPO POJ.G.2221
7 ! ! ! ! ! !!
8 WPMUBHF HQ2` JO` QSFTT HMZDPM!QVNQ!JOMFU!QSFTTVSF 2 LFMF QTT3.211
9 WPMUBHF HQ2` PVU` QSFTT HMZDPM!QVNQ!PVUMFU!QSFTTVSF 2 LFMF QTT3.211
: BDDUFNQ JX 3` TVQQMZ` UFNQ JDF!X BHPO!3!TVQQMZ!UFNQFSBUVSF 2 NBNBD UF.814.D.8.B.2
21 BDDUFNQ JX 3` SFUVSO` UFNQ JDF!X BHPO!3!SFUVSO!UFNQFSBUVSF 2 NBNBD UF.814.D.8.B.2
22 WPMUBHF JX 3` TVQQMZ` QSFTT JDF!X BHPO!3!TVQQMZ!QSFTTVSF 2 LFMF QTT3.211
23 WPMUBHF JX 3` SFUVSO` QSFTT JDF!X BHPO!3!SFUVSO!QSFTTVSF 2 LFMF QTT3.211
24 EJHJUBM FG7` TUT FYI BVTU!GBO!7!TUBUVT 2 WFSJT WFS.I 411
25 EJHJUBM FG8` TUT FYI BVTU!GBO!8!TUBUVT 2 WFSJT WFS.I 411
26 EJHJUBM FG9` TUT FYI BVTU!GBO!9!TUBUVT 2 WFSJT WFS.I 411
27 EJHJUBM FG: ` TUT FYI BVTU!GBO!: !TUBUVT 2 WFSJT WFS.I 411



NPEVF!TMPU$; VJ.27!Npe!5 $ KPC!SFGFSFODF!$
2

QBOFM!0!EJO!SBJM; Nbdi !SN!21: 3
4
5

TYX !VJ.27!
JOQVUT

DI BO UZQF QPJOU!OBNF !EFTDSJQUJPO RUZ EJTUSJCVUPS QBSU!$
2 BDDUFNQ BI V3` SPPN BI V!3!SPPN!UFNQFSBUVSF 2 UBD FUS611
3 BDDUFNQ BI V3` EBU BI V!3!EJTDI BSHF!BJS!UFNQFSBUVSF 2 NBNBD UF.813.C.8.E
4 BDDUFNQ BI V3` SBU BI V!3!SFUVSO!BJS!UFNQFSBUVSF 2 NBNBD UF.813.C.8.E
5 BDDUFNQ BI V3` DMH` TVQQMZ BI V!3!DPPMJOH!DPJM!TVQQMZ!UFNQFSBUSVF 2 NBNBD UF.814.D.8.B.2
6 BDDUFNQ BI V3` DMH` SFUVSO BI V!3!DPPMJOH!DPJM!SFUVSO!UFNQFSBUSVF 2 NBNBD UF.814.D.8.B.2
7 WPMUBHF BI V3` DMH` GMPX BI V!3!DPPMJOH!DPJM!MJRVJE!GMPX !)FYJTUJOH* 2 FYJTUJOH FYJTUJOH
8 WPMUBHF BI V3` DPJM̀ EQ BI V!3!DPPMJOH!DPJM!EJGGFSFOUJBM!QSFTTVSF 2 UBD FQQ213.MDE
9 WPMUBHF BI V3` GJMUFS` EQ BI V!3!GJMUFS!EJGGFSFOUJBM!QSFTTVSF 2 UBD FQQ213.MDE
: BDDUFNQ BI V4` SPPN BI V!4!SPPN!UFNQFSBUVSF 2 UBD FUS611
21 BDDUFNQ BI V4` EBU BI V!4!EJTDI BSHF!BJS!UFNQFSBUVSF 2 NBNBD UF.813.C.8.E
22 BDDUFNQ BI V4` SBU BI V!4!SFUVSO!BJS!UFNQFSBUVSF 2 NBNBD UF.813.C.8.E
23 BDDUFNQ BI V4` DMH` TVQQMZ BI V!4!DPPMJOH!DPJM!TVQQMZ!UFNQFSBUSVF 2 NBNBD UF.814.D.8.B.2
24 BDDUFNQ BI V4` DMH` SFUVSO BI V!4!DPPMJOH!DPJM!SFUVSO!UFNQFSBUSVF 2 NBNBD UF.814.D.8.B.2
25 WPMUBHF BI V4` DMH` GMPX BI V!4!DPPMJOH!DPJM!MJRVJE!GMPX !)FYJTUJOH* 2 FYJTUJOH FYJTUJOH
26 WPMUBHF BI V4` DPJM̀ EQ BI V!4!DPPMJOH!DPJM!EJGGFSFOUJBM!QSFTTVSF 2 UBD FQQ213.MDE
27 WPMUBHF BI V4` GJMUFS` EQ BI V!4!GJMUFS!EJGGFSFOUJBM!QSFTTVSF 2 UBD FQQ213.MDE



NPEVF!TMPU$; VJ.27!Npe!6 $ KPC!SFGFSFODF!$
2

QBOFM!0!EJO!SBJM; Nbdi !SN!21: 3
4
5

TYX !VJ.27!
JOQVUT

DI BO UZQF QPJOU!OBNF !EFTDSJQUJPO RUZ EJTUSJCVUPS QBSU!$
2 BDDUFNQ BI V5` SPPN BI V!5!SPPN!UFNQFSBUVSF 2 UBD FUS611
3 BDDUFNQ BI V5` EBU BI V!5!EJTDI BSHF!BJS!UFNQFSBUVSF 2 NBNBD UF.813.C.8.E
4 BDDUFNQ BI V5` SBU BI V!5!SFUVSO!BJS!UFNQFSBUVSF 2 NBNBD UF.813.C.8.E
5 BDDUFNQ BI V5` DMH` TVQQMZ BI V!5!DPPMJOH!DPJM!TVQQMZ!UFNQFSBUSVF 2 NBNBD UF.814.D.8.B.2
6 BDDUFNQ BI V5` DMH` SFUVSO BI V!5!DPPMJOH!DPJM!SFUVSO!UFNQFSBUSVF 2 NBNBD UF.814.D.8.B.2
7 WPMUBHF BI V5` DMH` GMPX BI V!5!DPPMJOH!DPJM!MJRVJE!GMPX 2 POJDPO POJ.G.2221
8 WPMUBHF BI V5` DPJM̀ EQ BI V!5!DPPMJOH!DPJM!EJGGFSFOUJBM!QSFTTVSF 2 UBD FQQ213.MDE
9 WPMUBHF BI V5` GJMUFS` EQ BI V!5!GJMUFS!EJGGFSFOUJBM!QSFTTVSF 2 UBD FQQ213.MDE
: BDDUFNQ BI V5` FEI ` UFNQ BI V!5!FMFDUSJD!EVDU!I FBUFS!UFNQFSBUVSF 2 NBNBD UF.813.C.8.E
21
22
23
24
25
26
27



NPEVF!TMPU$; EJ.27!Npe!7 $ KPC!SFGFSFODF!$
2

QBOFM!0!EJO!SBJM; Nbdi !SN!21: 3
4
5

TYX !EJ.27!
JOQVUT

DI BO UZQF QPJOU!OBNF !EFTDSJQUJPO RUZ EJTUSJCVUPS QBSU!$
2 EJHJUBM DI 2` DPNQ2` TUT DI JMMFS!2!DPNQSFTTPS!2!TUBUVT 2 WFSJT WFS.I 411
3 EJHJUBM DI 2` DPNQ3` TUT DI JMMFS!2!DPNQSFTTPS!3!TUBUVT 2 WFSJT WFS.I 411
4 EJHJUBM DI 2` GBO` TUT DI JMMFS!2!DPOEFOTPS!GBO!TUBUVT 2 WFSJT WFS.I 411
5 EJHJUBM DI 2` BMBSN DI JMMFS!2!BMBSN 2 DI 2!UFSNJOBM DI 2!UFSNJOBM
6 EJHJUBM DI 2` TNPLF DI JMMFS!2!TNPLF!EFUFDUPS!TUBUVT 2 BQBD M.475.Q
7 EJHJUBM HQ2` TUT HZMDPM!QVNQ!TUBUVT 2 WFSJT WFS.I 411
8 EJHJUBM HQ2` BMBSN HZMDPM!QVNQ!BMBSN 2 HQ2!UFSNJOBM HQ2!UFSNJOBM
9 EJHJUBM BI V3` GBO` TUT BI V!3!GBO!TUBUVT 2 WFSJT WFS.I 411
: EJHJUBM BI V3` TNPLF BI V!3!TNPLF!EFUFDUPS 2 BQBD M.475.Q
21 EJHJUBM BI V4` GBO` TUT BI V!4!GBO!TUBUVT 2 WFSJT WFS.I 411
22 EJHJUBM BI V4` TNPLF BI V!4!TNPLF!EFUFDUPS 2 BQBD M.475.Q
23 EJHJUBM BI V5` GBO` TUT BI V!5!GBO!TUBUVT 2 WFSJT WFS.I 411
24 EJHJUBM BI V5` TNPLF BI V!5!TNPLF!EFUFDUPS 2 BQBD M.475.Q
25 EJHJUBM JX 2` TUT JDF!X BHPO!2!DPOEFOTPS!GBO!TUBUVT 2 WFSJT WFS.I 411
26 EJHJUBM JX 3` TUT JDF!X BHPO!3!DPOEFOTPS!GBO!TUBUVT 2 WFSJT WFS.I 411
27 EJHJUBM



NPEVF!TMPU$; $SFG" $ KPC!SFGFSFODF!$
2

QBOFM!0!EJO!SBJM; Nbdi !SN!21: 3
4
5

TYX !EP.23
PVUQVUT

DI BO UZQF QPJOU!OBNF !EFTDSJQUJPO RUZ EJTUSJCVUPS QBSU!$
2 EJHJUBM FG7` DNE FYI BVTU!GBO!7!DPNNBOE 2 BQBD Q.QBN.2
3 EJHJUBM FG8` DNE FYI BVTU!GBO!8!DPNNBOE 2 BQBD Q.QBN.2
4 EJHJUBM FG9` DNE FYI BVTU!GBO!9!DPNNBOE 2 BQBD Q.QBN.2
5 EJHJUBM FG: ` DNE FYI BVTU!GBO!: !DPNNBOE 2 BQBD Q.QBN.2
6 EJHJUBM BI V5` FEI ` DNE` T2 BI V!5!FMFDUSJD!EVDU!I FBUFS!DPNNBOE!T2 2 WFSJT W211
7 EJHJUBM BI V5` FEI ` DNE` T3 BI V!5!FMFDUSJD!EVDU!I FBUFS!DPNNBOE!T3 2 WFSJT W211
8
9
:
21
22
23



NPEVF!TMPU$; $SFG" $ KPC!SFGFSFODF!$
2

QBOFM!0!EJO!SBJM; Nbdi !SN!21: 3
4
5

TYX !EP.GD.9.I
PVUQVUT

DI BO UZQF QPJOU!OBNF !EFTDSJQUJPO RUZ EJTUSJCVUPS QBSU!$
2 EJHJUBM DI 2` DNE DI JMMFS!2!FOBCMF 2 BQBD Q.QBN.2
3 EJHJUBM HQ2` DNE HMZDPM!QVNQ!DPNNBOE 2 BQBD Q.QBN.2
4 EJHJUBM BI V3` DNE BI V!3!GBO!DPNNBOE 2 BQBD Q.QBN.2
5 EJHJUBM BI V4` DNE BI V!4!GBO!DPNNBOE 2 BQBD Q.QBN.2
6 EJHJUBM BI V5` DNE BI V!5!GBO!DPNNBOE 2 BQBD Q.QBN.2
7 EJHJUBM BI V5` EFGSPTU BI V!5!EFGSPTU!EBNQFS!DPNNBOE 3 UBD NB51.8154
8 EJHJUBM
9 EJHJUBM

JOUFSMPDLT
EFWJDFT!JOUFSMPDLFE RUZ EJTUSJCVUPS QBSU!$
DI 2` FOBCMF-!)DPOEFOTPS!GBO* 2 WFSJT WFS.DLJU.WNE3C.G35B

EFTDSJQUJPO
TNPLF!EFUFDUPS!



NPEVF!TMPU$; VJ.9!BP.5!Npe!: $ KPC!SFGFSFODF!$
2

QBOFM!0!EJO!SBJM; Nbdi !SN!21: 3
4
5

TYX !VJ.9!0!BP.5
JOQVUT

DI BO UZQF QPJOU!OBNF !EFTDSJQUJPO RUZ EJTUSJCVUPS QBSU!$
2 BDDUFNQ PTB` UFNQ` ESZ PVUTJEF!BJS!UFNQFSBUVSF!ESZ 2 UBD FUP611
3 BDDUFNQ PTB` UFNQ` X FU PVUTJEF!BJS!UFNQFSBUVSF!X FU 2 UBD FUP611
4 BDDUFNQ SN` 213` UFNQ SPPN!213!UFNQFSBUVSF 2 WFSJT UF.I .2.1
5 WPMUBHF TUBUJD` QSFTT TUBUJD!QSFTTVSF 2 UBD FQQ!213
6 WPMUBHF DI JMMFS` 2` TUT DI JMMFS!2!TUBUVT 2 WFSJT WFS.I 411
7 WPMUBHF DI JMMFS` 3` TUT DI JMMFS!3!TUBUVT 2 WFSJT WFS.I 411
8 WPMUBHF DI JMMFS` GBVMU DI JMMFS!GBVMU 2
9 EJHJUBM DI JMMFS` QPX FS DI JMMFS!QPX FS 2

PVUQVUT
DI BO UZQF QPJOU!OBNF !EFTDSJQUJPO RUZ EJTUSJCVUPS QBSU!$
2 WPMUBHF BI V3` DMH` DPJM BI V!3!DPPMJOH!DPJM!3!X BZ!WBMWF 2 UBD WCC4O17, N224B11
3 WPMUBHF BI V4` DMH` DPJM BI V!4!DPPMJOH!DPJM!3!X BZ!WBMWF 2 UBD WCC4O18, N224B11
4 WPMUBHF BI V5` DMH` DPJM BI V!5!DPPMJOH!DPJM!4!X BZ!NJYJOH!WBMWF 2 UBD WCC4O18, N224B11
5 WPMUBHF



!
Tf dujpo!5;! Tf r vf odf !pg!Pqf sbujpot !!
!
!
!
!
!
!
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!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



!!

Cvjmejoh!I WBD!Tzt uf n !
!
Bjs!Dppmf e!Di jmmf s!DI .2!
!
!
Ef t dsjqujpo!pg!Fr v jqn f ou!
!

! Bjs!Dppmf e!Di jmmf s!
!
!
Tdi f evmf !pg!pqf sbujpo!
!

! Di jmmf s!$2!t i bmm!cf !f of shj{ f e!x i f o!t f ot ps!joejdbuf t !gmpx !pg!di jmmf e!x buf s/!
!

!
Dpouspm!Tf r v f odf !
!

! Ui f !Fr vjqn f ou!t i bmm!t ubsu!jo!ui f !gpmmpx joh!t f r vf odf !x jui !b!21!t f dpoe!ef mbz!cf ux f f o!f r vjqn f ou!
hspvqt ;!

! Bjs!I boemjoh!Voju!BI V.3-!4-!boe!5!t i bmm!cf !f obcmf e!cz!t ubsujoh!t f r vf odf /!
! Fyi bvt u!gbo!FG.7!boe!FG.8/!
! Hmzdpm!Qvn q!HQ.2/!
! Di jmmf s!DI .2!Ti bmm!cf !f obcmf e!cz!t ubsujoh!t f r vf odf /!!Di .2!t i bmm!cf !f of shj{ f e!jg!di jmmf e!x buf s!
t f ot ps!joejdbuf t !di jmmf e!x buf s!jt !gmpx joh/!

! Cvjmejoh!i pvst !pg!pqf sbujpo!bsf !gspn !: ;11!BN!up!5;11!QN!Npoebz!ui spvhi !Gsjebz/!
! Bguf s!b!qpx f s!pvubhf !sf t ubsu!t i bmm!cf !epof !n bovbmmz/!Pqf sbups!t i bmm!wf sjgz!ui bu!f r vjqn f ou!i bt !opu!
t vt ubjof e!ebn bhf !up!qpx f s!pvubhf !cz!pct f swjoh!f r vjqn f ou!bguf s!sf t ubsu/!

! Di jmmf e!x buf s!mf bwjoh!t f u!qpjou!pg!21≤G/!



!!

Cvjmejoh!I WBD!Tzt uf n !
!
Bjs!I boemf s!Voju!BI V.5!
!
!
Ef t dsjqujpo!pg!Fr v jqn f ou!
!

! Bjs!I boemf s!BI V.5!
!

Tdi f evmf !pg!pqf sbujpo!
!

! Ef gspt u!Tf r vf odf !pg!Dpouspm!
!
Dpouspm!Tf r v f odf !
!

! Ef gspt u!dzdmf !ïPoñ!
!

! BI V!dppmjoh!dpjm!ejggf sf oujbm!qsf t t vsf !t x judi !epx ot usf bn !pg!dpjm!t f ot f t !bjs!gmpx !cmpdl bhf !evf !up
jdf !bddvn vmbujpo!boe!jojujbuf t !ui f !gpmmpx joh!t f r vf odf ;!

! Di jmmf e!x buf s!cz.qbt t !wbmwf !pqf ot !t upqqjoh!x buf s!gmpx !ui sv!ui f !dpjm/!
! Cz.qbt t !evdu!n pupsj{ f e!ebn qf st !pqf ot !bmmpx joh!bjs!gmpx /!
! Tvqqmz!bjs!evdu!n pupsj{ f e!ebn qf st !dmpt f t !t upqqjoh!bjs!gmpx /!
! Cz>qbt t !f mf dusjd!evdu!i f buf s!jt !f of shj{ f e!gps!i f bujoh/!
! Fmf dusjd!evdu!i f buf s!n byjn vn !svo!ujn f s!sf t f ut !boe!t ubsut !dpvoujoh/!
! BI V!t vqqmz!gbo!sf n bjot !po!evsjoh!ui f !ef gspt u!dzdmf /!
! I f buf s!Nbyjn vn !svo!ujn f s!l jmmt !i f buf s!qpx f s!jg!n byjn vn !svo!ujn f !jt !f ydf f ef e!evf !up!gbjmf e!
uf n qf sbuvsf !t f ot ps/!
!

! Ef gspt u!Dzdmf !ïPggñ!
!

! BI V!dppmjoh!dpjm!uf n qf sbuvsf !t x judi !t f ot f t !dpjm!bcpwf !gsf f { joh!joejdbujoh!jdf !bddvn vmbujpo!
n f muf e!boe!jojujbuf t !ui f !gpmmpx joh!t f r vf odf ;!

! Cz.qbt t !f mf dusjd!evdu!i f buf s!ef .f of shj{ f e/!
! Tvqqmz!Bjs!evdu!n pupsj{ f e!ebn qf st !pqf ot !bmmpx joh!bjs!gmpx /!
! Cz.qbt t !evdu!n pupsj{ f e!ebn qf st !dmpt f t !t upqqjoh!bjs!gmpx /!
! Di jmmf e!x buf s!Cz.qbt t !wbmwf !pqf ot !bmmpx joh!x buf s!gmpx !ui sv!ui f !dpjm/!
! Fmf dusjd!evdu!i f buf s!n byjn vn !svo!ujn f s!ef .f of shj{ f e/!
! Bguf s!b!qpx f s!pvubhf !sf t ubsu!t i bmm!cf !epof !n bovbmmz/!Pqf sbups!t i bmm!wf sjgz!ui bu!f r vjqn f ou!i bt !opu!
t vt ubjof e!ebn bhf !up!qpx f s!pvubhf !cz!pct f swjoh!f r vjqn f ou!bguf s!sf t ubsu/!

! BI V.5-!Pct f swbujpo!Epn f !Sppn !233 t f uqpjou!pg!81≤G/!
!

!
!
!
!
!
!
!



!!

Cvjmejoh!I WBD!Tzt uf n !
!
Bjs!I boemf s!Voju!BI V.3-4!
!
!
Ef t dsjqujpo!pg!Fr v jqn f ou!
!

! Bjs!I boemf s!BI V.3-4!
!

Tdi f evmf !pg!pqf sbujpo!
!

! Ef gspt u!Tf r vf odf !pg!Dpouspm!
!
Dpouspm!Tf r v f odf !
!

! Ef gspt u!dzdmf !ïPoñ!
!

! BI V!dppmjoh!dpjm!ejggf sf oujbm!qsf t t vsf !t x judi !epx ot usf bn !pg!dpjm!t f ot f t !bjs!gmpx !cmpdl bhf !evf !up
jdf !bddvn vmbujpo!boe!jojujbuf t !ui f !gpmmpx joh!t f r vf odf ;!

! Di jmmf e!x buf s!cz.qbt t !wbmwf !pqf ot !t upqqjoh!x buf s!gmpx !ui sv!ui f !dpjm/!
! Cz.qbt t !evdu!n pupsj{ f e!ebn qf st !pqf ot !bmmpx joh!bjs!gmpx /!
! Tvqqmz!bjs!evdu!n pupsj{ f e!ebn qf st !dmpt f t !t upqqjoh!bjs!gmpx /!
! Cz>qbt t !f mf dusjd!evdu!i f buf s!jt !f of shj{ f e!gps!i f bujoh/!
! Fmf dusjd!evdu!i f buf s!n byjn vn !svo!ujn f s!sf t f ut !boe!t ubsut !dpvoujoh/!
! BI V!t vqqmz!gbo!sf n bjot !po!evsjoh!ui f !ef gspt u!dzdmf /!
! I f buf s!Nbyjn vn !svo!ujn f s!l jmmt !i f buf s!qpx f s!jg!n byjn vn !svo!ujn f !jt !f ydf f ef e!evf !up!gbjmf e!
uf n qf sbuvsf !t f ot ps/!
!

! Ef gspt u!Dzdmf !ïPggñ!
!

! BI V!dppmjoh!dpjm!uf n qf sbuvsf !t x judi !t f ot f t !dpjm!bcpwf !gsf f { joh!joejdbujoh!jdf !bddvn vmbujpo!
n f muf e!boe!jojujbuf t !ui f !gpmmpx joh!t f r vf odf ;!

! Cz.qbt t !f mf dusjd!evdu!i f buf s!ef .f of shj{ f e/!
! Tvqqmz!Bjs!evdu!n pupsj{ f e!ebn qf st !pqf ot !bmmpx joh!bjs!gmpx /!
! Cz.qbt t !evdu!n pupsj{ f e!ebn qf st !dmpt f t !t upqqjoh!bjs!gmpx /!
! Di jmmf e!x buf s!Cz.qbt t !wbmwf !pqf ot !bmmpx joh!x buf s!gmpx !ui sv!ui f !dpjm/!
! Fmf dusjd!evdu!i f buf s!n byjn vn !svo!ujn f s!ef .f of shj{ f e/!
! Bguf s!b!qpx f s!pvubhf !sf t ubsu!t i bmm!cf !epof !n bovbmmz/!Pqf sbups!t i bmm!wf sjgz!ui bu!f r vjqn f ou!i bt !opu!
t vt ubjof e!ebn bhf !up!qpx f s!pvubhf !cz!pct f swjoh!f r vjqn f ou!bguf s!sf t ubsu/!

! BI V.3-4!t f u!qpjou!pg!81≤G/!
!
!
!
!
!
!
!
!



!!

Cvjmejoh!I WBD!Tzt uf n !
!
Jdf !X bhpo!Fyi bvt u!Gbot !FG.9!boe!FG.: ;!

!
! FG.9!boe!FG.: !pqf sbuf !dpoujovpvt mz!35!i pvs!0!8!ebzt !qf s!x f f l /!
!

! Fyi bvt u!gbo!FG.9!t f swjoh!ïTpvui ñ!Jdf !X bhpo.2!)JX .2*;!
! Qspwjef !I boe.Pgg.Bvup!Tx judi /!!Bvup!t i bmm!cf !jouf smpdl f e!x jui !JX .2!dpoef ot f s!gbo/!!FG.9!t i bmm!
f of shj{ f !x i f o!JX .2!dpoef ot f s!gbo!jt !f of shj{ f e/!
!

! Fyi bvt u!gbo!FG.: !t f swjoh!ïOpsui ñ!Jdf !X bhpo!.3!)JX .3*;!!Qspwjef !I boe.Pgg.Bvup!Tx judi /!!Bvup!
t i bmm!cf !jouf smpdl f e!x jui !JX .3!dpoef ot f s!gbo/!!FG.: !t i bmm!f of shj{ f !x i f o!JX .3!dpoef ot f s!gbo!jt !
f of shj{ f e/!

! Qspwjef !FG.: !Fyi bvt u!t zt uf n !x jui !b!n bovbm!ebn qf s!t x judi /!!Ui f !ebn qf s!t x judi !t i bmm!dmpt f !
n pupsj{ f e!ebn qf st !)NE*!bu!JX .3!boe!pqf o!NE!bu!OFTMBC!di jmmf s!f yi bvt u!evdu/!

!
Fyjt ujoh!Jdf !X bhpo!Gvodujpo;!!

!
! ïTpvui ñ!Jdf !X bhpo.2!)JX .2*!Qspwjef t !di jmmf e!x buf s!up!i f bu!f ydi bohf st !n pvouf e!po!ui f !uf mf t dpqf !
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