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1 Introduction

This document describes the interface to the Integrated Combustion Control Platform (SAGE2) on either the MB1 or MB2 Modbus ports. Each Modbus port is a communications port that allows configuration and status data to be read and written to the SAGE2. These ports are RS-485 connectors that use the Modbus communication protocol for it’s interface.

The SAGE2 functions as a Modbus slave (server) on this interface. It responds to a single Modbus address to service the requests of the Modbus master (client) on the RS-485 network.

This document doesn’t describe the Modbus protocol. It only describes how this protocol is used in this interface.

1.1 Definitions

The following definitions are used in this document:

	SAGE2
	Integrated Combustion Control Platform – internal development name for SAGE2 product.

	Modbus
	Application layer communication protocol standard adopted by the Modbus-IDA trade association. Recognized as an industry standard protocol for RS-485 serial communication.

	PCB
	Parameter Control Block. Files that customize the user interface with the SAGE2. PCBs reside in the non-volatile storage in the SAGE2 and are uploaded from the SAGE2 into the user interface.

	PM
	Program Module. Plug that can be inserted into the SAGE2 to enable Lead Lag and to backup & restore parameter settings in the SAGE2.

	RTU
	Remote Terminal Unit serial transmission mode. Mode used to encode data for Modbus where each 8-bit byte is sent as two 4-bit hexadecimal characters.


1.2 References

The following documents are referenced by this document:

1. MODBUS Application Protocol Specification V1.1a, June 4, 2004, http://www.Modbus-IDA.org.

2 Interface

2.1 Physical Layer

The SAGE2 Modbus port is a 3-pin connector that interfaces to the following RS-485 signals:

	Signal
	Terminal

	Data + (a)
	1

	Data – (b)
	2

	Common (c)
	3


Table 1 RS-485 Signals

Serial transmission mode on the Modbus network is RTU mode. Message format has the following characteristics:

	Coding system
	8-bit binary

	Number of data bits per character
	10 =

1 start bit

8 data bits

No parity bit

1 stop bit

	Bit transfer rate
	38400 bps

	Duplex
	Half duplex

	Error checking
	2 byte CRC-16 polynomial

	Bit transfer order
	LSB first

	End of message
	Idle line for 3.5 or more characters


Table 2 RS-485 Message Format

2.2 Application Layer

The SAGE2 Modbus interface supports the following function codes:

· 03 (0x03) Read Holding Registers

· 06 (0x06) Write Single Register

· 16 (0x10) Write Multiple Registers

· 17 (0x11) Report Slave ID

All of the configuration and status data are accessed as 16-bit holding registers in this interface. Since all SAGE2 digital signals accessed in this interface are read only, these digital signals are mapped to bits within holding registers instead of coils or discrete inputs to simplify the interface. Variable length data are also represented by holding registers, and therefore, must be accessed individually and not as part of a group. The length of the variable length data is returned in the response. All 32-bit data items are accessed as two consecutive 16-bit holding registers, i.e., each item uses 2 register address spaces.

The holding register map is defined in the following table. Except for variable length data items the registers can be accessed as a single register or up to 20 registers for writes and 125 registers for reads. Data is mapped into logical groups with room for future expansion so some gaps exist in the register map.

Data organization is intended to allow for efficient register access. Status data is organized into register blocks by application function and a function status change indicator is used to denote when any data has changed within the register block since the last time the registers were read (see the following figure). The SAGE2 sets the status change indicator bit when at least one of the registers in the functional block has changed value since it was last read. The Modbus master can read the status change register and determine which functional register blocks have changed value since it’s last access and only read those register blocks. The Modbus master can ignore the status change register and poll status data as it deems fit.
	Register
	Parameter

	Read/

Write
	Format
	Note

	0007
	Supply sensor
	R
	U16
	-40°-130° (0.1°C precision)


	0008
	Firing rate Commanded
	R
	U16
	Actual firing rate (%
 or RPM
).

	0009
	Fan speed Measured
	R
	U16
	RPM

	0010
	Flame signal
	R
	U16
	0.01V or 0.01μA precision (0.00-50.00V)

	0011
	Return sensor
	R
	U16
	-40°-130° (0.1°C precision)1

	0013
	Header sensor
	R
	U16
	-40°-130° (0.1°C precision)1

	0014
	Stack sensor
	R
	U16
	-40°-130° (0.1°C precision)1

	0016
	Active CH setpoint
	R
	U16
	-40°-130° (0.1°C precision)1
Setpoint determined by CH setpoint source (register 65).

	0017
	Active DHW setpoint
	R
	U16
	-40°-130° (0.1°C precision)1 Setpoint determined by DHW setpoint source (register 81).

	0018
	Active LL setpoint
	R
	U16
	-40°-130° (0.1°C precision)1 Setpoint determined by LL setpoint source (register 161).

	0025
	Active CH operating point
	R
	U16
	-40°-130° (0.1°C precision)1

	0026
	Active DHW operating point
	R
	U16
	-40°-130° (0.1°C precision)1

	0027
	Active Lead Lag operating point
	R
	U16
	-40°-130° (0.1°C precision)1

	0028
	Active system operating point
	R
	U16
	-40°-130° (0.1°C precision)1

	0029
	Active system setpoint
	R
	U16
	-40°-130° (0.1°C precision)1

	0030
	Active system on hysteresis
	R
	U16
	0°-130° (0.1°C precision)1

	0031
	Active system off hysteresis
	R
	U16
	0°-130° (0.1°C precision)1

	
	BURNER CONTROL STATUS
	
	
	

	0033
	Burner control state
	R
	U16
	Burner control sequence (I/O) state (see table 11). Model type determined by register 176.

	0034
	Lockout code
	R
	U16
	0=No lockout,

1-4096 (see Table 8)

	0040
	Hold code
	R
	U16
	Reason for burner hold (same codes as lockout, see table 7) 

	
	SENSOR STATUS
	
	
	

	0048
	Supply sensor (S3=J8-8) state
	R
	U16
	0=None, 1=Normal, 2=Open, 3=Shorted, 4=Outside high range, 5=Outside low range, 6=Not reliable

	0049
	Return sensor (S1=J8-4) state
	R
	U16
	0=None, 1= Normal, 2=Open, 3=Shorted, 4=Outside high range, 5=Outside low range, 6=Not reliable

	0051
	Stack sensor (S8=J9-4) state
	R
	U16
	0=None, 1= Normal, 2=Open, 3=Shorted, 4=Outside high range, 5=Outside low range, 6=Not reliable

	0052
	Header sensor state
	R
	U16
	0=None, 1= Normal, 2=Open, 3=Shorted, 4=Outside high range, 5=Outside low range, 6=Not reliable

	0053
	4-20mA remote control input

(S2=J8-6) state
	R
	U16
	0=None, 1= Normal, 2=Open, 3=Shorted, 4=Outside high range, 5=Outside low range, 6=Not reliable

	
	DEMAND & MODULATION STATUS
	
	
	

	0061
	Active system sensor
	R
	U16
	Modulation sensor for active priority loop:

0=No active sensor,

1=DHW (S6S7) sensor,

2=Outlet (S3S4) sensor.

3=Inlet (S1) sensor,

4=4-20mA input (S2),

5=S5 sensor,

6=S10 sensor,

7=Steam (S1) sensor

	0062
	Active Lead Lag sensor
	R
	U16
	Active modulation sensor for Lead Lag loop:

0=No active sensor,

2=Outlet (S3S4) sensor,

5=S5 sensor,

6=S10 sensor

	
	CENTRAL HEATING (CH) STATUS
	
	
	

	0065
	CH setpoint source
	R
	U16
	0=Unknown,

1=Normal setpoint,

2=TOD setpoint,

3=Outdoor reset,

4=Remote control,

7=Outdoor reset time of day

	0066
	CH heat demand
	R
	U16
	0=Off,

1=On

	0068
	CH requested rate
	R
	U16
	RPM or %3

	0070
	CH frost burner demand
	R
	U16
	0=Off,

1=On

	0071
	Active CH on hysteresis
	R
	U16
	0°-130° (0.1°C precision)1

	0072
	Active CH off hysteresis
	R
	U16
	0°-130° (0.1°C precision)1

	0076
	Active CH sensor
	R
	U16
	Active modulation sensor for CH loop:

0=No active sensor,

2=Outlet (S3S4) sensor,

3=Inlet (S1) sensor,

4=4-20mA input (S2),

5=S5 sensor,

6=S10 sensor,

7=Steam (S1) sensor

	
	DOMESTIC HOT WATER (DHW) STATUS
	
	
	

	0079
	Active DHW sensor
	R
	U16
	Active modulation sensor for DHW loop:

0=No active sensor,

1=DHW (S6S7) sensor,

2=Outlet (S3S4) sensor,

3=Inlet (S1) sensor

	0081
	DHW setpoint source
	R
	U16
	0=Unknown,

1=Normal setpoint,

2=TOD setpoint,

5=DHW tap setpoint,

6=DHW preheat setpoint

	0082
	DHW priority count
	R
	U16
	Countdown of time when DHW has priority over CH (secs). Applicable when DHW priority time is enabled (see register 452).

	0083
	DHW heat demand
	R
	U16
	0=Off,

1=On

	0088
	Active DHW on hysteresis
	R
	U16
	0°-130° (0.1°C precision)1

	0089
	Active DHW off hysteresis
	R
	U16
	0°-130° (0.1°C precision)1

	
	PUMP STATUS
	
	
	

	0096
	CH pump status
	R
	U16
	For application build less than 1600 see table 12. For application build 1600 or higher see table 13
.

	0100
	DHW pump status
	R
	U16
	For application build less than 1600 see table 12. For application build 1600 or higher see table 135.

	0108
	Boiler pump status
	R
	U16
	For application build less than 1600 see table 12. For application build 1600 or higher see table 135.

	
	STATISTICS
	
	
	

	0128-

0129
	Burner cycle count
	R/W
	U32
	0-999,999

	0130-

0131
	Burner run time
	R/W
	U32
	Hours

	0132-

0133
	CH pump cycle count
	R/W
	U32
	0-999,999

	0134-

0135
	DHW pump cycle count
	R/W
	U32
	0-999,999

	0138-

0139
	Boiler pump cycle count
	R/W
	U32
	0-999,999

	
	LEAD LAG STATUS
	
	
	

	0162


	Lead Lag master setpoint source


	R

R
	U16

U16
	0=Unknown,

1=CH setpoint,

2=CH TOD setpoint,

3=Outdoor reset,

4=Remote control

    (4-20mA or Modbus),

5=DHW setpoint,

6=DHW TOD setpoint,

7=Outdoor reset time of day,

8=Mix setpoint

	0164
	Lead Lag slave burner demand
	R
	U16
	0=Off,

1=On

	
	EXTENDED SENSOR STATUS
	
	
	

	0170
	Outdoor temperature
	R
	U16
	-40°-130° (0.1°C precision)1

	0171
	Outdoor sensor state
	R
	U16
	0=None, 1= Normal, 2=Open, 3=Shorted, 4=Outside high range, 5=Outside low range, 6=Not reliable

	
	LOCKOUT HISTORY
	
	
	

	0864-

0880
	Lockout history record 1
	R
	
	Most recent lockout. See Table 5.

	0881-

0897
	Lockout history record 2
	R
	
	2nd newest lockout. See Table 5.

	0898-

0914
	Lockout history record 3
	R
	
	3rd newest lockout. See Table 5.

	0915-

0931
	Lockout history record 4
	R
	
	4th newest lockout. See Table 5.

	0932-

0948
	Lockout history record 5
	R
	
	5th newest lockout. See Table 5.

	0949-

0965
	Lockout history record 6
	R
	
	6th newest lockout. See Table 5.

	0966-

0982
	Lockout history record 7
	R
	
	7th newest lockout. See Table 5.

	0983-

0999
	Lockout history record 8
	R
	
	8th newest lockout. See Table 5.

	1000-

1016
	Lockout history record 9
	R
	
	9th newest lockout. See Table 5.

	1017-

1033
	Lockout history record 10
	R
	
	10th newest lockout. See Table 5.

	1034-

1050
	Lockout history record 11
	R
	
	11th newest lockout. See Table 5.

	1051-

1067
	Lockout history record 12
	R
	
	12th newest lockout. See Table 5.

	1068-

1084
	Lockout history record 13
	R
	
	13th newest lockout. See Table 5.

	1085-

1101
	Lockout history record 14
	R
	
	14th newest lockout. See Table 5.

	1102-

1118
	Lockout history record 15
	R
	
	Oldest lockout

	1119
	Alarm code
	R
	U16
	Lockout/alert code causing alarm (see register 2).


Table 3 SAGE2 Modbus Register Map

Each lockout history record has the format described in the following table.

	Byte

Offset
	Parameter
	Read/

Write
	Format
	Note

	0-1
	Lockout code
	R
	U16
	See register 34 (decimal).

	2-3
	Annunciator first out
	R
	U16
	See register 36 (decimal).

	4-5
	Burner control state
	R
	U16
	See register 33 (decimal).

	6-7
	Sequence time
	R
	U16
	See register 37 (decimal).

	8-11
	Cycle
	R
	U32
	See registers 128-129 (decimal).

	12-15
	Hours
	R
	U32
	See registers 130-131 (decimal).

	16-17
	I/O
	R
	U16
	See register 2 (decimal).

	18-19
	Annunciator
	R
	U16
	See register 3 (decimal).

	20-21
	Outlet temperature
	R
	U16
	See register 7 (decimal).

	22-23
	Intlet temperature /

Steam pressure
	R
	U16
	See register 11 or 20 (decimal). Data type is dependent on Product type (register 176).

	24-25
	DHW temperature
	R
	U16
	See register 12 (decimal).

	26-27
	Outdoor temperature
	R
	U16
	See register 13 (decimal).

	28-29
	Stack temperature
	R
	U16
	See register 14 (decimal).

	30-31
	4-20mA input
	R
	U16
	See register 15 (decimal).

	32-33
	Fault data
	R
	U8
	Fault dependent data (U8 x 2).


Table 4 SAGE2 Lockout History Record

SAGE2 lockout and hold codes are contained in the following table.

	Code
	Description
	Note

	0
	None
	No lockout/hold

	1
	Unconfigured safety data
	Lockout

	2
	Waiting for safety data verification
	Lockout

	3
	Internal fault: Hardware fault
	Hold

	4
	Internal fault: Safety Relay key feedback error
	Hold

	5
	Internal fault: Unstable power (DCDC) output
	Hold

	6
	Internal fault: Invalid processor clock
	Hold

	7
	Internal fault: Safety relay drive error
	Hold

	8
	Internal fault: Zero crossing not detected
	Hold

	9
	Internal fault: Flame bias out of range
	Hold

	10
	Internal fault: Invalid Burner control state
	Lockout

	11
	Internal fault: Invalid Burner control state flag
	Lockout

	12
	Internal fault: Safety relay drive cap short
	Hold

	13
	Internal fault: PII shorted to ILK
	Hold / Lockout

	14
	Internal fault: HFS shorted to LCI
	Hold / Lockout

	15
	Internal fault: Safety relay test failed due to feedback ON
	Lockout

	16
	Internal fault: Safety relay test failed due to safety relay OFF
	Lockout

	17
	Internal fault: Safety relay test failed due to safety relay not OFF
	Lockout

	18
	Internal fault: Safety relay test failed due to feedback not ON
	Lockout

	19
	Internal fault: Safety RAM write
	Lockout

	20
	Internal fault: Flame ripple and overflow
	Hold

	21
	Internal fault: Flame number of sample mismatch
	Hold

	22
	Internal fault: Flame bias out of range
	Hold

	23
	Internal fault: Bias changed since heating cycle starts
	Hold

	24
	Internal fault: Spark voltage stuck low or high
	Hold

	25
	Internal fault: Spark voltage changed too much during flame sensing time
	Hold

	26
	Internal fault: Static flame ripple
	Hold

	27
	Internal fault: Flame rod shorted to ground detected
	Hold

	28
	Internal fault: A/D linearity test fails
	Hold

	29
	Internal fault: Flame bias cannot be set in range
	Hold

	30
	Internal fault: Flame bias shorted to adjacent pin
	Hold

	31
	Internal fault: SLO electronics unknown error
	Hold

	32
	Internal fault: Safety Key 0
	Lockout

	33
	Internal fault: Safety Key 1
	Lockout

	34
	Internal fault: Safety Key 2
	Lockout

	35
	Internal fault: Safety Key 3
	Lockout

	36
	Internal fault: Safety Key 4
	Lockout

	37
	Internal fault: Safety Key 5
	Lockout

	38
	Internal fault: Safety Key 6
	Lockout

	39
	Internal fault: Safety Key 7
	Lockout

	40
	Internal fault: Safety Key 8
	Lockout

	41
	Internal fault: Safety Key 9
	Lockout

	42
	Internal fault: Safety Key 10
	Lockout

	43
	Internal fault: Safety Key 11
	Lockout

	44
	Internal fault: Safety Key 12
	Lockout

	45
	Internal fault: Safety Key 13
	Lockout

	46
	Internal fault: Safety Key 14
	Lockout

	47
	Flame rod to ground leakage
	Hold

	48
	Static flame (not flickering)
	Hold

	49
	24VAC voltage low/high
	Hold

	50
	Modulation fault
	Hold

	51
	Pump fault
	Hold

	52
	Motor tachometer fault
	Hold

	53
	AC inputs phase reversed
	Lockout

	54
	Safety GVT model ID doesn't match application's model ID
	Lockout

	55
	Application configuration data block CRC errors
	Lockout

	56-57
	RESERVED
	

	58
	Internal fault: HFS shorted to IAS
	Lockout

	59
	Internal fault: Mux pin shorted
	Lockout

	60
	Internal fault: HFS shorted to LFS
	Lockout

	61
	Anti short cycle
	Hold

	62
	Fan speed not proved
	Hold

	63
	LCI OFF
	Hold

	64
	PII OFF
	Hold / Lockout

	65
	Interrupted Airflow Switch OFF
	Hold / Lockout

	66
	Interrupted Airflow Switch ON
	Hold / Lockout

	67
	ILK OFF
	Hold / Lockout

	68
	ILK ON
	Hold / Lockout

	69
	Pilot test hold
	Hold

	70
	Wait for leakage test completion
	Hold

	71-77
	RESERVED
	

	78
	Demand lost in run
	Hold

	79
	Outlet high limit
	Hold / Lockout

	80
	DHW high limit
	Hold / Lockout

	81
	Delta T inlet/outlet limit
	Hold / Lockout

	82
	Stack limit
	Hold / Lockout

	83
	Delta T exchanger/outlet limit
	Hold / Lockout

	84
	Delta T inlet/exchanger limit
	Hold / Lockout

	85
	Inlet/outlet inversion limit
	Hold / Lockout

	86
	Exchanger/outlet inversion limit
	Hold / Lockout

	87
	Inlet/exchanger inversion limit
	Hold / Lockout

	88
	Outlet T-rise limit
	Hold / Lockout

	89
	Exchanger T-rise limit
	Hold / Lockout

	90
	Heat exchanger high limit
	Hold / Lockout

	91
	Inlet sensor fault
	Hold

	92
	Outlet sensor fault
	Hold

	93
	DHW sensor fault
	Hold

	94
	S2 (J8-6) sensor fault
	Hold

	95
	Stack sensor fault
	Hold

	96
	S5 (J8-11) sensor fault
	Hold

	97
	Internal fault: A2D mismatch
	Lockout

	98
	Internal fault: Exceeded VSNSR voltage tolerance
	Lockout

	99
	Internal fault: Exceeded 28V voltage tolerance
	Lockout

	100
	Pressure sensor fault
	Hold

	101-104
	RESERVED
	

	105
	Flame detected out of sequence
	Hold / Lockout

	106
	Flame lost in MFEP
	Lockout

	107
	Flame lost early in run
	Lockout

	108
	Flame lost in run
	Lockout

	109
	Ignition failed
	Lockout

	110
	Ignition failure occurred
	Hold

	111
	Flame current lower than WEAK threshold
	Hold

	112
	Pilot test flame timeout
	Lockout

	113
	Flame circuit timeout
	Lockout

	114-121
	RESERVED
	

	122
	Lightoff rate proving failed
	Lockout

	123
	Purge rate proving failed
	Lockout

	124
	High fire switch OFF
	Hold

	125
	High fire switch stuck ON
	Hold

	126
	Low fire switch OFF
	Hold

	127
	Low fire switch stuck ON
	Hold

	128
	Fan speed failed during prepurge
	Hold / Lockout

	129
	Fan speed failed during preignition
	Hold / Lockout

	130
	Fan speed failed during ignition
	Hold / Lockout

	131
	Fan movement detected during standby
	Hold

	132
	Fan speed failed during run
	Hold

	133-135
	RESERVED
	

	136
	Interrupted Airflow Switch failed to close
	Hold

	137
	ILK failed to close
	Hold

	138-142
	RESERVED
	

	143
	Internal fault: Flame bias out of range 1
	Lockout

	144
	Internal fault: Flame bias out of range 2
	Lockout

	145
	Internal fault: Flame bias out of range 3
	Lockout

	146
	Internal fault: Flame bias out of range 4
	Lockout

	147
	Internal fault: Flame bias out of range 5
	Lockout

	148
	Internal fault: Flame bias out of range 6
	Lockout

	149
	Flame detected
	Hold / Lockout

	150
	Flame not detected
	Hold

	151
	High fire switch ON
	Hold / Lockout

	152
	Combustion pressure ON
	Hold / Lockout

	153
	Combustion pressure OFF
	Hold / Lockout

	154
	Purge fan switch ON
	Hold / Lockout

	155
	Purge fan switch OFF
	Hold / Lockout

	156
	Combustion pressure and Flame ON
	Hold / Lockout

	157
	Combustion pressure and Flame OFF
	Lockout

	158
	Main valve ON
	Lockout

	159
	Main valve OFF
	Lockout

	160
	Ignition ON
	Lockout

	161
	Ignition OFF
	Lockout

	162
	Pilot valve ON
	Lockout

	163
	Pilot valve OFF
	Lockout

	164
	Block intake ON
	Lockout

	165
	Block intake OFF
	Lockout

	166-171
	RESERVED
	

	172
	Main relay feedback incorrect
	Lockout

	173
	Pilot relay feedback incorrect
	Lockout

	174
	Safety relay feedback incorrect
	Lockout

	175
	Safety relay open
	Lockout

	176
	Main relay ON at safe start check
	Lockout

	177
	Pilot relay ON at safe start check
	Lockout

	178
	Safety relay ON at safe start check
	Lockout

	179-183
	RESERVED
	

	184
	Invalid BLOWER/HSI output setting
	Lockout

	185
	Invalid Delta T limit enable setting
	Lockout

	186
	Invalid Delta T limit response setting
	Lockout

	187
	Invalid DHW high limit enable setting
	Lockout

	188
	Invalid DHW high limit response setting
	Lockout

	189
	Invalid Flame sensor type setting
	Lockout

	190
	Invalid interrupted air switch enable setting
	Lockout

	191
	Invalid interrupted air switch start check enable setting
	Lockout

	192
	Invalid Igniter on during setting
	Lockout

	193
	Invalid Ignite failure delay setting
	Lockout

	194
	Invalid Ignite failure response setting
	Lockout

	195
	Invalid Ignite failure retries setting
	Lockout

	196
	Invalid Ignition source setting
	Lockout

	197
	Invalid Interlock open response setting
	Lockout

	198
	Invalid Interlock start check setting
	Lockout

	199
	Invalid LCI enable setting
	Lockout

	200
	Invalid lightoff rate setting
	Lockout

	201
	Invalid Lightoff rate proving setting
	Lockout

	202
	Invalid Main Flame Establishing Period time setting
	Lockout

	203
	Invalid MFEP flame failure response setting
	Lockout

	204
	Invalid NTC sensor type setting
	Lockout

	205
	Invalid Outlet high limit response setting
	Lockout

	206
	Invalid Pilot Flame Establishing Period setting
	Lockout

	207
	Invalid PII enable setting
	Lockout

	208
	Invalid pilot test hold setting
	Lockout

	209
	Invalid Pilot type setting
	Lockout

	210
	Invalid Postpurge time setting
	Lockout

	211
	Invalid Power up with lockout setting
	Lockout

	212
	Invalid Preignition time setting
	Lockout

	213
	Invalid Prepurge rate setting
	Lockout

	214
	Invalid Prepurge time setting
	Lockout

	215
	Invalid Purge rate proving setting
	Lockout

	216
	Invalid Run flame failure response setting
	Lockout

	217
	Invalid Run stabilization time setting
	Lockout

	218
	Invalid Stack limit enable setting
	Lockout

	219
	Invalid Stack limit response setting
	Lockout

	220
	Unconfigured Delta T limit setpoint setting
	Lockout

	221
	Unconfigured DHW high limit setpoint setting
	Lockout

	222
	Unconfigured Outlet high limit setpoint setting
	Lockout

	223
	Unconfigured Stack limit setpoint setting
	Lockout

	224
	Invalid DHW demand source setting
	Lockout

	225
	Invalid Flame threshold setting
	Lockout

	226
	Invalid Outlet high limit setpoint setting
	Lockout

	227
	Invalid DHW high limit setpoint setting
	Lockout

	228
	Invalid Stack limit setpoint setting
	Lockout

	229
	Invalid Modulation output setting
	Lockout

	230
	Invalid CH demand source setting
	Lockout

	231
	Invalid Delta T limit delay setting
	Lockout

	232
	Invalid Pressure sensor type setting
	Lockout

	233
	Invalid IAS closed response setting
	Lockout

	234
	Invalid Outlet high limit enable setting
	Lockout

	235
	Invalid Outlet connector type setting
	Lockout

	236
	Invalid Inlet connector type setting
	Lockout

	237
	Invalid DHW connector type setting
	Lockout

	238
	Invalid Stack connector type setting
	Lockout

	239
	Invalid S2 (J8-6) connector type setting
	Lockout

	240
	Invalid S5 (J8-11) connector type setting
	Lockout

	241
	Exchanger sensor not allowed with stack connector setting
	Lockout

	242
	Invalid DHW auto detect configuration
	Lockout

	243
	Invalid UV with spark interference not compatible with Ignitor on throughout PFEP
	Lockout

	244
	Internal fault: Safety relay test invalid state
	Lockout

	245
	Invalid Outlet connector type setting for T-rise
	Lockout

	246
	4-20mA cannot be used for both modulation and setpoint control
	Lockout

	247
	Invalid ILK bounce detection enable
	Lockout

	248
	Invalid forced recycle interval
	Lockout

	249
	STAT cannot be demand source when Remote Stat is enabled
	Lockout

	250
	Invalid Fan speed error response
	Lockout

	251
	Lead drop-stage on error setting does not match drop method configuration
	Lockout

	252-255
	RESERVED
	


Table 5 SAGE2 Lockout/Hold Codes
Burner control states are contained in the following table.

	State
	Name

	0
	Initiate

	1
	Standby Delay

	2
	Standby

	3
	Safe Startup

	4
	Prepurge - Drive to Purge Rate

	5
	Prepurge – Measured Purge Time

	6
	Prepurge – Drive to Lightoff Rate

	7
	Preignition Test

	8
	Preignition Time

	9
	Pilot Flame Establishing Period

	10
	Main Flame Establishing Period

	11
	Direct Burner Ignition

	12
	Run

	13
	Postpurge

	14
	Lockout

	255
	Safety Processor Offline


Table 6 Burner Control States
SAGE2 pump status codes are contained in the following two tables. The first table is for older SAGE2’s (application build less than 1600), and the second table is for newer SAGE2’s (application build 1600 or higher).

	Status
	Description
	Note

	0
	Unknown
	

	1
	Not connected
	

	2
	Not Lead Lag master
	

	3
	Pump A Off
	

	4
	Pump B Off
	

	5
	Pump C Off
	

	6
	Pump A Off – Anti-condensation (CH demand)
	

	7
	Pump B Off – Anti-condensation (CH demand)
	

	8
	Pump C Off – Anti-condensation (CH demand)
	

	9
	Pump A Off – Anti-condensation (DHW demand)
	

	10
	Pump B Off – Anti-condensation (DHW demand)
	

	11
	Pump C Off – Anti-condensation (DHW demand)
	

	12
	Pump A Off – Anti-condensation (LL demand)
	

	13
	Pump B Off – Anti-condensation (LL demand)
	

	14
	Pump C Off – Anti-condensation (LL demand)
	

	15
	Pump A On – Slave overrun
	

	16
	Pump B On – Slave overrun
	

	17
	Pump C On – Slave overrun
	

	18
	Pump A On – LL master overrun
	

	19
	Pump B On – LL master overrun
	

	20
	Pump C On – LL master overrun
	

	21
	Pump A Off – Start delay (DHW demand)
	

	22
	Pump B Off – Start delay (DHW demand)
	

	23
	Pump C Off – Start delay (DHW demand)
	

	24
	Pump A On – CH demand
	

	25
	Pump B On – CH demand
	

	26
	Pump C On – CH demand
	

	27
	Pump A On – CH frost protection
	

	28
	Pump B On – CH frost protection
	

	29
	Pump C On – CH frost protection
	

	30
	Pump A On – DHW demand
	

	31
	Pump B On – DHW demand
	

	32
	Pump C On – DHW demand
	

	33
	Pump A On – DHW frost protection
	

	34
	Pump B On – DHW frost protection
	

	35
	Pump C On – DHW frost protection
	

	36
	Pump A Off – DHW high limit
	

	37
	Pump B Off – DHW high limit
	

	38
	Pump C Off – DHW high limit
	

	39
	Pump A On – Exercise
	

	40
	Pump B On – Exercise
	

	41
	Pump C On – Exercise
	

	42
	Pump A On – Frost protection
	

	43
	Pump B On – Frost protection
	

	44
	Pump C On – Frost protection
	

	45
	Pump A On – Lead Lag master demand
	

	46
	Pump B On – Lead Lag master demand
	

	47
	Pump C On – Lead Lag master demand
	

	48
	Pump A On – Slave demand
	

	49
	Pump B On – Slave demand
	

	50
	Pump C On – Slave demand
	

	51
	Pump A On – Manual
	

	52
	Pump B On – Manual
	

	53
	Pump C On – Manual
	

	54
	Pump A On – Outlet high limit
	

	55
	Pump B On – Outlet high limit
	

	56
	Pump C On – Outlet high limit
	

	57
	Pump A On – Overrun
	

	58
	Pump B On – Overrun
	

	59
	Pump C On – Overrun
	

	60
	Pump A On – Frost protection overrun
	

	61
	Pump B On – Frost protection overrun
	

	62
	Pump C On – Frost protection overrun
	

	63
	Pump A On – Mix demand
	

	64
	Pump B On – Mix demand
	

	65
	Pump C On – Mix demand
	


Table 7 Pump Status Codes (Application build less than 1600)
	Status
	Description
	Note

	92
	Forced On from manual pump control
	

	93
	Forced On due to Outlet high limit is active
	

	94
	Forced On from burner demand
	

	95
	Forced On due to Lead Lag slave has demand
	

	96
	Forced Off from local DHW priority service
	

	97
	Forced Off from Lead Lag DHW priority service
	

	98
	Forced Off from Central Heat anti-condensation
	

	99
	Forced Off from DHW anti-condensation
	

	100
	Forced Off due to DHW high limit is active
	

	101
	Forced Off from EnviraCOM DHW priority service
	

	102
	On due to local CH frost protection is active
	

	103
	On due to Lead Lag CH frost protection is active
	

	104
	On due to local DHW frost protection is active
	

	105
	On due to Lead Lag DHW frost protection is active
	

	106
	On from local Central Heat demand
	

	107
	On from Lead Lag Central Heat demand
	

	108
	On from local DHW demand
	

	109
	On from Lead Lag DHW demand
	

	110
	On from local Mix demand
	

	111
	On from Lead Lag Mix demand
	

	112
	On from local Central Heat service
	

	113
	On from Lead Lag Central Heat service
	

	114
	On from local DHW service
	

	115
	On from Lead Lag DHW service
	

	116
	On from local Mix service
	

	117
	On from Lead Lag Mix service
	

	118
	On from Lead Lag auxiliary pump X
	

	119
	On from Lead Lag auxiliary pump Y
	

	120
	On from Lead Lag auxiliary pump Z
	

	121
	On, but inhibited by pump start delay
	

	122
	On from pump override
	

	123
	Off, not needed
	

	124
	On from burner demand
	

	125
	On from exercise
	

	126
	On from local Lead Lag service
	

	127
	On from local Lead Lag pump demand
	


Table 8 Pump Status Codes (Application build 1600 or higher)

Some holding registers contain variable length data in them, e.g., register 0x00BA (OS number), that extend common Modbus access for holding registers. Only a single register address is assigned to these parameters even though they may contain more than two bytes (16-bits) of data. These registers MUST be accessed individually ONLY in order that no confusion exists about parameter boundaries
.

2.2.1 Register Writes

Writing to any data register may require an access level password before they can be changed (written) by the Modbus master. For those data registers requiring access security a password matching the one contained in the SAGE2 must be provided before the SAGE2 allows the data to be changed. A valid password login remains in effect for 10 minutes before another login is required (SAGE2 timeout for password login). See User Interface Data Attribute Table section for more information regarding how access security is determined.

Two Modbus registers are defined to manage the register data access login:

· (0x00B1) Password

· (0x0013) Register Access Status

The Modbus master writes a password into the Password register to request write access privileges to the data registers. Even though this register is a holding register, and therefore, should normally only accept a 16-bit value, it accepts alphanumeric text up to 20 characters in length. Due to this length change this register must be written individually and not as part of a group register write.

Results of the login are reported by the SAGE2 in the Register Access Status register. If the Modbus master writes the correct installer password, the status register indicates this result and all data with installer access level and below can be changed. If the Modbus master writes the correct OEM password, the status register indicates this result and all data with OEM access level and below can be changed.

2.2.2 03 (0x03) Read Holding Registers

This function is used to read one or more consecutive data registers in the SAGE2. The register address of the first register (see Modbus register map in Figure 1) in the range is included in the request along with the number of registers to read. SAGE2 returns a response with the starting register address, the number of bytes returned, followed by the register data contents in register address order (lowest register address first, etc.).

Normally, the number of bytes returned is 2 times the number of registers requested since each register usually contains a 16-bit value. An exception to this rule is that registers representing variable length text data return the length of the text data which can exceed 2 bytes.

2.2.3 06 (0x06) Write Single Register

This function is used to write data to a single register in the SAGE2. The SAGE2 register address and 16-bit data value to write into the register are sent to the SAGE2, and the SAGE2 returns an acknowledged response.

Note: This function (command) cannot be used for variable length text data registers.

2.2.4 16 (0x10) Write Multiple Registers

This function is used to write data into multiple SAGE2 registers with a single request. The SAGE2 registers must be located consecutively in the register map since only a base address is provided. The Modbus master provides the starting register address, the number of registers to write, the total number of bytes, followed by the actual data itself. The SAGE2 writes the data into each register and acknowledges the completion with a response echoing the number of registers written.

When writing text data to a register representing variable length text, the number of registers should be specified as one and the byte count be the number of bytes in the text data.

2.2.5 17 (0x11) Report Slave ID

This function is used to locate and identify the SAGE2s connected on the Modbus network. The Modbus master issues a Report Slave ID request for a specific Modbus address onto the Modbus network, and if an SAGE2 exists with the requested Modbus address, it responds to the request. If no SAGE2 exists, the Modbus master times out and concludes that no SAGE2 is present with that Modbus address.

Included in the SAGE2 response is the following data to further identify it:

· OS number

· Burner name

Format of the SAGE2 response message is depicted in the following table.

	Byte: 0
	1
	2
	3
	4
	5-20
	21-40
	41-42

	Slave Address
	Function Code
	Byte

Count
	Slave ID
	Run

Indicator
	OS

Number
	Burner

Name
	CRC

	0x01-

0xF0
	0x11
	0x30
	0x79
	0x00=OFF

0xFF=ON
	
	
	


Table 9 Report Slave ID Response
The OS number (up to 16 characters) and burner name (up to 20 characters) fields are NULL filled text strings. They have a fixed field length so that the boundaries of each field are known. These same SAGE2 parameters can be obtained with the Read Holding Register function.

The Run Indicator status contains an OFF status when the SAGE2 is in a lockout or unconfigured state. In any other case the status indicates an ON condition.

Note: A slave ID of 0x79 is reserved for all SAGE2 hydronic boiler control models at this time. Future design may expand this list to include more IDs for different models.

2.2.6 Exception Codes

The Modbus exception codes in the following table may be given by the SAGE2 in response to function code requests.

	Code
	Name
	Comment

	0x01
	ILLEGAL_FUNCTION
	Illegal function code or action requested

	0x02
	ILLEGAL_DATA_ADDRESS
	Register address out of bounds

	0x03
	ILLEGAL_DATA_VALUE
	Data in register write is invalid for register

	0x10
	READ_MULTIPLE_NOT_OK
	Exceeded maximum registers allowed in read

	0x11
	ACCESS_FAILURE
	Invalid password access level for register

	0x12
	LOGIN_FAILURE
	Unrecognized password given for login


Table 10 Modbus exception codes

2.3 41000 Registers

To support displays and devices require particular data formats, such as the Panasonic display being developed for Burnham products, a range of virtual registers are implemented with variant data formats.

 The range 10000 through 19999 are virtual registers that are mapped onto the base range of 0 through 9999, where all registers in the base range are also accessible in this new range.

The registers in the virtual range behave identically to those in the base range with the following exceptions.

2.3.1 Temperature

Reading a temperature register in the virtual range provides the temperature in full degrees C or F with rounding up when >= 0.5 degrees (this rounding matches the rounding done in the S7999).  The Temperature units parameter (register 178) determines if F or is C conversion is done.

Writing a temperature register in the virtual range converts the input from degrees C or F to the SOLA internal format of 0.1 degrees C. 
2.3.2 Degrees

Reading a degrees register in the virtual range provides the degrees in full degrees C or F with rounding up when >= 0.5 degrees (this rounding matches the rounding done in the S7999).  The Temperature units parameter (register 178) determines if F or is C conversion is done.

Writing a degrees register in the virtual range converts the input from degrees C or F to the SOLA internal format of 0.1 degrees C. 

2.3.3 Double-word registers (32 bits)

For both reads and writes, the data order is reversed: in the base range the most significant word is at the lower register address whereas in the virtual range the least significant word is at the lower register address.

The cycles and hours within the lockout history are not word order corrected.  You can read just the second register and get a 16 bit value which will be correct until it exceeds 65535 counts or hours (not the 99,000 you stated) at which time it will wrap back to zero.  My comment in the code states lockout history cycle and hours are not used by Burnham’s display and are not translated to conserve code space.

� All temperature registers are expressed in °C regardless what Temperature units (register 179) is set to. Temperature range is -40°C to 130°C with values given in 0.1°C units (for example, 32.0°C = 320). A temperature that is NOT applicable in this SAGE2, i.e., not enabled, has a value of 0x8FFF. This temperature setting is denoted as “UNCONFIGURED” at the user interface.


� All percentage values are given in 0.1% granularity, i.e., 0-1000 is the range for 0.0-100.0%.


� Most significant bit in value determines which units type the parameter has: 0=RPM, 1=%. If Modulation Output parameter (register 192) doesn’t match with the setting of this bit, then the parameter setting is invalid.


� Pump control changed in SOLA starting with application build 1600 (see register 189). Pump status changed as a result. Table 12 contains the status values for SOLA prior to build 1600, and table 13 for SOLA that are build 1600 or later.


� Standard Modbus protocol doesn’t support the concept of variable length data. The SAGE2 Modbus interface varies from the protocol in that it supports a single register definition for text data. These special registers must be accessed exclusively by themselves in order for them to be supported.
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