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Always “On” UPS Systems

NX Series Online UPS
Extended RS-232

Communication Protocol
Version: 1.0

Hardware

1.1 Communication Settings

Communication settings are shown in the following table:

	Baud Rate
	2400 bps

	Data Length
	8 bits

	Parity
	None

	Stop Bit
	1 bit


1.2 Cabling

The lines that are used for communication are shown in the following table:

9-pin Female D-type (DB-9) Connector

	Computer
	Direction
	UPS

	RX
	(
	TX
	Pin 2

	TX
	(
	RX
	Pin 3

	GND
	((
	GND
	Pin 5


Communication Protocol
All commands from the computing device or data terminal to the UPS must end with a carriage return <CR> as hexadecimal 0x0D.  The response will be a string of ASCII characters.  All command responses from the UPS to the computing device will end with a <CR> as hexadecimal 0x0D.  

As for timing of response, the UPS will respond to every command within 500 ms.

1.3 UPS Real Time Data: “G1”

The UPS Real Time Data command G1 requests real time data from the UPS.  There should be a Space character (0x20) between every field for data separation.  The symbol ’!’ (0x21) at the beginning of the response is the start byte and marks the start of the data.  The sequence of events and reference table is as follows:

Command: 
G1<CR>
Response:
!SSS PPP NNNN RRR.R (TT.T FF.F EE.E QQ.Q<CR>

	Symbol
	Contents
	Data Range
	Unit

	!
	Start Byte (0x21)
	
	

	SSS
	Battery Voltage
	000 to 999
	Volts

	PPP
	Battery Capacity
	000 to 100
	Percent

	NNNN
	Battery Time Remaining
	0000 to 9999
	Minutes

	RRR.R
	Charge/Discharge Current
	000.0 to 999.9
	Amps

	(TT.T
	UPS Temperature
	-99.9 to +99.9
	(C

	FF.F
	Input Frequency
	00.0 to 99.9
	Hz

	EE.E
	Bypass Source Frequency
	00.0 to 99.9
	Hz

	QQ.Q
	Output Frequency
	00.0 to 99.9
	Hz

	<CR>
	Stop Byte (0x0D)
	0x0D
	N/A


An example follows on the next page.

Note: To determine whether the current is charging or discharging, refer to the description for bit A2 in section 2.2.1.

Example of UPS Real Time Data Command G1:

Command:
G1<CR>
Response:
!240 094 0123 025.0 +35.0 60.1 62.0 60.0<CR>
Explanation:

	Battery Voltage
	240 volts

	Battery Capacity
	94%

	Battery Time Remaining
	123 minutes

	Charge/Discharge Current
	25 amps

	UPS Temperature
	35(C

	Input Frequency
	60.1 Hz

	Bypass Source Frequency
	62.0 Hz

	Output frequency
	60.0 Hz


1.4 UPS Status Inquiry: “G2”

The UPS Status Inquiry command G2 requests data from the UPS.  The data contained in this packet is boolean.  Each packet is 5 ASCII characters long, including start and stop bytes.  The symbol ’!’ (0x21) at the beginning of the response is the start byte and marks the start of the data.  The sequence of events and reference table is as follows:

Command: G2<CR>
Response: !A7A6A5A4A3A2A1A0 B7B6B5B4B3B2B1B0 C7C6C5C4C3C2C1C0<CR>


1.4.1 Status of Rectifier and Batteries

<A7A6A5A4A3A2A1A0> is one byte of binary information and contains information regarding the status of the rectifier and batteries.  “An” is an ASCII character ‘0’ or ‘1’.

	Byte
	            Description                 

	A7
	Not Used

	A6
	1: Rectifier Rotation Error

	A5
	1: Low Battery Shutdown

	A4
	1: Low Battery

	A3
	1: Three in –One out 

0: Three in –Three out

	A2
	1: Back Up

0: AC Normal

	A1
	1: Boost Charge
0: Float Charge 

	A0
	1: Rectifier Operating


1.4.2 Status of the UPS

<B7B6B5B4B3B2B1B0> is one byte of binary information and contains information regarding the status of the UPS.  “Bn” is an ASCII character ‘0’ or ‘1’.

	Byte
	            Description                 

	B7
	Not Used

	B6
	Not Used

	B5
	Not Used

	B4
	Bypass Frequency Fail

	B3
	1: Manual Bypass Breaker On

0: Manual Bypass Breaker Open

	B2
	1: Bypass AC Normal

0: Bypass AC Abnormal

	B1
	1: Static Switch in Inverter Mode
0: Static Switch in Bypass Mode

	B0
	1: Inverter Operating 


1.4.3 Fault Condition of the Inverter

<C7C6C5C4C3C2C1C0> is one byte of binary information and contains information regarding the fault condition of the inverter.  “Cn” is an ASCII character ‘0’ or ‘1’.

	Byte
	            Description                 

	C7
	Not Used

	C6
	1: Emergency Stop (EPO)

	C5
	1: High DC Shutdown

	C4
	1: Manual Bypass Breaker on Shutdown

	C3
	1: Over Load Shutdown

	C2
	1: Inverter O/P Fail Shutdown

	C1
	1: Over Temperature Shutdown

	C0
	1: Short Circuit Shutdown


Refer to next page for an example.

Status Inquiry Example

Command: G2<CR>
Response:  !00000010 00000100 00000000<CR>
Interpretation:

· Three in-Three out UPS

· Boost Charge

· Bypass AC Normal

1.5 UPS Real Time Data for 3 Phases: “G3”

Command: G3
Response:  !NNN.N/NNN.N/NNN.N PPP.P/PPP.P/PPP.P QQQ.Q/QQQ.Q/QQQ.Q SSS.S/SSS.S/SSS.S<CR>
There should be a space character between every field for data separation. The ’!’ at the beginning of the response is the start byte and marks the start of the data. The meaning of each field is listed as follows: 
	Symbol
	Contents
	Data Range
	Unit

	NNN.N/NNN.N/NNN.N
	Input voltage of R/S/T (3 phases)
	000.0 to 999.9
	Volts

	PPP.P/PPP.P/PPP.P
	Bypass AC source voltage of R/S/T (3 phases)
	000.0 to 999.9
	Volts

	QQQ.Q/QQQ.Q/QQQ.Q
	Output voltage of R/S/T (3 phases)
	000.0 to 999.9
	Volts

	SSS.S/SSS.S/SSS.S
	Load percentage of R/S/T 

(3 phases)
	000.0 to 100.0
	Percent


Example:

Command: G3<CR>

Response: !222.0/222.0/222.0 221.0/221.0/221.0 220.0/220.0/220.0 014.0/015.0/014.0<CR>

Explanation:

	
	Phase

	
	R
	S
	T

	Input Voltage
	222V
	222V
	222V

	Bypass AC Voltage Source
	221V
	221V
	221V

	Output Voltage
	220V
	220V
	220V

	Loading
	14%
	15%
	14%


1.6 UPS Rating Information: “GF”

The UPS Rating Command GF causes the UPS to respond with the ratings of the UPS.  There should be a space character between every field for data separation.  The UPS response contains the following information fields:

Command: 
GF<CR>

Response: 
!Rect_Volt CCC Bpss_Volt FFF O/P_Volt QQQ SSS Power_Rating<CR>
· Rect_Volt

· Rectifier phase or line/phase voltage followed by the number of phases and wires 

· 14 characters, padded with space characters if data cannot complete the field length
· Example: 220V 3P3W

· Example: 220V/380V 3P4W

· CCC

· Rectifier Frequency in Hz

· Bpss_Volt

· Bypass source phase or line/phase voltage followed by the number of phases and wires 

· 14 characters, padded with space characters if data cannot complete the field length
· Example: 220V 3P3W

· Example: 220V/380V 3P4W

· FFF

· Bypass Source Frequency in Hz

· O/P_Volt

· Output phase or line/phase voltage followed by the number of phases and wires 

· 14 characters, padded with space characters if data cannot complete the field length
· Example: 220V 3P3W

· Example: 220V/380V 3P4W

· QQQ

· Output Frequency in Hz

· SSS

· Battery Voltage in Volts

· Power_Rating

· 10 characters, padded with space characters if data cannot complete the field length
Example of GF Command:

Command: 
GF<CR>
Response: 
!220V/380V^3P4W 060 220V/380V^3P4W 061 220V/3P3W^^^^^ 060 396 150KVA^^^^<CR>

Note: ‘^’ character represents a padded space character to illustrate multiple spaces.

Interpretation: 

· Rectifier Voltage: 

220V/380V, 3-phase, 4-wire, 60 Hz

· Bypass Source Voltage: 
220V/380V, 3-phase, 4-wire, 61 Hz

· Output Voltage: 

220V, 3-phase, 3-wire, 60 Hz

· Battery Voltage: 

396 volts

· Power Rating: 

150 kVA

1.7 Test for 10 Seconds: “T”

The UPS will simulate a power failure for 10 seconds and return to main power after receiving this command.  The UPS will return to main power immediately if a battery low condition occurs during the test.
Command: 
T<CR>

Response: 
No communication response.
1.8 Test Until Battery Low: “TL”

The UPS will simulate a power failure until a battery low condition occurs.  The UPS will automatically return to mains power after this point. 

Command: 
TL<CR>

Response: 
No communication response.
1.9 Test for Specified Time Period: “T<nn>”

The UPS will simulate a power failure for <nn> minutes and return to main power.  The UPS will return to main power immediately if a battery low condition occurs during the test.   <nn> is a number ranging from 01 to 99.

Command: 
T<nn><CR>

Response: 
No communication response.
1.10 Enable/Disable UPS Beep: “Q”

When the main power fails, the UPS will generate a warning beep.  This beep can be toggled on and off by issuing this command.

Command: 
Q<CR>

Response: 
No communication response.
1.11 Shutdown Command: “S<nn>”

Command: 
S<nn><CR>

Response: 
No communication response.
· The UPS output will be turned off in <nn> minutes, even if main power is present.

· If a battery low condition occurs during <nn> minutes, the output will be turned off immediately.

· After the UPS is shut down, the UPS controller will continue monitoring the main power.  If the main power is restored, the UPS will wait for 10 seconds and then turn on the output power.

· <nn> is a number ranging from .2, .3, ..., 01, 02, ..., up to 10.
Example of S<nn> command:

Command: 
S.3<CR>

The UPS will shut off the output in 0.3 minutes (18 seconds).

1.12 Shutdown and Restore Command: “S<nn>R<mmmm>”

Command: 
S<nn>R<mmmm><CR>

Response: 
No communication response.
· T

· his command turns the UPS output off in <nn> minutes, waits for <mmmm> minutes, then turns on UPS output again.
· The shutdown sequence is the same as the previous command (S<nn>).  If the main power is not on when the <mmmm> minutes time is out, the UPS will wait until main power restores.
· If the UPS is in shutdown waiting state, the "C" command can cancel the shutdown process.  See section 2.11 for details on the “C” command.
· If the UPS is in restore waiting state, the "C" command can turn on UPS output, but the UPS will be held off at least 10 seconds. See section 2.11 for details on the “C” command.
· <nn> is a number ranging  from .2, .3, ..., 01, 02, ..., up to 10.
· <mmmm> is a number ranging from 0001 to 9999.
1.13 Cancel Shutdown Command: “C”

Command: 
C<CR>

Response: 
No communication response.
· This command cancels the S<nn><CR> and S<nn>R<mmmm><CR> commands.
· If the UPS is in shutdown waiting state, the "C" command can cancel the shutdown process.  See section 2.11 for details on the “C” command.
· If the UPS is in restore waiting state, the "C" command can turn on UPS output, but the UPS will be held off at least 10 seconds. See section 2.11 for details on the “C” command.
1.14 Cancel Test Command: “CT”

This command cancels all test activities and reconnects the UPS to the main input power immediately.

Command: 
CT<CR>

Response: 
No communication response.
1.15 UPS Rating Information Command: “F”

Command: 
F<CR>

Response: 
#MMM.M QQQ SS.SS RR.R<CR>
This command causes the UPS to respond with the rated values of the UPS.  There should be a space character between every field for separation.  The UPS’s response contains the following information fields:
· Rated Voltage: 
MMM.M volts

· Rated Current: 
QQQ amps

· Battery Voltage: 
SS.SS or SSS.S volts

· Frequency:

 RR.R Hz

1.16 Status Inquiry: “Q1”

Command: 
Q1<CR>

Response: 
(MMM.M NNN.N PPP.P QQQ RR.R S.SS TT.T  B7B6B5B4B3B2B1B0<CR>
The “(“ character is the start byte for the UPS data stream.  There should be a space character between every field for data separation.  The meaning of each field is list as follows:
· Input Voltage: MMM.M
· M is an integer number ranging from 0 to 9.

· The unit is volts.

· Input Fault Voltage: NNN.N
· N is an integer number ranging from 0 to 9.

· The unit is volts.
· For an offline UPS, this command’s purpose is to identify a short duration voltage glitch that causes an offline UPS to go to Inverter mode. When this occurs, the input voltage will appear normal at the query prior to the glitch and will still appear normal at the next query.  The input fault voltage will hold the glitch voltage until the next query. After the query, the input fault voltage will be the same as the input voltage, until next glitch occurs.

· For an online UPS, this command’s purpose is to identify a short duration main power failure that causes an online UPS to go to battery mode. When this occurs, the input voltage will appear normal at the query prior to the failure and will still appear normal at next query.  The input fault voltage will hold the main power failure voltage until the next query. After the query, the input fault voltage will be same as the input voltage, until the next main power failure occurs.

· Output voltage: PPP.P
· P is an integer number ranging from 0 to 9.

· The unit is volts.

· Output current: QQQ

· QQQ is a percent of the maximum current, not an absolute value.

· I/P frequency: RR.R
· R is an integer number ranging from 0 to 9.

· The unit is Hz.

· Battery voltage: SS.S or S.SS
· S is an integer number ranging from 0 to 9.
· For online units, the battery voltage per cell is provided in the form S.SS.

· For standby units, the actual battery voltage is provided in the form SS.S.

· Bit B3 in the UPS status byte will determine which reading was obtained.  See further in this section for details on the UPS status byte.

· Temperature: TT.T
· T is an integer number ranging from 0 to 9.

· The unit is (C.

· UPS Status Byte: <B7B6B5B4B3B2B1B0>

· The status byte is one byte of binary information.

· Bn is an ASCII character (0( or (1(.

· The functions of the various bits are in the table below:

.

	Bit
	            Description                 

	B7
	1: Utility Fail (Immediate) 

	B6
	1: Battery Low 

	B5
	1: Bypass/Boost or Buck Active 

	B4
	1: UPS Failed 

	B3
	1: UPS Type is Standby

0: UPS Type is Online

	B2
	1: Test in Progress 

	B1
	1: Shutdown Active 

	B0
	1: Beeper On 


Example of Q1 Command: 

Command: Q1<CR>
Response:  (208.4 140.0 208.4 034 59.9 2.05 35.0 00110000<CR>
Interpretation:

· Input voltage is 208.4V.

· Input fault voltage is 140.0V.

· Output voltage is 208.4V.

· Output current is 34 %.

· Input frequency is 59.9 HZ.

· Battery cell voltage is 2.05V.

· Temperature is 35.0 (C.

· UPS type is online

· UPS failed.

· The bypass is active.

· Shutdown is not active.

1.17 Command Summary

	Section
	Command
	           Description              

	2.1
	G1
	  UPS Real Time Data

	2.2
	G2
	  UPS Status Inquiry

	2.3
	G3
	  UPS Real Time Data for 3-Phase

	2.4
	GF
	  UPS Rating Information

	2.5
	T
	  10 Seconds Test 

	2.6
	TL
	  Test Until Battery Low 

	2.7
	T<nn>
	  Test for Specified Time Period 

	2.8
	Q
	  Turn On/Off Beep 

	2.9
	S<nn>
	  Shut Down Command 

	2.10
	S<nn>R<mmmm>
	  Shut Down and Restore Command 

	2.11
	C
	  Cancel Shut Down Command 

	2.12
	CT
	  Cancel Test Command 

	2.13
	F
	  UPS Rating Information

	2.14
	Q1
	  Status Inquiry 
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