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*HQHUDO

Always use gold flash relays, or others designed for low current operation (5mA), on all control wiring.

All power factor correction equipment must be removed from the motor side of the inverter before an inverter can be used.

Motors with low efficiency and small cos ø (power factor) should be avoided since they require a larger kVA rated inverter
to produce the correct shaft kW.

0LQLPXP�&RQQHFWLRQ�5HTXLUHPHQWV�

The diagram below shows the minimum connection requirements in order to operate the drive.
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Figure A.1 - Minimum Connection Requirements
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6\QFKURQRXV�0RWRUV

Although intended primarily for use with induction (asynchronous) motors, inverters can also be used for speed control of
synchronous motors.  Synchronous motors can offer economic solutions in applications where tight control of speed is
required together with the low maintenance characteristics of an AC motor.

The two most common types of synchronous AC motor are permanent magnet and wound rotor.  In contrast to induction
motors, synchronous motors run at synchronous speed whether on no load or full load.  Synchronous speed is set by the
frequency of the supply applied to the stator.  The stator flux can be kept constant by keeping the stator volts/frequency ratio
constant as with an induction motor.

Torque is produced in the motor by a increase in load angle between the stator and rotor fluxes.  Maximum torque occurs
when the load angle approaches 90°.  If the load angle exceeds this value then torque drops and the motor will stall.  Systems
involving synchronous motors need careful design to ensure that the motor can accelerate the load and handle transient load
changes without stalling.

%UDNH�0RWRUV

Brake motors are used in applications requiring a mechanical brake for safety or other operational reasons.  The motor can
be a standard induction motor fitted with an electromechanical brake or it could be a special conical rotor machine.  In the
case of a conical rotor machine the spring-loaded brake is controlled by the motor terminal voltage as follows:

a) At rest the motor is braked;

b) When the motor is energised an axial component of the magnetic field, due to the conical air-gap, overcomes the force
of the brake spring and draws the rotor into the stator.  This axial displacement releases the brake and allows the motor
to accelerate like a normal induction motor;

c) When the motor is de-energised the magnetic field collapses and the brake spring displaces the rotor, pushing the brake
disc against the braking surface.

d) Inverters can be used to control the speed of conical rotor brake motors since the linear V/F characteristic maintains the
motor magnetic field constant over the speed range.  It will be necessary to set the FIXED BOOST parameter to
overcome motor losses at low speed.

8VLQJ�/LQH�&KRNHV

Line chokes are not required to limit input current to Eurotherm Drives inverters.   Controllers from 5.5kW ( 400v) or
2.2kW ( 230v) upwards are fitted with DC link chokes to limit the ripple current seen by the DC link capacitors and thus
prolong their life.

 Line chokes may be used to reduce the harmonic content of the supply current where this a particular requirement of the
application or where greater protection from mains borne transients is required.

8VLQJ�2XWSXW�&RQWDFWRUV

The use of output contactors is permitted. It is recommended that this type of operation be limited to emergency use only or
in a system where the drive can be inhibited before closing or opening this contactor.
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8VLQJ�0RWRU�&KRNHV

Installations with motor cable runs in excess of 50m may suffer from nuisance overcurrent trips.  This is due to the
capacitance of the cable causing current spikes to be drawn from the inverter output.  A choke may be fitted in the inverter
output which limits the capacitive current.  Screened cable has a higher capacitance and may cause problems in shorter runs.
The recommended choke values are shown in Table A.1.
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8VLQJ�0XOWLSOH�0RWRUV�2Q�$�6LQJOH�'ULYH

It is possible to use a single large inverter to supply several smaller motors provided that each individual motor has overload
protection.

The drive must be rated to supply the total
motor current .  It is not sufficient to
simply sum the power ratings of the
motors, since the drive has also to supply
the magnetising current for each motor.

Note that the overload device will not
prevent the motor overheating due to
inadequate cooling at low speed.  Force
vented motors may be required; consult
your motor supplier.

&DXWLRQ

MULTIPLE MOTOR INSTALLATIONS SHOULD RESTRICT THE TOTAL CABLE LENGTH AS FOLLOWS:

50M WITH NO OUTPUT CHOKE FITTED

300M WITH CHOKE AS RECOMMENDED IN TABLE A.1.

M1 M2

584S

OL1 OL2

M1/U M2/V M3/W

Fig. A.2 - Multiple Motors on a Single Drive
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+LJK�6WDUWLQJ�7RUTXH

Applications requiring high motor starting torque (greater than 100% of rated torque) need careful set up of the drive voltage
boost feature. For most motors a FIXED BOOST parameter setting of 6.0% is usually adequate. Setting the FIXED BOOST
parameter level too high can cause the drive current limit feature to operate. If this occurs, the drive will be unable to ramp
up in frequency. The OVERLOAD STATUS diagnostic will indicate OVERLOAD when the current limit feature is operating.
Simply reducing the level of the FIXED BOOST parameter will remove this problem. It is important to use the minimum
level of FIXED BOOST necessary to accelerate the load. Using a level of FIXED BOOST higher than necessary will lead
to increased motor heating and increased risk of drive overload.

It should be noted that motor torques greater than 100% require high currents to be drawn from the drive. Thus, the MOTOR
I LIMIT  parameter will have to be set accordingly such that the drive current limit feature will not activate when
accelerating the load.

The best motor starting performance can be achieved by setting up the drive SLIP COMP parameter. The procedure for
setting the SLIP COMP parameter is outlined in chapter 4. Also setting the BASE VOLTS parameter to 115.4% and the
SWITCHING FREQ parameter to 3kHz, can help to start difficult loads in the most extreme cases.
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$33(1',; % � 6(5,$/ &20081,&$7,216 237,21

This option provides an opto-isolated RS422/485 serial data port to allow an intelligent device to monitor or update the
parameters of a network of drives. The option takes the form of a PCB which is plugged into the drive control board at the
bottom right-hand side (refer to Figure B.1). The option board carries 6 screw terminals for the serial link connections.

The 584S supports both ASCII and Binary communication modes. ASCII is more commonly used so this section
concentrates mainly on ASCII communications.  Binary communications is explained later in this chapter.

6SHFLILFDWLRQ

Transmission Standard : RS485 (RS422) (bi-directional)
Protocol : ANSI-X3.28-2.5-B1
Data Rates : 300,600,1200,2400,4800 or 9600 baud
Character Format (300 to 9600 baud) : ASCII + 1 start, 1 parity and 1 stop bit [10 BIT]
Parity : Defaults to Even

RS422 RS485

(OHFWULFDO &RQQHFWLRQV ��ZLUH GLIIHUHQWLDO ��ZLUH GLIIHUHQWLDO

1R� RI GULYHUV DQG UHFHLYHUV
DOORZHG SHU OLQH

� GULYHU
�� UHFHLYHUV

�� GULYHUV
�� UHFHLYHUV

0D[LPXP FDEOH OHQJWK ����IW����� PHWUHV

NOTE:  RS485 supports multiple drivers however EI (Eurotherm International) protocol supports one driver.

7HUPLQDO�&RQQHFWLRQV
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5HDGLQJ 'DWD5HDGLQJ 'DWD

&RQWURO &KDUDFWHUV&RQWURO &KDUDFWHUV

Control Characters are ASCII binary codes which define actions rather than information. The six ASCII codes used are
defined in Table B.1.

7DEOH %�� � &RQWURO &KDUDFWHU 'HILQLWLRQV

$6&,,�+(; 0QHPRQLF 'HILQLWLRQ
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��

��

��

��

��

�67;�

�(7;�

�(27�

�(14�

�$&.�

�1$.�

6WDUW RI 7H[W

(QG RI 7H[W

(QG RI 7UDQVPLVVLRQ

(QTXLU\

3RVLWLYH $FNQRZOHGJH

1HJDWLYH $FNQRZOHGJH

(QTXLU\(QTXLU\

The computer initially has master status with the 584S in slave status. The computer begins communication by transmitting a
message, known as the "establish connection" message, which is represented by the following format:-

�(27� �*,'� �*,'� �8,'� �8,'� �&�� �&�� �(14�

These symbols are defined as follows:

(EOT) This control character resets all instruments on the link and causes them to examine
the next four transmitted characters  to see if they correspond with their group/unit
address identifiers.

(GID) These characters represent the group address identifier, repeated for security.

(UID) These characters represent the required unit address  identifier, repeated for security.
(Together GID and UID define the address of a particular instrument). If, for example,
GID = 3 and UID = 4, then the instrument to be addressed is number 34.

(CI)(C2) These characters specify the parameter by mnemonic.

(ENQ) This character indicates the end of the message, and that it  is an enquiry.

The transmission of this message initiates a response procedure from the 584S.
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9DOLG 5HVSRQVH RI WKH ���6 WR WKLV 0HVVDJH9DOLG 5HVSRQVH RI WKH ���6 WR WKLV 0HVVDJH

After the message has been sent, the computer adopts slave status and expects  to receive a reply from the 584S.  In so doing,
the 584S assumes Master status and, providing the 584S has successfully received the message in full, it  responds in the
following form:

�67;� �&�� �&�� �'�� �'�� �'�� �'Q� �(7;� �%&&�

which constitutes a message defined as:

(STX) Start of text.

(C1)(C2) Parameter specified by mnemonic.

(D1 to Dn) Value of the requested parameter (string may be of any length  as determined by the
data). The 584S responds with the shortest message which represents  the data value.
If the data value is an integer then it does not send a decimal point.  Trailing  zeros in
the decimal part are not sent.

(ETX) End of text.

(BCC) Block check character which is the character generated by taking  the exclusive OR of
the ASCII values of all the characters  transmitted after and excluding (STX) up to and
including  (ETX).

e.g.  if a message with (D1 - Dn) is 5 characters (BCC) = (C1) EOR (C2) EOR (D1)
EOR (D2) EOR  (D3) EOR (D4)  EOR (D5) EOR (ETX)

where EOR = Exclusive OR

The computer must check this (BCC) before accepting this reply as valid.  Also the software must be able to extract the
number from the data string taking into account the protocol of the data transmission.

NOTE:  If the 584S receives the message but does not recognise the mnemonic it  will respond with (EOT).
The (EOT) hands back control to the computer.

)XUWKHU (QTXLU\ DQG 7HUPLQDWLRQ)XUWKHU (QTXLU\ DQG 7HUPLQDWLRQ

The computer then assumes master status again and three options are  available:

1. Repeat Parameter Facility (NAK). If the computer transmits a (NAK) after the valid reply, it causes the 584S to repeat
the parameter that was just received.  This allows  continuous monitoring of the same parameter without having to
re-establish the connection.

2. Scroll Mode Facility (ACK). If the computer transmits an (ACK) after a valid 'reply', it causes the 584S to fetch the
next parameter from the parameter list.  This facility enables the computer to sequence continuously through all the
parameters of the 584S.

3. Terminate Communication (EOT). The termination procedure is entered when the selection of a particular  instrument
is no longer required or when a 584S does not respond to a  message or replies with an (EOT) character.  The
computer assumes Master  status and transmits an (EOT) character to enable all the instruments on  the data link to
respond to the next GID-UID address parameter.
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1R 5HVSRQVH1R 5HVSRQVH

Under certain circumstances the computer may not receive a response from the 584S.  This could be due to any of the
following reasons:

1. Group/Unit address identifiers not recognised.

2. An error (e.g. parity) is found in one or more of the characters up to and including ENQ.

3. Communications loop failure, perhaps due to noise or wrong baud rate being selected.

4. Hardware failure.

In these cases the computer should be programmed to "time-out", i.e. wait for  a response for a short time (160ms minimum)
before trying again.

The sequence diagram for the data read function is given in Figure B.2.
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Connection is established with a particular 584S by sending:

�(27� �*,'� �*,'� �8,'� �8,'�

followed immediately by the data transfer:

�67;� �&�� �&�� �'�� �'�� �'�� �'1� �(7;� �%&&�

(Note that the data transfer message is identical to that transmitted by a 584S when giving a "valid reply").
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The symbols of this message are defined as follows:

(STX) start of text character

(C1)(C2) parameter specified by mnemonic

(D1 to DN) parameter value

(ETX) end of text character

(BCC) Block Check Character (verification check digit which is again the exclusive OR of
(C1) to (ETX) inclusive and must be calculated by the computer before transmission)

5HVSRQVHV5HVSRQVHV

After transmission of the whole message, the 584S responds to it by sending  (ACK), (NAK) or by giving no reply.

1. Positive acknowledgement (ACK)

When the 584S has received the message, it performs the following tasks:

a) Checks for any parity errors in the message.

b) verifies that the (BCC) character corresponds to the data pattern received.

c) verifies that the (C1), (C2) command characters are a valid mnemonic that may  be written to.

d) verifies that the data (D1 to DN) is valid and not out-of-range*.

e) updates the selected parameter with the new value contained in the message.

Only when all these tasks have been successfully completed does the 584S send  the (ACK) response to the computer.
This signifies that the message was correctly received and implemented.

2. Negative acknowledgement (NAK)

If the message fails any of the above checks, the 584S sends (NAK) response to  the computer.  This signifies that the
message received by the 584S contained  an error and accordingly it has not updated the selected parameter.  One
possible reason is the incorrect calculation of (BCC).  At this point, the selected command may be repeated by sending
the data transfer string without  re-establishing connection, until the (ACK) response is received by the  computer.

*  Data out-of-range returns NAK and is discarded.

3. No Reply

Under certain circumstances, the computer may not receive a response from the  584S.  This could be due to any of the
following reasons:

1. Unit address identifiers not recognised.

2. An error (e.g. parity) is found in one or more of the characters up to and  including (BCC).

3. Communications loop failure perhaps due to noise or wrong baud rate selected.

4. Hardware failure.

In these cases the computer should be programmed to 'time-out', i.e. wait for  a response for a short time (160ms minimum)
before trying again.

The sequence diagram for the data send function is given in Figure B.3.
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7HUPLQDWLRQ7HUPLQDWLRQ

The termination procedure is used if the computer wishes to stop selecting a  particular 584S and establish connection with
another.  This is achieved by  sending the 'establish connection' sequence.  The computer retains Master  status and transmits
an (EOT) character to reset all instruments on the data  link to be responsive to the next GID-UID address parameter.
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Figure B.3 - Sending Data to the 584S

%LQDU\�&RPPXQLFDWLRQV

This mode has many similarities with the ASCII mode.  This document mainly concentrates on presenting those parts which
are different from the ASCII mode.

6SHFLILFDWLRQV6SHFLILFDWLRQV

&KDUDFWHU )RUPDW&KDUDFWHU )RUPDW

Each data-word is transmitted as 11 bits rather than adapting the 10-bit  format used by the ASCII mode.  This is because a
control bit  is used which is cleared in control characters and set in data characters.  The  format is as follows:

1 Start bit (lo)
7 Data bits (LSB first)
1 Control bit*
1 Even parity bit
1 Stop bit (hi)

* Logic 0 = Control character
* Logic 1 = Data character

7KH 0HVVDJH7KH 0HVVDJH

The message received from the supervisor can be in any of several types.   They can be divided into two categories:
a) "main  messages"
b) "continuation messages"

Before  presenting the format of these messages, the following gives the symbols  they use.  These symbols used in the
messages are divided into two types; "control  characters" and "data characters".
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&RQWURO &KDUDFWHUV&RQWURO &KDUDFWHUV

(EOT) Indicates the end of transmission.  It therefore clears the line and is sent by the Master
at the start of a new message.

(STX) This is the start of text character.

(ENQ) This is the enquiry character.  It is sent by the Master as the last character of any type
of polling message.

(ETX) This is the end of text character.  It is followed by another character containing the
checksum.

(ETB) This is the end of block character.  It is sent by the 584S instead of the (ETX) when it
wishes to reply to a multi parameter enquiry.  The (ETB) indicates the end of a block,
but not the end of a message.  Each block contains information on up to eight
parameters.  The (ETB) is used to reply to enquiry polling and multi-parameter polling
(these are explained in "TYPES OF MESSAGES").

(ACK) This is the positive acknowledgement character.

(NAK) This is the negative acknowledgement character.

'DWD &KDUDFWHUV'DWD &KDUDFWHUV

(INO) This is the instrument number.  It contains the address of the slave drive and is equivalent to the combination
of the GID, UID characters of the ASCII mode.

(PNO) This is the parameter number.  It is equivalent to the combination of the C1 and C2 characters of the ASCII
mode  and is sent as a hexadecimal number rather than two ASCII  characters.

(D1), (D2) These three characters contain both the value and the mode  number.  The format is explained in
and (D3) "DATA FORMAT ".

(CCC) This is the connection check control character.  It  contains the checksum of all the characters following the
(EOT) character in the message.

(BCC) Block check character which is generated by  taking the Exclusive OR of the ASCII values of all  character
transmitted after and excluding (STX) up to and  including (ETX)



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

7\SHV RI 0HVVDJHV7\SHV RI 0HVVDJHV

As described above there are two types of message:

0DLQ 0HVVDJHV0DLQ 0HVVDJHV

The main messages are in four types:

1. Selection

The supervisor writes to one parameter.

�(27� �,12� �&&&� �67;� �312� �'�� �'�� �'�� �(7;� �%&&�

where the (BCC) character contains the checksum of all characters  following the (STX).

2. Polling

The supervisor requests to read the value of one parameter.

�(27� �,12� �312� �&&&� �(14�

3. Enquiry Polling

The supervisor requests to read all those parameters in block 1 that have  changed since the last read by an amount
greater than or equal to  changeband (PNO 4).

�(27� �,12� �&&&� �(14�

4. Multi-parameter polling

The supervisor requests to read a given number of parameters.  That  number is referred to as the count number
("CNO"), it is included in the request message and the reply will be sent by the drive in blocks of up to 8 parameters.

�(27� �,12� �312� �&12� �&&&� �(14�

NOTE:  The CCC is the checksum of the characters following an (EOT) and is therefore equal to (INO) in
selection and enquiry-polling  messages.

If PNO is the first in a block (i.e. 0, 8, 16, etc.) and CNO = 8, then a pseudo - enquiry poll is performed on the block,
controlled by PNO 7.  Further details are given in the 'Serial Link' menu option described in Chapter 4.

&RQWLQXDWLRQ PHVVDJHV�&RQWLQXDWLRQ PHVVDJHV�

In addition to the above, there are two types of continuation message (sent by the supervisor).

1. Next : (send next item from a list)
Only valid if sent following a multi-parameter poll.
(ACK)

2. Repeat : (repeat last reply)
Only valid if sent following any type of poll.  It requests a  repetition of the previous 
reply. (NAK)
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'DWD )RUPDW'DWD )RUPDW

Data values are presented in three consecutive characters, D1, D2 and  D3.  These characters include the mode name as well
as the value read from, or to be written to, one of the parameters.  A data character is  represented by setting its MSB (bit 7).
The contents of these characters  are as follows:

D1 : bits 2 to 6 : mode number
Number format is:
0 = XXXX
1 = XXX.X
2 = XX.XX
3 = X.XXX
4 = .XXXX

bits 0 and 1 : bits 14 and 15 of the value.

D2 : bits 0 to 6 : bits 7 to 13 of the value.

D3 : bits 0 to 6 : bits 0 to 6 of the value.

%DXG 5DWH�%DXG 5DWH�

This can be any one of 6 values: 300, 600, 1200, 2400, 4800 or 9600 baud

6HULDO 7UDQVPLVVLRQ6HULDO 7UDQVPLVVLRQ

During serial communications, the 584S acts as a slave and replies to messages sent from a supervisor.  It responds by
transmitting a reply which can be one of two types:

a. one character

It can be one of the following:

1. (ACK) : sent after the correct reception of a  selection message.
2. (NAK) or (EOT) : in the case of detecting a fault.

b. more than one character

This is the case when sending a reply to any type of a polling message. The reply is in the form:

�67;� �312� �'�� �'�� �'�� �(7;� �%&&�

In the case of multi-parameter polling, the reply can consist of more than one  message.  Such a reply is divided into a group
of messages (blocks).  The  (ETX) character is only sent at the end of the last message.  In other  messages, the (ETX) is
replaced by an (ETB) to indicate an end of a block  rather than the end of reply, as explained earlier.



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

6HULDO�/LQN�0QHPRQLFV�$QG�3DUDPHWHU�1XPEHU�$OORFDWLRQ

(XURWKHUP *URXS 6WDQGDUG 3DUDPHWHUV(XURWKHUP *URXS 6WDQGDUG 3DUDPHWHUV

Each of the Eurotherm Group instruments which support ASCII protocol contains a minimum set of parameters.  These are
known as the Prime Set and allow access to the following:

0QHPRQLF 'HVFULSWLRQ $FFHVV )XQFWLRQ

%/ %XIIHU OHQJWK 5�2 5HWXUQV ����
��
LQGLFDWLQJ WKDW ERWK WUDQVPLW DQG

UHFHLYH EXIIHUV DUH ��
��
E\WHV ORQJ�

&, &RQILJXUDWLRQ
,QIRUPDWLRQ

5�2 5HWXUQV �&&&
��
LQGLFDWLQJ WKDW WKH GULYH VXSSRUWV

ERWK IL[HG DQG YDULDEOH OHQJWK GDWD IRUPDWV� DQG
WKDW WKH GULYH LV D VLQJOH�IXQFWLRQ GHYLFH�

(( (UURU UHSRUW 5�: 5HWXUQV RQH RI WKH IROORZLQJ WR LQGLFDWH WKH VWDWXV
RI VHULDO OLQN WUDQVPLVVLRQV �

��&� 1R HUURUV
��&� 8QNQRZQ PQHPRQLF
��&� %ORFN FKHFN FKDUDFWHU IDLO
��&� 3DULW\ HUURU RQ UHFHLYHG GDWD
��&� )UDPLQJ RU RYHUUXQ HUURU
��&� $WWHPSW WR ZULWH WR D UHDG�RQO\ PQHPRQLF
��&� ,QYDOLG PHVVDJH IRUPDW
��&� 9DOXH LQ VHOHFWLRQ PHVVDJH RXW RI UDQJH

:ULWLQJ DQ\ YDOXH WR PQHPRQLF (( UHVHWV LW
WR ��&��

,, ,QVWUXPHQW 5�: 5HWXUQV WKH YDOXH RI D SDUDPHWHU� WKH GHIDXOW YDOXH
RI ZKLFK LV ����

��
�

01 0RGH 1XPEHU 5�2 5HWXUQV D IL[HG YDOXH ��&� �WKH IXOO (XURWKHUP
VWDQGDUG LV QRW VXSSRUWHG��

92 9HUVLRQ 1XPEHU 5�2 5HWXUQV WKH LVVXH QXPEHU LQ WKH XSSHU WZR
FKDUDFWHUV� DQG WKH UHOHDVH QXPEHU LQ WKH ORZHU
WZR FKDUDFWHUV� )RU H[DPSOH LVVXH ��� UHWXUQV
�����

In addition to the Prime Set, each drive or instrument supports an application set of parameters to allow fast access to
commonly required variables such as:

a. Process variables.

b. Setpoints.

c. PI gains.

All parameters can be found by polling the instrument identifier parameter and then sequentially polling until the instrument
identifier parameter is repeated.  This will result in a circular list that contains all supported by the instrument.
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312�$OORFDWLRQ

%ORFN �� �%LQDU\ 3URWRFRO 2QO\�%ORFN �� �%LQDU\ 3URWRFRO 2QO\�

312 $FFHVV 'HVFULSWLRQ

� 5�2 ,QVWUXPHQW ,GHQWLILHU� 6DPH DV $6&,, PQHPRQLF ,,�

� 5�: (UURU UHSRUW� 6DPH DV $6&,, PQHPRQLF ((

� 5HVHUYHG

� 5�2 2SWLRQ 9HUVLRQ RI ILHOG EXV RSWLRQ�

� 5�: &KDQJHEDQG� ,Q DQ HQTXLU\ SROO RU SVHXGR�HQTXLU\ SROO 5�: �VHH 312 ��� D YDOXH
PXVW KDYH FKDQJHG E\ DQ DPRXQW HTXDO WR RU JUHDWHU WKDQ WKH K\VWHUHVLV EHIRUH LW
ZLOO EH UHSRUWHG� +\VWHUHVLV LV PHDVXUHG LQ WKH VPDOOHVW XQLWV DSSOLFDEOH WR HDFK
SDUDPHWHU� )RU H[DPSOH� LI K\VWHUHVLV  ��� WKHQ D SDUDPHWHU ZLWK RQH GHFLPDO
SRLQW PXVW FKDQJH E\ ���� DQG D SDUDPHWHU ZLWK WZR GHFLPDO SRLQWV PXVW FKDQJH E\
���� EHIRUH WKH\ ZLOO EH UHSRUWHG

� 5�2 6HULDO OLQN FRQILJXUDWLRQ�

%LW QRV� 'HVFULSWLRQ

� � � %DXG UDWH �  ���

�  ���

�  ����

�  ����

�  ����

�  ���� �GHIDXOW�

� � �� 5HVHUYHG

� 5�2 )LHOG %XV RSWLRQ �QHWZRUN� DGGUHVV�

� 5�: &RQWURO ZRUG IRU PXOWL�SDUDPHWHU SROOLQJ� )RU WKH SXUSRVH RI PXOWL�SDUDPHWHU SROOLQJ�
WKH 312V DUH DUUDQJHG LQ �� EORFNV RI �� %LW � RI WKLV SDUDPHWHU FRQWUROV EORFN �
�312 � WR ��� ELW � FRQWUROV EORFN � �312 � WR ��� ELW �� FRQWUROV EORFN �� �312 ���
WR �����

:KHQ D ELW LV � �GHIDXOW�� D PXOWL�SDUDPHWHU SROO RQ WKLV EORFN RSHUDWHV QRUPDOO\�

:KHQ D ELW LV �� D PXOWL�SDUDPHWHU SROO RQ WKLV EORFN ZLWK 312  PXOWLSOH RI �� DQG
&12  � SHUIRUPV DQ HQTXLU\ SROO LQVWHDG �D SVHXGR�HQTXLU\ SROO��
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�� �$ �� 5�2 � �� [[[�[[ � (;7 72548( /,0,7 ���
�� �% �� 5�2 � �� [[[�[[ � ,19(57(5 )5(48(1&< ���
�� �& �� 5�2 � �� [[[�[[ � 63((' 6(732,17 ���
�� �' �� 5�2 � �� [[[�[ � ,19(57(5 )5(48(1&< �+]�
�� �( �� 5�2 � �� [[[�[ � 63((' 6(732,17 �+]�
�� �) �� 5�2 � �� [[[[[ � '5,9( 67$786

� � � � '5,9( 67233('
� � � � '5,9( 5811,1*
� � � � '5,9( $7 =(52 63(('
� � � � '5,9( $7 63((' 6(732,17
� � � � '5,9( 5811,1* :,7+ ,
7

:$51,1*
� � � � 5(6(59('
� � � � 5(6(59('
� � � � (;7(51$/ 75,3
� � � � '�&� /,1. 29(592/7$*( 75,3
� � � � '�&� /,1. 81'(592/7$*( 75,3
� � �� � 29(5&855(17 75,3
� � �� � ,
7 75,3
� � �� � 67$// 75,3
� � �� � ����0$ &21752/ 75,3
� � �� � +($76,1. 29(57(03 75,3
� � �� � 02725 29(57(03 75,3
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�� �� �� 5�: � �� [[[�[ ���
������

5$03 '2:1 7,0( �VHF�

�� �� � 5�:
�

� �� [[[�[[ �
������

0$; 63((' ���

�� �� � 5�:
�

� �� [[[�[[ �
������

0,1 63((' ���

�� �� �� 5�: � �� [[[�[[ �����
������

02725 &855(17 /,0,7 ���

�� �� �� 5�:
�

� �� [[[�[[ ����
������

%$6( )5(48(1&< ���

�� �� �� 5�: � �� [[[�[[ ����
�����

),;(' %2267 ���
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� � � �� � 6723 %87721
� � � �� � 67$57 %87721
� � � �� � �� 5(6(59('



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

%ORFN � �%ORFN � �

312 $6&,,
PQHPRQLF

7DJ
1R�

$FFHVV %LW
QXPEHU

$6&,,
GDWD
IRUPDW

%LQDU\
GDWD
IRUPDW

/LPLWV 'HVFULSWLRQ

�� �� � 5�: � �� [[[�[[ �������
������

35(6(7 63((' � ���

�� �� � 5�: � �� [[[�[[ �������
������

35(6(7 63((' � ���

�� �$ �� 5�: � �� [[[�[[ �������
������

35(6(7 63((' � ���

�� �% �� 5�: � �� [[[�[[ �������
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,
7 7+5(6+2/' ���

�� �' � 5�: � �� [[[�[[ �������
������

$8; 6(732,17 ���

�� �( ��� 5�: � �� [[[�[[ �������
������
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63((' 63 �530�

�
�
0$18$/ 63 �+=�

�
�
$872 63 �+=�

�� �& �� 5�: � �� [�[[ ����
����

67$%,/,6$7,21 ���

�� �' ��� 5�: � �� [[[[�[ ���
������

67$// 75,3 7,0(
�6(&�

�� �( ��� 5�: � �� [[[�[[ �����
������

23 &855(17 &$/
���

�� �) � � �� [[[[[ �1RWH ��
� ��� 5�: � � → � 5(*(1 /,0 6(/(&7

� ��� 5�: � � → � 5$03 +2/'
6(/(&7

� ��� 5�: � � → � 67$// 75,3 (1$%/(

� ���� � 5(6(59('



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

%ORFN �%ORFN �

312 $6&,,
PQHPRQLF

7DJ
1R�

$FFHVV %LW 1R� $6&,,
GDWD
IRUPDW

%LQDU\
GDWD
IRUPDW

/LPLWV 'HVFULSWLRQ

�� �� ��� 5�: � �� [[[�[[ �����
������

,
7 833(5 /,0,7 ���

�� �� ��� 5�: � �� [[�[ ���
����

,
7 7,0( �VHF�

�� �� ��� 5�: � �� [[[�[[ ����
������

%5$.( 5(/$< 21 /2$' /(9(/
���

�� �� ��� 5�: � �� [[[�[[ ����
������

%5$.( 5(/$< 21 )5(48(1&<
/(9(/ ���

�� �� ��� 5�: � �� [[[�[[ ����
������

%5$.( 5(/$< 2)) )5(48(1&<
/(9(/ ���

�� �� ��� 5�: � �� [�[[[[ ������
�������

$872 6(732,17 5$7,2

�� �� ��� 5�: � �� [�[[[[ ������
�������

$872 6(732,17 ',9,'(5

�� �� 5(6(59('

%ORFN �%ORFN �

312 $6&,,
PQHPRQLF

7DJ
1R�

$FFHVV %LW 1R� $6&,,
GDWD
IRUPDW

%LQDU\
GDWD
IRUPDW

/LPLWV DQG YDOXHV 'HVFULSWLRQ

� 0,1 72 0$; 5$03 287387
�� �� ��� 5�: � �� � � 72 /,0,7 )5(4 7(50,1$/

� � 72 0$; &+2,&(
� /,1($5 5$03

�� �� ��� 5�:� � �� � 3$5$%2/,& 5$03 5$03 7<3(
� 6 5$03

�� �$ ��� 5�: � �� [[[�[[ ������
� ������

0$; 023 63(('
���

�� �% ��� 5�: � �� [[[�[[ ������
�������

0,1 023 63(('
���

�� �& ��� 5�: � �� [[[�[[ ������
�������

023 35(6(7
63((' ���

�� �' ��� 5�: � �� [[[�[[ ������
�

=(52 63(('
7+5(6+2/'

�� �( ��� 5�: � �� [[[�[[ ������
�

$7 63(('
7+5(6+2/'

�� �) 5(6(59('



&KDSWHU � � $SSHQGLFHV

� � �� ���6 )UHTXHQF\ ,QYHUWHU

%ORFN ��%ORFN ��

312 $6&,,
PQHPRQLF

7DJ
1R�

$FFHVV %LW 1R� $6&,,
GDWD
IRUPDW

%LQDU\
GDWD
IRUPDW

/LPLWV DQG YDOXHV 'HVFULSWLRQ

�� �� ��� 5�: � �� [[[�[[ �������
������

35(6(7 63((' �
���

�� �� ��� 5�: � �� [[[�[[ �������
������

35(6(7 63((' �
���

�� �� ��� 5�: � �� [[[�[[ �������
������

35(6(7 63((' �
���

�� �� ��� 5�: � �� [[[�[[ �������
������

35(6(7 63((' �
���

� � 35(6(7 	 -2*
�� �� ��� 5�:� � �� � � 35(6(76 5(&21),* ,�36

� ',*,7$/ 023 	
35(6(7

�� �� ��� 5�: � �� [[[�[[ ������
�

/2$' 7+5(6+2/'
���

�� �� ��� 5�: � �� [[[�[[ ������
�

)(('%$&. 63(('
7+5(6+2/' ���

�� �� ��� 5�: � �� [[[[[ ))))
�

$872 5(67$57
75,3 0$6.

%ORFN ���%ORFN ���

312 $6&,,
PQHPRQLF

7DJ
1R�

$FFHVV %LW 1R� $6&,,
GDWD
IRUPDW

%LQDU\
GDWD
IRUPDW

/LPLWV DQG YDOXHV 'HVFULSWLRQ

�� �� ��� 5�: � �� [[[�[[ �����
���

$872 5(67$57
$77(037 '(/$<
�6�

�� �� ��� 5�: � �� [[ ��
�

$872 5(67$57
180%(5 2)
$77(0376

�� �$ ��� 5�2 � �� [[ � $872 5(67$57
$77(0376 /()7

�� �% ��� 5�: � �� [[[�[ ������
���

$872 5(67$57
&$1&(/ 7,0(

�� �& 5(6(59('
�� �' 5(6(59('
�� �( 5(6(59('
�� �) � � �� [[[[[ �1RWH ��

� ��� 5�: � �Æ � $872 5(67$57
(1$%/(

� � �Æ�� 5(6(59('



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

%ORFNV �� 	 ���%ORFNV �� 	 ���

312 $6&,,
PQHPRQLF

7DJ
1R�

$FFHVV %LW
1R�

$6&,,
GDWD
IRUPDW

%LQDU\
GDWD
IRUPDW

/LPLWV 'HVFULSWLRQ

�� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

�� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

�� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

�� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

��� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

��� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

��� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

��� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

��� �� �� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

��� �� ��� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& ���

��� �$ ��� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& �$�

��� �% ��� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& �%�

��� �& ��� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& �&�

��� �' ��� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& �'�

��� �( ��� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& �(�

��� �) ��� 5�: � �� [[[[[ � → ��� 32,17(5 )25 312 ��� �01(021,& �)�

%ORFNV �� 	 ���%ORFNV �� 	 ���

These blocks on PNOs and mnemonics are configurable. The tags to which they point are defined by PNOs 60 to 6F in
blocks 12 and 13.

312 $6&,,
PQHPRQLF

7DJ
1R�

$FFHVV %LW
1R�

$6&,,
GDWD
IRUPDW

%LQDU\
GDWD
IRUPDW

/LPLWV 'HVFULSWLRQ

��� �� �312 ��� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ��� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ��� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ��� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& �
��� �� �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& ��
��� �$ �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& ��
��� �% �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& ��
��� �& �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& ��
��� �' �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& ��
��� �( �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& ��
��� �) �312 ���� 
 � 
 
 
 &21),*85$%/( 01(021,& ��

* = The access, data format and limits depend on the tag to which the corresponding pointer points.



&KDSWHU � � $SSHQGLFHV

� � �� ���6 )UHTXHQF\ ,QYHUWHU

7DJ�/LVW

7DJ 'HVFULSWLRQ 'HIDXOW 0LQ 0D[ 8VHU
6HWWLQJ

� 8QDOORFDWHG � � � � �

� (SURP YHUVLRQ QXPEHU � � � 52 �

� 0DQXDO VHWSRLQW VHOHFW �9 WR ��9 � �� 5:

� $XWR VHWSRLQW VHOHFW �P$ WR ��P$ � � 5:

� /LPLW IUHTXHQF\ VHOHFW ���+] � � 5:

� $X[ VSHHG VHWSRLQW ����� �������� ������� 5:

� 0D[ VSHHG ������ �� ������� 5:

� 0LQ VSHHG ����� �� ������� 5:

� 3UHVHW VSHHG � ����� �������� ������� 5:

� 3UHVHW VSHHG � ����� �������� ������� 5:

�� 3UHVHW VSHHG � ����� �������� ������� 5:

�� 3UHVHW VSHHG � ����� �������� ������� 5:

�� %DVH VSHHG ������ ����� ������� 5:

�� 5DPS GRZQ WLPH ����V ���V ������V 5:

�� 5DPS XS WLPH ����V ���V ������V 5:

�� 6WRSSLQJ PRGH 5DPS GRZQ � � 5:

�� 9I FKDUDFWHULVWLF /LQHDU ODZ � � 5:

�� 0RWRU FXUUHQW OLPLW ������� ������ ������� 5:

�� )L[HG %RRVW ����� �� ������ 5:

�� 6NLS IUHTXHQF\ � FHQWUH ����� �� ������� 5:

�� 6NLS IUHTXHQF\ � FHQWUH ����� �� ������� 5:

�� 6NLS IUHTXHQF\ � FHQWUH ����� �� ������� 5:

�� 6NLS IUHTXHQF\ � FHQWUH ����� �� ������� 5:

�� 6NLS IUHTXHQF\ � GHOWD ����� �� ����� 5:

�� 6NLS IUHTXHQF\ � GHOWD ����� �� ����� 5:

�� 6NLS IUHTXHQF\ � GHOWD ����� �� ����� 5:

�� 6NLS IUHTXHQF\ � GHOWD ����� �� ����� 5:

�� 6NLS IUHTXHQF\ � VHOHFW 'LVDEOHG � � 5:

�� 6NLS IUHTXHQF\ � VHOHFW 'LVDEOHG � � 5:

�� 6NLS IUHTXHQF\ � VHOHFW 'LVDEOHG � � 5:

�� 6NLS IUHTXHQF\ � VHOHFW 'LVDEOHG � � 5:

�� ,
W WKUHVKROG ������� ������ ������� 5:

�� 6ZLWFK IUHTXHQF\ VHOHFW �N+] � � 5:

�� 00, PHQX GHOD\ �� � ��� 5:

�� 5HVHUYHG



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

7DJ 'HVFULSWLRQ 'HIDXOW 0LQ 0D[ 8VHU
6HWWLQJ

�� 5HVHUYHG � � � � �

�� 5HOD\ � FRQILJXUDWLRQ =HUR VSHHG � � 5:

�� 5HOD\ � FRQILJXUDWLRQ $W VSHHG � � 5:

�� 'ULYH FXUUHQW � �������� ������� 52

�� ,QYHUWHU IUHTXHQF\ � �������� ������� 52

�� (QWHU SDVVZRUG �[���� � )))) 5:

�� &KDQJH SDVVZRUG �[���� � )))) 5:

�� 5HVHUYHG � � � � �

�� )UDPS WLPH ���V ���V ������V 5:

�� ([WHUQDO WRUTXH OLPLW VHOHFW 'LVDEOHG � � 5:

�� 5HVHUYHG � � � � �

�� 5HVHUYHG � � � � �

�� 5HVHUYHG � � � � �

�� 5HVHUYHG � � � � �

�� 5HVHUYHG � � � � �

�� 5HVHUYHG � � � � �

�� 5HVHUYHG � � � � �

�� 5HVHUYHG � � � � �

�� 6OLS FRPSHQVDWLRQ ���+] �� ����� 5:

�� 6WDELOLVDWLRQ ���+] �� ����� 5:

�� $X[ UXQ (QDEOHG � � 5:

�� $X[ IUDPS (QDEOHG � � 5:

�� $X[ GLUHFWLRQ (QDEOHG � � 5:

�� 'ULYH VWDWXV � � )))) 52

�� 'LJLWDO LQSXWV � � ��)) 52

�� 'ULYH ORDG � �������� ������� 52

�� 6SHHG VHWSRLQW � �������� ������� 52

�� ([WHUQDO WRUTXH OLPLW � �� ������� 52

�� 5HVHUYHG � � � � �

�� 5HVHUYHG � � � � �

�� 3� VHULDO OLQN HQDEOH (QDEOHG � � 52

�� 3� VHULDO OLQN HQDEOHG (QDEOHG � � 52

�� 3� *,' � � � 52

�� 3� *,' � � � 52

�� 3� 8,' � � �� 52

�� 3� 8,' � � �� 52



&KDSWHU � � $SSHQGLFHV

� � �� ���6 )UHTXHQF\ ,QYHUWHU

7DJ 'HVFULSWLRQ 'HIDXOW 0LQ 0D[ 8VHU
6HWWLQJ

�� 3� PRGH $6&,, � � 52

�� 3� PRGH $6&,, � � 52

�� 3� EDXG ���� � � 52

�� 3� EDXG ���� � � 52

�� 3� HVS VXSSRUW �$6&,,� 'LVDEOHG � � 5:

�� 3� HVS VXSSRUW �$6&,,� 'LVDEOHG � � 5:

�� 3�FKDQJHEDQG �ELQ� ���� �� ������� 5:

�� 3� FKDQJHEDQG �ELQ� ���� �� ������� 5:

�� 3� HUURU UHSRUW � � )))) 52

�� 3� HUURU UHSRUW � � )))) 52

�� 3� SQR�� �[)))) � )))) 5:

�� 3� SQR�� �[)))) � )))) 5:

�� 3� SDULW\ (YHQ � � 52

�� 6SHHG VHWSRLQW �+]� � ������+] �����+] 52

�� ,QYHUWHU IUHTXHQF\ �+]� � �������� ������� 52

�� 6HULDO OLQN VHWSRLQW ���+] �������� ������� 5:

�� 6HULDO OLQN EXIIHU OHQJWK � � )))) 52

�� 6HULDO OLQN FRQILJ LQIRUPDWLRQ � � )))) 52

�� 6HULDO OLQN LQVWUXPHQW LGHQWLILHU � � )))) 52

�� 6HULDO OLQN PRGH QXPEHU � � )))) 52

�� 3RLQWHU IRU SQR ��� � RU ���
 � ��� 5:

�� 3RLQWHU IRU SQR ��� � � ��� 5:

�� 3RLQWHU IRU SQR ��� � � ��� 5:

�� 3RLQWHU IRU SQR ��� � � ��� 5:

�� 3RLQWHU IRU SQR ��� � � ��� 5:

�� 3RLQWHU IRU SQR ��� � � ��� 5:

�� 3RLQWHU IRU SQR ��� � � ��� 5:

�� 3RLQWHU IRU SQR ��� � � ��� 5:

�� 3RLQWHU IRU SQR ��� � � ��� 5:

��� 3RLQWHU IRU SQR ��� � � ��� 5:

��� 3RLQWHU IRU SQR ��� � � ��� 5:

��� 3RLQWHU IRU SQR ��� � � ��� 5:

��� 3RLQWHU IRU SQR ��� � � ��� 5:

��� 3RLQWHU IRU SQR ��� � � ��� 5:

��� 3RLQWHU IRU SQR ��� � � ��� 5:

��� 3RLQWHU IRU SQR ��� � � ��� 5:

*  Factory Default



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

7DJ 'HVFULSWLRQ 'HIDXOW 0LQ 0D[ 8VHU
6HWWLQJ

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HJHQ FXUUHQW OLPLW �������� �������� ������� 5:

��� 5HJHQ FXUUHQW OLPLW VHOHFW (QDEOHG � � 5:

��� )HHGEDFN VRXUFH 1RQH � � 5:

��� 3ROH SDLUV � � � 5:

��� (QFRGHU OLQHV ���� � ����� 5:

��� 6SHHG IHHGEDFN �USP� � ������ ����� 52

��� 6SHHG IHHGEDFN � �������� ������� 52

��� (QFRGHU VLJQ 3RVLWLYH � � 5:

��� 2SWLRQ YHUVLRQ ���� � ������ 52

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 2SWLRQ DGGUHVV � � ����� 52 �

��� 5DPS KROG VHOHFW 'LVDEOHG � � 5:

��� ((3520 ZULWH �SDUDPHWHU VDYH� ,QDFWLYH � � 5:

��� 5HVHUYHG � � � � �

��� %DVH YROWV ������� �� ������� 5:

��� 0HQX SRVLWLRQ 0LFUR $& GULYH � �� 5:

��� 6WDOO HQDEOH (QDEOHG � � 5:

��� 6WDOO WULS WLPH �����V ���V ������V 5:

��� 5HVHUYHG � � � � �

��� 2S FXUUHQW FDO ������� ������ ������� 5:

��� ,
W XSSHU OLPLW ������� ������ ������� 5:

��� ,
W WLPH ����V ���V ����V 5:

��� 5HVHUYHG � � � � �

��� %UDNH UHOD\ RQ ORDG OHYHO ������ �� ������� 5:

��� %UDNH UHOD\ RQ IUHTXHQF\ OHYHO ����� �� ������� 5:

��� %UDNH UHOD\ RII IUHTXHQF\ OHYHO ����� �� ������� 5:

��� 5HVHUYHG � � � � �



&KDSWHU � � $SSHQGLFHV

� � �� ���6 )UHTXHQF\ ,QYHUWHU

7DJ 'HVFULSWLRQ 'HIDXOW 0LQ 0D[ 8VHU
6HWWLQJ

��� 5DPS RXWSXW WHUPLQDO FKRLFH 0LQ WR PD[ � � 5:

��� 5HVHUYHG � � � �

��� 7RUTXH PRGH &RQVW WRUTXH � � 52

��� $XWR ERRVW HQDEOH 'LVDEOHG � � 5:

��� 5HVHUYHG � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� =HUR VSHHG UHOD\ WKUHVKROG ����� �� ������� 5:

��� $W VSHHG UHOD\ WKUHVKROG ����� �� ������� 5:

��� 3UHVHW VSHHG � ����� �������� ������� 5:

��� 3UHVHW VSHHG � ����� �������� ������� 5:

��� 3UHVHW VSHHG � ����� �������� ������� 5:

��� 3UHVHW VSHHG � ����� �������� ������� 5:

��� -RJ VSHHG ����� �������� ������� 5:

��� 5HFRQILJ L�SV � SUHVHWV 	 MRJ � � 5:

��� $X[ MRJ (QDEOHG � � 5:

��� 0D[ PRS VSHHG ������� �������� ������� 5:

��� 0LQ PRS VSHHG ����� �������� ������� 5:

��� 0RS SUHVHW VSHHG ����� �������� ������� 5:

��� 6�UDPS � ������� �� ������� 5:

��� 5DPS W\SH /LQHDU UDPS � � 5:

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� /RDG UHOD\ WKUHVKROG ������ �� ������� 5:

��� )HHGEDFN VSHHG UHOD\ WKUHVKROG ����� �� ������� 5:



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

7DJ 'HVFULSWLRQ 'HIDXOW 0LQ 0D[ 8VHU
6HWWLQJ

��� &KDQJH WRUTXH PRGH ,QDFWLYH � � 5:

��� 3,' GHULYDWLYH WF �����V �V ������V 5:

��� 3,' LQWHJUDO WF ����V ����V ������V 5:

��� 3,' ILOWHU WF �����V �V ������V 5:

��� 3,' SURS JDLQ ��� � ����� 5:

��� 3,' SRVLWLYH OLPLW ������� �� ������� 5:

��� 3,' QHJDWLYH OLPLW �������� �� �������� 5:

��� 3,' R�S VFDOHU �WULP� ������ ������� ������ 5:

��� 3,' HQDEOH 'LVDEOHG � � 5:

��� 3,' LQWHJUDO GHIHDW 2II � � 5:

��� 3,' LQSXW � ����� �������� ������� 5:

��� 3,' LQSXW � ����� �������� ������� 5:

��� 3,' UDWLR� ������ ������� ������ 5:

��� 3,' UDWLR � ������ ������� ������ 5:

��� 3,' GLYLGHU � ������ ������� ������ 5:

��� 3,' GLYLGHU � ������ ������� ������ 5:

��� 3,' HUURU � �������� ������� 52

��� 3,' FODPSHG � � � 52

��� 3,' RXWSXW � �������� ������� 52

��� 3,' VS FKRLFH 1RQH � � 5:

��� 3,' IE FKRLFH 1RQH � � 5:

��� 3,' RS FKRLFH 1RQH � � 5:

��� 7ULP FKRLFH 0DQXDO 	 DXWR � � 5:

��� 3,' RS PRGH 8QLSRODU � � 5:

��� $XWR UHVWDUW HQDEOH 'LVDEOHG � � 5:

��� $XWR UHVWDUW DWWHPSW GHOD\ ����V ���V �����V 5:

��� )O\FDWFKLQJ (QDEOH 'LVDEOHG � � 5:

��� 6SHHG VHWSRLQW �USP� � ������ ����� 52

��� 0DQXDO VSHHG VHWSRLQW � �������� ������� 52

��� $XWR VSHHG VHWSRLQW � �������� ������� 52

��� $XWR UHVWDUW WULS PDVN �[�)�� � )))) 5:

��� $XWR UHVWDUW QXPEHU RI DWWHPSWV � � �� 5:

��� $XWR UHVWDUW FDQFHO WLPH �����V ���V �����V 5:

��� 0DQXDO VHWSRLQW UDWLR ������ ������� ������ 5:

��� 0DQXDO VHWSRLQW GLYLGHU ������ ������� ������ 5:

��� $XWR VHWSRLQW UDWLR ������ ������� ������ 5:



&KDSWHU � � $SSHQGLFHV

� � �� ���6 )UHTXHQF\ ,QYHUWHU

7DJ 'HVFULSWLRQ 'HIDXOW 0LQ 0D[ 8VHU
6HWWLQJ

��� $XWR VHWSRLQW GLYLGHU ������ ������� ������ 5:

��� $XWR UHVWDUW DWWHPSWV OHIW � � �� 52

��� )O\FDWFKLQJ VHDUFK YROWV ������ �� ������� 5:

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� )O\FDWFKLQJ VHDUFK WLPH ���V ���V ����V 5:

��� )O\FDWFKLQJ UHIOX[ WLPH ���V ���V ����V 5:

��� )O\FDWFKLQJ VHDUFK PRGH %LGLUHFWLRQDO � � 5:

��� 5HVHUYHG � � � � �

��� )O\FDWFKLQJ PLQ VHDUFK VSHHG ����� �� ������� 5:

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� /RFDO VSHHG VHWXS ����� �� ������� 5:

��� /RFDO VSHHG VHWSRLQW ����� �� ������� 5:

��� &RQWURO PRGH 5HPRWH � � 5:

��� /RFDO GLUHFWLRQ VHWXS )RUZDUG � � 5:

��� /RFDO PRGH VHWXS 'LVDEOHG � � 5:

��� 6WDUW EXWWRQ (QDEOHG � � 5:

��� 6WRS EXWWRQ (QDEOHG � � 5:

��� -RJ EXWWRQ (QDEOHG � � 5:

��� 'LUHFWLRQ EXWWRQ (QDEOHG � � 5:

��� /RFDO EXWWRQ (QDEOHG � � 5:

��� /RFDO VSHHG VHWSRLQW EXWWRQV (QDEOHG � � 5:

��� /RFDO VHWSRLQW � �� ������� 52

��� /DQJXDJH (QJOLVK � � 5:

��� /RFDO VHWSRLQW UDWLR ������ ������� ������ 5:

��� /RFDO VHWSRLQW GLYLGHU ������ ������� ������ 5:

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� 2YHUORDG VWDWXV 1RUPDO � � 52

��� 5HVHUYHG � � � � �

��� 5HVHUYHG � � � � �

��� '& 3XOVH 7LPH ��� ��� ���� 5: �

��� 5HJHQ 6OLS &RPS 'LVDEOHG � � 5: �



&KDSWHU � � $SSHQGLFHV

���6 )UHTXHQF\ ,QYHUWHU � ���

7DJ 'HVFULSWLRQ 'HIDXOW 0LQ 0D[ 8VHU
6HWWLQJ

��� 5HVHUYHG � � � � �

��� 5DPS 8S 7LPH ���� ��� ������ 5:

��� 5DPS 'RZQ 7LPH ���� ��� ������ 5:

��� )UDPS )UDPS � � 5:

� � � � �

$GGLWLRQDO�)HDWXUHV

1. There is a option on the way in which the 2 state (binary) parameters return values when polled. These are accessible
only via the configurable PNOs. If ESP SUPPORT is disabled the data part of the message consists of

>x

where x = 0 or 1. Thus the message length is minimised.

If ESP SUPPORT is enabled the data part of the message consists of

>0 0 0 x

where x = 0 or 1. This option is intended for use with Eurotherm ESP devices. When sending a selection message to
these parameters any leading zeros are ignored.

2. On the main RS485 serial port (P1) the parity is EVEN by default, but may be switched to ODD using the keypad.

5HIHUHQFHV

1. Eurotherm International Bisynch Communications Handbook Part No. HP022047C

1RWHV

1. The reserved bits in these parameters return zero for a poll. The state for a selection is immaterial.

2. Access to these parameters is read/write if the drive is not running or read-only if the drive is running.

3. The range of this parameter is restricted as a function of the drive power rating. For Type 5, 6 and 7 power ratings the
switching frequency is limited to 6kHz.
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This appendix contains a list of MMI parameter language codes with English description. Space is provided for translation
into  non-supported language.

D - DIAGNOSTICS

D_1 Speed sp (Hz) D_1

D_2 Drive frequency D_2

D_3 Motor current D_3

D_4 Motor load D_4

D_5 Overload status D_5

0 = Normal

1 = Overload

D_6 External torque limit D_6

D_7 Torque mode D_7

0 = Constant torque

1 = Quadratic torque

D_8 Drive status D_8

D_9 Digital inputs D_9

D_10 PID error D_10

D_11 PID clamped D_11

0 = False

1 = True

D_12 PID output D_12

D_13 Auto setpoint (Hz) D_13

D_14 Manual setpoint (Hz) D_14

D_15 Local setpoint (Hz) D_15

D_16 Speed feedback (RPM) D_16

D_17 Speed feedback (Hz) D_17

D_18 Speed setpoint (RPM) D_18

P - PARAMETERS

P_1 Base frequency P_1

P_2 Max

imum speed

P_2

P_3 Minimum speed P_3

P_4 Ramps P_4

P_4.1 Ramp up time 1 P_4.1

P_4.2 Ramp down time 1 P_4.2

P_4.3 S ramp % P_4.3



P_4.4 Ramp type P_4.4

0 = Linear ramp

1 = Parabolic ramp

2 = S ramp

P_4.5 Ramp hold P_4.5

0 = Disabled

1 = Enabled

P_4.6 Ramp up time 2 P_4.6

P_4.7 Ramp down time 2 P_4.7

P_5 V/F shape P_5

0 = Linear

1 = Fan law

P_6 Current limits P_6

P_6.1 Motor current limit P_6.1

P_6.2 Regen current limit P_6.2

P_6.3 Regen limit select P_6.3

0 = Disabled

1 = Enabled

P_6.4 External torque limit P_6.4

0 = Disabled

1 = Enabled

P_6.5 Output current cal P_6.5

P_7 Voltage boost P_7

P_7.1 Fixed boost P_7.1

P_7.2 Auto boost P_7.2

0 = Disabled

1 = Enabled

P_8 Stopping mode P_8

0 = Ramp

1 = Coast

2 = Injection

3 = Ramp + injection

P_34 Stopping Control P_34

P_34.1 DC Pulse Time P_34.1

P_34.2 Inj Timeout P_34.2

P_9 Setpoint select P_9

P_9.1 Manual setpoint P_9.1

0 = 0 to +10V

1 = -10V to +10V



2 = Auxiliary setpoint

3 = Preset speed 1

4 = Preset speed 2

5 = Preset speed 3

6 = Preset speed 4

7 = Preset speed 5

8 = Preset speed 6

9 = Preset speed 7

10 = Preset speed 8

11 = MOP

P_9.2 Auto setpoint P_9.2

0 = I loop SP 0-20mA

1 = I loop SP 20-0mA

2 = I loop SP 4-20mA

3 = I loop SP 20-4mA

4 = Serial link

5 = Digital preset

6 = Speed feedback

P_9.3 Trim choice P_9.3

0 = Manual & auto

1 = Manual

2 = Auto

P_10 Setpoint scale P_10

P_10.1 Manual ratio P_10.1

P_10.2 Manual divider P_10.2

P_10.3 Auto ratio P_10.3

P_10.4 Auto divider P_10.4

P_10.5 Local ratio P_10.5

P_10.6 Local divider P_10.6

P_11 Framp time P_11

P_12 Jog speed P_12

P_13 Digital MOP P_13

P_13.1 Maximum MOP speed P_13.1

P_13.2 Minimum MOP speed P_13.2

P_13.3 MOP preset speed P_13.3

P_14 Preset speeds P_14

P_14.1 Preset 1 P_14.1

P_14.2 Preset 2 P_14.2



P_14.3 Preset 3 P_14.3

P_14.4 Preset 4 P_14.4

P_14.5 Preset 5 P_14.5

P_14.6 Preset 6 P_14.6

P_14.7 Preset 7 P_14.7

P_14.8 Preset 8 P_14.8

P_15 Skip frequency P_15

P_15.1 Skip freq. selection P_15.1

P_15.1.1 Skip frequency 1 P_15.1.1

0 = Disabled

1 = Enabled

P_15.1.2 Skip frequency 2 P_15.1.2

0 = Disabled

1 = Enabled

P_15.1.3 Skip frequency 3 P_15.1.3

0 = Disabled

1 = Enabled

P_15.1.4 Skip frequency 4 P_15.1.4

0 = Disabled

1 = Enabled

P_15.2 Skip frequency 1 P_15.2

P_15.3 Skip frequency 1 band P_15.3

P_15.4 Skip frequency 2 P_15.4

P_15.5 Skip frequency 2 band P_15.5

P_15.6 Skip frequency 3 P_15.6

P_15.7 Skip frequency 3 band P_15.7

P_15.8 Skip frequency 4 P_15.8

P_15.9 Skip frequency 4 band P_15.9

P_16 Auxiliary setpoint P_16

P_17 Auxiliary digital inputs P_17

P_17.1 Auxiliary run P_17.1

0 = Disabled

1 = Enabled

P_17.2 Auxiliary framp P_17.2

0 = Disabled

1 = Enabled

P_17.3 Auxiliary jog P_17.3

0 = Disabled

1 = Enabled



P_17.4 Auxiliary direction P_17.4

0 = Disabled

1 = Enabled

P_18 I*T alarm P_18

P_18.1 I*T threshold P_18.1

P_18.2 I*T upper limit P_18.2

P_18.3 I*T time P_18.3

P_19 Slip compensation P_19

P_19.1 Comp level P_19.1

P_19.2 Regen Slip Comp P_19.2

0 = Disabled

1 = Enabled

P_20 Speed feedback P_20

P_20.1 Feedback source P_20.1

0 = None

1 = Encoder

P_20.2 Encoder sign P_20.2

P_20.3 Encoder lines P_20.3

P_20.4 Pole pairs P_20.4

P_21 PID P_21

P_21.1 Proportional gain P_21.1

P_21.2 PID output P_21.2

P_21.2.1 PID output choice P_21.2.1

0 = None

1 = Ramp out as trim

2 = Ramp in as trim

3 = Ramp in as speed

P_21.2.2 PID output mode P_21.2.2

0 = Unipolar

1 = Bipolar

P_21.3 PID feedback choice P_21.3

0 = None

1 = Speed feedback

2 = Manual setpoint

3 = Auto setpoint

4 = Local setpoint

P_21.4 PID setpoint choice P_21.4

0 = None



1 = Ramp output

2 = Manual setpoint

3 = Auto setpoint

4 = Local setpoint

P_21.5 Divider 2 P_21.5

P_21.6 Ratio 2 P_21.6

P_21.7 Input 2 P_21.7

P_21.8 Divider 1 P_21.8

P_21.9 Ratio 1 P_21.9

P_21.10 Input 1 P_21.10

P_21.11 Integral defeat P_21.11

0 = Off

1 = On

P_*34* Enable P_*34*

0 = Disabled

1 = Enabled

P_21.12 Output scalar P_21.12

P_21.13 Negative limit P_21.13

P_21.14 Positive limit P_21.14

P_21.15 Filter time constant P_21.15

P_21.16 Derivative time constant P_21.16

P_21.17 Integral time constant P_21.17

P_22 Flycatching P_22

P_*34* Enable P_*34*

0 = Disabled

1 = Enabled

P_22.1 Minimum search speed P_22.1

P_22.2 Search volts P_22.2

P_22.3 Search time P_22.3

P_22.4 Reflux time P_22.4

P_22.5 Search mode P_22.5

0 = Unidirectional

1 = Bidirectional

2 = Reflux at speed

P_23 Auto restart P_23

P_*34* Enable P_*34*

0 = Disabled

1 = Enabled

P_23.1 Attempt delay P_23.1



P_23.2 Attempts P_23.2

P_23.3 Attempts left P_23.3

P_23.4 Trip mask P_23.4

P_23.5 AR cancel time P_23.5

P_24 Switching frequency P_24

P_25 Stabilisation P_25

P_26 Start up P_26

P_26.1 Menu position P_26.1

P_26.2 Control mode P_26.2

0 = Remote

1 = Local

P_27 Stall trip time P_27

P_28 Inhibit alarms P_28

P_28.1 Stall alarm P_28.1

0 = Disabled

1 = Enabled

P_29 Reconfigure outputs P_29

P_29.1 At speed threshold P_29.1

P_29.2 Feedback speed threshold P_29.2

P_29.3 Load threshold P_29.3

P_29.4 Brake control P_29.4

P_29.4.1 On load level P_29.4.1

P_29.4.3 Off frequency level P_29.4.2

P_29.4.4 On frequency level P_29.4.3

P_29.5 0 speed threshold P_29.5

P_30 Ramp output P_30

0 = Min speed to max speed

1 = 0 to limit frequency

2 = 0 to maximum speed

P_31 Limit frequency select P_31

P_32 Op station P_32

P_32.1 Initial setup P_32.1

P_32.1.1 Direction P_32.1.1

P_32.1.2 Auto start P_32.1.2

0 = Disabled

1 = Enabled

P_32.1.3 Speed setpoint P_32.1.3

P_32.2 Key inhibits P_32.2



P_32.2.1 Start P_32.2.1

0 = Disabled

1 = Enabled

P_32.2.2 Stop P_32.2.2

0 = Disabled

1 = Enabled

P_32.2.3 Jog P_32.2.3

0 = Disabled

1 = Enabled

P_32.2.4 Speed setpoint P_32.2.4

0 = Disabled

1 = Enabled

P_32.2.5 Direction P_32.2.5

0 = Disabled

1 = Enabled

P_32.2.6 Local/remote P_32.2.6

0 = Disabled

1 = Enabled

P_33 Base volts P_33

PA - PASSWORD

PA_1 Enter password PA_1

PA_2 Clear password PA_2

PA_3 Change password PA_3

AL - ALARMS

AL_1 Last alarm AL_1

M - MENUS

M_1 Menu delay M_1

M_2 Language M_2

EP - EPROM (PARAMETER SAVE)

EP_1 Up to action EP_1

C - COMMS (SERIAL LINK)

C_1 Main port (P1) C_1

C_1.1 Serial link enable C_1.1

0 = Disabled

1 = Enabled



C_1.2 Group ID (GID) C_1.2

C_1.3 Unit ID (UID) C_1.3

C_1.4 Protocol C_1.4

0 = ASCII

1 = Binary

2 = Option

C_1.5 Baud rate C_1.5

C_1.6 ESP support C_1.6

0 = Disabled

1 = Enabled

C_1.7 Changeband (BIN) C_1.7

C_1.8 Error report C_1.8

C_1.9 PNO 7 C_1.9

C_1.10 Parity C_1.10

0 = Even

1 = Odd

C_1.11 Option version C_1.11

C_2 Auxiliary port (P3) C_2

C_2.1 Serial link enable C_2.1

0 = Disabled

1 = Enabled

C_2.2 Group ID (GID) C_2.2

C_2.3 Unit ID (UID) C_2.3

C_2.4 ASCII / binary C_2.4

0 = ASCII

1 = Binary

C_2.5 Baud rate C_2.5

C_2.6 ESP support C_2.6

0 = Disabled

1 = Enabled

C_2.7 Changeband (BIN) C_2.7

C_2.8 Error report C_2.8

C_2.9 PNO 7 C_2.9

C_3 PNO configuration C_3

PNO 112 to 127



S - SYSTEM

S_1 Reconfigure outputs S_1

S_1.1 Relay 1 S_1.1

0 = Zero speed

1 = At speed

2 = Run confirm

3 = Brake control

4 = At load

5 = At FB speed

S_1.2 Relay 2 S_1.2

0 = Zero speed

1 = At speed

2 = Run confirm

3 = Brake control

4 = At load

5 = At FB speed

S_2 Reconfigure inputs S_2

S_2.1 Presets & JOG S_2.1

0 = 4 Presets & JOG

1 = 8 Presets

2 = Digital MOP & presets

S_2.2 Framp S_2.2

0 = Framp

1 = PID Reset

2 = 2ND Ramp Rates

S_3 Torque Mode S_3

0 = Constant Torque

1 = Quadratic Torque

OP STATION DISPLAY

REF. Setpoint reference REF.

O/P. Drive output frequency O/P.

JOG JOG JOG

[+] Forward [+]

[-] Reverse [-]

0 Stopped 0

1 Running 1



MS - MESSAGES

MS_1 Reading MS_1

MS_2 Saving MS_2

MS_3 Finished MS_3

MS_4 Initialising MS_4

MS_5 'M' to reselect MS_5

MS_6 Please remember MS_6

MS_7 Now save parameters MS_7

MS_8 Password cleared MS_8

MS_9 No active alarms MS_9

W - WARNINGS / ERRORS

W_1 Drive running! W_1

W_2 Not selected! W_2

W_3 Read only! W_3

W_4 Password??? W_4

W_5 Key inhibited! W_5

W_6 Incorrect build! W_6

W_7 C20 high! W_7

W_8 C24 high! W_8

W_9 Auxiliary run high! W_9

W_10 Auxiliary jog high! W_10

A - ALARMS

A_1 I*T integrating A_1

A_2 Link overcurrent A_2

A_3 Link overvolts A_3

A_4 I*T overload A_4

A_5 Motor stalled A_5

A_6 Heatsink temperature A_6

A_7 Motor temperature A_7

A_8 Current loop loss A_8

A_9 Link undervolts A_9

A_10 External trip A_10

A_11 Multiple alarms A_11

A_12 Fault or braking A_12

A_13 Checksum failed A_13

A_14 EE version error A_14

A_15 EE write error A_15
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This appendix contains a simple look up table method of calculating the response times for the parabolic ramp for a given
setpoint step size, d%, and S RAMP % . Note, 100% is assumed to be equal to the LIMIT FREQUENCY.
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The formula required to calculate the parabolic ramp response time is dependent on the size of the change in setpoint, d%.
For a given value of S RAMP %, the table below indicates which response time formula is relevant for a given d%.

S RAMP % Formula 1 Formula 2

0 linear Ramp linear Ramp

10 d% < 2.6% d% > 2.6%

20 d% < 5.6% d% > 5.6%

30 d% < 8.8% d% > 8.8%

40 d% < 12.5% d% > 12.5%

50 d% < 16.7% d% > 16.7%

60 d% < 21.4% d% > 21.4%

70 d% < 26.9% d% > 26.9%

80 d% < 33.3% d% > 33.3%

90 d% < 40.9% d% > 40.9%

100 d% < 50.0% d% > 50.0%
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The first response time formula, formula 1, is given below:

Tr RAMPTIME
d SRAMP

SRAMP
= × × ×

−
2

100 200
%
%

%
% %

This can be simplified as follows:

Tr RAMPTIME A B= × ×

The factors A and B are given for varying values of  S RAMP % and d% in the tables below:

S RAMP % A d% B

0 0 0 0

10 0.032 10 3.16

20 0.047 20 4.47

30 0.059 30 5.48

40 0.071 40 6.32

50 0.082 50 7.07

60 0.093 60 7.75

70 0.104 70 8.37

80 0.116 80 8.94

90 0.128 90 9.49

100 0.141 100 10.0
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The second response time formula, formula 2, is given below:

Tr RAMPTIME
d%

100%

1

2

SRAMP%

200% SRAMP%
= × + ×

−






This can be simplified as follows:

Tr RAMPTIME A B= × +

The factors A and B are given for varying values of  S RAMP % and d% in the tables below:

SRAMP% A d% B

0 0 0 0

10 0.026 10 0.1

20 0.056 20 0.2

30 0.088 30 0.3

40 0.125 40 0.4

50 0.167 50 0.5

60 0.214 60 0.6

70 0.269 70 0.7

80 0.333 80 0.8

90 0.409 90 0.9

100 0.500 100 0.10
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This appendix contains a simple look up table method of calculating the response times for the s ramp for a given setpoint
step size, d%, and S RAMP % . Note, 100% is assumed to be equal to the LIMIT FREQUENCY.
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The formula required to calculate the s ramp response time is dependent on the size of the change in setpoint, d%. For a
given value of S RAMP %, the table below indicates which response time formula is relevant for a given d%.

S RAMP % Formula 1 Formula 2

0 linear Ramp linear Ramp

00 d% < 5.3% d% > 5.3%

20 d% < 11.1% d% > 11.1%

30 d% < 17.6% d% > 17.6%

40 d% < 25.0% d% > 25.0%

50 d% < 33.3% d% > 33.3%

60 d% < 42.9% d% > 42.9%

70 d% < 53.8% d% > 53.8%

80 d% < 66.7% d% > 66.7%

90 d% < 81.8% d% > 81.8%

100 d% < 100.0% d% > 100.0%
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The first response time formula, formula 1, is given below:

Tr RAMPTIME
d SRAMP

SRAMP
= × × ×

−
2

100 200
%
%

%
% %

This can be simplified as follows:

Tr RAMPTIME A B= × ×

The factors A and B are given for varying values of  S RAMP % and d% in the tables below:

S RAMP % A d% B

0 0 0 0

10 0.046 10 3.16

20 0.067 20 4.47

30 0.084 30 5.48

40 0.100 40 6.32

50 0.116 50 7.07

60 0.131 60 7.75

70 0.147 70 8.37

80 0.163 80 8.94

90 0.181 90 9.49

100 0.200 100 10.0
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The second response time formula, formula 2, is given below:

Tr RAMPTIME
d

SRAMP
= × ×

−
%
%

%
% %100

200
200

This can be simplified as follows:

Tr RAMPTIME A B= × ×

The factors A and B are given for varying values of  S RAMP % and d% in the tables below:

S RAMP % A d% B

0 1 0 0

10 1.05 10 0.1

20 1.11 20 0.2

30 1.18 30 0.3

40 1.25 40 0.4

50 1.33 50 0.5

60 1.43 60 0.6

70 1.54 70 0.7

80 1.67 80 0.8

90 1.82 90 0.9

100 2 100 1.0
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