This Appendix contains photocopy-ready forms
for recording the configuration and setting of the
M-3520 Intertie Protection Relay. The forms can
be supplied to field service personnel for relay
configuration, and kept on file for future refer-
ence. Examples of the suggested use of these
forms are illustrated in Chapter 2, Application
and Chapter 3, Operation.

A copy of the Relay Configuration Table (page
A-2), discussed in Section 2.2, Configuration, Func-
tions is provided to define and record the block-
ing inputs and output configuration for the relay.
For each function; check if DISABLED or check
the output contacts to be operated by the func-
tion, and check the inputs designated to block
the function operation.

The Communication Data & Unit Setup Record
Form reproduces the Communication and Setup
unit menus. This form records definition of the
parameters necessary for communication with the
relay, as well as access codes, user logo (identi-
fying) lines, date & time setting, and front panel
display operation.

EXAMPLES:
—
59 #1 PHASE OVERVOLTAGE

\disable enable

/

59 #1 BLOCK INPUT
\fl i6 i5 i4 i3 i2 i1
ﬁ

59 #1 RELAY OUTPUT

GB 07 06 05 04 03 02 ot

L__/L_JL*_/

Configuration Record Forms: Appendix - A

Appendix A - Configuration Record Forms

The Functional Configuration Record Form re-
produces the Configure Relay menus (including
the Setup Relay submenu) accessible via M-3822
IPScom® Communication Software or the option-
al M-3931 HMI front panel module. For each func-
tion or setpoint, refer to the configuration you have
defined using the Relay Configuration Table, and
circle whether it should be enabled or disabled,
the output contacts it will activate, and the inputs
that will biock its operation.

The Setpoint & Timing Record Form allows re-
cording of the specific values entered for each
enabled setpoint or function. The form follows the
main menu selections of the relay.

The “AS SHIPPED” data forms illustrate the fac-
tory settings of the relay.

PICKUP
VOLTS

EQ #1
59 #1 DELAY
CYCLES
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u OUTPUTS INPUTS
FUNCTION

7 6 5 4 3 2 1 5 4

21 #2
25
27 #1
27#2
271G
3241
32#2
46DT
46IT
47 #1
47 #2
50
50G
51G
51V
59 #1
59 #2
591
59G
60FL
67DT
671IT
67NDT
67NIT
79
81 #1
81#2
814#3
81#4
S81R #1
81R #2

Check each box applicable : v (See page A-1 for information on using this table.)

D_Column = Function Disabled. FL_Column = Function blocked by fuse loss.
INPUTS Columns =Designated function blocking input(s) OUTPUTS Columns =Designated function output(s)
Table A-1 Relay Configuration Table

A-2
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KEY TO INPUT DATA RECORD FORMS

A.

Allunshaded [ | screens shown on forms require data inputs. Whatever is in that screen
when ENTER button is pushed (see Figure A-1) will be installed in the M -3520 relay.

Allshaded [ | screens are either menu screens which have horizontal choices (made
with right - left arrows) or screens displaying a result of a choice previously made. Lightly shaded
screens indicate separate functions.

Dotted boxes ™ — = = ] enclose screens which bound areas that the ENTER button will
move within. In'order 6 mMove out of one of the dotted boxes it is necessary to either push EXIT
or make a menu choice change using the Right/Left arrow.

The Up/Down arrows only adjust value or letter (lower/upper case) inputs — they do not move
around within the menus.

The Right/Left arrows are used only to make horizontally displayed choices. These can be either
menu choices or input value digit choices. The previous choice or location in a menu is highlight-
ed immediately.

The ENTER button records the setting change and moves down within a menu. The operator will
notice that after the last menu item, ENTER moves to the top of the same menu but does not
change menu positions.

Pushing EXIT at any time will exit the display screen to the last screen containing a horizontal
choice. (Return to the preceding menu).

[ sEckwiTH ELECTRIC CO. |
| m-3520 |

i)
& =

EXIT ENTER
0 0]

Figure A-1 Human-Machine Interface Module

The symbol “«”or “=” in a screen indicates additional horizontal menu choices are available in
the indicated direction. As previously described, the Right/Left arrows will move the operator to
those additional choices.

W NOTE: If a function is disabled, the input screens for that function will not be displayed.

A-3
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/COMMUNICATION
\_< COMM setup exit

)

(COM1 SETUP I
\COMI com2 com3 com_adr- !

(COM1 BAUD RATE I

|« baud_4800 baud_9600 ||

| (com2 SETUP I
| { com1 COM2 com3 com-adr |

COM2 BAUD RATE
« baud_4800 baud_9600

: COM2 DEAD SYNC TIME

MS '
I |
| (coM2 PROTOCOL I
| | beco2200 MODBUS |
| |
| (COM2 PARITY I
| L none odd even |

| ( com3 seTup |
|\ com1 com2 COM3 com-adr |

|( COM3 DEAD SYNC TIME
I

| "Goms PROTOCOL
{ beco2200 MODBUS

COM3 PARITY
| { none odd even

| ( COMMUNICATION ADDRESS
| comi com2 com3 COM-ADR-

:[COMMUNICATION ADDRESS j

oo g o ———— -

| (COMM ACCESS CODE
|| < AccSss

I
| ( COMM ACCESS CODE

A-4

comm SETUP exit

SETUP UNIT
Lt

I SOFTWARE VERSION ]I I

l

|\VERS sn access number-

USER LOGO LINE 1
| «<L0GO1 logo2 out alrm- |

| (SOFTWARE VERSION
| \D-0060V01.XX.XX

USER LOGO LINE 1

. T J |

e 5 | USER LOGO LINE 2 I

I SERIAL NUMBER ] | | «logo1l LOGO2 out alrm- I

vers SN access number-

I | I{USER LOGO LINE 2 JI

| (SERIAL NUMBER | | I
T —— A

I I

Lo o e e e e —— ——— d e — — 1

1

| (ALTER ACCESS CODES
|\vers sn ACCESS number-

| (ENTER ACCESS CODE
LEVEL#1 level#2 level#3

| (LEVEL #1
I

| (ENTER ACCESS CODE
|| level#1 LEVEL#2 level#3

| (LEVEL #2

| (ENTER ACCESS CODE
[{level#1 level#2 LEVEL#3

I
|(LEVEL #3

r__
I
I
I
I
I
I
I
I
I
I
I
L

| (USER CONTROL NUMBER
|{vers sn access NUMBER-

| { CLEAR OUTPUT COUNTERS |
| <logo1 logo2 OUT alrm- )|
|

| (CLEAR OUTPUT COUNTERS I
|| PRESS ENTER KEY TO CLEAR) |

g ———————— d
oo mm e e e e e e =
CLEAR ALARM COUNTER |
«<logo1 logo2 out ALRM- J|

|
|
|
I[ILEAR ALARM COUNTER 1
| PRESS ENTER KEY TO CLEAR) |

Figure A-2 Communication Data & Unit Setup Record Form (1 of 2)



i e S -
DATE & TIME
« TIME error diag

O
J

DATE & TIME
01-JAN-2001 01:01:80

T2

DATE & TIME

)

YEAR

ATE & TIME
AN feb mar apr may -

[

~

DATE & TIME
DATE

-

SUN mon tue wed thu -

(DATE & TIME

l
|
l
l
I
I
i
I
!
|
|
l
I
| -
l
I\
I
l
|
I(
I
I
l
l

)
e )
(DATE & TIME j
)
)
)

L Hour
DATE & TIME
9 Minutes
DATE & TIME
Seconds
L o e e e — —— — — — — — 4
e !
| (CLEAR ERROR CODES '
« time ERROR diag :
| (CLEAR ERROR CODES |
|| PRESS ENTER KEY TO CLEAR]|
L o e o o . e s s e -l
[ T e e ————— |

DIAGNOSTIC MODE
« time error DIAG

o

PROCESSOR WILL RESET!

| ENTER KEY TO CONTINUE

e e - A
M NOTE: See Section 6.2, Diag-
nostic Test Procedures

Configuration Record Forms: Appendix — A

Figure A-2 Communication Data & Unit Setup Record Form (2 of 2) A-5
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CONFIGURE RELAY
VOLTAGE_RELAY

d
N

-

27 #1 PHASE OVERVOLTAGE
disable enable

N

59G NEUTRAL OVERVOLT
disable enable

7 #1 BLOCK INPUT
1 i6 i5 i4 i3 i2 it

- N

59G BLOCK INPUT
fl i6 i5 i4 i3 i2 it

le}
N AN

08 07 06 05 04 03 02

59G RELAY OUTPUT
08 07 06 05 04 03 02 O

\———/A e N

27#2 PHASE UNDERVOLTAGE

disable enable

e/

[27 #1 RELAY OUTPUT
P

47 #1 NEG SEQ OVERVOLT
disable enable

27 #2 BLOCK INPUT
\_fl 16 i5 i4 i3 i2 it

47 #1 BLOCK INPUT
fl i6 i5 i4 i3 i2 i1

(27 #2 RELAY OUTPUT
\_08 07 06 05 04 03 02

o
N N

47 #1 RELAY OUTPUT
08 07 06 05 04 03 02 0

Nl Y AN

/>59 #1 PHASE OVERVOLTAGE
\>disable enable

N/

47 #2 NEG SEQ OVERVOLT
disable enable

\>fl i6 i5 i4 i3 i2 i1

#2 BLOCK INPUT

47
fl i6 i5 i4 i3 i2 it

59 #1 RELAY OUTPUT
08 07 06 05 04 03 02

le)
=\

47 #2 RELAY OUTPUT
08 07 06 05 04 03 02 0

o

59 #2 PHASE OVERVOLTAGE
disable enable

N

591 PEAK OVERVOLTAGE
disable enable

59 #2 BLOCK INPUT
fl i6 i5 i4 i3 i2 i1

9I BLOCK INPUT
1 i6 i5 i4 i3 i2 i1

N AN

5
.f

59 #2 RELAY OUTPUT
08 07 06 05 04 03 02

o
A,
TN TN N TN NTTN TN Y TN TN Y

591 RELAY OUTPUT
08 07 06 05 04 03 02 of

\—_/

27G NEUTRAL UNDERVOLT
disable enable

27G BLOCK INPUT
fl i6 i5 i4 i3 i2 it

27G RELAY OUTPUT

-
|
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
|
I
I
: (759 #1 BLOCK INPUT
|
I
|
I
|
I
I
I
[
I
I
I
I
I
|
|
I
I
[
: 08 07 06 05 04 03 02

N2 Y A

1

o

A-6
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CONFIGURE RELAY
< CURRENT_RELAY -

N

50 INST OVERCURRENT
disable ENABLE

9
-

fl i6 i5 i4 i3 i2 it

NN N

[50 BLOCK INPUT

50 RELAY OUTPUT
08 07 06 05 04 03 02 ot

51V OVERCURRENT INV
disable ENABLE

51V BLOCK INPUT
fl i6 i5 i4 i3 i2 it

51V RELAY OUTPUT
08 07 06 05 04 03 02 of

50G NTRL INST OVERCURRNT
disable ENABLE

=V N N e/

50G BLOCK INPUT
fl i6 i5 i4 i3 i2 it

50G RELAY OQUTPUT
08 07 06 05 04 03 02 o1

)

e e o o e e e e e o e e o —— s e s o e s o e e e . e i o o . i . e o e

disable ENABLE

51G BLOCK INPUT
fl1 i6 i5 i4 i3 i2 i1

51G RELAY OUTPUT

I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
} 08 07 06 05 04 03 02 of

[SIG NTRL OVERCURRENT INV

A N

Figure A-3 Functional Configuration Record Form (I of 3)
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CONFIGURE RELAY
« CURRENT_RELAY -

6DT NEG SEQ CURRENT DEF 67NIT RESDL DIR OVERCURR
isable enable disable enable

4
d
46DT BLOCK INPUT
fl

i6 i5 i4 i3 i2 it 1l i6 i5 i4 i3 iz2 i1

|
67NIT BLOCK INPUT |
: |

|

|

67NIT RELAY OUTPUT

46DT RELAY OUTPUT
08 07 06 05 04 03 02 of

08 07 06 05 04 03 02 ol

R

~

r
46IT NEG SEQ CURRENT INV |
\gisable enable I

(46IT BLOCK INPUT }:
I

CONFIGURE RELAY
« FREQUENCY_RELAY -

N
N

\fl i6 i5 i4 i3 i2 it

|( 81 #1 FREQUENCY

p ’ 81 #4 FREQUENCY
46IT RELAY OUTPUT <j‘ | disable enable
I

disable enable

\98 07 06 05 04 03 02 of

|{ 81 #1 BLOCK INPUT
I fl i6 i5 i4 i3 i2 it

81 #4 BLOCK INPUT
fl i6 i5 i4 i3 i2 ii

I
67DT DIR OVERCURRENT | |
disable enable | (81 #1 RELAY OUTPUT

S~ | I 08 07 06 05 04 03 02 01
67DT BLOCK INPUT Ijl I
I

f1 i6 i5 i4 i3 i2 it
~ I 81 #2 FREQUENCY
disable enable

81 #4 RELAY OUTPUT
08 07 06 05 04 03 02 o1

81R #1 RATE OF CHNG FREQ
disable enable

\98 07 06 05 04 03 02 o1

(67DT RELAY OUTPUT ‘j:
|

81 #2 BLOCK INPUT
fl i6 i5 i4 i8 i2 it

81R #1 BLOCK INPUT
fl i6 i5 i4 i3 i2 it

|

/é7IT DIR OVERCURRENT I
disable enable |
l

I

67IT RELAY OUTPUT :
08 07 06 05 04 03 02 Of | ][§1 #3 BLOCK INPUT
| |

s

81 #2 RELAY OUTPUT
08 07 06 05 04 03 02 01

81R #1 RELAY OUTPUT
08 07 06 05 04 03 02 of

~h O

71T BLOCK INPUT
1 i6 i5 i4 i8 i2 i1

|

I

|("81 #3 FREQUENCY
: disable enable

81R #2 RATE OF CHNG FREQ
disable enable

6 o)

fl i6 i5 i4 i3 i2 it

1l i6 ib5 i4 i3 i2 it

NG N2 Y N N N D N/

7NDT RESDL DIR OVERCURéjl

81 #3 RELAY OUTPUT
isable enable

08 07 06 05 04 03 02 o1 81R #2 RELAY OUTPUT

08 07 06 05 04 03 02 o1

N N N =% NV D N =52 N N N

[BIR #2 BLOCK INPUT
f

I
I
I
I
e e i o s L
1 i6 i5 i4 i3 i2 i1

-h O jo T o))

I
I
7NDT BLOCK INPUT |
|
I

08 07 06 05 04 03 02 01
___________ -

(5o

67NDT RELAY OUTPUT ‘j|
I

Figure A-3 Functional Configuration Record Form (2 of 3) A-7
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CONFIGURE RELAY
« POWER_RELAY -

32 #1 DIRECTIONAL POWER |
disable enable |

32 #1 BLOCK INPUT :
f1 i6 i5 i4 i3 i2 it

32 #1 RELAY OUTPUT |
08 07 06 05 04 03 02 ol |I

: 32 #2 DIRECTIONAL POWER l
disable enable

32 #2 BLOCK INPUT l
fl i6 i5 i4 i3 i2 it |

|
l
I
l[éz #2 RELAY OUTPUT I
| 08 07 06 05 04 03 02 01 )|

CONFIGURE RELAY
«PHASE_DISTANCE_RELAY -

21 #1 PHASE DISTANCE |
disable enable |
d

#1 BLOCK INPUT |
i6 i5 i4 i3 i2 it |

21
fl
21 #1 RELAY OUTPUT

(

21 #2 PHASE DISTANCE |

08 07 06 05 04 03 02 o1 ‘
[1sable enable |

21 #2 BLOCK INPUT ‘
fl i6 i5 i4 i3 i2 if :

21 #2 RELAY OUTPUT I
08 07 06 05 04 03 02 ol }|

A-8

CONFIGURE RELAY
«V.T. FUSE_LOSS RELAY -

CONFIGURE RELAY
« RECONNECT_RELAY -

| 60FL V.T. FUSE LOSS |
disable enable I

79 RECONNECT
| disable enable

: 60FL BLOCK INPUT
fl i6 i5 i4 i3 i2 it

|[179 BLOCK INPUT j

fl i6 i5 i4 i3 i2 it

l

I

60FL RELAY OUTPUT I

I l

08 07 06 05 04 03 02 ot
___________ |
CONFIGURE RELAY
« SYNC_CHECK_RELAY -

| -

25 SYNC CHECK
disable enable

25 BLOCK INPUT
f1 i6 i5 i4 i3 i2 it

25 RELAY OUTPUT
08 07 06 05 04 03 02 of

79 RELAY OUTPUT
‘ 08 07 06 05 04 03 02 o1

Figure A-3 Functional Configuration Record Form (3 of 3)



VOLTAGE RELAY
VOLT curr freq pwr =

N

27 PHASE UNDERVOLTAGE
PHASE_UNDER phase_over-

N

27 #1 PICKUP
Volts

27 #1 DELAY
Cycles

27 #2 PICKUP
Volts

27 #2 DELAY
Cycles

59 PHASE OVERVOLTAGE |
phase_under PHASE_OVER- J|

59 #1 PICKUP I
Volts |

59 #1 DELAY |
Cycles |

P

59 #2 PICKUP l
Volts ‘

-

59 #2 DELAY |
Cycles |

27G NEUTRAL UNDERVOLTAGE |
<NUTRL_UNDER nutrl_over- J|

27G PICKUP :
Volts

Figure A-4 Setpoint & Timing Record Form (1 of 4)

Configuration Record Forms: Appendix - A

| lenutrl_under NUTRL_OVER-
l

I 59G PICKUP '
Volts

I(%QG NEUTRAL OVERVOLTAGE

|
l[%ge DELAY

L T e T L .

| {47 NEG SEQ OVERVOLTAGE
| \& NEG_SEQ peak_over

Volts

)
)
(e )
)
)

i(%7 #1 PICKUP
|

|
I[%? #2 PICKUP

Volts |

I

| (47 #2 DELAY |
Cycles

L T T -

| (691 PEAK OVERVOLTAGE
« neg_seq PEAK_OVER

1 )
o o, )
4)|

I[%QI DELAY

| e ———————— -

A-9
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CURRENT RELAY
volt CURR freq pwr -

N/

| { 50 INST OVERCURRENT I
] LINST inv |
I I
| ( 50 PICKUP |
I Amps [
e e — e e —— — — —— — — — |
Fr— = ———— - |

51V INV TIME OVERCURRENT
inst INV

N’

51V PICKUP
9 Amps

(51V CURVE
\def inv vinv einv=-

\f— iec1 iec2 iec3 iec4

51V TIME DIAL

51V VOLTAGE CONTROL
disable V_CNTRL v_rstrnt

51V VOLTAGE CONTROL

I
I
|
|
I
|
:
| ( 51V CURVE
I
|
I
I
|
I
I
I VOLTS

TN O
N\ NN N N

50G INST OVERCURRENT |
«NUTRL_INST nutrl_inv- )|

50G PICKUP I
Amps

50G DIRECTIONAL ELEMENT )|
disable enable |

N (T

A-10

1
I
I
I
I
I
I
I
I
I
I
I

4

A
I
I
I
I
I
I
I
I
I
I
I

-

67 DIR OVERCURRENT
< neg_seq DIR n_dir -

67DT PICKUP
Amps

51G INV TIME OVERCURRENT
enutrl_inst NUTRL_INV-

S
oS

51G PICKUP
Amps

1G CURVE 7DT DIRECTIONAL ELEMENT

ef inv vinv einv - isable enable

51G CURVE

« jec1 iec2 iec3 iec4 isable enable

51G TIME DIAL

6
d
[?7DT THREE PHASE DETECT?]
d

[?7DT DELAY

NN TN C;T;\ NN

CYCLES
L2 J
51G DIRECTIONAL ELEMENT [ T e e e e e o e -
disable enable |[67IT PICKUP |
e 4 | Amps |
[ e e o il |
| ( 46 NEG SEQ OVERCURRENT | 167IT DIRECTIONAL ELEMENT |
10 NEG_SEQ dir n_dir | ‘disable enable I
: 46DT PICKUP : {67IT CURVE :
I Amps I ldef inv vinv einv = I
| (46DT DELAY | (6717 curve I
I Cycles I: « iect iec2 iec3 iec4 :
I I
| (461T PICKUP 1 W%7IT TIME DIAL j |
I Amps I} |
I
: 461IT CURVE :| 67 MAX SENSITIVITY ANGLE |
I def inv vinv einv = II Degrees I
b e e e e e 4
| (46IT CURVE I
|| « iec1 iec2 iec3 iec4 I
| I
][461T TIME DIAL <j|
I I
L o _—__—__ J

Figure A-4 Setpoint & Timing Record Form (2 of 4)



67N DIR NEUTRAL OVERCURR I
< neg_seq dir N DIR

67NDT PICKUP I
- Amps l

67NDT DIRECTIONALELEMENT|
disable enable

67NDT DELAY }
CYCLES

67NIT PICKUP l
Amps

67NIT DIRECTIONALELEMENT
disable enable
6
d

7NIT CURVE l
ef inv vinv einv -

67NIT CURVE
« ject iec2 iec3 iec4 }

(%7NIT TIME DIAL |

NEUTRAL DIR SETUP l
« N_DIRSU 1

67N MAX SENSITIVITY ANGLE:
Degrees

~+ O

7N POLARIZATION
ypel type2 type 3 - |

67N POLARIZATION ]
« typed4 type5 |

Figure A-4 Setpoint & Timing Record Form (3 of 4)
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FREQUENCY RELAY
volt curr FREQ pwr =

1 FREQUENCY |

8
[}REQ rcfreq |

81 #1 PICKUP |
Hz |

81 #1 DELAY
Cycles
8

1 #2 PICKUP l
Hz |

(81 #2 DELAY 1
q Cycles [

h |
81 #3 PICKUP I
Hz '

(81 #3 DELAY '
Cycles '

(81 #4 PICKUP |
Hz |

81 RATE OF CHNG FREQ I
freq RCFREQ |

)

81R #1 PICKUP |

_ Hz/s l

[1R #1 DELAY \:
Cycles

y ]

81R #2 PICKUP N\

_ Hz/s |

|

(:1R #2 DELAY Y

Cycles /:

[’1R NEG SEQ VOLT INHIBIfjl

l

POWER RELAY
volt curr freq PWR -

32 #1 PICKUP
PU

( )
( )i
(T )
I )
(. )

32 #2 PICKUP
PU

32 #2 DELAY
Cycles

PHASE DISTANCE RELAY
« DIST fuse sync =

21 #1 DIAMETER
Ohms

21 #1 OFFSET

Ohms

21 #1 IMPEDANCE ANGLE

( )
( )
( )
e
E[___ j;
( )
( )
( )
( )i

21 #2 DIAMETER
Ohms

21 #2 OFFSET
Ohms

21 #2 IMPEDANCE ANGLE

Degrees

21 #2 DELAY
Cycles

A-11
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(V.T. FUSE LOSS RELAY
\ & dist FUSE sync -

(60FL V.T. FUSE LOSS
| FUSE

(60FL INPUT INITIATE
ILfl i6 i5 i4 i3 i2 i1

| 60FL DELAY

: 30 Cycles

l

[(SYNC CHECK RELAY

|| « dist fuse SYNC -
I
l(25 sYNC CHECK

[ sYNC

|
| 79 SUPERVISE 25
I disable enable

l 25 PHASE LIMIT

' Degrees

/

N\

\

J

|25 UPPER VOLT LIMIT
: Volts

|[ 25 LOWER VOLT LIMIT
| Volts

l
] 25 SYNC CHECK DELAY
' Cycles

A-12

(25 DELTA VOLT

disable enable

25 DELTA VOLT LIMIT
Volts

isable enable

[25 DELTA FREQUENCY
d

Hz

25 DEAD VOLT LIMIT
Volts

N

25 DEAD V1
disable enable

25 DEAD v2
disable enable

T
—/

5 DEAD

2 vVl & V2
disable

enable

N

.___________________

25 DEAD INPUT ENABLE
i6 i5 i4 i3 i2 if

25 DEAD DELAY
Cycles

L\ 2 N N \__“<J

RECONNECT RELAY
< RECONNECT -
e e ——

79 RECONNECT
RECN

)
N

.

0

79 RECN INITIATED (TRIP
08 07 06 05 04 03 02 o1

)

)
N N

l
l
I
l
I
| (79 DELAY
l

N
—

Figure A-4  Setpoint & Timing Record Form (4 of 4)



I
I
I
I
I
I
I
I
I
I

:[coms DEAD SYNC TIME

| coM3 PROTOCOL
I

Configuration Record Forms: Appendix - A

COMMUNICATION
« COMM setup exit

SETUP UNIT
« comm SETUP exit

COM1 SETUP
COM1 com2 com3 com_adr->

COM1 BAUD RATE
« baud_4800 BAUD_9800

N

COM2 SETUP
comi COM2 com3 com-adr-

I SOFTWARE VERSION I
|\VERS sn access number- I

|
|

I SERIAL NUMBER

. )

| (SOFTWARE VERSION
| \D-0060V01.02.07

COM2 BAUD RATE
< baud_4800 BAUD_9800

I

vers SN access number-
| (SERIAL NUMBER | r

I I

COM2 DEAD SYNC TIME
50 ms

COM2 PROTOCOL
BEC02200 modbus

| (ALTER ACCESS CODES I
|{vers sn ACCESS number- |

COM3 SETUP
comi com2 COM3 com-adr-»

N

50 ms

BEC02200 modbus

[COMMUNICATION ADDRESS

comi com2 com3 COM-ADR-

N/

{FOMMUNICATION ADDRESS j
1

| (ENTER ACCESS CODE I
[|LEVEL#1 level#2 level#3 ||

| (LEVEL #1 |
1111 |

I
| (ENTER ACCESS CODE I
|| level#1 LEVEL#2 level#3 ||
|
| (CEVEL #2 |
| 2222 |

I I
| (ENTER ACCESS CODE |
|[\level#1 level#2 LEVEL#3 )|

4 |(LEVEL #3 1

P —— — 5 |\ 9992 ,

| (COMM ACCESS CODE | b —_—— — — — -

|| « Accss |

| | { ___________ 1

USER CONTROL NUMBER
I gggg ACCESS CODE j II vers sn access NUMBER-> ||
e — a |

- |(USER CONTROL NUMBER |
N I
e e e e — ——— . — —— l

Figure A-2

Communication Data & Unit Setup — As Shipped (1 of 2)

USER LOGO LINE 1
1 «0GO1 logo2 out alrm-

| USER LOGO LINE 1
I BECKWITH ELECTRIC CO.

: USER LOGO LINE 2
I «logol LOGO2 out alrm-

< |(USER LOGO LINE 2
| M-3520

\ SN/ N\

| ( CLEAR OUTPUT COUNTERS
|{ «<logo1 logo2 OUT alrm-

| (CLEAR OUTPUT COUNTERS
|| PRESS ENTER KEY TO CLEAR
L

| { CLEAR ALARM COUNTER
|\ <logol logo2 out ALRM-

|| CLEAR ALARM COUNTER
| \PRESS ENTER KEY TO CLEAR

L/

A-13



M-3520 Instruction Book

|\ & TIME error diag

l
‘ DATE & TIME
l 01-JAN-2001 01:01:80

| DATE & TIME

: 01 Year
| (DATE & TIME

|\ UAN feb mar apr may -
I

)
)
)
)
| (DATE & TIME ]
)
)
)
)

01 Date

|
l
1 DATE & TIME
I SUN mon tue wed thu -

| DATE & TIME
} 01 Hour

I
| (DATE & TIME |
I 01 Minutes I
I I
| ( DATE & TIME |
| 01 Seconds |
L e - — — — — —— —— —— — — -4
[rommm———————————— |
| "CLEAR ERROR CODES

« time ERROR diag

| ( CLEAR ERROR CODES
|| PRESS ENTER KEY TO CLEAR

Nl

-
| ( DIAGNOSTIC MODE |
|l « time error DIAG

PROCESSOR WILL RESET! |
‘ ENTER KEY TO CONTINUE |

B NOTE: See Section 6.2, Diag-
nostic Test Procedures

A-14 Figure A-2 Communication Data & Unit Setup — As Shipped (2 of 2)



CONFIGURE RELAY
VOLTAGE_RELAY -

)

Configuration Record Forms: Appendix - A

« CURRENT_RELAY -

CONFIGURE RELAY
< FREQUENCY_RELAY -

(CONFIGURE RELAY

r

-

27#1 PHASE OVERVOLTAGE
disable ENABLE

-FUNCTION UNAVAILABLE-

50 INST OVERCURRENT
DISABLE enable

27 #1 BLOCK INPUT
FL i6 i5 i4 i3 i2 It

27 #1 RELAY OUTPUT
08 07 06 05 04 03 02 Of

27#2 PHASE UNDERVOLTAGE
DISABLE enable

59 #1 BLOCK INPUT
FL i6 15 i4 i3 i2 I1

08 07 06 05 04 03 02 O{J

27G NEUTRAL UNDERVOLT
-FUNCTION UNAVAILABLE-

59G NEUTRAL OVERVOLT
-FUNCTION UNAVAILABLE-

47 NEG SEQ OVERVOLT
-FUNCTION UNAVAILABLE-

591 PEAK OVERVOLTAGE
-FUNCTION UNAVAILABLE-

(
(
(
(
(
(
i[sg #1 RELAY OUTPUT
(
(
(
(
(

Figure A-3 Functional Configuration — As Shipped (1 of 2)

|(§1 #1 FREQUENCY
1
l

51V OVERCURRENT INV

-FUNCTION UNAVAILABLE- DISABLE enable

:[81 #2 FREQUENCY
I

[soe NTRL INST OVERCURRNT) |

DISABLE enable

|

| 81 #3 FREQUENCY
-FUNCTION UNAVAILABLE- l
I

I
51G NTRL OVERCURRENT INV |
-FUNCTION UNAVAILABLE- |

| 781 #4 FREQUENCY
: DISABLE enable
N
l |
| |

|

67 PHASE DIR OVERCURRENT) !
-FUNCTION UNAVAILABLE- |

I

l
[67N RESIDUAL DIR OVERCUR) |

-FUNCTION UNAVAILABLE- I

81R RATE OF CHNG FREQ
-FUNCTION UNAVAILABLE-

46 NEG SEQ CURRENT
-FUNCTION UNAVAILABLE-

l[?ONFIGURE RELAY
I
l

< POWER_RELAY -

|{ 32 DIRECTIONAL POWER
| -FUNCTION UNAVAILABLE-

R — wl

L o e e o e o —— —— — .
A
| (CONFIGURE RELAY |
|| <PHASE_DISTANCE_RELAY- | |

l
|(21 #1 PHASE DISTANCE |
| -FUNCTION UNAVAILABLE- |
e o - e ——— — .

A-15
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CONFIGURE RELAY
«V.T. FUSE_LOSS RELAY

)

disable ENABLE

CONFIGURE RELAY
< RECONNECT_RELAY -

|( 79 RECONNECT l
|\ disable ENABLE |

fl i6 15 i4 i8 12 It

|
}[SOFL BLOCK INPUT
I

08 07 06 05 04 03 02 of

| 60FL RELAY OUTPUT
I
D e — — —— . — . . o -l

CONFIGURE RELAY
« SYNC_CHECK_RELAY -
"1

Figure A-3 Functional Configuration Record Form — As Shipped (2 of 2)

A-16

|
| 79 BLOCK INPUT |
| fl i6 i5 i4 i3 i2 it

|79 RELAY OUTPUT l




VOLTAGE RELAY
VOLT curr freq pwr =

27 PHASE UNDERVOLTAGE |
PHASE_UNDER phase_over- l

27 #1 PICKUP |
108 Volts l

27 #1 DELAY |
30 Cycles '

59 PHASE OVERVOLTAGE |
phase_under PHASE_OVER- |l
|

132 Volts l

|
i
|
: (%9 #1 PICKUP |
l
|
|

59 #1 DELAY |
30 Cycles |

27G NEUTRAL UNDERVOLTAGE ‘
<NUTRL_UNDER nutrl_over-

FUNCTION(S) DISABLED |
SEE CONFIGURE MENU |

59G NEUTRAL OVERVOLTAGE ||
«nutrl_under NUTRL_OVER- l

FUNCTION(S) DISABLED |
SEE CONFIGURE MENU l

47 NEG SEQ OVERVOLTAGE ‘
« NEG_SEQ peak_over

UNCTION(S) DISABLED |
EE CONFIGURE MENU |

w

-
591 PEAK OVERVOLTAGE |
< neg_seq PEAK_OVER ‘

FUNCTION(S) DISABLED |
SEE CONFIGURE MENU |

Figure A-4

Configuration Record Forms: Appendix — A

CURRENT RELAY
volt CURR freq pwr -

r-— T T e T nre=_—T—_ |
| ( 50 INST OVERCURRENT | | { NEUTRAL DIR SETUP |
| INST inv | | \_c_N_DIRSU |
| ("FUNCTION(S) DISABLED I FUNCTION(S) DISABLED |
| | SEE CONFIGURE MENU | 1 | SEE CONFIGURE MENU |
b o o e —— e —— — — i S— e e e —— —— . — —— — — — -l
e —— e T T )

51V INV TIME OVERCURRENT ||

inst INV l

FUNCTION(S) DISABLED ‘
SEE CONFIGURE MENU

TN

r |
l [:oe INST OVERCURRENT jl

«<NUTRL_INST nutrl_inv-

SEE CONFIGURE MENU

I
| (FUNCTION(S) DISABLED
I I

51G INV TIME OVERCURRENT!]
«<nutrl_inst NUTRL_INV- |

FUNCTION(S) DISABLED |
SEE CONFIGURE MENU

.
46 NEG SEQ OVERCURRENT ||
« NEG_SEQ dir n_dir l

UN

I
| (FUNCTION(S) DISABLED |
| | SEE CONFIGURE MENU |

67 DIR OVERCURRENT |
< neg_seq DIR n_dir = )|

FUNCTION(S) DISABLED I
SEE CONFIGURE MENU

TN

67N DIR NEUTRAL OVERCURR ||
< neg_seq dir N_DIR l

)

FUNCTION(S) DISABLED l
SEE CONFIGURE MENU

)

Setpoint & Timing — As Shipped (1 of 2) A-17
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FREQUENCY RELAY POWER RELAY
volt curr FREQ pwr - volt curr freq PWR -
| e N T T T e ——— -
| (81 FREQUENCY | | (32 DIRECTIONAL POWER
| | FREQ rcfreq | | PWR ,
l 1 l
| ( FUNCTION(S) DISABLED 1 FUNCTION(S) DISABLED
| |_SEE CONFIGURE MENU | SEE CONFIGURE MENU
- - 1 L. ___________ -
T T - T ———— -1

| | 81 RATE OF CHNG FREQ |
] freq RCFREQ |

l FUNCTION(S) DISABLED |
SEE CONFIGURE MENU |

A-18

« DIST fuse sync -

(r o)

PHASE DISTANCE RELAY j

21 PHASE DISTANCE
DIST

DISABLED ]

FUNCTION(S
| SEE CONFIGURE MENU

V.T. FUSE LOSS RELAY
« dist FUSE sync -

TN
___/

60FL V.T. FUSE LOSS
FUSE

60FL INPUT INITIATE
FL i6 i5 i4 i3 i2 it

60FL DELAY
30 Cycles

R YR YR

« dist fuse SYNC -

SYNC CHECK RELAY ]

25 SYNC CHECK
SYNC

FUNCTION(S) DISABLED
SEE CONFIGURE MENU

N N
)

)

RECONNECT RELAY
< RECONNECT -

79 RECONNECT
RECN

79 RECN INITIATED (TRI
08 07 06 05 04 03 02 O

)

79 DELAY
30 Cycles

YA YR
N7 )

Figure A-4 Setpoint & Timing — As Shipped (2 of 2)
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n OUTPUTS INPUTS
FUNCTION

8 7 6 5 4

214#1 v
21 #2 v
25 v

27#1 I/ v
27 #2
27G
32#
3242
46DT
46IT
47 #1
47 #2
50
50G
51G
51V
59 #1 4 v
59 #2
591
59G
60FL v v
67DT
671T
67NDT
67NIT

79 v
81 #1
81#2
81#3
81 #4

81R #1

SINIS NN IS ISNIN NSNS

<

~

<

SIN|IS TS

SINISTNISNES

81R #2

Check each box applicable : v (See page A-1 for information on using this table.)
D_Column = Function Disabled. FL._Column = Function blocked by fuse loss.

INPUTS Columns =Designated function blocking input(s) QUTPUTS Columns =Designated function output(s)

Table A-2 M-3520 Configuration As Shipped

A-19



M-3520 Instruction Book

This Page Intentionally Left Blank

A-20



Communications: Appendix - B

Appendix B - Communications

The M-3520 Intertie Protection Relay incorporates
three serial ports for intelligent, digital communica-
tion with external devices. Equipment such as RTUs,
data concentrators, modem, or computers can be
interfaced for direct, on-line real time data acquisi-
tion and control.

Generally, all data available to the operator through
the front panel of the relay, with the optional M-3931
HMI module is accessible remotely through the
BECO 2200 data exchange protocol. This protocol
document and the BECO 2200 M-3520 database-
specified protocol document are available from the
factory or our website at www.beckwithelectric.com.

The M-3822 IPScom® Communication Software
package has been supplied for communication to
any IBM compatible computer running under Mi-
crosoft® Windows 95 or higher.

The protocol implements serial, byte oriented, asyn-
chronous communication, and can be used to fulfill
the following communications functions:

* Real time monitoring of line status.
* Interrogation and modification of setpoints.
* Downloading of recorded oscillograph data.

* Reconfiguration of functions.

B NOTE: The following restrictions apply for MOD-
BUS protocol use:

1. MODBUS protocol is not supported on COM1

2. Parity is supported on COM2 and COM3 only,
valid selections are 8,N,2; 8,0,1 or 8,E,1. ASCI|
mode is not supported (RTU only)

3. Standard baud rates from 300 to 9600 are
supported

4. Only the following MODBUS commands are
supported:
a. Read holding register (function 03)
b. read input register (function 04)

c. Force single coil (function 05)
d. Preset single register (function 06)

6. MODBUS does not support oscillograph record
downloading.

For detailed information on communications, refer
to Chapter 4, IPScom Computer Operation.

Communication Ports

The M-3520 has both front and rear panel RS-232
ports, and a rear RS-485 port. The front and rear
panel RS-232 ports are 9-pin (DB9S) connector con-
figured as DTE (Data Terminal Equipment) per the
RS-232C standard. Signals are defined in Table
B-1.

The RS-485 port is assigned to the rear panel ter-
minal block pins 1 through 4 (see Figure B-2). This
can be configured for isolated RS-485 two-wire or
non-isolated four-wire operation.

B NOTE: Four-wire operation is only available as
a non-isolated RS-485 supplied option.

Each communication port may be configured to op-
erate at any of the standard baud rates (1200, 2400,
4800, and 9600). The RS-485 port shares the same
baud rate with COM2 (or COM1 — see Section 5.3).

While the RS-232 communication ports do include
some Electrostatic Discharge (ESD) protection cir-
cuitry, they are excluded from passing ANSI/IEEE
C37.90.1-1998. Beckwith Electric recommends the
use of RS-232 to fiber optic converters to avoid
any question of surge-withstand capabiity.

A null modem cable (see Figure B-1) allows direct
connection to a personal computer (PC), if desired.
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B-2

CIRCUIT SIGNAL COM1 COM2
BB RX Receive Data Pin 2 Pm 2
BA X Transmit Data Pin 3 Pin 3
CA RTS  Request to Send Pin 7 Pin 7
CB CTS  Clear to Send Pin 8
CD DTR  Data Termmnal Ready Pin 4 Pin 4
CF DCD  Data Carrier Detect Pin 1
AB GND  Signal Ground Pin 5 Pin 5

+15V Pm 1*
15V Pin 9*
IRIG-B (+) Pin 6*

*OPTIONAL - see 5.5, Circuit Board Switches and Jumpers
+15V (215%) @100 mA max.

Table B-1 Communication Port Signals

M-3520
COM1/COM2 PC
DB9P DB9S
1 ~ 1 DCD
RX 2 _ y 2 RX
X 3 ! X 1 3 TX
4 | 4 DTR
SGND 5 ‘J L 5 SGND
6 6 DSR
RTS 7 y 7 RTS
CTS 8 X 8 CTS
9 9 RI

Figure B-1 Null Modem Cable




PC Master

25 pin or 9-25 pin
Straight-through Cable

Communications: Appendix - B

IPScom running in “Echo Cancel” mode

DYMEC Fiber Optic
Link/Repeater
DCE
DTE
REP
OFF ‘
T R
] Fiber Optic Cable
el
e
i
1 m .
R T R T R
DCE DCI DCE
DTE ‘ DT;E ‘ DTE
REP REP REP
OFF OFF OFF
I 1 ] I
Slave #1 Slave #2 Slave #3
Address 1 Address 2 Address 3
L RS-232 L RS-232
Com -l

9-25 pin Straight-through Cables

Figure B-2 RS-232 Fiber Optic Network
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RS-485 4-Wire Network

Slave #1 Slave #2 Slave #N
Address 1 Address 5 Address 3
RX X RX ™ AX ™
PC Master N\
\ \ \ N1 2wor
(T 1)
d T - {1 e——
RE v
cessance — N
A 177

/ Twisted Pair

RS-232 to RS-485 4-wire Converter
or RS-485 card

RS-485 2-Wire Network

Slave #1 Slave #2 Slave #3
Address 6 Address 8 Address N
RX  1X RX  1X RX X
PC Master LM \ / /y\\ '/
f LN \ < eee_____|T 200 0*
 mres———————— ) - -
e 7

// Twisted Pair

RS-232 to RS-485
2-wire Converter or RS-485 Card

A CAUTION: Due to the possibility of ground potential difference between units, the units should be
mounted in the same rack. If this is not possible, fiber optics with the appropriate
converters should be used for isolation. The two-wire topology is preferable to the four-wire, as circuitry
within the relay provides some isolation. Four-wire operation is only available when the four-wire RS-485
option is selected at the time of purchase.

B NOTE: Each address on the network must be unique. Only the last physical slave on the network should
have the termination resistor installed.

Figure B-3 RS-485 Networks

B—-4
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Appendix C — Self-Test Error Codes

Error Code Description

1

2 Battery-backed RAM test fail

3 EEPROM write power-up fail

4 EEPROM read back power-up fail

5 Dual port RAM test fail

6 EEPROM write calibration checksum fail
7 EEPROM write setpoint calibration fail loss of power
8 EEPROM write setpoint checksum fail loss of battery backed RAM
9 DMA checksumyphysical block fail

10

11 DSP external program RAM fail

12 DSP A/D convert fail

13 DSP ground channel fail

14 DSP reference channel fail

15 DSP PGA gain fail

16 DSP DSP<->Host interrupt 1 fail

17 DSP DSP<->Host interrupt 2 set fail

18 DSP DSP<->Host interrupt 2 reset fail
19 DSP program load fail

20

21

22 DSP DPRAM pattern test fail

23 EEPROM write verify error

24 BBRAM test error

25 Uninitialized EEPROM

Table C-1A Error Codes
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Error Code Description

26 WARNING calibration checksum mismatch warning
27 WARNING setpoint checksum mismatch warning
28 WARNING low battery (BBRAM) warning
29 Supply/Mix PGA running test fail

30

31 Unrecognized INT1 interrupt code

32 Values update watchdog fail

33 Abort error

34 Restart error

35 Interrupt error

36 Trap error

37 Calibration running check fail

38

39

40 87 high speed interrupt noise

41

42

43

44 Oscillograph buffer overflow

45 Oscillograph buffer underflow

46 Failure of DSP to calculate calibration phasors
47 Uncalibratable input (gain)

48 Uncalibratable input (phase)

49

50 Stack overflow

Table C-1B  Error Codes (cont.)
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Appendix D - Inverse Time Curves

This Appendix contains Inverse Time Curve Families for M-3520 Intertie Protection Relay functions # 46, 51V,
51G, 67, and 67N.
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Multiple of Tap Setting  Definite Time Inverse Time Very Inverse Time Extremely Inverse Time
1.50 0.69899 4.53954 3.46578 4.83520
1.55 0.64862 4.15533 3.11203 4.28747
1.60 0.60539 3.81903 2.81228 3.83562
1.65 0.56803 3.52265 2.55654 3.45706
1.70 0.53558 3.25987 2.33607 3.13573
1.75 0.50725 3.02558 2.14431 2.85994
1.80 0.48245 2.81566 1.97620 2.62094
1.85 0.46068 2.62673 1.82779 241208
1.90 0.44156 2.45599 1.69597 2.22822
1.95 0.42477 2.30111 1.57823 2.06529
2.00 0.41006 2.16013 1.47254 1.92006
2.05 0.39721 2.03139 1.37723 1.78994
2.10 0.38606 1.91348 1.29093 1.67278
2.15 0.37648 1.80519 1.21249 1.56686
220 0.36554 1.72257 1.12812 1.47820
2.30 0.35293 1.54094 1.01626 1.32268
2.40 0.34115 1.39104 0.92207 1.19250
2.50 0.33018 1.26561 0.84190 1.08221
2.60 0.31999 1.15945 0.77301 0.98780
2.70 0.31057 : 1.06871 0.71334 0.90626
2.80 0.30189 0.99049 0.66127 0.83527
2.90 0.29392 0.92258 0.61554 0.77303
3.00 0.28666 0.86325 0.57515 0.71811
310 0.28007 0.81113 0.53930 0.66939
3.20 0.27415 0.76514 0.50733 0.62593
3.30 0.26889 0.72439 047870 0.58700
3.40 0.26427 0.68818 0.45297 0.55196
3.50 0.26030 0.65591 0.42977 0.52032
3.60 0.25697 0.62710 0.40879 0.49163
3.70 0.25429 0.60135 0.38977 0.46554
3.80 0.25229 0.57832 0.37248 0.44175
4.00 0.24975 0.53904 0.34102 } 0.40129
420 0.24572 0.50641 0.31528 0.36564
4.40 0.24197 0.47746 0.29332 0.33460
4.60 0.23852 0.45176 0.27453 0.30741
4.80 0.23541 0.42894 ‘ 0.25841 0.28346

M NOTE: The above
times are in seconds
and are given for a
time dial of 1.0. For
other time dial values,
multiply the above by
the time dial value.

Table D-1A  M-3520 Inverse Time Overcurrent Relay Characteristic Curves
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Multiple of Tap Setting  Definite Time Inverse Time  Very Inverse Time  Extremely Inverse Time

5.00 0.23266 0.40871 0.24456 0.26227
5.20 0.23029 0.39078 0.23269 0.24343
5.40 0.22834 0.37495 0.22254 0.22660
' 5.60 0.22684 0.36102 0.21394 0.21151
5.80 0.22583 0.34884 0.20673 0.19793
6.00 0.22534 0.33828 0.20081 0.18567
6.20 0.22526 0.32771 0.19511 0.17531
6.40 0.22492 0.31939 0.19044 0.16586
6.60 0.22360 0.31150 0.18602 0.15731
6.80 0.22230 0.30402 0.18187 0.14957
7.00 0.22102 0.29695 0.17797 0.14253
720 0.21977 0.29027 0.17431 0.13611
7.40 0.21855 0.28398 0.17090 0.13027
7.60 0.21736 0.27807 0.16773 0.12492
7.80 0.21621 0.27253 0.16479 0.12003
8.00 0.21510 0.26734 0.16209 0.11555
8.20 0.21403 0.26251 0.15961 0.11144
8.40 0.21300 0.25803 0.15736 0.10768
8.60 0.21203 0.25388 0.15534 0.10422
8.80 0.21111 0.25007 0.15354 0.10105
9.00 0.21025 0.24660 0.15197 0.09814
9.50 0.20813 0.23935 0.14770 0.09070
10.00 0.20740 0.23422 0.14473 0.08474
10.50 0.20667 0.22923 0.14180 0.07943
11.00 0.20594 0.22442 0.13894 0.07469
11.50 0.20521 0.21979 0.13615 0.07046
12.00 0.20449 0.21536 0.13345 0.06667
12.50 0.20378 0.21115 0.13084 0.06329
13.00 0.20310 0.20716 0.12833 0.06026
13.50 0.20243 0.20341 0.12593 0.05755
14.00 0.20179 0.19991 0.12364 0.05513
14.50 0.20119 0.19666 0.12146 0.05297
15.00 0.20062 0.19367 0.11941 0.05104
15.50 0.20009 0.19095 0.11747 0.04934
16.00 0.19961 0.18851 0.11566 0.04784
16.50 0.19918 0.18635 0.11398 0.04652
17.00 0.19881 0.18449 0.11243 0.04539
17.50 0.19851 0.18294 0.11102 0.04442
18.00 0.19827 0.18171 0.10974 0.04362 ;mtggfé-ir:(::gg:gs
18.50 0.19811 0.18082 0.10861 0.04298 and are given for a
19.00 0.19803 0.18029 0.10762 0.04250 time dial of 1.0. For
19.50 0.19803 0.18014 0.10679 0.04219 other time dial values,
muitiply the above by
20.00 0.19803 0.18014 0.10611 0.04205 the time dial value.

Table D-1B  M-3520 Inverse Time Overcurrent Relay Characteristic Curves
D-3
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1.1 Instruction Book Contents

This instruction book is divided into six major chap-
ters and four appendices.

Chapter 1: Introduction

Chapter one contains a brief description of the six
chapters and four appendices contained in this
handbook. It enumerates the functional capabili-
ties of the M-3520 Intertie Protection Relay and

provides a list (see Table 1-1) of device functions..

This chapter also describes the accessories that
may be used in conjunction with application of the
protective relay.

Chapter 2: Application

Chapter two contains specific information for the
person or group responsible for the application of
the relay. The information provided includes func-
tional diagrams, connection diagrams for typical
applications, instructions on configuration of the
unit (enabling required functions), and output con-
tact assignments/input blocking designation. This
chapter also illustrates the definition of system
quantities and required equipment characteristics,
describes the individual function settings and os-
cillograph recorder setup.

Chapter 3: Operation (Front Panel)

This chapter is designed for the person or group
responsibie for the operation and direct setting
and configuration of the relay, and is limited to
installations using the HMi (Man-Machine Inter-
face) Module. This chapter inciudes an introduc-
tion to the front panel controls, the function and
operation of the keypad, the characteristics of the
display, indicators, Target Module, and the com-
munication ports. it further describes the proce-
dures for entering all required data to the M-3520.

Also included in this chapter is a description of
the operation of the monitoring status and metering
quantities, and of viewing the target history. This
chapter references appropriate forms for recording
and communicating the described data to the parties
responsible for operation and installation of the
relay

1-1
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Chapter 4: Operation (Computer)

This chapter provides information for the person
or group responsibie for the operation and direct
setting and configuration of the relay via personal
computer, using the IPScom® M-3822 Communi-
cations Software package. It includes installation,
setup information, and procedures for entering all
data required to operate the relay. Specific de-
scriptions of the monitoring functions, status and
metering quantities are also provided.

Chapter 5: Installation

This chapter provides all the mechanical informa-
tion, including dimensions, external connections
and equipment ratings required for physical instal-
lation of the relay. For reference, the Three-Line
Connection Diagram is repeated from Chapter 2. A
commissioning checkout procedure is outlined, using
the HMI option and IPScom to check the external
CT and VT connections. Other tests, which may
be desirable at time of installation, are described
in Chapter 6.

Chapter 6: Testing

This chapter provides step-by-step test procedures
for each M-3520 function as well as the diagnostic
mode procedures and the autocalibration proce-
dure using the HMI.

Appendix A: Configuration Record forms

This appendix supplies a set of forms to record
and communicate the inputs required for the prop-
er operation of the M-3520, as well as forms illus-
trating “As Shipped” settings for all functions.

Appendix B: Communications

This appendix describes the communications equip-
ment, the protocol used, the communication ports,
and the port signals.

Appendix C: Self-test Error Codes

This appendix lists all the M-3520 error codes and
their descriptions.

Appendix D: Inverse Time Curves

This appendix contains graphs of the four stan-
dard Inverse Time Curves and the four IEC
overcurrent curves.

1.2 M-3520 Intertie Protection Relay

The M-3520 Intertie Protection Relay (see Figure
1-1), is a microprocessor-based unit that uses dig-
ital signal processing technology to provide pro-
tection to the intertie between dispersed storage
and generation (DSG) and a utility.

The M-3520 provides 12 base and 8 optional
protective relay functions (see Table 1-1). The
nomenclatures of these functions are derived from
the standards of ANS/IEEE C37.2-1991, Standard
Electric Power Systems Device Function Numbers.

Six input contacts (located on rear side of unit)
can be programmed to block any relay function
and/or trigger the oscillograph recorder. Any of the
functions or input contacts can be individually
programmed to activate one or more of the eight
programmable output contacts.

STANDARD

FUNCTIONS DESCRIPTION
27 Undervoltage
46 Negative Sequence Overcurrent
47 Negative Sequence Overvoltage
50 Instantaneous. Overcurrent
50G Instantaneous Neutral Overcurrent
51G Inverse Time Neutral Overcurrent
Inverse Time Overcurrent, with
51V Voltage Control or Voltage
Restraint
59 Overvoltage
60FL VT Fuse Loss Detection
67 Phase Directional Overcurrent
79 Reconnect Enable
81 Over/Under Frequency
o eONs  DESCRIPTION
21 Phase Distance
25 Sync Check
32 Reverse/Forward Power
59G/27G Neutral Overvoltage/Undervoltage
591 Peak Overvoltage
67N Residual Directional Overcurrent
81R Rate of Change of Frequency
Table 1-1 M-3520 Device Functions



With the optional M-3931 Human-Machine Inter-
face Module (HMI), all functions can be set or
examined via a local, menu-driven 2-line by 24-char-
acter display. The HMI also provides the capabil-
ity for local metering of various quantities, including
phase, neutral, and sequence voitages and cur-
rents; power factor, real, reactive, and apparent
power measurements.

The relay provides storage of time-tagged target
information for the 32 most recent trip events.
Also included are self-test, self-calibration and di-
agnostic capabilities.

The function outputs can provide tripping and/or
alarm contacts. Light Emitting Diodes (LEDs) are
used for the targets to provide visual indication of
a function operation. Three serial /O ports pro-
vide remote communication capability.

A switching mode power supply provides the relay
with the various power supply voltages required
for operation. (A redundant power supply is avail-
able as an option.)

Introduction - 1

The serial interface ports, COM1 and COM2, are
standard 9-pin RS-232C DTE-configured commu-
nications ports. The front-panel port, COM1, is
used to locally set and interrogate the M-3520 via
a portable computer. The second RS-232C port,
COM2, is provided at the rear of the unit. An
isolated RS-485 communication port, COMS3, is
also available at the relay’s rear terminal block.
Either rear-panel port, COM2 or COMS3, can be
used to remotely set and interrogate the M-3520
via a modem, network or direct serial connection.
Detailed information on the use of the relay com-
munications ports is provided in Appendix B, Com-
munications, as well as Chapter 4, Operation
(Computer).

The unit provides up to 170 cycles of waveform
data storage assignable to up to 4 events with
selectable post-trigger delay. Once downloaded,
the data can be analyzed using the optional M-3801
lPSpIot Oscillograph Analysis Software package.

TARGETS

ECKWITH ELECTRIC CO, |
w3520 _—__1

{NTERTIE PROTECT!ON

AWARNIN
CONTACT RAT!

Figure 1-1

OUTPUTS
WUTIO  GUTI0 QUTSQ oUTTO
outzO  ours QO ourteQ  oure(

M-3520 Front and Rear Panels
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1.3 Accessories

A copy of IPScom® communication software is
shipped with each M-3520 Intertie Protection Re-
lay. IPScom software will operate on an IBM PC-
compatible computer running under Windows 95
or higher, providing remote access to the relay
via either direct serial connection or modem. IPScom
provides the following communication functions:

» Setpoint interrogation and modification
e Line status real-time monitoring

» Stored target interrogation

» Recorded oscillograph data downloading

+ Real time Phasor display

M-3915 Target Module:

The optional target module shown in Figure 1-2
includes 24 individually labeled TARGET LEDs
(Light Emitting Diodes) to target the operation of
the functions on the front panel. Eight individually
labeled OUTPUT LEDs will be lit as long as any
output is picked up.

TARGETS
d O
@) o
o O
@) O
o 0
Ol )| o
@] ] IO
ol I o
Ol il IO
ol 1 @
Cl I 1O
al I 1O
OUTPUTS
ouT10 ouT3 QO ouTsQO outT7Q
out20 out4 QO oute(C outsQO
Figure 1-2  M-3915 Target Module

M-3931 Human-Machine Interface (HMI):

The optional HMI module, shown in Figure 1-3,
provides a means to interrogate the M-3520 and
to input settings, access data, etc. directly from
the front of the relay. Operation of the HMI mod-
ule is described in detail in Section 3.1, Front
Panel Controls.

BECKWITH ELECTRIC CO.
M-3520

iy
= o

g

0

Figure 1-3 M-3931 Human-Machine
Interface Module

M-3801A IPSplot® Oscillograph Analysis
Software Package:

The IPSplot Oscillograph Analysis Software runs
in conjunction with IPScom software package on
any IBM PC-compatible computer running Windows
95 or higher, to enable the plotting and printing of
waveform data downloaded from the M-3520 Inter-
tie Protection.

M-3933/M-0423 Serial Communications Cable:

The M-3933 cable is a 10-foot RS-232 cable for
use between the relay’s rear-panel (COM2) port
and a modem. This cable has a DB25 (25-pin)
connector (modem) and a DB9 (9-pin) at the M-3520
end.

The M-0423 cable is a 10-foot null-modem RS-232
cable for direct connection between a PC and the
relay’s front-panel COM1 port or the rear COM2
port. This cable has DB9 (9-pin) connectors at
each end.

M-3934 Redundant Low Voltage Power Supply:
Redundant 24/48 VDC supply.

M-3935 Redundant High Voltage Power Supply:
Redundant 110/250 VDC supply.
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Application

2.1 INErOAUCHON ..o 2-1
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2.4 Setpoints and Time Settings ....c..cccccvviiiivcninnii e 2~7
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25 SYNC ChECK ...oiiiiiiii ittt e 2-10
27 UNdervollage ......ccceeevvvv i 2-15
32 Directional POWET .......cccovviiev e 2-16
46 Negative Sequence Overcurrent.........cccccvvvnievieninsiaeronn 2-17
47 Negative Sequence Overvoltage .........cccocceevieirinncennennnnen, 2-18
50 instantaneous Phase Overcurrent, 3 Phase........ccccoeuuen. 2-19
50G Instantaneous Neutral Overcurrent............occoiiniiiinncnnn 2-20
51V Inverse Time Overcurrent w/Voltage Control/Restraint .. 2-21
51G Inverse Time Neutral Overcurrent ........ccccoovveiiiiiininnnnn 2-23
591 Peak Overvoltage .....ccccoveveeiriiiciniiec e 2-24
59 OVEIVORAGE ....oovveiveiiririeener e b 2-25
59G/27G Overvoltage/Undervoltage
Neutral Circuit or Zero Sequence ........c..cccecrnveimnvinnienniiiinnns 2-26
B60FL VT Fuse-Loss Detection........ccccevccvvicmnniviiiiccininennnnns 2-28
67 Phase Directional Overcurrent ..........cccoomiiviiniieionnnnnnnn. 2-29
67N Residual Directional Overcurrent .........cccoccnmmeniiiiniecinnns 2-32
79 Reconnect Enable Time Delay ......cccccvviiininineiinnnennnnn, 2-34
81 FreQUENCY «.ceieriiieen sttt ssssenn e ressannans 2-36
81R Rate of Change of Frequency .........ccccovviinniiniiiinnnninns 2-38
2.5 Oscillograph Recorder .......c.cccvvniiiiiiniinineesens 2-39
2.6 Target History Recorder ...t 2-39
2.7 IRIG-B Time SYNC..cccoierei e 2-40

2.1 Introduction

This chapter provides information for the person
or group responsible for the application of the M-3520
Intertie Protection Relay. Individual relay functions
can be programmed to activate any combination
of eight output contacts (OUT1-8). Similarly, any
relay function can be programmed to be blocked
by any of six status inputs (IN1-6) or the internal-
ly generated VT Fuse Loss Status. The relay pro-
vides programmable setpoints for each relay

function. Some relay functions provide two or more
elements, each with a magnitude setting and as-
sociated time delay.

This chapter is designed to assist in the application
aspects of the Intertie Protection system. Detailed
information on the relay functions, configuration,
setpoints, functional logic schemes, and oscillograph
recorder is provided.

This chapter also specifies appropriate forms for
recording and communicating the input settings to
the parties responsible for operation and installation
of the relay.

21
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2.2 System Diagrams

Utility :sttem
3

Optional Function

Q Standard Function

M-3520

—— o
. - I
I | 1-CT
AR AR NEEN ™
3or2
VTs
VA. Vg, Veoor )
VaB: VBC: VcaA
3-CTs ¢,
S 141510

52
|

52

52

*Voltage Transformer (VT) connection may be either broken delta or single,
line to ground VT depending on application (for ungrounded system).

B NOTE: M-3520 may be purchased as a base protection

O system with 59, 27, 810/U, 79, and 60FL functions only.

Figure 2-1

One-Line Functional Diagram
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Figure 2-2 Three Line Connection Diagram

M Note: Additional inputs and outputs can be selected by user.
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2.3 Configuration

Functions

Configuring the M-3520 Intertie Protection Relay
consists of enabling the relay functions to be used
in a particular application. Once the output con-
tacts (OUT1-8) are designated, each function will
be receptive, according to the status inputs desig-
nated (IN1-6) to block the function.

Status inputs may also initiate other actions, such
as triggering the Oscillograph Recorder. The sta-
tus inputs and output contacts need to be chosen
before configuring the individual functions. Both
can be recorded on the Relay Configuration Ta-
ble in Appendix A.

W NOTE: At least one relay output must be se-
lected to enable a function, otherwise the function
is disabled.

Special Considerations

Status input IN1 is preassigned to be the 52b
breaker contact. The FL blocking input represents
the internally generated fuse loss status.

Outputs 1-6 are form “a” contacts (normally open)
and outputs 7 and 8 are form “c” contacts (center
tapped “a” and “b” contacts).

Outputs 1-4 contain special circuitry which allow
them to operate slightly faster than the other out-
puts.

Each output may also be programmed for pulse
operation. The seal-in time delay setting for the

particular relay determines the length of time that

relay is energized when programmed for pulse op-
eration.

The following functions can be configured using
enable/disable output, and status input blocking
designations:

+ 21 Phase Distance zone #1, zone #2

e 25 Sync Check

s 27 Undervoltage #1, #2

¢ 27G Neutral Undervoltage

* 32 Reverse/Forward Power #1, #2

» 46 Negative Sequence Overcurrent, Def, Inv
* 47 Negative Sequence Overvoltage #1, #2
* 50 Instantaneous Phase Overcurrent

* 50G Instantaneous Neutral Overcurrent

* 51G Inverse Time Neutral Overcurrent

+ 51V Inverse Time Overcurrent with Voltage
Control or Voltage Restraint

* 59 Overvoltage #1, #2

* 59| Peak Overvoltage

* 59G Neutral Overvoltage
e 60FL VT Fuse Loss

+ 67 Phase Directional Overcurrent, Definite
Time and Inverse Time

+ 67N Residual Directional Overcurrent, Defi-
nite and Inverse Time

¢ 79 Reconnect Enable
e 81 Frequency: #1,#2, #3, #4
« 81R Rate of Change of Frequency #1, #2

27 #1 PHASE UNDERVOLTAGE
disable ENABLE

enabling the function the user is presented with the follow-

) This designation is required for each relay function. After
ing two screens.

27 #1 BLOCK INPUT
fl i6 i5 i4 i3 i2 i1

for the enabled function. “OR” logic is used if more than one

j This screen assigns the blocking designations (up to six)
input is selected. If the “FL” is designated, the function will

be blocked by the internally generated fuse loss status.

27 #1 RELAY OUTPUT
08 07 06 05 04 03 02 of

the particular relay function. If no output contacts are as-

] This screen assigns the output contacts (up to eight) for
signed, the function will be automatically disabled.

2-4



System Setup

The system setup consists of defining common
information such as CT and VT ratios, nominal
voltage and current ratings, VT configuration, phase
rotation, etc. These parameters should be entered
before proceeding to the configuration or setpoint

NOMINAL VOLTAGE
volts

NOMINAL CURRENT
amps

)
(Lo )
[ V.T. CONFIGURATION )
( )

LINE-LINE line-ground =

V.T. CONFIGURATION
< line-gnd_to_line-line

SYNC-CHECK PHASE
Abc

PHASE ROTATION
a-c-b A-B-C

PULSE RELAY
08 07 06 05 04 03 02 o1

RELAY SEAL-IN TIME OUT1
cycles

N YN Y )
N N N N

Application - 2

and time delay settings for particular functions.
The values or selections shown below are only
examples. Record and communicate the following
information using the Functional Configuration Record
Form in Appendix A.

The secondary VT voltage when primary voltage is
equal to the 1 per unit rating.

The secondary current of the phase CTs when the pri-
mary current is equal to the 1 per unit rating. Nominal
voltage and current are used in the per unit power calcu-
lation.

Indicates the VT Configuration. When LINE-GROUND
is selected, functions 27 and 59 may operate for
line-ground faults. If this is not desired, the
LINE-GND_TO_LINE-LINE selection may be used.
When LINE-GROUNDTO LINE-LINE is selected, the
relay internally calculates line-line voltages from
line-ground voltages for all voltage-sensitive functions.
This Line-Ground to Line-Line selection should be used
only for a VT nominal secondary voltage of 69 V (not
for 120 V). For this selection, the nominal voltage en-
tered should be line-line nominal voltage, which is

3 times line-ground nominal voltage. The V2 con-
nected VT must be configured line-ground if VT CON-
FIGURATION from above is LINE-GROUND. If VT
configuration is LINE-LINE or LINE-GND_TO_LINE-
LINE, then V2 must be configured line-line.

Indicates selected phase for sync check (25) func-
tion.

Phase Rotation.

Indicates outputs chosen for puise operation. When
selected, output will remain energized for the time delay
specified in the RELAY SEAL-IN TIME (see below),
and then drop out. With pulse operation, the selected
relay will drop out after the delay, even if the tripping
function remains out of band.

Relay seal-in may be specified for each of the 8 out-

puts. Seal-in specifies the minimum time the output
must remain energized when picked up.

2-5
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ACTIVE INPUT OPEN/close
i6 i5 i4 I3 i2 i1

DELTA-Y TRANSFORM
DISABLE enable

V.T. PHASE RATIO
1.0:1

V.T. V2 RATIO
1.0:1

V.T. NEUTRAL RATIO
1.0:1

C.T. PHASE RATIO
10.1:

C.T. NEUTRAL RATIO
10:1

TN N N N N

A AN/ AN AN A A

2-6

Selects the active state of the six status inputs. When
highlighted (uppercase), the active state is an open cir-
cuit. When lowercase, the active state is closed circuit
(default)

By enabling the DELTA-Y TRANSFORM, the relay will
internally consider the 30° phase shift through the
delta-wye unit transformer for 51V and 21 functions.

Ratio of the phase VT’s.

Ratio of the V2 VT

Ratio of the neutral VT

Ratio of the phase CTs

Ratio of the neutral CT



2.4 Setpoints and Time Settings

21 Phase Distance

The phase distance function, designed for system
phase fault protection, is implemented as a two-
zone mho characteristic. Three separate distance
elements are implemented to detect AB, BC, and
CA fault types. The ranges, increments, and ac-
curacy are shown in Table 2-1. The diameter, off-
set, system impedance angle (relay characteristic
angle), and definite time delay need to be select-
ed for each zone for coordination with the system
relaying in the specific application.

FUNCTION SETPOINT RANGE

Phase Distance (21) (dual-zone mho characteristics)
Circle Diameter #1, #2 0.1 to 100.0 Q

(0.5 to 500.0 Q)
Offset #1, #2 -100.0 to 100.0 Q

(-500.0 to 500.0 Q)

Impedence Angle 0° to 90
Time Delay #1, #2 1 to 8160 cycles

Application - 2

When the Dispersed Storage and Generation (DSG)
is connected to the system through a delta/wye
transformer, proper voltages and currents (equiv-
alent to the high side of the transformer) must be
used in order for the relay to see correct imped-
ances for system faults. By enabling the delta/
wye transform feature (see Section 2.2, System
Diagrams), the relay can internally consider the
30° phase shift through the delta-wye unit trans-
former, saving auxiliary VT's.

INCREMENT ACCURACY
01Q + 01Qor = 5%
(05 Qor = 5%)
0.1Q +0.1 Q or 5%
(0.5 Q or 5%)
I° +1°
1 cycle -1 to+3 cycles or *1%

Table 2-1 Phase Distance (21) Setpoint Ranges

Direct-Connected Delta/Wye Transformer Connected

VT Connection VT Connection
Line-to-Line Line-to-Ground Line-to-Line Line-to-Ground
VAB VA ’VB VBC 'VAB VB 'Vo
; —_ Pl — oSO e e

-1, LI, ©)8 L
Vie Vs-Ve VeaVac Ve Vo
Ib-IC Ib-IC (B)IC IC

Ve VeVa Vas~Vea VaVo
IC- a Ic-Ia (3)Ia IB

Table 2-2 Impedance Calculation
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Protected Range Zone 2

A /

Protected Range Zone 1 |

¥

2G 52

3¢

1 M-3520 —
i @

Y

Figure 2-3 Phase Distance (21) Zones of Protection

+jX

/

——“—-“—-—————/'“‘/——'\//
7 L7 //,'\

Transmission Line 5
7/
o4

Circle
Diameter
s

L | T

+R

—jx

Figure 2-4 Phase Distance (21) Function Applied for System Phase Faults
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All primary impedances (Z,.,) must be reflected to relay quantities (Z,,,). The primary ohms (Z,,,) on the
generator base needs to be muitiplied by the ratio of the current transformer ratio (R_) to the voltage trans-
former ratio (R,)).

Z =2 X(Re+ R))

If this function is enabled, the following settings are applicable:

(21

#1

DIAMETER
Ohms

)

#1

OFFSET
Ohms

()

#1

IMPEDANCE ANGLE
Degrees

=

#1

DELAY
Cycles

N

1

#2

DIAMETER
Ohms

()

#2

OFFSET
Ohms

#2

IMPEDANCE ANGLE
Degrees

M

#2

DELAY
Cycles

AR N N N N

Typically, the first zone of protection is set to an imped-
ance value in excess of the first external protective sec-
tion (typically the transformer plus part of the transmis-
sion line) to ensure operation for fauits within that protec-
tive zone (see Figure 2-4). The second #21 zone can be
set for the second external section of protection on the
system (typically transmission Zone 1 distance relays)
plus adequate overreach.

A negative or positive offset can be specified to offset
the mho circle from the origin. This offset is usually set
at zero.

The impedance angle should be set as closely as pos-
sible to the actual impedance angle of the zone being
protected.

The time delays are set to coordinate with the primary
protection of those overreached zones and, when appli-
cable, with the breaker failure schemes associated with
those protective zones.

2-9
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25 Sync Check

The Synchronism (Sync) Check function is used
to ensure that the voltage magnitude, phase angle
and frequency of the Dispersed Storage and Gen-
eration (DSG) (V2) and the utility system (V1) are
within acceptable limits before the intertie breaker
is closed.

The sync check function has phase angle, deita
frequency, and delta voltage checks.

Phase Angle Check

The phase angie is considered OK when the se-
lected sync phase voltage (V1) and DSG voiltage
are within the Upper Volt Limit and Lower Volt
Limit window and the measured phase angle is
within the phase angle window.

Phase angle window is defined as twice the Phase
Limit setting. For example, if the Phase Limit is
set at 10 degrees, a phase angle window of 20
degrees exists between -10 degrees and +10 de-
grees. The basic diagram of the phase angle check
is shown in Figure 2-5.

Phase OK

V1 - Lower Voltage Limit [
¢ AND
V1 = Upper Voltage Limit R —
V2 : Lower Voltage Limit T AND N\
V2 = Upper Voitage Limit “”'—“_/

Phase Angle < Phase Limit

AND b o (to Figure 2-6)

Figure 2-5 Phase Angle Check Logic Diagram

Delta Voltage and Delta Frequency Check

Delta voltage and delta frequency elements may
be individually enabled or disabled, as desired.
Delta voltage check will compare the absolute
difference between the selected sync phase volt-
age (V1) and the measured DSG voltage (V2) with

(Vy-Vy) -4V
Enabie aV

(Fy-Fp):AF
Enable AF

*

(from Figure 2-5) Phase OK

AND *

OR’ logic if either DF or
DV is enabled, '‘AND’ logic if
both are enabled.

the Delta Volt limit setting. Likewise, the delta
frequency measures the frequency difference be-
tween V1 and V2 voltage signals. The logic dia-
gram of the above is shown in Figure 2-6.

Sync
AND (%heck ______ (to Figure 2-10)
imer

Figure 2-6 Delta Voltage and Delta Frequency Check Logic Diagram
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Dead Line/Dead Bus Check

The Dead Volt Limit defines the Hot/Dead voltage
level used in deadline/dead bus closing schemes.
When the measured V2 voltage is equal to or
below the Dead Voit Limit, V2 is considered dead.
When the measured V2 is above the Dead Volt
Limit, V2 is considered hot. The opposite side of

Vipos © Dead Limit
V2 > Dead Limit — AND

Dead V1 Enable

V2 = Dead Limit

vi —AND }

— "\ Dead

Application - 2

the breaker uses the positive sequence voltage
measurement (V1 below) for 3-phase consideration
in determining hot/dead detection. Different com-
binations of hot line/dead bus closings may be
selected, depending on how the buses are refer-
enced. The logic diagram of the deadline/dead bus
scheme is shown in Figure 2-7.

pos > Dead Limit -

Dead V2 Enable

V1 < Dead Limit ]
o8 — AND
V2 - Dead Limit —

Dead V1 & V2 Enable

OR Check [ (to Figure 2-10)
’_*_L/ Timer

Figure 2-7 Dead Line/Dead Bus Check Logic Diagram

The Dead V1, Dead V2, and Dead V1 & V2 enable
are software switches used to enable the dead
line/dead bus logic. Further conditioning can be
performed on the dead detection logic by select-
ing one or more input contacts (Dead Input En-
able) to control the enabled dead detection element.
For example, if INPUT2 (12) is selected under the
Dead Input Enable screen, and both the Dead V1
and Dead V2 elements are enabled, the dead check
timer will start when INPUT2 is activated, and

] | AND
Dead V1 Enable

V2 Dead Limit -~

|

I i
Dead V2 Enable

Vi Dead Limit
v2> Dead Umsx:j AND
i
H

Vipgs > Dead Limit w-j AND S—

either V1 dead/V2 hot or V1 hot/V2 dead. This
allows for external control of the desired dead closing
scheme. Dead Input Enable selections are com-
mon to all dead detection elements. f no inputs
are selected under the Dead Input Enable screen,
and any dead element is enabled, the dead check
timer will start immediately when the dead condi-
tion exists. The logic diagram in Figure 2-8 shows
enabling/disabling of the dead line/dead bus scheme
through contact inputs.

Dead
Dead 1. {to Figure 2-10)
Timer

Figure 2-8 Dead Line/Dead Bus Check Input Initiate Logic Diagram
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Eventually, the dead line/dead bus check, phase
angle check, delta volt and delta frequency checks
all combine through their appropriate timers and

Dead

Dead
Check

Detection

Timer

Logic

Phase
Detection
Logic

Delta Sync

are directed to the programmed 25 output relay.
The overall logic of the Sync Check (25) function
is shown in Figure 2-9.

25 Output

————-—~ O/sealin %

Y

Voltage Check
Logic Timer

Delta
Frequency
Logic

Figure 2-9 Sync Check (25) Function Logic Diagram

Supervision of 25 by 79

The Sync Check function (25) can be supervised
by the reconnect enable (79) function. The “79
supervise 25” setting, if enabled, will hold both the

dead check'and sync check timers reset until the
79 timer expires. This, in effect, allows the 79
function to supervise the 25 operation.

l 79 Timer }

79 Supervise 25 Enable

(from Figures 2-7 and 2-8) ------------- -| Dead
Check

Timer

Sync

(from Figure 2-6) Check
Timer

Figure 2-10 79 Supervise 25 Logic Diagram
Neither the 25 nor the 79 function are considered
“tripping” functions, and therefore do not generate
target information by default.

2-12

O/seal in I 79 Output

» O/seal in b —1 25 Output
I

A CAUTION: Outputs chosen for the 79 and 25
functions should not be selected as target outputs
in the Target Setup section. Advanced program-
ming using the IPSutil™ program allows user to
redefine either or both the 25 and 79 functions as
targetable.



Application - 2

FUNCTION SETPOINT RANGE INCREMENT ACCURACY

Sync Check (25)

Phase Angle Window 0 to90° 1° *1°

Upper Voltage Limit 100to 140 V v +05Vor £05%
Lower Voltage Limit 90to 120V v +0.5 Vor =0.5%
Delta Voltage Limit 1.0to 500V 0.1V +05V

Delta Fregency Limit 0.001 to 0.500 Hz 0.001Hz *=0.0007 Hz or 5%
Sync Check Time Delay 1 to 8160 cycles 1 cycle -1 to +3 cycles or 1%
Dead Voltage Limit Oto60V 1V =(0.5V

Dead Time Delay 1 to 8160 cycles 1 cycle -1 to +3 cycles or =1%
Sync Check may be operated as a stand-alone function or supervised by 79 (reconnect). Various
combinations of input supervised hot/dead closing schemes may be supervised.

Table 2-3 Sync Check (25) Setpoints

~
v 2 . . .
gg sggigREl{ligLEs j if enabled, 79 timer will control 25 function.
\-
(25 PHASE LIMIT ) .
Degrees Phase angle setting.
- J/
25 UPPER VOLT LIMIT . )
Upper voltage limit for phase angle acceptance.
Volts )
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/
25 LOWER VOLT LIMIT
9 Volts

\

/
25 SYNC CHECK DELAY
Cycles

25 DELTA VOLT
disable ENABLE

N

25 DELTA VOLT LIMIT
__Volts

disable ENABLE

( 25 DELTA FREQUENCY
~

Hz
N

25 DELTA FREQUENCY LIMIT

/
25 DEAD VOLT LIMIT
Volts

5 DEAD V1
isable ENABLE

QN

25 DEAD V2
disable ENABLE

25 DEAD V1 & V2
DISABLE enable

25 DEAD INPUT ENABLE
i6 i5 i4 I3 i2 it

25 DEAD DELAY
Cycles

TN Y (Y (Y (O

)
)
)
J
|
J
)
)
|
|

2-14

Lower voltage limit for phase angle acceptance.

Sync check time delay.

Delta voltage element.

Delta voltage setting.

Delta frequency element.

Delta frequency setting.

Voltage less than this setting is defined as “DEAD”; above
this setting as “HOT".

Enables Dead V1/Hot V2 setting.

Enables Hot V1/Dead V2 setting.

Enables Dead V1/Dead V2 closing.

Externally controlled dead closing.

Dead delay timer setting.



27 Undervoltage, 3 Phase

Voltage is commonly suggested as an efficient
means to protect against islanding. Notably, un-
less the DSG includes very high-speed generator
excitation response, the island case where load is
greater than generation will result in a rapid drop
of voltage. Except for those systems prone to
ferroresonance, the voltage waveform will remain
essentially sinusoidal, making the use of rms val-

FUNCTION SETPOINT RANGE
Undervoltage (27)
Pickup #1, #2 Sto 180V

Time Delay #1, #2 1 to 8160 cycles

Appilication - 2

ue of fundamental frequency component as the
measurement for this function. An I[EEE sugges-
tion is that undervoltage relays be set at 90% to
95% of nominal voltage (in accordance with the
lower limit allowed for supply to customers) with a
1 second time delay to prevent incorrect operation
from a voltage dip caused by an external fault.

INCREMENT ACCURACY
1V +05Vor £0.5%
1 cycle -1 to +3 cycles or +1%

Table 2-4 Undervoltage

(27) Setpoint Ranges

If this function is enabled, the following settings are applicable:

27 #2 PICKUP
Volts

27 #2 DELAY
Cycles

N Y Y Y
NN AN

27 #1 PICKUP Relay volts are equal to the primary bus voltage divided by
Volts the VT ratio.

27 #1 DELAY The operating time of the function.
Cycles
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32 Directional Power, 3-Phase

The directional power function issues a trip com-
mand when the magnitude of the power flow (in
either direction, as selected) exceeds the setpoint
for the prescribed time. The forward and reverse
power functions can be individually adjusted to trip
when the total three-phase power is in the range of
0.002 pu to 3 pu.

The reverse power function has a three-phase op-
tion that, when selected, uses total 3-phase power
measurement. When the Three-Phase Detect is
not enabled, the M-3520 detects the power in any
one phase, and operates it if the power in any one
phase exceeds the setpoint.

The base volt amperes for one PU (per unit) is
based on nominal voltage and nominal current
setting.

For interconnection protection, with VT and CT
connections as illustrated in Figure 2-2, reverse
power is defined as power flow into the generator/
customer, forward power as power flow to the utility.

A CAUTION: Proper CT polarity is important in
defining the direction of the power flow.

If the Dispersed Storage and Generation (DSG) is al-
lowed to supply power to the utility, the forward power
function can be used to limit the amount of power flow
into the utility. This function can also be set to very
sensitive setting, to detect islanding conditions. The
32 functions should be applied with a time delay to
prevent misoperation during transients.

FUNCTION SETPOINT RANGES INCREMENT ACCURACY
Reverse/Forward Power (32)
Pickup #1, #2 -3.000 to +3.000 pu 0.001 pu +0.002 pu or 2%
Time Delay #1, #2 1 to 8160 cycles 1 cycle +16 cycles or +1%
The per-unit pickup is based on nominal VT secondary voltage and nominal CT secondary current
settings. Single phase detection may be selected for line-to-ground connected VTs.

Table 2-5 Directional Power (32) Setpoint Ranges

If this function is enabled, the following settings are applicable

32 #1 PICKUP
I

32 #1 DELAY
CYCLES

-

32#1 THREE PHASE DETECT
disable ENABLE

32 #2 PICKUP
PU

32 #2 DELAY
Cycles

32 #2 THREE PHASE DETECT
disable ENABLE

TN NN
NP N N NS/ N N




46 Negative Sequence Overcurrent

The Negative Sequence Overcurrent function pro-
vides protection against possible damage due to
unbalanced faults.

This function has a definite time element and an
inverse time element. The definite time pickup
value and definite operating time are normally as-
sociated with an alarm function. The inverse time
element is usually associated with a trip function.

FUNCTION SETPOINT RANGE

Negative Sequence Overcurrent (46)

Definite Time

Pick 0.10 to 20.00 A
1exup (0.02 t0 4.00 A)

Time Delay 1 to 8160 cycles

Inverse Time

‘ 0.50 t0 5.00 A
Pickup (0.10 to 1.00 A)

Characteristic Curves

05t011.0

Time Dial Setting 0.05 to 1.10 (IEC curves)

Application - 2

The inverse time function can be selected as one
of the eight curve families: definite, inverse, very
inverse, extremely inverse, and four IEC curves.
The operator selects the pickup and time dial
settings.

This protection must not operate for system faults
that will be cleared by feeder/line relaying. This
requires consideration of feeder line protection,
bus differential, and breaker failure backup
protections.

INCREMENT ACCURACY
*+0.1A or=3%
0.01A (£0.02A or *3%)
1 cycle -1to + 3 cycles or =3%
+0.1A or=3%
0.01A (£0.02 A or +3%)
Definite Time/Inverse/Very Inverse/Extremely Inverse/IEC Curves
0.1 - +
0.01 +3 cycles or 5%

Table 2-6 Negative Sequence Overcurrent (46) Setpoint Ranges

If this function is enabled, the following settings are applicable:

Amps

( 46DT PICKUP

)

46DT DELAY
Cycles

46IT PICKUP
Amps

461IT CURVE
DEF in vinv einv -

46IT TIME DIAL

N N Y

N N N A

Negative sequence overcurrent pickup establishes the nega-
tive sequence overcurrent level above which the function
timer will start.

This setting is the operating time of the function.

Negative sequence overcurrent pickup establishes the nega-
tive sequence overcurrent level above which the function
timer will start.

This setting selects, one of eight family of curves, as shown
in Appendix D, Figures D-1 through D-8.

The appropriate curve in the selected family of curves is
chosen here.
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47 Negative Sequence Overvoltage

The Negative Sequence Overvoltage function 47
provides protection for voltage imbalance and re-
verse phase sequence.

FUNCTION SETPOINT RANGE INCREMENT ACCURACY

Negative Sequence Overvoltage (47)
Pickup #1, #2 Sto 180V v +0.5Vor £0.5%

Time Delay #1, #2 1 to 8160 cycles 1 cycle -1to+ 3 cyclesor 1%

Table 2-7 Negative Sequence Overvoltage (47) Setpoint Ranges

If this function is enabled, the following settings are applicable:

47#1 PICKUP A pickup setting in the range of 10 to 30 V can reliably
Volts detect open phases and reverse phase sequence.

A minimum time delay of 6 to 10 cycles will prevent

47#1 DELAY misoperation during switching transients.

Cycles

47#2 DELAY
Cycles

N YN Y

47#2 PICKUP
Volts
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50 Instantaneous Overcurrent, 3-Phase

The Instantaneous Phase (50) functions provide
fast tripping times for high fault currents. The set-
tings for 50 should be chosen such that they will
not respond to faults on the adjacent system.

FUNCTION SETPOINT RANGE INCREMENT ACCURACY
Instantaneous Overcurrent (50)
Pickup 1.0t0 2400 A 0.1 A +0.1 Aor +3%
(0.2 t0 48.0 A) (+£0.02A or +3%)
Time Delay Fixed 2 cycles +2 cyckes

Table 2-8 50 Instantaneous Overcurrent, 3-Phase Setpoint Ranges

If this function is enabled, the following settings are applicable:

50 PICKUP
Amps
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50G Instantaneous Overcurrent, Neutral

The Instantaneous Neutral Overcurrent (50G) func-
tion provides fast tripping times for high fault cur-
rents. The settings for 50N should be chosen such
that they will not respond to faults on the adjacent
system.

"FUNCTION . SETPOINT RANGE INCREMENT ACCURACY
Instantaneous Overcurrent, Neutral (50G)
Pickup 0.5t0240.0 A 01A +0.1A or £3%
(0.1t048.0 A) (£0.02 or =3%)
Time Delay Fixed 2 cycles +2 cycles

The 50G can be supervised by the ground directional element (if the 67N option is selected).

Table 2-9 50G Instantaneous Overcurrent, Neutral Setpoint Ranges

If this function is enabled, the following settings are applicable:

(506 PICKUP ) Pickup setting.
Amps
DIRECTIONAL ELEMENT 50G may be directionally controlled. See 67N function for
disable ENABLE maximum sensitivity angle and polarization setup.
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51V Inverse Time Overcurrent, with Voltage
Control or Voltage Restraint

Time overcurrent relays are basic to any protec-
tion scheme. This is the main device used to trip
circuits selectively and to time coordinate them
with other up or downstream devices. For this
function, eight complete series of inverse time
characteristics are included. The eight curve fam-
ilies to be chosen from are definite, inverse, very
inverse, extremely inverse, and four IEC curves.
The pickup and time dial settings are selected
from the relay menu.

The curves available for use are shown in
Appendix D, Figures D-1 through D-8. They
cover a range from 1.5 to 20 times the tap. For
currents beyond 20 times the pickup setting, the
relay operating time will remain 20 times the pick-
up setting. The 51V function has voltage control
or voltage restraint elements. Under certain condi-
tions, the Dispersed Storage and Generation (DSG)
steady-state fault currents during a three-phase
fault can decrease to below the full load current.
In order to provide overcurrent protection for those
conditions, the voltage controi/restraint element
should be enabled. The particular settings will be
made by information from short-circuit (fault) stud-
ies and knowledge of the coordination requirements
with other devices in the system that respond to
time overcurrent.

When voltage restraint is selected, the tap setting
of the 51VR is modified continuously according to
the voltage inputs. The relay continues to operate

Application - 2

independently of current decrement in the machine.
The voltage restraint function is well-suited to small
generators with relatively short time constants.
Voltage restraint is disabled when shipped from
factory. When the generator is connected to the
system through a delta/wye transformer, proper
voltages (equivalent to the high-side of the trans-
former) should be used for the 51VR or 51VC
element. The M-3520 can internally determine the
equivalent high-side voltages of the delta/wye unit
transformer, saving auxiliary instrument transformers.
The voltage-current pairs used are shown in Table
2-11.

For voltage controlled operation, the function is
not active unless the voltage is below the voltage
control setpoint, which can be used to help con-
firm that the overcurrent is due to a system fault.
When applied, most users will set voltage control
in the range of 0.7 to 0.9 per unit rms voltage.
Voltage control is disable when shipped from the
factory.

The various features of the 51V function, such as
voltage control, voltage restraint, voltage transfor-
mations (for delta-wye unit transformers) can be
programmed by the operator.

M NOTE: This function should be blocked by fuse
loss if in the voltage control mode. Fuse loss
blocking is not desirable for the restraint mode
because the pickup is automatically held at 100%
Tap Setting (see Figure 2-11) during fuse loss
conditions, and will continue to operate correctly.

FUNCTION

Pickup

Characteristic Curve

Time Dial Setting 0510 11.0

Voltage Control (VC) 5t0 180V
or

Voltage Restraint (VR)

SETPOINT RANGE
Inverse Time Overcurrent, with Voltage Control or Voltage Restraint (51V)

0.51t0 12.00 A
(0.10 t0 2.40 A)

Definite Time/Inverse/Very Inverse/Extremely Inverse/IEC

0.05 to 1.10 (IEC Curves)

Linear Restraint

INCREMENT

ACCURACY

*+=0.1A or :é3%

0.01A (+0.02A or *3%)

0.1 + +
001 * 3 cycles or+ 5%
1V *05Vor 5%

Table 2-10 Inverse Time Overcurrent with Voltage Control/Restraint (51V) Setpoint Ranges
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If this function is enabled, the following settings are applicable:

51V PICKUP
Amps Sets phase current pickup for 51V.

51V CURVE

- . . Selects one of the eight inverse time curves as shown in
DEF inv vinv einv -

Appendix D, Figures D-1 through D-8.

The appropriate curve in the selected family of curves is
chosen here.

51V TIME DIAL

51V VOLTAGE CONTROL

) Restraint/control setting.
disable V_CNTL v_rstrnt

51V VOLTAGE CONTROL

Voltage control level.
Volts

AN Y O
NI NI NN

Generator Connected Through

Generator Directly Connected Delta/Wye Transformer

Voltage Voltage
Current Current
L-N L-L L-N L-L
I, (V,-VIIV3 . I, v, (Vg Ve )IV3
L (V-V)V3 Ve I, Ve, | (Vo VY3
I (V-V,)/V3 Veu I. \A (V- Vo) V3

Table 2-11 Delta/Wye Transformer Voltage—Current Pairs

100 -

Tap Settingas % of 75 7
Tap Settingat -
Nominal Voltage 50 1

25 1

0 m
0 25 50 75 100
Input Voltage (% of Nominal Voltage)

Figure 2-11 Voltage Restraint (51V) Characteristic
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51G Inverse Time Neutral Overcurrent

Neutratl Inverse Time Overcurrent relay is used to
trip circuits selectively for ground faults, and to
time coordinate with up or down stream relays.
For this function, eight complete series of inverse
time characteristics are included. The eight curve
families to be chosen are definite, inverse, very
inverse, extremely inverse, and four IEC curves.
The operator selects the time dial within each family
setting and pickup setting through the M-3520 menu.

~ FUNCTION
Inverse Time Neutral Overcurrent (51G)
Pickup

Characteristic Curve

05t 11.0
Time Dial Setting

Curves)

SETPOINT RANGE

0.25t0 12.00 A
(0.05t02.40 A)

Definite Time/Inverse/Very Inverse/Extremely Inverse/IEC curves

0.05 to 1.10 (IEC

Application - 2

The curves available for use are shown in Appendix
D, Figures D-1 through D-8. They cover a range
from 1.5 to 20 times the pickup. For currents
beyond 20 times the pickup setting, the relay
operating time will remain the same as 20 times
the pickup setting.

INCREMENT ACCURACY

+0.1A or £3%

0.01A (£0.02A or +3%)

0.1

+ +
0.01 *3 cycles or 5%

Table 2-12

Inverse Time Neutral Overcurrent (51G) Setpoint Ranges

If this function is enabled, the following settings are applicable:

(

51G PICKUP
Amps

) Sets ground current pickup.

51G CURVE

DEF inv vinv einv -

Selects one of the eight inverse time curves as shown in

Appendix D, Figures D-1 through D-8.

51G TIME DIAL

(
(
(

DIRECTIONAL ELEMENT

disable ENABLE

maximum sensitivity angle and polarization setup.

The appropriate curve in the selected family of curves is
chosen here.
) 51G may be directionally controlied. See 67N function for
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591 Peak Overvoltage

Most overvoltage relays operate based on the RMS
value of voltage. There is, however, a system phe-
nomenon known as ferroresonance which may oc-
cur on a lightly loaded, islanded system. As the
name implies, a system experiencing ferroreso-
nance is in resonance, but the inductance is high-
ly nonlinear, being variable as the transformer core
cycles in and out of magnetic saturation. At this
time, the voltage waveform will be expected to be
very rich in harmonics, to the extent that it is
possible that the peak voltage of the nonsinusoi-
dal wave will be dangerously high, even though
the RMS value of the same voltage remains in an
acceptable range.

Because it is necessary to describe voltage for
this purpose in terms of the peak value of voltage
(not RMS), it is convenient to define the parame-
ter setpoints in per unit of the peak of the nominal
sinusoidal waveform. The per unit value is based
on the nominal voltage setting. As an example,
for a nominal voltage of 120 V, the one per unit
instantaneous peak voltage is 120 x V2 = 170 V.

FUNCTION SETPOINT RANGE INCREMENT ACCURACY
Peak Overvoltage (59I)
Magnitude 1.05 to 1.50 pu 0.01 pu +0.03 pu*
Time Delay 1 to 8160 cycles 1 cycle -1 to+3 cycles or £1%

Instantaneous voltage magnitude response; intended for ferroresonance protection.

*For fundamental (60 Hz/50 Hz) signal only. For distorted input signals, the accuracy degrades as
the order of the harmonic signal increases. The accuracy applies to voltages below 180 V.

Table 2-13 Peak Overvoltage (591) Setpoint Ranges

If this function is enabled, the following settings are applicable:

591 PICKUP
- PU

) Typical pickup setting is between 1.3 to 1.5 PU.

vents misoperation during system disturbances.

( 591 DELAY ) A time delay of 10 cycles provides fast protection and pre-
Cycles
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59 Overvoltage, 3-Phase

Voltage is commonly suggested as an efficient
means to protect against islanding. Notably, un-
less the Dispersed Storage and Generation (DSG)
includes very high-speed generator excitation re-
sponse, the island case where load is less than
generation will result in a rapid rise of voltage.
Except for those systems prone to ferroresonance,
the voltage waveform will remain essentially sinu-

Application - 2

soidal, making the use of rms value of the funda-
mental frequency component as the measurement.

IEEE suggests that the first setpoint (with a short
time delay) be set up at 150% of the nominal
voltage, and the second setpoint (with a long time
delay) be set at 106 to 110% of the nominal volt-
age to prevent nuisance trips (/Intertie Protection
of Consumer-Owned Sources of Generation, 3 MVA
or Less; IEEE Publication 88TH0224-6-PWR).

INCREMENT

FUNCTION SETPOINT RANGE
Overvoltage (59)
Pickup #1, #2 510180V

Time Delay #1, #2 1 to 8160 cycles

ACCURACY

1V +0.5Vor £0.5%

1 cycle -1 to +3 cycles or 1%

Table 2-14

Phase Overvoltage (59) Setpoint Ranges

If this function is enabled, the following settings are applicable:

59 #1 PICKUP
Volts

59 #1 DELAY
Cycles

59 #2 PICKUP
Volts

59 #2 DELAY
Cycles

N Y Y
NN N N

Pickup and Time Delay settings for 59 function. Set typi-
cally at 130% to 150%

Set typically at 3 to 6 cycles.

Set typically at 106% to 110%.

Set typically at 30 to 60 cycles.
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59G/27G Overvoltage/Undervoltage, Neutral
Circuit or Zero Sequence

The neutral Overvoltage/Undervoltage functions utility side of the power transformer. Protection
59G/27G provide protection for ground faults on schemes are applied based on using one or three
the system. voltage transformers (VT).

Applications of 59G/27G, shown in Figures 2-12
and 2-13, are for detecting ground faults on the

FUNCTION SETPOINT RANGE INCREMENT ACCURACY
Neutral Overvoltage (59G)

Pickup 5t0 180V 1V *05Vor +0.5%

Time Delay 1 to 8160 cycles 1 cycle -1 to +3 cycles or = 1%

Table 2-15 Neutral Overvoltage (59G) Setpoint Ranges

FUNCTION SETPOINT RANGE INCREMENT ACCURACY

Neutral Undervoltage (27G)

Magnitude 5t 180V 1V *0.5Vor £05%

Time Delay 1 to 8160 cycles 1 cycle -1to+3 cyclesor £1%

Table 2-16 Neutral Undervoltage (27G) Setpoint Ranges

If these functions are enabled, the following settings are applicable:

59G PICKUP
Volts

59G DELAY
Cycles

e J
= )

27G DELAY
Cycles
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Ground Fault Detection using 59G and Broken-
Delta VTs

The 59G may be used to detect system phase
voltage unbalance in conjunction with three VTs.
To do so, the VT secondaries are connected in
“broken” delta; i.e., they are in delta except that
one corner is open, and the 59G device is insert-
ed, as illustrated in Figure 2-12.

In this case, voltage at 59G in Figure 2-13 will be
zero so long as the three-phase voltages are bal-
anced, but will rise above zero with any zero-

Application - 2

sequence unbalanced condition, as will be expect-
ed with any real world utility ground fauit.

When the relay burden is small, the transformers
in this scheme will be subject to ferroresonance
and high voltage oscillations unless a shunt resis-
tor is used. The shunt resistor will damp high
transient voltage oscillations, and will usually hold
peak values to less than twice normal crest volt-
age to ground (Applied Protective Relaying, West-
inghouse Electric Corporation, 1982).

To Dispersed Stora%e
and Generation (DSG) To Utility
e E—
c I [}
b Jvmc:’i I | B
a A

Power Transformer

o

Resigtor

59G
—/

Figure 2-12 Ground Fault Detection Using 59G and Broken-Delta VTs

Ground Fault Detection Using 27G and 59G
with One VT

An alternate, but not recommended, scheme uses
the 27G and 59G devices with one VT rated for
line-to-line voltage, but connected from any one
phase to ground as shown in Figure 2-13. This
scheme wili detect the most common line-to-ground
faults in the following manner:

* A fault on the phase that includes the VT will
pull that phase voltage low and initiate oper-
ation of the 27G device.

« A fault on either phase without the VT will
result in line-to-line voltage (or V3 x normal

To Dispersed Storage
and Generation (DSG)

L -

line-to-neutral voltage) appearing at the VT,
initiating operation of the 59G.

For this scheme to work, the capacitance to ground
of the lines must be fairly closely balanced and
high enough to keep the neutral of the system at
close to ground potential. The shunt resistor helps
to minimize the chance of ferroresonance or neu-
tral inversion. (Applied Protective Relaying, West-
inghouse Electric Corporation, 1982.)

A Caution: This scheme should be used with cau-
tion since it can result in high overvoltages due to
ferroresonance and neutral inversion.

To Utltity
DR

o]

c

B

<

|

a
Power Transformer

- <

Resistor

Il‘—-o--—-—-«

7

Fault on phase ‘s’ Fault on b
Va0 y,s“
27G detects 595G detocts

9 9o

Figure 2-13 Ground Fault Detection Using 27G and 59G with One VT
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60FL Fuse Loss

Since some functions may inadvertently operate
when a VT fuse is blown, provisions are incorpo-
rated for both internal and external fuse loss de-
tection. Functions which misoperate on VT fuse
loss such as 21, 32, 51V, and 67 can be pro-
grammed to disable during a VT fuse-loss condi-
tion. The status of the fuses can then be monitored
via remote communications or locally if the op-
tional M-3931 HM! Module is in service.

For internal detection of a fuse-loss condition, positive
and negative sequence quantities are compared.
The presence of negative sequence voltage in the
absence of negative sequence current is consid-
ered to be a fuse loss condition. An additional
supervising condition includes a minimum positive
sequence voltage to assure VT inputs are being
applied to the relay.

SETPOINT
RANGE

FUNCTION

A timer, associated with the fuse loss logic, is
available, to assure proper coordination for condi-
tions which may appear as a fuse loss such as
secondary VT circuit faults which will be cleared
by local low voltage circuit action.

For the specific application where the above logic
cannot be considered reliable (such as when cur-
rent inputs to the relay are not connected, sus-
tained positive sequence current during fault
conditions is minimal, or negative sequence cur-
rents are not present during fault conditions), pro-
vision is made for disabling the 60FL Fuse Loss
internal logic by not selecting “FL” from the 60FL
Input initiate choices.

Provision is also made in the relay to input exter-
nal status contact(s) of other fuse loss detection
protection. These external contacts may be input
to any of the input contacts (IN1 to IN6) and pro-
grammed to initiate the 60FL function.

INCREMENT ACCURACY

VT Fuse Loss Detection (60FL)

A VT fuse loss condition is detected by using the positive and negative sequence
components of the voltages and currents. VT fuse loss output can be initiated Jfrom
internally generated logic or from input contacts.

Time Delay 1 to 8160 cycles 1 cycle -1to+3 cycles or =1%

Table 2-17 Fuse Loss (60FL) Setpoint Ranges

If this function is enabled, the following settings are applicable:

60FL INPUT INITIATE
FL i6 i5 i4 i3 i2 it

60FL DELAY
Cycles

2-28

The initiating inputs are user-designated. The operation of
any of the externally-connected contacts (across these
M-3520 inputs) will start the associated time delay to the
60FL function operation.

The time delay is to be set to coordinate for conditions
which may appear as a fuse loss but will be corrected by
other protection (such as a secondary VT circuit fault which
will be cleared by low voltage circuit action).



67 Phase Directional Overcurrent

For intertie protection applications, the phase di-
rectional overcurrent relay allows greater selectiv-
ity for utility system faults, since the directional
element can be set to look directly towards the
utility system. When the directional element is
disabled, the 67DT operates like an instantaneous
overcurrent. Likewise, the 67IT function operates
like an inverse time overcurrent function (51) when
its directional element is disabled. Special
high-speed processing occurs when the 67DT time
delay is set to minimum (1 cycie). A three-phase
option on the 67DT function allows the 67DT to
only respond to 3-phase faults. When three-phase

FUNCTION

SETPOINT RANGE

Application - 2

detection is disabled, and any one phase current
exceeds pickup, timing will begin. The directional
elements are polarized from positive sequence volt-
age and positive sequence current. In order to
obtain maximum sensitivity for fault currents, the
directional element is provided with a maximum
sensitivity angle adjustment (MSA). This setting
is common to both the 67DT and 6717 elements.
The directional detection algorithm is equipped with
a pre-fault voltage memory of eight cycles to pro-
vide correct directional discrimination for bolted
three-phase faults.

INCREMENT ACCURACY

Phase Directional Overcurrent (67)
Definite Time*

Pick 1.0 to 240.0 A
P (0.2 t0 48.0 A)
Time Delay 1 to 8160 cyclkes

Inverse Time*

0.50 to 12.00 A

Pickup (0.10 t0 2.40 A)

Characteristic Curves

(Torque) Angle (MSA)

Definite Time/Inverse/Very Inverse/Extremely Inverse/IEC Curves

o 0.5t0 11.0 0.1
Time Dial Setting 0.05 to 1.10 (IEC curves) 0.01 +3 cycles or +35%
Maximum Sensitivity 0 - 359 10

+0.1 A or 3%
0.1 A (+£0.02 A or 3%)
1 cyck -lto+3 cyckesor +1%
001 A +0.1 Aor +3%

(+£0.02 Aor +3%)

cycles.

memory 8 cycles.

*High speed operation results when delay programmed for one cycle; response time is less than 1%

Directional sensing for 67DT or 67IT may be disabled.
Sensitivity at MSA is 0.5 VA, uses Positive Sequence Voltage and current for polarization, prefault

Table 2-18 Phase Directional Overcurrent (67) Setpoint Ranges
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If this function is enabled, the following settings are applicable:

67DT PICKUP
Amps

N

67DT DIRECTIONAL ELEMENT
disable ENABLE

67DT THREE PHASE DETCT
DISABLE enable

67DT DELAY
Cycles

671IT PICKUP
Amps

67IT DIRECTIONAL ELEMENT
disable ENABLE

671IT CURVE
def INV vinv einv -

67 IT TIME DIAL

67 MAX SENSITIVITY ANGLE
DEGREES

AN Y Y Y Y Y D) D

N2 N N N N N N N

2-30

Pickup value for the 67DT element.

Directional discrimination enable. When disabled, this func-
tion will work like a standard overcurrent function (50DT).

When enabled, all three phase currents must exceed the
setpoint for the function to operate.

Time delay. When programmed for 1 cycle, high-speed
operation results (.75 +0.5 cycles).

Pickup value for the 67IT setting.

Directional discrimination enable. When disabled, this func-
tion will work like a standard inverse time overcurrent relay
(51).

Curve Selection. Four standard curves and four IEC curves
are available.

Time Dial Setting.

Used to polarize the directional elements. This setting is
common to both the 67DT and 671T when the directional
elements are enabled.



Sensitivity

Application - 2

b Maximum Sensitivity Line

Zero Sensitivity Line
\ MSA = 136°
MSA = 135° TRIPPING !
BLOCKING
N\
\ N \\\ Zero Sensitivity Line
\\ MSA = 300
. NS Vi
NS
> 2}
TRIPPING
Maximum Sensitivity Line
Figure 2-14 Phase Directional Overcurrent (67) Trip Characteristics
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67N Residual Directional Overcurrent

The residual directional overcurrent (67N) function
provides protection from ground faults. This func-
tion includes an inverse fime overcurrent element,
and a directional element. The directional element
may be polarized as five different types:

Type 1: 3Vg and 31g, where Vg and Iy are zero-
sequence voltage and zero sequence current,
respectively.

Type 2: Vy (broken delta voltage applied at the
Vy input) and 3I. ‘

Type 3: 3V, and 31, where Vo and |, are nega-
tive sequence voltage and current, respectively.

Type 4: Iy and 31, where Iy is the neutral current
(typically connected to the transformer neutral).

Type 5: Dual polarized with Type 1 or Type 4.
All types are designed to trip using 3Ip current.

W NOTE: When Iy is connected as the residual
current from phase CTs, type 4 and 5 must not be
used.

FUNCTION SETPOINT RANGE INCREMENT ACCURACY
Residual Directional Overcurrent (67N)
Definite Time*

. 0.5 t0 240.0 A +0.1 Aor3%
Pickup (0.1 t0 48.0 A) 0.1 A (£0.02 A or *3%)
Time Delay 1 to 8160 cycles 1 cyck -1to +3 cycles or +1%
Inverse Time*

Pickup 02510 12.00 A 0.01 A +0.1 Aor 3%

(0.05t0 2.40 A)

Characteristic Curve

0.5t 11.0
Time Dial 0.05 to 1.10 (IEC
Curves)
Ground Directional Element
Max. Sensitivity Angle o
(MSA) 0 to 359
Polarization** l1to5

Definite Time/Inverse/Very Inverse/Extremely Inverse/IEC Curves

(+£0.02 A or +3%)

0.1

0.01 +3 cycles or +5%

10

1

* Directional control for 67NDT or 67NIT may be disabled.
** Polarization can be zero sequence, negative sequence, current (polarized), or dual polarized.

Table 2-19 Residual Directional Overcurrent (67N) Setpoint Ranges
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If this function is enabled, the following settings are applicable:

67 PICKUP
Amps

67N DIRECTIONAL ELEMENT
disable ENABLE

o)

67N DELAY
Cycles

o)

67N MAXIMUM SENSITIVITY ANGLE
Degrees

o)

67NIT POLARIZATION
TYPE1 type2 type3 =

o)

NN N N A N

Pickup value for the 67N element.

Directional discrimination enable. When disabled, this
function will work like a 51N.

Time Dial setting.

Used to polarize the directional elements. This includes
all five types of polarization. These settings are found
under the NEUTRAL DIR SETUP screen.
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79 Reconnect Enable Time Delay

The reconnect relay is a permissive programma-
ble output that may be set to close from 1 to 8160
cycles after all tripping functions are within limits.
The 79 function is unigue in that it is not consid-
ered a tripping function, and therefore does not
trigger target storage by default. The 79 function
is enabled, and its output selected through the
configuration setup, just as other functions. In ad-
dition to the time delay setting, the reconnect func-
tion requires the user to designate which outputs
are defined as trip outputs. The reconnect relay
will initiate timing when all outputs defined as trip
outputs release.

For example: If function 27#1 is programmed to
output 5 (for alarm), 27#2 to output 1 (for trip),
81#1 to output 6 (for alarm), 81#2 to output 2 (for
trip), 59G to output 2 (for trip), and 79 to output 8
(for reconnect), then OUT1 and OUT2 shouid be
selected as trip outputs for the reconnect func-
tion. Schematic representation of this exampile is
shown below:

1
27#1 TD QUTS5 (alarm)
]
.
27#2 1D L OUT1 (trip)
]
]
81#1 TD QUTS6 (alarm)
]
81#2 D
b OUT2 (trip)
T
59G TD

>~
™~
l/"

— ——1 ouTs

AND ™

—>

(reconnect)

Figure 2-15 79 Function Logic Diagram
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FUNCTION SETPOINT RANGE INCREMENT ACCURACY
Reconnect Enable Time Delay (79)

Reconnect Delay 1 to 8160 cycles 1 cycle -1 to +3 cycles or 1%

May supervise 25 (Sync Check) , if purchased.
Reconnect timer starts when all outputs designated as trip outputs drop out.

Table 2-20  Reconnect Enable Time Delay (79) Setpoint Ranges

If this function is enabled, the following settings are applicabie:

79 RECN INITIATE (TRIP) Designated trip output selection. All trip outputs must drop
08 o7 06 05 04 03 02 of out to start reconnect timer.
79 DELAY Reconnect time delay.

Cycles
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81 Frequency

When dispersed storage and generation (DSG) is
suddenly islanded, the frequency will quickly shift
from 60.0 Hz (except for the improbabie case of
an exact generation and load match), making the
measurement of frequency an excellent means to
detect the island condition. If the only purpose is
to detect the island condition, the frequency relay
81U and 810 can be set to operate at 59.5 Hz and
60.5 Hz, respectively (on a 60 Hz system), with a
time delay of about 10 cycles.

FUNCTION SETPOINT RANGE

Frequency (81)

50.00 to 67.00 Hz

Pickup #1, #2, #3, #4 40.00 to 57.00 Hz*

Time Delay #1.#2, #3, #4 2 to 65,500 cycles

The pickup accuracy applies to 60 Hz models at a range of 57 to 63 Hz, and to 50 Hz models at a
range of 47 to 53 Hz. Beyond these ranges, the accuracy is *+0.1 Hz.

*This range applies to 50 Hz nominal frequency models.

A second school of thought advocates that the
DSG should definitely not be severed from the
utility at the slow side while the frequency re-
mains as high as 59.5 Hz. This concept follows
from the premise that if the drop in frequency is
due to a major loss of system generation, it is at
just this time that all available DSG should be
kept on-line to help prevent a complete system
collapse. If this is the objective, it may be useful
to set one underfrequency characteristic at 57.5
to 58.0 Hz with a very short time delay, but allow-
ing a higher frequency, say 59.0 Hz, to be main-
tained for several seconds.

INCREMENT ACCURACY
0.01 Hz +0.02 Hz
1 cycke -2to+3 cycksor =1 %

Table 2-21 Frequency (81) Setpoints

Over Fi
Magnitude #1 \
_ 610 I . ..~ NN SN
N
< 608 |
g |
s |
3 60.6 !
% 60.4 Over Freque: I
g Magnitude #2 : NN
o 602 IOvoanquoncy Fir
Time Deiay #1 Time Delay #2
60.0
» i
F 598 Qq———~——~—~—— - .
3 Magnitade #3
2 59.6 o
-3
© g 59.4
&
3 2 Qe
£ T
i
> 59.0 v

Figure 2-16 Typical Settings of 81 Function
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If this function is enabled, the following settings are applicable:

81 #1 PICKUP
Hz

81 #1 DELAY
Cycles

81 #2 PICKUP
Hz

81 #2 DELAY
cycles

81 #3 PICKUP
Hz

81 #3 DELAY
Cycles

81 #4 PICKUP
Hz

81 #4 DELAY
Cycles

TN N N N N YN Y
N2 2 N N NG R N R N
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81R Rate of Change of Frequency

The Rate of Change of Frequency function can be
used to detect islanding conditions. When the DSG
(Dispersed Storage and Generation) is islanded,
the frequency either increases or decreases rapid-
ly, depending upon the generator-load mismatch.
In some cases, it will be difficult for over/underfre-
quency relay functions to detect islanding. The
Rate of Change of Frequency function provides
proper detection of islanding conditions under these
circumstances.

FUNCTION
Rate of Change of Frequency (81R)

SETPOINT RANGE
Pickup #1, #2 0.10 to 20.0 Hz/S
Time Delay #1,#2 1 to 8160 cycles

Inhibit* 0 to 99%

percentage of the positive sequence voltage.

* The inhibit function disables 81R function when the negative sequence voltage exceeds the set

The function also has an automatic disable fea-
ture, to disable 81R function during unbalanced
faults and other system disturbances. This fea-
ture uses negative sequence voltage to block 81R
function. When the measured negative sequence
voltage exceeds the inhibit setting, the function
81R is blocked. The time delay and magnitude
settings of 81R should be based on simulation
studies, and the setpoint ranges are given in Ta-
ble 2-22, below.

INCREMENT ACCURACY
0.01 Hz/S +0.05 or £5%
1 cyck +20 cycles
1% +0.5%

Table 2-22 Rate of Change of Frequency (81R) Setpoint Ranges

81R #1 PICKUP
Hz/s

)

81R #1 DELAY
Cycles

81R #2 PICKUP
Hz/s

81R #2 DELAY
Cycles

81R NEG SEQ VOLT INHIBIT
25%

AN Y Y Y

)
)
)
)
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2.5 Oscillograph Recorder

The oscillograph recorder provides comprehensive
data recording of all monitored waveforms (volt-
age, current, status inputs and output contacts) at
16 samples per cycle. Oscillograph data can be
downloaded via the communications ports to any
IBM compatible PC running M-3820 IPScom® com-
munications software. Once downloaded, the wave-
forms can be examined using M-3821 lPSpIot®
Oscillograph data analysis software.

The recorder can be triggered manually through
serial communications using IPScom or automati-
cally using programmed status inputs (IN1-6) or
programmed output contact (OUT1-8) operation.
When untriggered, the recorder continually records
waveform data, keeping the most recent data in
memory. The recorders memory may be partitioned
into any one of the following:

e one 170 cycle record
* two 112 cycle records

Application - 2

* three 84 cycle records
» four 68 cycle records

When triggered with a specific post trigger delay,
the recorder continues recording for the delay pe-
riod and keeps a snapshot of waveform data in its
memory for downloading via IPScom.

B NOTE: If more events or triggers occur before
downloading than the number of partitions being
used, the oldest record will be overwritten. Records
are not retained if power to the relay is
interrupted.

A post trigger delay of 5% to 95% may be speci-
fied. After triggering, the recorder will continue to
store data for the programmed portion of the total
record before rearming for the next record. For
example, a setting of 80% will result in a record
with 20% pre-trigger and 80% post trigger data.

The OSC TRIG LED on the front panel will indi-
cate when oscillograph data has been recorded
and is available for download.

The setup of the Oscillograph Recorder includes the following settings:

RECORDER PARTITIONS
4

)

TRIGGER INPUTS
16 i5 i4 i3 i2 i1

TRIGGER OUTPUTS
08 07 06 05 04 03 02 o1

POST TRIGGER DELAY

5%

SRV YaRYER

)
)
)

“Recorder Partitions” designates the number of parti-
tions that the oscillograph recorder will use. Whenever
this number is changed, the post-trigger delay is auto-
matically reset to 5%

The trigger inputs designate the contact whose opera-
tion will trigger the recorder to record an event. Opera-
tion is “OR”ed if more than one input is selected.

The trigger outputs are relay output contacts whose
operation will trigger the recorder to record an event.
Operation is “OR"ed if more than one output is selected.

The post trigger delay assigns the amount, in percent, of
the individual data record occurring after the trigger. The re-
maining portion consists of pre-trigger data. -

2.6 Target History Recorder

The 32 most recent target events are stored in the
unit's memory. A target is triggered whenever an

output (designated as a trip output) operates.

08 07 06 05 04 03 02 Ot

( TRIGGER OUTPUTS

)

The setup of the Target History Recorder includes
the following setting:

Designated tripping output. in this sample, O1-07 are
trip outputs, and o8 is used for reconnect.
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2.7 IRIG-B Time Sync

The M-3520 Intertie Protection Relay has the abil-
ity to accept either a modulated or demodulated
IRIG-B signal. The modulated signal is connected
via the rear panel BNC connector, and is the de-
fault configuration.

A demodulated TTL level signal may also be used
by connecting the signal source to two unused
pins on the rear panel COM2 RS-232 connector
(see table B-1). For demodulated operation, sever-
al jumpers need to be reconfigured (see Section
5.5, Circuit Board Switches and Jumpers).

2-40

When valid IRIG-B time information is received,
the TIME SYNC LED is illuminated, and the hour,
minute, and seconds of the on-board real-time clock
(RTC) are corrected to the new IRIG-B time at five
(5) minutes before the hour. Extended time infor-
mation, accurate to 1 ms, is appended to all oscil-
lograph and target time tags.
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Operation (Front Panel)

3.1 Front Panel Controls ...............
3.2 Initial Setup Procedure/Settings
3.3 Checkout Status/Metering.......

This chapter provides information on the opera-
tion of the optional M-3931 Human-Machine In-
terface Module (HMI) front panel controls to
maneuver through the menus, enter values, set
and interrogate the M-3520 Intertie Protection
Relay.

3.1 Front Panel Controls

The relay has been designed to be set and in-
terrogated locally with the optional M-3931 HMI.
An integral part of this design is the layout and
function of the front panel indicators and con-
trols; see Figure 3-1, Front Panel.

The indicators and controls consist of a 2 x 24-
character display, and a 6-button keypad. These
controls are used by the operator to navigate
the system menus, and to set and interrogate
the unit. Detailed information on using these con-
trols is provided in this chapter.

Alphanumeric Display

To assist the operator in setting and interrogat-
ing the relay, the display shows menus, which
guide the operator to the desired function or
setpoint value. These menus consist of two lines.
The bottom line shows lower case abbreviations
of each menu selection with the current menu
selected and highlighted in uppercase. The top
menu line provides a description of the current
menu selection (see Figures 3-2 and 3-3).

While the unit is not in use, and has not operat-
ed, the user logo lines are displayed. If the unit
has operated, the display cycles through a se-
quence of screens summarizing the operation
status conditions (targets) until ENTER is pressed,
at which time the first-level menu is displayed.



M-3520 Instruction Book

Arrow Buttons

The left and right arrow buttons are used to choose
among menu selections shown on the display.
When entering values, these buttons are used
to select the digit (by moving the cursor) of the
displayed setpoint that will be increased or de-
creased by the use of the up and down arrow
buttons.

The up and down arrow buttons only increase or
decrease input values, or change between up-
per and lower case inputs. Upper case inputs
are active whereas lower case inputs are inac-
tive. If the up or down arrow button is held in
when adjusting numerical values, the speed of
the increment or decrement is increased, after a
small delay.

EXIT Button

Use the EXIT button to exit from a displayed
screen to the immediately preceding menu. Any
changed setpoint will not be saved if the selec-
tion is aborted via the EXIT button.

ENTER Button

The ENTER button is used to choose a high-
lighted menu selection, to replace a setpoint or
other programmable value with the currently dis-
played value, or to select one of several dis-
played options, such as to ENABLE or DISABLE
a function.

Target/Status Indicators and Controls

The target/status indicators and controls consist
of the following LEDs: Power Supply (PSI and
PS2) RELAY OK, the Oscillograph Recorder (OSC
TRIG), BREAKER CLOSED, TARGET, DIAG-
NOSTIC and TIME SYNC

Power Supply (PS1 and PS2) LED.

The green power LED indicator(s) remains iliu-
minated for the appropriate power supply when-
ever power is applied to the unit. Power supply
PS2 is available as an option.

Relay OK LED

The green RELAY OK LED is controlled by the
relay's microprocessor. A flashing OK LED indi-
cates proper program cycling. The LED can also
be programmed to illuminate continuously, if de-
sired.

3~2

Oscillograph (OSC TRIG) Recorder LED

The OSC TRIG LED illuminates to indicate that
oscillograph data has been recorded in the unit’s
memory.

Breaker (BRKR) CLOSED LED

The red BRKR CLOSED LED iliuminates when
the breaker status input (52b) is open.

Target Indicators and Target Reset

Normally, the 24 TARGET LEDs are not illumi-
nated. Upon operation, LEDs corresponding to
the cause(s) of the operation will light and stay
illuminated until reset. The eight OUTPUT LED’s
will reflect the present state of the OUT1-OUT8
output contacts. Pressing and releasing the TAR-
GET RESET button will momentarily light all LEDs
(providing a means to test them) and allows re-
setting of the TARGET LEDs if the condition
causing the operation has been removed. De-
tailed information about the cause of the last 32
operations is retained in the unit's memory for
access through the alphanumeric display via the
VIEW TARGET HISTORY menu.

Pressing and holding the TARGET RESET but-
ton displays the present pickup status of the
M-3520 functions on the target indicators.

Time Sync LED

The green TIME SYNC LED illuminates to indi-
cate that the IRIG-B time signal is being received
and validated.

Diagnostic LED (DIAG LED)

The diagnostic LED flashes upon occurrence of
a detectable self-test error. The LED will flash
the Error Code Number. For example, for error
code 32, the LED will flash 3 times, followed by
a short pause, and then 2 flashes, followed by a
long pause, and then repeat. For units equipped
with the HMI, the Error Code Number is also
displayed on the screen.

Accessing Screens

To prevent unauthorized access to functions, the
software allows assignment of access codes. If
access codes have been assigned, the access
code entry screen will be displayed after EN-
TER is pressed from the default message screen.

B NOTE: The relay is shipped with the access
code feature disabled.



The M-3520 has three levels of access codes,
which determine the extent of access to M-3520
functions for each user. The higher the Level
number, the greater access permitted.

Level 1 access - provides access to read set-
points, monitor status and view target history.

Level 2 access - provides all level 1 access, plus
the ability to change setpoints.

Level 3 access - provides all level 1 & 2 access,
plus the ability to change configuration parameters.

Each access code is a user defined 1 to 4 digit
number. If the level 3 access code is set to 9999,
the access code feature is disabled. When ac-
cess codes are disabled, the access screens are
bypassed. Access codes are altered by choos-
ing the ALTER ACCESS CODES menu under
SETUP UNIT menu. (These codes can oniy be
altered by a level 3 user).

Default Message Screens

When the M-3520 is powered and unattended,
user logo lines are displayed. The display auto-
matically returns to the logo screens after five
minutes of unattended operation.

If a function has operated and not been reset, it
will display the time and date of the operation
and automatically cycle through screens for each
applicable target. (This sequence is illustrated
in Figure 3-2.) In either case, pressing ENTER
will begin local mode operation, thereby display-
ing the access code entry screen, or if access
codes are disabled, the first level menu will be
displayed.

Serial Interfaces (COM1, COM2 and COM3)

The serial interface COM1 port (front) and COM2
port (rear) are standard 9-pin RS-232C DTE con-
figured communications ports.

The COM1 port will normally be used for local
setting and interrogating of the relay via a porta-
ble computer running IPScom®. IPScom only sup-
ports communications using BECO 2200 protocol.
COM1 port protocol is fixed at BECO 2200. An
additional COM3 port (RS-485) is available at
the rear terminal block. Either the COM2 port or
the COM3 port will normally be used for remote
setting and interrogation of the relay via a net-
work, direct connection or permanently wired
modem.

Operation (Front Panel) - 3

COM2 and COMS3 have the option of setting the
protocol to BEC0O2200 or MODBUS. COM1 com-
municates at a fixed 8 bits, no parity and 2 stop
bits (8,N, 2 standard BECO 2200 settings). How-
ever, COM2 and COM3 have the option of set-
ting parity (none, odd or even), if configured for
MODBUS protocol. Detailed information on the
use of the communications ports is provided in
Appendix B, Communications.

The protocol description document and the com-
munication data base document may be requested
from the factory or from Beckwith’'s web site at
www.beckwithelectric.com.

Communication Specifications

The following descriptions apply for use of
MODBUS protocol:

1. MODBUS protocol is not supported on
COM1.

2. Parity is supported on COM2 and COMS3;
valid selections are 8,N, 2; 8,0,1 or 8,E, 1.

ASCII mode is not supported (RTU only).

4, Standard baud rates from 300 to 9600 are
supported.

5. Only the following MODBUS commands are
supported:
a. Read holding register (Function 03).
b. Read input register (function 04)
c. Force single coil (function 05)
d. Preset single register (function 06).

6. MODBUS does not support oscillograph
record downloading.

3-3
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VOLTAGE RELAY
VOLT curr freq pwr

] [cURRENT RELAY
3

volt CURR freq pwr

] Lrnzcusncv RELAY
3

volt curr FREQ pwr

)

POWER RELAY
volt curr freq PWR <

* 27 Phase Undervoltage
* 59 Phase Overvoltage

» 27G Neutral Undervoltage
* 59G Neutral Overvoltage
* 47 Neg Seq Overvoltage

* 591 Peak Overvoltage

* 50 Inst Overcurrent

¢ 51V Inv Time Overcurrent
* 50G Inst N Overcurrent

* 531G Inv Time N Overcurrent
* 46 Neg Seq Overcurrent

» 67 Directional Overcurrent
* 67N Dir Neutral Overcurrent
* Neutral Directional Element

* 81 Frequency

« 81R Rate of Change Freq

» 32 Directional Power

PHASE DISTANCE RELAY
¢ DIST fuse sync

V.T. FUSE_LOSS RELAY
¢ dist FUSE sync

] [svuc CHECK RELAY

¢ dist fuse SYNC

] [ascouuecr RELAY

¢ RECONNECT

* 21 Phase Distance

CONFIGURE RELAY
¢ CONFIG sys stat

e 60 V.T. Fuse Loss

J

* Voltage Relay

* Current Relay

* Frequency Relay

* Power Relay

» Phase Distance Relay
* V.T. Fuse Loss Relay
* Sync Check Relay

» Reconnect Relay

SETUP SYSTEM
¢ config SYS stat

» 25 Sync Check

* 79 Reconnect

il

* Nominal Voltage

¢ Nominal Current

* V.T. Configuration
* Sync-Check Phase
* Phase Rotation

¢ Pulse Relay

* Relay Seal-in Time
¢ Active input State
» Delta-Y Transform
* V.T. Phase Ratio

« V.T. V2 Ratio

* V.T. Neutral Ratio
¢ C.T. Phase Ratio

¢ C.T. Neutral Ratio

STATUS
¢ config sys STAT

VIEW TARGET HISTORY

-0] L- TARGETS osc_rec

* Voltage Status
 Current Status

* Frequency Status
* Power Status

¢ Impedance Status
* Sync Check Status
« In/Out Status

* Voltage Timer
 Current Timer

* Frequency Timer

* Power Timer

« Distance Timer

* Sync Check Timer
* Fuse Loss Timer

* Reconnect Timer

» Counters

* Time of Last Power Up
« Error Codes

¢ Checksums

* View Target History
¢ Clear Target History
*» Target Setup

-»

OSCILLOGRAPH RECORDER
¢ targets 0SC_REC

)

COMMUNICATION
€ COMM setup exit

] {snup UNIT

¢ comm SETUP exit

I

EXIT LOCAL MODE
¢ comm setup EXIT

« View Record Status
¢ Clear Records
* Recorder Setup

¢ COM 1 Setup

* COM 2 Setup

* COM 3 Setup

« Communication Address
« Comm Access Code

» Software Version

« Serial Number

» Alter Access Codes

* User Control Number
* User Logo Line 1

* User Logo Line 2

¢ Clear Output Counters
¢ Clear Alarm Counter
* Date & Time

« Clear Error Codes

* Diagnostic Mode

Figure 3-3 Main Menu Flow
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3.2

Initial Setup Procedure/Settings

The relay is shipped with the initial configuration
settings as listed in Appendix A, and recorded in
the Record forms. Selected settings that are
unigue to the application may be recorded on
the appropriate record form as calculated from
Chapter 2, Application.

Setup Procedure

1.

3-6

Connect power to the relay's rear power
terminals, as marked on the rear panel’s
power supply label and as shown in Figure
5-4, External Connections.

Whenever initially powered up, the relay per-
forms a number of self-tests to ensure its
proper operation. During the self-tests, the
display shows an “X” for each test success-
fully executed. If all tests are successful,
the unit will briefly display the word PASS.
Then it will cycle through a series of status
screens, including the model number, soft-
ware version number, serial number, date
and time as set in the system clock, and
the user logo screen will be displayed. (Figure
3-2 illustrates this sequence of screens.)

if any test should fail, the error LED will
flash, an error code will be displayed and
the relay will not allow operation to proceed.
In such a case, the error code should be
noted and Beckwith Electric contacted. A
list of error codes and their descriptions are
provided in Appendix C, Error Codes. As-
suming that various voltage functions are
enabled, and there are no voltage inputs
connected, various voltage targets will be
identified as having operated

If remote communication is used, the baud
rate, address, and other parameters for the
communication ports must be set. Refer to
the instructions in subsection Communica-
tions Data (located at end of this proce-
dure). Aiso refer to Chapter 4, Operation
(Computer), on M-3820 IPScom™.

To setup the unit with general information
required, including altering access codes,
clearing output counters, setting date and
time, installing user logos, and other ad-
justments, refer to Section 3.2, Setup Unit
Data.

6.

10.

11.

12.

If desired, calibrate the unit following the
calibration procedure described in subsec-
tion 6.3, Auto Calibration. For units without
HMI, refer to Section 5.5, Circuit Board
Switches & Jumpers.

M NOTE: The relay has been fully calibrat-
ed at the factory using very precise and
accurate test equipment. There is no need
for recalibration before initial installation. Fur-
ther calibration is only necessary if a com-
ponent was changed and will be only as
accurate as the test equipment used.

Finish relay configuration in the SETUP SYS-
TEM menu. This is the general system and
equipment information required for relay
operation. See Figure 3-4, Setup System
Menu. This includes such items as CT and
VT ratios, VT configurations, and Nominal
values.

Enable the desired functions under the CON-
FIGURE RELAY menu.

B NOTE: Disabling unused functions im-
proves the response time of the indicators
and controls.

Enter the desired setpoints for the enabled
functions.

Enter the desired information for the oscil-
lograph recorder.

Enter the desired information for the target
recorder.

Install the relay and connect external input
and output contacts according to the rear
panel terminal block markings as shown in
Figure 5-4, External Connections.
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Communication Data

The general information that is required to com-
plete the input data of this section includes:

* Baud rate for COM1 and COM2 communi-
cation ports. COM3 uses the same baud
rate as COM2 (default) or COM1 (jumper
selectable).

« Communications address used to access
multiple relays via a multidrop communica-
tion line.

» Communications access code (used for com-
munication system security; entering an
access code of 9999 disables the commu-
nication security feature).

» Communication protocol and dead sync time
for COM2 and COM3.

« Parity for COM2 and COM3 if MODBUS
protocol is used.

Before entering the communication data, the
Communication Data & Unit Setup Record (see
Appendix A, Form A-1) should be completed.

Figure 3-5 is a sample of the Communication
Data & Unit Setup Record Form. Refer to the
column on the left for communication data. It is
organized in the same order as in the relay menu.

The values shown in the Communication Data
column of Figure 3-5 represent the default or
“as shipped” values for these setpoints. Com-
munication data for units purchased without the
M-3931 HMI module may be altered by using
the IPSutil™ utility package which is shipped with
the 1PScom® software package. Establishing
communication with the relay using the default
parameters is required before other setpoints may
be altered.

Setup Unit Data

The general information that is required to com-
plete the input data in this section includes:

* Access codes

* Control numbers
¢ Date and time

s User logo

+ Diagnostic mode

Before entering the setup data, the Communication
Data & Unit Setup Record (see Appendix A, Form
A-1) should be completed.
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Figure 3-5 is a sample of the Communication
Data & Unit Setup Record Form. Refer to the
two columns on the right for setup data.

The relay already contains factory settings for
setup data, which can be used to familiarize the
user with the SETUP UNIT menu.

Setup System
Information required in this section includes:
* Nominal Voltage and Current
* VT Configuration
¢ Sync-Check Phase
* Phase Rotation
» Pulse Relay
+ Relay Seal-in Time
* Active Input State
* Delta-Y Transform
e VT Phase, Neutral and V2 Ratios
» CT Phase and Neutral Ratios

See Figure 3-4 for Sample Settings related to
input for this Section. Settings are self explana-
tory, and are required for proper operation of
the M-3520 relay.

Configure Relay Data

The relay is shipped with a certain group of stan-
dard functions (along with any purchased optional
functions).Both standard and optional functions
are fully configurable. (Unpurchased functions
cannot be enabled.)

Functions designated as DISABLED are inactive
and will not be available for tripping. All menus
associated with inactive functions will be
unavailable. :

The general information required to complete the
input data on this section includes:

+ Enable/disable function
¢ Qutput choices (OUT1-8)

* Input blocking choices (IN1-6 and/or fuse
loss)

Setpoints and Time Settings

The general information that is required to complete
the input data in this section includes individual re-
lay function:

* Pickup settings (converted to relay quanti-
ties)
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* Time delay settings
* Time dials and curves

* Power in PU, etc.

Input descriptions are detailed in Section 2.4,
Setpoints and Time Settings. Make sure to com-
piete the Setpoint & Timing Record Form in Ap-
pendix A before entering the setpoint and time
setting data.

The relay already contains factory settings for
setpoint and time setting data, which can be used
to familiarize you with these menus.

Oscillograph Recorder Data

The oscillograph recorder provides comprehen-
sive data recording of all monitored waveforms,
storing up to 170 cycles of data. The total record
length is programmable for one (170 cycles), two
(113 cycles), three (85 cycles each), or four (68
cycles) event records. The oscillograph recorder
is triggered either remotely, via designated sta-
tus input signals or through relay output opera-
tions.

When untriggered, the recorder continuously
records waveform data, keeping the data in buffer
memory. When triggered, the recorder contin-
ues storing data for a period of time, as defined
by the user, thereby keeping the most recent
records in memory for downloading to a person-
al computer.

If more events or triggers occur than the num-
ber of records (partitions) designated before down-
loading of data, triggering the recorder overwrites
the oldest of the event records. Be sure to com-
plete the Setpoint & Timing Record Form in Ap-
pendix A before entering the oscillograph recorder
settings.

The relay already contains factory settings for
oscillograph recorder setup, which can be used
to familiarize the user with the OSCILLOGRAPH
RECORDER menu.

The HMI module allows the user to view time
stamps for recorded events, and to clear all
records in order to provide a fresh starting point
for event triggering.

3-10

Target History Recorder

The VIEW TARGET HISTORY menu selection
enables the user to review the targets for the
previous 32 target conditions. A target is trig-
gered whenever a designated output is operat-
ed or closed. The target history for each operation
cycles continuously through a sequence of screens
until EXIT is pressed. A target includes:

+ pickup information which indicates any
function which is timing,

¢ an indication whose function or functions
have operated and timers expired,

* phase and ground currents at the time of
trip, and individual phase element information
at the time of the trigger, if the operating
function was a 3-phase function,

e input and output status, and

* a time tag of the trigger.

The time tag of the trigger will be in the follow-
ing format:

HH(Hours); MM(min); SS.xxx(seconds).

The xxx will be 000 if the IRIG-B signal is not
connected or not synched. Otherwise, it will give
seconds to the nearest thousands of a second.

CLEAR TARGET allows the user to clear all
operation history for further target recording.

TARGET SETUP allows the user to select which
outputs will trigger a target record. In most cas-
es only tripping function outputs will be pro-
grammed to trigger targets. Outputs designated
for reconnect or sync-check are usually not in-
cluded in this set.

W NOTE: If a second function is used in an at-
tempt to operate an output that has already op-
erated, it will not trigger a new target since no
new output has been operated or closed. If the
second function operation closes a different un-
operated output, a new target will be triggered.
Targets are captured or recorded only when an
output operates.



3.3 Checkout Status/Metering

The relay has two menu selections concerning
monitoring status and demand values. This sec-
tion describes the operation of these selections.

Status/Metering
Access the STATUS menu as follows:

1. Press ENTER to bring up the main menu.

2. Press the right arrow button until STATUS
appears on the top line of the display.

3. Press ENTER to access the STATUS sub-
menu and begin the monitoring.

W NOTE: Each category listed below is a sub-
menu item. Pressing the ENTER button moves
the item down within that menu, allowing moni-
toring of values within that submenu category.
To exit a specific category and continue to the
next menu category, press the EXIT button.

All metering values in this section (with the ex-
ception of power metering) are secondary level
quantities.

The menu categories for monitored values are:

VOLTAGE STATUS

Phase voltages, neutral voltage, V2 voltage, posi-
tive sequence voltage, negative sequence voltage,
zero sequence voltage

CURRENT STATUS

Phase currents, neutral current, positive sequence
current, negative sequence current, zero sequence
current

FREQUENCY STATUS
Frequency, Rate of change of frequency

POWER STATUS
Real power, Reactive power, Apparent power, Power
factor

IMPEDANCE STATUS
SYNC CHECK STATUS

IN/OUT STATUS
Status of input and output contacts

Operation (Front Panel) - 3

The following timer status can also be monitored:

VOLTAGETIMER
27, 27G, 47, 59, 591, 59G

CURRENT TIMER
46, 50, 50G, 51G, 51V, 67

FREQUENCY TIMER
81, 81R

POWER TIMER
32

DISTANCE TIMER
21

SYNC CHECK TIMER
25

FUSE LOSS TIMER
60FL

RECONNECT TIMER
79

Timers for the inverse time functions are dis-
played in percentage where 100% corresponds
to the full value of the integrating timer.

If the associated function time setting is less than
2 cycles, the indicated status will be less than
actual. The following miscellaneous status can
also be monitored:

COUNTERS OUT1-8 plus alarm
TIME OF LAST POWER UP

ERROR CODES Last error code log

3-11



M-3520 Instruction Book

This Page Intentionally Left Blank

3-12



Operation (Computer) ~ 4

Operation (Computer)
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This chapter contains information on configuring
and interrogating the M-3520 Intertie Protection
Relay via a personal computer running the M-3822
IPScom Communications Software package.

4.1 Installation and Setup

The IPScom Communications Software package
runs under Microsoft® Windows 95 operating sys-
tem, or later. This version of IPScom only sup-
ports communication via the BECO 2200 protocol.

IPScom is available in the following IBM
PC-compatible format: one 3.5” double-sided, high
density (DS/HD 1.44 MB) disk.

The M-3822 IPScom software is not copy-pro-
tected and can be copied to a hard disk. For more
information on your specific rights and responsi-
bilities regarding the M-3822 IPScom software,

refer to the licensing agreement enclosed with
your software, or contact Beckwith Electric Co.

Hardware Requirements

IPScom will run on any IBM PC-compatible com-
puter that provides at least the following:

* 8Mb of RAM
* Microsoft Windows 95 or later

* One 3.5" double-sided, high-density (DS/HD
1.44 MB) disk drive.

*  One serial (RS-232) communication port
s VGA monitor
* Mouse or pointing device.

* Windows-compatible printer
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The M-3520 is provided with three serial com-
munication ports. Two serial interface ports, COM1
and COM2 are standard 9-pin RS-232
DTE-configured ports. The front panel port, COM1,
can be used as a temporary connection to local-
ly set and interrogate the relay by computer. The
second RS-232 COMR2 port is provided at the rear
of the unit.

An RS-485 configured port, COM3 is located at
the rear terminal block of the unit. Either COM2
or COM3 can be used to remotely set and inter-
rogate the relay via a modem, whereas all three
ports may be used for direct serial connection.

M NOTE: The RS-232 standard specifies a max-
imum cable length of 50 feet for RS-232 connec-
tions. Successful operation cannot be guaranteed
for cable lengths exceeding this recommenda-
tion. Every effort should be made to keep ca-
bling as short as possible. Low capacitance cable
is recommended.

Use of IPScom® and M-3520 Intertie Protec-
tion Relay via Modem

in order to use IPScom to communicate with the
relay via a modem, the following must be provid-
ed for the unit.

* Hayes-compatible external modem; 1200,
2400, 4800, or 9600 baud.

* Serial modem cable with 9-pin connector for
the system and the applicable connector for
the modem.

Similarly, the computer running IPScom must also
have access to a Hayes-compatible internal or
external modem. Pin-outs for communication ca-
bles are provided in Appendix B.

Use of IPScom and M-3520 Intertie Protec-
tion Relay via Direct Serial Connection

In order to use IPScom to communicate with the
relay via direct serial connection, a serial “null
modem” cable is required. The cable must be
provided with a 9-pin connector (DB9P) for the
system, and an applicable connector for the com-
puter (usually DB9S or DB25S). Pin-outs for a
null modem adapter are provided in Appendix B,
Communications. A 10-foot, null modem RS-232
cable may be purchased from Beckwith Electric
Co. (part number M-0423).
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Installation

Before installing the IPScom program, make a
copy of the software disks for archive purposes.

IPScom

IPScom Program Icon

Figure 4-1

{PScom can be run from a hard disk. An instalia-
tion utility (setup.exe) has been provided to make
the process easier.

Installing IPScom
1. Insert software disk1 in your drive.
Select Run from the Start Menu.

In the Run dialog box, specify the file to be
installed by typing either A:\Setup or B:\Setup,
depending on the drive in which the soft-
ware diskette is inserted.

4. The installation utility establishes a program
folder (Becoware) and subdirectory (IPScom).
After installation, the IPScom program item
icon (see Figure 4-1) is located in Becow-
are. The application files are located on drive
C, in the new subdirectory IPScom
(C:\\Becoware\\lpscom).

Installing IPSutil™

IPSutil is utility software used to program sys-
tem-level parameters for units shipped without
the M-3931 HMI Module. The IPSutil.exe file is
automatically installed in the Becoware folder, along
with the IPScom files, and does not require sep-
arate installation.

Installing the Modems

Using IPScom to interrogate, set or monitor the
relay via a modem requires both a remote mo-
dem connected at the relay location and a local
modem connected to the computer with IPScom
installed.

The local modem can be initialized, using IPScom,
by connecting the modem to the computer, and
selecting the COMM menu in IPScom. Select
MODEM, enter the required information, and fi-



nally select INITIALIZE from the expanded Com-
munications dialog box. The following steps out-
line the initialized modem setup procedure.

1. Connecting the modem to the computer:

a. If the computer has an external modem,
use a standard straight-through RS-232
modem cable to connect the computer
and modem (M-3933). If the computer
has an internal modem, refer to the mo-
dem’s instruction book to determine
which communications port should be
selected.

b. The Hayes-compatible modem must be
attached to (if external) or assigned to
(if internal) the same serial port as as-
signed in IPScom®. While IPScom can
use any of the four serial ports (COM1
through COM4), most computers sup-
port only COM1 and COM2.

c. Connect the modem to the telephone
line and power up.

2. Connecting the Modem to the Relay:

Setup of the modem attached to the relay may
be slightly complicated. It invoives programming
the parameters (via the AT command set), and
storing this profile in the modem’s nonvolatile mem-

ory.

After programming, the modem will power up in
the proper state for communicating with M-3520.
Programming may be accomplished by using
“Hyperterminal” or other terminal software. Refer
to your modem manual for further information.

M NOTE: The relay does not issue or understand
any modem commands. It will not adjust the baud
rate and shouid be considered a “dumb” periph-
eral. it communicates with 1 start, 8 data, and 1
stop bit.

a. Connect the unit to an external Hayes-
compatible modem by attaching a stan-
dard RS-232 modem cable to the
appropriate serial communications port
on both the unit and the modem.

b. Connect the modem to the telephone
line and power up.

Operation (Computer) - 4

The modem attached to the unit must have the
following AT command configuration:

EO No Echo

(@} Don't return result code

&D3  Onto OFF DTR, hang-up and re-
set

&S0  DSR always on
&C1  DCD ON when detected
S0=2 Answer on second ring

The following commands may also be required
at the modem:

&Q6  Constant DTE to DCE

NO Answer only at specified speed
w Disable serial data rate adjust
\Q3 Bi-directional RTS/CTS relay
&B1  Fixed serial port rate

S37  Desired line connection speed

There are some variation in the AT commands
supported by manufacturers of Hayes-compati-
ble modems. Refer to the hardware user docu-
mentation for a list of supported AT commands
and direction on issuing these commands.

Setting Up the M-3520 Intertie Protection
Relay for Communication

The initial setup of the relay for communication
must be completed by the optional M-3931 HMI
Module or via direct serial connection using the
default “As Shipped” communication parameters.
Refer to Communication Data and Unit Setup “AS
SHIPPED” form located in Appendix A, Forms.

For units shipped without the optional HMI Mod-
ule, the communication parameters may be al-
tered by first establishing communication using
the default parameters and the IPSutil™ program.

IPSutil is an auxiliary program shipped on the
same disk with the IPScom program. It is used
exclusively for altering communication and setup
parameters on units shipped without the M-3931
HMI Module.
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M NOTE: Communication is inhibited while the
relay is in local mode (being accessed via the
HMI). To ensure the M-3520 is available for re-
mote communication, press ENTER at the EXIT
LOCAL MODE menu item, or press the EXIT key
several times to back out of the menu tree to the
top level screen.

Multiple Systems Setup

The individual addressing capability of IPScom®

and the relay allows multiple systems to share a
direct or modem connection when connected via
a communications-line splitter (see Figure 4-2).
One such device enables 2 to 6 units to share
one communications line.

A CAUTION: Units connected to a communica-
tions line splitter must have a unique communica-

Null Modem Cable for
Direct RS-232 Connection

=/

1BM-Compatibie PC

sessscss
sessesee

k=) | M R N

Address §

integrated Protection
System

tions address. If two or more units share the same
address, corrupted communications will result.

Serial Multidrop Network Setup

individual remote addressing also allows for com-
munications through a serial multidrop network.
Up to 32 relays can be connected using the same
2-wire or optional 4-wire RS-485 communications
line.

Appendix B, Figure B-2 illustrates a setup of
RS-232 Fiber Optic network, and Figure B-3 il-
lustrates a 2-wire and 4-wire RS-485 network.

Other communication methods are possible using
the M-3520 Intertie Protection Relay. An Application
Note, “Serial Communication with Beckwith
Electric’s Integrated Protection System Relays’
is available from the factory, or from our website
at www.beckwithelectric.com.

by 9 318 =y
:>==

Address 2

Address 3 Up to six controls
can be used with a

communications-line splitter.

Figure 4-2  Multiple Systems Addressing Using Communications-Line Splitter

4.2 Operation

Activating Communications

After the relay has been set up, the modems ini-
tialized, and IPScom installed, communication is
activated as follows:

1. Choose the IPScom icon from the Becow-
are folder.

2. The IPScom splash screen is displayed brief-
ly, providing the software version number

and copyright information. This information
is also available by choosing the About...
command from the Help menu.

3. Choose the COMM menu selection. Com-
plete the appropriate information on the win-
dow for the relay to be addressed.

a. If communication is through a modem,
choose the Modem command button to
expand the communications dialog box.



Choose the desired relay location and
choose Dial button. This action estab-
lishes contact and automatically opens
the communication to the relay.

b. If computer is serially connected through
the front port, choose the Open COM
button. This action establishes commu-
nications.

4. Enter any valid IPScom command(s) as
desired.

5. To end communication when communicating
by modem, choose the Hang Up command
button from the expanded Communication di-
alog box. To close the communication chan-
nel when connected locally, choose the Close
COM command button.

Operation (Computer) — 4

Overview

When [PScom is run, a menu and status bar is
displayed (as shown below). This section describes
each IPScom menu selection and explains each
IPScom command in the same order as they are
displayed in the software program. For detailed
information on each dialog box field (function),
refer to Chapter 2, Application.

When starting IPScom, the initial menu choices
are the File menu or the Comm menu. The choice
specifies whether the operator desires to write to
an data file or to communicate directly with the
relay.

About...
Profile Info

Comm

I

e $
File Comm Relay Window Help
| N ‘ M-3520 l
| ' 5
3 v _ | \ \
\ Window ; User Logo Lines Relay Type
| File | Cascade / Unit ldentifier Unit Address
New Tile
Open... Arrange Icons
Close Close All
Save
Save As... v
Print
Printer Setup m
Exit Alt+F4

modem dialing functions.

Choosing the Comm menu sends you directly to the Communication dialog box.
From this dialog box, you have access to the port designation, baud rate, access
code, relay address, leased line identification, speaker volume, phone directory, and

v Setup System
~--Jp»{ Setpoints
]
Setup »l.- Set Date/Time Primary Status
%aorrg!z:)sr » > Secondary Status
Targ > » Phase Distance
Oscillograph » e Phasor Diagram
Write File to Relay e Setup Sync Scope
Read Data From Relay Retrieve Function Status
Trigger
Clear

Figure 4-3 IPScom® Menu Selections
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File Menu
e

Close

Save

Save As...

Print...

Printer Setup...

Exit Alt+F4

The File menu enables the user to create a new
data file, open a previously created data file, close,
print, and save the file. The IPScom® program
can aiso be exited through the File menu.

System Type [ X
M-3520 B

¢ 50Hz

Unit Type:

Nominal Frequency:

C.T. Secondary Rating: ¢ 14

Phase Botatior:

+ ABC

Since {PScom can be used with several Beck-
with protection systems in addition to the M-3520
Intertie Protection Relay, the format and contents
of a file must be established depending on which
protective system is being addressed. When not
connected to one of the protection systems, us-
ing the New command, a new file is established
with the New Device Profile dialog box (see Fig-
ure 4-5). Choosing the OK command button, al-
lows the new data file to be named by using the
Save or Save As...commands.

M NOTE: By choosing the New command, unit
and setpoint configuration values are based on
factory settings specified for the profiled protec-
tion system.

oK
{* G0Hz
& BA Cancel
" ACE

Figure 4-4 New Device Profile Dialog Box

Path: File menu / New command

COMMAND BUTTONS

OK Saves the currently displayed information.

Cancel Returns you to the IPScom main window; any changes to the displayed

information are lost.

The Save and Save As... commands allow re-
saving a file or renaming a file, respectively. The
Open command allows opening a previously cre-
ated data file. With an opened data file, use the
Relay... Setup... menu items to access the set-
point windows.

If communication can be established with a re-
lay, it is always safer to use the Read Data From
Relay command (found under the Relay menu)
to update the PC's data file with the relay data.

This file now contains the proper system type
information, eliminating the need to set the infor-
mation manually.

The Print and Printer Setup commands allow
user to select printer options and print out all
setpoint data from the data file or directly from
the relay, if a relay is communicating with the
PC. The Exit command quits the IPScom program.



Comm Menu
(e I Fony Wndow _Hop ]

The Communication dialog box (see Figure 4-5)
allows setup of the IPScom communication data
to coordinate with the relay and, by choosing the
Modem button, establishment of contact for re-
mote locations. When communicating by way of
a fiber optic loop network, echo cancelling is avail-
able by checking the Echo Cancel box. This com-
mand masks the sender’s returned echo.

If communication is established through the mo-
dem, the Dial button should be pressed after the
dial string is selected. If necessary, the Initialize
button can be used to send the initialization string

Operation (Computer) - 4

to the modem. If checked, the Bring Up Termi-
nal Window After Dialing box provides an ad-
vanced control on modem communications, such
as communications where modem switch is in-
volved at the remote site.

If the modem was not used to establish commu-
nication, press the Open COM button to start. If
the relay has been defaulted with the communi-
cation access code 9999, a message window will
appear showing access level #3 was granted.
Otherwise, another dialog box will appear to prompt
the user to enter the access code in order to
establish the communication. Close COM discon-
tinues communication.

Communication | X] l

[ PCPot__| Baud Rate Cper DK
COM1 " 1200 ¢ 2400
™ Echo Cancel ¢ 4800 & 9500
Helay -—-———-—l
Access Code; l" Address: l1 Cancel l
Modem I Bring up terminal window after dialing
Phone Number:
=l e |
Edit l
_,,J Save l
Initialize pid | Heouo |

Figure 4-5 Communication Dialog Box

pPath: Comm menu

COMMAND BUTTONS

Cancel Returns you to the IPScom main window; any
changes to the displayed information are lost.

Open COM Initiates contact with the protective system,
either by direct serial or modem
communication.

Close COM Breaks communication with the protective
system, for both direct serial or modem
communication.

Modem Displays the expanded Communication dialog
box.

Add Displays the Add/Edit dialog box, allowing you

to type a protective system’s unit identifier,
phone number, and communication address.

Edit Displays the Add/Edit dialog box, allowing you
to review and change the user lines (unit
identifier), phone number, and communication
address of a selected entry.

Delete Deletes a selected entry.

Initialize Allows you to send special setup or other AT
commands directly to the modem.

Dial Dials the entry selected from the directory.

Hang Up  Ends modem communication, allowing you to
dial again.

Bring up A built-in terminal window allows an inter-
Terminal Win- active communication with modem and
dow After relay.

Dialing
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Relay Menu
Relay

Setup »

Monitor »

Targets »

Oscillograph »

Tt The Setup submenu provides three commands:

Setup System, Setpoints, and Set Date/Time.

The Relay menu provides access to the windows The Setup Relay command displays a dialog box
used to set, monitor, or interrogate the relay. Four (see Figure 4-6) which allows the input of perti-
submenus are provided: Setup, Monitor, Tar- nent information regarding the system on which
gets and Oscillograph as well as two commands, the relay is applied (see Section 2.3, Configura-

Write File To Relay and Read Data From Re- tion, System Setup).

lay.

SETUP SYSTEM

© Nominal Frequency: 60 Hz i C.T. Secondary Rating: 5.6.:
Nominal Voltage: I B0V ] 1 »h4ov Deltay Transform
Nominal Curent: IS.U‘:' 0504 ¢ 1 2lsooa || © Enable & Disable
Input Active State: 6 5 4 2 2 1

€ Open  Open ¢ QOpen ¢ Open € Open (" Open
& Close @ Close © Close @ Close & Close & Close

V.T. Configuration: € Lineto Ground Lineto Line  Line-Line to Line-Ground

l 25 Sync Check Phase. AR & ac CCA ] Relay Sealin Time

! Phase Rotation. & ABC  ACB l ouT 1i[§0— = ::2ycies
[V PraseRaic [0 :1 10401 Spwo]|

[V.7. NewalRatio: [T0__ :1 1040 ] + 165500 | i%g—-—
[vivepatio  [oa_ -1 18] 2165500 | 5[5

[ 1 Phase Ratia: [ 1 14 k50 || efm

l C.T. Neutral Ratio: |1 1 14l 55500 ] 73W 160
| putseniwompunsnl‘ 2 3T 4 57 6 718 B0 cleyls

Save Cancel |

Figure 4-6 Setup System Dialog Box

Path: Relay menu / Setup submenu / Setup Relay window

SETUP SYSTEM COMMAND BUTTONS

Save When connected to a protection system, sends the currently displayed information to the
u n i t

Otherwise, saves the currently displayed information.
Cancel Returns you to the IPScom® main window; any changes to the displayed information

are lost.

W NOTE: Checking the inputs for the Active Input Open parameter designates the “operated” state established by an opening
rather than a closing external contact.

4-8



The Setpoints command displays the Relay Set-
points dialog box (see Figure 4-7) from which
the individual relay function dialog boxes can be

Operation (Computer) -

accessed. Choosing a relay function button (#46,
for example), will display the corresponding func-
tion dialog box (see Figure 4-8).

M-3520 Relay Setpoints 5]
i Instantaneous VT Fuse-Loss
21 Phase Distance 50 esrrinoissranlil BOFL  FussLo
Check Instantaneous Phase Disectional
z e o6 Neutral Qvercurnent & Overcurrent
Inverse Time Neutral Neutral Directional
il Hndervolege 516 Overcurrent ™ Overcunent
Neutal Irvesss Time Reconnect Enable
a6 | e e 51y | Inverss Tims 79 omnectEn
Reverse/Forward ’ F
z Power 53 Overvoltage 8 tequency
Negative Sequence Rete of Change of
4 Overcurrent 591 | Peak Overvokage |  81R 4
47 |Negative Sequence]  5g5 Neutial
Overvoltage Overvokage
Display All Configure l l Cancel Sl

Figure 4-7 Relay Setpoints Dialog Box

Path: Relay menu/ Setup submenu / Setpoints window

COMMAND BUTTONS

Display All ~ Opens the All Setpoints Table dialog box.

Cancel - Saves the currently displayed information and
returns to the IPScom main

window.

Configure - Opens the Configure dialog box.

(46) - NEGATIVE SEQUENCE OVERCURRENT

} Pickup: 070 010Amp 2] | M 2000amps | Def, Time|
? Delay ] 120 1 Cycle_]__l __j 8160 Cycles i
: TouTRUT Blocking nput -

BF' ?I" 8 57 4 3W 2" 1[" FLF‘SF’ s 41" 3[' 2['1["'

l

Plckup [ % 0 OAmp‘l J »|5004mps v, Time‘
Time Diat[T5 054 o
Curves g -

@ Defrite Time € Invarse € Very Inverse  Extremely Inverse
PO D € vt ¢ IECE CECL ;
; T auTRUT & Blocking Input ;
18I 7 el 5T 4 3T 2l 1!" ELI Bl 5[ 4l 3 2

(3 PR Furshon DURSELED untd %u! ebaiten

Figure 4-8 Negative Sequence Overcurrent Setpoint Dialog Box

Path: Relay menu / Setup submenu / Setpoints window/ 46 command button OR 46 jump hotspot within All Setpoints Table or Configure

dialog box

Q COMMAND BUTTONS

Save

When connected to a protection system, sends
the currently displayed information to the unit.

Cancel

Otherwise, saves the currently displayed
information and returns you to the Relay
Setpoints, All Setpoints Table, or Configure

dialog box.

Returns you to the Relay Setpoints, All
Setpoints Table, or Configure dialog box; any
changes to the displayed information are lost.
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The Relay Setpoints dialog box gives access to
two additional dialog boxes: All Setpoints Table
and Configure. Choosing the Display All com-
mand button displays the All Setpoints Table
dialog box (see Fig. 4-9). This dialog contains a
list of settings for each relay within a single win-
dow to allow scrolling through all relay setpoint
configuration values.

SETUP RELAY § Sealin Time {cycles]
Nominal Voltage: g 120V - V.T. Configuration: | Line - Line : OUT 1: {30
Nominal Curent: | 5.00A | V.T. Phase Ratio: } 1.0:1 ! ouUT2 {30 |
Nominal Frequency:i 60 Hz W.T. Neutral Ratio:! 1.0 : ouT3 |30 |
Phase Rotatior: i ABC | W.T.V2Ratio: 11 ouT4 |30
C71.2ndRating | 5A | CT. PhaseRatio | 1:1 i ouTs {30 |
Sync Check Phase:i AB C.T. Neutral Ratio:{ 1:1 ' OUTE {30
DeltaY Transform i Disable ~ Pulse Relay Outputs: uT i3

R T ouT S (30

{21} - PHASE DISTANCE

. {25) - Syne Check

. Circle Diameter.  {50.0Q + i Circle Diameter: . Phase Angle: 45°
Ofset: [iR1]o} o tOffset: i Upper Volt. Limit: 1 100Y
Y\ opedanice Angle:] 85+ #2 ‘Impedance Angle:] " Lower Volt. Limit: {90V !
Time Delay: 30 cycles Time Delay: i Sync Check Delay:| 50 cycles -

* Dead Volt. Limit: | 50V

¢ e s Dpad Time Delay: | 50 cycles

(27)- UNDERVOLTAGE . Delta Voltage: 20V
. Defta Frequency: | 0.100Hz

e Dead V1 Hotv2: |Enable

Pickup: | 108V ' , Piokup: | | Hot V1 DeadV2: | Enable
Time Dela,uig 30cycles - Time Delay: | Dead V1 Dead ¥2:| Enable
T o ' Supervised by F79:} Enable

Input initiate:

(276] - NEUTRAL

(32) - DIRECTIONAL POWER

UNDERVOLTAGE " TheePhase [, Three Phase
Pk [108% . g Diection | 4y Direction: :
o Pickup; | -0.020 p.u. - ’ Pickup:
Time Delay: | 30 cycles Time Delay: | 120 cycles ! TimeDelay: | K
(46} - NEGATIVE SEQUENCE {50) - INST. PHASE
OVERCURRENT { DVERCURRENT
Definite Time: Inverse Time: ‘ Pickup: | 1.0A
Pickup: 010A | | Pickup: 0.50A |
Time Delay: { 120 cycles | Time Dial: 05 f !
| Cutve Seletion: | Def. Time | ﬁqg;‘;}-‘ﬁgng,\EUTRAL |

Figure 4-9 All Setpoints Table Dialog Box

Path: Relay menu / Setup submenu / Setpoints window/ Display Ali command button

[E] JUMP HOTSPOTS [=] CONTROL MENU
This window provides you with jump hotspots, identified Close Returns you to the Relay Setpoints dialog
by the hand icon, that take you to each relay dialog box box.
and the Setup Relay dialog box. Exiting any of these dialog i !
boxes will return you to the All Setpoints Table dialog Move Allows you to reposition the dialog box.
box.
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Choosing the Configure command button dis-
plays a dialog box (see Fig. 4-10), which contains a
chart of programmed input and output contacts,
in order to allow scrolling through all relay output
and blocking input configurations. Both dialog

Operation (Computer) - 4

boxes feature hotspots which allow the user to
jump from a scrolling dialog box to an individual
relay function dialog box and return to the scroll-
ing dialog box again. All available parameters can
be reviewed or changed when jumping to a relay
configuration dialog box from either scrolling dia-
log box.

-

|

#
#2

25 Swnc Check
#
#2

21

27

276G

#
#2

Definit Time |—-
Inverse Time

#1

#2

80 Inst Phase
50G Inst. Neutral
51G Inv.T.Phase
51y Inv. T. New
#1

#2

531 Peak P.
659G Neuw Volt.

32

46

47

59

Figure 4-10 Configure Dialog Box

Path: Relay menu / Setup submenu / Setpoints window/ Configure command button

@ JUMP HOTSPOTS

This window provides you with jump hotspots, identified
by the hand icon, that take you to each relay dialog box.
Exiting any of these dialog boxes will return you to the
Configure dialog box.

Eé] CONTROL MENU

Close Returns you to the Relay Setpoints dialog
box. :
Move Allows you to reposition the dialog box.
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The Set Date/Time command (see Figure 4-11)
allows system date and time to be set, or system
clock to be stopped. This dialog box also dis-
plays an LED mimic to identify when the Sync
Check is in use (preventing date/time from being
changed by user).

SET UM DaTe ikt

TIME SYHNC.

l Stop Clock 1
Dat= |[12 ¢ E /98
Time: . [[Tf

Lol

Ll

Lancel

[
g
@

Figure 4-11  Unit Date/Time Dialog Box

Path: Relay menu/ Setup submenu/ Set Date/Time Command
There is a blue Time Sync LED mimic on this dialog box
(the LED is displayed as different shading on a monochrome
monitor). When this LED is blue, the relay is synchronized
with the IRIG-B signal and the Time field is grayed out,
indicating that this field can’t be changed. But the Date
field can be changed (by editing and pressing Save).

When the LED is not blue, the relay is not time-synchronized
and therefore, both the Date and Time fields can be
changed.

The time field in the dialog box is not updated continuously.
The time at which the dialog box was opened is the time
that is displayed and remains as such. This is true whether
the relay is synchronized with the IRIG-B signal or not.

[.] COMMAND BUTTONS

Stop Clock This toggles between start/stop, the relay
clock. ‘Stop’ pauses, ‘Start’ resumes.

Cancel Returns you to the IPScom® main window.
Any changes to the displayed information is

lost.
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The Monitor submenu provides access for re-
viewing the present status of the M-3520’s mea-
sured and calculated values, other real-time
parameters and conditions as well as examining
real-time and historical demand metering infor-
mation (see Section 4.4, Checkout Status/Meter-
ing). A cascading menu appears, providing several
command options as shown below.

Setup » I
Jargets 4 Teroroan Stati
QOscillograph 4 Phase Distance

The Targets submenu provides three command
options: Display, Reset LED, and Clear. The Dis-
play command displays the Target Dialog. This
dialog box (see Figure 4-12) provides detailed
data on target events, including time, date, func-
tion status, phase current values, and IN/OUT
contact status at the time of trip. Individually re-
corded events may be selected within the dialog
box and saved into a text file, or be printed out
with optional added comments. The Reset LED
is similar to pushing the Target Reset button on
the relay’s front panel, resetting current target(s)
displayed on the relay. This command does not
reset any target history.

The Clear command clears all stored target data.

Setup »
Monitor 3

Oscillograph »
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X
101:80.000 o[ c L c6 €5 c4 c3 2 Ca
04, O01-Jan-2001 m:g::gg%
an- :01:80,
& o oot aoco Owus[cg C7 Cp C5 C4 €3 C2 61|
Janr2001 01:01:80.000
07. Oixan2001 01:01:80.000 Phase A Phass B Phase C Phase N
08. 01Jar2001 01:01:80.000 Cwrents| 0000A  OORA  00R2A 00024 |
Function # Status
(27} Undervoltage #1 - Phase A Operated
{27) Undervoltage #1 - Fhase Opetated
{27) Undervoltage #1 - Phase C Operated
Commont|_prie_|_seve [T S

Figure 4-12 Target Dialog Box

Path: Relay menu/ Targets submenu / Display command

[.J] COMMAND BUTTONS

Comment Opens comment dialog box for annotation.

Print Prints out selected target information, with
comment.

Save Saves selected target information, with
comment, as a text file.

Close Exits the currently displayed dialog box.

The Oscillograph submenu allows user to store
data on selected parameters for review and plot-
ting at a later time. The Setup command allows
the user to set the number of partitions and trig-
gering designations to be made. The Retrieve

command downloads and stores collected data
to a file; Trigger allows the manual triggering of
the recorder; Clear erases the emstnng record.
Run the optional M-3801A lPSplot Oscillograph
Analysis Software program to view the downloaded
oscillograph files.

Setup Oscillograph Recorder E3 ]

- Number of Records - -~ ~Post Trigger —

f(‘1 (‘2 (‘3 (*;g ’De@ﬁ,‘

S AR Send
- Trigger Inputs ~———+ Trigger Qutputs~— -~~~

e MsT 4 'r'sr.r'sr's Cancel

F3M2F1 FaF3T2R1

Figure 4-13 Setup Oscillograph Recorder
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Path: Relay/Oscillograph/Setup

‘Relay
Setup
Monitor
Targets

14
»
14
»

The Write File To Relay submenu is used to
write the data to the M-3520 relay. The Read
Data From Relay submenu is used to retrieve
the data from the relay to the computer for display.

File Comm... Window Help
Setup

Monitor

Targets
QOscillograph

i
o

v w v w v

Window Menu

The Window menu enables the positioning and
arrangement of any all IPScom™ windows so that
there is better access to available functions. This
feature allows the display of several windows at
the same time. Clicking on an inactive window
activates that window.

File Comm.. Relay Help

Tile

Help Menu

The Help menu will enable the user to access
information about any IPScom menus or com-
mands. Contents and Using Help commands
are currently unavailable, and will display as greyed
out.

4-14

About...
Profile Info

The About... screen displays IPScom version and
development information.

Profile Info allows the user to view or make no-
tations for the relay setpoint data files.

4.3 Cautions

System and IPScom® Compatibility

Every attempt has been made to maintain com-
patibility with previous software versions. in some
cases (most notably with older protection
systems), compatibility cannot be maintained. If
there is any question about compatibility, con-
tact Beckwith Electric.

System Priority

System conflicts will not occur, as local commands
initiated from the front panel receive priority rec-
ognition. While the unit is in local mode, commu-
nication via the serial ports is suspended. IPScom
displays an error message to indicate this fact.

Time and Date Stamping

Time and date stamping of events is only as useful
as the validity of the unit’s internal clock. Under
the Relay menu, the Set Date/Time command
allows you to manually set the unit’s clock.

Echo Cancel

The Echo Cancel check box, under the Comm
menu, should only be used when several relays
are connected via a fiber optic loop network. Oth-
erwise, echo cancel must not be selected or com-
munication will be prevented.

Serial Port Connections

If the serial port is connected to something other
than a modem, and an IPScom modem command
is executed, the results are unpredictable. in some
cases, the computer may have to be reset.
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4.4 Checkout Status/Metering

F- Boly Widow el . algl
+ {1) BECKWITH ELECTRIC CO. M-3520 Al { M-3520
) T VOLTAGES

nmmm.mnm!-mm-m

BC ™ CA ™ Newa M Pos. Seg. ™ Neg. Seq M Zero Seq. ™ Phase V2™

| 0.00 _0.00}| _0.00
Peak Voltages AB M; Py

CA o

CURRENTS

i |
: . | |
R oof oof oof 00§ 0.0 -m‘-m‘;
1
X

| Phase A ® Phase B® PhaseC ®  Neumal wi Pos. Seq ) Neg Seq# ] Zero Seq. ®

-WE{-EIEE-I@\ |

Red ™ Reactive .  Apparent Factor

FREQUENCY  ROCOF

OUTPUTS ; INPUTS isnnmxm |

v i |
N L ,‘ CLOSED
¢ 5 a 3 1 1

Figure 4-14 Primary Status Dialog Box

Path: Relay menu/Monitor submenu/ Primary Status window
These are calculated values based on the VT and CT inputs.

- {Secondaty Status] [ 18] x]
I Bolay Window Hel =181
TI)BECKV\IITHELECTR!CCO M-3520 I Al | MF3520
| VOLTAGES
i
$ -am%-mtmm;nm ‘E‘-E‘-i!l | 0.0}
i AB | BC i CA t Pos. Seq. ‘ Neg Seq. 1 Zero Seq. | Phase V2
i ;m
; Peak Voltages * tms
i AB | BC |
# 0.001J1 0.0011 0.001F 0.001f] 0.00008 0.002Jf o.003]K
Phase A | Phase B | PhaseC ' Neutral | Pos. Seq. | Neg Seq | ZeroSeq 1?
[ z P
0000 of 0000 ] 0001 !u
; d P53 Reactive ¢  Fawr ||
E
|
[
* OUTPUTS *m
8 7 6 5 4 3 i 1 }

Figure 4-15 Secondary Status Dialog Box

Path: Relay menu / Monitor submenu / Secondary Status window
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" IPSCOM - [Phase Distance]
F Belay Window Help e
M-3520

Tiweasan |

[=18]x]
=l

‘(1) BECKWITH ELECTRIC CO.

| Circle Diameter.
| 6000 f

Circle Offser:
| 000 !

Circle Impedance Angle:
85° i

Phase Impedances:

a5 | o
el 32767 +j327 67 Q
[7XW 327 67 +j327 67 Q

Figure 4-16 Phase Distance Dialog Box

Path: Relay menu / Monitor submenu / Phase Distance window

Move the scope window to the right

PHASE DISTANCE CONTROL BUTTONS
E] Move up the scope window Zoom In
0 [ Move down the scope window e Zoom Out
Move the scope window to the left @] Refresh
@i Fle o Bolay Window Hep - =laix
(1) BECKWITH ELECTRIC CO. M-3520 KT w3520 |
T PiPickup  T:Tripped T
. .t @1)#1 Phasa Distance | 69 #2 0 ge|
_t .0 @1)#2 Phase Di | 6531) Peak ge| o
- @ @neY g | ©96) Noutral Overvehtage| ./ .
Lt ot @) #2 Undervoltag: } - 60FL) VT Fuseloss Detection] .+ ./
~+ ' @7G) Neutral Undarvoitage | 670T) Phass Directional Overcurrent) . ./
Y orward Power | {71T) Phase D { | e
o BHRER /Forward Power ! ©1) #1 Fraquency| _ .
-~ UEDT) Neg. Seq. DEF M! 81) #2 Fr o
- - (46IT) Neg. Seg. O INV ; $1) #3 Frey o e
.+ . () ¥ Neg. Seq. O g 81) 44 Frag [
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' (506} Instant. Neutral O : 25) Sync Chack! - _ |
61V) Inv.Time O @9 R Enable Time Delay] .+ «
N 1G) inv.Time Neutral E7NDT) Neutral Directional O b
\ 59) #1 Overvoltage - 7NIT) Noutral DI | - -J |
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Figure 4-17 Function Status Dialog Box

Path: Relay menu/ Monitor submenu / Function Status window
COMMAND BUTTONS

Close Exits the currently displayed dialog box.
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™z Phasor Diaeram [_{~]x]
- i Voltages (V)
| va: (0.02 £0.0° )
| vb: /062 2 0.0°
vei002200°
| v, Currents (A}
i | te: ;”o.oo £0.0°
‘ ; ig: (000 L0000
|
Freeze |
Figure 4-18 Phasor Diagram
Path: Relay menu/Monitor submenu/Phasor Diagram
COMMAND BOXES
Voltage ~ Select to display voltage signals.
Currents — Select to display current signals
Freeze ~ When checked, visible data will not be updated.
MEE

"2 Syne Scope

Figure 4-19 Sync Scope Screen

Path: Relay menu/Monitor submenu/Sync Scope
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4.5

Keyboard Shortcuts

4-18

Keyboard Shortcuts

SYSTEM KEYS

These keys can be used within Windows and 1PScom®.
Alt-Tab To switch between applications.
Ctrl-Esc To open Task List dialog box.

Ctrl-Tab To switch between windows.

Arrow Keys To select an application or group icon.

First Character of Name To select application or group icon.

Enter To open selected group or run selected application.

MENU KEYS
These keys enable you to select menus and choose commands.

Alt or F10 To select or cancel selection of the Setup menu on the menu bar..

Left Arrow, Right Arrow To move between menus.

Up Arrow, Down Arrow To move between commands.

A character key To choose the menu or command. The underlined character matches
the one you type.

Enter To choose the selected menu name or command.

Esc To cancel the selected menu name, or to close the open menu.

DIALOG BOX KEYS
These keys are useful when working in a dialog box.

Alt-a character key To move to the option or group whose underlined letter or number
matches the one you type.

Arrow Keys To move highlighted selections within list boxes.

Alt-Down Arrow To open a list.

Spacebar To select an item or cancel a selection in a list. Also to select or

clear a check box.
Enter To carry out a command.

Esc or Alt-F4 To close a dialog box without completing the command.

Table 4-1 Windows Keyboard Shortcuts
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4.6 IPSutil™ Communications Software

IPSutility ( Relay M-3420 D-0044 V1.02.04)

Comm Relay Comm Clock  Security  Miscellaneous Help
= i
! :
: :
! i
; hd
{ Miscellaneous
1
! Setup
v Monitor Status
RelayComm -
- Advanced
b
Connect
Exit Alt+F4
v
v

Change Comm Access Code
Change Access Level Code

Figure 4-20 IPSutil Main Menu Flow

4-19



M-3520 Instruction Book

M-3890 IPSutil™

The M-3890 IPSutil Communication software pack-
age provides communication with the Beckwith
Integrated Protection System® (IPS) for setting
up the relays. Its main purpose is to aid in set-
ting up IPS relays that are ordered without the
optional front panel HMI interface.

@ WARNING: The IPScom® and IPSutil pro-
grams are distributed on the same disk. The
IPSutii program has the capability of overrid-
ing the security parameters set in the relay. It
is recommended that you remove the IPSutil
program from the IPScom disk and file it sep-
arately in a safe place, to be used by autho-
rized people. For convenience, Beckwith
Electric has distributed both programs on the
same disk.

Installation and Setup

IPSutil runs with the Microsof® Windows operat-
ing system, version 3.1 or above, and is available
in the following IBM PC-compatible format:

» one 3.5" double-sided, high-density (DS/HD
1.44 Mb) disk

Hardware Requirements

IPSutil will run on any IBM PC-compatible com-
puter that provides at least the following:

* 8 Mb of RAM
» Microsoft Windows 95 or later

» one 3.5" double-sided, high-density
(DS/HD 1.44 Mb) disk drive

+ one serial (RS-232) communication port
*  VGA monitor

* Mouse or pointing device

Installation

An installation utility has been provided as a part
of IPScom and IPSutil programs. After installa-
tion, the 1PSutil can be run from the hard drive
by choosing IPSUTIL.EXE.

System Setup

Connect a null modem cable from COM1 of the
relay to the PC serial port. IPSutil supports COM1
port direct connection only. Modem connection
is not supported. |PSutil program is not support-
ed through COM2 or COMS3 ports of the relay.

4-20

Overview

IPSutii helps in setting up IPS relays which were
ordered without the optional front panel HM!I in-
terface. Units delivered without HMI's are shipped
with a set of factory default settings for various
parameters that the end user may wish to change.
While the utility program is directed to users that
do not have HMI, users of HMI-provided relays
can also use |PSutil to set various parameters.
When the IPSutil is started, a warning window
appears (See Figure 4-21).

i WARNING
©'§)  [PSuly shoukd NOT be usedto st up the telay which is onvine because
modifications may

parameter’s nmemdodopetmlmodyfadfhrdw
sehup.

Figure 4-21 Warning Message

After you accept the warning, you can access
the IPSutil main menu. The following sections de-
scribe each IPSutil menu items.

Comm Menu

The Comm menu allows you to make connec-
tions to the relay. This is the first command you
must use to access the unit. After you click the
Connect submenu item, the Communications di-
alog box appears (See Figure 4-22).

Baud Rate

300 600 -
orm oo | NN
E; Access Code o -

i} |———1 C 4800 @© 9600 i-,w,.ﬁﬁ,

Figure 4-22 Communications Dialog Box

+ Select the correct PC communication port
where the null modem cable is connected
for the relay.

* Select the baud rate of the relay. Factory
default is 9600 baud.

+ Select the access code resident in the re-
lay. Factory default is 9999.

« Click “Open com” button.

The following message window will appear showing
COM opened. Now, the title bar will display the
relay mode! and the software version.



IPS utility

The Exit submenu allows you to quit IPSutil™. If
the relay was connected, this submenu discon-
nects the relay. When the relay was connected,
if you have made any changes for some param-
eters (for example, baud rate, phase rotation) the
following message window appears.

iy IPSutility [ x]

i Some parameter's changes requike resstting the relay to become effective. Do you wish to

reset the relay now?
= oo |

Relay Comm

Comm Clock Secuiity Miscellaneous Help

When Relay Comm menu is selected, the Relay
Comm Port Settings dialog box appears (See
Figure 4-22). It allows you to set the relay com-
munication ports COM1 or COM2/COMS3 baud rate.
For COM2/COMB3, it allows you to set the proto-
col and dead synch time. Additionally, for COM2
and COMS, if you select MODBUS protocol, the
dialog box allows you to enable the parity option.

B NOTE: If COM1 baud rate is changed and the
relay is reset, the new baud rate must be used
to communicate with COM1

Clock

%y |PSutility
Comm Relay Comm Secuity Miscellaneous Help

When the Clock menu is selected, the Set Unit
Date/Time dialog box appears, allowing the user
to start or stop the clock in the relay, and change
the date or time (See Figure 4-25).

Security Menu

Change Comm Access Code

Change Level Access Code

Operation (Computer) - 4

The Security Menu allows you to set the com-
munication access code and the level access
codes for the relay.

The Change Comm Access Code allows you to
assign new communication access code to the relay.
The range of the access code is 1 to 9999. Note
that the access code 9999 is a factory default.
See Figure 4-26.

B NOTE: Setting the access code to 9999 dis-
ables security.

The Change Level Access Code allows you to
assign three different levels of access code for
the relay functions accessibility. The range of the
level access code is 1 to 9999. See Figure 4-27.

A CAUTION: This submenu allows you to change
the relay level access codes.

Miscellaneous Menu

The Miscellaneous menu allows you to set and
monitor some of the relay parameters.

The Setup submenu allows you to change the
users Logo information, test outputs, assign com-
munication address and user control number,
phase rotation, OK LED flash mode in the relay.
Note that the highest number used for the com-
munication address is 255 and the highest con-
trol number allowed is 9999. See Figure 4-24.

The Monitor Status submenu allows you to mon-
itor and clear the error code counters, monitor
the check sums, and to view inputs test status.
Note that powerloss counter cannot be cleared.

The Advanced command is reserved for factory
use only, and will display as “greyed out”.

Help Menu

About... l

Under Help, the About... submenu provides you
the information on the IPSUtil version numbers.
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Relay Comm Poit Settings [x]

COM1 Baud Rate: COM2/COM3 Baud Hate: (3600 ~]

Communication Address: D

- COM2 coM3
BecoZd00:F MODBUS Beco2200 & MODBUS
Doad Sync Time: [56____ | ms Doad Sync Time: [0 | ms
Tms 2| | 13000 ms tms o] | _+]3000 ms
Party O Hone O Lyen il Pty CNone Clven O (g
[Tox | Cancel |

Figure 4-23 Relay Comm Port Settings

COMMAND BUTTONS

OK Sends the currently displayed information
to the relay.
Cancel Returns you to the [PSutil main window. Any

changes to the displayed information is lost.

N

User Logo -

Linel: [Beckwith Electiic Co ]

Line2: { Largo Station| ]

Output Test { Relay }

8 7 6 5 4 3 2 1
OFF C C C ¢c C C C C
[ O G O O O O

ON

Communication Address: Ej

User Control Number: E::I

OK LED Flash: < Enable  ( Disable
Phase Rotation:  ABC & ACB

Cancel |

Figure 4-24  Setup Dialog Box

COMMAND BUTTONS

OK Sends the currently displayed information
to the relay.
Cancel Returns you to the IPSutil main window. Any

changes to the displayed information is lost.

4-22

Stop Clock
Crate: [-ﬁ ,fl-2_5_ / EEE]
Tirme: ; ; [I_JT%J

S ave Cancel

Figure 4-25 Unit Date/Time Dialog Box

COMMAND BUTTONS

Stop Clock This toggles between start/stop the clock
of the relay. The ‘Stop’ stops the clock in
the relay. The ‘Start’ resumes the clock in
the relay.

Save When connected to the protection system,
the date and time information on the display
is sent to the relay.

Cancel Returns you to the iPSutil main window. Any
changes to the displayed information is lost.

There is a blue Time Sync LED mimic on this dialog box
(the LED is displayed as different shading on a monochrome
monitor). When this LED is blue, the relay is synchronized
with the IRIG-B signal and the Time field is grayed out,
indicating that this field can't be changed. But the Date
field can be changed (by editing and pressing Save).

When the LED is not blue, the relay is not time-synchronized
and therefore, both the Date and Time fields can be
changed.

The time field in the dialog box is not updated continuously.
The time at which the dialog box was opened is the time
that is displayed and remains as such. This is true whether
the relay is synchronized with the IRIG-B signal or not.
1PSutil is fully Y2K compliant.



Change Comm Access Code

New Access Code: F;:]
Confirm New Access Code: E;:]

Cancel ]

Figure 4-26 Change Communication Access
Code Dialog Box

COMMAND BUTTONS

OK Sends the currently displayed information
to the relay.
Cancel Returns you to the IPSutil™ main window.

Any changes to the displayed information
is lost.

Operation (Computer) - 4

Change Level Access Code [ X]

Level 1 Level2 Leveli3

l:-u l qu: | [l--x l

New Level Access Code:

Conlfirm New Level Access Code: 1"" | I"" | t"" l

[ . Cancel |

Figure 4-27 Change Level Access Code Dialog
Box

COMMAND BUTTONS

OK Sends the currently displayed information
to the relay.
Cancel Returns you to the 1PSutil main window. Any

changes to the displayed information is lost.
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Installation

5.1 General INformation .........cccceere et 5-1
5.2 Mechanical/Physical DIMEeNSIONS ......ccccco v, 5-1
5.3 External ConNeCtioNS .......cvcveiiiece ettt 5-6
5.4 Commissioning CheCKOUL .........cociiiiiiireec e 5-8
5.5 Circuit Board Switches and Jumpers .......cc.ocvevvivevevnnev e e 5-10

5.1 General Information

B NOTE: Prior to installation of the equipment, it
is essential to review the contents of this manual
to locate important data that may be of importance
during instaliation procedures. The following is a
quick review of the contents in the chapters of
this manual.

it is suggested that terminal connections illustrated
herein be transferred to station one-line wiring
and three-line connection diagrams, station panel
drawings and station DC wiring schematics.

If during the commissioning of the relay, additional
tests are desired, refer to Chapter 6, Testing.

The operation of the M-3520 Intertie Protection
Relay, including the initial setup procedure, is
described in Chapter 3, Operation (Front Panel).
If the relay is not provided with an HMI module,
refer to Chapter 4, Operation (Computer).

Section 3.1, Front Panel Controls, describes the
front panel controls, and Section 3.2, Initial Setup
Procedure/Settings describe the HMI setup
procedure. The procedures contain specific
instructions for entering the communications data,
unit setup data, configure relay data, individual
setpoints and time settings for each function, and
oscillograph recorder setup information. A similar
setup can be performed using IPScom® and
IPSutil™ software packages.

5.2 Mechanical/Physical Dimensions

Figures 5-1 through 5-4 contain physical
dimensions that may be required for mounting
the unit to a rack.
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5.28 (13.41]

5.21 {13,23)
ACTUAL

o

17.45 [44,32]
17.31{43,97]

ACTUAL

REAR VIEW
/\ RECOMMENDED CUTOUT WHEN RELAY IS

NOT USED AS STANDARD RACK MOUNT

10.20 {26,91)

19.00 [48.26)

k—0.40 [1.02]

[
1.98 [5.03]

1.34 [3.404]

18.60 [47.24]

/ 6.86 {17.43] x 0.27 {0.68] SLOT (4x)

17.80 (45.21]

&

©

@

Dimensions in parentheses

B NOTE

Horizontal Mount Chassis

are in centimeters

Figure 5-1 M-3520 Mounting Dimensions — Horitzonal Chassis
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17.45 (44,32
17.31[43,97)
ACTUAL
AN
5.59 [14,20] 5.65 [14,35)
REAR VIEW . . _
A\ RECOMMENDED CUTOUT WHEN RELAY IS :agggfﬁeg;énegféogﬁ in
NOT USED AS STANDARD RACK MOUNT sabeisbbesd
19.00 [48.26)
18.60 [47.24}
17.80 [45.21) {0.40 [1.02]
6.86 [17.43] x 0.27 [0.68) SLOT (4x)
® ® ® © /
B < s88o (&
1.9815.03]
5 e
@ ® ® © 1.59 {4,04)

Vertical Mount Chassis

Figure 5-2 M-3520 Mounting Dimensions — Vertical Chassis
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39

| -

e 1.9] il 2.25 ]

19,

00

A

18.21

.261 Diameter
4 Holes

8.655

Recommended

Panel Cutout
*///Dimensions

8.655

Max. Depth

of Unit:
10”

A

6.19

h J

Front View

Figure 5-3 (H2) Mounting Dimensions
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- 75 | 6.13 >
1.04 —p - 5.56 »
d .261 Diameter
4 D ———- o 6 Holes
H 4
S | <>‘/
i l 'y
| i
i !
| !
i !
i i
i 8.655 |
i !
i i Recommended
! Panel Cutout
i i,// Dimensions
18.50 : :
I !
|«—2.80 —»1<— 2.80—|
Py i Y i 0O
hdH A i hd Iy
| !
i |
i | 15.56
i |
i !
: 8.655 :
[ | 7.78
i !
i Max. Depth I
i of Unit: |
10" :
| |
i !
e L Y
] i v
v ) O 1 2.60
1.14 T T |
T -« 7.63 »
Front View

Figure 5-4 (H3) Mounting Dimensions for GE L-2 Cabinet
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5.3 External Connections

)

Figure 5-5 provides an explicit view
of all the external contacts, com-
munications points, and power fuses
of the M-3520 Intertie Protection
Relay.

=

(A A ddddld s dddl

N

3AMP,250V(3AB)

B NOTES: Output contacts #1
through #4 are high-speed operation
contacts. To fulfill UL and CSA
requirements, terminal block
connections must be made with No.
12 AWG solid or stranded copper
wire inserted in an AMP #324915
or equivalent. The screws attaching
the connector must be tightened to
8-inch pounds torque. Only dry
contacts may be connected to
INPUTS (terminals 5 through 10, with
11 common), because these contact
inputs are internally wetted.

b

~

A CAUTION: Application of exter-
nal voltages to the INPUT terminals
may result in damage to the unit.

foRciceRcRcRORCCIORCRCRORORCRORORCRCORORCRONCRC)

RATED CURRENT

POOOOOOO0 O E0 60

CONTACT RATINGS SEE INSTRUCTION MANUAL
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BECKWITH ELECTRIC CO. INC.
FL 33773 727-544-2326
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5 4 3 2 1
(52b)
@

6190 118th AVE NO

LARGO,

coM 2

RS$232
NRTL /C
LR 89464

83F4
LISTED
IND.CONT.EQ

Figure 5-5 External Connections
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Ow>

||‘»——

LOAD

Figure 5-6 Three-Line Connection Diagram

b 42 41
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| l Other Q QAI’> Q‘[D
! 52 T Inputs psz  PS1
|
LGy G ! . . TE;";. PIS ouT outz2 ***
R OIOKC » ®
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5.4 Commissioning Checkout

During field commissioning, perform the foliow-
ing procedure to ensure that the CT and VT con-
nections are correct.

1. On the keypad, press ENTER. After a short
delay, the unit should display:

VOLTAGE RELAY
VOLT curr freq pwr -
2. Press the right arrow button until the unit
displays:
STATUS
« config sys STAT -

3. Press ENTER. The unit should display:
VOLTAGE STATUS
VOLT curr freq powr -

4. Press ENTER to display the phase voltag-
es. The unit should display either V5 Vg,
V¢, for line-to-ground connections or Vag,
Vgc, Vea, for line-to-line connections). Use
a voltmeter to compare these actual mea-

surements. If there is a discrepancy, check
for loose connections to the rear terminal

block of the unit.
e )

5. Press ENTER to display the peak phase volt-

PHASE VOLTAGE
AB= BC=___

age.
PEAK PHASE VOLTAGE (PU)
AB=__ BC= CA=

6. Press ENTER to display the neutral volt-
age. Neutral voltage should be V=0 Volts

[ NEUTRAL VOLTAGE j

Volts

7. Press ENTER to display V2 phase voltage.

PHASE VOLTAGE (V2)
Volts

5-8

8. Press ENTER to display positive sequence
voltage. The positive sequence voltage
should be Vpps =~ Va = Vg = B~ 0rVag
~ Vgc = Vea.

POS SEQUENCE VOLTAGE
Volts

9. Press ENTER to display negative sequence
voltage. The negative sequence voltage
should be Vngg =~ 0.

[ NEG SEQUENCE VOLTAGE ]

Volts

10. Press ENTER to display zero sequence volt-
age. The zero sequence voltage should be

[ZERO SEQUENCE VOLTAGE ]

Volts

B NOTE: If negative sequence voltage shows a
high value and positive sequence voltage is close
to zero, the phase sequence may be incorrect.
Proper phasing must be achieved to obtain proper
readings. If phase sequence is incorrect, frequency
related functions will not operate properly and the
FREQUENCY STATUS menu will read
DISABLED.

If positive, negative and zero sequence voltages
are all present, check the polarities of VT con-
nections and correct the connections to obtain
proper polarities.

11. Press EXIT. The unit will display:

VOLTAGE STATUS :
VOLT curr freq powr -

12. Press the right arrow once, so that the unit
displays:

CURRENT STATUS
volt CURR freq powr =




13.

14.

15.

16.

17.

Press ENTER to display line currents (la,
Ig, Ig). Compare these currents with the
measured values using a meter. If there is
a discrepancy, check the CT connections
to the rear terminal block of the unit. The
unit should display:

PHASE CURRENT
A= B= C=

Press ENTER for the unit to display neutral
current. The neutral current should be near
zero amperes.

NEUTRAL CURRENT h
Amps Y.

Press ENTER for the unit to display posi-
tive sequence current. The positive sequence
current should be lpgs ~ Ia =~ Ig = Ig.

[ POS SEQUENCE CURRENT J

Amps

Press ENTER for the unit to display nega-
tive sequence currents. Negative sequence
current should be near zero amperes.

[ NEG SEQUENCE CURRENT j

Amps

Press ENTER for the unit to display the zero
sequence currents. The zero sequence
should be lzgro ~ 0.00. If there is a signif-
icant amount of negative or zero sequence
(greater than 25% of la, I, or Ig) then ei-
ther the phase sequence or the polarities
are incorrect. Modify connections to obtain
proper phase sequence and polarity.

ZERO SEQUENCE CURRENT
Amps

18. Press EXIT for the unit to display :

CURRENT STATUS
volt CURR freq powr -
19. Press right arrow button once so that unit
displays:
FREQUENCY STATUS
volt curr FREQ powr -

20.

21,

22.

23.

24.

25.

Installation - §

Press ENTER to display the nominal sys-
tem frequency:

FREQUENCY BUS 1

60.00 Hz
Press ENTER for the unit to display the rate
of change frequency:

[RATE OF CHANGE FHEQUENCY}

Hz/Sec

Press EXIT for the unit to display

FREQUENCY STATUS
volt curr FREQ powr =

Press right arrow button once so that unit
displays:

POWER STATUS

volt curr freq POWR -
Press ENTER to display real power and verify
the correct polarity. The polarity should be
positive for forward power and negative for
reverse power. If the readings do not agree
with actual conditions, check the polarities

of the three low end CT’s and /or the PT's
and the CT and PT ratios.

REAL POWER
PU W

Repeat steps for the remaining metering
quantities.

REACTIVE POWER
PU VAr
APPARENT POWER ’
L PU VA
POWER FACTOR
Lag/Lead
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5.5 Circuit Board Switches and Jumpers

DIP JUMPER POSITION DESCRIPTION
AB Connects CD signal to COM 2 pin 1 *
%0 BC Connects +15V to COM 2 pin |
Inserted Connects -15V to COM 2 pin 9
ol Removed Disconnects COM 2 pn 9 *
AB Receiver continuously enabled
& BC Receiver disabled while transmitting*
AB COM 3 shares Baud rate with COM |
He BC COM 3 shares Baud rate with COM2*
AB Demodulated IRIG-B signal TTL Pin 6
B BC Modulated IRIG-B signal BNC *
* Default setting
Table 5-1 Jumper Settings
POSTIONS DESCRIPTION
2 [ o[t ot e e
ulxlxlx :Ji: gkf:r dual Pwr Supply, down for
X Not functional on M-3520

X1 X 1U| U jRunMode

X { X {U| D |Factory Use Only

Initialize access codes and
X | X | D} U |communication parameters to
default values*.

X | X | D} D |Calbrate*, **

*Power down, set switch, then power up. Afte<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>