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These instructions do not purport to cover all details or variations in equipment nor provide
for every possible contingency to be met in connection with installation, operation, or main-
tenance. Should further information be desired or should particular problems arise which are
not covered sufficiently for the purchaser’s purpose, the matter should be referred to the
General Electric Company.

To the extent required the products described herein meet applicable ANSI, IEEE, and
NEMA standards; but no such assurance is given with respect to local codes and ordi-
nances because they vary greatly.
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D LM DIGITAL LINE MONITOR

TECHNICAL DATA

RATINGS
Rated Frequency

¢ 50 or 60 Hertz

Rated Voltage (phase to phase) e 100 to 120 Volts AC

Rated Current
DC Control Voltage

Maximum Permissible Current
Continuous
Three Seconds
One Second

eI, = 1or5amperes

0 48VDC, Operating Range 38.5=60 VDC
110/125 VDC, Operating Range 88-150 VDC
220/250 VDC, Operating Range 178-300 VDC

e2XI,
e50X 1,
100X 1,

Maximum Permissible AC Voltage

Continuous
One Minute
Ambient Temperature Range

Humidity

Insulation Test Voltage
Impulse Voltage Withstand
Interference Test Withstand

BURDENS
Current Circuits

Voltage Circuits

DC Battery (for contact
converters)
DC Battery (power supply)

CONTACTDATA
Trip Outputs

Auxiliary Outputs
(including alarms)

COMPENSATION FACTOR SETTINGS
KO/0 (zero-sequence compensation)

02 X Rated
# 3.5 X Rated (one per hour)

o Storage: — 30°C to+75°C

o Operation: —20°C to+55°C

¢ 95% without condensing

02 kV 50/60, one minute-

0 5kV peak, 1.2/50 milliseconds, 0.5 joules
o SWC per ANSIC37.90.1

¢00.022 ohm, 5deg, I, = 5 amps
00.12 ohm, 30deg, I, = 1 amp
00.15VA 60 Hz

00.20 VA, 50 Hz

¢ 2.5 milliamperes at rated DC input voltage
¢ 20 watts

o Continuous Rating = 3 amperes.
Make and carry for tripping duty = 30
amperes, (per ANSI C37.90)

o Continuous Rating = 3 amperes
Make and carry for tripping duty = 30
amperes, (per ANSIC37.90)

RANGE
1.0-7.0

RESOLUTION
0.1

SYSTEM CONFIGURATION SETTINGS

Communications Baud Rate
Number of Breakers

CT ratios

PTratios

Units of Distance for Reports

ACCURACY
Fault Locator

DIMENSIONS
Height - Standard 4 rack unit
Width - Standard 19 inch rack
Depth

WEIGHT

0300, 1200, 2400, or 9600 Baud
e0to3

e 1to 5000

o 1ta 7000

o Miles or Kilometers

o £ 3% (typical)

¢ 6.945 inches (176 millimeters)
¢ 19.0 inches (484 millimeters)
¢ 16 inches (406 millimeters)

Standard rack-mounted unit weighs approximately 26 pounds

(11.8 kilograms)

ETS 101 SPECIFICATIONS (Current Target Sensor)

Input
Rated Current 00.15 to 30 Amps DC
Trip Duty - Not Continuous)
Voltage Drop 005V
Output Contact
Rated Voltage 0 30 VDC at 0.005 Amps
Operate Time 0200 ,S MAX
Drop Qut Time 0200 pSSMAX
Rating # 10 VA (resistive)

ETS 201 SPECIFICATIONS (Voltage Target Sensor)
Input

Rated Voltage ©32t0 300 VDC
Burden 04 mA MAX
Output
Rated Voltage #0320 VDC MAX when "ofl”
Operating Time * 200 .S MAX
Drop Out Time ¢ 200 y$SMAX
Voltage Drop 01.5V MAX when "On” @ 0.002 A
Leakage ¢ 10 pA MAX
BOTHETS 101 and 201 SPECIFICATIONS
Hi-Pot
2.5kV
Meets ANSIC37.90
Temperature
Storage e —40°C to +80°C
Operating e —20°C to +65°C
Dimensions
Height ¢ 2.44 inches (62 millimeters)
Width @ 1,85 inches (47 millimeters)
Depth ¢ 0.89 inches (22.4 millimeters)
Weight ® 2 ounces (54 grams)

NOMENCLATURE SELECTION GUIDE

DIGITAL LINE MONITOR
DLM Model Numbers
DLM - L] * * * »
[ T I A
| T I
1+ 1 I 1 | |1AMPratedcurrent
5 1t | | |5AMPrated current
0t | | | vPs=48VDC VTRIP = 48 VDC
t | | | | VPS=110/125VDC VTRIP = 110/125 VDC
2 1 | | | VPS=220/250 VDC VTRIP = 220/250 VDC
31 | 1 1Vps=48VDC VTRIP = 110/125 VDC
4 1 | 1 Ivps=48VDC VTRIP = 220/250 VDC
5 1 | | |1VPS=110/125VDC VTRIP = 220/250 VDC
6 | | | |VPs=110/125VDC VTRIP = 48 VDC
7 | | | 1VpsS=220/250VDC VTRIP = 110/125 VDC
8 | | | 1Vps=220/250VDC VTRIP = 48 VDC
0 | | | NoTransducer Inputs
s | | | 50Hz Transducer Module
6 | | | 60Hz Transducer Module
a | | Future Features
a | Future Features

ARevision Level

Example: DLM511AAA000 rated 5 amps, 110/125 VDC, transducer

outputs, standard model, Revision A.

GE Protection & Control

GEA-12259
ST 11/93 1000

205 Great Valley Parkway
Malvern, PA 19355
Telephone (215) 251-7000
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PRODUCT DESCRIPTION

GENERAL

The DLM is a microprocessor-based digital monitoring and fault locating system that uses

wave-form sampling together with appropriate algorithms to provide oscillography features, fault
location, and breaker control features.

APPLICATION

The DLM system is designed to be used on transmission, subtransmission, or distribution lines of
any voltage level. More detailed a}():plication considerations are contained below in the remaining
headings of this section and in the CALCULATION OF SETTINGS section.

FEATURES
LOCAL MAN-MACHINE INTERFACE (MMI)

A local MMI, incorporating a keypad and light-emitting-diode (LED) display, is provided to
allow the user to enter settings, display present values, view disturbance information, and access
stored data. The use and functioning of the MMI is fully described in the INTERFACE section.

REMOTE COMMUNICATIONS

An RS232 port (PL-lﬁlocated on the rear of the case is provided to permit the user to
communicate with the DLM system from an IBM PC-compatible computer. This computer may
be connected via the proper RS232 cable when within 50 feet of the DILM system, or a tiber optic
interface may be used for distance up to 0.5 km., or the computer may be connected via
interposing modems when physically remote from the substation. l}J)nique PC software, found in
the rear of the book, is required to communicate with the DLLM system.. The capabilities and use
of this PC software are described in the SOFTWARE section.

When connection to the G-NET host computer is desired, two different physical connections are
possible. Standard hard-wire cables maEr be used for distances up to 50 feet. For longer distances
1t is possible to add an optional external adapter that plugs into PL-1 to provide a fiber optic link
between the DLM and the G-NET host computer. An isolated S volt DC supply is internally
connected to pin 11 of PL-1 to power this external adapter. When connected to the G-NET host
computer the DLLM receives a time-synchronization pulse via pin 25 of PL-1. This pulse sets the
internal clock of the DLM to permit time synchronization to an external time standard connected
to the G-NET host computer.

SEQUENCE OF EVENTS

This function time-tags and stores in memory the last 120 events. The resolution of the
time-tagging is 1 millisecond. The event list contains power system events, operator actions, and
self-test alarms. Sequence of events can be accessed remotely via the RS232 port and a PC. A
full description of this function is contained in the SOFTWARE section.
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DISTURBANCE REPORT

When a disturbance occurs, pertinent information, consisting of unit ID, date and time,
re-disturbance currents, disturbance currents and voltages, selected events, and, if appropriate,
ault type and distance to fault, is stored in memory. The five most recent disturbance events are

stored. A full description of this function is contained in the INTERFACE section.

OSCILLOGRAPHY

A set of oscillography data is stored in memory for each Disturbance Report. Oscillography data

consist of date and time of trip, three cycles of pre-disturbance data samples, and 27 cycles of

gost-disturbance data samples. A full description of this function is contained in the
OFTWARE section.

ALARM OUTPUTS

A self-test alarm output (contactz is provided. The alarm indicates that self-test has detected a

roblem that may impair the performance of the DLM. This is a normally closed contact, which
is held open for normal conditions but which closes when an alarm condition occurs, or when DC
power is lost.

A separate alarm is located on the power supply to provide a contact closure if the power supply
fails or is turned off. This is a normally closed contact, which is held open when the power supply
is operational but which closes when the power supply fails.

BREAKER CONTROL OUTPUTS

By using the local MMI or a remote PC connected to the RS232 port, it is possible selectively to
trip and close up to three different breakers. Three distinct breaker-trip commands can be
issued; trip breaker 1, trip breaker 2, and trip breaker 3. Three distinct breaker-close commands
can be issued; close breaker 1, close breaker 2, and close breaker 3. Separate auxiliary relays are
associated with the close command. The contact of each auxiliary relay must be wired to the
appropriate breaker’s close circuit. The remote breaker trip inﬁdand closinlg described above can
be enabled or disabled by a hard-wired jumper located on the MMI module, as shown in Figure
4-2 in the MODULES section. As shipped from the factory, this jumper is physically present and
remote freaker Control is disabled. To enable remote Breaker Control, the jumper must be
removed.

FAULT LOCATION

An algorithm is present to provide fault location information, which is presented as miles (or
kilometers) from the DLM location to the fault. The distance to the fault is based on a line
length (in miles or kilometers) provided by the user as a setting. Fault location output is
displayed on the local MMI as part of the target information following a trig%er input, and it is
also contained in the Disturbance Report described above. A negative fault location is used to
indicate that the fault was in the reverse direction. For faults behind the relay, or for faults
beyond the remote end of the line, the fault location calculated by the DLM may be in error due
to the effects of infeed currents at the busses.

1-2A
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INPUTS

The DLM is designed to monitor 3 phase-to-ground voltages and three phase currents. The
neutral current is calculated by the DLM from the phase currents. These inputs are used in the
fault location calculation. The DLM can also monitor up to 24 contact inputs. These circuits
require a "dry" contact input, which may be obtained from an Electronic Target Sensor (ETS).

The DLM also has an option for six low-level analog transducer inputs. Each of the six
transducer input channels may be individually configured to any one of the following ranges:

Oto5V
0Otol0V
~-5to+5V
-10to +10V
Otolma

4 to 20 ma

The use of any of these current ranges requires the installation of shunts on the rear terminals.
Refer to Figure 1-1 for the proper shunt values.

TRIGGER SOURCES

The DLM disturbance reports may be triggered internally via voltage and current functions, or
externally via the inputs to one or more of the Contact Inputs. The contact inputs may be
individually selected as trigger sources; each may be configured as either a normally open or
normally closed contact. They may also be defined as breaker contacts or alarm contacts.

ELECTRONIC TARGET SENSORS

Both current-operated sensors and voltaﬁe-operated sensors are available to isolate the inguts to
the DLM Contact Converters from the station DC battery. Refer to GEK-100606 for
current-operated sensors, and to GEK-100607 for voltage-operated ones.

1-3A
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NOTES

PHASE  ROTATION

B B [

REF. TO SETTING 103
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PRODUCT DESCRIPTION

GEK-100609
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CALCULATION OF SETTINGS GEK-100609

CALCULATION OF SETTINGS

This section provides information to assist the user in determining the required settings for the
DIM system.

Table 2-1 lists all the settindgs and the corresponding ranges and units. The column labeled
DEFAULT in Table 2-1 indicates the DLM settings stored in memory as shipped from the
factory. The settings described in the subsequent text are arranged by category of settings, which
correspond to the category-of-settings hea inilsI displaxed on the light-emitting-diode (LED)
display of the local man-machine interface gl‘ MI). catﬁ%)w of settings is identified by all
capitals, e.g., CONFIGURATION SETTIN S, CONFIG. Individual settings or
category-of-settings headings are listed by the descriptive name followed by its mnemonic. The
mnemonic is what is displayed on the local MMI to identify the particular setting or
category-of-settings heading.

Setting ranges for distance functions are given as a multiplier range times the quantity (5/IN).
Setting ranges for overcurrent functions are given as a rnultiflier range times IN. IN is the
nominal current rating, either 1 or 5 amps, for a particular DLM model. Those DLM systems
used with current transformers that have a S-amp-rated secondary have IN = 5. Those DLM
systems used with current transformers that have a 1-amp-rated secondary have IN = 1.

Table 2-1: Settings and Ranges

SETTING RANGE UNITS DEFAULT
CONFIG Sgonfiguration)
UNITI 0000-9999 0000
SYSFREQ 50,60 Hz 60
PHASDESG 0 (ABC 0
1 (ACB E)ABC)
NUMBKRS 0,1,2,3
SELPRIM 0 (PRIMARY
1 (SECNDR SECNDRY
CTRATIO 1-5000 400
PTRATIO 1-7000 2000
DISTUNIT 0 (MILES)
1 (KM) MILES
BAUDRATE 300
1200
2400
9600 BAUD 1200
XDUCER YES/NO NO*
CCIDEF (Contact Closure Input Definition)
CCIl Left Digit Right Digit 01
0 gtrigger) 0 (normally closed)
1 (alarm) 1 (normally open)
2 (breaker status) 0 (Bkr A contact
1 (Bkr B contact
CCI2 Same as CCI1 01
CCI3 Same as CCI1 01

* If optional transducer module is used, this setting should be "YES".
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CALCULATION OF SETTINGS GEK-100609
Table 2-1: Settings and Ranges §Continued) )
ETTING RANGE UNITS DEFAULT
CCIDEF (Contact Closure Input Definition) (Continued)
CCl4 Left Digit Right Digit 01
0 (trigger) 0 (normally closed)
1 (alarm) 1 (normally open)
CCIs Same as CCI4 01
CCI24 Same as CCI4 01
FAULTLOC (Fault Location)
SELFLOC YES/NO YES
POSANG 45-9 deg. 85
ZERANG 45-90 deg. 75
ZP -01-(50.00)(5/IN) ohms §6.0)(5 /IN)
KO0 1.0-7.0 .0
LINELEN 0.0 - 200.0 miles 100.0
0.0-322.0 km 161.0
BEHIND YES/NO NO
BEYOND YES/NO NO
OVERCUR (Overcurrent Tri@erinﬁg
SELOC NO
PUPH 0.4-20.0)(IN amps 2.0
PUGR 0.1-16.0)(IN amps 0.2
SELDO ES/N NO
UNDERVOL (Undervoltage Trigeerin
SELU(V s YEgg NOg) NO
UVLEV 10-7 volts 60
XDUCERS (Transducer Input Definitions
X1RANGE 0 (+ 10 volts 0
1(0to + 10 volts)
2 (+ 5volts)
3 (0to + 5 volts)
4(0to + 1 ma)
5(4to + 20 ma)
X1FULL 0 to + 100000 100
X1ZERO 0 to + 100000 0
X2RANGE Same as X1
X6ZERO Same as X1 0

CONFIGURATION SETTINGS, CONFIG

Unit ID Number, UNITID

The UNITID is a decimal n
uni%l_(fg identifies a DILLM
UN must be known to e

umber between 0 and 9999 stored in non-
system. When the DLM is accessed via
stablish communication, th

volatile memory, which
SS its PL-1 serial port, the
us providing a measure

of security.
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CALCULATION OF SETTINGS GEK-100609

System Frequency, SYSFREQ

SYSFREQ can be set to either 50 Hz or 60 Hz. When this setting is changed the DLM must be
re-initialized by turning the DC power off, and then on.

Phase Rotation, PHASDESG

PHASDESG can be set to either 0 or 1. When set to zero, the DLM assumes a primary phase
rotation of ABC; when set to 1, the DLM assumes a primary phase rotation of ACB. For either
rotation, there is no need to chan%e any current or voltage input connections; and the correct
faulted phase targeting will be displayed.

Number of Breakers, NUMBKRS

NUMBKRS can be set to either 0, 1, 2 or 3. When set to 0, the TRIP and CLOSE commands
will not be operational. When set to 1, the TRIP and CLOSE commands will only activate
BREAKER 1 output. When set to 2, the TRIP and CLOSE commands will selectively activate
either the BRE R 1 or BREAKER 2. When set to 3, the TRIP and CLOSE commands will
selectively activate either the BREAKER 1, BREAKER 2 or BREAKER 3 output.

Select Primary/Secondary Units, SELPRIM

SELPRIM can be set to either 0 (PRIMARY) or 1 (SECNDRY), secondary. This settin
determines whether current and voltage will be displayed as primary or secondary values.
settings are expressed in terms of secondary values regardless of whether SELPRIM is set to 0
or L.

Current Transformer Ratio, CTRATIO
CTRATIO can be set over the range of 1 - S000.

Potential Transformer Ratio, PTRATIO
PTRATIO can be set over the range of 1 - 7000.

Units of Distance, DISTUNIT '

DISTUNIT can be set to either MILES or KM (kilometers). This setting determines the unit of
distance used for reporting fault location in the Disturbance Report.

Communications Baud Rate, BAUDRATE

The BAUDRATE setting of 300, 1200, 2400, or 9600 must be set to match the baud rate of the
modem or serial device connected to the RS§232 serial port (PL-1) of the DLM system.

Transducer Inputs, XDUCER

The XDUCER setting indicates whether the optional analog transducer input board is present in
the DLM. When set to YES, the DLM will convert the transducer inputs to digital data, and
perform continual self-tests on the board circuitry.
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Example Settings:

UNITID =1
SYSFREQ = 60
PHASDESG = 0 (ABC)
NUMBKRS =1

SELPRIM = 1 (SECNDRY)
CTRATIO = 400 (2000/5)
PTRATIO = 3000 é345’000/115)
DISTUNIT = MILES
BAUDRATE = 1200

XDUCER = NO

CONTACT CLOSURE INPUT DEFINITION, CCIDEF
Contact Converter Input Number 1, 2 and 3, CCI1 - CCI3

The first three contact converter inputs, CCI1, CCI2, and CCI3, are reserved for the three

possible breakers that can be controlled by the DLM. These inputs are used to inform the DLM
of the status, or change of status of the associated circuit breakers. If any of these three contact
converters are not used for breaker status they may be used as either trigger or alarm inputs.

Each CCl is set by a two digit code:

a.

The first digit describes the type of contact input; it may be set for 0, 1, or 2. A setting
of 0 indicates a TRIGGER input. When this contact changes from its normal state,
oscillography data will be coﬁ)ected, and a disturbance report will be generated. A
setting of 1 indicates that the contact is an ALARM input. The status of this input
will be reported in the oscillography data and in the present values, but it will not
trigger the collection of oscillograpgy data, nor 1_]generate a disturbance report when it
changes state. A setting of 2'indicates that the contact input is used to report the
status of a BREAKER.

The second digit defines the normal state of the contact; it may be set for Oor 1. A
setting of 0 indicates a contact input that is closed in norma{, operation (such as a
normally closed contact, or a breaker "A" contact); a setting of 1 indicates a contact
input that is open in normal operation.

Contact Converter Input Number 4 through 24, CCI4 - CCI24

Converter inputs CCI4 through CCI24 are reserved for either trigger or alarm inputs.

Each CCI is set by a two digit code:

a.

The first digit describes the type of contact input; it may be set for 0, or 1. A setting of
0 indicates a TRIGGER input. When this contact changes from its normal state,
oscillography data will be collected, and a disturbance report generated. A setting of
1 indicates that the contact is an ALARM input. The status of this input will be
re]i)orted in the oscillograghy data and in the present values, but it will not trig%er the
collection of oscillography data, nor generate a disturbance report when it changes
state.

The second digit defines the normal state of the contact; it may be set for Qor 1. A
setting of zero indicates a contact input that is closed in normal operation (such as a
normally closed contact); a setting of 1 indicates a contact input that is open in
normal operation.
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NOTE: For the status of the contact converter inputs to be reported by the DLM, or for the
contact converter input to trigger the DLM, the contact converter must be
ENABLED. The CCI’s may be enabled individually under the ACTION section of
the MMI. The status of the CCI's (ENABLED or DISABLED) may be checked
under the INFORMATION (INF) section of the MML

Example Settings:

CCI1 = 21
CCI2 = 20
CCI24 = 00

FAULT LOCATION PARAMETERS, FAULTLOC

Select Fault Locating, SELFLOC

SELFLOC can be set to either YES or NO. When set to YES, a fault location will be calculated
for each Disturbance Report; when set to NO, a fault location will not be calculated. This setting
will also affect the MMI display.

Positive-Sequence Angle of Maximum Reach, POSANG

POSANG can be set over the range of 45° - 90°, and is common to all of the distance functions.
It should be set to a value that is equal to, or just larger than, the angle of the positive-sequence
impedance of the monitored line.

Zero-Sequence Angle of Maximum Reach, ZERANG

ZERANG can be set over the range of 45° - 90°, and is common to all of the ground-distance
functions. It should be set to a value that is equal to, or just larger than, the angle of the
zero-sequence impedance of the monitored line.

Positive-Sequence Impedance, ZP

ZP can be set over the range of .01 - 30.00 x (5/IN) ohms where IN (nominal current) is either 1
or 5 amperes depending on the model number of the DLM system. It should typically be set to
the positive-sequence impedance of the protected line.

Zero-Sequence Current Compensation, K0

KO can be set over the range of 1.0 - 7.0. This setting is used in the fault location algorithm to
permit the correct distance to be calculated on ground faults. It should be set for:

K0 = Z0L / Z1L
where: Z0L = zero-sequence impedance of line

Z1L = positive-sequence impedance of line
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Line Length, LINELEN

LINELEN can be set over the range of 0.0 - 200.0 miles or 0.0 - 322.0 kilometers. This setting is
the physical length of the monitored line, and is used to permit the fault location to be reported
in miles or kilometers from the DLM location. '

Display Fault Location for Reverse Faults, BEHIND

BEHIND can be set to either YES or NO. When set to YES, the DLM will display the
calculated fault location for reverse faults. The distance to the fault will be preceded by a minus
sign (-) to indicate that the fault is behind the relay. When BEHIND is set to NO, the DLM will
not display the distance to fault for reverse faults; instead the DLM will display REV, to indicate
that the fault was behind the DLM location.

NOTE: If BEHIND is set to YES, the fault location calculated by the DLM may be in error, due
to infeed currents from other sources connected to the bus.

Display Fault Location for Faults Beyond the Line, BEYOND

BEYOND can be set to either YES or NO. When set to YES, the DLM will display the
calculated fault location for faults beyond the remote end of the line, When BEYOND is set to
NO, the DLM will not display the distance to fault if the calculated distance is greater than 110%
of the line length; instead the DLM will display ***,

NOTE: If BEYOND is set to YES, the fault location calculated by the DLM may be in error due
to infeed currents from other sources connected to the remote bus,

Example Settings (based on Fisure 2-1):

POSANG = 85
ZERANG = 74
ZP = 6.00

KO = 3.2
LINELEN = 75
BEHIND = NO

BEYOND = YES

OVERCURRENT TRIGGERING, OVERCUR
Select Overcurrent Triggering, SELOC

SELOC can be set to either YES or NO. When SELOC is set to NO, overcurrent conditions will
not initiate collection of oscillogra{)hy data or generate a Disturbance Report. When SELOC is

set to YES, oscillography data will be collected and a Disturbance Report generated whenever

the overcurrent setting is exceeded.
Phase Overcurrent Pickup Setting, PUPH

PUPH may be set over the range of 30.4 - 20)(IN) amperes. When the calculated RMS value of
any of the three phase currents exceeds the setting of PUPH, the DLM will be triggered.
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Ground Overcurrent Pickup Setting, PUGR

PUGR may be set over the range of (0.1 - 20)(1N%anl\}f)eres. When the calculated RMS value of
the 310 current exceeds the setting of PUGR, the DLM will be triggered.

Overcurrent Dropout Trigger Setting, SELDO

SELDO may be set to either YES or NO. When SELDO is set to YES, the DLM will be
triggered when the current level drops below 90% of the setting of PUPH or PUGR. Thus two
triggers will occur: one when the current exceeds the pickup, and a second when the current
drops below the pickup.

Example Settings:
SELOC = YES
PUPH =2

PUGR = 0.2
SELDO = NO

UNDERVOLTAGE TRIGGERING, UNDERVOL

Select Undervoltage Triggering, SELUV

SELUV may be set to either YES or NO. When SELUV is set to YES, the DLM will be
triggered whenever the RMS value of any of the phase voltages drops below the set level.

Undervoltage Trigger Setting, UVLEV

UVLEV may be set over the ran%]e of 10 to 70 volts. Whenever the RMS value of any of the
phase voltages drops below UVLEV, the DLM will be triggered if SELUV is set to YES.

Example Settings:

SELUV = YES
UVLEV = 50

TRANSDUCER INPUT DEFINITIONS, XDUCERS
Transducer Number 1 Range, X1IRANGE
X1RANGE may be set from 0 to 5, which represents the following ranges:

0 + 10 volt

1 0to + 10 volts)
2 + 5 volts)

3 0to + Svolts)
4 0to + 1 ma)

5 4 to + 20 ma)

In addition, the channel jumper on the ATI module must be set to select either a voltage input or
a current input. A shunt resistor of the correct value must be installed on the rear terminals of
current-input channels (see the elementary drawing, Figure 1-1).
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Transducer Number 1 Full Scale Value, X1FULL

X1FULL may be set over the range of 0 to + 10000. This setting is used to translate the voltage
or current input to units ap{)ropriate for the quantity being measured., If, for example, an input of
+10 volts corresponds to a line current of 8080 amperes, then X1FULL should be set to 8000,
Transducer Number 1 Zero Value, X1ZERO

X1ZERO may be set over the range of 0 to + 10000. This setting is similar to X1FULL, except
that it is intended to set the level corresponding to the minimum ingut signal. If, for example, an
input of 0 volts represents a line current of 0 ampere, then X1ZERO should be set to 0.
Transducers Number 2 to 6

Transducers 2 through 6 have the same settings as Transducer Number 1.
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HARDWARE DESCRIPTION
CAUTION

Power down the DLM with the power switch before removing or inserting
modules. Failure to do so can permanently damage the unit.

CASE ASSEMBLY
Construction

The case that houses the electronic modules is constructed from an aluminum alloy. It consists of
a main frame with side mounting brackets, a front cover and a rear cover.

The front cover, comprised of a metal frame with plate glass, is pivoted on the top and is opened
from the bottom by way of two sgring-loaded latches. The door is constrained from coming off b
tabs that require the door to be unlatched and lifted slightly in order to be removed.
pushbutton extender installed into the plate glass makes it possible to clear the display without
removing the front cover.

The rear cover supports terminal blocks that are used in making external connections to the case.

The modules are mounted vertically inside the case, and they are supported by sockets on the
mother board within the case. In addition to providing this mechanical support, the sockets also
offer the means of making the electrical connection to the modules. The modules are further
restrained inside the case by the front cover.

Proper alignment of the module with respect to the socket is maintained by slotted guides, one
ﬁ}lli e above and one guide beneath each module, with the exception of the magnetics module,

GM, which requires two guides above and two beneath, and the man-machine interface
module, MMI, which requires three pairs of guides.

Electrical Connections and Internal Wiring

As mentioned earlier, electrical connections are made to the case through eight terminal blocks
mounted on the rear cover plate. Each block contains 14 terminal points, which consist of a
Number 6 screw threaded into a flat contact plate.

Connection to the printed-circuit-board module is made by means of 96-pin Eurocard connectors.
Connection to the R/IGM module is made by means of two connector sockets; an 8-contact current
block and a 104-pin signal block. The current block contacts are rated to handle current
transformer (CT) secondary currents, and they are shorted upon removal of the MGM module.

Identification

The DLM system model number label is located on the outside of the front cover, and on the
right-hand sidesheet inside the case. A marking strip indicating the name and position of every
module in a case is included on the front bottom of the case. It is placed to be read when the front
cover is removed. Figure 4-1in the MODULES section shows the location of the modules.

The terminal blocks located on the rear cover plate are uniquely identified by a two-letter code
that is found directly beneath the outermost edge of each terminal block. Also, the terminal
points (1 through 14) are identified by stamped numbers.

A connector, PL1, is used for serial communication between the DLM and a PC/Modem.
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PRINTED-CIRCUIT-BOARD MODULES

CAUTION

These units contain electronic components that could be damaged by electrostatic

discharge currents if those currents flow through certain terminals of the
components. The main source of electrostatic discharge currents is the human
body, and the conditions of low humidity, carpeted floors and isolating shoes are
conducive to the generation of electrostatic discharge currents. Where these

conditions exist, care should be exercised when removing and handling the
modules to make settings on the internal switches. The persons handling the
modules should make sure that their body charge has been discharged by touching
some surface at ground potential before touching any of the components on the

modules,

Basic Construction

front panel for removing and Inserting the module. Electrical connection is made y the 96 pins of
the Eurocard connector located at the back of the board. Not all module locations within the case
Identification

Each module has its own identification number, consisting of a three-letter code followed by a

three-digit number. These are found at the bottom of each front panel and may be read when the
front cover is removed.

RECEIVING, HANDLING AND STORAGE

Immediately upon receipt, the equipment should be unpacked and examined for any damage
sustained in transit. If damage resulting from rough handling is evident, file a damage claim at
once with the transportation company and promptly notify the nearest GE Sales Office.

If the equipment is not to be installed immediately, it should be stored indoors in a location that is
dry and protected from dust, metallic chips, and severe atmospheric conditions,

INSTALLATION
Environment

The location should be clean and dry, free from dust and excessive vibration, and well lighted to
facilitate inspection and testing.

Mounting

The DLM case has been designed for standard rack mounting. The case measures four rack units
(4 RU) in height. Refer to Figure 3-1 for the outline and mounting dimensions.

External Connections
External connections are made according to the elementary diagram, Figure 1-1 in the PRODUCT

DESCRIPTION section. This is a general diagram incorporating all of the available options.
Connection need not be made to those terminals associated with options that will not be used.
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SURGE GROUND CONNECTIONS

CAUTION

DLM Terminals AH13 and AH14 must be tied together, and terminal AH14 must
be tied to station ground as shown in the elementary diagram Figure 1-1 in the
PRODUCT DESCRIPTION section. The connection to the ground bus must be
made as short as possible, using No.12 wire or larger.
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Figure 3-1 (0286A2046 [1]) DLM Outline drawing
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Figure 3-2 (8919422) DLM Monitoring System (front view)

Figure 3-3 (8919423) DLM Monitoring System (rear view)
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Figure 4-3 (0179C8428 Sh.5 [1]) ATI Block Diagram
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ACCEPTANCE TESTS

CAUTION
Power Down the DLM before removing or inserting modules. Failure to do so can permanently
damage the unit.

GENERAL

This section is a guide for testing the DLM. It is not necessary that the tests be performed for
incoming inspection. The DLM has been tested at the factori with automated test equipment.
The DLM is a digital fault concentrator controlled by "self checking" software. If a system failure
is detected it will%)e reported through the MMI.

The following tests include: DLM status self test and display and MMI self test. Tests of
triggering functions are also included and can be performed at the users discretion.

General Tests
T1 MMI Status and Display Tests (Self Tests)
T2 AC System Input Test

Internal Triggering Tests
T3 Ground Overcurrent
T4 Phase Overcurrent Test
TS Overcurrent Dropout Test
T6 Undervoltage Test - Phase-to-Ground
T7 Undervoltage Test - Phase-to-Phase

External Triggering Tests
T8 hase-to-Ground
T9 Phase-to-Phase

Transducer Tests
T10 Transducer Input Tests

TEST EQUIPMENT

1. Three-phase source of voltage and current at rated frequency
2. DC Control voltage source

3. Three AC voltmeters

4. An AC ammeter

5. A continuity tester or Ohm meter

6. An IBM compatible computer with a serial port

7. An RS232 null modem cable to connect the PC to the DLM
8. A normally open, single pole switch

The specific requirements of the equipment are given in the text of this section, and in the
associated circuit diagrams.

The three-phase AC sinusoidal voltage must be balanced and undistorted. Similarly, the DC
power should come from a "good" source with less than 5% ripple. A "good source" is one that is

within the voltage range shown in the SPECIFICATIONS section.

As an alternative, a three-phase electronic test source may be used. In many cases, these devices
enable the test circuits to be simplified greatly.
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DRAWINGS AND REFERENCES:

The followin drawinlgs should be used for reference durir_ig testing. They are located in the
PRODUCT DESCRIPTION section and later in this ACCEP ANCE TESTING section.

Drawings:

1. The Elementary Diagram Figure 1-1

2. Test Connection Diagrams Figures 5-1 through 5-5
References:

1. SOFTWARE section of this manual
2. Default Settings in the CALCULATION OF SETTINGS section

EQUIPMENT GROUNDING

All equipment used in testing the DLM relay should be connected to a common grounding Boint
to provide noise immunity. is includes the voltage and current sources, as well as the DLM
itself.

The ground connection on the DLM is terminal AH14. The common for surge protection is
terminal AH13. NOTE: AH13 should be connected to AH14 with #12 wire or larger during test
as well as operation. (The separate surge ground is for High pot testing purposes.)

REQUIRED SETTINGS

Most tests will utilize the Default Settings. If setting changes are required, they will be listed prior
to the test procedure.

GENERAL INSTRUCTIONS

1. Where appropriate, voltage and current levels are defined with two numbers as: xx(yyg, XX is
the value to be used for relays rated at 5 amperes and (yy) is the value to be used for 1
ampere relays.

2. During the test, one or possiblg more of the electronic current sources may not be used. If
the source is not used it must be set to zero (0) in addition to being turned OFF. Also, the
current sources should only be powered on or off with the currents set at or near zero (0).

3. The phase angles of the test sources are shown relative to phase A voltage. A positive (+)
phase angle refers to the referenced quantity leading Xhase A voltage. A'negative (-) phase
angle refers to the referenced quantity lagging phase A voltage.

4. All test voltages are phase-to-ground measurements unless otherwise specified.

5. Typing an entry on the keypad will be shown as ['key"] where "key" is the alphanumeric label
otyft)he key to be pressed. For tests that require a setting change, the setting number will be
shown in parentheses next to the setting to allow direct access to the setting. This is
performed by pressing the [SET] key, the setting number (nnn), and [ENT]. The new setting
can then be entered.

6. In most tests, fault distances are given. In some cases the distance calculated will be beyond
the 100 mile default setting of the DLM. When that happens the distance will be displ)allyed
as "***" on the MMI, unless setting # (0308) BEYOND 1s set to YES.
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At the end of testing, make sure that all settings are returned to initial values. Verify them
before placing the DLM in service, by scrolling through all settings with the MMI Display.

SETTING CHANGES

Setting changes required for a particular test will be listed before the test. A sample setting
cgange is shown below. Refer to the INTERFACE section for further details on making setting
changes.

Setting change
Changing the Phase Overcurrent Pickup to 5.4 amps.

1. Apply rated DC and wait for relay initialization to complete, as indicated by the green LED
on the MML

2. Press the [SET] "settings" key. Scroll with the arrow key until "SET: OVERCUR" is
displayed, then press the FENT] "enter” key.

3. Scroll through the OVERCUR settings until you get to "PUPH = #.#".

4. Type "S.4" on the keypad. The typed inputs will be shown on the MMI display at half
intensity. This represents that a change is made but not yet entered.

5. When the correct value is entered, press the [ENT] "enter” key. The LED should turn red
indicating that a setting has been altered, and the DLM is out of service.

6. To finalize the setting change, press the [END] "end" key followed by the %Nl'\r/lj "enter” key.
The MMI LED will return to green, indicating that the setting is in and the is in service.

If the "end" and the "enter” keys are not pressed after setting changes, the settings will not be
stored into memory.

INITIAL TEST SETUP

Before beginning the test, the DLM settings should be verified. The factory settings are listed in
the CALCULATION OF SETTINGS section. Scroll through each setting an make sure it
matches the default setting listed.

For conducting tests with the MMI alone, see Tests 1-9. If using D-LINK, see below.
USING D-LINK (Optional)

To test the DLM without using the keypad, communication is accomplished via a PC with the
program D-LINK. D-LINK is required to establish communications, change the password, and
change settings for the tests. Then, current and voltages are applied to the DLM to simulate the
desired system conditions.

The following section is intended to give a step by step procedure to test the DLM, from setting up
communications to the application of the voltages and current inputs. It will be necessary to be
familiar with the D-LI software. Refer to the SOFTWARE section of this manual for
information on how to use D-LINK.

HARDWARE SETUP

The hardware, specifically the cable to connect the PC to the relay, depends on the connection the
PC requires and that of the DLM. The DLM port accepts a 25 pin male D-connector. The PC
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used may require a 9 or a 25 pin connector. Null modem cables are shown in the INTERFACE
section for connecting to the DLM with a 25-pin-to-25-pin setup.

Connect the PC to the DLM with the appropriate null modem cable.
See INTERFACE section for Cable diagrams.

DLM SETUP

Before shipment, the DLM is set with factory default settings. These include the Unit ID, the
Baud Rate, and the Factory Password. The défault communications parameters are:

Settin Default (from the facto

UNIT ID 0 CONFIGURATION settinézn

PASSWORD DLM! (Remote Communication ACTION)

BAUD RATE 1200
If this is the first login to the relay, these parameters may need to be chanEed. The ’Ipassword must
be changed before any functions except CHANGE PASSWORD or LOGOUT can be used.
Refer to the SOFTWARE section of this manual.
PC SOFTWARE SETUP

The Software set up consists of loading the software on to the PC, starting the program, and
configuring the program to the PORT and BAUD RATE of the PC and DLM.

Load & Start D-LINK

Use the INSTALLATION guide in the SOFTWARE section of this manual for directions to load
D-LINK onto your PC.

Change directories to the location of the D-LINK program.
Start the program by typing "D-LINK" at the DOS prompt.
Set the Local PC Configuration
When you start D-LINK the MAIN MENU is displayed.

Select (using the arrow keys) the CONFIGURATION PARAMETERS heading by pressing
the [ENT] key when that heading is highlighted.

The Configuration menu will now be displayed.
Select VIEW/CHANGE PC COMMUNICATIONS PORT and press the [ENT] key.
The default communications port will be displayed.

Type in the correct port number and press the [ENT] key or just press [ENT] if the PC port
connected to the DLM matches the default displayed.
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Set Up a Test Unit Description
The next step is to create a new "UNIT DESCRIPTION" that matches the DLM's BAUD RATE,
PHONE NUMBER, and SWITCH CODE. The DLM is accessed locally during testing, therefore
the PHONE NUMBER and the SWITCH CODE will be set to zeros. 1he BAUD RATE will be
set to the factory setting of 1200.

Select the ADD UNIT DESCRIPTION heading from the CONFIGURATION
PARAMETERS menu and press [ENT].

At the ENTER NEW UNIT DESCRIPTION prompt type "TEST" and press [ENT].
A new unit description called "TEST" is created and must now have parameters set for it.
Select the VIEW/CHANGE LOGIN DATA heading and press [ENT].
All of the unit descriptions will be listed.
Select the unit "TEST" and press [ENT].
The parameters PHONE NUMBER, SWITCH CODE, AND BAUD RATE will be displayed.
Select PHONE NUMBER and press [ENT].
After the prompt, type in 10 zeros and press [ENT]. (Ten zeros is the default used when
there is no phone.) =
Select SWITCH CODE and press [ENT].
After the prompt, type in "0" and press [ENT]. (This is the default value for no switch.)
Select BAUD RATE and press [ENT].
After the prompt, type in "1200" and press [ENT].
The Unit Description for "TEST" is complete.
Press [ESC] three times to return to the MAIN MENU.
LOGIN TO THE DLM
Select LOGIN from the MAIN MENU and press [ENT].
Select the relay login data for "TEST" and press [ENT].
D-LINK will prompt you for the password. If this is the first login to the relay, the password is
"DLM!" and must be changed befF())re any of the DLM functions except CHANGE PASSWORD
and LOGOUT will operate. See the SOFTWARE section of this manual for information on how
to change the password.

Type in the current password and press [ENT].

If the password is not known, refer to the INTERFACE section of this manual for information on
how to display the current password.

D-LINK will prompt you for the unit ID.
Type in the unit ID (setting 101) and press [ENT].
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D-LINK will respond with a "SUCCESSFUL LOGIN" message.

If this was an initial login, the user must logout at this point and login again in order to get a
complete display of all the DLM menus. '

Select LOGOUT from the MAIN MENU and press [ENT].
SETTING CHANGES

Setting changes required for a particular test will be listed before the test. A settin can be
changed in two ways, by category or individuall , bK]selectin either VIEW/CHANGE
CATEGORY OF SETTINGS or VIEW/CHANGE INDIVIDUAL SETTINGS from the DLM
SETTINGS menu. A procedure for and example of how to change settings is provided in the
SOFTWARE section of this manual.

It is important to remember to select END SETTING CHANGES from the DLM SETTINGS
menu after all settings changes for a particular test are completed. This is necessary because
detection is turned off at the DLM wﬁenever a setting is changed. (The LED on the MMI
changlc:,s from green to red.) Selecting END SETTINGS CHANGES turns detection back or.
(The LED changes back to green.)

SAVING AND VERIFYING INITIAL SETTINGS

Before beginning the test, the settings should be uploaded from the DLM and printed for
reference and verification. The factory settings are listed in the CALCULATION OF ETTINGS
section. Verify that each DLM setting matches the default setting listed. If no printer is available,
use the VIEW/CHANGE CATEGOﬁY OF SETTINGS command for verification.

Once uploaded, the current DLM settings can be saved to a disk file so that they can be reloaded
back into the DLM when testing is completed. Use the SAVE DLM SETTINGS TO FILE
command in the DLM SETTING% menu. D-LINK will prompt you for a name for the file after
which you should enter a valid MS-DOS filename. More information on how to use this command
can be found in the SOFTWARE section of this manual.

GENERAL TESTS
T1 - MMI DLM Status Check

The DLM's Status is reported through the MMI and the self-test alarm contact. If a system error
caused monitoring functions to cease, the LED on the MMI would turn red and the self-test alarm
contact would o&en. A failure that did not interrupt monitoring would be indicated by a "FAIL"
message on the MMI display only.

The following test will demonstrate the use of the MMI to check DLM status. See the
SERVICING section for further information.

1. Connect the DLM as shown in Figure 5-1. The AC inputs are not required for this test, only
the DC power supply voltaée. Apply rated DC power and wait for initialization to complete,
as indicated by the green LED.

2. Press the [INF] "information" key. Then scroll with the arrow keys until the heading "INF:
STATUS" 1s displayed.
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3. Press the [ENT] "enter" key.

The display should be "STATUS OK". "OK" represents that the DLM is operational and
there are no errors.

Failure Status

4. Change the setting of the undervoltage select: (501) SELUV = YES. For the purposes of this
test only, do not press [END] and [ENT] after this setting change.

S. Press the [INF] "information" key. Then scroll with the arrow keys until the heading "INF:
STATUS" is displayed.

6. Press the [ENT] "enter” key.
The display should be "STATUS: DET OFF".
Detection in the DLM is turned off because a settings change has not been completed.

7. Change the undervoltage select setting back to: (501) SELUV = NO. This time, remember

to press [END] and [ENT] after the setting change.
Optional - For users testing with D-LINK
8.  Attempt to LOGIN to the DLM using an incorrect password. Do this three times.

9.  Press the ['I[‘NUFS] "information" key. Then scroll with the arrow keys until the heading
"INF: STA " is displayed.

10. Press the [ENT] "enter" key.
The display should be "STATUS: WARN".
11.  Scroll with the arrow keys until the heading "FAIL: LOGIN FAILURE" is displayed.

12. LOGIN with the correct password. The Login failure status will continue to be
reported until a LOGOUT command is issued at the PC.

T1 - MMI test, (continued)
The MMI test is built into the software. It allows the user to test the keypad and the display.
1. Connect the DLM as shown in Figure 5-1. The AC inputs are not required for this test, only

the DC power supply voltaEe. Apply rated DC power and wait for initialization to complete,
as indicated by the green LED.

2. ngeég,P the (EACT] "action” key. Then scroll with the arrow keys until the heading "ACT: MMI
ST is displayed.
3. Press the [ENT] "enter" key.
The display should be eight fully lit rectangles, followed by the word "NEXT?".
4. Press the [1/Y] followed by the [ENT] key.

The display will change to eight fully lit rectangles on the right of the display preceded by the
word " %I%ITST?". £ d £ & payp d
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9.

Press the [1/Y] followed by the [ENT] key.

The green LED will momentarily turn red.

Next, the display will prompt you for the keyboard test with "KEYBRD TST?".

Press the [1/Y] key followed by the [ENT] key.

At this Point the MMI is in the keyboard test. Press every key on the keypad, except for the

[CLR] “clear" kef'. As you press each key, verig that the di?lay indicates the key that was

Eressed. Example: dpressing the up arrow would be displayed by the word "UP". The other
eys will match the description that is on the key itself.

When all the keys have been checked, press the [CLR] key.

T2 - AC System Input Test

This initial test uses the "VALUES" function of the MMI to determine that the voltages and
currents are applied to the proper connections on the terminal striﬁ). The "VALUES" function can
be used at any time during the test to verify that the DLM has the correct voltages and currents

applied.

1. Connect the DLM as shown in Figure 5-2.

2. Set VA = 67 volts rms 0°, VB = 56 volts rms -125°, and VC = 45 volts rms 115°.

3. Press the [INF] "information" key on the MMI. Scroll with arrow keys to the "INF: VALUES"
heading, then press the [ENT] key. The present values are now selected.

4. With the arrow keys, scroll through the values of Va, Vb, and V¢ and verify that they are
within +2V of the voltage source setting. This verifies the connections of the voltage sources.

5. Setlop = 1.0 amp rms 5° leading the voltage for phases Ia, Ib, or Ic, as shown by the "Y"
connection point in Figure 5-1.

6. With the arrow keys, scroll to the value of Ia, Ib, or Ic depending on the "Y" connection.
Verify that the current reading is between 0.9 and 1.1 amps rms.

7. Set VA = 67 volts rms 0°, VB = 67 volts rms -120°, and VC = 67 volts rms 120 .

8. With the arrow keys, scroll to the value of Wa, Wb, or We depending on the "Y" connection.
Verify that the wattage reading is between 65 and 68 watts. Scroll to the value of Wt and
verify that the wattage reading is also between 65 and 68 watts.

9. With the arrow kefys, scroll to the value of VARa, VARD, or VARc depending on the "Y"
connection. Verify that the VAR reading is between -8.0 and -4.0. Scroll to the value of
VARt and verify that the reading is also between -8.0 and -4.0.

10. With the arrow ki::ys, scroll to the value of PFa, PFb, or PFc de ending on the "Y" connection.
Verify that the PF reading is between 0.99 and 1.0. Scroll to the value of PFt and verify that
the reading is also between 0.99 and 1.0.

11. Reduce the test current to zero (0) amps.
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INTERNAL TRIGGERING TESTS

T3 - Ground Overcurrent Test

Settings:

OVERCUR

401) SELOC = YES

402) PUPH = 20.0%4.0) AMP
403) PUGR = 5.0(1.0) AMP

1. Connect the relay as shown in Figure 5-2 for the appropriate phase under test.
2 Set VA = 39 volts rms 0°; VB = 67 volts rms -120°; VC = 67 volts rms +120°.

3. Apply Iop at the magnitude and angle shown in Table 5-1 for one second.

Table 5-1
Current RMS I Degrees DIST
5.2(1.1 -85 72-78
8.0(1.6 -55 39-45
10.0(2.0) 25 16-22

Note that the target indication concurs with the fault. An AG fault will be displayed as: TRG
AG OC "DIST". Verify that "DIST" falls within the range shown in Table 5-1.

4. Repeat the test for phase BG and CG faults.

T4 - Phase Overcurrent Test

Settings:

OVERCUR

401) SELOC = YES

402) PUPH = 5.0(1.0) AMP

403) PUGR = 20.0(5.0) AMP

1. Connect the relay as shown in Figure 5-2 for the appropriate phase under test.
7 Set VA = 47 volts rms 0°; VB = 67 volts rms -120°; VC = 67 volts rms + 120e°.

3. Apply Iop at the magnitude and angle shown in Table 5-2 for one second.

Table 5-2
Current RMS I Degrees DIST
5.2(1.1 -85 88-94
8.0(1.6 -55 48-54
10.0(2.0) -25 20-26

Note that the target indication concurs with the fault. An AG fault will be displayed as: TRG
AG OC "DIST". Verify that "DIST" falls within the range shown in Table 5-2.

4. Repeat the test for phase BG and CG faults.
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TS - Overcurrent Dropout Test

Settings:

OVERCUR

401) SELOC = YES

402) PUPH = 8.0(1.6) AMP
403) PUGR = 20.0(2.0) AMP
404) SELDO = YES

1. Connect the relay as shown in Figure 5-2 for the appropriate phase under test.
2. Set VA = 39 volts rms 0°; VB = 67 volts rms -120° ; VC = 67 volts rms +120° .
3. Apply Iop at 8.2(1.7) amps rms -25° continuously.

Verify that the target indication concurs with the fault. An AG fault will be displayed as:
TRG AG OC 23 (+/- 3 mi).

4. Reduce Iop to zero (0).

Note the new target indication. An AG overcurrent dropout fault will be displayed as: TRG
AG OCD 23 (+/%3 mi).

5. Repeat the test for phase BG and CG faults.
T6 - Undervoltage Test - Phase-to-Ground

Settings:

OVERCUR

{4}011% SELOC = NO
NDERVOL

55013 SELUYV = YES

502) UVLEV = 38 VOLT

1. Connect the DLM as shown in Figure 5-2 for the appropriate phase under test.

2. Set t}écz goltage inputs to: VA = 48 volts rms 0°, VB = 67 volts rms -120°, and VC = 67 volts
rms -240° .

3. Set the current of Iop to 3.5(0.7) amp rms -100°, and apply to the unit.

4. Reduce the voltage of the faulted phase to 37 volts rms.

5. Slowly reduce Iop to zero (0).
Note that the target indication concurs with the fault. An AG fault will be displayed as: TRG
AG UV "DIST". The value for "DIST" will be inaccurate for the fault because it is calculated

when current is first applied.

6. Repeat the test for phase BG and CG faults.
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T7 - Undervoltage Test - Phase-to-Phase

Settings:

OVERCUR

go% SELOC = NO
NDERVOL

501) SELUV = YES
502) UVLEV = 38

1. Connect the DLM as shown in Figure 5-3, for a phase AB, BC, or CA fault.

2. Set th(:,1r voltage inputs to: VA = 42 volts rms 0°, VB = 42 volts rms -120°, and VC = 67 volts
rms -240°.

3. Set the current of Iop to 5.0(1.0) amp rms -70°, and apply to the unit.

4. Simultaneously reduce the voltage of the faulted phases to 31 volts rms.

5. Reduce Iop to zero (0).
Note that the target indication concurs with the fault. An AB fault will be displayed as: TRG
AB UV "DIST". The value of "DIST" will be inaccurate for the fault because it is calculated
when current is first applied.

6. Repeat the test for phase BC and CA faults.

=
EXTERNAL TRIGGERING TESTS

T$ - External triggering - Phase-to-Ground

Settings Changes:

OVERCUR

gOl‘% SELOC = NO
NDERVOL

(501) SELUV = NO

1. Connect the DLM as shown in Figure 5-4, for a phase AG fault.

2. Set the4 voltage inputs to: VA = 27 volts rms 0°, VB = 67 volts rms -120°, and VC = 67 volts
rms -240°.

3. Set the current of Iop to 4.6(0.9) amp rms -100°, and apply to the unit.
4. Momentarily close the switch on the input to CCIL.

Verify that the target indication concurs with the fault. An AG fault will be displayed as:
TRG AG CCI 57 mi (+/- 3 mi).

5. Reduce Iop to zero (0).

6. Repeat the test for all contact inputs.
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T9 - External Triggering - Phase-to-Phase

Settings Changes:
OVERCUR

AR E L AN A &

(OEEL e -no

T Ar £ — AV EBA s

(501) SELUV = NO
1. Connect the DLM as shown in Figure 5-5, for an AB fault.

2. Set tgi (x)'oltage inputs to: VA = 18 volts rms 0°, VB = 18 volts rms -120°, and VC = 67 volts
rms -240° .

3. Set the current of Iop to 5.0(1.0) amp rms -55°, and apply to the unit.
4. Momentarily close the switch on the input to CCI1.

Note that the target indication concurs with the fault. An AB fault will be displayed as: TRG
AB CCI 52 mi (+/- 3 mi).

5. Reduce Iop to zero (0).

6. Repeat the test for all contact inputs.

T10 - Transducer Input Tests

Settings changes: None

1. Connect the DLM as shown in Figure 5-6.

2. Set the precision source to the low range setting of -10.00 VDC (XIRANGE LOW). Verifg
that the DLM reads between 99200 and 100000. The transducer value ng be found by
following these key strokes: Press the INF key. Scroll to VALUES. Press ENT. Scroll to
the desired transducer input with the arrow keys. To update the value displayed, press the
ENT key.

3. Set the precision source to 0.00 VDC. The DLM should read between -800 and 800.

4. Set the precision source to +10.00 VDC (X1RANGE HIGH). Check that the DLM reads
between 99200 to 100000.

5. Repeat steps 2 through 5 for Transducer inputs 2 through 6 substituting the appropriate
channel settings into each equation.

END OF TEST

Scroll through all of the settings. Compare them with the initial Settings of the relay, and
change to initial values.
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f VA AG? UNIT UNDER
3 PHASE 4 WIRE TEST
“)
VOLTAGE SOURCE VB AG3
6
vC AG4
PHASE SEQ. A, B, C
N @ AG1

\.

lop /D AH1

SINGLE FHASE \"/

CURRENT SOURCE N

) AH4
AHS
AHG
BAYED OC POWER w * AGS
SuUFRLY - AGE

48,125, 250V0C

AH13 § Surge Ground

AH14 | Case Ground

Figure 5-1 (0286A3819 Sh.1[1]) AC Input Test Connections
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A AG2 UNIT UNDER
3 PHASE, 4 WIRE TEST
QA
VOLTAGE SCURCE Ve AG3
Qs )
vC AG4
PHASE SEQ. A, B, C
\_ : © .
- ™ lop /;\ "y Y will be connected to 1A, IB,
SINGLE PHASE N/ or IC, see table below.
CURRENT SOURCE N
\ / AH4
AHS
AHG
RATED DC POWER + AGS
SUPPLY - AG6E
48, 125, 250vDC
AH13 § Surge Ground
S
Input °Y AH14 | Case Ground
Phase Term:na!
Under SUID
Test Number / 7 7 7
1A AH1
18 AH2
§ IC : AH3
e {

Figure 5-2 (0286A3819 Sh.2 [1]) Single Phase Current Test Connections

5-14A



ACCEPTANCE TESTING GEK-100609

F v AG2 UNIT UNDER

3 PHASE, 4 WIRE TEST
VA
VOLTAGE SOURCE VB AG3

vB
vC AG4

PHASE SEQ A,B. C

Wy R
()
/S

ﬁ\op

N X" produce a phase-phase fault.

v

X & Y wilt be connected to

SINGLE PHASE

CURRENT SOURCE

See table below.

S AH4

AHS

AHB

RATED DC POWER + ACS
SUPPLY - AC6

48, 125, 250V0C

AHI3 Surge Ground

Terminat  Strip AH14 ¥ Case Ground
Phases Numb
Unaer umber
Test Input "Y* input "X"
I ‘ ;
AB AH1 AHZ
BC AHZ AH3
CA AH3 AH1

Figure 5-3 (0286A3819 Sh.3 [1]) Phase-to-Phase Test Connections
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( \va AG2 UNIT UNDER
3 PHASE, 4 WIRE TEST
VA
VOLTAGE SOURCE VB AG3
®
vC AG4
PHASE SEQ. A, 8, C
N- : AG1
Terminal Stnp \
Number
N AH1
coe . oy - _ lop (e
SINGLE PHASE SN/
! AAT A2 CURRENT SOURCE N
2 AAJ AA4 \ AH4
3 AAE AA7 o
4 AA8 A43
AHG
s AAT AL
& AA*Q AAL
b AR ; LED T X & Y will be conrecied to
g 8 AE3 } AE 4 each contact converter mnput.
: 3 LER ! LE? 1 See tabie at jeft.
,© AES 9 SWITCH co
! ] AEN AEQ
[ Tyt I
2| A Agt |
13 AB! ABZ
b AB3 AB4
| AB% AB7
16 ABS AB9
RATED DC POWER + AG5
17 ABYM ABR2 :
SUPPLY _ AGE
18 AB13 AB14 48, 25, 250VDC
e ARt aF2 -~ AHI3 } Surge Ground
AF3 AF4
20 Art1a] Case Ground
21 AF6 AF7
22 AF8 AF9
23 AFH AF12 / 7 7 7
24 AF13 AF14

Figure 5-4 (0286A3819 Sh.4 [1]) Phase-to-Ground CCI Test Connections
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Nva AG2 UNIT UNDER
3 PHASE, 4 WIRE TESY
VA
VOLTAGE SOURCE VB AG3
vB
vC AG4
PHASE SEQ. A, B, C
k N : AG1
Terminal Strip
Nuimber
e - lop ;/A\ AH1
CCix j X v SINGLE PHASE \_/
! T ~ N AHZ
D AAZ CURRENT SQURCE | —
‘ oL AAd AA4 7 :
S ar 1 aar A5
i Y 7
? cag | 2r9 AHE
3 Att | ARZ
T —
Z L83 Aatd i
T ‘ — et X & Y wi'be connected o
. AET i A 4' X each contac® converter input.
g | AE3 l A4 . | See tatle at left.
2 26 . AET | i !
— FTERRERPTTR SwITCH oo |
I - —"E“'k ’_-_Ez———_‘ ? Sy i
- — _J
b A2:3 { AES
[
' 3 1 AB* AB2
14 1 AB2 4p4
Pos AB6 A8
) AB8 AB9 AATED DC POWER j + AGS
L
17 ABT aBR2 SUPPLY - AGS
18 | AB13 AB4 48, 125, 250vDC
4
! ) AF1 AF? AH13 ] Surge Ground
i ’ i !
S A
20 1 AF3 | aF4 AH14] Case Ground
! AF7T
| 777
AF12
AF14 |

Figure 5-5 (0286A3819 Sh.5 [1]) Phase-to-Phase CCI Test Connections
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Figure 5-6 (0286A3819 Sh.6 [1]) Transducer Input Tests
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PERIODIC TESTS
CAUTION -
Power Down the DLM before removing or inserting modules. Failure to do so can permanently
damage the unit.
GENERAL

This section is a guide for testing the DLM. The DLM is a digital fault concentrator controlled by
"self checking" software. If a system failure is detected it will be reported through the MML

The following tests include: DLM status self test and display and MMI self test. Tests of
triggering functions are also included and can be performed at the users discretion.

General Tests
T1 MMI Status and Display Tests (Self Tests)
T2 AC System Input Test

Internal Triggering Tests

T3 Ground Overcurrent
T4 Phase Overcurrent Test
TS Overcurrent Dropout Test

T6 Undervoltage Test - Phase-to-Ground
T7 Undervoltage Test - Phase-to-Phase

External Triggering Tests
T8 Phase-to-Ground
T9 Phase-to-Phase

Transducer Tests
T10 Transducer Input Tests

TEST EQUIPMENT

1. Three-phase source of voltage and current at rated frequency
2. DC Control voltage source

3. Three AC voltmeters

4. An AC ammeter

5. A continuity tester or Ohm meter

6. An IBM compatible computer with a serial port

7" An RS232 null modem cable to connect the PC to the DLM
8. A normally open, single pole switch

The specific requirements of the equipment are given in the text of this section, and in the
associated circuit diagrams.

The three-phase AC sinusoidal voltage must be balanced and undistorted. Similarly, the DC
power should come from a "good" source with less than 5% ripple. A "good source" is one that is
within the voltage range shown in the SPECIFICATIONS section.

As an alternative, a three-phase electronic test source may be used. In many cases, these devices
enable the test circuits to be simplified greatly.
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DRAWINGS AND REFERENCES:

The followin drawinlgs should be used for reference during testing. They are located in the
PRODUCT DESCRIPTION section and later in this section.

Drawing_%:h
1. The Elementary Diagram Figure 1-1

2. Test Connection Diagrams Figures 5-1 through 5-5
References:

1. SOFTWARE section of this manual
2. Default Settings in the CALCULATION OF SETTINGS section

EQUIPMENT GROUNDING

All equigment used in testing the DLM relay should be connected to a common grounding Boint
to provide noise immunity. is includes the voltage and current sources, as well as the DLM
itself.

The ground connection on the DLM is terminal AH14. The common for surge protection is
terminal AH13. NOTE: AH13 should be connected to AH14 with #12 wire or larger during test
as well as operation. (The separate surge ground is for High pot testing purposes.)

REQUIRED SETTINGS

Most tests will utilize the your Settings. If setting changes are required, they will be listed prior to
the test procedure.

GENERAL INSTRUCTIONS

L. Where appropriate, voltage and current levels are defined with two numbers as: xx(yyg, XX is
the value to be used for relays rated at S amperes and (yy) is the value to be used for 1
ampere relays. .

2. During the test, one or possiblg more of the electronic current sources may not be used. If
the source is not used it must be set to zero (0) in addition to being turned OFF. Also, the
current sources should only be powered on or off with the currents set at or near zero (0).

3. The phase angles of the test sources are shown relative to phase A voltage. A positive (+)
phase angle refers to the referenced quantity leading phase A voltage. A negative (-) phase
angle refers to the referenced quantity lagging phase A voltage.

4. All test voltages are phase-to-ground measurements unless otherwise specified.

5. Ttyping an entry on the keprad will be shown as ["key"] where "key" is the alphanumeric label
ot the key to be pressed. For tests that require a setting change, the setting number will be
shown in parentheses next to the setting to allow direct access to the setting. This is
performed by pressing the [SET] key, the setting number (nnn), and [ENT]. The new setting
can then be entered.

6.  In most tests, fault distances are given. In some cases the distance calculated will be be ond
the 100 mile default setting of the DLM. When that happens the distance will be displayed
as "***" on the MMI, unless setting # (0308) BEYOND is set to YES.
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At the end of testing, make sure that all settings are returned to initial values. Verify them
before placing the DLM in service, by scrolling through all settings with the MMI Display.

SETTING CHANGES

Setting changes required for a particular test will be listed before the test. A sample setting
cgange is shown below. Refer to the INTERFACE section for further details on making setting
changes.

Setting change
Changing the Phase Overcurrent Pickup to 5.4 amps.

1. Apply rated DC and wait for relay initialization to complete, as indicated by the green LED
on the MML

5 Press the [SET] "settings" key. Scroll with the arrow key until "SET: OVERCUR" is
displayed, then press the FENT] "enter" key.

3. Scroll through the OVERCUR settings until you get to "PUPH = #.#".

4. Type "5.4" on the keypad. The typed inputs will be shown on the MMI display at half
intensity. This represents that a change is made but not yet entered.

5. When the correct value is entered, press the ENT] "enter" key. The LED should turn red
indicating that a setting has been altered, and the DM is out of service.

6. To finalize the setting change, press the [END] "end" key followed by the EI)ENI@ "enter" key.
The MMI LED will return to green, indicating that the setting is in and the DLM is in service.

If the "end" and the "enter” keys are not pressed after setting changes, the settings will not be
stored into memory.

INITIAL TEST SETUP

Before beginning the test, the DLM settings should be verified. Scroll through each setting and
make sure it matches the default setting listed.

For conducting tests with the MMI alone, see Tests 1-9. If using D-LINK, see below.
USING D-LINK (Optional)

Refer to the acceptance section of this instruction book for an example of using D-LINK while
testing the relay.

HARDWARE SETUP

The hardware, specifically the cable to connect the PC to the relay, depends on the connection the
PC requires and that of the DLM. The DLM port accepts a 25 pin male D-connector. The PC

used may require a 9 or a 25 pin connector. ull modem cables are shown in the INTERFACE
section for connecting to the DLM with a 25-pin-to-25-pin setup.

Connect the PC to the DLM with the appropriate null modem cable.
See INTERFACE section for Cable diagrams.
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DLM SETUP

Before shipment, the DLM is set with factory default settings. These include the Unit ID, the
Baud Rate, and the Factory Password. The de?allult communications parameters are:

Settin Default (from the facto

UNIT ID 0 CONFIGURATION settinézn

PASSWORD DLM! (Remote Communication ACTION)

BAUD RATE 1200
If this is the first login to the relay, these parameters may need to be changed. The_:l_password must
be changed before any functions except CHANGE PASSWORD or LOGOUT can be used.
Refer to the SOFTWARE section of this manual.
PC SOFTWARE SETUP

The Software set up consists of loading the software on to the PC, starting the program, and
configuring the program to the PORT and BAUD RATE of the PC and DLM.

GENERAL TESTS

T1 - MMI DLM Status Check

The DLM's Status is reported through the MMI and the self-test alarm contact, If a system error
caused monitoring functions to cease, the LED on the MMI would turn red and the self-test alarm
contact would o&en. A failure that did not interrupt monitoring would be indicated by a "FAIL"
message on the MMI display only.

The following test will demonstrate the use of the MMI to check DLM status. See the
SERVICING section for further information.

1. Connect the DLM as shown in Figure 5-1. The AC inputs are not required for this test, only
the DC power supply Volta%e. Apply rated DC power and wait for initialization to complete,
as indicated by the green LED.

2. Press the [INF] "information" key. Then scroll with the arrow keys until the heading "INF:
STATUS" is displayed.

3. Press the [ENT] "enter" key.

The display should be "STATUS OK". "OK" represents that the DLM is operational and
there are no errors.

Failure Status

4. Change the setting of the undervoltaﬁle select: (501) SELUV = YES. For the purposes of this
test only, do not press [END] and [ENT] after this setting change,

5. Press the [INF] "information" key. Then scroll with the arrow keys until the heading "INF:
STATUS" is displayed.
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6.

7.

Press the [ENT] "enter" key.
The display should be "STATUS: DET OFF". ‘
Detection in the DLM is turned off because a settings change has not been completed.

Change the undervoltaﬁe select setting back to: (501) SELUV = NO. This time, remember
to press [END] and [ENT] after the setting change.

Optional - For users testing with D-LINK
8.  Attempt to LOGIN to the DLM using an incorrect password. Do this three times.

9.  Press the [}rl\lljlg "information” key. Then scroll with the arrow keys until the heading
"INF: STA " is displayed.

10. Press the [ENT] "enter" key.
The display should be "STATUS: WARN".
11.  Scroll with the arrow keys until the heading "FAIL: LOGIN FAILURE" is displayed.

12. LOGIN with the correct password. The Login failure status will continue to be
reported until a LOGOUT command is issued at the PC.

T1 - MMI test, (continued)

The MMI test is built into the software. It allows the user to test the keypad and the display.

1.

o

w

w

6.
7.
8.

Connect the DLM as shown in Figure 5-1. The AC inputs are not required for this test, only
the DC power supply volta%e. Apply rated DC power and wait for initialization to complete,
as indicated by the green LED.

Press the [ACT] "action" key. Then scroll with the arrow keys until the heading "ACT: MMI
TEST" is displayed.

Press the [ENT] "enter” key. The display should show eight fully lit rectangles, followed by
the word "NEXT?".

Press the [1/Y] followed by the [ENT] key.

The display will change to eight fully lit rectangles on the right of the display preceded by the
word " %ZI; TST?"

Press the [1/Y] followed by the [ENT] key.

The green LED will momentarily turn red.

Next, the display will prompt you for the keyboard test with "KEYBRD TST?".

Press the [1/Y] key followed by the [ENT] key.

At this point the MMI is in the keyboard test. Press every key on the keypad, except for the
[CLR] “clear" keYé: As you press each key, verify that the display indicates the key that was

Eressed. Example: préssing the up arrow would be displayed by the word "UP". The other
eys will match the description that is on the key itself.
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9. When all the keys have been checked, press the [CLR] key.
T2 - AC System Input Test

This initial test uses the "VALUES" function of the MMI to determine that the voltages and
currents are applied to the proper connections on the terminal strip. The "VALUES" function can
be u§e(cj.1 at any time during the test to verify that the DLM has the correct voltages and currents
applied.

1. Connect the DLM as shown in Figure 5-2.
2. Set VA = 67 volts rms 0°, VB = 56 volts rms -125° , and VC = 45 volts rms 115°.

3. Press the [INF] "information” key on the MML. Scroll with arrow keys to the "INF: VALUES"
heading, then press the [ENT] kéy. The present values are now selected.

4. With the arrow keys, scroll through the values of Va, Vb, and V¢ and verify that they are
within £2V of the voltage source setting. This verifies the connections of the voltage sources.

5. Set Iop = 1.0 amp rms 5° leading the voltage for phases Ia, Ib, or Ic, as shown by the "Y"
connection point in Figure 5-1.

6. With the arrow keys, scroll to the value of Ia, Ib, or Ic depending on the "Y" connection.
Verify that the current reading is between 0.9 and 1.1 amps rms.

7. With the arrow keys, scroll to the value of Wa, Wb, or We depending on the "Y" connection.
Verify that the wattage reading is between 65 and 68 watts. Scroll to the value of Wt and
verify that the wattage reading 1s also between 65 and 68 watts.

8. With the arrow keys, scroll to the value of VARa, VARD, or VARc depending on the "Y"
connection. Verify that the VAR reading is between -8.0 and -4.0. Scroll to the value of
VARt and verify that the reading is also between -8.0 and -4.0.

9. With the arrow keys, scroll to the value of PFa, PFb, or PFc depending on the "Y" connection.
Verify that the PF reading is between 0.99 and 1.0. Scroll to the value of PFt and verify that
the reading is also between 0.99 and 1.0.

10. Reduce the test current to zero (0) amps.

INTERNAL TRIGGERING TESTS
T3 - Ground Overcurrent Test

Settings:
OVERCUR

401) SELOC = YES
402) PUPH = [ JA (Set 20% higher than setting 403, PUPH=PUGR +(.2*PUGR)
403) PUGR = JA (Your in service setting)

1. Connect the relay as shown in Figure 5-2 for the appropriate phase under test.

2. Set VA = 39 volts rms 0°; VB = 67 volts rms -120° ; VC = 67 volts rms + 120°.
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3. Apply Iop at a magnitude 5% greater than setting 403 at -85¢ for one second, by using the
following equation:

IOP=PUGR + (.05*PUGR)

Note that the target indication concurs with the fault. An AG fault will be displayed as: TRG
AG OC"DIST". The "DIST" value is for reference only.

4. Repeat the test for phase BG and CG faults.

T4 - Phase Overcurrent Test

Settings:
OVERCUR
401) SELOC = YES
402) PUPH = | ]]A (Your in service setting)
403) PUGR =] A (Set 20% higher than setting 402, PUGR =PUPH + (.2*PUPH)
1. Connect the relay as shown in Figure 5-2 for the appropriate phase under test.
2. Set VA = 39 volts rms 0°; VB = 67 volts rms -120°; VC = 67 volts rms + 120°.
3.

A}l) ly Iop at a magnitude 5% greater than setting 403 at -85¢ for one second, as shown in the
following equation.

IOP=PUPH + (.05*PUPH)
Note that the target indication concurs with the fault. An AG fault will be displayed as: TRG
AG OC'"DIST". The "DIST" value is for reference only.

4. Repeat the test for phase BG and CG faults.

TS - Overcurrent Dropout Test

Settings:

OVERCUR

401) SELOC = YES

402) PUPH = | ]]A (Your in service setting)

403) PUGR = | A (Set 20% higher than setting 402, PUGR =PUPH + (.2*PUPH)

404) SELDO = YES
1. Connect the relay as shown in Figure 5-2 for the appropriate phase under test.
2. Set VA = 39 volts rms 0°; VB = 67 volts rms -120°; VC = 67 volts rms + 120° .
3. Apply lop at a magnitude 5% greater than setting 403 at -85¢ continuouslyas shown in the
following equation:
IOP=PUPH + (.05*PUPH)

Verify that the tar%_gt indication concurs with the fault. An AG fault will be displayed as:
TRG AG OC "DIST"

4. Reduce Iop to zero (0).
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Note the new target indication. An AG overcurrent dropout fault will be displayed as: TRG
AG OCD "DIST".

5. Repeat the test for phase BG and CG faults.
T6 - Undervoltage Test - Phase-to-Ground

Settings:
OVERCUR
{31013 SELLOC = NO
NDERVOL
501) SELUV = YES
502) UVLEV = | JVOLT

1. Connect the DLM as shown in Figure 5-2 for the appropriate phase under test.

2. Set tge (s)foltage inputs to: VA = 67 volts rms 0°, VB = 67 volts rms -120° , and VC = 67 volts
rms -240° .

3. Set the current of Iop to 3.5(0.7) amp rms -100°, and apply to the unit.

4. Reduce the voltage of the faulted phase 5% below the value for setting 502.

5. Reduce Iop to zero (0).
Note that the target indication concurs with the fault. An AG fault will be displayed as: TRG
AG UV "DIST". "The value for "DIST" will be inaccurate for the fault because it is calculated
when current is first applied.

6. Repeat the test for phase BG and CG faults.
T7 - Undervoltage Test - Phase-to-Phase

Settings:
OVERCUR
6011% SELOC = NO
NDERVOL
501) SELUV = YES
502) UVLEV = | JVOLT

1. Connect the DLM as shown in Figure 5-3, for a phase AB, BC, or CA fault.

2. Set the voltage inputs to: VA = 67 volts rms 0°, VB = 42 volts rms -120° , and VC = 67 volts
rms -240°.

3. Set the current of Iop to 5.0(1.0) amp rms -70°, and apply to the unit.
4. Simultaneously reduce the voltage of the faulted phase pair to a value at least 20% below
setting 502, as shown in the following equation:
VOP=UVLEV-(UVLEV*2)
5. Reduce Iop to zero (0).
Note that the target indication concurs with the fault. An AB fault will be displayed as: TRG

AB UV "DIST". The value of "DIST" will be inaccurate for the fault because it is calculated
when current is first applied.
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6.

Repeat the test for phase BC and CA faults.

EXTERNAL TRIGGERING TESTS

T8 - External triggering - Phase-to-Ground

Settin
OVE

1%5 Changes:
OVERCUR

8013 SELOC = NO

NDERVOL

(501) SELUV = NO

1.
2.

Connect the DLM as shown in Figure 5-4, for a phase AG fault.

Set the voltage inputs to: VA = 40% less than setting 502, 0°, VB = 67 volts rms - -120°, and
VC = 67 volts rms -240° .

Set the current of Iop to 4.6(0.9) amp rms -100°, and apply to the unit.
Momentarily close the switch on the input to CCI1.

Verify that the tar Sgl’t indication concurs with the fault. An AG fault will be displayed as:
TRG AG CCI"DI

Reduce Iop to zero (0).

Repeat the test for all contact inputs.

T9 - External Triggering - Phase-to-Phase

Settm&s Changes:

OVERCUR

%1011% SELOC = NO

ERVOL

(501) SELUV = NO

1.
2.

Connect the DLM as shown in Figure 5-5, for an AB fault.

Set the voltage inputs to: VA = 18 volts rms 0°, VB = 18 volts rms -120°, and VC = 67 volts
rms -240° .

Set the current of lop to 5.0(1.0) amp rms -55°, and apply to the unit.
Momentarily close the switch on the input to CCI1.

Note that the target indication concurs with the fault. An AB fault will be displayed as: TRG
AB CCI 52 mi (+/- 3 mi).

Reduce Iop to zero (0).

Repeat the test for all contact inputs.
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T10 - Transducer Input Tests

Settings changes:
N ON]%

1. Connect the DLM as shown in Figure 5-6.

2. If a current input is required, install the appropriate shunts on the inputs to be driven by
current signals as specified in figure AT-6.

3. Set the precision source to the low range setting (XIRANGE LOW). Check that the DLM
reads the correct value within +0.4% of full scale. The tolerance is calculated for each
channel by using the following equation:

Zero test Tolerance =X1ZERO + (.004*X1FULL)

4. Set the precision source to .S5(XIRANGE High value (Input=.5*X1RANGE). This value
will be the midpoint of the transducer input level. Check that the DLM reads the correct
value within £0.4% of full scale. The tolerance is calculated for each channel by using the
following equation:

Mid Range test Tolerance =(.5*X1RANGE HIGH + X1RANGE LOW) +(.004*X1FULL)

5. Set the precision source to XIRANGE High value. Check that the DLM reads the correct
value within £0.4% of full scale. The tolerance is calculated for each channel by using the
following equation:

Full Scale test Tolerance =X1FULL + (.004*X1FULL)

6. Repeat steps 2 through S for Transducer inputs 2 through 6 substitute the appropriate
channel settings into each equation.

END OF TEST

Scroll through all of the settings. Compare them with the initial Settings of the relay, and
change to initial values.
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SERVICING
SPARES

There are two possible servicing methods for the DLM. They are: spare module r%)lace'ment and
component level reFair. The preferred method is module replacement using the DLM's automatic
self-tests to isolate failed modules. When the defective module is found, it can be replaced with a
spare, and the system can be returned to service. This method typically yields the shortest "down
time" of the system. To further reduce "down time" it is recommended that a complete set of
spare modules be kept at the maintenance center.

It is not recommended that the DLM be serviced at the component level. This requires a
substantial investment in test/repair equipment, and in technical expertise, and usuallg' results in
longer "down times" than module replacement. For those who do wish to trouble-shoot to the
component level, drawings can be obtained by requesting them from the factory. When requesting
drawings, the following information must be supp(}ied to the factory:

1. The model number of the module. This is found on the lower part of the front nameplate of
each module, e.g. MGM812.

2. The assembéy number of the module. This is found on the component side of the printed
circuit board. It is an eight digit number with a letter inserted between the fourth and fifth
digit and suffixed with a group identification, e.g. 0215B8090G001.

3. The revision number. This is found on the printed circuit board adjacent to the assembly
number of the board.

CAUTION

Power down the DLM before removing or inserting modules. Failure to do so can permanently
damage the unit.

SERVICING WITH THE UNIT SELF-TEST

The DLM automatically performs tests of major functions and critical hardware components and
re}l)orts their status via the MMI Display/LED and the self-test alarm contacts. Any detected
failure will operate the self-test alarm contact and the MMI LED. Also, a "FAIL" message is
written to the MMI display.

The first level indicates severe monitoring failures. These fatal failures indicate that the unit is
not capable of gatherinléloscillol%raphy information or calculating the accurate distance to a fault.
Communications and MMI will be initialized if possible to facilitate diagnostic activity. If only
communications and MMI are functional, the mod% of the DLLM is classified as limited operation.

The second level indicates non-fatal monitoring failures. These failures are less severe and the
unit is still providing some degree of functionality. Examples of this condition are failed
transducer input board or a failed communications chip. :

The third level of self-test failure is in response to external signals. In this case, the DLM is fully
operational. The alarms are activated to make the operators aware of unusual operating
conditions. Failures of this type are referred to as system status errors. The single exam ge of this
type of failure in the DLM self-test is if three attempts are made to log into the DLLM with an
invalid password.
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The types of self-tests performed are described in the PRODUCT DESCRIPTION section of this
manual. The components tested during the start-up self-tests are listed in Table 7-1. The
components tested during run time background and foreground self-tests are listed in Tables 7-2
and SE-3, respectively.

Table 7-1 Start-Up Self Tests

COMPONENT METHOD NATURE
PROM CRC-type check Fatal
RAM Patterns to check for Fatal
stuck bits, stuck address
lines, cross-talk between
adjacent bits
Non- CRC-type check on settings Limited operation if
volatile and analog calibration area; settings or calibration
RAM Checksum on disturbance storage area. Non-fatal
storage area otherwise
Timer Chip Test all processor timers Fatal
and their interrupts
Interrupt Test all processor and Fatal
Chips external Interrupt Controllers
Serial Wrap around and Interrupt Non-Fatal
Communications tests for serial interface
A/D Reference channel check Limited Operation
Controller
Digital Loop-back via parallel Non-Fatal
Output port
Circuitry
Digital Input signals forced high Limited Operation
Input or low
Circuitry
Real Time Test of real time clock Non-Fatal
Clock Operation and Interrupts
LED Self-test built in by Non-Fatal
display manufacturer
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The type is either a fatal, non-fatal, or a sys
"Information Status" command is use
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Table 7-2 Run Time Background Self Tests
COMPONENT METHOD NATURE
PROM CRC-type check Fatal,
Restart
RAM CRC-type check on areas Fatal,
holding settings Restart
Non- CRC-type check on settings Fatal if
volatile area; checksum on disturban