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Record of Revision .~

Original issue.

General Revision

Added Reset Point Eval.

Extended calibration interval of relays to 24 months + 25%, incorporated results of drift
calculations JC-Q1111-09004, JC-Q1111-09005 and JC-Q1111-09022. Updated M&TE

for the time delay relay to agree with the current revision of the referenced document.
Added Doble F2250 specifications to attachments. Recalculated loop calibration errors
based on current revision of JS09. Incorporated new Analytical limits based on the
current revision to the referenced documents. Provided recommended lower allowable
values for undervoltage voltage trip and time delay based on calculated values and
performed LER avoidance check using these values. Added TSTF section 7.0. Updated
references and performed general maintenance.
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CALCULATION CALCULATION NO: __JC-Q1P81-90024
REFERENCE SHEET REVISION: _ 003
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III. CROSS REFERENCES:

GGNS Technical Specifications, Section 3.3.8.1
Asset Suite Equipment Data Base (EDB)

AEIC-EEI-NEMA Standard for Instrument Transformers for Metering Purposes, 15KV and Less
(EEI PUB. No. MSJ-11 & NEMA PUB. No. E1 21-1973)

ISA RP67.04, Part 11, Methodologies for the Determination of Setpoints for Nuclear Safety-
Related Instrumentation

Mathematical Handbook of Formulas and Tables, Murray R. Spiegel, 1968
GGNS Technical Requirements Manual, Section TR3.3.8.1
SOER 99-01: Loss of Grid

IB 7.4.1.7-7 — Instruction Bulletin for ITE Undervoltage Relays
IV. SOFTWARE USED:
Title: N/A Version/Release: Disk/CD No.

V. DISK/CDS INCLUDED:

Title: N/A Version/Release Disk/CD No.

V1. OTHER CHANGES:

Related references removed from the calculation:
470009582-3, WO00134224, WO00165833, WO00193811, MAI00254979, MA100280516, 460000936
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1.0 PURPOSE AND DESCRIPTION

1.1

1.2

1.3

1.4

The purpose of this calculation is to validate the Technical Specification Allowable
Value and TRM Nominal Trip Setpoint for the 4160 V Division III Degraded Bus
Voltage trip function. '

The incoming breakers for the Div. III switchgear are automatically tripped on a
degraded bus voltage condition after a time delay. The degraded bus voltage condition
is detected by sensors employing a one-out-of-two-twice logic. An undervolitage
between 88% and 73% of nominal is considered a ‘Degraded Voltage’. (Ref. 2.13)

The time delay for a bus ‘Degraded Voltage’ condition is long enough to provide for
the preferred power source (offsite power) to recover. This time delay duration is
dependent upon the presence (or absence) of a LOCA signal. (Ref. 2.13)

The upper and lower analytic limits for the Division Il degraded voltage setpoints and
time delays are derived from the station specific load flow and voltage drop
calculation (EC-Q1111-90028), Byron Jackson HPCS Pump Test Curve (#PC 741-S-
1404), GE HPCS Motor Time Current Heating Curve (# 455HAS550), GE HPCS
Motor Efficiency and Power Factor Vs. Load Curves (# 455HA549), NEDO 10905-1,
and GE HPCS Motor Outline Dwg. (#992C937CF).

The lower analytic limit for the voltage sensors is based on the capacity to start and
operate required Class 1E loads under accident conditions with degraded voltage
levels present on the distribution system. Voltage sensing is performed by potential
transformers located within the 4160 V switchgear for the division, and each potential
transformer has a 4200 V/ 120V ratio. The HPCS system is designed to start and
accelerate the HPCS Pump with 75% of 4000 V motor voltage (3000 V), per NEDO
10905-1. In order to continue operation indefinitely at the lower analytic voltage limit,
motor heating must be limited to that imposed by curve #455HAS550, which equates to
rated current of the motor @ 434 A. Per PC 741-S-1404, the maximum power point
for the HPCS Pump is less than 3100 Hp. At this operating point, the efficiency is
0.935, and the Power Factor is 0.93, per Curve #455HA549. Therefore, at the
maximum power point, with the motor drawing 434 A, the terminal voltage at the
motor would be 3538 V. Per EC-Q1111-90028, the voltage drop is very
conservatively calculated to be 5.41 V. This places the 4160 V bus at 3543.41 V for a
sustained undervoltage condition limit. This correlates to a voltage of 101.24 Von a
120 V basis, and is the lower analytic limit (Reference 2.27).

The upper analytic limit for the voltage sensors is based on prevention of unnecessary
separation of the Class 1E buses, under anticipated minimum voltage conditions of the
offsite sources. Entergy System Planning Services performed, “Report on the
Analysis of Potential for Sustained Degraded Voltage on the Off-Site Electric Grid at
the Grand Gulf Nuclear Power Plant”, dated November 9, 1990. This report provided
the expected grid performance of the GGNS Offsite Sources under severe
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contingencies. The results of this study determined that the 500 KV switchyard
voltage could be as low as 0.994 Per-Unit, and the 115 KV switchyard voltage could
be as low as 0.976 Per-Unit.

Calculation EC-Q1111-90028, then conservatively analyzed the Class 1E loads with
the 500kV Offsite source at 0.975 Per-Unit and the 115kV Offsite source at 0.9675
Per-Unit. It was determined that the Class 1E system required loads would be
adequately supported with 0.975 Per-Unit switchyard voltage available for the 500kV
system and 0.9675 Per-Unit for the 115kV system. Therefore, it is appropriate that the
upper analytic limit for the degraded voltage setpoint determinations be based on the
corresponding voltage available at the respective 4160 V Class 1E buses, with 0.975
Per-Unit 500kV system driving voltage or 0.9675 Per-Unit 115kV system driving
voltage in each switchyard, under accident conditions. The lowest available transient
voltage on the Division III 4160 V bus under these conditions has been calculated to
be 3359.2 V, which occurs during the start of the HPCS pump, with bus voltage
recovery to 3880.9 V within 5 seconds. This condition provides an initial terminal
voltage at the HPCS pump motor of 3329.25 V, with voltage increasing as the motor
accelerates. The second lowest transient voltage step is 3846.34 V, with bus voltage
recovery to 3904.16 V, within 5 seconds. This interval is after the HPCS pump motor
is already started, therefore the acceleration time of this load is not a factor. All other
bus voltage steps are calculated to remain above 3880.9 V. The recovery voltages |
referenced include the start demand of the next sequence interval, therefore actual
recovery voltages at the end of each step following load acceleration and prior to the
next sequence would be above these values. Therefore, if the HPCS motor can
accelerate its load at the minimum transient voltage within the allowable time delay
band, the recovery voltage predicted would form the upper analytic limit for degraded
voltage considerations during the sequence when the HPCS pump motor starts. For all
successive intervals, using the lowest available bus voltage step will ensure that other
equipment sequencing will not inadvertently actuate the Division III bus degraded
voltage sensors. As stated above, this correlates to a bus voltage of 3846.34 V. This |
value would bound all required conditions for the HPCS system to remain connected

to offsite power, without prematurely separating from this source, provided that the

time delay is set sufficiently to account for HPCS motor start time. Therefore, the
overall bounding upper analytic limit is 3846.34 V (109.89 V on a 120 V basis), and

the appropriate sensor time delay interval will also be based on this value (Reference
2.27).

Division III has two distinct time delays associated with degraded voltage sensing.
One time delay is active when no accident signal is present, and the other is active
when a safety injection signal is present for Division III.

The lower analytic limit for the safety injection condition time delay is based on
providing the capability to successfully start the HPCS pump at the lower analytic
limit of the degraded voltage sensors without segregating from the offsite source. This
requires that the time delay be of sufficient duration to allow for acceleration of the
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HPCS pump motor under these conditions. Using the previously established minimum
HPCS motor starting voltage available from a viable offsite source of 3329.25 V, the |
acceleration time for the HPCS pump motor has been determined to be no more than
3.28 Seconds. This condition conservatively bounds the acceleration time required at
the lower analytic limit bus voltage of 3543.41 V. Therefore, 3.28 seconds is the |
lower analytic limit for the safety injection condition degraded voltage time delay.

The upper analytic limit for the safety injection condition degraded voltage time delay
is derived from the required time response for the HPCS system to achieve necessary
injection flow within 27 Seconds of accident initiation. This further requires that the
HPCS system be connected to a viable power source within 10 seconds to achieve this
goal. The limiting case for this upper limit is when offsite power is available but
degraded (i.e, above the Loss of Voltage settings, but below the lower analytic limit
for the degraded voltage sensors), with an accident signal present. This is because the
degraded voltage function trips the incoming source only, therefore requiring the
subsequent sensing and time delay from the Loss of Voltage function to connect the
Emergency Diesel Generator (EDG) to the bus. The EDG receives a separate safety
injection signal, so the EDG start time and the total voltage sensing sequence
described will occur concurrently. This limits the allowed combined sense and actuate
times for the degraded voltage and loss of voltage functions to no more than 10
seconds total. It is desirable that the degraded voltage time delay be of a longer
duration than the loss of voltage time delay, based on original system design.
Therefore, a 6 Second upper analytic limit is allocated to the degraded voltage time
delay. Correspondingly, a 4 Second upper analytic bound is thus established for the
loss of voltage time delay by this selection.

The design for the Division Il Degraded Voltage detection was provided by GE under
FDDR JB1-2099. The applicable setpoints were determined by this design document,
without providing GGNS with documented basis justification at the time.
Subsequently, per GGNS request, GE provided a summary of an evaluation that was
performed to justify the nominal 5 minute degraded voltage time delay, no LOCA
setpoint (MPGE-86/031). The actual evaluation resides with GE, and was not
provided to GGNS. This evaluation was based on nominal setpoint values, with no
apparent consideration for uncertainties.

GE did not provide a Design Specification Data Sheet for the Degraded voltage
function, possibly due to the unique application, i.e., the function did not meet the
conventional “instrument loop” configuration. Because no Design Specification Data
Sheet was generated, no definitive Analytic Limit determinations were provided to
GGNS.

The appropriate method to determine an upper Analytic Limit for this parameter is to
determine a minimum that the bus voltage could degrade to, and evaluate the
maximum permissible time that the system could sustain this voltage without causing
equipment damage or loss of function due to protective device actuations, such as
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circuit breaker or thermal protection trips. This is to ensure that the system will
maintain the capability to automatically respond to a subsequent LOCA signal,
without incurring functional impairment due to the offsite source degradation. While
the capability to provide uninterrupted functional capability due to offsite source
degradation has been a relevant consideration from original system design, the
inherent historical assumption has been to consider the level of degradation that would
be expected, and assume a loss of the offsite source completely below that point. This
almost certainly formed the basis for the original system settings. During the
Electrical Distribution System Functional Inspections performed by the NRC in the
early 1990’s, certain utilities received questions relating to system performance if the
voltage theoretically degraded below this level, but remained above the loss of voltage
setpoint. Apparently, the transmission systems for some plants may have been
marginally configured such that voltage degradation to sustainable values at the
transmission system level could represent an extremely degraded value in the plant
Switchyard. This consideration is further discussed as it relates to GGNS.

For GGNS, the existing time delay settings are acceptable, provided that the degraded
voltage remains sufficiently high to start the HPCS loads. This correlates to a motor
terminal voltage of 75% of the motor base voltage for HPCS system motors. Review

of calculation EC-Q1111-90028, has determined that the bounding percent voltage I
drop from the offsite source to the HPCS pump motor is considerably less than 15%,
even under the motor start demand conditions. A 15% drop will be conservatively
assumed for this discussion. The HPCS system motors are designed to start with 75%

of motor rated voltage. This is 3000 V for the HPCS pump motor. 3000 V is less than
73% of rated bus voltage (4160 V). Therefore, the HPCS pump motor would be
expected to start for offsite source degraded voltage conditions down to 88% of rated
offsite source voltage (73% + 15% = 88%). The remaining consideration for

continued relay timing limitations would be the motor heating limits once the motor

has started. Motor heating must be limited to that imposed by curve #455HA550. Per
PC 741-S-1404, the maximum power point for the HPCS Pump is less than 3100 Hp. |
At this operating point, the efficiency is 0.935, and the Power Factor is 0.93, per Curve
#455HAS549. Therefore, at the maximum power point, with 3000 V available at the
motor, the current would be 511.83A (1.18 PU) under these conditions.

Per the motor heating curve, operation at this current level can continue in excess of
600 seconds, which is significantly longer than the present time delay settings require.
Thus, the present settings are justified for offsite source degradation levels down to at
least 88% of rated.

A discussion of the practical operating limits for the Entergy Transmission system and
system generators, provides confirmation of the adequacy of this anticipated
degradation level. The Entergy Transmission Planning Guidelines impose the
requirement that substation bus voltage capabilities be maintained at no less than 92%
of rated, even under severe contingency analysis conditions. In fact, this represents an
extreme case for system voltage level degradation limits, because the generation
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1.5
1.6

facilities generally are forced to reduce generation (including reactive generation for
voltage support) at about 95% of rated voltage, to protect individual generators from
thermal damage due to over-excitation. In the case of severe sustained degraded
voltage conditions, this would almost certainly lead to load isolation or system voltage
collapse. In either case, loss of the offsite source or system voltage recovery to
acceptable levels for continued generation would be an expected consequence in very
short order. Additionally, GGNS is located within the system such that transmission
system voltage levels very closely match generation station Switchyard output
voltages. GGNS 500 KV Switchyard nominal voltage is 1.02 PU. Thus any
degradation seen in the GGNS Switchyard would also be seen by the supporting
generation. Therefore, sustained degraded grid conditions below about 95% would not
be expected to occur for GGNS, and System Planning Analyses ensure the capability
to maintain at least 92% Substation voltage under severe contingency considerations.

With these considerations, it would be appropriate to select 600 seconds (10 min.) as
the upper analytic limit for the Division Il Time Delay, No LOCA. For additional
conservatism, this limit will be set at 360 seconds (6 min.). This provides adequate
time for voltage recovery to above the degraded voltage set-point, while ensuring the
continued automatic availability of the system, should a subsequent LOCA signal be
received. The lower analytic limit for this parameter should be based on a reasonable
period to allow time for recovery. It is to be selected to provide an equivalent margin
from the nominal trip setpoint as the margin allowed from the setpoint to the upper
analytic limit (i.e. 1 min.). Therefore, the lower analytic limit for the Time Delay, No
LOCA is 4 minutes.

The design consideration for the subject instrumentation is: Degraded Grid Voltage

This calculation is performed in accordance with the methodology of GGNS-JS-09,
which is based on the ‘square root sum of the squares’ (SRSS) technique for
combining statistically independent uncertainty components.
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2.0 REFERENCES (* denotes EDMS Relational References)

2.1

2.2

2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
221
222
2.23

GGNS JS09, Methodology for the Generation of Instrument Loop Uncertainty and
Setpoint Calculations

ISA RP67.04, Part [I, Methodologies for the Determination of Setpoints for Nuclear
Safety Related Instrumentation

* GGNS E100.0, Environmental Parameters for GGNS

* GGNS Technical Specifications, Section 3.3.8.1

* GGNS Technical Requirements Manual, Section TR3.3.8.1

* 06-EL-1P81-R-0001, Surveillance Procedure

07-S-12-71, General Maintenance Instruction Time Delay Relays
07-S-12-83, General Maintenance Instruction Undervoltage Relays

IB 7.4.1.7-7, Instruction Bulletin for ITE Undervoltage Relays (attached)
460003606, Instruction Manual for Fluke 45 Multimeter

Not Used

AEIC-EEI-NEMA Standard for Instrument Transformers for Metering Purposes,
15KV and Less (EEI PUB. No. MSJ-11 & NEMA PUB. No. EI 21-1973)

SDC10, System Design Criteria ESF Div. III Power Distribution System
Mathematical Handbook of Formulas and Tables, Murray R. Spiegel, 1968
A0630, Control Building Fire Protection Plan

E0010, Sychronizing Diagram ESF Buses 15AA, 16AB, 17AC

* E0121-017, Summary of Relay Settings 4.16 KV Bus 17AC & D.G. 13
E1009, One Line Meter and Relay Diagram Bus 1 7AC

E1188-017, HPCS Power Supply Schematic

JO501D, Control Building Plan at Elev. 111°

304A3871, Equipment Summary E22-S004

945E475-001A, Metal Clad Switchgear Assembly

169C9488-001 and 169C9488-002, Purchase Part Drawing, Time Delay Relay
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2.24
2.25

2.26

2.27
2.28
2.29
2.30

231
2.32
2.33
2.34

JC-Q1111-09022, Drift Calculation For Agastat Time Delay Relays

JC-Q1111-09004, Drift Calculation For ITE 211T4175 Undervoltage Time Delay
Relays (Undervoltage Function)

JC-Q1111-09005, Drift Calculation For ITE 211T4175 Undervoltage Time Delay
Relays (Time Delay Function)

EC-Q1111-90028, AC Electrical Power System Calculation
Not Used
SOER 99-01, Loss of Grid

MPGE86-0031, High Pressure Core Spray Second Level Under Voltage Protection
Time Delay Setpoint Justification

3758 sheet 013, Performance Curve (PC 741-S-1404)

3779 sheet 004, Time Current Heating Curve (455HA549)

3779 sheet 005, Efficiency & Power Factor VS Load Curves (455HAS550)
3779 sheet 001, Outline Induction Motor (992C937CF)
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3.0 GIVEN

Under voltage time delay relays:

3.1.1
3.1.2

Manufacturer / model # - ITE / 211T4175 (Ref. 2.17)
Location: (Ref. 2.15, 2.18, 2.20)

component room panel

127-1A 0C210 1E22-S004
127-1B 0C210 1E22-S004
127-2A 0C210 1E22-S004
127-2B 0C210 1E22-S004

Environment: (Ref. 2.3)

Normal & Accident Environment (N-055)
pressure: 0.1 to 1.0 in. wg.

expected femperature: 104°F

temperature range: 58°F to 120°F

relative humidity range: 10% to 60%
radiation: gamma (TID): 1.8 * 10> Rads

Uncertainty Effects — Undervoltage time delay relay (Voltage Setting):
(Ref. 2.9)

« Reference Accuracy (RA) + 0.2% Setting
o Temp. Effect (TE) + 0.20% Setting
« Humidity Effects (HE) Negligible — Reference Section 4.2
« Radiation Effects (RE) Negligible — Reference Section 4.2
« Power Supply Effects (PS) + 0.20% Setting
« Seismic Effects (SE) Negligible — Reference Section 4.3
« Static Pressure Effects (SPE) N/A for instrument type
« Overpressure Effects (OVP) N/A for instrument type
. Drift (DR) + 1.460 VAC for 30 months — Reference 2.25

« Temp. Drift (TD) N/A — Reference Section 4.4
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3.1.5 Uncertainty Effects — Undervoltage time delay relay (Time Delay Setting):

(Ref. 2.9)

« Reference Accuracy (RA) + 10% Setting
o Temp. Effect (TE) Negligible — Reference Section 4.10
« Humidity Effects (HE) Negligible — Reference Section 4.2
« Radiation Effects (RE) Negligible — Reference Section 4.2
«  Power Supply Effects (PS) Negligible — Reference Section 4.10
« Seismic Effects (SE) Negligible — Reference Section 4.3
« Static Pressure Effects (SPE) N/A for instrument type
« Overpressure Effects (OVP) N/A for instrument type
« Drift (DR) + 0.327 sec for 30 months — Reference 2.26
« Temp. Drift (TD) N/A — Reference Section 4.10

3.2 Time delay relays:
3.2.1 Manufacturer / model # - Agastat / ETR14D3N002 (Ref. 2.17)
3.2.2 Location: (Ref. 2.15, 2.17, 2.20)

component room panel
162-1 0C210 1E22-S004
162-2 0C210 1E22-S004

3.2.3 Environment: (Ref. 2.3)
Normal & Accident Environment (N-055)

pressure: 0.1 to 1.0 in. wg.

expected temperature: 104°F
temperature range: 58°F to 120°F
relative humidity range: 10% to 60%
radiation: gamma (TID): 1.8 * 10* Rads
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Uncertainty Effects — Time Delay Relay: (Ref. 2.23)
Reference Accuracy (RA) + 5.0% Time Delay Setting
Temp. Effect (TE) Negligible — Reference Section 4.8
Humidity Effects (HE) Negligible — Reference Section 4.2
Radiation Effects (RE) Negligible — Reference Section 4.2
Power Supply Effects (PS) Negligible — Reference Section 4.9
Seismic Effects (SE) Negligible — Reference Section 4.3
Static Pressure Effects (SPE) N/A for instrument type
Overpressure Effects (OVP) N/A for instrument type
Drift (DR) + 26.725 sec for 30 months — Reference 2.24

Temp. Drift (TD) Negligible — Reference Section 4.8
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3.3

Typical Loop Block Diagram: (Ref. 2.19)

12714
(4 SEC)

~ POTENTIAL
TRANSFORMERS

g ! wE
CBE @w 1 g
-
E

UNDERVOLTAGE
TIME DELAY —

RELAYS.

LOCA SIGNAL.

3.4  Operating Limits (Ref. 2.4, 2.5, Section 1.4)

Voltage Trip

Upper Analytic Limit: 3846.34 V (109.89 V)
Upper Allowable Value: <3763.5 V (£107.53 V)
Plant Setpoint: 3661 V (104.6 V)

Lower Allowable Value*: > 3605.0 V (= 103.00 V)
Lower Analytic Limit: 3543.41 V (101.24 V)
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Time Delay — LOCA

Upper Analytic Limit: 6 seconds

Upper Allowable Value: < 4.4 seconds
Plant Setpoint: 4 seconds

Lower Allowable Value*: > 3.85 seconds

Lower Analytic Limit: 3.28 seconds

Time Delay — No LOCA
Upper Analytic Limit: 6.0 minutes
Upper Allowable Value: < 5.5 minutes
Plant Setpoint: 5 minutes
Lower Allowable Value: > 4.5 minutes
Lower Analytic Limit: 4.0 minutes

*Recommended Values
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4.0 ASSUMPTIONS

4.1

4.2

. 4.3

4.4

4.5

4.6
4.7

4.8

4.9

4.10

Assume all uncertainties given are to two standard deviations (20) unless otherwise
specified.

Assume Radiation Effects (RE) and Humidity Effects (HE) for the undervoltage and
time delay relays are negligible. These components are located in a mild environment.
(Ref. Section 3.1.3 and 3.2.3)

Assume Seismic Effects (SE) are negligible for both the undervoltage and time delay
relays. The relays are seismically qualified per GGNS QP 425.00 Vol. 1, Rev. 1.

Assume Temperature Drift (TD) is encompassed by the Temperature Effect (TE) for
the undervoltage relays.

Insulation Resistance Effects (IR) are assumed to be negligible since the loop cabling
is located in a mild environment (control building).

Not Used.

Per Reference 2.21 and 2.22, the potential transformers at the bus are G.E. type JVM-
3. This type of potential transformer has an accuracy class of 0.3 at W and X burdens
when operated at 58% of rated voltage. Based on the available burden information for
the circuit components depicted on Ref. 2.16 and 2.18, the burden is assumed to be
less than X and the accuracy of the potential transformers is assumed to be 0.3. (See
file documentation for available circuit component burden data)

Assume Temperature Effects (TE) and Temperature Drift Effect (TD) for the time
delay relays are negligible. The normal ambient temperature at the relays is within the
vendor specified normal ambient temperature (Ref. 2.23).

Assume Power Supply Effects (PS) for the time delay relays are negligible. The
supply voltage variation is expected to be encompassed by the voltage variation
margin available (£10% of rated voltage, Ref. 2.23).

The vendor does not specify a Temperature Effect, Temperature Drift or Power Supply
Effect for the undervoltage relay timing function. These effects will be assumed to be
negligible.
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5.0 DEVICE UNCERTAINTIES — Ax (Ref. 2.1)

Ay = 1+ (RAg)? + (TEx)? + (HEx)? + (SEy)?2 + (REy)? + (PSy)? + (SPE)? + (OVPy)?

5.1

Reference Accuracy — “RA”

RAy =+ 0.20% of setting

RAy=+(22(104.6) )V

100

RAy=+£021V

Temperature Effects — “TE”

TEy == 0.20% of setting
_, {0.20
TEy =2 (32 (1046) )V
TEy=+021V

Humidity Effects — “HE”

Negligible — Reference Section 4.2

Radiation Effects — “RE”

Negligible — Reference Section 4.2

Power Supply Effects — “PS”

PSy=+0.20% of setting
PSy=2+(22(104.6) )V

100

PSy=x021V

SSE Effects — “SE”

Negligible — Ref. Section 4.3

Undervoltage Relay Uncertainties — Voltage Trip: (Ref. Section 3.1.4)
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Static Pressure Effects — “SPE”

N/A for instrument type

Over Pressure Effects — “OVP”

N/A for instrument type

Total Undervoltage Relay Uncertainty (Voltage Trip) — Av:

Ay = +/(RAY)? + (TE,)? + (HE,)? + (SEy)? + (RE,)? + (PSy)? + (SPE,)? + (OVP,)?

Ay = /(0212 +(0.21)2 + (0)2 + (0)2 + (0)2 + (0.21)2 + (0)2 + (0)2
Ay=+036V
5.2  Undervoltage Relay Uncertainties — Time Delay: (Ref. Section 3.1.5)

Reference Accuracy — “RA”

RAr=+10% setting
RAr=% (11—0(:) (4)) sec
RA7==0.40 seconds

Temperature Effects — “TE”

Negligible — Reference Section 4.10

Humidity Effects — “HE”

Negligible — Reference Section 4.2

Radiation Effects — “RE”

Negligible — Reference Section 4.2

Power Supply Effects — “PS”

Negligible — Reference Section 4.10

SSE Effects — “SE”

Negligible — Reference Section 4.3
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Static Pressure Effects — “SPE”

N/A for instrument type

Over Pressure Effects — “OVP”

N/A for instrument type

Total Undervoltage Relay Uncertainty (Time Delay) — A:

Ap = +/(RA)? + (TE;)? + (HE;)? + (SE7)? + (RE7)2 + (PS;)2 + (SPE;)? + (OVP;)?2

Ar = +JRAD? + (02 + ()7 + (07 + (0)2 + (07 + (0)7 + (0)?
Ar= RAr=£0.40 Seconds

5.3 Time Delay Relay Uncertainties: (Ref. Section 3.2.4)

Reference Accuracy — “RA”

RArp == 5% setting
_ 5
Ram == (== (300)) sec
RAmp =+ 15.00 seconds

Temperature Effects — “TE”

Negligible — Reference Section 4.8

Humidity Effects — “HE”

Negligible — Reference Section 4.2

Radiation Effects — “RE”

Negligible — Reference Section 4.2

Power Supply Effects — “PS”

Negligible — Reference Section 4.9

SSE Effects — “SE”

Negligible — Reference Section 4.3

Static Pressure Effects — “SPE”

N/A for instrument type
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Over Pressure Effects - “OVP”

N/A for instrument type

Total Time Delay Relay Uncertainty — Ap:
Arp = *(RArp)? + (TErp)? + (HErp)? + (SErp)? + (RErp)? + (PSzp)? + (SPErp)? + {OVPrp)?
Arp = +V(RA7p)? + (0)2+ (0)2 + (0)% + (0)2 + (0)2 + (0)% + (0)?2
Arp = RArp = £15.00 Seconds

6.0 LOOP UNCERTAINTIES (Ref. 2.1)

6.1 SRSS of all individual device uncertainties — “A;” (Ref. 2.1)
Loop Device Uncertainty (Voltage Trip):
A = £ J(A)% = £4, = +036V
Loop Device Uncertainty (Time Delay — LOCA):
Apry = im = +Ap = +£0.40 seconds
Loop Device Uncertainty (Time Delay — No LOCA):

Ay =+ (Ap)2 + (App)?

Ayr» = +/(0.40) + (15.00)2 = +15.01 seconds

6.2 SRSS of all Measurement & Test Equipment Effects — “C;” (Ref. 2.1)

. Per Reference 2.8, a Fluke 45 Digital Voltmeter (or Fluke 8600A) is used to monitor
the trip point of the undervoltage relays during calibration. The uncertainty data for a
Fluke 45, taken from Ref. 2.10, will be used to estimate the M&TE effects. The
reference accuracy of the Fluke 45 is:

RApss = £(0.2% reading + 0.1V)

The reference accuracy above is for the 0-300V scale, medium resolution. This value
is valid for ambient temperatures between 18°C and 28°C (64.4°F to 82.4°F). Since
the expected temperature at calibration (104°F, i.e. 40°C) is outside the given range, a
temperature correction factor from Ref. 2.10 must be applied. This correction factor is
stated as: ‘<0.1 times the applicable accuracy specification per degree C for 0°C to
18°C and 28°C to 50°C (32° to 64.4° and 82.4° to 122°F). The temperature correction
factor for this application is <0.1 (40-28) or 1.2.

The ‘reading’ will be assumed to be 104.6 V, the nominal trip setpoint.
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RApys = £1.2 * ((0.2*%104.6/100) + 0.1) V =10.371V

The setting tolerance from reference 2.6 is £1.50 V. As the setting tolerance is larger
than the reference accuracy of the undervoltage relay (£0.21 V) and the test equipment
error, £1.50 V will be assumed for the M&TE error.

Ciy=2150V

Per Reference 2.8, a Doble F2253 test set is used to measure the time delay for the
undervoltage relays during calibration. Per Attachment 3, the timing accuracy of the
F2253 is 0.0039% of reading. The ‘reading’ will be assumed to be 4 sec., the nominal
setpoint.

RA7r2253 = #0.0039*4/100 = £0.000156 V

The setting tolerance from reference 2.6 is £0.2 seconds. As the reference accuracy of
the undervoltage relay (£0.4 seconds) is larger than the setting tolerance and the test
equipment error, 0.4 seconds will be assumed for the M&TE error.

Therefore, the Loop Uncertainty for the time delay function with a LOCA signal
present is:

CLT[ = 0.4 seconds

Per Reference 2.7, a Doble F2253 test set is used to measure the time delay for the
time delay relays during calibration. Per Attachment 3, the timing accuracy of the
F2253 is 0039% of reading. The ‘reading’ will be assumed to be 300 sec., the nominal
setpoint.

0039
RArppyyss = - (300) = +0.0117 seconds
The setting tolerance from reference 2.6 is 15 seconds. As the setting tolerance and
reference accuracy of the time delay relay (£15 seconds) is larger than the test

equipment error, £15 seconds will be assumed for the M&TE error.

Therefore, the Loop Uncertainty for the time delay function with no LOCA signal
present is:

Crr2 = £SRSS (0.4, 15) = £15.0 seconds
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6.3  SRSS of all individual device drifts ~ “D;” (Ref. 2.1)

Undervoltage Relay Drift — DRy

DRy =% 1.460 VAC for 30 months

Undervoltage Relay Temperature Drift — TDy

Negligible — Reference Section 4.4

Undervoltage Relay Time Delay Drift — DRt

DRy =+ 0.327 sec for 30 months

Undervoltage Relay Time Delay Temperature Drift - TDt

Negligible — Reference Section 4.10

Time Delay Relay Drift — DRp

DRyrp =+ 26.725 sec for 30 months

Time Delay Relay Temperature Drift — TD1p

Negligible — Reference Section 4.8
Loop Drift (Voltage Trip):

Dy = +(DRy)? + (TDy)?

D,y = +/(1.460)% + (0)?
DLV= +1.460V
Loop Drift (Time Delay — LOCA):

Dir1 = +(DRy)? + (TDy)?

DLTI = i\l (03272 + (0)2

Dir = £0.327 seconds
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6.4

6.5

6.6

6.7

6.8

Loop Drift (Time Delay — No LOCA):

Dyry = +/(DRp)? + (TD1)? + (DRyp)? + (TDpp)?

Dy = £/(0.327)% + (0)% + (26.725)% + (0)?

Dy = £26.728 seconds

Process Measurement Uncertainty — “PM”

No process measurement uncertainty is applicable to either the voltage or time delay
setpoints.

Primary Element Uncertainty — “PE”

The primary elements for each loop are the potential transformers at the bus. Per
Section 4.7, the accuracy class of the potential transformers is 0.3. Per Reference
2.12, the limits of transformer correction factor for a 0.3 accuracy class potential
transformer are 1.003 to 0.997 (i.e. £0.3%). Again assuming 104.6 V nominal output,
the potential transformer uncertainty is:

03
PE=1+ (— (104.6))V
100

PE=+0314V
No Primary Element Uncertainty is applicable to the time delay.

Insulation Resistance Effects — “IR”

Insulation Resistance Effect for the voltage trip function is assumed to be negligible
(Reference Section 4.5). IR effects are not applicable to the time delay function.

Loop Uncertainty — Voltage Trip

LU, = (A )% + (Cy)? + (PM,)2 + (PE,)? + (IRy)?
LUy =+SRSS (0.36, 1.5, 0, 0.314, 0)
LUy =%+158V

Total Loop Uncertainty — Voltage Trip

TLUV= LUV+ DLV




CALCULATION SHEET

R0

.
e

“——- ENTERGY
SHEET __ 26 OF _37

CALCULATION NO.___JC-Q1P81-90024 REV. _003

TLUy=+(1.58 + 1.460) V
TLUy =+3.04V

6.9 Loop Uncertainty — Time Delay (LOCA)

LUz, =+ (Agr1)? + (Ciri)? + (PM7)2 + (PEp)? + (IR;)?
LUz =+ 8RSS (0.40, 0.40, 0, 0, 0)
LUr; = = 0.57 seconds

6.10 Loop Uncertainty — Time Delay (No LOCA)

LUpy = ++/(A175)? + (Cyp)? + (PM7)? + (PEp)? + (IR;)?

LUr; =+ 8SRSS (15.01, 15.00, 0, 0, 0)
LUp =+£21.22 seconds

6.11 Total Loop Uncertainty — Time Delay (LOCA)

TLUn = LUTl + D
TLU7r; = (0.57 + 0.327) seconds
TLU7r; = £0.90 seconds

6.12 Total Loop Uncertainty — Time Delay (No LOCA)
" TLUn=LUn+Din
TLUpR, =(21.22 + 26.728) seconds
TLU7; = +47.95 seconds

6.13 Allowable Values — Voltage Trip

Lower Allowable Value = Lower Analytic Limit + LU
Lower Allowable Value =101.24 V+ 1,58V
Lower Allowable Value = 102.82 V

Upper Allowable Value = Upper Analytic Limit — LU
Upper Allowable Value = 109.89 V- 1.58 V
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Upper Allowable Value = 108.31 V

6.14 Nominal Trip Setpoint — Voltage Trip

NTSP: > (Lower Analytic Limit + TLU) & < (Upper Analytic Limit — TLU)
NTSP: > (101.24 V+3.04 V) & <(109.89 V -3.04 V)
NTSP:> 10428 V & <106.85V

6.15 Allowable Values — Time Delay (LOCA)

Lower Allowable Value = Lower Analytic Limit + LU
Lower Allowable Value = 3.28 seconds + 0.57 seconds

Lower Allowable Value = 3.85 seconds

Upper Allowable Value = Upper Analytic Limit— LU
Upper Allowable Value = 6.00 seconds — 0.57 seconds
Upper Allowable Value = 5.43 seconds

6.16 Allowable Values — Time Delay (No LOCA)

Lower Allowable Value = Lower Analytic Limit + LU
Lower Allowable Value = 240 seconds + 21.22 seconds

Lower Allowable Value =261.22 seconds (4.36 min)

Upper Allowable Value = Upper Analytic Limit — LU
Upper Allowable Value = 360 seconds — 21.22 seconds
Upper Allowable Value = 338.78 seconds (5.64 min)

6.17 Nominal Trip Setpoint — Time Delay (LOCA)

NTSP: > (Lower Analytic Limit + TLU) & < (Upper Analytic Limit — TLU)
NTSP: > (3.28 seconds + 0.90 seconds) & < (6.00 seconds ~ 0.90 seconds)
NTSP: > 4.18 seconds & < 5.10 seconds
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6.18 .

6.19

As shown above, the calculated Total Loop Uncertainty yields a setpoint range that
will not support the existing plant setpoint (4 sec). Calculation margin will be
removed by re-calculating the Total Loop Uncertainty using margin reduction
techniques as described in Ref. 2.1.

The reduced margin Total Loop Uncertainty is given by:

TLUp = + J(wn)2+ (D1,

TLUg; = £SRSS (0.57, 0.327)
TLU7; = £0.66 seconds
The reduced margin Nominal Trip Setpoint range is therefore:
NTSP: > (Lower Analytic Limit + TLU) & < (Upper Analytic Limit — TLU)
NTSP: > (3.28 seconds + 0.66 seconds) & < (6.00 seconds — 0.66 seconds)
NTSP: > 3.94 seconds & < 5.34 seconds

Nominal Trip Setpoint — Time Delay (No LOCA)

NTSP: > (Lower Analytic Limit + TLU) & < (Upper Analytic Limit — TLU)
NTSP: > (240 seconds + 47.95 seconds) & < (360 seconds — 47.95 seconds)
NTSP: > 287.95 seconds & < 312.05 seconds

NTSP: > 4.80 minutes & < 5.20 minutes

LER Avoidance Analysis — Voltage Trip

LER Avoidance probability is based on a number “Z” calculated as shown below. If
the value of Z is > 1.28 then the probability of avoiding an LER is > 90%, the
acceptance criteria (Ref. 2.1). The LER Avoidance Analysis will be performed using
the Lower Allowable Value.

|AV — NTSP|
Z=r—
0,
Where:

AV =103.0 volts (Recommended Value)
NTSP = 104.6 volts
o —~ Calculated as shown below
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With:
n =# of standard deviations used in specifying the individual uncertainty
components
1 = -
g, = 'T:\/(ALV)‘_ +(Cy)? + (Dpy)?
o1 = 0.5%(SRSS(0.36, 1.5, 1.460))
o =107V
Therefore:
Z=1103-104.6
1.07
Z=1.49

From common statistical tables (Ref. 2.14), this value of Z yields an LER avoidance
probability greater than 90%.

6.20 LER Avoidance Analysis — Time Delay (LOCA)

The margin between the recommended lower allowable value and the nominal trip
setpoint is less than the margin between the upper allowable value and nominal
setpoint and will provide the least LER avoidance. Therefore the LER avoidance
probability will be determined using the lower allowable value.

|AV — NTSP|
Z=r——""

7,
Where:

AV = 3.85 seconds (Recommended)
NTSP = 4.0 seconds

o) — Calculated as shown below
With:

n = # of standard deviations used in specifying the individual uncertainty
components -

1
o = ;‘\/(ALT.)Z + (Cyr)? + (Dyr)?

a1 = 0.5%(SRSS(0.40, 0.40, 0.327))

o1 = 0.33 seconds .
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Therefore:
Z=13.85-4.0
0.33
Z=0.45

From common statistical tables (Ref. 2.14), this value of Z yields an LER avoidance
probability less than 90%.

LER Avoidance Analysis — Time Delay (No LOCA)

Using the equations from section 6.20 and the values derived for the Time Delay No
LOCA:

Z= 1360 — 300]
0.5*(SRSS(15.01, 15.0, 26.728, 0, 0))

Z=3.51

From common statistical tables (Ref. 2.14), this value of Z yields a LER avoidance
probability greater than 95%.

Spurious Trip Avoidance Analysis — Voltage Trip

The most severe recoverable voltage transient postulated, is that of clearing a nearby
transmission system or in-plant distribution system bolted fault. The bus voltage level
during such an event could dip below the voltage trip setting and begin the relay
timing. Therefore, no spurious trip avoidance analysis will be performed for the
voltage trip setting. Spurious segregation from the off-site source is prevented by the
time delay function.

Spurious Trip Avoidance Analysis — Time Delay LOCA

The probability of avoiding spurious trips is determined by calculating a value “Z” as
shown below. If the value of Z is > 1.645, the probability of avoiding a spurious trip is
> 95%. (Ref. 2.1)

INTSP — X,
Z=— T
v (0—_")2 + (ai)z
Where:

NTSP — Nominal Trip Setpoint

Xt — Limiting Operating Transient Variation

Xt =Xo-T-T,, if the process variable decreases to the Analytic Limit
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Xo = maximum or minimum steady state operating value
T = magnitude of the limiting transient variation

T. = modeling bias or uncertainty

o, — The standard deviation associated with the limiting operating transient, typically
zero when the limiting operating transient is based on existing documented
operating restrictions.

o; — The standard deviation associated with the loop uncertainty, calculated as shown
below:

1
g;= ;!‘\/(ALTI)z + (Cpr1)?+ (Dypy)? + (PM7)? + (PEp)?

The most severe recoverable voltage transient postulated, is that of clearing a nearby
transmission system or in-plant distribution system bolted fault. The maximum fault
clearing time consideration for the applicable fault level circuit breakers would be 6
cycles. It is also prudent to assume an additional 10 cycles to allow for voltage
recovery post-fault. This correlates to 0.267 seconds (16 cycles * 0.0167
seconds/cycle = 0.267 seconds).

Z= 4.0 — 0.267|
0.5*(SRSS(0.40, 0.40, 0.327, 0, 0))

Z=1142

From common statistical tables (Ref. 2.14), this value of Z yields a spurious trip
avoidance probability greater than 95%.

6.24 Spurious Trip Avoidance Analysis — Time Delay (No LOCA)

Using the equations from section 6.23 and the values derived for the Time Delay No
LOCA:

Z= |300 — 0.267|
0.5*(SRSS(15.01, 15.0, 26.728, 0, 0))

Z= 1756

From common statistical tables (Ref. 2.14), this value of Z yields a spurious trip
avoidance probability greater than 95%.

6.25 Reset Point Evaluation

The pickup (reset) point of the undervoltage relays should be such that under the worst
case transient conditions the bus is not spuriously segregated from the off site source.
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As stated previously, with 0.975 Per-Unit switchyard driving voltage, the lowest
transient voltage on the Division Il 4160V bus has been calculated to be 3359.2V
(95.80V on a 120V basis) which occurs during the start of the HPCS pump, with

voltage recovery to 3880.9 V (110.88V on a 120V basis). This condition provides an
initial terminal voltage at the HPCS pump motor of 3329.25 V. Assuming a constant
terminal voltage of 3329.25 V (i.e. no voltage recovery as the motor accelerates) the
acceleration time of the HPCS pump motor has been determined to be no more than

3.28 seconds. Therefore, the actual recovery time to at least 3880.9 V would be no |
more than 3.28 seconds (the Lower Analytic Limit of the time delay setting).

The present pickup (reset) point for the under voltage relays is 105.65 V and the
dropout (trip) point is established by the 99% tap setting at 104.60V. Assuming worst
case performance of the relays, the trip could occur at the Upper Allowable Value of
107.53 V and the reset could occur at 108.60 V (i.e. 1.01 x 107.53).

Given the above, the bus voltage would recover above the reset point of the relay

108.60 V (3801 V) to at least 110.88 V (3880.9 V) before the time delay times out |
(even with the worst case performance from the time delay). Therefore, the reset value
will prevent spurious segregation from the preferred off site source and is acceptable.

7.0 TSTF CALCULATIONS (Ref. 2.1)

7.1 As-Left Tolerance

ALTy — Undervoltage Relay (Voltage Trip) TSTF-493 Calculation

ALTV = RAV
= 021V

ALTr - Undervoltage Relay (Time Delay) TSTF-493 Calculation

ALTt = RA7
= =+ 0.40 seconds

ALT1p — Time Delay Relay TSTF-493 Calculation

ALTp = RAm
+ 15.0 seconds

7.2 As-Found Tolerance (AFT)

The drift values used in this calculation were derived by statistical
analysis, therefore per Reference 2.1:
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AFT =+DR
AFTvy—- Undervoltage Relay (Voltage Trip) TSTF-493 Calculation
DRv = £1.460 V for 30 months
AFTy = DRy
= 1460V
AFTt - Undervoltage Relay (Time Delay) TSTF-493 Calculation
DRy = +0.327 seconds for 30 months
AF TT = DRT
+0.327 seconds
AFTp— Time Delay Relay TSTF-493 Calculation
DR1p = 426.725 seconds for 30 months
AFTtp = DRp
= +26.725 seconds
7.3 Loop Tolerances

ALTpv — As-Left Loop Tolerance Undervoltage Relay (Voltage Trip)

ALTLy = +SRSS (ALTv)
+ SRSS (0.21)
= +021V

ALT_t — As-Left Loop Tolerance Undervoltage Relay (Time Delay) - LOCA

ALTLt + SRSS (ALTy)
+ SRSS (0.40)

= +0.40 seconds

ALTL1p — As-Left Loop Tolerance Time Delay Relay — No LOCA

ALTLTD = =+ SRSS (ALTT, ALT’[‘D)
+ SRSS (0.40, 15.0)
+ 15.0 seconds

AFTpy — As-Found Loop Tolerance Undervoltage Relay (Voltage Trip)

AFTLy = £ SRSS (AFTy)
+ SRSS (1.460)
+1.460 V
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AFTpr— As-Found Loop Tolerance Undervoltage Relay (Time Delay) - LOCA

AFTir = + SRSS (AFTT)
+ SRSS (0.327) seconds
+ 0.327 seconds

AFTLrp — As-Found Loop Tolerance Time Delay Relay — No LOCA

AFTLmD = <+ SRSS (AFTt, AFTmp)
+ SRSS (0.327, 26.725) seconds
+ 26.727 seconds
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8.0 CONCLUSION

Voltage Trip:

The calculated setpoint range and the Upper Allowable Value are conservative with respect
to the existing plant settings. The existing Lower Allowable Value (101.67 V) is non-

conservative with respect to the calculated value.

Time Delay - LOCA

The initial calculated setpoint range would not support the existing LOCA Time Delay
setpoint. Margin reduction techniques were used to remove some conservatism from the
calculated values. With the reduced uncertainty, the existing plant setpoint was shown to
be acceptable. The existing Allowable Value (3.6 seconds) is non-conservative with
respect to the calculated Lower Allowable Value for the LOCA Time Delay. .

Time Delay — No LOCA

The calculated setpoint and allowable values are conservative with respect to the existing
plant setpoints and allowable values. Therefore, the existing plant setpoint is acceptable.

The spurious trip and LER avoidance criterion is met for all values except the time delay
lower allowable value. LER avoidance is not met using the recommended lower allowable
value.

SUMMARY OF RESULTS — Voltage Trip

SYSTEM P81 — HPCS Diesel Generator (Electrical)
LOOP NUMBERS 127-1A/B, 127-2A/B
TOTAL LOOP UNCERTAINTY +3.04V
LOOP UNCERTAINTY +1.58 V
LOOP DRIFT +1.460 V
LOOP CALIBRATION +1.50V
UNCERTAINTY

EXISTING CALCULATED
Upper Analytic Limit 109.89 V lialoiuiaiolulaiulol
Upper Allowable Value <107.53V <10831V
Nominal Trip Setpoint 104.60 V >104.28 V and <106.85 V
Lower Allowable Value >103.00 V* >102.82V
Lower Analytic Limit 101.24 V oliollakaloluiaiutol

Recommended Lower Allowable Value
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SUMMARY OF RESULTS — Time Delay (LOCA)
SYSTEM P81 — HPCS Diesel Generator (Electrical)
LOOP NUMBERS 127-1A/B, 127-2A/B
TOTAL LOOP UNCERTAINTY + 0.90 seconds (£0.66 sec. reduced margin)
LOOP UNCERTAINTY + (.57 seconds
LOOP DRIFT + 0.327 seconds
LOOP CALIBRATION + 0.40 seconds
UNCERTAINTY
EXISTING CALCULATED

Upper Analytic Limit 6 sec RrAR AR A AR X
Upper Allowable Value <4.4 sec <5.43 sec
Nominal Trip Setpoint 4.0 sec >3.94 sec and <5.34 sec
Lower Allowable Value >3.85 sec* > 3.85 sec
Lower Analytic Limit 3.28 sec Rk e

« Recommended Lower Allowable Value

SUMMARY OF RESULTS — Time Delay (No LOCA)

SYSTEM P81 — HPCS Diesel Generator (Electrical)
LOOP NUMBERS 127-1A/B, 127-2A/B, 162-1/2
TOTAL LOOP UNCERTAINTY + 47.95 seconds
LOOP UNCERTAINTY + 21.22 seconds
LOOP DRIFT + 26.728 seconds
LOOP CALIBRATION + 15.0 seconds
UNCERTAINTY

EXISTING CALCULATED
Upper Analytic Limit 6.0 min RN A ARk
Upper Allowable Value <5.5 min < 5.64 min
Nominal Trip Setpoint 5.0 min >4.8 min and <5.2 min
Lower Allowable Value >4.5 min > 4.36 min
Lower Analytic Limit 4.0 min HAAR AR ARk
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CALCULATION NO.__JC-Q1P81-90024 REV. _003
Summary of Calibration Tolerances
As-Left Undervoltage Relay (Voltage Trip) TSTF-493 (ALTy) +0.21 V

As-Left Undervoltage Relay (Time Delay) TSTF-493 (ALTy)

+0.40 seconds

As-Left Time Delay Relay TSTF-493 (ALTp)

+15.0 seconds

As-Found Undervoltage Relay (Voltage Trip) TSTF-493 (AFTy)

+1.460 V

As-Found Undervoltage Relay (Time Delay) TSTF-493 (AFTr)

+0.327 seconds

As-Found Time Delay Relay TSTF-493 (AFTmp)

+26.725 seconds

As-Left Loop Tolerance Undervoltage Relay (Voltage Trip) (ALTLv)

021V

As-Left Loop Tolerance Undervoltage Relay (Time Delay) — LOCA
(ALTc1)

+0.40 seconds

As-Left Loop Tolerance Time Delay Relay — No LOCA (ALTy1p)

+15.0 seconds

As-Found Loop Tolerance Undervoltage Relay (Voltage Trip) (AFTLy) | £1.460 V
As-Found Loop Tolerance Undervoltage Relay (Time Delay) - LOCA +0.327 seconds
(AFTvLr)

As-Found Loop Tolerance Time Delay Relay — No LOCA (AFTL1p) +26.727 seconds
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INTRODUCTION

These lastructlons contain the information requirsd to proper! s&:m d
cest 1-T-€ solld-state single phase voitage relays, ITE-27N and ITESON. operate, an

The |-T-E voltage relay Is housed In & sami-Flush drawout relay case sujtable for convan-
tional panel mounting.

All connections to ths relay ars made at termins!s locoted on the rear of the cass and
clsarly nucbhered.

Voltage and time dia) settings are located on the frant panel behind a removable clear
cover. Provisions for a meter sasl are included. .

A target indicator s also mounted on the front panel. The urg.'g':. reset by means of »
pushbucton extanding through tha ralay covar. ;

An LED indicator is provided for convenience in testing and catibrating the plckup and
dropout settings. '

‘ PRECAUTIONS
The following precautlons should be taken when applying thase relays.

1. luurrect' wiving may rasult In damage. Be sure wiring agrees with the connection dla~
gram for the particular relay bafore the relay Is energized. Be sure control power. Is appifed
in the correct polarity befare applying control powsr. i

2. Apply only the rated control vaitage merksd an the front panel.

For relays with dus! rated control voltage, withdraw the relay from the case and check that
the movable _  )ink on the circult board Is in tha correct position for the system control

voltage.

3. Do not attempt to menually oparate target vanss on these relsys. Although the targets
return cheir indjcation under shock, they can be dasmeged by manuail operation with s m"':'
pointed objsct. ] . ]

N. Do not apply high voltage tests to sollid-state relays. If a contro) wiring
test Iy required, partially withdraw the circuit board from the case to break the connections
bafore applying the tsst voltage.

S. The entire circuit assembly of the voltage relay is resovable. This board should in-
sert smoothly. Do not use force.

6. Note that removal of the tap block pin Is equivalent to setting the lowest tap.

7. foliow tast Instructions to varify that the relay Is In proper working order. If a
relay Is found to be defective we suggest that it be returned to the factory for rapair,
{enediate replacement of tha removable clement can be made from the factrory; idencify by
catalog number. We suggest that a complets spare relay be ordered as a replacement, snd the {no}-
eratlve unit be repaired and retained as & spare. By specifying the relay catalog number, a :
schematic and circuit description mey be obtained from your sales engineer should you desire
to repair ar recallbdrats the relay. CAUTION: Since troubleshooting entsils working with
enarglzed aquipment, caution should ba taken to avold personsl shock. Only competent tech-
nicians familiar with good safety practices should service thase devicas, ‘
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PLACING THE RELAY INTO SERVICE

1. RECEIVING, MANDLING, STORAGE

Upan receipt of the relay (when not inciuded as part of a switchboard ine f
camaga:” 11 Gomsoe or loxs 13 eidane, F1le 8 laim st once and promeiy motly the marest "
rown Baveri Electric Sales ca. the relay clean and dry and i -
ling to avoid mechanical damage. ¥ and use normal care in hand

ATTACHMENT -1
2. INSTALLATION 10 3C- 1ARI1-10034
Mounting PAGE 3 ©OF )2

The outline dimensions and panel drilling and cutout information Is given in Flgure 1.

Connections

All 1-T-E Protective Relays have metal front panels which are connected
¢lreuit board runs and connector wiring to a terminal at the rear of the m.;h:::z“ p\r':\:t::f-
minal is marked G". In all applications this terminal should be wired to ground. ’

Special care must be taken to connect control power in the proper polarity.

Internal and external connections are shown In the APPLICATION section, page 7.

For relays with dual rated control voitage, bdafore energizing the relay, the rel
should be withdrmifrm its ase; and a visual check be mads to insure tba:.tho‘mag::omrzl
voltage selection link has been placed on the correct terminal for the
The location of this link is shown in Figure 5. the system control voltage.

3. SETTINGS
PICXUP

The pickup taps are [dentified by the actual value of voltage which will cause the cutput
contacts to transfer. _

DROPOUT

Dropout taps are identified as a percentage of the pickup voltage. T . tded f
708, 803, 90% and 99% of pickup, OR 303, 0%, 503, 603 of pickup. age. Taps are provided for

TINE DIAL

The time dial taps are identified as 1,2,3,4,5, and 6. Refer to the time-vo che
acteristic curvas in the APPLICATION section of this manual. Time dial ulutlon‘::g:ot pro-r.
vided on relays with the high speed characteristic. :

SPECIAL NOTE

Pickup and dropout voltages say be adjusted to values other ";.“ ) - . ‘
fixed taos, hv means of Interns) calibration potentiometers. See sect '::‘:nﬂ;:;;‘:: ::rt::o- , -
cedures, "

On units with a time dial, the operating time may also be adjusted a -
between those provided by the fixed taps. - } to any smu!‘-v““
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'APPLICATION DATA

1=T-E Single Phase Voltage Relays provice a wide range of protactive functions, including
undervoltage protection of motors and automatic bus transfer. laherently high seismic and
transient imnunity allow the use of these relays in generating stations or substations where
the performance of electromechanical relays would be marginal, '

The unjque design of the output clrcuit does not require seal-in contaces allowing simpli~
ficatfon of bus-transfer schemes. Operation indicators are provided as standard features on
all types.

The !TE-27N and (TE*59N are designed for those appiications where exceptionsl accuracy,
repeatabilicy, and long term stability are required.

Marmonic distortion in the AC waveform can have a naticlble effect on the relay opersting
point and on measuring [nstruments used to set the relay. Sae discussion in the TESTING section
of this book. An internal harmonic fllter module will be avoilable at a later date for those
applications where waveform distortion s a factor.

1% ;
.87 m *
u‘;—%!s 'ﬁ‘:-i" | Wit &.‘;{.—__—_ Figure |
.- PannL 500 “Ralay Outline
Q t o .7
- - a4
h2ses
‘ ) — Oimensions are
2427 INCR
18 /] ——
L—_ o) ‘ o -~ ‘
FRONY VW » 18T vuw -
21 :
/m‘-aou noLES
%
! cutour ATTACHMENT 7
E 70 3¢ -quP4l-90024
| ¢ PAGE 4} OF J2
{
v
5.629 L"}.i.";‘; | {8ACK vitw)
] ‘
Characteristics of Common Units
Tioa Del Control Catalog
Type Pickup Range Oropout _Rasnge Plekup Jropoue Yoltage Number
ITE-27N 60 - 110V 708 - 993 inse 1-10 sec M/125 vde 21TM7S
60 - 110 ¥ 70% ~ 93% : inst 0.1«1 sec AB/118 vée 21176178
60 - 110 V __%;ﬁ____ Inag Inst M/128 vde 21170175
0 - 120 V - Tast nst
B - B R e e & 1)/ S
€ - to Vv 302 - 602 Inst G.1-1 suc . W8/128 vde 21176278 <
6 - 10V Joz - 603 tose Inst A8/125 véc 2170275 .
-3 -150V 703 - 9t 1-10 sec Inse - 48/125 vde 'zmmrf B
I ’9_” :g - |§: v 70% - 99% 0.1°) sec Inst A8/125 vde 20tu6178
100 - 150 v 703 - 9% Inse - tase 487128 vde 210175
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RATINGS
e ATTACHMENT 1.
et Rating : IVE-27N 160 Vac Maximum Continuous wq@q
: ITE-598 160 Vac Maximum Continuous PAGE § OF |2
Burden Less than | VA at 120 Vac T

frequency : 50/60 Hx

Each contact st 125 vde:
304 tripping duty
SA continuous
1A break, resistive
0.3A bresk, inductive

Qutput Clrcuit

Rated 48/12% vae‘ at 0.05 aspers max.

Cantrol Power :
(mus¢ aperate 38~ 60 Vdc for 48V nominal)
(must operate 70-142 Vdc for 125V nominal)
Temperature ¢ ANSI range -20°C to «55°C
Nust operate -30°C to +70°C
Tolerancss H Plckup and dropout settings with respect to printed dial
{Without harmonic markings (Tactory calibration) = +/- 2%,
fllter module,
after 10 minute Pleckup and dropout settings, repestability st constant temp=
warmeup. ) . sture and constant control voltage = +/~ 0.23. {Ses Note)
Pickup and dropout settings, repestabiliity over de control
power range of 100~140 Volts (38-57V) = ¢/« 0.23.  (Ses Nots)
Plckup and dropout sattings, repsstabllity over temperature
range: .
. ~20 to +55°C +/~ 0.4%
0 to +40°C +/- 0.2% (See Note)
Tolersnces ¢ Tima Delay '
Instancaneous madel £ 3 cycles operating tioe
Definite Time models (see approprists curve),
2103 or $20 millliseconds, whichaver is greater.
Reset Time Less than 2 cycles.
{1TE-27M resets when lnput voltage goes abave plckup setting.)
{1TE-5IN resets whan input vaitage goes balow drapout satting.)
Dielectric ¢ 2000 Vac RMS, | Minute, af! circuits to ground.

NOTE: The thres tolerances shown should be considered Independent and may be cumulative.
Talerances assune purs sine wave input signal,

Harmonic Filter (Preiiminary Oscs)  OPTIONAL

The harmonic filter module attenuates all harmonics of the 50/60Hz input. Therefore,
the relay then operates basicslly on the fundements! coponent of the Input voltage
signal. Ses figure on page 6 for typical fllter response curve.

Ratings are the same 83 shown above except:

Plckup and dropout settings, repestability over temperature range:

~20 to +55°C +/~ 1.5%
G to +40°C +/- 0.4%

Tion Delay
instantaneous model < b cycles operating time

Reset Time
Less than 1 cvclos
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t-T-£ SOLI0 STATE VOLTAGE RELAYS
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1-T-€ SOLID STATE VOLTAGE RELAYS PAGE 7

CONNECTION DIAGRAMS

OUTPUT CONTACT LOGIC

The foliowing cables define the output contact states in various conditions of the
meatured input voltage and the cantrol power supply. AS SHOWN means the contacts are in the
state shown on the internal connection diagram for the relay being considered. TRANSFERRED
means the contacts are in the opposite state to that shown on the internal connection dlagram.

CONTACT LOGIC
COKDITION R TTE=S3H—

Normal Control Power
input vuitage below dropout setting Transferred As Shown

Normal Control Power

input voltage above pickup settlﬁg As Shown Transferred
No Control Power As Shown As Shown
(=) 1+) AC

l . INPUT

I
é' é’ Os O3 &M és 0 @'
} ht:: External
Qs gsm-s gzm.oé,_ be connected.

for ralay to
operate.
Resistor Is
shipped mounted
on tha relay.

—o°

Figure 2:  internsl Connections

ATTACHMENT 1

[0 ¢ QiR 9003

. PAGE 77 oOF LD
st
] _

ndi

~,7 11_6_: '
1 Wy oo

:E]o | 1 " .T"mf

tigure 5: Typical External Connections

¢
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PAGE 8 {-T-E SOLID STATE VOLTAGE RELAYS
off fon .
< Pickup Voltage Level 4 1
‘..“ /
On . Off ¢ off on
*— Dropout Voltage tevel Z
"On : / off
input \
Voltage on \ Input VO'SIQQ off
Increasing ‘Q Decreasing
Start v Start
Figure hka: ITE-274 Operation of Flgure 4b: I(TE-S9N Operation of

Dropout Indicating Light

° Contonanr Sive °

Rib
) LoV 7o Tilchgassr
DRefauT CAw,

R27 ¢cw re Fwessme ‘“‘?

@ CCw TV Facaanis (219

PICKYP CAL, Ry

Cw Te TaeRk, C:):

TME
: { of TV

Camwrnes. yr ".§

Vasrase o
Sarser el &¥a
ITE-27TM Lowe. V g

LTE-SIN

=1 r....._.._._

Figure 5: Clrevit Board locations of Xay Componants

Pickup Indicating Light
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TESTING

1. MAINTENANCE AND RENEWAL PARTS

No routine maintenance is required on these relays.
that the relay is in proper working order.

Follow test Instructions to verify
We reconmend that an inoperative ralay be returned

to the factory for repair; however, a circuit description and/or a schematic diagram are

available

the factory. Thess relays have a control relay as the output stage.
ordered from the factory. Replacement target head assembl
be mechanically damaged. (See page !1)

for thase who wish to attempt repairs.

Contact your local sales engineer or contact

This cutput relay may be
y may be ordered should the target

Also avallable from tha factory are circuit card sxtenders which are recommended for use
when calibrating the relays. All thesa relays use the 18 point extendar, catalog 200X0018.

DRAWOUT ELEMENT

Drawout circuit boards of tha same catalog number are interchangesbls.
by using the metal pull knobs on the front panel.

The board is resoved
The circult board is identified by the

catslog number on the front panel and a serial numbar stamped on the under side of the circuit

bosrd.

CAUTION

Since troubleshooting entalls working with energized equipment, caution TO'SL'QIPZ"WU}?H

should be taken to avoid personal shock. Only competent technicians
famillar with good safety practices should service these devicas.

2. HIGN POTENTIAL TESTS

Do not apply high potential tests to solid state relsy clrcuits.

ATTACHMENT L

PAGE 9 OF )2

if a control wiring Insu-

latlon test is required, withdraw the circuit board from the case before applying the test voltage.
Partial withdrawal to disconnect circuit board from connector in rear of casa Is adequate.

3. ACCEPTANCE TESTS .

Follow calibration procedures under paragraph 4. Select Time Dlal #3. For ITE-27M,
Chuck timing by dropping voltage to 503 of pickup. For 1TE-S9N, by Increasing veltege to
t of pickup. Tolerasnces should be within those !lsted on page 5. Calibration

may be trirmed or adjusted to the final settings required for the application at this time.

110 percen

4. CALIBRATION TESTS

Connect the relay to the proper source of control voltage (to match tha relay nameplate
for ralays with dual rating, be sure the movable link on tha circult board {s in the

rating).

correct position., Connact the relay to the AC test sourcs and to a timer.

Typical test cir-

cults ara shown in figure 6 . If vary accurats settings are required for a particular spplica~
tion, say within 233 of a given voltage, & stable, harmonic free test sourcs is required. Ve
recormend a ")ine corrector’ type device be used in thess cases. Ses figure 7 for the recommen~
ded AC test source clrcuit. The 1ine corrector typically has less than 0.33 harmanic distortion.

A tight emitting dlode indicator is provided on the front panel for convenience

in testing.

its action Is Instantaneous, thereby removing the uncertainty caused by the time

delay before the output contacts transfer. The action of tha indicator depends on the voltage

level and the direction of voltage change and [s best explained by raferring to figure §.
Pick;:p may be varied between che fixed taps by adjusting the pfdwp calibration potentio=

meter R27.

at the nearest valus to the desired setting.

-

Pickup should be set first, with tha dropout tap set at 993, and the pickup tap set

Decrease the voltage until dropout occurs, then

recheck pickup by Increasing the voltage. Rasdjust untll pickup otcurs at precisely the desired

voitage.
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Potentiometer R16 is provided to adjust dropout. Set the dropout tap to the next iower

tap to the desired value. Increase the input voltage to above pickup and then lower until
dropout occurs. Readjust R16 and repeat until the required setting has been made.

Similarly, the time delay may be adjusted higher or lower than the vaiues shown on the
time-voitage curves by means of the time delay calibration potentiometer R4!. Time delay is
initiated when the voltage falls from above pickup to below the dropout setting.

if the voltage does not return to above the pickup setting by the end of the time delay
period, the output contacts will transfer.

The locations of the calibration potentiometers are shown in figure 5. The potentiometers
are muiti-turn types for excellent resolution and ease of setting.

BULLT-IN TEST FUNCTION .

A built~in test function s provided for convenlence in functionally testing the relay
and associated devices. CAUTION: tests should be made with the main circuit devenargized. If
tests are to be made on an energized clreuit, take al} necessary precautioas. The test button
is labelled TRIP. For the [TE-27N, when the button is depressed, an undervoltage condition
is simulated, and the relay will aoperate. For the ITE-53N, an overvoltage condition is
simulated. For relays with time delay function, you sust hold the button in for as long a3
the set time delsy to get an aperation.

S .
Yo Ac
"‘\".‘l:""’" TELT SovacE

DC Caserttor Sevats """E"—’Y sre Fie9
{~} {+} 0
r_—“ TIingd STARY
Lot

é&rmos Q.3 01 @'

; mo..E"I”L Fmoé—'} - .:

ATTACHMENT L
= | 10.5C-QuPZFA004)

PAGE JO_ OF o]

Tinet
srof
Xvieqy

Figure 6: Typical Test Circuit Connections , o . . Y
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The following AC test source arrangement is suggested when pickup or drop~
out settings must be made and veriflied to accuracias better than %3 percent of
the set point. The line corrector stabilizes the line voltage and has low har~
monic content. Ferroresonant regulators are not acceptable due to high har~
monic content of the output waveform. Two variable transformers provide coarse
and fine voltage adjustments., The voltmeter accuracy must be sufficient for the
setting being made: I1/& percent is recommended. The relay should be enargized
for 10 to 15 minutes bafore settings are made, to allow the clrcuits to stabillize.

T, T2 Variable Autotransformars (1.5 amp rating)
T3 Filiment Transformer {1 smp sacondary)
v AC Volitmeter
p
4

1  unt ¢ ‘
lzo::c CORRECTOR 120 VAL 120V " .3V
u (LKVA) E___

*—-— } g ’ z

bt T2 T3

COARSEK FINE

Figure 7. Suggested AC Test Sourcs Arrangement

1f desired, calibration potentiometers can be resealed with a drop of nall
polish at completion of callbration procsdures.

in Case of Difficulty

1. Check wiring to the relay.

2. Be surs control power s applied and in correct polarity.

3. Chack that the control power selection itnk on the clrcuit
beard is in the correct position for the system contra! valtage.

4. Check AC input voltage to relay and relay settings.

tontrol power selection for dual rated units Is sccomplished by changling
a wire on 8 2 position terminal block on the circuit board or by moving a !ink.
The tink is red and looks like:

ATTACHMENT .1

TOXC-Q1PEI-9004
PAGE || oOF 13

The relay target is an sliectrically opsrated, magnatically held device.

Replacement éf farget Head Assembly

Should the orange/dlack t;rg.t disk be damaged, it can easily bs replaced.
Order target head assembly part 609283-102 from the factory.

Replacement procedure:

1. From the front of the relay, pull the existing plastic holder gtrltgh;
off using nesdle nose pliers.

2. Carefully place the new target assembly on the pole pieces with disk
end closest to you.

3. With control power and normal AC voltage applied, press the target
reset button. If the target shows orange, remove the assembly, rotate

180 degrees, and reinstall. Actuaste targer reset, Terget should turn
to black. .
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2,400V to 4,800V BIL 60 KV Application — .
Indoor Voltage Designed for indoor service; suitable for operating
meters. instruments, relays, and control devices,

JVM '3 @N Regulatory Agency Approvals

50/60 Hz UL Recognized ... covsevrecosnrensnninen File E178265
Thermal Rating (Volt-Amperes)
55°C Rise abave 30°C Ambient ....ccvcncrinreensens venene 130
30°C Rise above 55%C AMDBIENT .c..uveeecerecoseermscnanee 500
Welght - Shipping/Net
{approximata, in pounds)
LOELTCETT, S, weeraesnsarsnenone 35/30
With FUuses ....cooveveeneimcenerone 38/33
Reference Drawings
Accuracy Curve .mevivenines svossnernsnnes enrmansss 9689241268
Excitation Curve.......... 5454043
Quiline Drawings:

UNFUSEA ...oevrreeevvierrenecerarseeesevsmensssssssesqsssnasseons 8949739

One/Twa Fuse; 040 and 042 ....... wrnenrenes 9926202
One Fuse; -033, 31, -32....ccvvecnevensn o 8949740
Two Fuse; 024, ~18, =18 ...o..coorooorrrrroriom 8949741
Wiring Diagram ........c....... refer to page 42, figure 5

Accessorigs ................cuu....... Catalog Number

JYM-J voltage transiormer {two-fuse design)

Fuses:
2400 Volt Class, 1 Ampere ......coinnnn.... 9FEDAABO0]
4800 Volt Class, 1 Ampere ......... vaerneenns SFGOBBDOOL
4800 Vol Class, 0.5 Ampere.......... ereeees SGFEOBBDY0S
Secondary Terminal Conduit Box .........9925183001
[ivi-3 OATA TABLE
Line-Todine ANSI Accurscy Classhication, 60 He
Clreuit Voltege Transtormer "‘Burden Per ANSI Burden Impedance
For Permiasible W@ Operatsd at a3 m Rats Voitege Primary Fuse
Primary Connection Primary Operatad at 9% of but Opsrated st 50% | Cataiog Rating
A Y _YoOny | Vaiege Ratio| RatedVottsge | Ruied Voitage | Rated Voitsge @ | Number [Ames| Voits

Untfused

2400 2400 4180 2400 200 (03 W, XM Y L2 03 WX 1.2 M, Y3 W, X0, M, ¥3 1.2 Z] 7683%021001] -~ -
4200 4200 - 4200 381 {03W XM Y, 12203 WX 1.2M, YDIW,. X, M. Y 1.2 2| 783X021002] -~ -
4800 4800 - 4800 4 JO.IW. X M Y 1.2 ZI03 WX 1.2 M, YR.IW, X, WM, V> 1.2 2| 763%X021008] - -
With One Primary Fuss
- - 2400 2400 20:1 - O3 WX 1.2 8 YRIW, X, M, Y 1.2 Z 783X021042] 1 A | 2400
- - 4180 2400 201 [0.9W, X M. Y 1.22 - - 1A | ¢8O0
- - 4200 4200 k3 - CIWX: 1.2M, YPIW, X', M, Y. 1.2 2]783X021031] 0.5 A | 4800
- - 4800 4800 40:1 ~ 0.3 WX 1.2 M, Y3 W, XX M, Y 1.2 21 763X021032] 0.5 A | 4800
With Two Primary Fuses '
2400 - 2400 @ 2400 2000 [OAW, X MY, 12203 WX 1.2 M, YD.3W, X', I\, YV 1.2 21783X021040 1A | 2400
- ~ 4160 2400 21 JO3W. XM Y; 1.2 - - 763X021024] 1A | 4800
4200 - 42009 4200 351 [03W X, M. Y;1.2Z03 WX 1.2M, YRIW, X, M, v 1.2 2] 783X021018| 0.5 A | 4800
4800 - 4800 @ AB00 1 AW X, MY 12ZI03 WX 1.2 M, YDIW, X, M, Y 1.2 Z] 763X021018 )} 0.5 A | 4800
Notas;
© For contiruous opreation, the trersfoemesatas ponvany witsge stouid no b D For Y conerctions, i is prafemed practics t comnect ons iest om each voXegs
axcheded by mose T 10%. Under emergency congitions, over-vakuge 21 be rnraformet dicactly ta the grounded asutral, saing & fuse only in tha e aide of the
Erritad © 1.29 Smes the ranglonwar primary-voltage rating. primary. By Whis connection s tranxionner can nevir by “siva” from the lins side by
@ Qpevatad g158% of Ratad Voltage; the prime symbol () is used & signify thetthass rangon of & blown fi0e o the grounded side.

burderns S0 not carrespand to standasd ANS) definitions.

@ Date suiyect 1o change WUt Ak e.
GE Meter 130 Main Si., Somersworth, NH 03878 USA & Canada: {500) 620-2004 Fax: (518) BE0-2828: GE Worldwide: {518) §65535%
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GENERAL INFORMATION

PURPOSE

The BE1-27 Undervoltage, BE1-59 Overvoltage and the BE1-27/59 Under/Overvoltage
Relays are solid-state devices which provide reliable protection for generators,
motors and transformers against adverse system voltage conditfions.

Appliication

Electric power systems are designed for constant voltage operation. Loads
utilizing commercial electric power are designed to operate at a constant input
voltage level with some tolerance. Radical voltage variations on a power system
are indicative of a system malfunction. Protective relays which monitor system
voltage and provide an output signal when the voltage goes outside predeter-
mined limits, find a varfety of applications. Some of these applications
include motor, and transformer protection, interface protection for cogeneration
systems, and supervision of automatic transfer switching schemes,

Motor Pratection

When selecting the type of protection for motor applicatfons, the motor type,
voltage rating, horsepower, thermal capability during start-up, and exposure to
automatic transfer restarting following a voltage interruption need to be con-
sidered. During motor start-up, a low terminal voltage condition will inhibit
the motor from reaching rated speed. The BE1l-27 undervoltage relay will detect
this lTow voltage condition and trip. Critical applications requiring continuous
motor operation and applications where overloads during start-up may be main-
tained for a given time pertod, usually have a definite time or inverse time
delay characteristic incorporated to avoid unnecessary tripping during low
voltage dfps. If the undervoltage condition persists for the established time
delay, the relay output contacts are connected to the statfon alarm annunciator
panel, allowing the station operator to take corrective action. The BE1-59
Overvoltage relay is applied to insure the voltage does not exceed the limits
established by the machine manufacturer for proper operation. Overvoltage con-
ditions stress the insulation Tevel of the equipment and may cause a dielectric
breakdown resulting in a flashover to ground.

Automatic Transfer Switching

Distribution substations are sometimes designed with duplicate supply circuits
and transformers to eliminate service interruptions due to faults located on the
primary feeder. In order to restore service within a given acceptable time
perfod, automatic transfer switching can be applied to initiate the throwover
from primary power to the alternate power source. The BE1-27 Undervoltage Relay
can inftiate switching after a given time delay to void transfer switching
during temporary low voltage conditions, To return the substation to normal
service upon the restoration of primary voltage, the 8F1-59 overvoltage relay
supervises the transition to its normal operating condition.

1-1
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Cogeneration
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utilities employ the use of a voltage check scheme to supervise reclosing at the
substation when gogenerators are connected to a radial distribution feeder and
the cogenerator is capable of supplying the entire load when the utility cfrcuit
breaker is open., During a faulted condition, the utility requires the'cOgenera-
tor to be disconnected from the system before reclosing the utility breaker, If
the cogenerator is connected to the system, the utility will reclose to an

energized line,

This could result in reconnecting two systems cut of synchronism with each
other. A BE1-27 undervoltage relay monitoring the Tine voltage will inhibit
reclosing of the utility circuit breaker if the line is energized by the cogen-

erator.

At the interface between the utility and the cogenerator, overvoltage and under-
voltage relays are installed as minimum protection to provide an operating-
voltage window for the cogenerator. During faulted conditions, when the
cogenerator may become overioaded, the BE1-27 Undervoltage Relay will detect the
decline in voltage and remove the cogenerator from the system. The BE1-59
Overvoltage Relay will protect the system from overvoltage conditions that occur
when power factor correction capacitors are located on the feeder.

Transformer Protection

Voltage relays can be applied to protect large transformers from damage as a .
result of gverexcitation. The concern for transformer overvoltage may be mini-
mized in many power system applications where proper voltage control of the
generating unit {s provided. However, where a tap changing regulating trans-
former is located between the generating source and the load, some form of
voltage protection may be required to supplement the tap changing control and to
prevent equipment damage due to over, as well as undervoltages resulting from a
failure of the tap changing control, The BE1-27/59 Under/Qvervoltage Relay is
well suited for these applications.

Ground Fault Oetection

In a three-phase, three-wire system, a single conductor may break or the insula-
tion may deteriorate resulting in a high resistance ground fault which may not
be detected by the overcurrent relays. This condition, however, may be sensed
by an overvoltage relay connacted to a grounded wye, broken delta set of poten-
tial transformers (PT's) as illustrated in Figure 1-1. With this connection,
and a sensitive relay setting, an unbalanced voltage condition, such as
described above, can be quickly detected and isolated.

Y A

e Lz

. F-.SB [T 827§ ]
J‘_*._...I:SII

Figure 1.1. Ground Fault Detection
1.2
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The electrical characteristics and operationat features included in a specific
relay are defined by a combination of Tetters and numbers which constitutes the
device's style number. The style number together with the model number describe
the features and options in a particular device and appear on the front panel,
drawout cradle, and inside the case assembly, The model number BE1-27/59
designates the relay as a Basler Electric Class 100 Under/Overvoitage Relay.

STYLE NUMBER IDENTIFICATION CHART

f#0 B00-000-00000
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SAMPLE STYLE NUMBER

The style number tdentification chart above illustrates the manner in which a
relay’s style number is determined. For example, if the model number is
2E1;27/59 and the style number is AJF E1J AOSIF the device has the following
eatures:

A) Single-phase voltage sensing

3) Sensing input compatible with a pickup adjustment range of 55 to 160 Vac
F) Two normally open output relays (one per functfon) - _

E1) Definite timing for each function

J) Operating power derived from a 125 Vdc or 100/120 Vac source

A) Two internally operated target indicators (one per function)

0) XNo instantaneous functions

S) Push-to-energize outputs (pushbuttons)

1) Two normally open auxiliary output relays (one per function)

F) Semi-flush mounting

EBW Electrtg
Hightane, Mincve



Voltage Sensing

Power Supply

Target Indicators

Output Contacts

SPECIFICATIONS
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Nominally rated at 50/60 Hz, (120/240V or
100/200V) with a maximum continuous
voltage rating of 360V (120V nominal) or
480V (240V nominal) at a burden less than
1 VA per phase. Frequency range is from
40 to 70 Hz.

Nominal Inpet Surdes
Typa logmt Voltage 1)
Yoltage Raage omina)
£ 43 véc 24 to 60 vac 6.5
J 125 vac 62 to 150 vac 1.5%
120 vac $0 to 132 Vac 19.0 VA
Lt 24 vdz 12 to 12 vac 7.0W
Yo 48 vde 24 ta 80 voc 6.5V
128 vde £2 to 150 vac 154
z 50 vae 140 to 289 vae .54
230 Vac ta 270 vac £5:0 va

* The Type ¥ power supply $3 field selectanle for 48 or 125 Vde.
Selection nust ba tspimsantad at the tine of Installation,
This power supply option s fattory set for 128 Véc.

t Typa & power sapply may Teguire 14 Vde to begin cpwrating, Oace
sperating, the voitage wsy Be reduced to 12 Vde.

Magnetically latching, manually reset
target indicators are optionally
available to indicate that a trip output
contact has energized. Either internally
operated or current operated targets may
be selected, Current operated targets
require a minfmum of 0.2 Adc flowing
through tha output trip circuit, and are
rated at 30 A for 1 second, 7 A for 2
minutes, and 3 A continuously.
Internally operated targets should be
selectad if the breaker control circuit
is ac powered, or if the relay has
normally closed output contacts.

Qutput contacts are rated as follows:

Resistive

120 Vac - make, break, and carry 7 A
continuously.

250 Vdc - make and carry 30 A for 0.2
seconds, carry 7 A con-
tinuously, break 0.1 A.

500 vdc -~ make and carry 15 A for 0.2
seconds, carry 7 A con-
tinuously, break 0.1 A.

Inductive
120 Vac, 125 vdc, 250 vdc - break 0.1 A
1.4 (t/n = 0.048).

@ Basier Elactric



Undervoltage and Qvervoltage
Pickup Range

Undervoitage and Qvervoltage
Pickup Accuracy

Dropout Accuracy

Instantaneous Time Accuracy

Definite Time Range

Definite Time Accuracy

Inverse Time

Inverse Time Accuracy

Shack

Vibration

Isolation

Attachment 2
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Continuously adjustable over the range of
1 to 40, 55 to 160, or 110 to 320 Vac as
defined by the Style Chart. See Section
3, System Voltages for explanation of
pickup ranges,

+2% ar +0.5 volts of the pickup setting,
whichever is greater.

+2% of pickup.

Less than 50 ms for a voltage level that
exceeds the pickup setting by 5% or 1
voit, whichever is greater,

Adjustable over the range of 0.1 to 9.9
seconds in increments of 0.1 seconds, A
setting of 00 designates instantaneous
timing,

Within + one half of the least signifi-
cant digit time plus 50 ms.

Inverse curve types are defined by the
Style Chart and are represented by the
curves shown on pages 3.4, 3.5, and 3.6,
Inverse time is adjustable from 01 to 99
in increments of 0l. Incrementing the
time dial varies the inverse curve along
the Y axis. A setting of 00 designates
instantaneous timing.

Within +5% or 50 ms (whichever is
greater} of the indicated time for any
combination of the time dial setting and
pickup setting and is repeatable within
+2% or S0 ms (whichever 1§ greater) for
any combination of time dial and tap
setting,

15g in each of three mutually perpen-
dicular axes.

29 in each of three mutually perpen-
dicular axes swept over the range of 10
to 500 Hz for a total of six sweeps, 15
minutes each sweep,

2500 vac at 60 Hz for 1 minute (1500 Vac
for one minute across open contacts) in
accordance with 1EC 255-5 and ANSI/IEEE
€37.90-1978 (Dielectric Test).

1-5

ga‘mmm
Mighinet, iineis



Attachment 2
to JC-Q1P81-90024
SHEET 8 OF 17

Surge Withstand Capability Qualiffed to ANSI/IEEE (37.90-1978,
C37.90a-1974, and IEC 255.

Fast Transient Qualified to ANSI/IEEE €37.90.1-198X.
Impulse Test Qualified to IEC 255-5.
Temperature "
0perat1ng -40°C (~40°F) to +70°C (+158°F)
Storage -65°C (-85°F) to +100°C (+212°F)
Weight 14 pounds ‘maximum,
Case Size A1l units supplfed in an Sl size case.
1-6
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GENERAL ELECTRIC’S NEW

TYPE 4725 FREQUENCY TRANSDUCERS

FUNCTION

Type 4725 tranacucers convert frequency of 30, 60, and 400 Hz at
120 volts il dc mifismps (0.5 ma to +0.5 ma), The bed may be
Q- 10K chmas.

OESCRIPTION

The new, compact Type 4725 Frequency Transducer empioys the
latas! technology 0 give & constart cument culput inio a variable
ioad impecance, Ouistanding opeaiing charcieristcs, such s lese

¢ New Compact Size.

* +0.5% Accuracy

® +0.02% Voltage Rejection

* 1 ma output (0-10K ohms
Load Range)

® +0.02% linearity

¢ 20.02% Load Resistance
offect

¢ Readily interchanged Elec-
tricaily & Mechanically with

fan £0.2% tempersture influsnce on aocumicy over ~20°C o

sign. The ssmi-conductors snd integrated cincuils sne mounted on
spoxy (Dergiesa circuit boards. The slecronic circuite and supparting
components of theas unils are mounted on an integnal steel cradiie,
which in housad In & waided steel encicsure. Since here is no pot-
ting, removal of two scraws providas essy access (o the entire as-

sembly.
GENERAL APPLICATION

mwm-memmmommo
hurbine controt.

™he Type 4725 Freguency Transducer is cupabie of ditving any e
dicating instrument of direct-aciing and polsatiomantc recorder. De-
vices moat cormmonly used ere Types DB-16, 18, 30, and 40 swikch-
board ingrurants; Type 180 Edgewise; Typs 195 or Type 196 me-
ter reiuye: 810 LOOK ® and HORIZON UINE ® panel meters; and CH
3 CF recorders. Fraquency ransducers are used by OEM's uities,
coniraciors, and industrial manufaciurers.
OPERATION
Fraquancy o dc fransisiion is accompliahed through the use of a &
ode-puraped inlegraior circuit. High-quality componants such as
feld-effact swilching transistons and medaiized pofycarbonate capach-
tors are uaed 10 enaure excailant performance.

supply provides & ero drift tias levet i the

mmnmmmwammmpo.
tentiomutens for Zro ANt SpN.

* -20 ~ 10 00:04”6”;!00504&0?0
ENT TEMPERATURE, *C
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Full Seate Calibration: see Table |

Potential Input:
8. Nominal, 85-135 voits OUTPUT (~)
b. Overipad withstand, continucus, 150.voits
€. Overload withstand, I minute, 200 voits
d. Burden at 120 volts, <2 va, including amplifisr power CUTPUT (+)

Frequancy Spanc see Tabls I: for other spans consuit factory
Opersting Temparature Range: ~20°C to +65° C M%Mt

Max. Temperature Effect an Accuracy:
< £0.2% of center fraquency

Fuli-Scate Qutput: 1 ma

Qutput Load Range: 0-10K ohms

Unesrity: +£0.029, of center frequancy

Une Valtage Rejection: £0.02%, of centar frequency DIMENSIONS

Adjustments: 2 7An
a. zero, =10% of center frequency, minimuny adjustmant ; ,7’ ™
b. cafibrate, £20% of nominal full scaie values in Tabis |, N

minimum agjustability 2 7/16

CIOICIC.

Ac Componant On Output Signal: <1%

Responss Time: 400 milfiseconds

Dislectric Test: 1500 v RMS

Weigit 1.2

TABLE {, FREQUENCY TRANSDUCERS
Typical Standard Modsl Calibration
Frequancy Sgan Hp Output Range DG
Catalog No. &

Low Canter High Low Ceater High

45 S0 55 ] S0-472%00UBHB | —0Sma] 0.0ms | +0.5ma]0-20K

55 60 63 | 50-472500UKHB | ~05ma | 00w {+0.5ma [0.10K]

380 400 420 | 50-4725004vHB | ~0Sma} 00ms | +0.5ma {0-10K]

Nota: ARmodels e sel-powerid mas—tummm

INSTRUMENT PRODUCTS DEPARTMENT
40 FEDERAL STREET, LYNN, MASS, 01910

GENERAL WD ELECTRIC

1(6M}
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GEI-19008E

SUPERSEDES GEI-15008D

FREQUENCY RELAYS

TYPES

IJF51A, IJFS1B,
and IJFS52A

2 o Weeg

LeSE % L : "L
N T 1F 1T . iy
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STATIONARY BRUSH
ANO CONTACT

ceam_ g ASSEMBLY
UNIT VIRE: CONTROL SPRING
3 AND ADJUSTING
TARGET ./ RING
MOVING . SN SHAFT
CONTACT 5 ¥ = DRAG MAGNET
i _..ELE__ pDisx
Fig. 1 Type IJF Relay Removed From Case (Front View)
ADJUSTABLE
RESSTOR
RESTRAINT OPERATING
colL coiL

Ftg. 2 Type IJF Relay Removed From Case {Rear View)

Fig. 1 (8009053) {8042893) Cover

Fig. 2 (6003060)



FREQUENCY RELAYS
TYPE UF
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INTRODUCTION

These are relays of the induction disk type
intended for the pr.tection of apparatus againgt
effects of overfrequency or underfrequency.

The Type WIF i3 an induction disk ¢ relay
gmdmd iiu ausingle ?ﬁt drggout caxse. tsh:\w ut::
ed-pole U~magnet type driving elements ac
on opposite sides of the disk. of these, the
operating element, i designed to drive the disk in
the direction to close the left contacts, and the
other, the restraining element to drive the disk i
the contact-opening direction on relays having single-
throw contacts and to close the right contacts on
relays having double-throw contacts. The disk
shaft is restrained by a spiral spring, the principal
purpose of which is to hold the contacts open when
the relay is de-energized. The motion of the disk
is retarded by permanent magnets to give the

correct time delay for cloaing the contacts.

There is a seal-in unit mounted to the left of
the shaft on the Type LJF51A and LIF51B relays.
The Type LIF52A relay has a seal-in unit mounted
on both sides of the shait. This element has its
coil in series and its contacts in parallel with the
main contacts such that when the main contacts
close, the seal-in element picks up and seals In.
When the gseal-in element picks up it raises a
target into view which latches up and remains
exposed until released by pressing a button beneath
the lower left corner of the cover.

The case is suitable for either surface or
semiflush panel mounting and an assortment of
hardware is. provided for either mounting., The
cover attaches to the case and also carries the
reset mechanism when one i3 required. Each
cover screw has provision for a sealing wire.

The case has stods or screw conpections at
both ends or at the bottom only for the external
connections. The electrical connections between
through spring backed contect fingors mounted bn

ough spr contac T8
atationary &eﬂ inner and outer blocks between
which nests a removable connecting plog which
completea the circuits. The outer blocks, attached
to the case, have the studs for the external con-
nections, and the inner blocka have the terminals
for the internal connections,

The relay mechanism 18 mounted in a steel
{framework called the cradle and is a complete unit
with all leads being terminated at the inner block,
This cradle is held firmly in the case with a latch
at the top and the boitom and by a guide pin at the

back of the case. The cases and cradles are so

constructed that the relay cannot be inserted in the

case upside down. ‘The connecting plug, besides

making the electrical connections between the re-
ective blocks of the cradle and case, also lock

the latch in place., The cover, which is fastened to

ge igausa by thumbscrews, bolcfa the connecting plug
place,

To draw out the relay unit the cover is first
removed, and the plug drawn out. Shorting bars are
provided in the case toshortthe current transformer
circuits. The latches are then released, and the
relay unit can be easily drawn out. To replace the
relay unit, the reverse order is followed.

A separate testing plug can be inserted in place

of the connecting plug to test the relay in place on

the panel either from its own source of current and
voitage, or from other sources. Or, the relay unit
can be drawn out and replaced by another which has
been tested in the laboratory.

APPLICATION

The Type WP frequency relays are recome
mended for protection of

against overspeed or under. conditions caused
by loss of load in the case of generators, or loas of
supply or {n the case of motor and condensers.
The relays can be used to operate protective de-
vices, or to sound an alarm whenever the frequency
of the circuit varies by a predetermined amount
above or below normal.

RATINGS

These relays are available in frequency ratings
%m vo";?a to 60 cycles and voltage ratings of 115 and

The current closing rating of the contacts is
30 amperes for voltages not exceeding 250 voits.

TABLE 1
Amperes, AC or DC
Function *
2-Amp Tap | 0.2 Amp Tap
Tripping Duty 30 5
Carry Continuously 3 0.3

Thess instructions do not purport to cover all details or variaticns in equipment nor prov.
overy possible contingency to be met in connection with finstallation, - -t
further information be dasired or should particular problems azise which are not covered suffictently for
the purchaser's pusposss, the matter should ba referred to the Censral Rlectric Company.

TO tha extant reguirad the products describwd horein meet applicadle ANSY,
but no sach assurance is given with respect to local cudes and ordinances because they very grestly.

cperation or meintenance. Should

IBER and NEXA standards;
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Frequency Relays Type WF GEI-15008

The 2-ampere tap has a d-¢ resistance of 0,13
ohms and a 60 cycle impedance of 0,53 ochms while
the 0.2-ampere tap has a 7 ohm d~c resistance and
a 52 chm 60 cycle imnpedance. The tap setting used
on the seal-in element {5 determined by the current
drawn by the trip coil.

The 0.2-ampere tap is for use with trip colls
that operate on currents ranging from 0.2 up to 2.0
amperes at the minimum control voitage. I« this
tap is used with trip coils requiring more than 2
amperes, there is a possibility that the 7-chm
resistance will reduce the current {o so low a value
that the breaker will not be tripped,

The 2-ampere tap should be used with tripcoils
that take 23 eres or more at minimum control
voltage, provided the tripping current does not
exceed 30 amperes at the maximum contral voitage.
i the tripping current exceeds 30 amperes an
auxiliary relay should be used, the connections
being such that the tripping current doss not pass
through the contacts or the target and seal-in colls
of the protective relay.

BURDENS
Burden data for the 55-80 cycle under frequency
relay and 60-85 cycles overfrequency relays are
given in Table I at 115 voits 60 cycles.

Burdens liated are total burden of relay.

TABLE I
Relay Voit | Power | g,
LFS1A 8.7 .89 8.6
WUFs1B §.8 .98 5.7
Total burdens for the WFS52A relay at
1135 voits are as follows: Tope d
TABLE 1
Volt Power
Freq. Amps Pactor Watts
28 6.3 95 é
eo 10‘7 .89 1 905

RECEIVING, HANDLING AND STORAGE

These relays, when not included ag apartofa
control panel, will be shipped in cartons designed to
protect them against damage. Immediately upon
receipt of the relay, an examination should be made
for any damage mufirn:d during shipmenti.‘ zlm
or damge resul m rﬂnﬂl hﬂndnns
a claim should be filedatonce with the transportation
company and the nearest Sales Office of the General
Electric Company notified promptly.

mmotgeg:l:&momrmmeMm

K the relays are not tobe installed immediately,
they should be stored in their cartons in a
place that is free from moisture, and metatlic
chips. Foreign matter collected on the outaide of
the case may find ita way inside when the cover is
remvedam}cme in the operation of the

Reasonable care should be exercised in un- relay,
INSTALLATION
LOCATION AUXILIARIES

The location should be clean and dry, free from
dust and excesgive vibration, and lighted to
facilitate inapection and testing.

MOUNTING

The relay should be mounted on a vertical
%ceizmmm:andmeldmmuahwn
g 13.

CONNECTIONS

Internal connection dia for the various
relay types are shown in Fig. 7 to 9 inciusive,
Typical wiring diagrams are given in Fig, 10and 11.

One of the mounting studs or screws ahould be
permanently grounded by a conductor not less than
No. 12 B&S gage copper wire or its equivalent,

When external capacitors, and in some cases
resistors, are furnished with relays they are iden-
tified by means of serial rumbers, These numbers
are of the form KX-1023 or OA-215% The purposse
of these numbers is to ingure that esevelay, when
installed, will be provided with the es
with which it was calibrated at the factory

The reason for this precaution is to eliminate
the variation in of the relays which
would otherwise result from the variation in elec-
trical properties of the auxiliaries.

ADJUSTMENTS
TARGET AND SEAL-IN ELEMENT
Por trip colls oper on currents rangin
from 0.2 up to 2.0 amperes themininumcnnm&

voitage, set the target and seal-in tap plug in the
0.2-ampere tap.
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Potential Transformer:

angle ¢ -or is normally so smalt thac it can be neglecred
in all by the most exacting messurements.

In general terms, 2 Ratio Correction Factor
(RCF) greater than |—for instance, 1.002—will cav ¢
the meters and inscrumnents in the secondary cireuit to
sead low (0.2 percent low foe an RCF of 1.002).

A negative (lagging) phase-angle error will cause
2 wattmeter in the secondary circnit of a potential
cransfotmer to read high (for the normal siteation of
lagging line power factors), This results from the fact
thas 1 lagging porential phase-angle error decreases the
power actor angle of the secondary circuit, over whst
it was in cthe primary cireuit, by decreasing the angle
by which che current lags the voltage as shown in Fig.
9. Since the watr reading results from che product of
the voltage, current, and power facror {cosine of
power-factor angie), a decreased angle gives an appar-
et higher power facvor which makes the warrmeter

STANDARD ACCURACY CLASSIFICATION

The USAS] Standards for Instrument Trans-
formers, USAS C$7.13, has standardized on 3 method
of classifying potencisl cransformers as to sccuracy.
As the accuracy is dependent on the burden, standard
bardens have been designated, and these are che bur~
dens at which the sceuracy is to be classified.

The standard burdens have been choten to cover
the range normally encountered in service and are
Jisted by che letrers W, X, Y, Z, and 22, as follows:

USASE STANDARD BURDENS FOR POTENTIAL
. TRANSFORMERS

Volt-am Burden
Burden at 120 volts. Power Pacror
w 12.5 0.10
X 50 0.70
Y 750 0.4¢
z 2000 0.85
y - A 2000 0.85

HOTE=USASI Siondards siute that sendard berdans fer gotential
transfemmers shell huve the eme volegmpers ead pawwruster
vaivas far ul fraquances.
Tt shoukd be poinred out chat the burden of any specific
meter OF inscrument may approximate, but seldom is
the same 38, any one of the standard burdens. The
standa.  burden serves merely as a standardized refer
ence point at which the accuracy of the reansformer
may be stared. '

The accuracy classification as given by USASI
is as follows:

- USAS! AGCURACY CLASSES FOR POTENTIAL

TRANSFORMERS

‘Limite of Ratio Cers
Accurscy :u:t‘lu Factorc:fu i‘:f‘(‘l‘; of i‘;‘;’:’" ';?::
Claws ™ Transformer Cor- |'TIL4E08 1020

12 1.012-0.968 0.6-1.0
0.6 1.006~0.994 0.6~1.0
03 1.003-0.997 0.6-1.0

The Hmits given tar eoth sccuvnty cem sty ow 10 perant shove

rated sshisge te 13 parcent helww rered volloge. a1 rered Irequency,

mhuhiunmwm!mnmwdsd
o

The Ratio Corveetion Factor (RCF) has been defined
as the facror by which the marked ratio must be
multiplied in order to cbzain the true ratio.

The Transformer Correction Fsctor (TCF) repre-
sents 2 mathod of setring dowa in ooc number, the
combined effect of the ratio error and the phase-angle
€rrot on wattmerer or similar measurements where the
change in power factor from primary to secondary cir-
cuits enters the measurement. TCF is defined as the
facror by which 3 wartmeter reading must be multiplied
to correct for the combined effect of the instromens
transformer ratio cocrection factor and phase angle.
The limits of TCF, as indicured in the tuble above,
have been set up by USASI for the range of load
power factor ser forth in the rable. If the power facror
of the primary circuir is outside this range, the TCF
of the transformer also may be curside the limics spec-
ificd, even though the transformer is correctly listed
as one which will meer a cerrain acearacy class,

Since published dasa on porentizl-transformer
characteristics, as well as the data given on transfortner
calibration certificates, are usually given in the form
of ratio correction factor snd phase-angle error, it is
necesssry to have 3 means of interpraving these data
in terms of the sccuracy classification given in the
rsble. This is dene as follows:

For any known ratio correction facror of a given
potential cransformer, the positive and negasive limiting
values of the phase-angle error (y) in minures may
be adequately expressed as follows:

7= 2600 (TCF —RCP)}{.

1The formulsm—y o 2500 CTCF RCF)=and che elogramy of F
lodﬁvdknhmgodmumr. m&n:‘hg

C«G)J)’h)—uﬁ. However, the spproximate formuls ine
woduces very livede creor inro the calenlation and is cotirely adequare
for narmal perposes,

n
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" TECHNICAL SPECIFICATIONS
F2250 POWER SYSTEM SIMULATORS

General Specifications

Source Operation:

Accuracy specifications includa ol errors
contributed by vartations in power line
voltage, load reguiation, stability, and
temperaturs, up to full output power. Stable
source operation in four quadrants: load
power factor from 1 to O, lgading or lagging.
The F2250 Family is supplied with a Certifi-
cate of Calibration traceabls to the National
Institute of Standards and Technology.

Source Power:
May be lower than the maximum rating at
frequencies other than 5Q/60 Hz or DO,

Electrostatic Discharge Immunity:

{EC 801-2: |.E.C. performance level 1 @

10 KV: normal performance within specifica-
tions. |.E.C. performance levsl 2 ® 20 KV
no permanent damage.

Surge Withstand Capahility:

ANSVEEE C37.90, The F2250 functions as a
sowurce duning surge withstand capablliity tests,
when the specified isolating circut is intar-
posed between the F2250 and the test relay.

AG Amplitude Accuracy:

From 20° to 30° C, +0.4% of reading maxi-
mum at SO/60 Hz From 0° to 50° G, +0.5%
of reading absolute maximum Typically 0.2%
of reading.

Distortion:

Low distortion sina waves; total harmonic

distortion: 0.2% typical; 2% maximum at
50/60 He.

Noise:

-80 B of range

Phase Angle:

Aange: Qo+ 359.9° (Lead) /O ko
-359.9° {Lag}

Accuracy: +0.25° at 50/60 Hz

Resolution: +0.1° at 50/80 Hz

Frequency:

Range: de; ac from

0.1 Hzto 10 kHz

Accuracy:

Frorn €° to 507 C,
£0.0005% or 5 PPM, at
80 Hz

frequency accuracy is
+0.0003 Hz

Manual Ranges:  do; ao: base frequency of
50/60 Hz, up to 20th and

the 100th harmoenic

F2010 Minicontroller/Automation Ranges
and Resolutions:
Range: 0.1 1t09999.9 Hz

Range is dependent on the frequency selec-
tion on the simudator. When the frequency
salaction on the stmulator is 60 (50) Hz,
range is 0.1 Hz to 99.899 Hz with 0.001 Hz
resolution. Whan a higher level of hammonic
is selected on the simulator, then the range
is the base range (0.1 - 99.999 Hz} multi-
plied by the selected level of harmonic, and
tha resolution is equat to the order of the
harmenic times {0.001 Hz).

Example 1: If the base frequency selection

i5 120 {or 100) Hz, which is the secaryd
harmgenic, then the range is 0.2 Hz to 199.99
Hz with a resolution of 0.002 Hz.

Example 2: If the base frequency selection is
300 {or 250) Mz, which is the fifth harmonic,
then the range is 0.5 to 499.99 Hz with a
rasalution of 0.005 Hz.

RAMP/SET:

RAMP: Continuously Incrementa/decre-
mants voitage, current, and phase angle at
different ramp rates. Insures smooth, linsar
changes in value camried to next significant
digit, by changing the least significant digi.

Ramp Rates: - Least Significant Digits per
Second (L.S.D.45).

Ampfitude: 1,5,10, 100 and 1000 L.3.D./s

Phase Angle: 12,5, 360 LS.D./s.

SET: Individually sets each digit, with ngxt
significant digit camy over.




General Specifications — continued

Logle Dulputs:

Teo sets of galvanically isolated Logic Qutputs,
sach set has a nommally gpen (Form A) termi-
nal, shared common terminal, and a hormally
closed (Form B) terminal,

Switching Power: 10 watts maximum
Input Voltage: 30D V-deand{or)
ac peak maximum
Switching Current: 0.2 A make or
traak maximusm
Carry Current: 0.3 A maximum
Operate Time: 1 millisecond
maximum

Logic/Signal tnputs:

Two sets of galvanically isolated Logic/Signal
Inputs, sach set has a voliage ssnsing terminal
far ac or de voltage, a shared common terminal,
and a dry contact sensing terminal,

Contact Sense Mode, for dry contacts:

Open Circult Test Voltage: 30 voits nominal
Short Circuit Test Current: 90 mA nominal

Threshold: 460 chms nominal
Voltage Sense Mode, for ac and de voltages:

fnput Voltage: 420 valts dc
and {or) peak ac
mapamum

Input Impedance: 100 K ohms
nominal

Threshold: 1.5 volts nominal

Attachment 3
to JC-1Q1P81-90024
SHEET 2 OF 4

Multl-Mode Digital Timer:

Accuwracy: +0.0005% of reading, + one
Inast significant digit, £50
ricroSecands.

Resolution: 10 microSeconds. (1 least
significant digity.

Ranges: 0 - 9999.99 miliseconds;

0 - 9999.99 seconds;
0 - 9999.94 cycles;

GPS time of day may be displayed when using
the F2895 GPS Cption

Line Power Suppiy:
105 - 132 Vor 210 - 264 V (field selectable)
at 47-63 Hz

Operating Temperature: 0° to 50° ©
Storage Temperature: -25° to +70° C

Humidity: Up to 95% relative humidity,
non-condensing.

Displays: 0.3" High Intensity fltered LED

Interfaces:
AS232 rermote control to PG

IEEE 488 instrument Inter-communications
network

0232 for £2010 Minicontroller

External Signal inputs for voltage and current
conditioning amplifier

Battery Simulator (optionai):

Range: 48V, 125V, 250 V-do
Power: 60w
Enclosure:

High impact, molded, flame retardant ABS
- Meets National SafeTransit Association testing
specificagtion

No. 1A for immunity 10 severe shock and
vibration

Dimensions:

9.5 x19.75 x 22 inches or 24 x 50 x 55.8 cm
Weight:

50 lbs./22.7 kg

Audible Noise:
Measured at 2 meters: ANSI Type 2

Typically: Front: 52.5 dBA  Rear: 55 dBA
LH.: 54 dBA RH.:52.5 dBA




F2253 VOLTAGE AND CURRENT SOURCES
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MOBE 1: Source 1 Voitage

Source 2 Current
Power 50/60/Hz & DG

Source 1 AC Voltage

Continuous Power 180 VA-mms
Source 1 DC Voltage

Continuous Power 150 watts
Source 2 AC Curvent

1.5 second Transient 875 VA-rms

Continuous Power 450 VA-rms
Sowrce 2 DC Current

1.8 second Transient 575 watts

Continuous Power 450 watlts

MODE 2: Source 1 Current
Source 2 Current
Power 50/60/Hz & DG

Source 1 AG Current

1.5 second Transient 225 VA-rms

Continuous Power 180 VA-rms
Sowrcs 1 DC Guirent

1.5 second Transient 225 watts

Caontinuous Power 150 walts
Source 2AC

Current 1.5 second Transient 4580 VA-mms

Continuous Powsr 300 VA-ims
Source 2DC

Current 1.5 sacond Transiarnt 450 watts

Continuous Power 300 waits

Ranges (Resolution)
75, 150, 300 V-rms {0.01)

108, 212, 424 V-de (0.01V)

15, 30, 45, 80, 90 (0.014}, 180 A-rms (0.1A)
7.5, 15, 22.5, 30, 45 (0.001A), 90 A-mms {0.014)

18, 30, 45, 60, 90 (0.01A), 180 A-dc {014}
5, 10, 15, 20, 30 {0.001A), 60 A-dc {.014)

Ranges (Resofution)

15, 30, 60 A-rms (0.014)
7.5, 15, 30 A-rms {0.0014)

15, 30, 60 A-dc: {0.01A)
5,10, 20 A-dc (0.0014)

15, 30, 60 {0.014), 120 A-rms (0.14)
7.5, 15, 30, 60 A-rms {0.001TA)

15, 30, 60 (0.014), 120 A-dc (0.14)
5,10, 20, 40 A-dc (0.0014

F2252 VOLTAGE AND CURRENT SOURCES

MODE 1: Source 1 Voltage

Source 2 Current
Power 50/60/Mz & DO

Sowrce 1 AC Voltage

Continuous Power 150 VA-rms
Source 1 DC Voltage

Continuous Power 150 watts
Sowurce 2 AC Current

1.5 second Transiant 450 VA-rms

Caontinuous Power 300 VA-rms
Source 2 DC Current

1.5 second Transient 450 watts

Continuous Power 300 watts

Ranges {Resolution)
75, 150, 300 V-rms {0.01\)
108, 212, 424 V-dc (0.01)

15, 30, 60 (0.01A), 120 A-rms (0. 14)
7.8, 15, 30, 60 A-ms {0.001A)

15, 30, 60 (0.01A), 120 A-dc {0.14}
5,10, 20, 40 A-dc {0.0014)
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Source 2 Current
Power 50/60/Hz & DC Ranges (Resolution)
Source 1 AG Current
1.8 Second Transient 225 VA-rms 18, 30, 60 A-rms {0.01A)
Continuous Power 150 VA-rms 7.5, 15, 30 A-ms {0.001A)
Source 1 DG Gurrent
1.5 Second Transient 225 watts 15, 30, 60 A-de (0.01A)
Continuous Power 150 watts 5, 10, 20 A-dc (0.001A)
Source 2 AC Current
1.5 secord Transignt 225 VA-ms 15, 30, 60 A-rms (0.01A)
Continuous Power 150 VA-rms 7.5, 15, 30 A-ims {Q.001A)
Sowrce 2 DC Current
1.5 second Transient 225 watts 15, 30, 60 A-dc (1.014)
Continuous Power 150 watts 8, 10, 20 A-de (0.001A)

F2251 VOLTAGE AND CURRENT SOURCES

Power 50/60/Hz & DG Ranges {Resolution)

Source 1 AC Voltage

Continuaus Power 150 VA-rms. 75, 150, 300 V-ms 0.01%
Sowrce 1 DG Voitage

Continuous Power 150 wattg 108, 212, 424 V-de (0.01V)
Source 2 AC Current

1.5 secand Transient 225 VA-rms 15, 30, 60 A- rms {0.01A}

Continuous Power 150 VA-rms 7.5, 158, 30 A-oms {0.001A)
Source 2 DG Current

1.5 secand Transient 225 walts 15, 30, 60 A-dec (0.1 A}

Continuous Power 150 watls §, 10, 20 A-dc (0.0014)

Specications are subiect to changs without nobics,

Fer more information, contact fserieshelp@doble.com

TOGETHER WE POWER THE WORLD

Doble Engineering Company
85 Walnut Street

Watertown, MA 02472 USA B

tal +1 617 926 4900 Doble is certified IS0 8001:2000
fax +1 617 926 4528 Doble is an ESCO Technologies Company

WAW.C0bI@.Com e rrrs e
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DESIGN VERIFICATION CHECKLIST
Sheet 1 of 3
IDENTIFICATION: DISCIPLINE:
_ . ) L Dlcivil/Structurat
Document Title: Division Ill Degraded Bus Voltage Setpoint Validation (7/5 3.3.8.1)
Clelectrical
Doc. No.: JC-Q1P81-90024 Yy Rev. 3 QA Cat. 1 Xh&c
L " yd .
Robin Smith -Mﬁ/@::—— ‘: 4@.’-3 Cvechanical
Veritfier: Print Sign Date CNuclear
[lother
Manager authorization for
supervisor performing
Verification.
B N/A
Print Sign Date
METHOD OF VERIFICATION:
Design Review X Alternate Calculations EJ Qualification Test [

The following basic questions are addressed as applicable, during the performance of any design verification. {ANSI
N45.2.11 - 1974] [NP QAPD, Part Il, Section 3][NP NQA-1-1994, Part |, BR 3, Supplement 35-1].

NOTE The reviewer can use the “Comments/Continuation sheet” at the end for entering any
comment/resolution along with the appropriate question number. Additional items with new question
numbers can aiso be entered.

1. Design Inputs — Were the inputs correctly selected and incorporated into the design?

(Design inputs include design bases, plant operational conditions, performance requirements, regulatory
requirements and commitments, codes, standards, field data, etc. All information used as design inputs should
have been reviewed and approved by the responsible design organization, as applicable.

All inputs need to be retrievable or excerpts of documents used should be attached.
See site specific design input procedures for guidance in identifying inputs.)

Yes X No[J N/A O

2. Assumptions — Are assumptions necessary to perform the design activity adequately described and reasonable? Where
necessary, are assumptions identified for subsequent re-verification when the detailed activities are completed? Are the
latest applicable revisions of design documents utilized?

Yes X No[O N/A O

3. Quality Assurance — Are the appropriate quality and quality assurance requirements specified?

Yes X No[J N/A O

[
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DESIGN VERIFICATION CHECKLIST

10.

11.

12.

13.

14.

15.

Sheet 2 of 3

Codes, Standards and Regulatory Requirements — Are the applicable codes, standards and regulatory requirements,
including issue and addenda properly identified and are their requirements for design met? '

Yes [X] No [ N/A O

Construction and Operating Experience — Have applicable construction and operating experience been
considered?

Yes No ] N/A O

Interfaces — Have the design interface requirements been satisfied and documented?

Yes X No[J N/A O

Methods — Was an appropriate design or analytical (for calculations) method used?

Yes X No [J N/A O

Design Outputs — Is the output reasonable compared to the inputs?

Yes X No[J N/A O

Parts, Equipment and Processes — Are the specified parts, equipment, and processes suitable for the required
application?

Yes [ No[ N/A

Materials Compatibility — Are the specified materials compatible with each other and the design
environmental conditions to which the material will be exposed?

Yes O No[ N/A K

Maintenance requirements — Have adequate maintenance features and requirements been specified?

Yes X No [ N/A O

Accessibility for Maintenance — Are accessibility and other design provisions adequate for performance of
needed maintenance and repair?

Yes [] No [ N/A K

Accessibility for In-service Inspection — Has adequate accessibility been provided to perform the in-service
inspection expected to be required during the plant life?

Yes ] No[J N/A K

Radiation Exposure ~ Has the design properly considered radiation exposure to the public and plant
personnel?

Yes ] No[Q N/A X

Acceptance Criteria - Are the acceptance criteria incorporated in the design documents sufficient to allow
verification that design requirements have been satisfactorily accomplished?

Yes [ No [J N/A K
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16.

17.

18.

19.

20.

21

Test Requirements ~ Have adequate pre-operational and subsequent periodic test requirements been
appropriately specified?

Yes[X] - No [} N/A []

Handling, Storage, Cleaning and Shipping — Are adequate handling, storage, cleaning and shipping
requirements specified?

Yes [ ] No[] N/A X

Identification Requirements — Are adequate identification requirements specified?
Yes [] No [] N/A X

Records and Documentation — Are requirements for record preparation, review, approval, retention, etc.,
adequately specified? Are all documents prepared in a clear legible manner suitable for microfilming and/or other
documentation storage method? Have all impacted documents been identified for update as necessary?

Yes [X] No [] N/A ]

Software Quality Assurance- ENN sites: For a calculation that utilized software applications (e.g., GOTHIC,

SYMCORD), was it properly verified and validated in accordance with EN- IT-104 or previous site SQA

Program?

ENS sites: This is an EN-IT-104 task. However, per ENS-DC-126, for exempt software, was it verified in the
calculation?

Yes [ ] No [] N/A

Has adverse impact on peripheral components and systems, outside the boundary of the document being
verified, been considered?

Yes [X] No [ ] N/A []
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