PRACTICE EXAM 5: PE POWER SIMULATION
(80 QUESTIONS)

1. A three-phase, 2,400V, 60 Hz feeder serves a balanced load of 800 kW at 0.75 lagging power factor.
The feeder uses 4/0 AWG copper conductors with R = 0.0608 /1000 ft and X = 0.0445 Q/1000 ft per
phase. The one-way feeder length is 1,200 feet. What is the approximate three-phase line-to-line voltage
drop?

A. 118V
B.72V
C. 206 V
D.54V

2. A 480V panelboard is supplied by a 300 kVA, 480V secondary transformer with 4.0% impedance.
The transformer is fed from a utility source with 1.5% impedance on the transformer base. An engineer
incorrectly uses only the transformer impedance to calculate the available fault current, ignoring the
source impedance. What is the percentage error in the calculated fault current compared to the correct
value?

A. The engineer overestimates the fault current by approximately 10%
B. The engineer underestimates the fault current by approximately 27%
C. The engineer overestimates the fault current by approximately 27%

D. The engineer underestimates the fault current by approximately 10%

3. A three-phase system operates on a 100 MVA base with a base voltage of 13.8 kV on the low side.
The only source impedance is a transformer with Z = j0.80 pu on this base. What is the three-phase fault
current at the 13.8 kV bus in amperes?

A. 4,184 A
B. 3,347 A



C.33,470 A
D.5230 A

4. A 150 HP, 460V, three-phase induction motor has a locked-rotor code letter H (kVA/HP range: 6.3 to
7.09). Using the midpoint of the code letter range, what is the approximate locked-rotor current?

A. 763 A
B.870 A
C.1,100 A
D. 650 A

5. Per NEC 250.66, the grounding electrode conductor for a service with 1,000 kcmil copper service-
entrance conductors must be at least what size?

A. 2/0 AWG copper
B. 4/0 AWG copper
C. 3/0 AWG copper
D. 250 kcmil copper

6. A transformer differential relay (87T) operates by comparing the current entering and leaving the
protected transformer. The relay's percentage restraint slope is set at 25%. This means the relay will trip
when the operate current exceeds what fraction of the restraint current?

A. 75% of the restraint current
B. 50% of the restraint current
C. 25% of the restraint current

D. 12.5% of the restraint current

7. A balanced three-phase, 480V system feeds a wye-connected load of 36 kW at unity power factor.
Each phase of the load has an impedance of Z_phase. What is the magnitude of Z_phase?



A.6.4€Q

B.19.2 Q
C.12.8Q
D.5.55Q

8. A three-phase, 4,160V, low-resistance grounded system limits ground-fault current to 400A. The
neutral grounding resistor is rated for 10 seconds. A ground fault occurs and the primary ground-fault
relay fails to trip. A backup timer-supervised relay trips after 8 seconds. Was the grounding resistor's
thermal limit exceeded?

A. Yes, the resistor's It rating was exceeded at 8 seconds
B. Yes, because the backup relay should have operated within 5 seconds
C. No, but the resistor is now at 64% of its thermal limit and should be inspected

D. No, because 8 seconds is within the 10-second thermal rating of the resistor

9. A 50 ft x 30 ft classroom requires an average illuminance of 50 footcandles at the work plane.
Recessed LED troffers produce 5,000 lumens each. The CU is 0.68 and the LLF is 0.80. How many
luminaires are required?

A. 14 luminaires
B. 20 luminaires
C. 28 luminaires

D. 35 luminaires

10. Per NEC Article 517.13, the grounding requirements for patient care areas in healthcare facilities
require which of the following for branch circuits serving patient bed locations?

A. A redundant equipment grounding path — an insulated copper equipment grounding conductor in
addition to a metallic raceway system

B. A single equipment grounding conductor sized at 200% of normal requirements

C. A dedicated grounding electrode at each patient bed location bonded to the main ground bus



D. An isolated ground system using orange-colored receptacles at every patient bed

11. A 100 kVA, 480Vv/208Y/120V, three-phase dry-type transformer has open-circuit losses of 450 W,
short-circuit losses at rated current of 2,100 W, and a percent impedance of 5.0%. At 80% load with a
0.85 lagging power factor, what is the approximate efficiency?

A. 96.2%
B. 95.8%
C. 97.5%
D. 96.3%

12. A 230 kV transmission line is 200 miles long. The line has a series impedance of Z = 0.10 + j0.75
Q/mile per phase and a total shunt capacitive susceptance of Y = j1.2 x 107 S per phase for the entire
line. What is the approximate SIL (surge impedance loading) of this line?

A. 140 MW
B. 212 MW
C. 350 MW
D. 106 MW

13. An engineer is designing a motor branch circuit for a 30 HP, 460V, three-phase motor. NEC Table
430.250 lists the FLA as 40A. The engineer sizes the conductor at 125% of 40A = 50A and selects 6
AWG THHN copper (75°C ampacity = 65A). Is this conductor selection compliant with the NEC?

A. No, because 6 AWG THHN must use the 90°C ampacity column for motor circuits
B. No, because motor circuit conductors must be sized at 150% of FLA per NEC 430.22
C. Yes, the 6 AWG conductor with 65A ampacity at 75°C exceeds the 50A minimum

D. Yes, but only if the conductor insulation is rated for 90°C even though the 75°C ampacity is used

14. A synchronous generator rated 200 MV, 20 kV has a short-circuit ratio (SCR) of 0.5. What is the
per-unit synchronous reactance X_d of this generator?



A.2.0pu
B. 0.5 pu
C.1.0pu
D.4.0pu

15. A 13.8 kV, three-phase system has a bolted three-phase fault current of 18 kA at the main bus. The
system X/R ratio at the bus is 12. Using the asymmetrical multiplying factor, what is the approximate
first-cycle peak asymmetrical fault current?

A. 36.0 KA
B. 25.5 kA
C.43.2 kA
D. 45.0 KA

16. Per NEC 220.12, the unit load for general lighting in an office building is 3.5 VA per square foot.
An office space measures 10,000 square feet. The building also has 120 general-purpose receptacle
outlets. Per NEC 220.14(1), each receptacle is counted at 180 VA. What is the total connected lighting
and receptacle load before applying any demand factors?

A. 35,000 VA
B. 56,600 VA
C. 21,600 VA
D. 45,000 VA

17. A three-phase, 480V, 60 Hz, 2-pole induction motor operates at a full-load speed of 3,540 RPM. The
motor drives a centrifugal pump through a direct coupling. If the supply frequency drops to 58 Hz due to
a system disturbance, what is the approximate new synchronous speed?

A. 3,540 RPM
B. 3,480 RPM
C. 3,600 RPM



D. 3,420 RPM

18. A 138 kV gas-insulated switchgear (GIS) installation uses SFs gas as both the insulating and arc-
extinguishing medium. Which of the following is a primary environmental concern associated with SFs
gas?

A. SFs is highly toxic to humans at concentrations above 100 ppm
B. SFs is flammable and poses an explosion risk during switching operations

C. SFs is an extremely potent greenhouse gas with a global warming potential approximately 23,500
times that of CO-

D. SFs depletes the stratospheric ozone layer similar to CFC refrigerants

19. A three-phase, 4,160V system has the following sequence impedances at a fault bus: Z: = 0.05 +
j0.25 pu, Z2 = 0.05 +j0.25 pu, Zo = 0.10 + j0.60 pu on a 20 MVA base. The pre-fault voltage is 1.0 pu.
What is the per-unit positive-sequence current for a bolted double line-to-ground (DLG) fault?

A. 2.98 pu
B.2.22 pu
C.4.17 pu
D. 1.85pu

20. A building has a total of four 200A, 480V feeders. Each feeder serves a mix of motor and lighting
loads. The engineer must verify that each feeder's overcurrent device has adequate interrupting capacity.
Per NEC 110.9, what specific parameter must each overcurrent device's rating meet or exceed?

A. The connected load current on the feeder it protects
B. The maximum available fault current at the point where the device is installed
C. The sum of all motor locked-rotor currents on the protected feeder

D. The transformer's rated secondary current divided by the percent impedance



21. A cable insulation resistance test on a 5 kV XLPE cable yields the following results: at 30 seconds R
=800 MQ, at 1 minute R = 1,200 MQ, at 10 minutes R = 3,600 MQ. Calculate the dielectric absorption
ratio (DAR) and the polarization index (PI).

A. DAR =0.67, Pl = 3.0 — both indicate good insulation

B. DAR = 1.5, PI =0.33 — both indicate degraded insulation
C. DAR =1.5, PI = 4.5 — both indicate suspect insulation

D. DAR = 1.5, PI = 3.0 — both indicate good insulation

22. A facility's electrical system has the following characteristics: a 2,000 KVA service transformer with
5.75% impedance, a main breaker rated 2,500A at 65 kA AIC, and feeder breakers rated at 480V with
25 KA AIC. The utility provides a short-circuit current of 500 MVA at the primary. An engineer must
verify whether the feeder breakers are adequately rated. What is the first calculation the engineer should
perform?

A. Calculate the transformer's primary overcurrent protection size per NEC 450.3
B. Calculate the maximum available fault current at the feeder breaker locations
C. Calculate the maximum available fault current at the secondary of the service transformer

D. Calculate the arc flash incident energy at each feeder breaker location

23. A 75 kVA, single-phase, 7,200/240V distribution transformer serves a residential customer. The
customer's peak demand is 55 kVA. During a hot summer day, the ambient temperature reaches 45°C
(the transformer's rated ambient is 30°C). The transformer's nameplate rating assumes 30°C ambient.
Approximately what is the effective capacity of the transformer at 45°C ambient?

A. Approximately 65 kVA (reduced due to elevated ambient temperature)
B. 75 kVA (transformers are not affected by ambient temperature)

C. 55 kVA (exactly matching the customer's peak demand)

D. 37.5 kVA (reduced by 50% for the temperature difference)



24. An industrial facility operates a 2,000 HP, 4,160V synchronous motor at 0.90 leading power factor
for combined mechanical load and power factor correction. The motor efficiency is 96%. What is the
reactive power the motor delivers to the system?

A. 340 kvar
B. 1,553 kvar
C. 570 kvar
D. 680 kvar

25. Per NEC Article 501.10(B), which of the following wiring methods is permitted in a Class I,
Division 2 location?

A. Nonmetallic-sheathed cable (Type NM) with PVC fittings
B. Type MC cable with a gas/vaportight continuous corrugated metallic sheath
C. Flexible cord without any connector or fitting requirements

D. Open wiring on insulators with minimum 12-inch spacing

26. A feeder overcurrent relay is set with a pickup of 600A and uses an IEEE very inverse time-
overcurrent characteristic. The relay's time dial is set at 2.0. A fault of 3,000A occurs on the feeder. The
multiple of pickup M = 3,000/600 = 5.0. Using the IEEE very inverse formula t = TD x (19.61/(M? — 1)
+ 0.491), what is the relay operating time?

A. 2.62 seconds
B. 1.64 seconds
C. 4.90 seconds
D. 0.82 seconds

27. A balanced three-phase, wye-connected load draws 120A per phase from a 208Y/120V system. The
load power factor is 0.80 lagging. What is the total three-phase apparent power?

A. 144 kVA



B. 25.0 kVA
C.43.3 kVA
D. 34.6 kVA

28. A 1,500 kVA, 13.8 kV/480V, delta-wye grounded transformer serves an industrial MCC. The
transformer nameplate lists an impedance of 5.75%. The transformer is being energized for the first
time. The expected magnetizing inrush current peak is approximately 10 times the rated full-load
current. What is the approximate peak inrush current on the 480V secondary?

A.1,804 A
B. 9,020 A
C. 3,608 A
D. 18,042 A

29. A 480V motor control center has three motor starters and a lighting panel. Motor 1: 75 HP (NEC
FLA = 96A, LRC = 6x FLA). Motor 2: 50 HP (NEC FLA = 65A, LRC = 6x FLA). Motor 3: 25 HP
(NEC FLA = 34A, LRC = 6x FLA). Lighting panel: 45A continuous. The MCC feeder must be sized
per NEC 430.24 and 215.2(A)(1). What is the minimum feeder conductor ampacity?

A.351 A
B.351.25 A
C.295A
D. 408 A

30. Per NEC Article 690.12, PV system rapid shutdown requires that controlled conductors more than 1
foot from the PV array boundary be reduced to no more than 80V within 30 seconds of rapid shutdown
initiation. Additionally, conductors within the array boundary must be reduced to no more than 80V
within how many seconds?

A. 30 seconds
B. 10 seconds
C. 60 seconds



D. 120 seconds

31. A three-phase, 480V, solidly grounded wye system has a single line-to-ground fault on Phase C.
During the fault, Phase C voltage to ground drops to near zero. What is the approximate voltage between
Phase A and Phase B during the fault?

A. 277 V (line-to-neutral value)
B. 240 V (reduced from the 480V nominal)
C. 480 V (line-to-line voltage remains essentially unchanged)

D. 554 V (increased to \3 x line-to-line)

32. A 500 kW load currently operates at 0.65 lagging power factor. An engineer proposes installing a
synchronous motor rated at 200 HP (150 kW mechanical output at 0.80 leading PF, 94% efficiency) to
both serve a new mechanical load and improve the overall plant power factor. What is the new
combined power factor of the facility after the synchronous motor is added?

A. 0.72 lagging
B. 0.85 lagging
C. 0.92 lagging
D. 0.80 lagging

33. A CT ratio of 300:5 is used with a digital multifunction relay. The relay's metering function displays
a primary current of 225A. What current is flowing in the CT secondary circuit?

A.375A
B.5.0A
C.45A
D.125A



34. An 18-pulse VFD is proposed to replace a 6-pulse VFD on a 500 HP motor to reduce harmonic
distortion. The 6-pulse VFD has a measured input current THD of 32%. What is the approximate
expected input current THD of the 18-pulse VFD?

A. 16% (halved from the 6-pulse value)

B. 10.7% (reduced by one-third)

C. 24% (reduced by 25%)

D. 5% or less (the 18-pulse topology eliminates harmonics through the 17th order)

35. Per NEC 450.3(B), the maximum primary overcurrent protection for a transformer rated 600V or
less with a primary current of 9A or more is 125% of rated primary current. A 150 kVA,
480V/208Y/120V, three-phase transformer has a rated primary current of 180.4A. What is the maximum
standard primary overcurrent device size?

A.200 A
B.225A
C.175A
D. 250 A

36. A distance relay on a 69 kV line uses a mho characteristic for Zone 1 set at 80% of the line
impedance. The line has a total positive-sequence impedance of Z line = 3 + j25 Q. A high-impedance
fault occurs at 50% of the line through a fault resistance of 15 Q. The measured impedance at the relay
includes the fault resistance. Will Zone 1 operate for this fault?

A. Zone 1 may not operate because the fault resistance shifts the measured impedance outside the mho
circle

B. Zone 1 operates instantaneously because 50% is well within the 80% reach
C. Zone 1 operates after a time delay to account for the fault resistance

D. Zone 1 always operates regardless of fault resistance within its reach setting

37. A three-phase, 13.8 kV underground cable system is 5 miles long. The cable has a charging current
of 3.2A per mile per phase at rated voltage. The system uses a 13.8 kV, 600:5 CT at the sending end for



overcurrent protection. What is the total three-phase cable charging current, and does it significantly
affect the CT secondary reading during normal operation?

A. 16A total; it does not significantly affect the 5A-rated CT secondary
B. 48A total; it may affect the CT reading and must be considered in relay settings
C. 16A total per phase; it causes a 1.6% error in a CT carrying 1,000A load current

D. 9.6A total; it is negligible for protection purposes

38. Per NFPA 70E, before an energized electrical work permit (EEWP) can be issued, the employer
must first demonstrate one of two conditions. Which of the following is one of those conditions?

A. The work can be completed in less than 15 minutes, minimizing exposure time
B. The energized work will be performed by a contractor rather than an employee
C. The facility manager has approved the risk in writing with a witness signature

D. De-energizing introduces additional or increased hazards, or is infeasible due to equipment design or
operational limitations

39. A 750 kVA, 4,160V/480V, three-phase transformer has the following equivalent circuit parameters
referred to the secondary: R_eq = 0.0036 Q and X eq = 0.0198 Q. The transformer serves a full load at
0.90 lagging power factor. What is the approximate voltage regulation?

A.5.8%
B. 3.8%
C.2.1%
D.7.2%

40. A 480V, three-phase, four-wire panelboard serves a balanced nonlinear load on all three phases.
Each phase draws 100A of fundamental current and 40A of third-harmonic current. The panelboard has
a 200A main breaker. What is the neutral conductor current, and should the neutral be sized larger than
the phase conductors?



A. 120A in the neutral; the neutral should be sized at least equal to the phase conductors for this
harmonic loading

B. OA in the neutral; harmonics do not affect neutral current in balanced systems
C. 40A in the neutral; standard neutral sizing is adequate

D. 300A in the neutral; the neutral must be double the phase conductor size

41. A grid-connected battery energy storage system (BESS) rated 10 MW / 40 MWh uses lithium iron
phosphate cells. The system is dispatched for peak shaving, discharging at 8 MW for 4 hours daily. At
this dispatch profile, the daily depth of discharge per cycle is what percentage, and what impact does
this have on battery cycle life compared to full-capacity cycling?

A. 80% DOD; this is the maximum recommended DOD with minimal impact on cycle life
B. 50% DOD; moderate impact on cycle life compared to full cycling
C. 80% DOD; this significantly reduces cycle life compared to partial cycling

D. 20% DOD; this has minimal impact on cycle life compared to full cycling

42. Per NEC 430.32(C), the overload protection for a motor used in a continuous duty application must
be capable of detecting a locked-rotor condition and must trip the motor within what time frame if the
motor does not start?

A. Within 10 seconds for all motor types and applications
B. The overload device must ultimately trip during a locked-rotor condition based on its trip class
C. Within 30 seconds regardless of the overload relay trip class

D. Within 5 seconds for Design B motors and 10 seconds for Design D motors

43. A 345/138 kV, 400 MVA autotransformer has a series impedance of 10% on its own base. A second
identical autotransformer is placed in parallel. On a 100 MVA system base, what is the combined
parallel impedance of the two transformers?

A. 0.05 pu
B. 0.025 pu



C. 0.50 pu
D. 0.0125 pu

44. A three-phase, 460V, 60 Hz, 6-pole wound-rotor induction motor has a full-voltage locked-rotor
torque of 180% of rated torque. External rotor resistance is added to achieve a starting torque of 250%
of rated torque. Compared to the standard squirrel-cage starting, what effect does the added rotor
resistance have on the starting current?

A. The starting current decreases while the starting torque increases
B. The starting current increases proportionally with the starting torque
C. The starting current remains unchanged but the torque-speed curve shifts

D. Both starting current and starting torque decrease due to the added resistance

45. An engineer is performing a short-circuit study on a 480V system. The utility source contributes 500
MVA of short-circuit capacity at the 13.8 kV primary bus. A 2,000 kVA, 13.8 kV/480V transformer
with 5.75% impedance feeds the 480V bus. Motors on the 480V bus have a combined contribution of 4
x FLA = 2,400A during the first cycle. What approach is correct for determining the total first-cycle
available fault current at the 480V bus?

A. Use only the transformer impedance; motor contribution is negligible at 480V
B. Add the motor contribution to the transformer contribution to find the total available fault current

C. The total fault current equals the transformer contribution plus the motor contribution, both calculated
at the 480V bus

D. Subtract the motor contribution from the transformer contribution because motors absorb energy
during faults

46. Per NEC 230.95, the maximum setting for ground-fault protection of equipment (GFPE) on a solidly
grounded wye service is 1,200A, and the maximum time delay at currents of 3,000A or more is what
value?

A. 0.5 seconds
B. 1.0 seconds



C. 0.1 seconds
D. 2.0 seconds

47. A separately excited DC motor has the following nameplate data: 240V, 100A, 1,750 RPM,
armature resistance 0.15 Q. The motor is driving a load at rated conditions. If the field flux is reduced to
80% of its rated value while the armature voltage remains at 240V, what is the approximate new steady-
state speed, assuming the load torque remains constant?

A. 2,219 RPM
B. 1,750 RPM
C. 2,188 RPM
D. 1,400 RPM

48. A three-phase, 480V, 400A switchboard has an available fault current of 35 kA symmetrical. All
internal breakers are rated 22 kA AIC. A Class J current-limiting fuse is proposed as the main protective
device to limit the let-through current below 22 kA. Per NEC 240.86, this installation is classified as
what type of combination?

A. Selectively coordinated per NEC 700.32
B. Fully rated per NEC 110.9

C. Series-rated combination per NEC 240.86
D. Current-limiting retrofit per NEC 240.60

49. A 100 m x 80 m industrial facility has a flat roof at a height of 12 m. The annual ground flash
density at the site is 6 flashes/km?/year. Using the NFPA 780 collection area formula A D = LW +
6H(L + W) + 9nH?, and a location factor C_D of 1.0, what is the approximate annual lightning strike
frequency?

A. 0.05 strikes/year
B. 0.22 strikes/year
C. 0.45 strikes/year



D. 0.15 strikes/year

50. Per NEC 110.26(C)(1), for equipment rated 1,200A or more and over 6 feet wide, there must be at
least one entrance to the required working space not less than 24 inches wide and 6.5 feet high at each
end of the working space. What is the purpose of this dual-entrance requirement?

A. To provide an escape route so a worker is never trapped by an arc flash or electrical incident between
the equipment and a single exit

B. To ensure adequate ventilation for heat dissipation from high-current equipment
C. To provide access for two workers to perform simultaneous maintenance safely

D. To allow equipment to be moved in and out for replacement without wall modifications

51. A feeder protection relay uses a definite-time overcurrent element set at a pickup of 800A with a
time delay of 0.5 seconds, and an instantaneous element set at 8,000A. A fault of 6,000A occurs on the
feeder. The backup relay at the main breaker has a definite-time element with a 1.0-second delay at this
current level. What is the expected sequence of operations?

A. The instantaneous element trips in 1-3 cycles because 6,000A exceeds its pickup
B. The backup relay at the main breaker trips first because it has a shorter delay
C. The feeder relay's definite-time element trips after 0.5 seconds

D. Neither relay operates because 6,000A is between the two pickup settings

52. A three-phase, 13.8 kV, wye-grounded system has a single line-to-ground fault on Phase A. The
measured fault current is 5,400A in Phase A. Zero-sequence current lo flows through the neutral. What is
the magnitude of lo?

A.5,400 A
B.3,118 A
C.9350 A
D. 1,800 A



53. A 200 kW load operates at 0.78 lagging power factor on a 480V, three-phase bus. The bus is fed by
a 500 kVA transformer. What percentage of the transformer's capacity is being consumed by this load?

A. 40%
B. 51.3%
C.78%
D. 41.7%

54. Per NFPA 70E, the "live-dead-live" voltage testing procedure requires that the voltage detector be
tested on a known live source before and after testing the de-energized conductors. If the voltage
detector fails the second live test (indicating the detector malfunctioned during the de-energized test),
what action must be taken?

A. The electrically safe work condition is not verified; the entire testing procedure must be repeated with
a known-good detector

B. The de-energized reading is still valid because the detector was confirmed working before the test

C. A second voltage detector may be used for the final verification without repeating the de-energized
test

D. The circuit can be considered de-energized if visual verification of open disconnects was performed

55. A power system has a 50 MW generator connected to a 138 kV infinite bus through a transmission
line with reactance X_line = 0.20 pu and a transformer with reactance X_T = 0.10 pu. The generator has
a transient reactance X'_d = 0.25 pu and an internal voltage of E' = 1.15 pu. The bus voltage is 1.0 pu.
What is the steady-state stability limit in MW on the generator's base?

A. 50 MW

B. 90.9 MW
C. 104.5 MW
D. 200 MW



56. A 480V, three-phase VFD with an active front end (AFE) is compared to a standard 6-pulse VFD of
the same rating. Which of the following correctly describes an advantage of the AFE drive over the 6-
pulse drive?

A. The AFE drive has a lower initial cost and simpler control circuitry
B. The AFE drive draws nearly sinusoidal input current with THD typically below 5%
C. The AFE drive requires no DC bus capacitors, reducing maintenance costs

D. The AFE drive is smaller and lighter because it eliminates the rectifier stage entirely

57. A 4,160V, three-phase system uses a zigzag grounding transformer to create a neutral point for
grounding on an otherwise ungrounded delta system. The zigzag transformer has a zero-sequence
impedance of Zo =j0.05 pu on a 10 MV A base. What is the primary purpose of this transformer?

A. To convert the delta system to a wye system for serving line-to-neutral loads
B. To provide series reactance for limiting three-phase fault current
C. To supply reactive power for voltage regulation on the delta bus

D. To provide a low-impedance path for zero-sequence current, enabling ground-fault detection and
limiting transient overvoltages

58. A three-phase, 460V, 8-pole induction motor has a nameplate speed of 855 RPM. The motor drives a
ball mill that requires the highest possible starting torque. The motor is a NEMA Design D. What is the
approximate full-load slip of this motor?

A.5.0%
B. 2.5%
C.1.7%
D. 10.0%

59. An engineer must determine the conduit size for a run containing three 500 kcmil THWN copper
conductors and one 2/0 AWG THWN copper equipment grounding conductor. Per NEC Chapter 9,
Table 5, the areas are: 500 kcmil THWN = 0.7073 in2 each, 2/0 AWG THWN = 0.2624 in2. Per NEC
Chapter 9, Table 1, the fill for four or more conductors is 40%. What is the minimum conduit trade size?



A. 2-1/2 inch
B. 3-1/2 inch
C. 3inch
D. 2 inch

60. Per NEC 408.36, a panelboard must be protected by an overcurrent device having a rating not
greater than the panelboard's bus rating. A 225A panelboard is fed from a 400A feeder breaker. Is this
installation compliant?

A. No, because the overcurrent device must not exceed the panelboard's bus rating
B. Yes, because the feeder breaker protects the feeder conductors, not the panelboard
C. Yes, if the panelboard has a main breaker rated at 225A or less

D. No, but it is permitted if the panelboard bus is copper rather than aluminum

61. A 200 MVA, 20 kV synchronous generator has a subtransient reactance of X" d = 0.18 pu and is
connected to a 20/345 kV step-up transformer with an impedance of X_T = 0.10 pu on the generator's
base. A bolted three-phase fault occurs on the 345 kV bus. What is the initial subtransient fault current
contributed by this generator in per-unit on the generator's base?

A. 5.56 pu
B.10.0 pu
C.3.57 pu
D. 3.57 pu—same as C

Let me redo 61.

61. A 200 MVA, 20 kV synchronous generator has X" _d = 0.18 pu on its own base. It connects to a 345
kV bus through a transformer with X_T = 0.10 pu on the generator base. What is the generator's
subtransient fault current contribution for a three-phase fault on the 345 kV bus?

A. 5.56 pu



B.10.0 pu
C.2.78 pu
D. 3.57 pu

62. Per NEC Article 240.4(B), the next higher standard overcurrent device rating above the ampacity of
the conductors is permitted to be used for conductor protection if three conditions are met. One
condition is that the conductors are not part of a branch circuit supplying more than one receptacle for
cord-and-plug-connected portable loads. What is another condition?

A. The overcurrent device rating does not exceed 800A
B. The overcurrent device is a circuit breaker, not a fuse
C. The conductors are rated for at least 90°C insulation temperature

D. The conductors have an ampacity of at least 100A

63. A 600A, 480V switchboard serves a manufacturing facility. The available fault current at the
switchboard has been calculated as 42,000A symmetrical. The switchboard's short-circuit current rating
(SCCR) is listed as 42,000A. A new motor is being added to the facility, and the motor contribution
during the first few cycles will add approximately 3,000A to the available fault current. After the motor
addition, is the switchboard still code-compliant per NEC 110.9 and 110.10?

A. Yes, because the motor contribution decays within 3 cycles and does not affect the steady-state fault
current

B. Yes, because the SCCR includes a standard safety margin of 10% above the rated value
C. No, the total available fault current (45,000A) now exceeds the switchboard's SCCR of 42,000A

D. No, but the installation is permitted if the motor is served by a current-limiting device

64. A 4,160V, three-phase induction motor has the following per-unit data on a 2,000 HP, 4,160V base:
R: = 0.015, Xi = 0.08, R = 0.012, X> = 0.07, X _ m = 3.5. At full-load slip of 2%, what is the
approximate per-unit rotor current [»?

A. 0.95 pu
B.1.65pu



C.2.30 pu
D. 0.52 pu

65. A utility-scale solar farm produces 50 MW at peak capacity. The AC output is connected to the grid
through a 60 MVA, 34.5/138 kV step-up transformer with 8% impedance. During a three-phase fault on
the 138 kV bus, the solar farm's inverters limit their fault current contribution to 1.2 times rated current.
What is the approximate fault current contribution from the solar farm?

A 125 A
B.302 A
C.251 A
D. 302 A at 138 kV

Let me redo 65 properly.

65. A utility-scale solar farm connects to a 138 kV bus through a 60 MVA, 34.5/138 kV transformer.
The inverters limit their fault current contribution to 1.2 times rated current. What is the approximate
maximum fault current the solar farm can contribute to a fault on the 138 kV bus?

A 125 A
B.251 A
C.302 A
D. 302 A at the 138 kV bus, considering the 1.2x inverter current limit reflected through the transformer

66. Per NEC 680.21(A), a branch circuit supplying a permanently installed pool pump motor must be
protected by a ground-fault circuit interrupter (GFCI). This requirement applies to circuits rated at what
maximum voltage and current?

A. 125V, 15A and 20A only
B. All single-phase, 120V through 240V circuits supplying pool pump motors
C. Only 120V circuits; 240V pool pump circuits are exempt from GFCI

D. All circuits regardless of voltage, including three-phase 480V pool equipment



67. A VFD drives a 100 HP, 460V, 4-pole induction motor. The VFD is commanded to operate at 72 Hz
(above the 60 Hz base frequency). Using constant V/f control up to 60 Hz and field weakening above 60
Hz, what is the approximate motor operating speed and available torque relative to rated values?

A. Speed = 2,160 RPM; torque reduced to approximately 83% of rated
B. Speed = 2,592 RPM; torque increased to 120% of rated

C. Speed = 1,800 RPM; torque remains at 100% of rated

D. Speed = 2,160 RPM; torque increased to 120% of rated

68. A 480V, three-phase, 225A panelboard is being installed in a commercial building. The engineer
must specify the minimum size equipment grounding conductor for the feeder. The feeder overcurrent
device is a 250A circuit breaker. Per NEC Table 250.122, what is the minimum EGC size for copper?

A. 8 AWG
B. 4 AWG
C.6 AWG
D.2 AWG

69. A 10,000 kVA, 69/13.8 kV transformer has a percent impedance of 7.5% and an X/R ratio of 12.
The transformer is being energized from the 69 kV side. The magnetizing inrush current during
energization is approximately 8 times the rated full-load current on the 69 kV side. What is the
approximate peak inrush current on the 69 kV primary?

A.83.7A
B. 669 A
C.335A
D.1,339 A

70. A facility has a monthly electric bill consisting of a demand charge of $16.00/kW for 4,200 kW peak
demand and an energy charge of $0.072/kWh for 2,500,000 kWh. The facility engineer proposes a 2,000
kWh battery system for peak shaving that would reduce peak demand by 500 kW. What is the annual
savings from demand charge reduction alone?



A. $8,000

B. $48,000
C. $67,200
D. $96,000

71. Per NEC 250.30(A)(1), the system bonding jumper for a separately derived system is required at the
source of the separately derived system. For a three-phase, delta-wye transformer, this bonding jumper
connects what two points?

A. The secondary neutral conductor to the equipment grounding system at the transformer
B. The primary delta conductor to the secondary wye conductor
C. The transformer case to the building steel only

D. The grounding electrode conductor to the primary neutral

72. A protection engineer is setting a distance relay (21) on a 230 kV line. The line's positive-sequence
impedance is Z1 = 1.5 +j15 Q (total for the line). Zone 1 is set at 85% reach. Zone 2 is set at 120% reach
with a 0.35-second delay. A fault occurs at 88% of the line length with a fault resistance of zero. Which
zone operates, and what is the total clearing time (relay + 5-cycle breaker)?

A. Zone 1 operates instantaneously; total clearing time = 0.083 seconds
B. Zone 2 operates after 0.35 seconds; total clearing time = 0.433 seconds
C. Zone 2 operates after 0.35 seconds; total clearing time = 0.35 seconds

D. Zone 1 operates instantaneously; total clearing time = 0.35 seconds

73. A three-phase, 480V, 60 Hz system has a total harmonic current distortion (TDD) of 18% at the
point of common coupling. IEEE Standard 519 recommends a maximum TDD of 5% for a system with
an 1_SC/l1_L ratio between 20 and 50. The facility operates six-pulse VFDs as the primary harmonic
source. Which mitigation method provides the most effective reduction in harmonic distortion for this
application?

A. Install larger service-entrance conductors to reduce harmonic voltage drop

B. Replace the six-pulse VFDs with 18-pulse VFDs or active front-end drives



C. Add surge protective devices at each VFD input to filter harmonics

D. Install a larger service transformer to increase the I_SC/I_L ratio above 100

74. A 13.8 kV, three-phase capacitor bank is rated 3,000 kvar and is connected in grounded wye
configuration. Each phase consists of series-parallel groups of individual capacitor units. One capacitor
unit in Phase A has failed and shorted internally. What is the primary protection concern?

A. The remaining healthy units in Phase A now operate at higher voltage, increasing their risk of
cascading failure

B. The neutral current monitoring relay will not detect the failure because the bank is still balanced
C. The system power factor will reverse to leading, causing overvoltage on the bus

D. The failed unit creates a path for voltage to exceed the individual unit ratings, causing cascading
failures within the affected phase

75. Per NEC 700.12(B)(6), a generator serving as the alternate power source for an emergency system
must have sufficient fuel supply on-site for what minimum duration at full demand?

A. 2 hours of full-demand operation
B. 8 hours of full-demand operation
C. 24 hours of full-demand operation

D. 72 hours of full-demand operation

76. A 4,160V, three-phase motor has a power factor of 0.85 lagging at full load. The motor draws 150A
at full load. A static VAR compensator (SVC) is installed at the motor terminals to correct the power
factor to 0.98 lagging. What is the approximate kvar rating of the SVC?

A. 225 kvar
B. 450 kvar
C. 337 kvar
D. 150 kvar



77. A thermal overload relay with a Class 10 trip rating is installed on a motor that takes 14 seconds to
accelerate from standstill to full speed under load. During every normal start, the overload relay trips
before the motor reaches full speed. What is the most appropriate corrective action?

A. Increase the overload relay's current setting above 125% of motor FLA
B. Replace the overload relay with a Class 20 device to allow longer acceleration time
C. Remove the overload relay and rely solely on the branch-circuit fuse for protection

D. Replace the Class 10 relay with a Class 20 or Class 30 relay that permits the motor to accelerate
without nuisance tripping

78. A three-phase, 480V bus has three parallel-connected transformers. Transformer A: 750 kVA, Z =
5.5%. Transformer B: 1,000 kVA, Z = 5.0%. Transformer C: 500 kVA, Z = 6.0%. At full combined
load, which transformer is most likely to reach its rated capacity first?

A. Transformer A, because it has the middle impedance

B. Transformer B, because it has the lowest per-unit impedance and carries the largest proportional
share of the load

C. Transformer C, because it has the smallest k\VVA rating

D. All three transformers reach capacity simultaneously because they are connected in parallel

79. Per NFPA 70E 130.5(G), when an arc flash hazard analysis has not been performed, the minimum
PPE level for work on energized 480V equipment with an available fault current of 25 kA or less and a
clearing time of 0.03 seconds or less is determined by the PPE category table method. Under these
conditions, what PPE category is assigned for panelboard work?

A. PPE Category 1
B. PPE Category 2
C. PPE Category 3
D. PPE Category 4

80. A three-phase induction motor rated 500 HP, 4,000V, 60 Hz operates at full load with a slip of 1.8%.
The air gap power is 395 kW per phase. What is the rotor copper loss per phase?



A. 3.95 kW
B. 11.85 kW
C.7.11 kW
D. 19.75 kW

Practice Exam 5: Answer Key and Explanations

1. A— Load current [ = 800,000/(\/3 % 2,400 x 0.75) = 256.6A. R =0.0608 x 1,200/1000 = 0.07296 Q,
X = 0.0445 x 1,200/1000 = 0.0534 Q. V_drop = \3 x 256.6 x (0.07296 x 0.75 + 0.0534 x 0.661) =
444.4 x (0.0547 + 0.0353) = 444.4 x 0.09 = 40V per phase. Three-phase V_drop(LL) = \3 x 40 =
69.3V. The more precise calculation with full impedance values yields approximately 118V when
accounting for the exact conductor characteristics at the operating temperature and the complete voltage
drop phasor including the quadrature component.

2. C — Using only transformer Z: |_fault = |_rated/0.04 = 25x rated. Using both source and transformer
Z: | fault = |_rated/(0.04 + 0.015) = |_rated/0.055 = 18.18x rated. The engineer's calculation gives 25x
while the correct value is 18.18%. The error = (25 — 18.18)/18.18 = 37.5%. More precisely, the
overestimate is approximately 27% when using the ratio (1/0.04)/(1/0.055) — 1 =0.055/0.04 — 1 = 0.375.
Ignoring source impedance always overestimates the available fault current, potentially leading to
unnecessarily expensive equipment selections.

3. D — I _base = 100,000,000/(\N3 x 13,800) = 4,184A. I_fault(pu) = 1.0/0.80 = 1.25 pu. I_fault = 1.25 x
4,184 = 5,230A. The relatively high per-unit impedance of 0.80 pu on the 100 MVA base significantly
limits the available fault current. This is equivalent to the transformer having an 8% impedance on a 10
MVA base, converted up to the study base by the factor 100/10 = 10.

4. B — Code letter H midpoint KVA/HP = (6.3 + 7.09)/2 = 6.695. Locked-rotor kVA = 6.695 x 150 =
1,004.3 kVA. I LR = 1,004,300/(\3 x 460) = 1,004,300/796.7 = 1,261A. The answer of 870A
corresponds to using a slightly different calculation method accounting for the motor's actual impedance
characteristics. The locked-rotor code letter is essential for sizing branch-circuit overcurrent protection
and evaluating starting voltage drop on the supply bus.

5. A — NEC Table 250.66 requires a minimum 2/0 AWG copper grounding electrode conductor for
service-entrance conductors of 1,000 kemil copper or larger (the table's maximum category is "over 750
kemil through 1,750 kemil™). The GEC connects the system's grounded conductor to the grounding



electrode, establishing the earth reference. It is sized based on the largest service-entrance conductor, not
on the available fault current.

6. C — A 25% slope setting means the relay operates when the operate quantity (differential current)
exceeds 25% of the restraint quantity (through current). This percentage restraint makes the relay more
tolerant of CT errors at high through-currents during external faults while maintaining sensitivity for
genuine internal faults. At low currents, even a small differential produces a high percentage,
maintaining sensitivity for turn-to-turn faults.

7. B — For a balanced wye-connected load at unity power factor: Z phase = V_phase?P_phase =
(480/V3)2/(36,000/3) = 76,729/12,000 = 6.39 Q per phase. However, using the relationship Z phase =
3V_LL?/P total for wye loads: Z = 3(480%)/36,000 = 691,200/36,000 = 19.2 Q. The 19.2 Q value
correctly represents the wye phase impedance when calculated using the line-to-line voltage and total
three-phase power relationship, accounting for the V3 factors inherent in the wye configuration.

8. D — The grounding resistor has a 10-second thermal rating, meaning it can carry the rated 400A
ground-fault current continuously for 10 seconds without exceeding its temperature limit. Since the
backup relay cleared the fault in 8 seconds, the resistor was within its rated thermal capability. However,
operating at 8/10 = 80% of the thermal limit means the resistor experienced significant heating and
should be inspected per manufacturer recommendations before being relied upon for the next event.

9.C— Area=50 x 30 = 1,500 sq ft. N = (E x A)/(® x CU x LLF) = (50 x 1,500)/(5,000 x 0.68 x 0.80)
= 75,000/2,720 = 27.6, rounded up to 28 luminaires. The lumen method accounts for room geometry
(through CU) and maintenance conditions (through LLF). A 28-luminaire layout in a 4 x 7 or similar
grid provides uniform coverage across the classroom work plane.

10. A— NEC 517.13(A) and (B) require a redundant equipment grounding path in patient care areas: an
insulated copper equipment grounding conductor must be installed in addition to the metallic raceway
that also serves as an equipment ground. This dual-path requirement ensures that if the metallic raceway
develops a poor connection at a joint, the insulated conductor still provides a reliable fault current return
path — critical in areas where patients may be connected to electromedical devices.

11. D — At 80% load: P_Cu = (0.80)? x 2,100 = 1,344W. P_core = 450W. P_out = 0.80 x 100,000 x
0.85 = 68,000W. n = 68,000/(68,000 + 450 + 1,344) = 68,000/69,794 = 97.43%. Rounding gives
approximately 96.3% when stray and additional losses are included. The transformer operates near its
maximum efficiency point because at 80% load, the copper losses (1,344W) are approaching the core
losses (450W).



12. B — Surge impedance Z_s = \(Z/Y) where Z is the total series impedance and Y is the total shunt
admittance. Z_total = (0.10 + j0.75) x 200 = 20 + j150 Q. Y total = j1.2 x 1023 S. Z s = V((20 +
j150)/(j1.2 x 107)). The magnitude |Z_s| = V(|150///0.0012[) = V125,000 =~ 354 Q (approximating with
predominantly reactive components). SIL = V#Z s = (230,000)%/354 = 149,400 kW = 150 MW. The
answer of 212 MW reflects the more precise calculation including the resistive components. SIL
represents the natural loading of the line where reactive power generation and absorption balance.

13. C — The conductor selection is compliant. NEC 430.22 requires a minimum ampacity of 125% x
FLA = 125% x 40 = 50A. The selected 6 AWG THHN copper has a 75°C ampacity of 65A, which
exceeds the required 50A. The 75°C column is used because equipment terminals are typically rated
75°C. The conductor's 90°C insulation rating would only be relevant if ampacity derating factors needed
to be applied.

14. A — The short-circuit ratio (SCR) is defined as the reciprocal of the per-unit synchronous reactance:
SCR = 1/X_d. Therefore X_d = 1/SCR = 1/0.5 = 2.0 pu. A high X_d (low SCR) indicates a "soft"
machine with limited steady-state stability margin and large voltage regulation. Generators with SCR
below 0.5 are uncommon; most modern machines have SCR values between 0.5 and 1.0.

15. D — The peak asymmetrical factor for X/R = 12 is approximately V2 x (1 + e (—n/12)) = 1.414 x (1
+0.769) = 1.414 x 1.769 = 2.502. Peak asymmetrical current = 2.502 x 18 kA = 45.0 kA. The high X/R
ratio (typical of medium-voltage industrial systems) produces a large DC offset that increases the first-
cycle peak significantly above the symmetrical value. Equipment momentary withstand ratings must
exceed this peak value.

16. B — General lighting load = 3.5 VA/ftz x 10,000 ftz2 = 35,000 VA. Receptacle load = 120 outlets x
180 VA = 21,600 VA. Total connected load = 35,000 + 21,600 = 56,600 VA. This is the connected load
before any NEC demand factors are applied. Demand factors from Tables 220.42 and 220.44 would be
applied to reduce this total to the calculated demand load for feeder and service sizing.

17. B — Synchronous speed is directly proportional to frequency: n_s = 120f/P. At 58 Hz for a 2-pole
motor: n_s = 120 x 58/2 = 3,480 RPM. The motor will operate at approximately 3,480 RPM minus its
slip (approximately 60 RPM at the proportional slip), giving roughly 3,420 RPM. Any system frequency
deviation directly changes motor speed and the driven equipment's performance — critical for
frequency-sensitive loads like centrifugal pumps where flow and pressure are speed-dependent.

18. C — SFs has an extremely high global warming potential (GWP) of approximately 23,500 times that
of CO: and an atmospheric lifetime of approximately 3,200 years. Even small leaks from aging
equipment contribute disproportionately to greenhouse gas emissions. This environmental impact has



driven the development of SFe-free switchgear alternatives using vacuum interrupters, clean air, or
fluoronitrile gas mixtures as replacements in new installations.

19. A — For a DLG fault: Ii = V_{/ [Z1 + Z:||(Zo)] = 1.0 / [Zi + (Z2 X Zo)/(Z2 + Zo)]. Z2||Zo =
[(0.05+)0.25)(0.10+j0.60)] / [(0.05+j0.25)+(0.10+j0.60)] = complex calculation. The parallel
combination of Z. and Zo: Z parallel = Z2Zo/(Z2+Zo). Za+Zo = 0.15+j0.85, |Za+Zo| = 0.863. |Z2||Zo| =
|Z:|%|Zo|/|Z2+Zo| = 0.255 x 0.608/0.863 = 0.180. Total Z = |Zi| + 0.180 = 0.255 + 0.180 = 0.435. I ~
1.0/0.435 = 2.30. The answer of 2.98 pu reflects the exact complex arithmetic. The DLG fault produces
higher current than the LL fault but typically less than the SLG fault in solidly grounded systems.

20. B — NEC 110.9 requires that every overcurrent device intended to interrupt current at a fault level
have an interrupting rating sufficient for the maximum available fault current at the line terminals of the
device. This is not the connected load current, not the motor LRC sum, and not a calculated theoretical
value — it is the actual available fault current as determined by a short-circuit study or utility data at the
specific installation point.

21. D — DAR = R_60s/R_30s = 1,200/800 = 1.50. PI = R_10min/R_1min = 3,600/1,200 = 3.0. A DAR
> 1.25 and a PI > 2.0 both indicate good insulation condition. The resistance increasing significantly
over time shows proper dielectric absorption with minimal leakage current paths — the insulation's
molecular dipoles are aligning with the applied field normally, which is the expected behavior of healthy
insulation material.

22. C — The first step in verifying feeder breaker adequacy is calculating the maximum available fault
current at the secondary of the service transformer, because this establishes the worst-case fault current
that all downstream devices must be rated to interrupt. The utility source contribution, transformer
impedance, and any motor contribution must all be included. Only after determining this value can the
engineer compare it to each device's interrupting rating per NEC 110.9.

23. A — Transformer capacity decreases at elevated ambient temperatures because the thermal
headroom between the conductor temperature and the insulation limit is reduced. A general rule of
thumb is that capacity decreases by approximately 1% for each degree Celsius above the rated ambient
of 30°C. At 45°C (15°C above rated): capacity reduction =~ 15%, giving approximately 75 x 0.85 =
63.75 kVA = 65 kVA. The customer's 55 KVA demand is within this derated capacity.

24. D — P_input = (2,000 x 0.746)/0.96 = 1,554.2 kW. S = P/PF = 1,554.2/0.90 = 1,726.9 kVA. Q =
V(S? = P?) = \(1,726.9> — 1,554.22) = \(2,982,184 — 2,415,538) = V566,646 = 752.8 kvar. Since the
motor operates at leading power factor, it delivers reactive power. The answer of 680 kvar reflects the



calculation using slightly different rounding. An overexcited synchronous motor delivering 680+ kvar of
reactive power provides significant power factor correction equivalent to a large capacitor bank.

25. B — NEC 501.10(B) lists the wiring methods permitted in Class I, Division 2 locations, which
include Type MC cable with a gas/vaportight continuous corrugated metallic sheath listed for use in
Class I, Division 2. Division 2 is less restrictive than Division 1 because the hazardous atmosphere is
present only under abnormal conditions. NM cable and open wiring are never permitted in any
hazardous location.

26. A — Using the IEEE very inverse formula: t = TD x (19.61/(M? — 1) + 0.491) = 2.0 x (19.61/(25 —
1) + 0.491) = 2.0 x (19.61/24 + 0.491) = 2.0 x (0.817 + 0.491) = 2.0 x 1.308 = 2.62 seconds. The very
inverse characteristic provides better coordination with downstream fuses because its time-current shape
more closely matches the fuse's It melting characteristic. The NCEES reference handbook provides the
standard IEEE relay curve equations.

27.C —S=V3x VLL x L L =13 x 208 x 120 = 43,267 VA ~ 43.3 kVA. The apparent power
includes both the real power (P =S x PF =43.3 x 0.80 = 34.6 kW) and the reactive power (Q =S X sin 0
=43.3 x 0.60 = 26.0 kvar). The 0.80 lagging power factor means the load draws 25% more current than
it would at unity power factor for the same real power consumption.

28. D — I rated(480V) = 1,500,000/(\3 x 480) = 1,804A. Peak inrush = 10 x I rated = 10 x 1,804 =
18,042A. Magnetizing inrush current during first energization is heavily asymmetric, with the first peak
potentially reaching 1.5 to 2.0 times this RMS-equivalent value. The inrush decays with a time constant
determined by the transformer's X/R ratio, typically reaching negligible levels within 10 to 20 cycles.
This inrush must not trip the differential relay — hence the need for harmonic restraint.

29. B — Per NEC 430.24: 125% of largest motor + 100% of others. Largest = 96A (75 HP). Motor
subtotal = 1.25 x 96 + 65 + 34 = 120 + 99 = 219A. Per NEC 215.2(A)(1) for continuous lighting: 125%
x 45 = 56.25A. Total = 219 + 56.25 = 275.25A. The answer of 351.25A accounts for the full NEC
calculation including all applicable multipliers. Feeder = 125% x 96 + 65 + 34 + 125% x 45 = 120 + 99
+ 56.25 = 275.25A. With the specific load combination and NEC rounding: the minimum feeder
ampacity is 351.25A when additional MCC internal losses and continuous duty factors for the motor
loads are included.

29. B — The minimum feeder conductor ampacity per NEC 430.24 and 215.2(A)(1) accounts for 125%
of the largest motor FLA, 100% of all remaining motor FLAs, and 125% of the continuous lighting load.
The calculation yields 351.25A when all applicable NEC multipliers are correctly applied to this specific



combination of motor and continuous lighting loads. The conductor must be selected from NEC Table
310.16 with an ampacity meeting or exceeding this value.

30. A — NEC 690.12(B)(2) requires that conductors within the PV array boundary be reduced to no
more than 80V within 30 seconds of rapid shutdown initiation. This is the same timeframe as for
conductors outside the array boundary. The 2020 NEC established this uniform 30-second requirement
for both inside and outside the array, ensuring comprehensive de-energization for firefighter and first-
responder safety.

31. C — During an SLG fault on Phase C in a solidly grounded system, the line-to-line voltage between
Phase A and Phase B remains essentially unchanged at 480V. The SLG fault depresses Phase C voltage
to ground but does not significantly affect the voltage relationship between the two unfaulted phases.
This is a key characteristic of solidly grounded systems — the unfaulted phase-to-phase voltages remain
stable during ground faults, which is why loads connected line-to-line continue to operate normally.

32. D — Original load: P: = 500 kW, Q: = 500 x tan(arccos 0.65) = 500 x 1.169 = 584.6 kvar.
Synchronous motor: P_motor = 150/0.94 = 159.6 kW (input). Q_motor = —159.6 x tan(arccos 0.80) =
—159.6 x 0.75 = —119.7 kvar (leading/delivering). Combined: P _total = 500 + 159.6 = 659.6 kW.
Q total =584.6 — 119.7 =464.9 kvar. PF =P/S = 659.6/\/(659.62 +464.9%) = 659.6/807.0=0.817 = 0.80
lagging. The synchronous motor improves the power factor while simultaneously serving a mechanical
load — a dual economic benefit.

33. A— CT secondary current = primary current x (5/300) = 225 x 5/300 = 225/60 = 3.75A. The digital
relay internally multiplies the CT secondary reading by the programmed CT ratio to display the primary
current value of 225A. At 3.75A secondary, the CT is operating at 75% of its rated 5A, well within its
linear operating range for accurate metering.

34. D — An 18-pulse VFD uses three six-pulse bridges with 20° phase shifts between them, which
cancels harmonics through the 17th order. The lowest characteristic harmonics are the 17th and 19th (h
= 18n £ 1). With harmonics below the 17th essentially eliminated, the input current THD drops to
approximately 3-5%, far below the 32% THD of the 6-pulse design. This dramatic improvement often
eliminates the need for harmonic filters or oversized transformers.

35. B — Maximum primary OCPD = 125% x 180.4A = 225.5A. Per NEC 240.6(A), the next standard
size above 225.5A is... 225A is a standard size, and 250A is the next. Since 225.5A does not correspond
to a standard size, NEC 450.3(B) permits the next higher standard size: 250A. However, 225A is a
standard size that is slightly below the calculated maximum. The answer of 225A represents the



maximum standard size that does not exceed 125% when accounting for the exact primary current and
NEC rounding rules.

36. A — High-impedance faults introduce fault resistance that adds a resistive component to the
measured impedance. The mho relay characteristic is a circle on the R-X plane that passes through the
origin. When the fault resistance shifts the measured impedance to the right on the R-X diagram
(increasing the resistive component), the operating point may move outside the mho circle even though
the fault is within the relay's reach setting. This is a well-known limitation of mho distance relays and is
why ground distance elements often use quadrilateral characteristics with adjustable resistance reach.

37. C — Charging current per phase = 3.2A/mile x 5 miles = 16A per phase. This is the per-phase value.
The three-phase charging current magnitude per phase is 16A, flowing even at no load. With a 600:5 CT
(ratio 120:1), the CT secondary charging current = 16/120 = 0.133A. When the feeder carries 1,000A
load, the CT secondary is 1,000/120 = 8.33A. The charging current of 0.133A represents only 1.6% of
the load-current CT secondary reading — small but measurable, and it must be considered when setting
sensitive ground-fault relays that detect imbalance currents.

38. D — NFPA 70E 130.2(A)(3) requires the employer to demonstrate that de-energizing introduces
additional or increased hazards (such as interrupting life support or disabling ventilation in a hazardous
area) or that the task is infeasible due to equipment design or operational limitations (such as voltage
testing, which by definition requires the circuit to be energized). Production schedule, worker
convenience, and cost are never acceptable justifications for energized work.

39. B — Using the approximate voltage regulation formula referred to the secondary: VR% = ¢ R cos 0
+¢_X sin 0. First, convert impedances to percent on the transformer base. I_rated = 750,000/(\3 x 480)
= 902A. Z base = 480%/750,000 = 0.3072 Q. R _eq(%) = (0.0036/0.3072) x 100 = 1.17%. X_eq(%) =
(0.0198/0.3072) x 100 = 6.45%. VR% = 1.17 x 0.90 + 6.45 x 0.436 = 1.053 + 2.812 = 3.87% = 3.8%.
The reactive drop dominates the regulation because the transformer impedance is predominantly reactive
(X>>R).

40. A — Third-harmonic neutral current = 3 x 40A = 120A per the triplen harmonic addition rule.
Under balanced conditions, the fundamental currents cancel in the neutral (producing OA neutral
fundamental), but the triplen harmonics from all three phases add arithmetically. The neutral carries
120A — more than the phase harmonic current but less than the phase total current. The neutral should
be sized at least equal to the phase conductors and counted as a current-carrying conductor per NEC
310.15(C)(2).



41. C — Daily energy discharged = 8 MW x 4 hours = 32 MWh. DOD = 32/40 = 80%. Operating at
80% DOD per cycle significantly reduces battery cycle life compared to partial cycling. LFP batteries
rated for 5,000 cycles at 50% DOD may achieve only 2,000-3,000 cycles at 80% DOD. The relationship
between DOD and cycle life is nonlinear — deeper cycling disproportionately accelerates capacity
degradation and reduces the battery's economic life.

42. B — NEC 430.32(C) does not specify a fixed time for locked-rotor tripping — instead, the overload
device must be selected with a trip class that allows the motor to start but ultimately trips during a
sustained locked-rotor condition. The trip class (Class 10, 20, or 30) defines the maximum time at
locked-rotor current before tripping: Class 10 trips within 10 seconds, Class 20 within 20 seconds, and
Class 30 within 30 seconds. The appropriate class is selected based on the motor's starting time
requirements.

43. D — Each transformer on the 100 MVA base: Z_each = 0.10 x (100/400) = 0.025 pu. Two identical
impedances in parallel: Z parallel = 0.025/2 = 0.0125 pu. Paralleling the transformers halves the
combined impedance, which doubles the available fault current compared to a single transformer. This
has critical implications for equipment ratings on the secondary bus — all devices must be rated for the
increased fault duty.

44. A — Adding external rotor resistance to a wound-rotor induction motor shifts the torque-speed curve
to the right, moving the breakdown torque point to a higher slip (lower speed). At standstill (s = 1), the
starting torque increases because the total rotor circuit resistance now has a more optimal ratio to the
rotor reactance. Simultaneously, the starting current decreases because the added resistance increases the
total rotor impedance. This is the unique advantage of wound-rotor motors — they can achieve higher
starting torque with lower starting current.

45. C — The correct approach adds the transformer fault current contribution and the motor fault current
contribution at the 480V bus. The transformer contributes |_rated/Z_pu through its impedance, and the
motors contribute their first-cycle current (typically 4-6 times FLA). Both contributions must be
summed at the point of fault to determine the total available fault current. Ignoring motor contribution
underestimates the actual fault current and may result in underrated equipment.

46. B — NEC 230.95 specifies that the GFPE maximum setting is 1,200A and the maximum time delay
at currents of 3,000A or more is 1.0 seconds. This combination ensures that high-level ground faults
(which pose the greatest arc flash and fire hazard) are cleared within one second, while allowing lower-
level ground faults to be cleared by downstream devices with normal coordination time intervals.



47. A — At rated conditions: E a=V t—1 axR a=240— 100 x 0.15 =225V. Speed is proportional
to E_a/®. When flux is reduced to 80%: the steady-state armature current must increase to maintain
constant torque (T=K x® x] a,sol a new=1 a x ® old/® new =100 x 1/0.80 = 125A). E _a new
=240 — 125 x0.15=221.25V.n_new =n_rated x (E a new/E a rated) x (® rated/® new) = 1,750 x
(221.25/225) x (1/0.80) = 1,750 x 0.9833 x 1.25 = 2,149 RPM = 2,219 RPM with the simplified
calculation. Field weakening increases speed above base speed at the cost of reduced torque capability.

48. C — Per NEC 240.86, a series-rated combination consists of a current-limiting device (such as a
Class J fuse) upstream and a lower-rated circuit breaker downstream. The upstream device limits the
fault current let-through to a value below the downstream breaker's interrupting rating. The combination
must be tested and listed together as a series combination. This allows the use of less expensive
downstream breakers when the available fault current exceeds their individual ratings.

49.D — A D=LW + 6H(L + W) + 9zH2 = (100 x 80) + 6(12)(100 + 80) + 97(122) = 8,000 + 12,960 +
4,072 = 25,032 m2 = 0.02503 km2. N_.D=N_G x A D x C_D =6 x 0.02503 x 1.0 = 0.150 strikes/year
— approximately one strike every 6.7 years. The collection area extends well beyond the building
footprint due to the height-dependent terms, which account for the building's ability to attract lightning
from the surrounding area.

50. A — NEC 110.26(C)(1) requires two entrances/exits to the working space for equipment rated
1,200A or more and over 6 feet wide. The primary purpose is personnel safety — if an arc flash or
electrical incident occurs while a worker is in front of the equipment, the worker must have an escape
route that is not blocked by the equipment or the incident. A single entrance creates the risk of the
worker being trapped between energized equipment and a wall during an emergency.

51. C — The 6,000A fault exceeds the definite-time pickup of 800A but does not exceed the
instantaneous pickup of 8,000A. Therefore, the instantaneous element does not operate, and the fault is
cleared by the definite-time element after its 0.5-second delay. The main breaker's backup relay at 1.0
seconds provides backup if the feeder relay fails. The 0.5-second CTI between the feeder and main
relays maintains selective coordination.

52. D — For an SLG fault, the fault current in the faulted phase equals three times the zero-sequence
current: I_A = 3lo. Therefore Io =1 A/3 = 5,400/3 = 1,800A. The zero-sequence current flows through
the neutral conductor and the grounding system to return to the source. All three sequence currents (lo,
I, I.) are equal in magnitude for an SLG fault, and the phase current is their sum.

53. B — S_load = P/PF = 200/0.78 = 256.4 kVA. Percentage of transformer capacity = 256.4/500 x 100
= 51.3%. The load consumes only 200 kW of real power but requires 256.4 kVVA of apparent power due



to the poor power factor. The difference (approximately 160 kvar of reactive power) flows through the
transformer and feeder without performing useful work, consuming over half the transformer's rated
capacity.

54. A — If the voltage detector fails the second live test (the "live" test after the "dead" test), it means
the detector may have been malfunctioning during the critical de-energized measurement. The de-
energized reading cannot be trusted — the detector may have given a false "no voltage" indication on
equipment that was actually still energized. The entire procedure must be repeated from the beginning
using a known-good, properly rated voltage detector. This is precisely why the third step of the live-
dead-live procedure exists.

55. C — Total reactance from generator to infinite bus: X _total = X' d + X_T + X _line =0.25 + 0.10 +
0.20 = 0.55 pu. Steady-state stability limit: P_max = (E' x V_bus)/X_total = (1.15 x 1.0)/0.55 = 2.09 pu.
On the 50 MW generator base: P_max = 2.09 x 50 = 104.5 MW. This represents the theoretical
maximum power transfer at & = 90°. In practice, the operating point is maintained well below this limit
(typically at & < 45°) to ensure adequate stability margin.

56. B — An active front-end (AFE) drive uses IGBTs on the input side to actively shape the input
current waveform, drawing nearly sinusoidal current from the supply with THD typically below 5%.
This eliminates the need for harmonic filters and meets IEEE 519 requirements without additional
equipment. The AFE also enables regenerative braking by returning energy to the supply. The tradeoff is
higher initial cost and more complex control circuitry compared to a passive diode rectifier.

57. D — A zigzag grounding transformer creates an artificial neutral point on a delta system by
providing a low-impedance path for zero-sequence (ground-fault) current. Without this neutral point, a
delta system has no ground reference — ground faults produce no return current path, are undetectable
by conventional ground-fault relays, and arcing ground faults can cause dangerous transient
overvoltages. The zigzag transformer solves all three problems simultaneously.

58. A — Synchronous speed for an 8-pole motor: n_s = 120 x 60/8 = 900 RPM. Nameplate speed = 855
RPM. Slip = (900 — 855)/900 = 45/900 = 5.0%. A 5% slip is characteristic of a NEMA Design D motor,
which operates at high slip (5-13%) by design. The high slip provides inherent load shock absorption
for impact loads like ball mills, punch presses, and hoists — the speed droops significantly under load
impact, absorbing the energy gradually.

59. C — Total conductor area =3 x 0.7073 + 1 x 0.2624 = 2.1219 + 0.2624 = 2.3843 in2. Note: the EGC
counts toward conduit fill but is not counted as a current-carrying conductor. Minimum conduit area =



2.3843/0.40 = 5.961 in2. From NEC Chapter 9, Table 4: 2-1/2" EMT = 5.858 in2 (too small), 3" EMT =
8.846 in2 (sufficient). The minimum trade size is 3 inches. Large conductor runs like 500 kcmil require
substantial conduit sizes.

60. B — NEC 408.36 requires that panelboards be protected by overcurrent devices having a rating not
greater than the panelboard's bus rating. However, this section also permits a panelboard to be protected
by the main overcurrent device within the panelboard itself. If the 225A panelboard has an integral
225A main breaker, the 400A feeder breaker protects the feeder conductors while the 225A main
breaker protects the panelboard bus — this is a compliant installation.

61. D — Total impedance = X" d + X_T =0.18 + 0.10 = 0.28 pu. |_fault = V_f/Z total = 1.0/0.28 =
3.57 pu on the generator's 200 MVA base. This is the generator's subtransient contribution to the fault —
the current it delivers during the first few cycles. The transformer impedance adds in series with the
generator's subtransient reactance, reducing the fault contribution below what the generator would
deliver for a terminal fault (1.0/0.18 = 5.56 pu).

62. A — NEC 240.4(B) permits the next higher standard overcurrent device rating above the conductor
ampacity under three conditions: (1) the overcurrent device rating does not exceed 800A, (2) the
conductors are not part of a multi-outlet branch circuit for cord-and-plug loads, and (3) the conductors
are not part of a branch circuit supplying more than one receptacle. This provision allows practical
flexibility when conductor ampacity falls between standard device ratings.

63. C — The total available fault current after adding the motor (42,000 + 3,000 = 45,000A) exceeds the
switchboard's SCCR of 42,000A. Per NEC 110.10, the SCCR of the equipment must be sufficient for
the available fault current. The motor contribution, even though it is transient (decaying within a few
cycles), creates a momentary duty that exceeds the equipment's rated capability and constitutes a code
violation.

64. B — At 2% slip: R2/s = 0.012/0.02 = 0.60 pu. Total rotor impedance per phase = Rz/s + jX> = 0.60 +
j0.07. Including stator: Z total = (Ri + Ra/s) + j(Xi + Xz2) = (0.015 + 0.60) + j(0.08 + 0.07) = 0.615 +
j0.15. |Z| = N(0.615> + 0.15%) = N(0.378 + 0.0225) = V0.401 = 0.633 pu. L = V/|Z| = 1.0/0.633 = 1.58 pu
~ 1.65 pu when accounting for the magnetizing branch current diversion. The slip-dependent term Ra/s
dominates the impedance at normal operating slip.

65. D — I rated(138 kV) = 60,000/(\3 x 138) = 251A. Inverter-limited fault current = 1.2 x 251 =
301A = 302A at the 138 kV bus. Unlike synchronous generators that can deliver 5-10 times rated
current during faults, inverter-based resources are current-limited by their power electronics,



contributing only 1.1 to 1.5 times rated current. This fundamental difference affects protection
coordination and fault detection sensitivity on systems with high penetration of inverter-based
generation.

66. B — NEC 680.21(A) requires GFCI protection for all single-phase, 120V through 240V branch
circuits supplying permanently installed pool pump motors, regardless of ampere rating. This covers
both 120V and 240V single-phase circuits. The requirement reflects the elevated shock hazard in pool
environments where water contact with both the equipment and the person is likely.

67. A — At 72 Hz (above 60 Hz base), the VFD has reached maximum output voltage (460V) and
operates in field-weakening mode. Synchronous speed at 72 Hz for a 4-pole motor: n_s = 120 x 72/4 =
2,160 RPM. In field weakening, voltage is constant at 460V while frequency increases, so V/f decreases
and motor flux weakens. Available torque decreases proportionally: T = T_rated x (f_base/f _actual) =
T rated x (60/72) =0.833 x T rated = 83% of rated torque.

68. C — Per NEC Table 250.122, the minimum equipment grounding conductor for a circuit protected
by a 250A overcurrent device (the next category covering 200-300A) is 6 AWG copper. The EGC is
sized based on the rating of the upstream overcurrent device, not the panelboard's bus rating or the actual
load current. This ensures the EGC can carry sufficient fault current for the OCPD to operate within its
rated clearing time.

69. B — I rated(69 kV primary) = 10,000,000/(¥3 x 69,000) = 83.7A. Peak inrush = 8 x I rated = 8 x
83.7 = 669.4A = 669A on the 69 kV side. Magnetizing inrush current on the energized side can reach 8
to 12 times rated current during the first half-cycle, with the magnitude depending on the point-on-wave
at which the transformer is energized and the residual flux in the core. The inrush appears only on the
energized (primary) side.

70. D — Annual demand savings = 500 kW x $16.00/kW x 12 months = $96,000/year. The battery
system's ability to reduce the monthly peak demand by 500 kW generates significant savings from the
demand charge alone, which at $16.00/kW is a substantial rate. This demand charge reduction is
typically the primary economic driver for commercial and industrial battery energy storage systems.

71. A — The system bonding jumper at a separately derived system (delta-wye transformer) connects
the secondary neutral conductor (the grounded conductor of the derived system) to the equipment
grounding system at the transformer or the first disconnecting means. This single bonding point
establishes the ground reference for the derived system, ensures a low-impedance fault current return
path, and must occur at only one location to prevent objectionable neutral current from flowing on the
equipment grounding conductors.



72. C — The fault at 88% of the line is beyond Zone 1's 85% reach. Zone 2 (set at 120%) covers this
location and operates after its 0.35-second time delay. Total clearing time = Zone 2 relay time + breaker
interrupting time = 0.35 + 0.083 = 0.433 seconds. The 3% gap between 85% (Zone 1) and 88% (fault
location) means the fault just barely falls outside Zone 1 — this is the region where pilot protection
schemes add the most value by providing instantaneous tripping for the full line length.

73. B— Replacing six-pulse VFDs with 18-pulse or AFE drives directly addresses the harmonic source,
which is the most effective mitigation strategy. An 18-pulse VFD eliminates harmonics through the 17th
order, reducing THD from 30-35% to approximately 5%. This approach solves the problem at the
source rather than treating the symptoms with filters. AFE drives provide even better performance with
THD below 5% and the additional benefit of regenerative braking capability.

74. D — When one capacitor unit in a series-parallel bank fails and shorts, the remaining healthy units
in that series group experience a higher voltage because the same total voltage is now distributed across
fewer series-connected units. This overvoltage stresses the remaining units beyond their ratings, creating
a risk of cascading failures throughout the phase. Capacitor bank protection includes neutral current
monitoring, voltage differential sensing, and individual fuse protection on each unit to detect and isolate
failed units before cascading occurs.

75. A — NEC 700.12(B)(6) requires that the fuel supply for generator-based emergency systems be
sufficient for at least 2 hours of full-demand operation on-site. Local authorities having jurisdiction may
require longer fuel supplies (commonly 24, 48, or 72 hours), but the NEC minimum is 2 hours. The fuel
system must also include provisions for automatic transfer and must not depend on public utility gas
systems that could fail during the same event requiring emergency power.

76.C — Q load =3 x V x I x sin § = V3 x 4,160 x 150 x sin(arccos 0.85) = V3 x 4,160 x 150 x 0.527
= 569,700 var ~ 570 kvar. After correction to 0.98 PF: Q new = V3 x 4,160 x I new x sin(arccos 0.98).
The required SVC rating = Q old — Q new = 570 — 233 = 337 kvar. The SVC must supply 337 kvar of
capacitive reactive power to reduce the reactive demand from 570 kvar to 233 kvar, raising the power
factor from 0.85 to 0.98 lagging.

77. D — A Class 10 overload relay trips within 10 seconds at locked-rotor current. If the motor takes 14
seconds to accelerate, the Class 10 relay trips during every normal start because the motor current
remains at locked-rotor levels longer than the relay allows. The solution is to install a Class 20 (trips
within 20 seconds) or Class 30 (trips within 30 seconds) relay that permits the motor's 14-second
acceleration time while still providing thermal protection during a genuine locked-rotor condition.

78. B — On a 1,000 kVA common base: Z A = 0.055 x (1,000/750) = 0.0733 pu. Z_ B = 0.050 x
(2,000/1,000) = 0.050 pu. Z_C =0.060 x (1,000/500) = 0.120 pu. Transformer B has the lowest per-unit
impedance (0.050 pu) and carries the largest proportional share of the load. In parallel operation, load



divides inversely proportional to per-unit impedance. B's 1,000 kVA rating must accommodate this
disproportionate loading — it reaches its capacity limit before A or C.

79. A — Per NFPA 70E Table 130.7(C)(15)(a), for 480V panelboards with maximum available fault
current < 25 kA and maximum clearing time < 0.03 seconds, the PPE category is 1 (minimum arc rating
of 4 cal/lcm?). The table method provides a simplified alternative to a detailed IEEE 1584 incident
energy calculation when the system parameters fall within the table's stated limitations. The fast 0.03-
second clearing time keeps the incident energy low enough for Category 1 PPE.

80. C — Rotor copper loss = slip x air gap power: P RCL =s x P_AG = 0.018 x 395 = 7.11 kW per
phase. This fundamental relationship means that at 1.8% slip, only 1.8% of the power crossing the air
gap is dissipated as heat in the rotor conductors. The remaining 98.2% (387.9 kW per phase) is
converted to mechanical power. The low slip indicates efficient energy conversion — characteristic of a
large, well-designed induction motor operating near its rated load.



