PRACTICE EXAM 10: ASE L3
SIMULATION (45 Questions)

Time Limit: 2 hours | Passing target: 80% or higher on simulation practice

1. A 2023 EV battery pack assembly weighs approximately 1,200 pounds. When the pack must be lowered
from the vehicle for service, the technician should use:

A. A specialized HV battery lift table or scissor jack designed for battery pack weight and dimensions
B. A standard transmission jack rated for at least 500 pounds with proper safety straps installed
C. Two technicians lifting from each end with proper team-lifting technique and back support belts

D. A floor jack with a wooden cradle constructed to match the contours of the battery pack housing

2. A "Type-B" residual current device (RCD) is required for some EV charging installations. The Type-B
RCD detects:

A. Only AC fault currents above approximately 30 milliamperes for personnel protection from electrical
shock

B. Voltage spikes at the EV inlet exceeding the maximum design rating of the on-board charger
C. Both AC and DC residual currents, including DC fault currents that pass through the power electronics

D. Wear-related changes in the resistance of the protective ground conductor over the life of the EVSE

3. A drive motor's three-phase stator windings can be connected in "Y" (wye/star) or "delta” configuration.
A Y-connected stator differs from a delta-connected stator in that the Y configuration:

A. Produces higher line current at the same shaft torque than the delta configuration produces



B. Cannot be used in inverter-driven drives because it requires a true neutral connection somewhere
C. Doubles the magnetic flux density inside the air gap of the motor at the same supply voltage

D. Sees lower phase voltage (line voltage divided by V3) but the same line current as delta windings

4. The "Control Pilot" (CP) signal on a J1772 Level 2 charging connector is a 1 kHz PWM signal whose
duty cycle communicates:

A. The amount of energy that has been delivered to the vehicle during the current charging session
B. A digital identifier code that authenticates the vehicle to the charging station's billing system
C. The maximum continuous current the EVSE can supply, allowing the vehicle to set its draw safely

D. The cost per kilowatt-hour of the electrical service feeding the charging station for billing purposes

5. A technician measures the insulation resistance between an HV bus and chassis on a 400V system. The
minimum acceptable insulation resistance specified by most OEMs is approximately:

A. 1,000 ohms per volt, meaning roughly 400,000 ohms for a 400V system before service is required
B. 1 megohm fixed regardless of system voltage, applied uniformly to all HV systems across designs
C. 100 ohms per volt, giving approximately 40,000 ohms for a 400V system as the OEM threshold
D. 500 ohms per volt, giving approximately 200,000 ohms for a 400V system based on testing

6. A 2024 hybrid uses cylinder deactivation in addition to electric assist to improve fuel economy. Cylinder
deactivation works by:

A. Closing the intake and exhaust valves on selected cylinders so they pump no air during light loads
B. Disabling the fuel injectors on selected cylinders while the valves continue normal operation cycles
C. Reducing the throttle opening to a level where some cylinders cannot draw enough air for combustion

D. Routing exhaust gas back into the intake of selected cylinders to replace fresh combustion air entirely

7. The DC link capacitor inside a modern automotive inverter is most commonly:



A. An electrolytic capacitor with a liquid electrolyte that offers high capacitance in a small package

B. A ceramic capacitor that withstands high temperatures common in the engine compartment
environment

C. A supercapacitor that provides additional energy storage during high-demand acceleration events

D. A polypropylene film capacitor selected for its ripple current capability and long service life

8. A residential Level 2 EVSE installation rated at 40 amps continuous would typically be supplied by a
circuit breaker rated at:

A. 30 amps, sized at 75% of the continuous current rating to provide circuit protection margin
B. 50 amps, sized at 125% of the continuous current rating per NEC continuous-load requirements
C. 40 amps, sized at 100% of the continuous rating to match the EVSE's maximum current draw

D. 60 amps, sized at 150% of the continuous rating to allow for future capacity upgrades safely

9. A lithium-ion cell's safety vent (separate from the CID) is designed to:

A. Block the cell from accepting further charge if its internal temperature exceeds a preset value
B. Release internal gas pressure to the pack interior in a controlled direction if the cell vents
C. Cut all electrical connections between the cell and the pack bus during a thermal event quickly

D. Provide an inspection point for the technician to verify cell health during routine pack service

10. Some high-performance EV drive motors include a hollow rotor shaft through which cooling fluid is
circulated. The primary purpose of rotor shaft cooling is to:

A. Reduce parasitic friction losses in the rotor bearings by reducing fluid viscosity near them
B. Remove moisture from the rotor cavity that could degrade winding insulation over service life
C. Remove heat from the rotor itself, which cannot dissipate effectively through stator cooling alone

D. Pre-warm the motor on cold mornings to improve efficiency immediately after vehicle startup



11. The "Proximity Detection” (PD) signal on a J1772 connector serves to:

A. Communicate the charging station's exact GPS location to the vehicle's navigation system display
B. Sense whether nearby vehicles are also charging from the same circuit for load-management purposes
C. Detect that the connector is plugged in, allowing the vehicle to disable propulsion during charging

D. Identify which type of charging station the vehicle is connected to (Level 1, 2, or DC fast charger)

12. A Type-2 hybrid engine uses a knock sensor that interacts with the hybrid control system differently
than a conventional engine's knock sensor. Specifically, when knock is detected the hybrid system:

A. Reduces the engine's compression ratio mechanically by adjusting the variable compression
mechanism

B. Adjusts ignition timing and may add motor torque to reduce engine load until conditions stabilize
C. Disables the engine entirely until the next key cycle, completing the trip under electric power alone

D. Switches the engine from Atkinson cycle to a different cycle that produces less peak cylinder pressure

13. In cold weather, an EV's BMS may delay accepting DC fast charge current after the vehicle is plugged
in. This delay occurs because:

A. The pack must be warmed to its acceptance temperature range before high-rate charging can begin
B. The BMS performs an extended self-test on the cell voltage monitors before charge can be authorized
C. The on-board charger needs time to warm to its operating temperature before AC conversion begins

D. The charging station's authentication exchange takes longer in cold weather due to slower bus speeds

14. Some EV drive motors use an optical or magnetic encoder for rotor position feedback instead of a
resolver. Compared to a resolver, an encoder offers:

A. Superior reliability and operating temperature range in the harsh underhood environment of vehicles
B. Inherent immunity to all electromagnetic interference from the inverter's PWM output switching

C. Lower cost and simpler signal processing because no excitation circuit or demodulation is needed



D. Higher position resolution but reduced robustness against vibration, contamination, and temperature

15. In a J1772 charging system, a CP (Control Pilot) PWM duty cycle of 50% communicates that the
EVSE can supply:

A. 6 amps maximum continuous, the lowest current setting available in the J1772 specification
B. 16 amps maximum continuous, the default current for residential 120V Level 1 charging sessions
C. 30 amps maximum continuous, calculated as the duty cycle percentage multiplied by 0.6

D. 80 amps maximum continuous, the highest current setting allowed by the J1772 standard today

16. When servicing HV battery module terminations, the technician must apply the exact torque specified
by the manufacturer to the bus bar fasteners because:

A. Over-torque values will cause the BMS to set DTCs related to abnormal connection resistance
B. Under-torque is required to allow the terminal post to flex slightly during thermal expansion
C. Both over-torque and under-torque create high-resistance connections that can overheat in service

D. The manufacturer's torque specification matches the bolt's tensile strength rating for safety

17. The galvanic isolation between the HV bus and the chassis is most commonly tested using:

A. An insulation resistance meter (megohmmeter) applying a DC test voltage and measuring leakage
current

B. A standard digital multimeter set to the highest available ohms range and connected across the gap

C. A clamp-on ammeter placed around the HV cable measuring the residual current flowing during
operation

D. A continuity tester used in beep mode to verify there is no continuous path between HV and chassis

18. A 2023 PHEV in cold climates offers a "preconditioning” feature that can be activated while the
vehicle is still plugged into a charging station. Preconditioning typically:



A. Charges the HV battery to maximum SOC before any climate conditioning begins so range is
maximized

B. Operates a small auxiliary heater inside the engine compartment to evaporate moisture before driving
C. Warms only the cabin to comfortable temperature without affecting the powertrain or battery pack

D. Warms the battery pack and cabin using grid power so range and comfort are immediate at departure

19. A drive motor with an "IP67" ingress protection rating indicates that the motor housing is:

A. Rated to operate at altitudes up to 6,700 meters above sea level without performance degradation
B. Dust-tight (no ingress of dust) and protected against the effects of temporary immersion in water
C. Tested to withstand 67 volts maximum applied across its internal insulation during dielectric testing

D. Capable of starting up to 67 times per minute without exceeding its rated thermal duty cycle limits

20. Lithium-ion battery packs intended for automotive use must pass vibration testing to standards such
as UN 38.3 or SAE J2380. These tests verify that:

A. The cells will not produce audible noise during normal driving conditions on poorly maintained roads
B. The pack’s mounting brackets meet specific acoustic damping requirements for cabin noise reduction
C. The pack maintains electrical and mechanical integrity under the vibration spectrum expected in service

D. The pack's connectors can be disconnected and reconnected up to a specified number of cycles safely

21. A resolver in a typical hybrid drive motor is excited by an AC signal whose frequency is
approximately:

A. 60 hertz, matching the line frequency of the residential AC supply that charges the vehicle's battery
B. 1 kilohertz, matching the J1772 Control Pilot frequency for compatibility with charging communication
C. 10 to 20 kilohertz, far above the motor's electrical frequency to allow accurate position measurement

D. 1 megahertz, matching the typical frequency of RF communication used elsewhere in vehicle systems



22. A customer brings in a hybrid with a dead 12V battery and a portable lithium jump-starter from an
auto parts store. The technician should:

A. Decline to use the lithium jump-starter because its output voltage will damage the hybrid's electronics

B. Use the lithium jump-starter only after disconnecting the 12V battery completely from the vehicle
harness

C. Connect the jump-starter directly to the HV battery to provide power until the 12V system recovers

D. Use the lithium jump-starter at the OEM-specified jump points just like a conventional 12V jump
source

23. A 350 kW DC fast charger connected to an 800V vehicle can deliver up to approximately 437 amps
continuous. The current is limited primarily by:

A. The vehicle's HV battery state of charge, which never exceeds 80% during DC fast charging events
B. The 12V auxiliary battery's ability to power the contactor coils during the charging session entirely
C. The charging cable thermal rating, the vehicle battery acceptance, and the charger's hardware capability

D. The local utility's grid impedance at the charging station location, regardless of station hardware rating

24. Some advanced BMS systems report "State of Function” (SoF) in addition to SOC and SOH. State of
Function represents:

A. The pack’s capability at this moment to deliver a specific function (acceleration, regen, fast charge)
B. The percentage of original cells remaining in functional condition after extended service life
C. The internal voltage drop measured during a controlled load test at room temperature in service

D. The pack's compliance with the OEM's published operating specifications at the date of manufacture

25. An EV drive unit is mounted to the vehicle structure through rubber or hydraulic mounts rather than
rigid bolts. The primary purpose of these mounts is to:

A. Allow the drive unit to be replaced without affecting the alignment of the surrounding suspension
components



B. Provide a path for any leaking transmission fluid to be channeled away from sensitive electronics

C. Compensate for thermal expansion of the drive unit housing during sustained high-load operation
events

D. Isolate motor and gear noise and vibration from the vehicle structure to improve cabin NVH
performance

26. A "snubber" circuit installed across an IGBT switch in an inverter serves to:

A. Suppress voltage spikes that occur when the IGBT turns off while carrying inductive load current
B. Provide a backup current path if the IGBT fails as an open circuit during high-load operation
C. Filter low-frequency ripple from the DC bus before it reaches the IGBT collector terminal directly

D. Increase the IGBT's switching frequency capability beyond the gate driver's design rating safely

27. A label affixed to the inside of the hood (or near the driver's seat) on many EVs and PHEVs identifies
the vehicle as an electrified vehicle and provides:

A. The vehicle's complete service history including all recalls, inspections, and major repair events
B. Guidance for emergency responders, including HV cutoff procedures and pack location information
C. The recommended charging schedule for the battery pack based on the vehicle owner's driving patterns

D. A QR code linking to the manufacturer's website for general consumer-facing product information

28. The differential gear oil used in a current-generation EV drive unit typically:

A. Is a low-viscosity synthetic fluid compatible with both gears and (in some designs) motor cooling
B. Is identical to the gear oil specified for conventional rear-wheel-drive vehicles with separate axles
C. Should be drained and replaced every 5,000 miles to maintain proper drive unit cooling performance

D. Contains rust inhibitors specifically designed for vehicles that operate primarily on salt-treated roads

29. A specific Type-2 hybrid does not have a conventional 12V starter motor at all. This omission is
possible because:



A. The vehicle is started exclusively from external charging power before the driver enters the cabin
B. The engine is started by a small auxiliary internal combustion engine before main engine startup
C. The first cylinder to fire is preheated electrically and ignites without requiring crankshaft rotation

D. The motor-generator (MG1) spins the engine through the planetary gearset to start the engine

30. The NEC requires that EV charging circuits installed in residential garages include:

A. Surge protective devices (SPDs) rated for the full DC fast-charging current of any installed equipment

B. Ground-fault circuit-interrupter (GFCI) protection on the receptacle, except where the EVSE is
hardwired

C. Two separate breakers in the panel, each handling half of the EVSE's continuous current rating

D. Lightning arresters at the panel that route surge current safely to the building's grounding electrode

31. The printed circuit boards inside a modern automotive inverter are often coated with a clear protective
layer called "conformal coating.” The primary purpose of this coating is to:

A. Improve the aesthetic appearance of the inverter for assemblies that are visible to the customer
B. Protect the circuit board against moisture, contamination, and corrosion in the service environment
C. Provide electrical insulation between adjacent IGBT modules mounted on the same circuit board

D. Reduce the operating noise of the inverter by damping vibration of the surface-mount components

32. Modern EV battery packs include thermal barriers or "firewall" structures between cell groups. The
primary purpose of these barriers is to:

A. Reduce manufacturing cost by allowing fewer cells to share each cooling channel within the pack
B. Provide structural support that allows the pack housing to be made of lighter-weight materials
C. Allow individual cell groups to be electrically isolated for service without removing the entire pack

D. Slow or prevent thermal runaway from propagating from one cell group to other neighboring cell
groups



33. An EV's overall drive system efficiency (battery-to-wheels) typically peaks at a moderate cruising
speed and falls off at both low and very high speeds because:

A. Auxiliary loads dominate at low speed and aerodynamic drag dominates the energy consumption at
high speed

B. The motor operates outside its peak efficiency zone at moderate speed and within it at speed extremes
C. The transmission gear ratios are optimized for performance acceleration rather than cruise efficiency

D. The HV battery state of charge drops more quickly at moderate speed than at low or high speed

34. Some current-generation EV drive units integrate the inverter directly onto the motor housing rather
than locating it elsewhere in the vehicle. The primary advantage of this integration is:

A. Reduced cost because the motor and inverter share a common housing made from a single casting
B. Improved cooling because both motor and inverter share the same coolant inlet and outlet ports
C. Easier service access because the inverter and motor can be removed and replaced as a single unit

D. Shorter three-phase cables, which reduces electrical losses, EMC issues, and overall vehicle weight

35. Lithium-ion cells go through a "formation cycle” during manufacturing. The purpose of this initial
cycle is to:

A. Verify each cell's nominal voltage matches the manufacturer's specification before pack assembly
B. Build the SEI layer on the anode and stabilize the cell's electrochemistry for service life ahead
C. Match cells by capacity into closely-grouped batches for use in the same battery pack assembly

D. Test each cell's safety vent by deliberately overcharging it and observing the vent's response

36. A 2024 hybrid owner's manual recommends using "Top Tier" gasoline. Top Tier gasoline differs from
standard gasoline in that it:

A. Contains additional detergent additives above the EPA minimum to keep injectors and valves cleaner

B. Has a higher octane rating that prevents knock under all driving conditions for the hybrid engine

10



C. Contains less ethanol than standard gasoline, reducing the risk of fuel system corrosion over time

D. Is approved by the EPA for use only in hybrid vehicles, requiring a special purchase agreement

37. Iron losses in an electric motor's stator include both hysteresis losses and eddy current losses. These
losses:

A. Are independent of motor speed and depend only on the current flowing through the stator windings
B. Decrease as motor temperature rises because magnetic permeability of the laminations improves
C. Increase with motor speed because both loss mechanisms depend on frequency of flux changes

D. Are eliminated entirely when the motor operates as a generator during regenerative braking events

38. An EV in cold weather may take longer to clear frost from the windshield than a conventional vehicle
because:

A. Electric defrost grids use less power than gas-engine waste-heat defrost can provide to the windshield

B. The EV must generate heat electrically rather than using waste heat from a running internal combustion
engine

C. EV windshields use a different glass composition that resists heat absorption from any source

D. EV cabin HVAC fans operate at lower flow rates than conventional vehicle HVAC fans operate at
maximum

39. A modern automotive on-board charger typically uses two power conversion stages in series: a PFC
(power factor correction) stage followed by an isolated DC-DC converter (such as an LLC topology). The
PFC stage's purpose is to:

A. Convert AC line input into a regulated DC bus while shaping the line current to be sinusoidal
B. Provide the galvanic isolation between the grid and the HV battery for safety compliance reasons
C. Step down the resulting DC voltage to match the battery's voltage during the charging session

D. Match the line voltage to the inverter's exact peak voltage requirement during normal operation

11



40. Some hybrid drive systems use a belt to connect the motor-generator to the engine crankshaft.
Compared to a gear-driven connection, the belt drive:

A. Provides absolute mechanical precision between the motor and engine for accurate timing alignment

B. Cannot transmit torque in the reverse direction (motor to engine) for starting the engine during
operation

C. Costs less, allows compliance for misalignment, but transmits less peak torque than a gear-driven
connection

D. Eliminates the need for any tensioning device because the belt's elasticity maintains constant tension

41. The coolant used in HV battery thermal management systems must remain liquid at temperatures down
to approximately -40°C. This freeze protection is typically provided by:

A. A small electric heater that runs continuously to keep the coolant above freezing in cold weather
B. An insulating jacket around the coolant lines that prevents heat loss during cold-weather operation
C. A separate coolant reservoir that is preheated whenever the vehicle is parked in cold conditions

D. A glycol-water mixture (similar to engine coolant) that lowers the freezing point of the fluid

42. During a DC fast charging session using CCS, the vehicle's BMS continuously communicates with
the charger to:

A. Request specific current and voltage values as the pack reaches different states of charge
B. Authorize each individual amp-hour delivered to the pack through a series of confirmations
C. Verify the technician's certification credentials before each charging session can begin properly

D. Update the charging station's pricing display based on the vehicle's current state of charge value

43. Some inverters include a small air filter on a ventilation port to the inverter housing. The purpose of
this filter is to:

A. Provide intake air for an internal cooling fan that runs whenever the inverter is operating at full load

12



B. Allow pressure equalization between the inverter housing interior and ambient air without
contamination

C. Filter the three-phase AC output before it reaches the motor windings during normal operation

D. Provide air supply for the IGBTSs, which are air-cooled rather than liquid-cooled in some designs

44. A 2022 Type-2 hybrid uses an electric power steering pump that operates independently of the engine.
The primary advantage of this approach over a belt-driven hydraulic pump is:

A. The electric pump produces higher peak steering assist than any conventional belt-driven pump could

B. The electric pump provides steering assist during auto-stop and electric-only driving when the engine
is off

C. The electric pump is smaller and lighter than any conventional belt-driven pump used in non-hybrid
vehicles

D. The electric pump uses synthetic hydraulic fluid that requires no scheduled fluid changes for vehicle
life

45. A hybrid customer asks whether their 2023 hybrid can use E15 (15% ethanol blend) gasoline. The
technician should reference the owner's manual but the general industry practice is that:

A. All hybrid vehicles can use up to E85 (85% ethanol) without any modifications or fuel system damage
B. Hybrid vehicles cannot use any ethanol blend because ethanol degrades hybrid electronic components

C. Only flex-fuel hybrid vehicles can use any ethanol blend above E10 (10%) commercially available
today

D. Most 2001-and-newer light-duty vehicles can use E15, but the owner's manual is the authoritative
source
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PRACTICE EXAM 10 — ANSWER KEY AND EXPLANATIONS

1. A— A 1,200-pound battery pack assembly requires equipment specifically designed for the load and
dimensions — a specialized HV battery lift table or scissor jack. Standard transmission jacks lack the
platform size and load capacity; team lifts of this weight risk dropping the pack onto live HV terminals.
The L3 expects use of OEM-specified or industry-approved battery handling equipment for any pack
removal.

2. C — A Type-B RCD detects both AC and DC residual fault currents, while a standard Type-A RCD
detects only AC. EV charging is unique because power electronics in the OBC and battery can produce
DC leakage that would slip past an AC-only device, so Type-B protection is required to detect ground
faults across the full current spectrum.

3. D —In a Y-connected stator, phase voltage equals line voltage divided by 3 while line current equals
phase current; in delta, phase voltage equals line voltage and line current equals phase current times V3.
Both configurations are used in inverter-driven drives, with the choice determined by the motor designer's
torque/voltage trade-off goals.

4. C — The J1772 CP signal duty cycle communicates the maximum continuous current the EVSE is
capable of supplying, allowing the vehicle to limit its current draw within that capability. The vehicle uses
a constant 10-85% mapping where current available = duty cycle x 0.6 amps for most of the range.

5. C — Per IEC and ECE R100 standards, the minimum insulation resistance for an HV system is 100
ohms per volt of system voltage. For a 400V system, that gives 40,000 ohms minimum; readings below
this threshold indicate compromised isolation requiring service before the vehicle is released.

6. A — Cylinder deactivation closes both intake and exhaust valves on selected cylinders so they pump
no air during light loads, eliminating the pumping losses that would otherwise occur. Simply shutting off
fuel injection while leaving valves open still wastes energy compressing and expelling air through the
disabled cylinders.

7. D — Modern automotive inverters use polypropylene film capacitors for the DC link because of their
high ripple current capability, long service life, and tolerance for the elevated temperatures inside the
inverter. Electrolytic capacitors degrade rapidly at automotive temperatures, and ceramics cannot provide
the bulk capacitance needed.

8. B — NEC continuous-load rules require circuit conductors and breakers to be sized at 125% of the
continuous current. A 40-amp continuous EVSE requires a 50-amp breaker (40 x 1.25 = 50). This margin
prevents nuisance tripping and addresses heat buildup during long charging sessions.

9. B — The safety vent is a mechanical pressure-relief feature that releases internal gas pressure in a
controlled direction into the pack interior if the cell vents during a thermal event. This is distinct from the
CID, which opens the cell's internal electrical circuit. Both work together to protect the pack from cell
failures.
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10. C — Rotor shaft cooling removes heat from the rotor itself, which cannot easily dissipate through
stator cooling alone. High-performance and high-power-density motors generate significant rotor losses
from eddy currents in the magnets and iron, making active rotor cooling critical for sustained high-load
operation.

11. C — The Proximity Detection signal communicates the physical state of the connector to the vehicle
— specifically, whether it is plugged in. The vehicle uses this signal to disable propulsion while connected
(drive-away protection) and to enable charging logic only when a connector is actually present at the inlet.

12. B — When knock is detected, the ECM retards ignition timing to suppress it; in a hybrid, the system
can additionally command the motor-generator to supply some of the wheel torque, reducing engine load
until knock-producing conditions subside. This dual response is faster and less driver-noticeable than
ignition retard alone.

13. A — Lithium-ion cells must be within their acceptance temperature range before high-rate DC
charging can occur — typically warmer than 5-10°C. Charging a cold pack at high current causes lithium
plating on the anode, permanently degrading capacity and creating a safety hazard. The BMS delays high-
rate current until preconditioning warms the pack.

14. D — Optical and magnetic encoders provide higher position resolution than resolvers (often by an
order of magnitude), but they are more sensitive to vibration, contamination, and temperature extremes.
This is why resolvers remain dominant in hybrid drive applications where reliability under harsh
conditions trumps absolute resolution.

15. C — The J1772 standard maps CP duty cycle to current using the formula: current available = duty
cycle x 0.6 (for duty cycles 10-85%). At 50% duty cycle, that yields 30 amps maximum continuous,
suitable for a typical Level 2 charging session.

16. C — Both over-torque and under-torque produce high-resistance bus bar connections. Under-torque
leaves the joint loose with poor contact; over-torque damages the fastener, deforms the bus bar, or cold-
flows the soft metal at the joint surface. Either condition can overheat in service and cause connection
failure or fire.

17. A — Insulation resistance testing uses a megohmmeter that applies a defined DC test voltage (typically
500V or 1000V per OEM spec) and measures the resulting leakage current. Standard digital multimeters
lack the test voltage to evaluate isolation at HV operating levels; continuity testers cannot quantify
resistance values in the megohm range.

18. D — Preconditioning warms the battery pack and cabin using grid power while the vehicle is still
plugged in. By the time the driver leaves, both the cabin is comfortable and the pack is at operating
temperature — preserving range and providing immediate comfort without consuming battery energy for
heating.

19. B — In the IP code, the first digit indicates protection against solid ingress and the second indicates

protection against water. IP67 means dust-tight (6) and protected against temporary immersion in water
(7), defined as immersion up to 1 meter for 30 minutes per IEC 60529.
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20. C — Vibration testing to UN 38.3 and SAE J2380 verifies that the pack maintains both electrical and
mechanical integrity under the vibration spectrum expected during service. The tests subject packs to
defined acceleration profiles across multiple axes, and the pack must pass without leakage, fire, or
electrical malfunction.

21. C — Resolver excitation is typically 10-20 kHz — far above the motor's electrical frequency (which
is in the hundreds of Hz range even at high speed). This high excitation frequency allows the resolver's
amplitude modulation to encode rotor position accurately throughout the entire operating speed range.

22. D — A portable lithium jump-starter is electrically a 12V source. Used at the OEM-specified jump
points, it functions exactly like any other 12V jump source. The lithium chemistry is internal to the jump-
starter only; what the vehicle sees is standard 12V power applied at the standard locations.

23. C — The actual current delivered during DC fast charging is set by the lowest of three limits: the
charging cable's thermal rating (which determines maximum sustained current), the vehicle's battery
acceptance current (which varies with SOC and temperature), and the charger's hardware capability.
Whichever is lowest at any given moment controls.

24. A — State of Function represents the pack's momentary functional capability — whether it can deliver
a specific function such as full acceleration, full regenerative braking, or fast charging at the current SOC,
temperature, and SOH. SOC and SOH describe pack state in isolation; SoF translates those into what the
pack can do right now.

25. D — Drive unit mounts use rubber or hydraulic bushings to isolate motor and gear noise and vibration
from the vehicle structure. Without this isolation, structure-borne whine, gear noise, and switching
frequency tonal content would be transmitted directly into the cabin — a major NVH issue particularly
noticeable in EVs because there is no engine to mask it.

26. A — A snubber circuit suppresses voltage spikes that occur when the IGBT turns off while carrying
inductive load current. The motor windings store magnetic energy as current flows; when the IGBT
switches off, the collapsing field induces a voltage spike that the snubber absorbs to keep the spike below
the IGBT's voltage rating.

27. B — The first responder label provides emergency response guidance including HV cutoff procedures,
pack location, and other information critical to safe extrication and fire response. SAE J2990 and OEM
emergency response guides standardize this information so first responders can act safely without prior
knowledge of the specific vehicle.

28. A — Current-generation EV drive units use specialized low-viscosity synthetic fluids that the OEM
has qualified for the specific combination of gears, bearings, and (in integrated designs) motor cooling.
The fluid must be compatible with motor winding insulation and provide adequate film strength for gears
under high torque loads.

29. D — Type-2 hybrid systems use MG1 to spin the engine through the planetary gearset for starting; no

conventional 12V starter is needed. The HV battery supplies MG1 cranking current, which is why a dead
HV battery prevents the engine from starting even though the 12V system is fine.
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30. B— NEC Article 625 requires ground-fault circuit-interrupter protection on EV charging receptacles.
Hardwired EVSE installations are exempted because the EVSE has integrated GFCI protection built into
the unit. The protection is required to prevent shock from cable damage or wet-condition leakage during
charging.

31. B — Conformal coating is a thin polymer layer applied over the populated PCB to protect against
moisture, contamination, and corrosion. Automotive inverters are exposed to harsh environments —
humidity, road salt spray, condensation — and conformal coating prevents these contaminants from
causing shorts or corrosion-related failures.

32. D — Thermal barriers (firewalls) between cell groups slow or prevent the propagation of thermal
runaway from one cell group to its neighbors. This containment is essential to fire safety because a single
cell failure that propagates can cascade into pack-wide thermal runaway; the barriers provide critical time
for vehicle occupants to escape.

33. A — EV drive system efficiency peaks at moderate cruising speed because two different losses
dominate at the extremes. At low speed, auxiliary loads (HVAC, electronics, lights) become a large
fraction of total power; at high speed, aerodynamic drag rises with speed cubed and consumes most of the
input energy.

34. D — Integrating the inverter directly onto the motor housing dramatically shortens the three-phase
cable run between them — sometimes to just a few inches of bus bar. This reduces I?R losses in the cables,
cuts EMC emissions from those cables, and reduces vehicle weight by eliminating heavy copper
conductors.

35. B — The formation cycle is the cell's first controlled charge/discharge after manufacturing, during
which the SEI layer builds on the anode surface through controlled electrolyte decomposition. A properly
formed SEI stabilizes the cell's electrochemistry and is essential for achieving rated cycle life — formation
is one of the most critical steps in cell manufacturing.

36. A — Top Tier is a voluntary detergent additive standard developed by major automakers requiring
more cleaning agent than the EPA minimum. Top Tier fuels keep fuel injectors, intake valves, and
combustion chambers cleaner over time, which preserves fuel economy and emissions performance —
particularly valuable in modern direct-injection engines.

37. C — lron losses include hysteresis losses (proportional to frequency) and eddy current losses
(proportional to frequency squared). Both increase with motor speed because the electrical frequency in
the stator iron rises with speed, causing more rapid flux changes per second. This is why iron losses
become a major factor at high motor speeds.

38. B— An EV must generate all cabin heat electrically because there is no engine producing waste heat.
A conventional vehicle's engine reaches operating temperature in a few minutes and dumps several
kilowatts of waste heat into the heater core. An EV's PTC heater or heat pump produces heat from
electrical input alone, which is slower and consumes range.
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39. A — The PFC stage converts the AC line input into a regulated DC bus while shaping the line current
to be sinusoidal and in phase with line voltage. This satisfies harmonic and power factor requirements
imposed by IEC and UL standards and prevents the OBC from acting as a nonlinear load on the grid.

40. C — Belt-driven motor-generator connections cost less than gear-driven ones and tolerate small
misalignment between shafts. The trade-off is reduced peak torque capability — belts slip or fail under
the high torque demands of major engine cranking events or full hybrid assist, so belt-drive hybrid designs
are typically limited to mild-hybrid 12V or 48V systems.

41. D — HV battery thermal management coolant uses a glycol-water mixture — typically ethylene
glycol-based — that lowers the freezing point well below -40°C. This is the same principle as engine
antifreeze: the glycol additive depresses freezing temperature so the coolant remains liquid in extreme
cold and continues to circulate when called upon.

42. A— During a CCS DC fast charging session, the vehicle's BMS continuously requests specific current
and voltage values from the charger based on the pack's real-time conditions — SOC, cell temperatures,
balance state, and acceptance current. The charger acts as a controllable power source responding to those
requests in real time.

43. B — A small vent filter allows pressure equalization between the inverter housing interior and the
ambient atmosphere as the housing breathes with temperature changes. Without it, daily thermal cycling
would build pressure that could compromise seals or drive moisture in past gaskets — the filter allows air
exchange while blocking dust and water.

44. B — An electric power steering pump operates from the vehicle's electrical bus (12V or HV)
independently of the engine, providing steering assist during auto-stop intervals and electric-only driving.
A belt-driven hydraulic pump provides no assist when the engine is off, which is unsafe in vehicles where
engine-off operation is routine.

45. D — The EPA has approved E15 (15% ethanol) for use in 2001-and-newer light-duty vehicles based
on extensive durability testing. However, the vehicle's owner's manual is always the authoritative source
for any specific vehicle, since some manufacturers may not approve E15 even within the broader EPA-
approved range.
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