PRACTICE EXAM 18: ASE L3
SIMULATION (45 Questions)

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

1. A customer reports that their EV's range estimate suddenly increased by 15 miles overnight after sitting
parked unplugged. This behavior most likely indicates that:

A. The BMS used the resting period to update its SOC estimate using OCV readings of the pack cells
B. The pack temperature dropped overnight, releasing capacity that had been hidden by warm storage
C. The 12V battery's charge state recovered, allowing the BMS to operate with greater accuracy

D. The pack’s internal resistance dropped overnight, freeing up usable capacity for the next drive

2. The ISO 15118 standard for EV charging communication specifies a feature called "Plug and Charge"
that allows the vehicle to:

A. Charge from any compatible station regardless of the local utility's grid frequency or voltage
B. Authenticate the charging session using the user's smartphone or app at the station before plug-in

C. Communicate directly with other vehicles at the same charging station to balance load draw between
cars

D. Authenticate and bill automatically using a vehicle-specific digital certificate negotiated with the
station

3. A Type-2 hybrid engine "does not idle" in the traditional sense — when the vehicle stops, the engine
shuts off entirely rather than idling. This behavior is enabled by:



A. The motor-generator's ability to immediately restart the engine when needed, eliminating idle-time fuel
consumption

B. A special fuel injector calibration that allows the engine to operate at zero RPM while maintaining oil
pressure

C. A modified throttle body that closes completely during idle conditions, reducing fuel consumption to
near zero

D. An additional electric fuel pump that maintains rail pressure during the engine-off intervals between
shutdowns

4. A current-generation EV motor uses "hairpin™ stator windings instead of round wire windings. The
primary advantage of hairpin windings is:

A. The U-shaped pins allow higher rotational speeds than conventional windings can support at the same
voltage

B. Hairpin windings require less copper than conventional windings, reducing the overall motor mass
significantly

C. Higher slot fill (more copper packed per slot), which reduces copper losses and improves motor
efficiency

D. Hairpin windings eliminate the need for stator laminations, simplifying the motor's manufacturing
process

5. Lithium-ion cells are typically connected to bus bars at the cell tabs using:
A. Lead-tin solder of the same composition used for electronic circuit board assembly work
B. Mechanical bolted connections at each cell tab to allow individual cell replacement during service

C. Conductive epoxy that cures at room temperature without applying heat to the cells themselves

D. Laser or ultrasonic welding, which produces low-resistance connections without damaging cell
internals

6. An "insulation monitoring device" (IMD) on a hybrid vehicle continuously measures:

A. The temperature inside each HV component to detect overheating before damage occurs in service



B. The resistance between the HV bus and chassis to detect loss of isolation in real time during operation
C. The voltage drop across the main contactors to verify they are closed properly during normal operation

D. The current flowing through each HV cable to detect imbalance between the positive and negative
buses

7. An "axial flux" motor differs from a conventional "radial flux" motor in that the axial flux motor:

A. Operates with the rotor sliding axially along the shaft as torque is applied to the output
B. Uses three independent rotors stacked axially to provide redundancy for safety-critical applications
C. Produces torgue that rotates axially around the motor centerline rather than tangentially at the air gap

D. Has the magnetic flux flow parallel to the shaft axis rather than perpendicular to it through the air gap

8. A 350 kW DC fast charging cable is often liquid-cooled. The cooling is necessary because:

A. The cable’s plastic insulation must be kept below the melting point of standard PVC during operation

B. Sustained high current would cause the conductors to expand, creating mechanical stress at the
connector

C. The cable's electromagnetic emissions would otherwise exceed regulatory limits at the higher power
levels

D. At very high currents (400+ amps), conductor I2R losses generate heat that would otherwise require
huge conductors

9. A 2023 EV owner needs to be towed after a collision. The vehicle's tow eye should be:

A. Threaded directly into a tapped hole in the side rail of the HV battery pack housing for highest strength

B. Attached to the bumper bracket using a special adapter that the vehicle manufacturer provides
separately

C. Threaded into a tapped receptacle behind a removable cover at the front or rear of the vehicle bumper

D. Welded to the chassis frame at the factory and not removable — towing is performed by the welded
eye directly



10. When reinstalling an HV battery pack after service, the pack mounting bolts must be torqued to:

A. The manufacturer's specification, often with a specific tightening sequence pattern across multiple
mounting points

B. The maximum value possible with a standard torque wrench to ensure the pack does not move in service

C. A "just snug" condition that allows the pack to settle into its position over the first several hundred
miles

D. Approximately twice the torque value used in the previous generation of vehicles to handle higher pack
weight

11. A "switched reluctance™ (SR) motor produces torque through magnetic reluctance variations between
rotor and stator. Compared to permanent magnet motors, SR motors offer:

A. Higher peak torque per unit motor mass for the same input current and voltage class
B. No permanent magnets in the rotor, but the trade-off is higher torque ripple and audible noise
C. Higher efficiency at all operating speeds across the entire torque-speed envelope of the motor

D. Lower manufacturing cost and reduced complexity in the inverter control software requirements

12. During an auto-restart event on a Type-2 hybrid, the engine control module needs to know the exact
crankshaft angle to fire injectors and ignition correctly. This requirement is satisfied by:

A. The motor-generator's resolver, which reports crankshaft angle directly to the engine control module
B. A high-resolution crankshaft position sensor that maintains accurate position even at zero engine speed

C. The transmission output shaft sensor, which the ECM converts to crankshaft angle through gear ratio
math

D. A small backup battery inside the ECM that maintains the last known crankshaft position during
engine-off periods

13. Modern inverters use a modulation strategy called “space vector PWM" (SVPWM) instead of
conventional sinusoidal PWM. The advantage of SVPWM over sinusoidal PWM is:



A. SVPWM eliminates the need for current feedback sensors by precisely calculating motor current open-
loop

B. SVPWM operates at lower switching frequencies, which dramatically reduces switching losses in the
inverter overall

C. SVPWM allows the inverter to operate without a DC link capacitor, reducing inverter physical size
significantly

D. SVPWM uses the DC bus voltage more effectively, producing higher fundamental output voltage than
sine PWM

14. A typical modern EV battery pack contains how many temperature sensors?

A. One central sensor that represents the average pack temperature for BMS calculations during operation

B. Multiple sensors distributed across the pack, monitoring representative locations across the modules
and pack interior

C. One sensor per individual cell, providing the BMS with continuous per-cell temperature data updates

D. No temperature sensors at all — pack temperature is calculated from cell voltage and current
measurements

15. The winding insulation in an EV drive motor is typically rated as Class H or higher, meaning the
insulation can withstand a continuous operating temperature of:

A. Approximately 180°C (356°F) continuous, allowing the motor to operate at high power without
insulation breakdown

B. Approximately 105°C (221°F) continuous, matching the standard insulation rating used in residential
wiring

C. Approximately 65°C (149°F) continuous, the maximum temperature reached during normal operation
conditions

D. Approximately 300°C (572°F) continuous, the same rating used in furnace and industrial high-
temperature wiring

16. A "buck™ converter is a type of DC-DC converter that:



A. Boosts an input DC voltage to a higher output DC voltage for use at the motor inverter side
B. Steps down an input DC voltage to a lower output DC voltage with high conversion efficiency
C. Converts DC input to three-phase AC output for the drive motor through a switching bridge

D. Provides bidirectional voltage conversion between two DC buses at the same nominal voltage level

17. After removing the manual service disconnect, the technician must verify zero HV voltage by:

A. Checking the dashboard display for the "ready" indicator to be extinguished before any service work

B. Measuring 12V battery voltage to confirm the HV system has been fully isolated from low-voltage
systems

C. Using a properly rated meter at the inverter or pack output to verify zero voltage with live-dead-live
test

D. Waiting 30 minutes for residual energy to bleed off before assuming the system is safely de-energized

18. A 2023 EV with adaptive cruise control approaches a slower vehicle ahead. As the cruise system slows
the vehicle, the motor:

A. Continues to apply propulsion torque while the friction brakes alone manage the deceleration to follow
distance

B. Disengages completely from the wheels through an automatic clutch to allow the vehicle to coast
naturally

C. Reverses into regenerative mode, recovering energy as it decelerates the vehicle toward the lead vehicle
ahead

D. Reduces RPM but maintains light propulsion torque to prevent the gearset from coasting on the trailing
side

19. The CAN bus that carries critical HV powertrain data (BMS, inverter, HV-ECU) on a modern hybrid
typically operates at:

A. 500 kbit/s or higher, providing the bandwidth needed for real-time control of HV system components



B. 50 baud, intentionally slow to allow extensive error correction on critical safety messages during
driving

C. 1.5 Mbit/s, but only when the vehicle is in motion — slower at rest to conserve battery energy

D. Variable speed that the modules negotiate at each power-up cycle based on traffic conditions on the
bus

20. A 2023 EV with an underbody battery pack should be raised on a lift using:

A. Any of the four corner pinch welds, the same locations used for raising any conventional vehicle
B. OEM-specified jack pads at marked locations on the body structure, away from the battery pack housing
C. Assingle central jacking point in the middle of the battery pack housing to support the entire vehicle

D. The wheels themselves, since the battery pack cannot tolerate any contact with conventional lift arms

21. Maintaining proper coolant chemistry in an HV battery cooling loop typically requires checking:

A. Coolant freezing point, the same parameter checked in conventional engine cooling systems annually

B. Coolant boiling point under pressure, verified using a refractometer during routine pack service
intervals

C. Coolant color change indicating that additives have depleted and corrosion protection is now reduced

D. Coolant conductivity, which must remain below a threshold to preserve isolation safety between HV
and chassis

22. A passive bleeder (discharge) resistor across the inverter DC link capacitor is sized to:

A. Discharge the capacitor from full voltage to a safe level within the OEM-specified bleed-down time
B. Maintain a continuous load on the HV bus to keep the contactors from chattering during operation
C. Match the impedance of the motor windings exactly, ensuring proper resonance during regen events

D. Provide a redundant current path in case the main contactor fails to open during a service event



23. Some Type-2 hybrid engines integrate the exhaust manifold directly into the cylinder head casting.
This integration:

A. Reduces warm-up time and brings the catalyst to light-off temperature faster after each engine start
B. Eliminates the need for any exhaust manifold gasket between the cylinder head and exhaust system

C. Increases engine compartment temperature, which improves cabin heating from the engine cooling
system

D. Reduces engine weight by removing one major casting component from the engine assembly process

24. An EV drive motor with a higher pole pair count (for example, 8 pole pairs versus 4) produces:

A. Higher peak torque output at high motor speeds due to increased magnetic interaction with the inverter

B. Higher electrical frequency at the same mechanical speed, which increases inverter switching demands
significantly

C. Lower copper losses because the increased pole pair count reduces current flow through each winding

D. Wider torque-speed envelope with higher base speed than equivalent lower-pole-pair-count motors

25. A "buck-boost" DC-DC converter on a hybrid vehicle is capable of:

A. Converting AC to DC and DC to AC bidirectionally through the same switching hardware in real time
B. Stepping the output voltage either above or below the input voltage as operating conditions require

C. Providing electrical isolation between two DC buses while maintaining their voltages equal during
operation

D. Operating in "boost-only" or "buck-only™ mode depending on the orientation of the input terminals

26. Some EV battery packs include a differential pressure sensor that monitors the pressure inside the pack
relative to ambient. This sensor:

A. Detects venting events from individual cells, providing early warning of potential thermal runaway



B. Adjusts the BMS state-of-charge estimation based on barometric pressure at the vehicle's current
altitude

C. Compensates the cooling system flow rate for changes in atmospheric pressure during vehicle operation

D. Verifies that the pack housing remains sealed against moisture during vehicle washing or rainy weather

27. A "sun load" sensor on an EV dashboard provides input to the HVAC system. The sensor's purpose is
to:

A. Reduce HVAC fan speed when the sun is shining to conserve battery energy through reduced motor
load

B. Disable the air conditioning system entirely on cloudy days when cooling demand is judged to be
minimal

C. Detect solar heat gain through the windshield so the HVAC system can pre-emptively increase cooling
capacity

D. Activate a window tint feature on equipped vehicles to reduce glare and heat gain inside the cabin

28. The radiator cooling fan on a Type-2 hybrid engine is typically:

A. Belt-driven from the engine crankshaft, the same configuration used on conventional internal
combustion vehicles

B. Electric, allowing it to operate at the optimal speed independent of engine RPM and when the engine
is off

C. Driven by the air conditioning compressor when the A/C is on, sharing power with the cabin cooling
system

D. Mechanically driven by a small auxiliary motor that runs continuously whenever the vehicle is in
operation

29. The steel used in EV motor laminations is specially formulated for use in motor cores. This "electrical
steel"” is selected primarily for its:

A. High mechanical strength, which allows the motor to withstand the centripetal forces of high-speed
rotation



B. Corrosion resistance, which prevents rusting of the motor core during exposure to humid environments

C. Low electrical losses (low core loss) at AC frequencies, achieved through silicon alloying and grain
orientation

D. Magnetic shielding properties, which contain the motor's magnetic field within the rotor and stator
assemblies

30. On the AC input side of an on-board charger, both common-mode chokes and differential-mode filters
are typically used. The differential-mode filter primarily addresses:

A. Currents that flow in the same direction in both supply conductors and return through ground
inadvertently

B. Voltage spikes on the DC link side of the charger before the conversion process can react safely
C. The DC offset that accumulates in the input current during long charging sessions at high power levels

D. Noise currents that flow from the line conductor and return through the neutral conductor of the input

31. Updating the BMS firmware on a current-generation EV typically requires:

A. Removing the BMS from the pack and connecting it to a dedicated programming station at the OEM
facility

B. A factory tool that physically opens the BMS housing to access the programming port directly with
cables

C. Two technicians working simultaneously to monitor pack voltage during the update procedure for
safety

D. Connecting an OEM scan tool to the vehicle's diagnostic port and following the OEM update procedure
exactly

32. Some EV motor designs include "skewed" stator windings (or skewed rotor magnets). The primary
purpose of skewing is to:

A. Increase the motor's peak torque output at high RPM by aligning magnetic flux with the rotor angle of
attack

10



B. Allow the motor to operate efficiently with cooling fluid leaking past the rotor without causing
electrical damage

C. Reduce cogging torque and torque ripple by spreading the discrete pole-slot interactions across rotor
angle

D. Reduce motor weight by eliminating material from the stator at angles where it contributes less torque

33. In a motor with electrical bearing erosion, the shaft current that damages the bearings is driven by:

A. The motor's torque-producing differential-mode current flowing through the bearings as a parasitic
path

B. The DC link voltage applied across the bearing as a result of capacitive coupling through the motor
housing

C. The inverter's common-mode voltage capacitively coupling through the stator-to-rotor air gap to the
shaft

D. A direct ohmic connection between the inverter output and the bearings through the motor housing
chassis

34. Many EVs include a thick aluminum or composite shield underneath the battery pack. This underbody
shield protects the pack from:

A. Thermal damage from sustained high-speed driving that would otherwise heat the pack housing exterior
B. Road debris impacts and grounding events that could damage the pack housing or its internal cells
C. Water spray from puddles, which would otherwise overwhelm the pack's normal moisture management

D. Electromagnetic interference from external sources that could affect BMS communication accuracy

35. The HVIL (high-voltage interlock loop) signal in an HV battery pack typically uses:

A. A separate 12V power and ground pair routed to each HV connector for redundancy in detection
systems

B. The HV bus itself, which the BMS monitors for unexpected voltage drops indicating an open connector

C. The vehicle's CAN bus to query each module for connection status during normal operation periods
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D. A low-voltage signal loop routed through each HV connector that breaks when any connector is
unmated

36. A J1772 charging coupler contains a specific resistor between the Proximity Detection (PD) pin and
ground. The value of this resistor:

A. Encodes the rated current of the EVSE cable, allowing the vehicle to limit current to safe levels
B. Detects whether the cable is fully inserted versus partially seated for safety verification purposes
C. Provides a known reference for the vehicle's onboard signal generator to calibrate against

D. Identifies the manufacturer of the EVSE cable for warranty tracking by the charging network operator

37. The fuel pump on a Type-2 hybrid runs at a lower average duty cycle than a conventional vehicle's
fuel pump because:

A. The hybrid uses a smaller fuel injector at each cylinder, reducing the total fuel demand on the pump
itself

B. The hybrid's smaller fuel tank requires less pump capacity than a conventional vehicle of equivalent
size

C. Federal regulations limit the operating duty cycle of fuel pumps in hybrid vehicles for safety reasons

D. The engine operates intermittently, reducing the cumulative fuel demand placed on the pump over a
drive cycle

38. A modern EV drive unit with a complex internal oil circulation system may include an integrated oil
filter. The oil filter in this application serves to:

A. Remove water from the oil that has condensed during cold-weather operation of the vehicle in service
B. Heat the oil to its optimum operating temperature before circulation through the gear and motor circuit

C. Add additives to the oil during operation to maintain proper viscosity across the temperature range of
service

D. Capture wear particles from gears and bearings that would otherwise circulate through the cooling
passages
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39. A BMS uses coulomb counting integrated with periodic voltage-based corrections to estimate SOC.
Over time, the coulomb counter accumulates error because:

A. Small current measurement errors integrate over time, drifting the calculated charge value from reality
B. The pack’s nominal capacity decreases continuously, requiring re-baseline of the coulomb counter scale
C. Temperature changes cause the BMS's current sensor to shift its zero-point unpredictably during driving

D. Voltage measurement errors affect the coulomb counter directly through the BMS's internal
calculations

40. A direct-measurement TPMS sensor inside an EV tire performs the same function as the equivalent
sensor on a conventional vehicle. EVs are particularly sensitive to under-inflated tires because:

A. The TPMS sensor on EVs requires more frequent battery replacement than conventional vehicle
Sensors

B. Tire wear on EVs occurs faster than conventional vehicles due to the higher torque at low speeds

C. Under-inflated tires increase rolling resistance, directly reducing vehicle range and overall battery
efficiency

D. Tire pressure changes affect the regenerative braking calibration through the wheel speed sensor signal

41. The inverter's internal control electronics need low-voltage power to operate. This LV power is
typically derived from:

A. A small step-down converter that taps directly from the HV bus and provides isolated LV control power
B. The 12V auxiliary battery, with separate wiring routed from the battery to the inverter control board
C. The motor itself, generating a small AC voltage at startup that the inverter rectifies for control use

D. A dedicated 9V battery inside the inverter housing that is replaced at scheduled maintenance intervals

42. A new EV is delivered to the customer with the HV battery at approximately:

A. 100% SOC to provide maximum range immediately upon delivery to the customer at the dealer
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B. 50-60% SOC, the optimum storage SOC that minimizes calendar aging during transport time
C. 20% SOC to prevent any thermal events during the transport from the factory to the dealer

D. 0% SOC with the BMS instructed to ignore the low SOC indicator until first dealer charging

43. An automotive inverter must meet CISPR 25 EMC emission limits for radio-frequency interference.
These limits restrict:

A. The maximum mechanical vibration that the inverter housing can produce during normal operation
activities

B. The maximum operating temperature the inverter can reach before its thermal protection feature
activates

C. The radiated and conducted electromagnetic emissions across specific frequency bands during
operation

D. The maximum power consumption the inverter can draw at idle when the vehicle is parked or charging

44. A 2023 EV includes an "event data recorder” (EDR) that captures vehicle data in the moments leading
up to and during a crash. The EDR records:

A. Continuous high-resolution video from the dashcam, available for review at the next service
appointment

B. Audio recordings of conversations in the cabin during driving, transmitted to the OEM for analysis
review

C. Vehicle dynamic data such as speed, brake application, steering input, and airbag deployment around
the crash

D. The driver's biometric data (heart rate, breathing) from sensors embedded in the seat and steering wheel

45. A 2021 hybrid engine's EGR system requires periodic cleaning according to the owner's manual. The
technician should clean the EGR system because:

A. The hybrid system's electric components must be removed and reinstalled annually for federal
compliance reasons
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B. The EGR valve is part of the hybrid drive unit and must be lubricated during each annual service
interval

C. Hybrid EGR systems use a special refrigerant that must be evacuated and recharged at routine intervals

D. Carbon deposits accumulate in the EGR passages and valve, causing performance issues and DTCs
over time

PRACTICE EXAM 18 — ANSWER KEY AND EXPLLANATIONS

1. A — During the long rest period, the pack's terminal voltage settled toward true open-circuit voltage,
allowing the BMS to recalibrate its SOC estimate from the OCV-SOC curve. The "extra" range was
already there — the coulomb counter had drifted during driving, and the rest period gave the BMS the
opportunity to correct that drift using a more accurate measurement method.

2. D — IS0 15118 Plug and Charge uses a vehicle-specific digital certificate stored in the car. When the
connector is plugged in, the vehicle and station exchange certificates and the network bills the registered
account automatically — the driver never needs to swipe a card, scan an app, or take any action beyond

plugging in.

3. A — A Type-2 hybrid's motor-generator can restart the engine in fractions of a second through the
planetary gearset, eliminating any need to keep the engine idling at a stop. Skipping idle saves the fuel
that would otherwise be burned to no productive end — one of the major efficiency advantages of full
hybridization.

4. C — Hairpin windings achieve roughly 70% slot fill compared to about 40% for traditional round-wire
windings. The greater copper cross-section per slot reduces resistive (I12R) losses, raising motor efficiency
and increasing continuous torque capability for the same package size — both critical advantages in
modern EV applications.

5. D — Laser welding or ultrasonic welding creates a low-resistance, low-mass metallurgical bond
between cell tab and bus bar without introducing the heat or contamination that solder would impose. The
internal electrolyte and separator of a lithium-ion cell cannot tolerate the temperatures of soldering,
making cold-process welding the standard.

6. B — The Insulation Monitoring Device continuously measures HV-to-chassis insulation resistance in
real time during vehicle operation. When isolation falls below the threshold (typically 100 Q/V), the IMD
reports the fault to the HV-ECU, which sets a DTC and commands appropriate protective action to prevent
shock hazard.
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7. D — Inan axial flux ("pancake™) motor, the rotor and stator face each other across an axial air gap with
magnetic flux flowing parallel to the shaft axis. This geometry typically yields higher torque density in a
thinner package than a conventional radial-flux design, making axial flux attractive for in-wheel and in-
axle applications.

8. D — At currents above approximately 400 amps, I?R losses in the charging cable conductor generate
so much heat that the cable would need to be impractically thick to dissipate it through convection alone.
Active liquid cooling allows much smaller, lighter, and more flexible cables that handle the same current
safely.

9. C—The tow eye is a threaded fitting carried in the vehicle's tool kit that screws into a tapped receptacle
behind a removable cover at the front or rear of the bumper. The receptacle is integrated into the chassis
structure specifically to handle towing loads — the tow eye must never be threaded into pack or body
areas not designed for that purpose.

10. A — Pack mounting bolts must follow the OEM torque specification and (often) a defined tightening
sequence to distribute load evenly across multiple mounting points. Both insufficient and excessive torque
create problems — uneven clamping, distorted pack housings, or compromised seal integrity — so the
spec is precise and must be followed exactly.

11. B — Switched reluctance motors use only iron in the rotor with no permanent magnets, eliminating
rare-earth dependence and reducing material cost volatility. The trade-off is significantly higher torque
ripple and audible noise compared to PM machines, which is why SR motors remain uncommon in
passenger EV applications.

12. B — A high-resolution crankshaft position sensor maintains an accurate crank angle reading even at
zero engine speed, so the ECM knows exactly where each piston is when restart is commanded. This
enables direct-injection engines to fire the next cylinder in sequence within milliseconds, supporting
nearly seamless auto-restart in hybrid operation.

13. D — SVPWM uses the available DC bus voltage approximately 15% more effectively than
conventional sinusoidal PWM, producing higher fundamental motor voltage from the same bus voltage.
This translates to higher peak power output and more efficient field-weakening operation at high motor
speeds.

14. B — A typical modern EV battery pack contains multiple temperature sensors distributed across
representative locations — usually one per module, sometimes with additional sensors at critical thermal
hot spots. The BMS uses these readings to manage cooling, charge acceptance, and thermal protection
without needing one sensor per cell.

15. A— Class H insulation is rated for continuous operation at 180°C (356°F). EV motors operate at high
power density and need this thermal headroom; lower-class insulation (Class B at 130°C, Class F at
155°C) would degrade under the temperatures these motors actually reach during sustained high-load
operation.
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16. B — A buck converter is a step-down topology that chops the input voltage at high frequency through
a single switch and inductor, with the output filtered to a lower regulated DC. Buck topology is highly
efficient (often above 95%) and forms the basis for many hybrid auxiliary power supplies and DC/DC
converter stages.

17. C — The certified procedure is "live-dead-live" verification: confirm the meter reads voltage on a
known live source, read zero at the HV terminals being checked, then re-verify on the known live source.
This three-step protocol catches a failed meter that would otherwise give a false zero reading and create a
serious shock hazard.

18. C — When adaptive cruise commands deceleration, the motor immediately enters regenerative mode
to provide that braking force, recovering energy into the HV battery rather than dissipating it as heat
through friction brakes. This regen-first strategy is a major efficiency benefit of EV adaptive cruise
control.

19. A — Powertrain CAN runs at 500 kbit/s (HS-CAN) or higher (CAN-FD at up to 5 Mbit/s) to provide
the real-time bandwidth that BMS, inverter, and HV-ECU torque and current messages require. Lower-
speed buses (LS-CAN, LIN) are used elsewhere in the vehicle for non-critical body electronics where
bandwidth is less important.

20. B — The vehicle must be raised at OEM-designated jack pad locations on the body structure, which
are reinforced to handle the lifting load and positioned away from the battery pack housing. Jacking on
the pack housing risks deforming the enclosure, damaging cells, or compromising the isolation between
HV and chassis.

21. D — Coolant conductivity is the critical parameter for HV component cooling loops because high
conductivity creates a leakage current path between HV components and chassis. Conductivity must
remain below the OEM threshold throughout the service interval to preserve isolation safety, which is
why this parameter is checked rather than freezing point or color.

22. A — The bleeder resistor is sized so the RC time constant brings DC link capacitor voltage from full
charge to a safe level (typically below 60 V) within the OEM-specified bleed-down period. Smaller
resistors discharge faster but waste more power continuously during normal operation; larger resistors
extend the technician wait time — the value is calibrated to balance both.

23. A — Integrating the exhaust manifold into the cylinder head casting reduces the thermal mass between
the combustion chamber and the catalyst, allowing exhaust heat to reach the converter faster after a cold
start. Faster light-off means lower cold-start emissions — particularly valuable in a hybrid where the
engine starts and stops many times per drive cycle.

24. B — Electrical frequency in a motor equals mechanical RPM times pole pair count divided by 60.
Doubling pole pair count doubles electrical frequency at the same shaft speed, which doubles the inverter's
switching demand for the same modulation index and increases iron losses in the stator laminations.

25. B — A buck-boost converter combines buck (step-down) and boost (step-up) topologies into a single
unit, allowing the output voltage to be regulated either above or below the input voltage. This flexibility
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is essential where supply and load voltages can vary in opposite directions across operating conditions —
common in hybrid auxiliary power supplies and DC bus conditioning.

26. A — Cell venting releases gas into the pack interior, rapidly raising pack pressure. A differential
pressure sensor detects this pressure rise quickly, allowing the BMS to identify a venting event before any
visual evidence is available. Early detection enables protective action — contactor open, driver alert —
before thermal runaway can propagate to adjacent cells.

27. C — The sun load sensor measures solar irradiance on the dashboard and predicts cabin heat gain
through the windshield. The HVAC system uses this signal to pre-emptively increase cooling capacity
(and sometimes redirect airflow to the sun-exposed side of the cabin) before cabin temperature actually
rises, improving comfort and efficiency.

28. B — Electric cooling fans on hybrids decouple fan speed from engine RPM, allowing optimal airflow
regardless of engine state — including when the engine is off and the radiator still needs to dissipate
residual heat. A belt-driven fan cannot run when the engine is off, making it incompatible with hybrid
stop/start operation.

29. C — Electrical steel (silicon steel) is selected for low core losses at the AC magnetic frequencies that
motor laminations experience during operation. Silicon alloying and grain orientation reduce both
hysteresis and eddy current losses dramatically, improving motor efficiency particularly at the higher
frequencies that EV motors operate at.

30. D — Differential-mode noise flows from line to neutral (or between the two supply conductors) and
returns via the same conductor pair. The differential-mode filter — typically inductors in series and
capacitors line-to-line — suppresses this noise without affecting the desired 50/60 Hz line current. It
complements the common-mode choke, which addresses a different noise path.

31. D — Modern BMS firmware updates are performed via the OEM scan tool through the vehicle's OBD
diagnostic port, following the manufacturer's prescribed procedure (often requiring stable 12V battery
voltage and a clear DTC state before initiation). The BMS is never physically removed for routine
firmware updates.

32. C — Skewing distributes the rotor pole and stator slot interaction across rotor angle so that not all
teeth align with poles at the same instant. This averages out the cogging force and smooths the torque
output, reducing both audible noise and torque ripple — both critical for EV NVH where there is no engine
sound to mask motor noise.

33. C — The inverter's common-mode voltage couples capacitively through the stator-to-rotor air gap to
the rotor shaft, building shaft-to-frame voltage. When this voltage exceeds the threshold to discharge
through the bearing lubricant film, a tiny EDM arc forms at the bearing race that erodes the metal — the
mechanism behind electrical bearing damage in PWM-driven motors.

34. B — The underbody shield is the first line of defense against road debris impacts and grounding events
that occur when the vehicle bottoms out or strikes objects on the road. A breached pack housing can leak
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coolant, lose isolation, or damage cells — all risks the shield is specifically designed to prevent in normal
driving and minor off-road situations.

35. D — The HVIL is a low-voltage signal loop that passes through each HV connector via dedicated
interlock pins. When any connector is unmated — for service or crash damage — the loop opens, the HV-
ECU detects the break, and main contactors are commanded open to de-energize the bus before anyone
can contact an exposed conductor.

36. A — The proximity resistor's value encodes the maximum current the specific EVSE cable can safely
carry, with defined resistance values for 16 A, 32 A, 63 A, and 80 A cables per J1772. The vehicle reads
this resistance during plug-in and limits its draw appropriately, protecting against a high-current vehicle
overloading a low-current cable.

37. D — A Type-2 hybrid engine operates intermittently rather than continuously, so the integrated fuel
demand across a drive cycle is far lower than a conventional engine would impose. The fuel pump
therefore runs less often and at lower average duty cycle, extending pump service life and reducing the
load on the pump's electrical circuit.

38. D — A drive unit oil filter captures wear particles shed by gears, bearings, and (in integrated designs)
motor components, preventing them from circulating through cooling passages and contributing to further
wear. The filter is similar in principle to an engine oil filter but sized for the lower flow rate and lower
particle load of a sealed drive unit.

39. A — Even a precise current sensor has small offset errors that integrate over time as the BMS
calculates cumulative charge in and out. Over many hours of operation, this drift can accumulate to several
percent of pack capacity, which is why coulomb counting must be combined with periodic OCV-based
correction to maintain accurate SOC estimation.

40. C — EV range depends directly on rolling resistance because the motor must continuously supply the
energy lost to tire deformation against the road. Under-inflated tires deform more, dramatically increasing
rolling resistance — a 10% under-inflation can easily cost 5% or more of range, an impact far larger than
in conventional vehicles where fuel reserves provide more buffer.

41. A — The inverter's control electronics derive low-voltage power from a small isolated step-down
converter that taps the HV bus internally. This arrangement provides galvanic isolation between control
and HV sides while keeping the inverter functional even if the 12V auxiliary system is temporarily
compromised — an important reliability and safety feature.

42. B — New EVs are delivered with the pack at roughly 50-60% SOC because this state minimizes
calendar aging during the transit and storage time between factory and dealer. Storing fully charged or
fully discharged would accelerate degradation before the vehicle ever reaches its first owner, which is
why OEMs target a moderate state-of-charge at shipping.

43. C — CISPR 25 is the international standard governing automotive EMC, specifying limits on both
radiated emissions (broadcast from the vehicle into surrounding airwaves) and conducted emissions
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(returning via cables and the vehicle harness) across defined frequency bands. Inverters must meet these
limits to prevent interference with vehicle radio receivers and external electronic devices.

44. C — Event Data Recorders are mandated by NHTSA regulations to capture defined vehicle dynamic
parameters — speed, brake application, steering input, throttle position, seat belt status, airbag deployment
— in a buffered window around a crash event. The data is used for crash investigation, vehicle safety
research, and insurance claims analysis.

45. D — Carbon deposits naturally accumulate in EGR passages and on the valve seat as recirculated
exhaust gas cools and condenses inside the system. Buildup eventually restricts flow, can stick the valve
open or closed, or generates DTCs for EGR insufficient or excessive flow. Periodic cleaning prevents
these driveability and emissions issues from developing.
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