PRACTICE EXAM 14: ASE L3
SIMULATION (45 Questions)

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

1. A current-generation EV uses prismatic cells in its HV battery pack. Compared to cylindrical cells,
prismatic cells typically:

A. Provide higher energy density per cell, with each cell containing approximately three times the capacity

B. Allow more efficient pack-level packaging because flat surfaces can be stacked without wasted air
space

C. Operate at higher individual cell voltages because the prismatic shape supports thicker electrode layers

D. Require less complex cell-level monitoring because each prismatic cell has fewer internal failure modes

2. The "common-mode voltage" produced by an inverter's PWM switching is the:

A. Average voltage across each motor phase that the inverter delivers during sinusoidal output
B. Voltage between the inverter output midpoint and chassis ground, which switches at the PWM rate
C. Maximum voltage spike that can occur across an IGBT during turn-off events at full load

D. Lowest common voltage among the three motor phases at any instant during operation cycles

3. Hybrid catalytic converters are often physically smaller than those on equivalent conventional vehicles.
This sizing is possible because:

A. The hybrid engine operates less often and at more efficient loads, reducing total exhaust mass flow

B. Hybrid engines burn a leaner fuel mixture that produces less exhaust than conventional engines do



C. Hybrid catalytic converters operate at higher temperatures, increasing conversion efficiency per unit
volume

D. Hybrid engines do not need to meet the same emissions standards as conventional engines under EPA
regulations

4. EV drive units typically use helical gears rather than spur gears in their reduction gearset. The primary
reason for selecting helical gears is:

A. Helical gears can transmit more torque than spur gears of the same physical size and material
B. Spur gears cannot tolerate the rotational speeds typical of an electric motor's output shaft
C. Helical gears produce less noise because tooth engagement is gradual rather than instantaneous

D. Spur gears require more lubrication than helical gears and would shorten service intervals significantly

5. A technician measures the open-circuit voltage (OCV) of a rested lithium-ion pack to estimate state of
charge. This measurement works because:

A. OCV equals SOC directly, with one volt corresponding to ten percent of charge in the pack
B. OCV is independent of temperature, providing accurate SOC estimation across all operating conditions
C. OCV has a predictable, monotonic relationship with SOC that the BMS uses to calibrate its estimation

D. OCV reflects the pack's instantaneous current draw, which scales linearly with charge being consumed
at the time

6. In a three-phase inverter, "dead time" between the upper and lower IGBT switching transitions is
necessary because:

A. The motor's inductance requires a brief pause between phase changes to dissipate stored energy safely

B. The control board needs time to update the rotor position estimate before commanding the next
switching event

C. The DC link capacitor requires time to recharge between IGBT switching events at high current loads

D. The IGBTSs have finite turn-off times, and overlap would cause "shoot-through” — a direct short across
the DC bus



7. Drive motors are dynamically balanced during manufacturing. A rotor with an out-of-balance condition
will most likely produce:

A. Vibration and noise that increase with motor speed, with the strongest effect at the imbalance frequency
B. Reduced motor torque output at all operating speeds because the magnetic field becomes asymmetric
C. Increased back-EMF that the inverter cannot compensate for during regenerative braking operation

D. Faster bearing wear that affects only the bearings on the front of the motor near the output shaft

8. A 2023 EV produces an audible exterior sound at speeds below approximately 19 mph. This sound
generator is required by:

A. EPA noise regulations that limit the maximum quietness of all road vehicles for environmental reasons
B. FMVSS 141, which requires EVs and hybrids to produce minimum exterior sound for pedestrian safety
C. SAE J2990, which specifies minimum sound levels for emergency vehicle compatibility in cities

D. State-level regulations that vary across the United States and depend on local jurisdiction policies

9. A battery that has reached approximately 70-80% of its original capacity is no longer suitable for
automotive use but may be useful for:

A. Recycling immediately, as no further useful life remains regardless of the cells' chemical condition

B. Use in higher-performance EV applications where the lower capacity is offset by higher current
capability

C. Resale as an OEM-warranted replacement for the same vehicle model from which it was originally
removed

D. "Second-life™ applications such as grid energy storage, where the reduced capacity is still highly useful

10. A "resolver-to-digital converter” (RDC) IC inside an inverter:

A. Demodulates the resolver's sine and cosine signals and outputs a digital angle value to the controller

B. Converts the analog resolver excitation signal into a digital pulse train for use in motor control software



C. Multiplexes multiple resolver inputs into a single channel for cost-reduced inverter designs in low-
power applications

D. Stores resolver calibration data in nonvolatile memory for retrieval during inverter power-up sequences

11. A 2022 PHEV is being emissions-tested. The tester notes that the test procedure differs from a
conventional vehicle because the PHEV must be tested in:

A. Only the charge-depleting (CD) mode, since this represents the vehicle's normal operating condition

B. Only the charge-sustaining (CS) mode, since the battery is rarely fully charged during real-world
driving

C. Static condition with the engine running but the vehicle stationary on a dynamometer roller test

D. Both charge-depleting and charge-sustaining modes, with a weighted result based on assumed usage
patterns

12. A high-performance EV motor uses an oil spray or mist directed onto the stator windings inside the
motor housing. The advantage of this internal oil cooling over an external water jacket alone is:

A. The oil eliminates the need for any electrical isolation between the cooling system and the motor
windings

B. The oil contacts the heat-generating windings directly, removing heat without going through housing
material

C. The oil increases the magnetic flux density between stator and rotor by filling the air gap with denser
fluid

D. The oil reduces the motor's noise output by damping vibration of the stator iron at the laminations
directly

13. An "active discharge” circuit inside an inverter is designed to:

A. Provide continuous current to the gate drivers during normal switching operation at all power levels
B. Rapidly bleed down the DC link capacitor voltage to safe levels when the main contactors open

C. Discharge the HV battery completely during emergency conditions to remove all stored energy from
the pack



D. Send a periodic test pulse through the motor windings to verify continuity during diagnostic routines

14. Earlier-generation hybrids (such as 2005-2010 NiMH packs) commonly used air cooling, while
modern EV packs use liquid cooling. The transition to liquid cooling was driven primarily by:

A. The much higher heat generation of modern high-power lithium-ion packs during fast charging and
acceleration

B. The unavailability of low-cost cooling fans suitable for automotive applications in current production

C. The requirement to seal modern HV battery packs against any air ingress under federal safety
regulations

D. The desire to use the battery pack as a structural component of the vehicle's overall body design

15. The charge port on a current-generation EV includes a small electric solenoid that locks the charging
connector in place when plugged in. The primary purpose of this locking mechanism is to:

A. Generate the proximity detection signal that informs the vehicle a connector is currently in place
B. Verify that the charging connector is plugged in fully before high-current charging can begin safely

C. Provide weather sealing between the connector and the inlet to prevent moisture intrusion during
charging

D. Prevent unauthorized disconnection during charging, which would interrupt the high-current charging
session unsafely

16. Some experimental and specialty EVs use "hub motors™ mounted inside the wheel hubs. Compared to
a conventional drive unit, hub motors:

A. Eliminate the need for any wheel bearings since the motor's own bearings perform the same function
B. Require special tires that include integrated heat-dissipation channels for the motor's heat output
C. Eliminate the need for HV cables since power is transmitted to the wheel via inductive coupling alone

D. Increase unsprung mass at each wheel, affecting ride quality and suspension dynamics significantly



17. At the end of its automotive service life, a lithium-ion battery pack is typically processed for recycling.
The primary materials recovered from this recycling are:

A. Cobalt, nickel, manganese, and lithium, which can be reused to manufacture new battery cells
B. Aluminum and steel from the pack enclosure, with the cells themselves discarded as waste material
C. Plastic separator material, which is reformed into new components for the automotive industry overall

D. Refrigerant and coolant, which are reclaimed and reused in new vehicle thermal management systems

18. The heat sink material in modern hybrid inverters is most commonly:

A. Stainless steel, selected for its corrosion resistance and ability to withstand harsh underhood conditions
B. Cast iron, providing thermal mass that dampens temperature spikes during high-load operating periods

C. Galvanized mild steel, which is the lowest-cost option that meets minimum thermal performance
requirements

D. Aluminum, selected for its high thermal conductivity and low mass compared to other suitable metals

19. NFPA 70E specifies personal protective equipment for electrical work. For HV service on a hybrid or
EV, the technician should wear:

A. Standard mechanic's gloves and safety glasses, which are sufficient for any HV automotive work
B. Steel-toed boots, full-face shield, and standard work clothing, with no specific glove requirements set
C. Class 0 (or higher) insulated gloves rated for the system voltage, with leather protectors over them

D. Heavy welding gloves and a full leather apron, the same PPE used for arc welding operations safely

20. After removing the manual service disconnect (MSD), the technician should:

A. Wait approximately 30 seconds for the HV system to completely discharge before any further work

B. Reinstall the MSD immediately if no service work is being performed within the next five minutes

C. Place the removed MSD on a workbench near the vehicle so it can be quickly accessed if needed



D. Retain the MSD in the technician's possession or lock it out to prevent re-energization during work

21. The stator core of an electric motor is built from many thin sheets of steel (laminations) stacked
together rather than a solid block of steel. The primary reason for laminating the stator is to:

A. Reduce eddy currents induced in the iron, which would cause heat and reduce motor efficiency overall
B. Allow the motor to be manufactured in smaller pieces that fit on smaller stamping presses for cost
C. Provide thermal expansion clearance between the stator laminations during high-temperature operation

D. Reduce the motor's overall weight by including air gaps between adjacent laminations as filler space

22. The temperature thermistor mounted inside an IGBT module measures:

A. The ambient temperature of the inverter housing, used for the cooling fan's speed control output

B. The IGBT module's base plate or substrate temperature, the closest practical proxy for junction
temperature

C. The coolant temperature entering the inverter, used to determine when cooling pump operation should
begin

D. The temperature of the gate drive electronics, used to compensate gate drive voltage as temperature
rises

23. A Type-2 hybrid engine uses spark plugs specified by the manufacturer for hybrid duty. These plugs
typically have a heat range that:

A. Is significantly hotter than equivalent conventional engine plugs, since the hybrid engine runs at lower
temperatures

B. Is selected for cold-start performance, accommodating the engine's frequent stop/start cycling in hybrid
operation

C. Is identical to conventional engine plugs of the same displacement, with no special hybrid
considerations applied

D. Is much colder than conventional plugs because the hybrid engine operates at maximum load nearly
continuousl



24. A new lithium-ion battery pack design must pass mechanical drop testing per UN 38.3. The drop test
simulates:

A. The impact a pack would experience from a roadside collision at highway speeds during normal driving
B. The vibration the pack experiences from continuous driving over rough roads for the vehicle's lifetime
C. The mechanical shock a pack might experience during shipping, handling, or assembly drops in service

D. The thermal shock from rapid temperature change between cold storage and warm operating conditions

25. A current-generation high-performance EV has a "launch control” feature for maximum acceleration
from a standstill. The control strategy primarily manages:

A. The rate at which the HV battery state of charge is consumed during the launch to extend total range

B. The temperature rise of the motor windings to ensure they do not exceed the rated insulation
temperature

C. The vehicle's wheel speed difference between the front and rear axles to maintain stability throughout

D. The torque ramp at the wheels to maintain maximum tire grip without exceeding the available friction

26. The metal housing of a hybrid inverter typically functions as both a mechanical enclosure and an EMI
shield. The shielding function works by:

A. Absorbing electromagnetic energy through resistive losses in the metal during normal operation
entirely

B. Providing a continuous conductive enclosure that contains the inverter's electromagnetic emissions
within

C. Reflecting incoming external electromagnetic radiation back toward its source through the housing
material

D. Generating a counteracting magnetic field that cancels the inverter's own emissions in real time

27. When working on the HV system of a hybrid or EV, the technician should use insulated tools rated
for:



A. At least 12 volts DC, the same voltage as the auxiliary battery system used for tool selection
B. At least 50 volts DC, the threshold voltage above which OSHA classifies a system as high-voltage
C. At least 600 volts AC, the standard rating of insulated tools sold for residential electrical work

D. At least 1000 volts AC and 1500 volts DC, per IEC 60900 ratings for insulated automotive HV tools

28. A 2024 EV uses a "cell-to-chassis™ (CTC) structural pack design. The cells are integrated directly into
the vehicle structure rather than housed in a separate enclosure. This design:

A. Increases the pack's serviceability because individual cells can be replaced without removing the
structure

B. Reduces the pack’s energy density because more structural material is required around each cell

C. Increases the pack's energy density by eliminating redundant structural elements between cells and
chassis

D. Eliminates the need for any thermal management because the chassis itself dissipates all heat generated

29. A drive unit gear backlash specification refers to:

A. The amount of torque required to start the drive unit from rest with no input from the motor
B. The mechanical resistance to rotation that the drive unit gears present when the motor is off
C. The maximum angular deflection the output shaft can experience before mechanical failure occurs

D. The clearance between meshing gear teeth that allows free movement before contact and torque transfer

30. The bus bars connecting an inverter's DC link capacitor to the three-phase IGBT bridge are typically
laminated (flat, parallel plates) rather than round wires because:

A. Laminated bus bars have lower stray inductance, reducing voltage spikes during IGBT switching events
B. Laminated bus bars cost less to manufacture than round copper wires of the equivalent current rating
C. Laminated bus bars provide additional capacitance that supplements the DC link capacitor's value

D. Laminated bus bars are required by federal safety regulations for any HV bus over 200 volts DC



31. In a serpentine liquid cooling configuration, coolant flows sequentially through all battery modules
before returning to the pump. The primary disadvantage of this configuration compared to a parallel flow
design is:

A. Higher coolant pump power consumption because serpentine routing requires more pressure to push
fluid

B. The need for additional coolant filtration because contaminants accumulate at the end of the flow path

C. Modules at the end of the flow path receive coolant that has already absorbed heat from upstream
modules

D. The coolant freezes more readily in serpentine routing due to greater surface area exposed to ambient

32. A 2023 hybrid owner's manual specifies a particular engine oil that is not interchangeable with
conventional engine oils. The hybrid oil is most likely:

A. A higher viscosity than conventional engine oils to compensate for less frequent engine running periods
B. A vegetable-based biodegradable oil required by environmental regulations specific to hybrid vehicles
C. A low-viscosity synthetic oil specified to minimize cold-start wear and parasitic losses on the engine

D. A heavy-duty diesel engine oil providing additional protection during the hybrid's frequent restart
cycles

33. An EV drive motor with a higher stator slot count (for example, 48 slots versus 24 slots) generally
produces:

A. Lower peak torque output because the magnetic field strength per slot is reduced with more slots
B. Lower torque ripple because the discrete steps in flux are smaller as slot count increases
C. Higher operating temperature because more slot insulation reduces the winding's heat dissipation

D. Lower mechanical noise because higher slot count produces less audible electromagnetic excitation

34. A 2022 EV's power liftgate operates automatically using a small electric motor in the liftgate hinge.
This motor draws its power from:
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A. The HV battery through a dedicated tap, providing higher torque than a 12V system could supply

B. The on-board charger when the vehicle is plugged in, with no operation possible when unplugged from
charging

C. The 12V auxiliary battery, like other body electrical accessories, with the load supplied through the
DC/DC converter

D. A small dedicated battery located inside the liftgate itself, recharged from a magnetic coupling at
closure

35. Some high-voltage inverter designs use multiple DC link capacitors connected in series rather than a
single large capacitor. When using series capacitors, a designer must include voltage balancing resistors
because:

A. The capacitors will physically overheat unless current is bled off through the balancing resistor network
B. The DC bus voltage requires a tap at the midpoint for control electronics power supply requirements

C. Without balancing resistors, voltage will not divide equally across the capacitors due to small leakage
differences

D. The balancing resistors form a voltage divider that the BMS uses to monitor DC link voltage
continuously

36. Most major OEMs warranty the HV battery pack on new EVs and PHEVs sold in the United States
for a minimum of:

A. 8 years or 100,000 miles, whichever comes first, per federal requirements for HV propulsion batteries
B. 3 years or 36,000 miles, matching the standard new-vehicle bumper-to-bumper warranty period
C. 15 years or 200,000 miles, providing peace of mind comparable to a conventional engine warranty term

D. The lifetime of the original vehicle owner, with no transfer to subsequent buyers permitted by OEMs

37. A coolant leak inside an inverter would most likely cause:

A. Catastrophic mechanical failure of the IGBT mounting hardware as the coolant rapidly evaporates
outward

11



B. Loss of isolation between the HV bus and the chassis, setting an isolation DTC and disabling the system

C. Reduced cooling capability that the inverter compensates for by reducing its switching frequency
automatically

D. Minor performance degradation that requires service at the next major maintenance interval that is
scheduled

38. Before performing HV service on a hybrid or EV, the technician should chock the wheels because:

A. The wheels must be removed from the ground before HV service can be performed on the vehicle pack

B. The vehicle may unexpectedly move during the service if propulsion is somehow activated by service
activity

C. Chocking the wheels electrically grounds the vehicle structure to the shop floor for safety protection

D. The wheel rotation must be locked to prevent regenerative braking from energizing the HV system

39. A 2024 EV's drive unit gear oil change interval is typically:

A. Every 5,000 miles, matching the same engine oil change interval used in conventional vehicles
B. Every 15,000 miles, matching the transmission fluid change interval used on conventional vehicles
C. "Lifetime" (not specified for routine change), with the fluid expected to last the vehicle's service life

D. After every cold-weather season, when the lower temperatures may have caused additional fluid wear

40. A precision current sensor inside an inverter may require periodic calibration to maintain accuracy.
The most common method of calibration during service is to:

A. Use the OEM scan tool to drive a zero-current condition through the sensor and reset its offset value
B. Replace the sensor as a complete unit since calibration of individual sensors is not field-serviceable
C. Adjust an external trimmer potentiometer accessible through a port on the inverter housing cover

D. Apply a known reference voltage to the sensor's signal output line and adjust until the reading matches
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41. Orange tape is used during HV cable service to identify HV components. When applied to a recently
serviced HV cable termination, orange tape primarily serves to:

A. Provide electrical insulation rated for the system voltage that the cable carries during operation
B. Seal the cable termination against moisture intrusion that could compromise the connection long-term
C. Visually identify the cable as HV to subsequent technicians who will service the vehicle in the future

D. Restrain the cable mechanically so it cannot vibrate loose from its connector during driving conditions

42. Hybrid engines often use timing chains rather than timing belts because:

A. Chains operate more efficiently than belts at the lower engine speeds typical of hybrid cruise conditions

B. Chains require no scheduled service replacement, fitting the hybrid's emphasis on reduced maintenance
overall

C. Chains are required by hybrid emissions regulations to ensure consistent valve timing across vehicle
life

D. Chains tolerate the higher temperatures generated by the smaller hybrid engine more effectively than
belts do

43. During DC fast charging using CCS, the HV battery's main contactors:

A. Remain open throughout the entire charging session, with DC current bypassing the main contactors
entirely

B. Open and close repeatedly at the PWM rate to manage current flow into the HV battery pack itself
C. Are bypassed by an external pair of fast-charging contactors located inside the charging station only

D. Close at the start of charging and remain closed throughout the session, carrying the full DC charging
current

44. A Type-2 hybrid engine is mounted to the vehicle frame using mounts that differ from those used in
conventional vehicles. The hybrid engine mounts typically:

A. Are designed to dampen the unique vibration signature of an engine that frequently starts and stops
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B. Are made of metal-on-metal rigid mounts to prevent any movement during electric-only driving
operation

C. Are eliminated entirely, with the engine bolted directly to a structural cross-member for rigidity

D. Include active hydraulic damping that the engine ECU controls based on driving conditions in real time

45. Some Type-2 hybrid engines use both a conventional belt-driven water pump and an additional electric
water pump. The electric pump's primary role is to:

A. Circulate coolant when the engine is off, supporting cabin heating and managing residual engine heat
B. Provide backup water pump capability if the belt-driven pump fails during normal driving conditions
C. Operate the engine's water pump at higher than belt-driven speeds during high-load operation events

D. Reduce engine parasitic load at all engine speeds by replacing the belt-driven pump during operation

PRACTICE EXAM 14 — ANSWER KEY AND EXPLLANATIONS

1. B — Cylindrical cells leave triangular voids when packed together, while prismatic cells have flat
surfaces that stack against each other without wasted space. This is why prismatic chemistry has become
popular in current-generation EV packs — the cell-level energy density may be similar, but the achievable
pack-level energy density is higher because there is less wasted volume.

2. B — Common-mode voltage is the voltage between the inverter's output midpoint (or motor neutral)
and chassis ground. As the IGBTs switch at PWM rate, this voltage steps between bus-rail levels, driving
common-mode currents that can flow through motor bearings (causing electrical erosion) and through
chassis (causing EMI), which is why common-mode chokes and shielding are necessary.

3. A — A hybrid engine operates intermittently and at more efficient loads, producing far less cumulative
exhaust mass over a typical drive cycle than a conventional engine. The catalytic converter can therefore
be sized for the smaller integrated emission load while still meeting standards — saving cost, weight, and
packaging space.

4. C — Helical gears have angled teeth that engage gradually as they mesh, producing smoother and
quieter operation than the instantaneous engagement of spur gear teeth. The trade-off is increased axial
thrust loading that must be managed by thrust bearings, but the NVH improvement is critical in EVs where
there is no engine noise to mask gear whine.
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5. C— The open-circuit voltage of a rested lithium-ion cell follows a predictable, monotonic curve against
SOC. The BMS uses this OCV-SOC relationship to correct coulomb-counting drift whenever the pack
rests long enough for terminal voltage to settle to true open-circuit voltage — typically several hours.

6. D — IGBTs cannot turn off instantaneously, so a brief "dead time™ is inserted between upper and lower
switch transitions to prevent overlap. Without dead time, both switches in a phase leg would conduct
simultaneously during the transition, creating "shoot-through™ — a direct short across the DC bus that
destroys the IGBTSs and potentially other components.

7. A — An out-of-balance rotor produces vibration at its rotational frequency, and the amplitude of that
vibration grows with speed because centripetal force scales with the square of angular velocity. The
symptom is therefore most pronounced at higher motor speeds and is the classic signature of rotor
imbalance.

8. B— NHTSA's FMVSS 141 requires hybrid and electric vehicles to produce a minimum exterior sound
at low speeds (below approximately 19 mph) to alert pedestrians — especially the visually impaired —
that the vehicle is approaching. EVs and hybrids are otherwise nearly silent at low speeds, posing a unique
pedestrian safety risk.

9. D — At 70-80% of original capacity, a pack no longer delivers acceptable EV performance (the range
loss becomes too severe), but it still has years of useful life for less demanding applications. Stationary
energy storage — grid backup, solar buffering, demand-response — is the most common "second-life"
use and is becoming a major industry.

10. A — A resolver-to-digital converter (RDC) IC demodulates the resolver's sine and cosine output
signals and produces a digital rotor angle value that the motor controller uses for vector control. The RDC
handles the analog demodulation that would otherwise require complex DSP code, simplifying the
controller's software burden.

11. D — PHEVs are tested in both charge-depleting (electric-mode) and charge-sustaining (engine-
running) modes because real-world driving spans both. SAE J1711 and EPA procedures combine the two
mode results with a weighting factor (the utility factor) that represents how often each mode is used in
real driving.

12. B — Spraying oil directly onto the stator windings removes heat where it is generated, eliminating the
thermal resistance imposed by transferring heat first to the housing and then to a water jacket. This direct-
contact cooling allows much higher continuous power output without thermal limiting and is standard on
high-performance EV motors.

13. B — An active discharge circuit uses transistors to rapidly bleed down the DC link capacitor voltage
to safe levels — typically within a few seconds — when the main contactors open. This is dramatically
faster than passive bleeder resistors, shortening the technician's wait time before service and reducing the
window of stored-energy hazard.

14. A — Modern high-power lithium-ion packs generate far more heat during DC fast charging and high-
power acceleration than legacy NiMH packs ever did. Air cooling cannot move enough heat to maintain
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cell temperature uniformity at these power levels, making active liquid cooling necessary for cell longevity
and safety.

15. D — The charge port lock prevents the connector from being unplugged during charging, which would
interrupt the high-current session unsafely and could arc severely at the connector contacts. The lock
typically releases only after the vehicle has terminated the session through normal handshaking with the
EVSE.

16. D — Hub motors mount the motor inside the wheel, adding significant mass to the unsprung
components — the parts of the suspension that move with the wheel rather than with the vehicle body.
Increased unsprung mass degrades ride quality, suspension responsiveness, and tire grip, which is why
hub motors have remained a niche solution.

17. A— Modern recycling processes recover the high-value cathode metals — cobalt, nickel, manganese,
and lithium — through hydrometallurgical or pyrometallurgical processes. These metals are processed
back into precursor materials for new battery manufacturing, both for environmental and economic
reasons: they are too valuable and too geographically concentrated to discard.

18. D — Aluminum is the standard heat sink material for hybrid inverters because it combines high
thermal conductivity with low mass, both critical for automotive applications. Copper conducts heat
slightly better but adds significant weight; ferrous metals like steel and cast iron have far lower thermal
conductivity and are unsuitable.

19. C — NFPA 70E specifies Class 0 insulated rubber gloves (rated for up to 1,000 volts) for typical HV
automotive work, with leather protectors worn over them to prevent mechanical damage to the rubber.
Higher voltage classes exist (Class 1, 2, 3, 4) for higher voltages, but Class 0 covers most light-duty hybrid
and EV systems below 1,000V.

20. D — After removing the MSD, the technician must keep it under personal control (in a pocket or tool
belt) or apply formal lockout/tagout. Leaving the MSD where another technician could reinstall it defeats
the purpose of de-energization and creates a serious shock hazard — the entire reason for removing it is
to prevent unexpected re-energization during service.

21. A — Solid steel would conduct eddy currents induced by the changing magnetic field, producing
significant heat and reducing motor efficiency dramatically. Thin laminations with insulating coatings
between them break up the eddy current paths and limit those losses substantially, which is why electric
motor stators have been built this way since their invention.

22. B — The thermistor is bonded to or embedded in the IGBT module's base plate or substrate, as close
to the actual semiconductor junction as practical. Junction temperature cannot be measured directly inside
the silicon, but base plate temperature is the closest available proxy and is used by the controller to enforce
derating limits before the IGBT can overheat.

23. B — Hybrid engines start and stop frequently, exposing the spark plug to many cold-start cycles. The
plug heat range is chosen to support reliable ignition at cold conditions — typically slightly warmer than
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equivalent conventional engine plugs — to prevent fouling that would otherwise accumulate during the
engine's frequent stop/start operation.

24. C — UN 38.3 drop testing simulates the mechanical shock a battery pack experiences during shipping,
handling, and assembly drops. The pack must survive defined drops without leakage, fire, or unsafe
electrical conditions before it is approved for transport — a critical certification for shipping HV batteries
globally.

25. D — Launch control manages the torque ramp applied at the wheels to maintain maximum tire grip
without exceeding available friction. The instant-on torque capability of EV motors would overwhelm the
tires if applied at full magnitude immediately; the control system ramps torque to match what the tires can
transfer to the road.

26. B — The inverter housing forms a continuous conductive enclosure (a Faraday cage) around the
electronics, containing the high-frequency electromagnetic emissions inside. Any gaps in the enclosure
leak EMI; this is why proper gasketing, fastener torque, and grounding around inverter covers are critical
for EMC compliance.

27. D — IEC 60900 specifies tools insulated to 1,000 V AC and 1,500 V DC, the standard ratings for HV
automotive work. Lower-rated tools (such as standard 600 V tools sold for residential electrical work) are
not adequate for HV battery and inverter service because their insulation may break down at the higher
voltages present.

28. C — Cell-to-chassis (CTC) construction eliminates the dedicated pack enclosure by using cells as
structural members of the vehicle. This removes redundant structural material between cells and chassis,
increasing pack energy density at the vehicle level. The trade-off is reduced serviceability — individual
cell replacement becomes nearly impossible.

29. D — Backlash is the deliberate clearance between mating gear teeth that allows them to mesh smoothly
without binding. Some backlash is necessary for lubrication film formation and thermal expansion of the
gear bodies; excessive backlash produces a "clunk™ on torque reversal and accelerates wear at the tooth
contact surfaces.

30. A — Laminated bus bars place the positive and negative DC conductors in close proximity (often with
a thin insulating film between flat copper plates), so their opposing currents produce magnetic fields that
largely cancel. This dramatically reduces stray inductance, which suppresses voltage spikes during IGBT
switching events.

31. C — In a serpentine flow path, coolant absorbs heat from each module in sequence. Downstream
modules receive coolant that has already been warmed by upstream modules, creating a thermal gradient
across the pack. Parallel flow avoids this gradient by feeding all modules simultaneously with fresh
coolant, providing more uniform temperatures.

32. C — Hybrid-specific engine oils are typically low-viscosity synthetic formulations selected to
minimize cold-start wear (because the engine starts cold many times during a typical drive) and to reduce
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parasitic friction losses that would otherwise affect fuel economy. The viscosity grade and additive
package differ from conventional engine oils.

33. B — Higher stator slot count divides the stator's magnetic field distribution into more and smaller
steps as the rotor turns, smoothing the resulting torque output. The trade-off is increased manufacturing
complexity, but the reduction in torque ripple improves NVH and smoothness — both critical in EV
applications.

34. C — Body accessories such as the power liftgate run from the 12V auxiliary battery, which is
maintained by the DC/DC converter drawing from the HV bus during operation. This conventional 12V
architecture isolates body electronics from HV potential and uses the same low-voltage wiring
conventions as any vehicle.

35. C — Real capacitors have small differences in leakage current, which over time cause unequal voltage
division across series-connected capacitors. Without balancing resistors to equalize the voltage, one
capacitor can be stressed beyond its rated voltage while the other sits well below it — a failure mode the
balancing resistors prevent.

36. A — The Clean Air Act requires manufacturers to warranty HV traction battery components for a
minimum of 8 years or 100,000 miles. California and some other states extend this further (10
years/150,000 miles), and some OEMSs voluntarily warranty for longer periods, but 8/100 is the federal
floor.

37. B — Coolant bridging across HV components dramatically lowers the insulation resistance between
HV and chassis. The vehicle's isolation monitor detects this loss of isolation, sets a DTC, and disables the
HV system to protect against shock hazard. The leak must be repaired and isolation verified before the
system can be re-energized.

38. B — During HV service, the technician may energize systems that could cause unexpected vehicle
motion if drive engagement occurs unexpectedly. Wheel chocking is a basic mechanical safety measure
that prevents the vehicle from rolling away under any circumstances, applying to all HV service work just
as it does for any safety-critical service.

39. C — Most current-generation EV drive units use OEM-specified "fill for life" fluids with no routine
change interval. The sealed environment, controlled operating conditions, and synthetic fluid chemistry
combine to deliver service life equal to or greater than the vehicle's own life expectancy. Some OEMs
specify a single change at very high mileage.

40. A — The scan tool drives the current sensor to a known zero-current condition (HV system de-
energized) and instructs the inverter to reset its offset value. This corrects any drift in the sensor's zero-
point that has accumulated over time and ensures accurate phase current control during operation.

41. C — Industry convention is that orange identifies HV components, including cables, connectors, and
associated hardware. Orange tape applied during service signals to the next technician that the wrapped
item is HV — a critical visual cue that supports safe service practices and is reinforced in OEM service
manuals.
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42. B — Timing chains are designed to last the engine’s service life without scheduled replacement, while
timing belts typically require replacement at intervals of 60,000-100,000 miles. Hybrids emphasize
reduced scheduled maintenance to support their value proposition, so timing chains fit the design
philosophy better than belts.

43. D — The main HV battery contactors close at the start of a DC fast-charging session and remain closed
throughout, carrying the full DC charging current directly into the battery pack. There are no separate
"fast-charging contactors"™ — the same main contactors handle both propulsion current and charging
current, which is why they are sized for the worst case of either.

44. A — Hybrid engine mounts are tuned specifically to dampen the unique vibration signature of an
engine that starts and stops repeatedly during normal driving. Without this specialized tuning, each auto-
start would produce a noticeable cabin shake; the hybrid-specific mounts make the stop/start transitions
nearly imperceptible to the driver.

45. A — A dual-pump hybrid engine has both a belt-driven main pump (for engine running) and an electric
auxiliary pump (for engine-off conditions). The electric pump circulates coolant when the engine is off,
supporting cabin heat from residual engine warmth and managing residual block heat during auto-stop
and electric-only driving.
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