PRACTICE EXAM 12: RED SEAL 421A
SIMULATION (135 QUESTIONS)

1. A technician is assigned to replace a hydraulic hose on a large mining shovel. The hose is located 8
metres above ground level on the boom structure. The machine does not have a builtin maintenance
platform at this location. What is the correct method for accessing the work area?

A. Climb the boom structure using the threepoint contact method and tie off to the boom with a lanyard
once at the work location

B. Use an elevated work platform (scissor lift, boom lift, or man basket on the auxiliary crane) that
provides a stable, guarded work surface at the correct height — fall protection requirements apply per
the applicable standard for the specific platform type

C. Have the machine operator lower the boom to ground level so the technician can access the hose from
the ground without requiring elevated access

D. Use a portable ladder braced against the boom structure with a coworker holding the base to prevent
the ladder from sliding during the work

2. A technician is preparing to drain the hydraulic reservoir on a large machine. The reservoir capacity is
800 litres. Before draining, the technician must prepare for the waste oil collection. What environmental
control is required for handling this volume of used hydraulic o0il?

A. The oil can be drained directly onto the ground if an absorbent pad is placed under the drain point to
capture any overspill from the collection container

B. The oil must be drained into a temporary opentop container and then transferred to the waste oil
storage tank within 48 hours of the drain event

C. The oil must be drained into a closed, leakproof container rated for the volume, stored in a designated
waste oil area with secondary containment, and collected by a licensed waste oil recycling contractor —
spill prevention and response materials must be available during the draining operation



D. The oil can be drained into the shop floor trench drain if the shop's oilwater separator system is
currently in service and the separator was inspected within the last 12 months

3. A technician discovers a crack in a compressed air line fitting on a machine's brake system. The crack
is actively leaking air with the system pressurized to 860 kPa. The technician needs to replace the fitting.
What must be done BEFORE the technician begins to loosen the fitting?

A. The air system must be fully depressurized — drain all reservoirs to zero pressure through the drain
valves before attempting to loosen any pressurized fitting. A fitting that releases under 860 kPa of air
pressure can eject with enough force to cause serious injury

B. Apply thread sealant to the cracked area to temporarily seal the leak while the fitting is loosened,
preventing the sudden air release during the fitting change

C. The engine must be shut down and the air compressor unloaded, but the reservoir pressure does not
need to be drained because the slow leak through the crack will dissipate the remaining pressure during
the repair process

D. Wrap the fitting with a shop rag before loosening to capture any debris ejected from the pressurized
line during the fitting removal process

4. A technician is welding a repair on a machine frame outdoors at a construction site. The welding area
is adjacent to a shallow excavation that is approximately 1.5 metres deep. What specific hazard does the
excavation create for the welding operation?

A. The excavation exposes underground utilities that may be damaged by the welding current's ground
path through the soil

B. The excavation destabilizes the ground surface where the welding machine is positioned, creating a
risk that the welding equipment will slide into the hole



C. The excavation reduces the available area for fire watch personnel to maintain the required safe
distance from the welding arc

D. Welding fumes and shielding gas are heavier than air and can accumulate in the excavation — any
workers in the excavation may be exposed to toxic fume concentrations or an oxygendepleted
atmosphere that would not occur at grade level

5. A technician must dispose of used engine coolant that has been drained from a diesel engine. The
coolant is a 50/50 ethylene glycol mixture with supplemental coolant additive. How must this used
coolant be handled under Canadian environmental regulations?

A. Used ethylene glycol coolant can be poured into the shop's sanitary sewer system because ethylene
glycol is biodegradable and is processed by municipal wastewater treatment facilities

B. Used ethylene glycol coolant is classified as a hazardous waste due to its toxicity (ethylene glycol is a
toxic substance) and potential heavy metal contamination from engine service — it must be collected in
a labeled container and disposed of through a licensed hazardous waste contractor

C. Used coolant can be mixed with used engine oil for combined recycling because both fluids are
petroleumbased products processed at the same recycling facility

D. Used coolant requires no special handling beyond standard waste disposal — ethylene glycol is
classified as a nonhazardous consumer product and can be placed in regular waste containers

6. A technician is training a new apprentice on the proper use of personal protective equipment (PPE)
for heavy equipment maintenance. The apprentice asks why safety glasses with side shields are required
even when not performing grinding, cutting, or welding operations. What is the correct explanation?

A. Sideshielded safety glasses are required only when performing tasks that generate flying debris —
they are optional during routine maintenance tasks such as oil changes and filter replacements



B. Sideshielded safety glasses protect against UV radiation from fluorescent shop lighting that can cause
cumulative eye damage during long working hours in the maintenance bay

C. Eye hazards in a heavy equipment maintenance environment are not limited to grinding and cutting
— pressurized fluids can spray from fittings, snap rings can eject during assembly, chemicals can splash
during fluid handling, and debris can fall from overhead during machine access, all of which can cause
eye injury during routine maintenance

D. Side shields are a manufacturer's warranty requirement — safety glasses without side shields void the
equipment manufacturer's liability coverage for the technician

7. A technician is replacing a starter motor on a machine with a 24V electrical system. The technician
disconnects the battery cables before beginning work. After completing the starter installation, the
technician reconnects the battery cables. What is the correct reconnection sequence and why?

A. Connect the positive cable first, then the negative cable — connecting the positive first ensures the
circuit is live when the negative (ground) cable is connected last, which prevents an accidental short
circuit through a tool contacting the frame while the positive cable is being connected

B. Connect the negative cable first, then the positive — this sequence allows the ECM to power up
before the starter circuit is energized, preventing a voltage spike to the electronics

C. Both cables can be connected simultaneously using both hands — speed of connection is more
important than sequence to prevent the capacitors in the electrical system from discharging during the
connection process

D. Connect either cable first — the reconnection sequence does not matter on a 24V system because the
higher voltage provides adequate tolerance against connectionsequencerelated voltage spikes

8. A technician is performing a routine maintenance service on a machine in a shop equipped with an
overhead exhaust extraction system. The extraction hose is connected to the machine's exhaust outlet.
During the service, the technician starts the engine and runs it at idle for diagnostic purposes. After 15



minutes, the technician notices the extraction hose has detached from the exhaust outlet and exhaust
fumes have been filling the shop. What is the immediate action?

A. Reconnect the extraction hose and continue the diagnostic procedure — the shop's ventilation system
will clear the accumulated fumes within a few minutes

B. Shut the engine off, increase the shop ventilation by opening doors, and monitor air quality — but the
brief exposure is not a health concern for a healthy technician

C. Leave the engine running and reconnect the hose — shutting the engine off would require the
technician to repeat the 15minute warmup diagnostic sequence

D. Shut the engine off immediately, evacuate the immediate area, ventilate the shop by opening all doors
and activating all ventilation systems, and do not reenter until the air quality is confirmed safe — diesel
exhaust contains carbon monoxide and other toxic gases that can accumulate to dangerous
concentrations in an enclosed shop in minutes

9. A technician is using a hydraulic torque wrench to tighten largediameter bolts on a mining truck's
suspension mounting. The torque wrench operates at 700 bar hydraulic pressure. During the tightening
operation, the technician notices a slight weep of oil from the torque wrench's highpressure hose near the
pump connection. What is the correct action?

A. Continue tightening the current bolt and address the hose weep after completing the bolt pattern —
stopping midpattern creates an uneven loading condition on the mounting

B. Wipe the weep with a rag and continue — a slight weep under 700 bar is normal for hydraulic torque
wrench systems and does not indicate a failure condition

C. Stop the operation immediately, depressurize the hydraulic torque wrench, and inspect the hose and
connection — a weeping hose at 700 bar can progress to a sudden failure that releases highpressure oil
capable of causing hydraulic injection injury or striking the technician

D. Reduce the hydraulic pressure by 50% and continue at the lower pressure to reduce the stress on the
weeping connection, then repair the hose after the bolt pattern is complete



10. A technician is performing a service on a machine and must remove a springloaded component (such
as a track recoil spring or an accumulator piston). The component stores significant mechanical energy
when compressed. What principle must guide the technician's approach to this task?

A. Springloaded components can be safely disassembled using standard hand tools if the technician
applies gradual, controlled force during the removal process

B. The stored energy must be fully released or securely contained before disassembly begins — the
technician must use the OEMspecified tooling and procedure to control the energy release. An
uncontrolled release of a compressed spring can launch components with lethal force

C. Springloaded components can be disassembled by heating the spring with an oxyacetylene torch to
relieve the internal stress before removal — the heat softens the spring steel and reduces the stored
energy

D. The technician should stand to one side of the component and use a longhandled tool to release the
retainer from a safe distance, allowing the spring to release in a controlled direction away from the
technician

11. A diesel engine's oil analysis shows iron at 45 ppm — double the previous sample's 22 ppm. The
sampling interval is 250 hours. All other wear metals are normal. The engine has 12,000 operating
hours. What is the most likely source of the rapidly increasing iron?

A. The cylinder liners — at 12,000 hours, the liners' honed surface has worn through to the base casting,
and the exposed iron is being scoured by the piston rings at an accelerated rate as the hone pattern can
no longer retain the oil film

B. The connecting rod bearings — the iron originates from the crankshaft journal surface wearing into
the bearing overlay and releasing iron particles into the oil

C. The oil pump gears — the pump's internal gears have worn and are shedding iron particles into the oil
at a rate proportional to the wear acceleration

D. The valve springs — weakened springs allow the valves to bounce on their seats, impacting the iron
seat inserts and releasing particles into the oil through the valve guide clearance



12. A diesel engine produces a rhythmic thumping noise from the engine block area that occurs once
every two crankshaft revolutions. The noise does not change during a cylinder cutout test. What is the
noise frequency's significance, and what are the possible sources?

A. Once every two revolutions is the crankshaft frequency — the noise originates from a
crankshaftrelated component such as a damaged main bearing, a cracked counterweight, or a loose
flywheel bolt

B. Once every two revolutions matches the fuel injection frequency on a fourstroke engine — the noise
is from a failing highpressure fuel pump check valve that hammers at each injection cycle

C. Once per two crankshaft revolutions is the camshaft frequency — the noise originates from a
camshaftdriven component because the camshaft rotates at half crankshaft speed. Possible sources
include a worn cam lobe, a damaged lifter, a failing fuel pump drive, or a cam gear defect. The cutout
test does not change the noise because the camshaft continues to rotate identically regardless of which
cylinder is disabled

D. Once per two revolutions matches the oil pump frequency on engines with a halfspeed oil pump drive
— the noise is from the oil pump's internal pressure relief valve chattering at each pump revolution

13. A Tier 4 Final diesel engine enters a Level 3 engine protection derate (severe power reduction to
60% of rated) from a "DPF soot level critical” alert. The technician connects the diagnostic tool and sees
the DPF soot loading at 140% of the regeneration threshold. A manual stationary regeneration through
the diagnostic tool fails — the ECM reports "regeneration conditions not met." What condition is
preventing the regeneration?

A. The engine coolant temperature is above the maximum allowed for stationary regeneration — the
regeneration process generates additional heat and the ECM will not initiate the process if the cooling
system is already at its upper limit

B. The exhaust backpressure is too high for the ECM to safely increase the exhaust temperature further
— the 140% soot load has restricted the DPF to the point where additional temperature could damage
the aftertreatment housing from thermal expansion



C. The engine oil level or condition has triggered a secondary fault that blocks the regeneration — some
systems prevent regeneration during active oilrelated DTCs to avoid additional oil dilution from the
latepost injection used during the regeneration process

D. The DPF soot loading has exceeded the maximum threshold for safe regeneration — at 140%, the
accumulated soot volume is so high that an active regeneration would produce an uncontrolled
exothermic reaction with temperatures exceeding the DPF substrate's survival limit. The DPF must be
removed for professional offmachine cleaning (ash removal and soot burn in a controlled oven) before it
can be reinstalled

14. A diesel engine's fuel system uses an electronic unit pump (EUP) system — individual fuel injection
pumps for each cylinder, mechanically actuated by the camshaft and electronically controlled by the
ECM. During a routine valve adjustment, the technician must set the fuel pump timing (pump actuator
setting) in addition to the valve lash. Why is the pump timing adjustment performed during the same
procedure as the valve adjustment?

A. The fuel pump timing does not need to be adjusted during valve adjustment — the EUP timing is
factoryset and does not change during the engine's service life

B. Both the valves and the fuel pumps are actuated by the same camshaft through rocker arms — when
the valve lash changes (from wear, adjustment, or component replacement), the effective timing of both
the valve events and the pump actuation events changes. Setting both to specification during the same
procedure ensures the engine's breathing and fuel delivery are synchronized

C. The fuel pump timing adjustment uses the same measurement tools as the valve lash adjustment
(feeler gauges), which makes it more efficient to perform both tasks consecutively

D. The fuel pump timing must be set before the valve lash because the pump's piston position
determines the TDC reference point used for the valve adjustment procedure

15. A diesel engine's oil analysis trends show a gradual decrease in total base number (TBN) over three
consecutive samples: 9.2, 7.1, 5.3. The new oil TBN is 12.0 and the OEM's condemning limit is 4.0. The



oil has 150 hours remaining until the next scheduled change. Should the technician allow the oil to run
to the scheduled interval?

A. Yes — the TBN is above the 4.0 condemning limit and will remain above it for the remaining 150
hours based on the current depletion rate

B. Yes — TBN depletion is linear and predictable, and the current 5.3 value provides 1.3 units of margin
above the condemning limit, which is adequate for 150 hours of operation

C. No — the TBN depletion rate is accelerating (2.1 drop in the first interval, 1.8 in the second), and
projecting the trend forward suggests the TBN may reach or breach the 4.0 condemning limit before the
150hour remaining interval is completed. The oil should be changed early to prevent operating with
depleted acidneutralizing capacity

D. No — a TBN below 6.0 always requires immediate oil change regardless of the condemning limit,
because the remaining additive reserve is insufficient to protect the engine from acid corrosion under
any operating condition

16. A diesel engine's cooling system includes an expansion (deaeration) tank mounted at the highest
point of the cooling circuit. The expansion tank has a pressure cap and a sight glass. During normal
operation, the sight glass shows coolant flowing through the tank with occasional small air bubbles.
Under what conditions do these bubbles become a diagnostic concern?

A. Small, infrequent bubbles in the deaeration tank are normal — the cooling system continuously
separates entrained air from the coolant through the tank. The bubbles become a concern when they are
continuous, large, and persistent at operating temperature, which may indicate combustion gas entering
the coolant through a head gasket breach, a cracked head, or a cracked liner

B. Any visible bubbles in the deaeration tank indicate a head gasket failure and the engine must be shut
down immediately for repair

C. Bubbles are only a concern if they are accompanied by coolant discolouration — clear bubbles with
clean coolant indicate normal deaeration function regardless of bubble frequency or size

D. Bubbles in the deaeration tank always originate from the water pump's impeller cavitation and
indicate the pump is failing — the water pump must be replaced to eliminate the air introduction



17. A diesel engine equipped with a common rail fuel system develops a rough idle with a specific
cylinder misfiring. The technician performs an injector backleak test and finds Injector 3 returns 120
mL/min to the tank. The OEM specification maximum is 40 mL/min. All other injectors return 15-25
mL/min. What does Injector 3's excessive return flow indicate?

A. Injector 3's nozzle orifice is partially blocked and the fuel that cannot exit through the nozzle is
diverted to the return circuit

B. Injector 3's return line has a restriction downstream that is creating backpressure on all injectors but is
only measurable at Injector 3 due to its position in the return manifold

C. Injector 3's electrical solenoid is not closing fully and fuel is continuously leaking past the control
valve seat to the return circuit — the injector is losing fuel from the rail that should be delivered to the
combustion chamber

D. Injector 3's internal highpressure seals have failed — fuel is bypassing from the highpressure gallery
to the lowpressure return circuit inside the injector body. The lost fuel reduces the rail pressure during
each injection cycle, causing the misfire, and the excessive return flow wastes fuel and may overfuel the
return circuit

18. A diesel engine's aftertreatment system includes a diesel oxidation catalyst (DOC) and a diesel
particulate filter (DPF). The ECM monitors the DOC inlet and outlet temperatures to verify the DOC is
functioning. During a loaded operation, the DOC inlet temperature reads 350°C and the outlet reads
395°C. What does the 45°C temperature rise across the DOC indicate?

A. The DOC is malfunctioning — the outlet temperature should be lower than the inlet because the
catalyst absorbs heat from the exhaust stream

B. The DOC is functioning correctly — the oxidation of CO and HC inside the DOC is an exothermic
reaction that releases heat, raising the exhaust temperature as it passes through the catalyst. The
temperature rise confirms the DOC is actively converting pollutants

C. The DOC substrate is restricted and the compressed exhaust gas is being heated by the adiabatic
compression as it is forced through the narrowed passages



D. The DOC temperature sensors are installed in reverse — the 395°C reading is the inlet and the 350°C
is the outlet, confirming normal heat loss through the catalyst body

19. A diesel engine has been running for 500 hours since an inframe overhaul. The oil analysis shows
chromium at 8 ppm — significantly above the 2 ppm baseline. Chromium was not elevated before the
overhaul. What component installed during the overhaul is the most likely source?

A. The piston rings — chromium is the primary plating material on compression rings. Elevated
chromium in the oil indicates the new rings are wearing at an abnormal rate, which may result from
incorrect ring end gap, wrong ring orientation, improper hone pattern on the cylinder walls, or rings that
are not seating correctly

B. The connecting rod bolts — chromium is used in the alloy steel of highstrength connecting rod bolts,
and the elevated chromium indicates the bolts are corroding in the oil environment

C. The oil cooler — the replacement cooler installed during the overhaul has chromiumplated internal
passages that are dissolving in the new oil's additive package

D. The camshaft — the replacement camshaft lobes have a chromium hardening treatment that is
wearing through during the breakin period

20. A diesel engine equipped with a variable geometry turbocharger (VGT) produces adequate power at
rated speed but exhibits turbo lag (slow boost response) during rapid throttle transients from idle to full
load. The VGT position sensor confirms the vanes are moving to the commanded position. What could
cause the lag despite correct vane positioning?

A. The charge air cooler has an internal restriction from debris that reduces the airflow rate to the intake
manifold during rapid demand increases

B. The fuel rail pressure control valve is responding slowly to the rapid demand increase, limiting the
fuel delivery rate during the transient and reducing the exhaust energy available to spin the turbocharger



C. The VGT vanes are reaching the correct position but the turbocharger rotor assembly has excessive
shaft play from worn bearings, which increases the response time of the turbine and compressor wheels
to changes in exhaust energy — the wheels cannot accelerate as quickly as the vanes command because
the worn bearings allow the shaft to wobble rather than spin cleanly

D. The exhaust manifold has a leak at one runner that allows exhaust pulse energy to escape before it
reaches the turbine — the leaked energy reduces the available driving force on the turbine wheel during
rapid transients when the exhaust pulses are most critical for turbocharger acceleration

21. A diesel engine is equipped with an exhaust gas recirculation (EGR) system that uses a venturitype
EGR mixer in the intake manifold. The mixer uses the intake air velocity to create a lowpressure zone
that draws exhaust gas from the EGR valve into the intake stream. If the air filter becomes significantly
restricted, how does this affect the EGR system?

A. The restricted air filter reduces the intake air velocity through the venturi, which reduces the venturi's
suction effect and draws less EGR gas into the intake — the EGR flow rate drops below the ECM's
commanded target, potentially triggering an EGR insufficient flow DTC

B. The restricted air filter increases the intake manifold vacuum, which draws more EGR gas into the
intake than the ECM commands, overdiluting the intake charge and causing a rich misfire

C. The restricted air filter has no effect on the EGR system because the EGR valve controls the exhaust
gas flow rate independently of the intake air velocity — the valve adjusts its opening to maintain the
commanded EGR rate regardless of intake restriction

D. The restricted air filter forces the turbocharger to work harder, which increases the intake manifold
pressure and forces more EGR gas into the intake through the venturi — the excess EGR produces
excessive intake temperatures and a NOx reduction fault

22. A diesel engine's cooling system has been flushed and refilled with new coolant. After running the
engine to operating temperature and verifying the system is full, the technician notices the coolant level
has dropped by approximately 2 litres after the engine cools overnight. There are no visible leaks. What
is the most probable explanation?



A. Air pockets trapped in the cooling system during the fill process have worked their way to the
deaeration tank and been expelled — the displaced air volume equals approximately 2 litres of coolant
that was previously occupied by the trapped air. The coolant level should be topped up and rechecked
after the next heat/cool cycle

B. The new coolant contracts more than the old coolant when cooled because the fresh additive package
has a different thermal expansion coefficient than the depleted additives in the old coolant

C. The thermostat housing gasket has a slow seep that is invisible during operation but allows coolant to
weep into the front cover area during the cooldown contraction cycle

D. The water pump weep hole is designed to release a small amount of coolant during the first heat/cool
cycle after a refill to verify the pump seal is seating correctly — the 2litre loss is the expected weep
volume for this seal design

23. A diesel engine's electronic fuel injection system has been operating normally for 10,000 hours. The
engine suddenly develops a condition where maximum fuel delivery is reduced by 15% — the engine
cannot produce full rated power. No fault codes are stored. The fuel system's physical components
(injectors, HP pump, fuel filters) have been verified as functional. What ECMrelated condition could
cause this power reduction without generating a DTC?

A. The ECM's internal clock has accumulated a timing drift over the 10,000 hours that has gradually
retarded the injection timing to the point where the fuel quantity per cycle has been reduced by the
ECM's adaptive learning

B. The ECM's fuel map calibration file has been partially corrupted by a power supply voltage spike,
altering the commanded fuel delivery values without triggering a calibration integrity fault code

C. The ECM's adaptive fuel trim has gradually reduced the fuel delivery by 15% to compensate for a
slowly degrading sensor that the adaptive system can follow without exceeding the DTC threshold —
the sensor drift is within the ECM's compensation range but has consumed the full adaptive authority

D. The ECM's internal processor has slowed from thermal aging, and the reduced processing speed
delays the injection timing calculation by enough milliseconds to reduce the effective fuel delivery per
cycle



24. A diesel engine has been sitting unused for 18 months in outdoor storage. Before returning the
engine to service, the technician performs a prestart inspection. What fuel system concern is specific to a
longstorage diesel engine?

A. The fuel injectors' nozzle tips have corroded from atmospheric moisture entering through the exhaust
valves during the storage period

B. The fuel filter elements have absorbed moisture from condensation and the saturated elements restrict
fuel flow below the minimum required for engine starting

C. The fuel tank's vent has allowed insects to nest inside the fuel system, blocking the fuel supply
passages with organic debris

D. The diesel fuel in the tank and fuel system has degraded from oxidation and microbial growth —
oxidized fuel forms gums and varnishes that clog filters and injectors, and microbial colonies (diesel
bug) growing at the fuelwater interface produce acids and slime that contaminate the entire fuel system

25. A diesel engine's turbocharger has been replaced with a remanufactured unit. After installation, the
engine produces rated boost but the turbocharger produces a noticeable whine that was not present with
the original turbo. The whine varies with engine RPM and is present at all load conditions. Shaft play
and compressor wheel clearance are within specification. What is the most likely cause?

A. The remanufactured turbocharger has a slightly different compressor wheel profile than the original,
and the different blade geometry produces an aerodynamic noise at a different frequency than the
original — the noise is a characteristic of the replacement unit and is not a fault

B. The remanufactured turbocharger's bearing housing oil supply orifice is a different size than the
original, producing a flowinduced whistle as the oil passes through the differentlysized orifice at
operating pressure

C. The compressor housing's internal scroll geometry differs slightly between the original and the
remanufactured unit — the minor dimensional difference creates a resonant frequency at certain airflow
velocities that produces the whine



D. The turbocharger's mounting gasket between the turbine housing and the exhaust manifold has a
slight leak — the highvelocity exhaust gas escaping through the gasket gap produces the whine that
varies with RPM and exhaust flow

26. A diesel engine is producing excessive crankcase pressure (positive pressure measured at the oil fill
cap). The technician measures the blowby flow rate and it is within the OEM specification. What
condition other than excessive blowby can produce elevated crankcase pressure?

A. A clogged crankcase ventilation filter, separator, or breather outlet restricts the exit path for the
blowby gases — even normal blowby volume builds pressure if it cannot escape the crankcase at the
same rate it enters

B. The piston cooling jets are oversupplying oil to the cylinder bores, and the excess oil creates a
hydraulic seal in the ring area that traps air in the crankcase and builds pressure

C. The engine's oil level is too high, and the rotating crankshaft counterweights are churning the excess
oil, aerating it and generating crankcase pressure from the entrained air expanding at operating
temperature

D. The turbocharger's compressor seal is leaking pressurized intake air into the crankcase through the oil
drain line, adding compressed air to the normal blowby volume and elevating the crankcase pressure

27. A diesel engine's coolant temperature gauge reads normal (85°C), but the operator reports the cab
heater produces minimal heat. The heater hoses are both hot at the firewall. The technician verifies the
HVAC blend door and blower are functioning correctly. What could explain the poor heat output despite
hot heater hoses and a correctly functioning HVAC system?

A. The heater core has an internal restriction from scale or debris buildup — the hot coolant reaches the
heater core inlet (hot inlet hose) but flows through the core too slowly to transfer adequate heat to the



passing air. The outlet hose remains hot because the small volume of coolant that does pass through
absorbs maximum heat but the total heat transferred to the air is insufficient due to the low flow rate

B. The engine thermostat is stuck partially open, reducing the coolant temperature below the 85°C that
the gauge indicates — the gauge sensor is downstream of the thermostat and reads the mixedtemperature
coolant rather than the true engine outlet temperature

C. The heater core's external fins are coated with dust from the HVAC intake, insulating the core surface
and reducing the heat transfer rate to the passing air

D. The engine's water pump is producing adequate flow for engine cooling but insufficient flow for the
heater circuit because the heater circuit is the lowestpriority branch in the parallel coolant flow path

28. A diesel engine's turbocharger wastegate uses a vacuumactuated diaphragm (rather than a
pressureactuated diaphragm). The ECM controls a vacuum solenoid that regulates the vacuum signal to
the wastegate actuator. When the solenoid is energized, it applies vacuum to the actuator, which opens
the wastegate. If the vacuum supply hose ruptures, what happens to the wastegate?

A. The wastegate opens fully because the ruptured hose eliminates the vacuum signal that holds the
wastegate closed — without vacuum, the actuator spring pushes the wastegate to its fully open default
position

B. The wastegate opens fully because atmospheric pressure enters through the ruptured hose and pushes
the actuator diaphragm to the open position against the return spring

C. The wastegate remains in its last commanded position because the vacuum already present in the
actuator is trapped by the ruptured hose creating a sealed chamber

D. The wastegate remains closed — the ruptured hose cannot deliver vacuum to open the actuator, and
the return spring holds the wastegate in its default closed position. The turbocharger overboosts because
the wastegate cannot open to bypass exhaust around the turbine

29. A diesel engine's oil cooler bypass thermostat is designed to route oil around the cooler when the oil
is cold (below approximately 80°C) and through the cooler when the oil is warm (above 80°C). If this
thermostat fails in the bypass position (permanently bypassing the cooler), what symptom develops?



A. The engine overheats because the oil cannot be cooled, and the hot oil transfers additional heat to the
coolant through the block casting, overwhelming the radiator's capacity

B. The engine oil temperature rises above its designed operating range during loaded operation because
the oil never passes through the cooler — the elevated oil temperature accelerates oil oxidation, reduces
oil viscosity, and degrades the oil's loadcarrying capacity at all bearing surfaces

C. The engine oil turns milky from water contamination because the oil cooler normally removes
moisture from the oil through the cooler's condensationseparation function

D. The oil filter clogs prematurely because the hot oil dissolves contaminants that would normally be
trapped by the cooler's internal strainer, and the dissolved contaminants redeposit in the filter element

30. A diesel engine's intake manifold has a throttle valve (intake butterfly valve) that is used to create
intake vacuum for EGR flow control and to reduce engineout emissions during shutdown (by creating a
vacuum that stops combustion). If this throttle valve fails in the fully closed position while the engine is
running, what immediate symptom does the operator notice?

A. The engine overspeeds because the closed throttle creates a vacuum that increases the EGR flow,
enriching the mixture and producing a runaway condition

B. The engine continues to run normally because diesel engines do not require a throttle for combustion
— the injected fuel burns regardless of the intake restriction

C. The engine stalls immediately or produces severe power loss — the fully closed throttle severely
restricts the intake airflow, starving the engine of the air mass needed for combustion. Without adequate
air, the fuel cannot burn completely and the engine cannot produce enough power to sustain operation

D. The exhaust temperature spikes dramatically because the restricted intake produces an extremely rich
fueltoair ratio that burns at a significantly higher temperature than normal

31. A mining haul truck's rear suspension struts have been serviced and recharged to the OEM
specification. After 100 hours of operation, the operator reports the ride quality has become harsh — the
truck feels "stiff* compared to immediately after the service. The strut ride heights are within
specification. What should the technician investigate?



A. The strut oil has overheated and its viscosity has permanently increased from the thermal exposure
during the 100 hours of heavyhaul operation

B. The recharge nitrogen has migrated past the gas/oil separator piston and mixed with the oil,
producing a gasoil emulsion that does not provide the same damping as pure oil

C. The strut orifice valve has accumulated debris from the strut oil circuit that is restricting the oil flow
through the damping passages — the strut can still support the load (ride height is correct) but the
restricted oil flow produces a harsh ride from the inadequate damping

D. The strut oil temperature has increased the nitrogen precharge pressure above the specification — the
heated gas exerts more force on the separator piston, stiffening the ride. The strut should be rechecked at
the OEMspecified ambient temperature to determine if the precharge has drifted

32. A wheel loader's front axle produces a clicking noise from the left wheel hub area during loaded
travel. The noise occurs once per wheel revolution and increases in volume with load. The technician
jacks the left front wheel and finds no play in the hub bearings. Rotating the wheel by hand does not
reproduce the noise. What additional test should the technician perform?

A. Load the tire and rotate it — the clicking may be from a cracked wheel stud, a cracked hub flange, or
a loose ring gear bolt in the final drive that only produces the noise when the component is under the
loaded condition. Jacking the wheel removes the load and the clicking disappears because the damaged
component is no longer stressed

B. Inspect the tire for an embedded object — a stone or metal fragment lodged in the tread contacts the
ground once per revolution and produces the clicking noise that disappears when the tire is unloaded and
off the ground

C. Measure the axle shaft end play — a worn thrust washer allows the shaft to shift axially under loaded
conditions, producing the click as the spline loads and unloads during each revolution

D. Check the brake caliper mounting — a loose caliper can shift under the loaded braking condition and
produce a click as it contacts the rotor or backing plate once per revolution



33. A tracked excavator operates in a sandy environment. The technician measures the track chain and
finds the pitch elongation is 4.2%. The OEM recommends a pin turn at 50% wear (approximately 3%
pitch elongation) and replacement at approximately 6% elongation. What is the correct service
recommendation?

A. Replace the track chain immediately — at 4.2% elongation, the chain is past the pinturn threshold
and too close to the replacement threshold to justify the pinturn investment

B. The chain can continue in service until it reaches the 6% replacement threshold — the pinturn
window was missed but the chain still has serviceable life remaining

C. Perform a pin turn now — although the optimal turn point (3%) has passed, a turn at 4.2% will
expose the unworn side of the pins and bushings. The second wear life will be shorter than the first
because less unworn material remains, but the turn still extends the total chain life and is more
costeffective than premature replacement

D. Install a new chain immediately and save the removed chain as a spare — turning pins at 4.2%
elongation provides insufficient secondwear life to justify the labour cost of the pinturn procedure

34. A machine's hydraulic disc brakes produce a vibration during application that the operator feels
through the brake pedal. The vibration frequency increases with machine speed. The technician checks
the brake rotors and finds both are within the OEM thickness and runout specifications. What other
component should be inspected?

A. The brake pad friction material — a hard spot, contamination, or uneven pad surface can produce a
vibration that mimics rotor runout during application

B. The wheel hub bearing — a worn hub bearing allows the wheel and rotor assembly to deflect under
the braking force, producing a wobble that the brake pad detects as a pulsation. The bearing may test
without play during an unloaded check but develops deflection under the braking load

C. The master cylinder — a worn piston seal can produce a pulsating pressure output that the operator
perceives as brake vibration proportional to speed

D. The brake proportioning valve — a sticking valve produces intermittent pressure variations at the
caliper that the operator feels as a vibration proportional to application pressure



35. A rigidframe dump truck’s rear axle has planetary final drives at each wheel end. The technician
discovers the left final drive oil has turned grey and contains fine metallic particles. The right final drive
oil is clean. Both sides have identical operating hours. What does the left side's oil condition indicate?

A. The left final drive has been overloaded from consistently heavier payloads on the left side of the
dump body due to an offcentre loading pattern

B. The left final drive's oil was not changed at the last service interval and the degraded oil has produced
accelerated wear that the right side (with fresh oil) has not experienced

C. The left final drive's breather vent has been blocked, causing internal pressure buildup that has forced
the oil past the axle shaft seal and introduced contamination from the hub area

D. The left final drive has a developing internal failure — the grey colour and fine metallic particles
indicate progressive gear or bearing wear that is generating debris faster than normal. An oil sample
should be analyzed to identify the specific wear metals and determine the failing component before the
damage progresses to a catastrophic failure

36. A grader's front axle uses a leansteer design where the entire front axle tilts laterally (leans) to
improve cutting edge contact during grading. The lean function is hydraulically actuated. The operator
reports the lean function is sluggish in one direction but normal in the other. Both lean cylinders have
been tested and show no internal bypass. What should be checked?

A. The lean control valve spool — a stuck or contaminated spool may not open fully in one direction,
restricting flow to one cylinder while passing full flow in the opposite direction

B. The lean cylinders' external hose routing — one hose may have a kink or restriction that limits flow
in one direction while the return path (opposite direction) is unrestricted

C. The lean function's pilot pressure supply — a restricted pilot line to one side of the control valve
limits the spool shift in that direction, reducing the metering opening and therefore the flow to the
cylinder

D. The front axle lean pivot — mechanical binding from contamination, corrosion, or a seized bushing
on the lean pivot creates resistance that the hydraulic system must overcome in one direction but not the
other. The mechanical resistance slows the lean movement in the restricted direction



37. A machine's air brake system automatic slack adjuster (ASA) is designed to compensate for brake
lining wear by automatically adjusting the pushrod stroke to maintain the correct brake shoetodrum
clearance. The technician discovers the pushrod stroke on one chamber is 50 mm — exceeding the 44
mm maximum for the chamber type. The ASA was replaced 500 hours ago. What is the most likely
cause?

A. The replacement ASA has failed internally — the clutch mechanism or worm gear that advances the
adjuster has worn or broken, preventing the adjuster from taking up the increasing clearance as the
linings wear. The ASA must be replaced

B. The brake drum has worn oversize from repeated machining, increasing the shoetodrum gap beyond
the ASA's adjustment range — the drum needs to be measured and replaced if it exceeds the maximum
allowable diameter

C. The brake return springs have weakened, allowing the shoes to drag against the drum and wear the
linings at an accelerated rate that has consumed the ASA's adjustment capacity in 500 hours

D. The ASA installation angle is incorrect — the adjuster arm's position relative to the pushrod anchor
determines the ASA's ratcheting direction, and an incorrectly oriented ASA ratchets in the wrong
direction (backing off instead of adjusting in), producing the excessive stroke

38. A tracked machine's undercarriage shows a distinct wear pattern: the bottom rollers on the front half
of the undercarriage are significantly more worn than those on the rear half. The machine has been
operating in normal soil conditions. What operating pattern causes this frontheavy wear distribution?

A. The machine's normal operating cycle involves frequent forward travel with heavy braking — the
inertia forces during braking transfer the machine's weight forward, overloading the front rollers and
producing the accelerated wear on the front half

B. The machine routinely works with the boom extended forward, shifting the centre of gravity forward
and increasing the load on the front rollers during each operating cycle — the front rollers carry more
weight per operating hour than the rear rollers

C. The track chain is tensioned too tight, which lifts the chain off the rear rollers and concentrates all the
chaintoroller contact on the front half of the undercarriage



D. The sprocket alignment is incorrect, pulling the chain to one side and concentrating the vertical load
on the front rollers rather than distributing it evenly across all bottom rollers

39. A machine's parking brake does not hold on a 15% grade despite passing a static holding test on flat
ground at the same application pressure. What factor explains this discrepancy?

A. The flatground test does not apply a gravity force component on the brake — on the grade, the
machine's weight creates a gravitational force along the slope that adds to the resistance the brake must
overcome, and the brake's holding force is insufficient for the combined weight and slope forces

B. The brake oil temperature is higher during the grade test because the machine was driven to the
grade, and the hot oil reduces the brake's holding force through thermal expansion of the caliper pistons

C. The 15% grade creates a lateral force on the brake discs that pushes the pads away from the rotor,
reducing the effective clamping force below the level measured during the flatground test

D. The machine's weight and the 15% slope produce a torque on the driveline that exceeds the parking
brake's holding capacity — the flatground test verifies only the brake's static friction capacity without
any external driving force, while the grade test loads the brake with the gravitational component of the
machine's weight that the brake must resist

40. A wheel loader's front differential produces a howling noise that varies with speed. The technician
drains the differential oil and discovers fine metallic particles on the drain plug magnet. An oil analysis
identifies the particles as primarily iron with traces of chromium. What component in the differential
contains both iron and chromium?

A. The spider gears — which are made of an ironchromium alloy that provides the hardness needed for
the intermeshing gear teeth during differential action

B. The differential carrier bearings — the tapered roller bearing components are made of chromiumalloy
bearing steel (such as 52100 chrome steel) that contains both iron and chromium

C. The ring gear and pinion — which are manufactured from chromiummolybdenum alloy steel (4140
or similar) that contains both iron and chromium in the gear teeth composition

D. The axle shaft splines — which are inductionhardened with a chromium coating that is wearing off
and mixing with the iron base material of the spline teeth



41. A machine's track adjuster grease cylinder has been serviced and the track tension set to the OEM
specification. During operation, the technician notices the track tension is much tighter than specified
when the machine drives forward, but returns to the correct tension when stationary. What is occurring?

A. The forward drive force creates additional chain tension beyond the static preset value — the
sprocket's driving force pulls the upper (tight) side of the chain taut while the lower (slack) side
maintains the preset tension. This dynamic tension increase during drive is a normal characteristic of all
tracked machines

B. The recoil spring has become stiffer from age hardening and is overtensioning the chain when the
dynamic driving force adds to the spring's excessive static force

C. The track adjuster relief valve is set too high, preventing the chain from relieving the excess dynamic
tension through the adjuster during forward drive

D. The sprocket has excessive tooth wear that causes the chain to ride up on the worn teeth, effectively
shortening the chain path and tightening the track during drive engagement

42. A machine's brake system uses a wet disc brake with a cooling oil circuit. The cooling oil enters the
brake housing, flows between the friction discs and separator plates, and exits to the cooler. The
technician discovers the cooling oil flow rate is only 40% of the specification. The cooling pump is
producing correct pressure. What is the most likely restriction?

A. The brake housing's internal oil passages have accumulated debris from the friction disc wear that is
restricting the oil flow through the narrow passages between the discs — the cooling circuit must be
flushed and the brake housing passages inspected for blockage

B. The cooling circuit's internal orifice (if equipped) has become partially blocked with debris,
restricting the flow to the brake housing while the pump maintains correct pressure upstream of the
restriction

C. The brake cooling oil filter has clogged beyond its bypass valve setting and the bypass is passing
reduced flow compared to the fullflow capacity of a clean filter element

D. The brake discs have swollen from oil absorption and the reduced clearance between the discs and
separator plates restricts the coolant oil's flow path through the brake pack



43. A machine's front suspension uses nitrogenoil struts with external accumulators connected by hoses.
The accumulator provides additional gas volume for a smoother ride. The technician discovers one
accumulator hose has been pinched during a previous repair, reducing the flow between the strut and the
accumulator. What ride quality symptom does this restriction produce?

A. The ride becomes softer because the restricted accumulator cannot contribute its gas spring rate to the
strut's total spring force — the strut operates on its own smaller gas volume, which compresses more
easily under load

B. The ride becomes harsher over bumps because the restricted flow prevents the oil from moving freely
between the strut and the accumulator — the strut must compress its own oil and gas volume alone,
effectively stiffening the suspension

C. The ride becomes bouncy because the restricted hose creates a delayed response between the strut
and the accumulator — the accumulator provides its spring force after a delay, producing an oscillation
as the strut and accumulator alternately absorb and release energy

D. The ride height drops on the affected strut because the restricted flow prevents the accumulator from
supplying its oil volume to the strut during the rebound stroke — the strut cannot fully extend and the
machine rides lower on the restricted side

44. A technician is measuring the wear on a dozer's front idler. The OEM provides two specifications:
tread diameter (measured across the roller tread surface) and flange height (measured from the tread to
the flange tip). The tread has worn from 300 mm (new) to 280 mm diameter. The flanges have worn
from 30 mm (new) to 18 mm height. Which measurement is closer to the wear limit and therefore the
controlling dimension for the service decision?

A. Both measurements must be evaluated against their respective wear limits — but in this case, the
flange height at 18 mm (40% worn) is more critical than the tread diameter at 280 mm (percentage
depends on the wear limit). Flange wear controls the idler's replacement timing because inadequate
flange height allows the track chain to derail laterally, which is a safety hazard, while the tread can
continue to wear without creating a derailment risk

B. The tread diameter is always the controlling measurement because the tread carries the machine's
weight and determines the idler's loadbearing capability



C. Both measurements are equally important and the idler should be replaced when either one reaches its
individual wear limit, whichever comes first

D. The flange measurement is not relevant for the service decision — flanges are a secondary guidance
feature and the tread measurement alone determines when the idler must be replaced

45. A machine's air brake system has been tested using the standard leakage rate test (engine off, brakes
applied, monitor pressure drop). The pressure drops from 690 kPa to 676 kPa in 1 minute. The OEM
specification allows a maximum of 21 kPa per minute with brakes applied. The system passes. However,
the technician notices a faint hissing sound from under the machine during the test. Should this be
investigated despite the passing test result?

A. No — the system passed the quantitative leakage test and the hissing sound is a normal characteristic
of air migrating through the brake valve's internal equalization passages during the applied hold

B. No — air brake systems always produce a slight audible leak sound that is within the acceptable
leakage rate confirmed by the pressure drop test

C. Yes — any audible leak should be investigated and located, even if the system passes the pressure
drop test. The hissing indicates a leak that is currently within the acceptable rate but may worsen over
time, and identifying the specific leak location now enables planned maintenance before the leak
exceeds the specification

D. Yes — but only if the hissing sound persists for more than 30 seconds, which would indicate the leak
is from a component rather than from normal postapplication pressure equalization

46. A machine's steering system uses articulation — the front and rear frames pivot at a central
articulation joint. The steering cylinders connect the two frames. During an inspection, the technician
discovers the articulation bearing (the main pivot bearing between the frames) has developed 2 mm of
play. The OEM specification allows a maximum of 0.5 mm. What operational risk does this excessive
play create?



A. The loose articulation bearing allows the rear frame to sway laterally during loaded travel, producing
an unstable weaving motion that the operator cannot control through the steering system

B. The excessive play allows the two frames to shift relative to each other under loading, producing
inconsistent steering response (the machine does not track straight), accelerated wear on the steering
cylinder pins and bearings, and potential structural fatigue at the articulation mounting points from the
cyclical impact loading

C. The articulation bearing play only affects the machine during articulated turns and has no effect
during straightline travel because the steering cylinders hold the frames in alignment

D. The loose bearing produces a clunking noise during directional changes but does not affect the
machine's steering precision or structural loading because the bearing is a wear component that is
designed to tolerate up to 5 mm of play before requiring service

47. A technician is diagnosing a machine where the engine cranks normally but does not start. The
diagnostic tool shows no communication with the engine ECM, but communicates with all other
modules. The ECM fuse is intact. What is the most likely cause?

A. The CAN bus has a wiring fault between the diagnostic connector and the engine ECM that prevents
communication but does not affect the ECM's ability to receive sensor data and control fuel injection

B. The engine ECM has no fault — the diagnostic tool requires a software update to communicate with
this ECM version, and the engine's nostart condition is unrelated to the communication issue

C. The engine ECM has lost power or ground — the intact fuse confirms the power supply wire is not
shorted, but the fuse does not confirm the ECM is actually receiving power. A broken wire between the
fuse and the ECM, a corroded connector, or a failed ground connection could leave the ECM completely
unpowered — it cannot run the engine or communicate on the CAN bus

D. The engine ECM is powered but its CAN transceiver has failed internally — the ECM operates the
engine normally using its local inputs but cannot transmit or receive CAN data, which explains both the
communication failure and the nostart (the ECM requires a CANbased immobilizer authorization to
permit starting)



48. A machine's 24V charging system produces 28.2V at the alternator B+ terminal with the engine at
rated RPM and moderate load. The battery terminal voltage is 27.4V. What does the 0.8V difference
indicate?

A. The 0.8V difference is consumed by resistance in the charging circuit between the alternator output
and the battery — this voltage drop reduces the effective charging voltage at the battery terminals.
While 27.4V is still within the acceptable charging range, the 0.8V drop represents power wasted as heat
in the cable, connections, or fusible link

B. The 0.8V difference is within the normal specification for a 24V system and represents the voltage
regulator's designed offset between the alternator and battery readings

C. The battery has a high internal resistance that consumes 0.8V of the charging voltage — the battery
should be tested for a failing cell

D. The 0.8V difference indicates the alternator's voltage regulator is failing — it cannot maintain the
same voltage at the alternator and battery terminals simultaneously

49. A machine equipped with multiple CAN bus networks (engine bus, implement bus, chassis bus) uses
a gateway module to route data between the networks. The technician discovers that the engine data is
available on the implement bus but implement data is not available on the engine bus. What type of fault
is this?

A. A oneway CAN bus wiring fault that allows data to pass in one direction but blocks it in the other
direction due to a damaged wire that makes contact only under the signal polarity of one direction

B. A gateway module hardware fault — one of the gateway's internal CAN transceivers (the one
transmitting to the engine bus) has failed, preventing data from being forwarded to the engine bus while
the other transceiver (receiving from the engine bus) continues to function

C. A termination fault on the engine bus that degrades the signal quality in the receive direction,
preventing enginebus modules from reading the gateway's transmissions

D. A gateway module routing configuration error or partial hardware failure — the gateway is
forwarding enginetoimplement data correctly but is not forwarding implementtoengine data. This could
be a software configuration issue (the gateway's routing table does not include implementtoengine



messages) or a partial hardware failure in the gateway's implementbus receive circuit or enginebus
transmit circuit

50. A machine's electronic throttle system has a redundant dualsignal design — the APPS (accelerator
pedal position sensor) produces two independent signals. Signal A ranges from 0.5V to 4.5V and Signal
B ranges from 0.25V to 2.25V. The ECM continuously compares both signals. If Signal A reads 2.5V,
what should Signal B read for the ECM to confirm the signals are in agreement?

A. 2.5V — both signals should read the same voltage at any pedal position for the ECM to confirm
agreement

B. The signals have a 2:1 ratio — Signal B should read exactly half of Signal A. At 2.5V for Signal A,
Signal B should read 1.25V. This confirms both potentiometers are tracking the same pedal position
because any fault that affects only one signal will break the 2:1 ratio, which the ECM detects as a
disagreement

C. 1.0V — Signal B lags Signal A by a fixed offset of 1.5V at all pedal positions

D. 3.75V — Signal B operates in the inverse direction from Signal A, and the sum of both signals
always equals 5.0V at any pedal position

51. A machine's ECMcontrolled fan drive solenoid has been replaced. After replacement, the fan
operates at maximum speed continuously despite the ECM commanding variable speed. The technician
measures the solenoid current and it matches the ECM's commanded value. What is the fault?

A. The replacement solenoid is the wrong part number — it may have a different coil impedance or flow
characteristic that does not produce the correct hydraulic response to the ECM's electrical command

B. The replacement solenoid was installed with the wrong orientation — the flow direction through the
valve is reversed, producing maximum flow at any command level



C. The fan drive hydraulic valve has a mechanical fault (stuck spool, broken spring, contamination) that
maintains maximum fan flow regardless of the solenoid's electrical position — the solenoid is receiving
and responding to the correct signal, but the hydraulic valve downstream is not responding to the
solenoid's output

D. The ECM requires a solenoid calibration procedure after replacement to learn the new solenoid's
electrical characteristics — without this calibration, the ECM's output does not match the new solenoid's
response curve

52. A machine's battery disconnect switch is in the OFF position, but the technician measures 0.3V DC
between the disconnected battery positive post and the machine frame. The batteries are confirmed fully
charged. What is the source of this residual voltage?

A. The measurement is an artifact of the DMM's high input impedance detecting residual surface charge
on the battery post — cleaning the post and retesting eliminates the reading

B. A wire that bypasses the disconnect switch (such as a constantpower ECM memory circuit, a
telematics module, or a clock circuit) is maintaining a lowcurrent connection to the battery that produces
the 0.3V potential difference

C. The battery's internal chemistry produces a surface voltage on the external post that is detectable by
the DMM even with no external circuit connected — this is a normal electrochemical characteristic

D. A galvanic corrosion reaction between the battery post material (lead) and the cable terminal material
(copper alloy) produces a small electrochemical voltage that the DMM detects as 0.3V

53. A machine's ECM stores a DTC for "5V sensor reference circuit — voltage high." The technician
measures the reference at the ECM connector with all sensors disconnected: the reading is 5.5V. The
OEM specification is 5.0V + 0.1V. What does the elevated reference voltage indicate?



A. The ECM's internal 5V regulator has failed high — it is producing 5.5V instead of 5.0V, which
means every sensor connected to this reference reads a proportionally high value. All sensor readings
from this reference circuit are incorrect and the ECM is making control decisions based on inaccurate
data. The ECM must be replaced or repaired

B. The 5.5V reading is caused by the alternator's charging voltage feeding back through the sensor
wiring to the ECM's reference circuit — a wiring fault is injecting external voltage into the reference

C. The elevated voltage is a normal characteristic when the sensors are disconnected — the reference
rises to 5.5V under noload conditions and returns to 5.0V when the sensors are reconnected and loading
the circuit

D. The ECM's reference circuit has a short to the battery voltage through a chafed wire in the harness,
and the 5.5V is a blend of the ECM's 5V reference and the battery's voltage leaking through the partial
short

54. A machine's electronic display shows all engine parameters as " (dashes) with no numerical values.
The engine is running normally. All other display pages (transmission, hydraulic, body) show correct
data. The diagnostic tool communicates with all modules including the engine ECM. What is the most
likely cause?

A. The engine ECM has entered a fault mode where it stops broadcasting J1939 data messages while
continuing to control the engine — the display cannot render values from data it does not receive

B. The display module's firmware has a bug on the engine data page that prevents it from rendering the
received data — the data is being received (proven by the diagnostic tool's access) but cannot be
displayed

C. The engine ECM's CAN bus baud rate has shifted and the display can no longer decode the engine
messages at the altered speed — but the diagnostic tool autonegotiates baud rate and can still
communicate

D. The display module's internal configuration for the engine page has been corrupted or reset — the
display no longer knows which J1939 parameter IDs (PGNSs) to request or display on the engine page,
showing dashes for all fields. A display reconfiguration or replacement may be required

55. A machine's alternator output is tested. At idle (800 RPM), the alternator produces 26.5V. At rated
RPM (2,100 RPM), the alternator produces 28.2V. Both readings are within specification. However,



during a load test where all electrical loads are turned on at idle, the voltage drops to 23.8V. What does
this indicate?

A. The alternator is functioning correctly — at idle RPM, the alternator's output capacity is limited by its
rotational speed, and the combined electrical load exceeds the alternator's idle output capacity, causing
the voltage to drop below the charging threshold until engine RPM is increased

B. The battery bank is failing — the low voltage under load at idle is caused by the battery's high
internal resistance, not the alternator's output limitation

C. The voltage regulator is failing — it cannot maintain the target voltage under heavy load because its
internal sensing circuit loses reference accuracy at high current output

D. The alternator's stator has a weak phase that produces adequate output at noload but cannot sustain
the voltage under the full electrical load — a stator output test will reveal the deficient phase

56. A machine's ECM monitors the intake manifold pressure (IMP) sensor to determine the air mass
entering the engine. The sensor reads 98 kPa at idle (near atmospheric) and 240 kPa at full load with
boost. If the IMP sensor's ground wire develops a highresistance connection (5 ohms), how does this
affect the sensor reading at the ECM?

A. The highresistance ground shifts the sensor's output voltage upward by the voltage drop across the
50hm ground resistance — the ECM reads a higher pressure than actual at all operating conditions,
causing it to overestimate the air mass and deliver excess fuel. The engine runs rich, producing black
smoke and elevated fuel consumption

B. The highresistance ground has no measurable effect because the sensor's internal circuitry
compensates for ground resistance variations up to 10 ohms

C. The highresistance ground shifts the sensor's output voltage downward, causing the ECM to
underestimate the air mass and reduce fuel delivery below the optimal level

D. The highresistance ground causes the sensor to oscillate between two voltage levels as the current
alternately flows through and is blocked by the resistance



57. A machine's starter motor produces a clicking sound from the solenoid area but the engine does not
crank. The battery voltage measures 25.2V with no load. When the key is turned to START, the voltage
drops to 18.5V. What does this voltage profile indicate?

A. The starter solenoid's contacts have welded and the solenoid cannot engage the starter pinion — the
clicking is the solenoid attempting to activate but the welded contacts prevent the mechanism from
moving

B. The battery bank has a failing cell in one of the two series batteries — a cell with high internal
resistance causes the dramatic voltage drop (6.7V) under the cranking load. The reduced voltage cannot
sustain the solenoid's holdin winding, causing the solenoid to release (producing the clicking) as the
voltage drops below the holdin threshold

C. The starter motor has an internal short that draws excessive current, pulling the voltage down to
18.5V — the reduced voltage cannot sustain the solenoid's holdin winding, which releases and clicks
repeatedly

D. The battery cables have extreme resistance that produces the 6.7V drop — the cables consume nearly
all the available voltage before the current reaches the starter, leaving insufficient voltage to sustain the
cranking circuit

58. A machine's electronic joystick has been replaced. After installation, the technician calibrates the
joystick through the ECM's setup menu. The calibration procedure requires the technician to move the
joystick to its full forward, full reverse, and neutral positions while the ECM records the voltage at each
endpoint. Why is this calibration necessary after a joystick replacement?

A. The calibration accounts for manufacturing tolerance in the joystick's potentiometer or Halleffect
sensor — each unit has slightly different voltage outputs at the mechanical endpoints. The ECM must
learn the specific replacement unit's voltage range to map 100% of the physical travel to 100% of the
commanded output

B. The calibration teaches the ECM the joystick's response curve — each joystick manufacturer uses a
different voltagetoposition relationship (linear vs. logarithmic) and the ECM must identify which type is
installed



C. The calibration is optional — the ECM uses the same voltage range for all joystick models and the
calibration procedure is included only for diagnostic verification purposes

D. The calibration sets the joystick's internal spring tension to match the ECM's expected returntocentre
time — a joystick that returns to centre too slowly or too quickly triggers a false fault code

59. A machine's CAN bus has 10 modules. The technician discovers intermittent communication faults
that occur only during engine cranking. At all other times, the bus functions normally. What is the most
probable cause?

A. The voltage dip during cranking drops below one or more CAN bus modules’ minimum operating
voltage — the affected modules temporarily lose power or brown out during the cranking event,
dropping off the bus and producing communication errors until the voltage recovers after the engine
starts

B. The starter motor produces electromagnetic interference (EMI) during cranking that couples into the
CAN bus wiring and corrupts the data signals during each cranking attempt

C. The battery disconnect switch has highresistance contacts that produce a voltage oscillation during
the highcurrent cranking event, causing the CAN bus voltage supply to fluctuate at a frequency that
interferes with the bus communication

D. The engine ECM prioritizes starter control during cranking and temporarily suspends its CAN bus
communication to dedicate processing power to the starting sequence

60. A machine's electronic system uses a currentsensing shunt resistor to measure the alternator's output
current. The shunt is a precision 0.001ohm resistor installed in the main charging cable. The ECM
measures the voltage drop across the shunt and calculates the current using Ohm's Law. If the alternator
is producing 120 amperes, what voltage does the ECM measure across the shunt?



A. 120V — calculated by multiplying current by resistance (120 x 1 ohm), using the wrong resistance
value

B. 0.12V — calculated by multiplying current (120A) by the incorrect resistance (0.001 ohm x 1,000 =
1 ohm conversion error)

C. 12V — calculated by dividing the current by a factor of 10 rather than multiplying by the resistance

D. 0.12V — calculated as V = | x R = 120A x 0.001 ohm = 0.12V. The ECM's analogtodigital converter
must be sensitive enough to accurately measure this small voltage to produce a reliable current reading

61. A machine's instrument cluster receives engine RPM data over the J1939 CAN bus. The tachometer
displays a steady RPM reading during normal operation. The operator reports occasional brief needle
drops to zero before returning to the correct RPM. The engine does not physically lose RPM during
these events. What is the most likely cause?

A. The engine ECM is briefly entering sleep mode during lowload conditions, suspending its CAN data
broadcasts for one or two transmission cycles before waking and resuming normal data output

B. The tachometer display has a worn stepper motor that intermittently loses its position reference and
drops to zero before the motor's positioncorrection algorithm drives it back to the correct reading

C. A CAN bus communication interruption — an intermittent connection, a loose pin, or a brief EMI
event causes the cluster to momentarily lose the RPM data message, defaulting the display to zero until
the next valid message is received

D. The crankshaft position sensor is producing a brief signal dropout that the engine ECM transmits as a
zero RPM value before the sensor reestablishes its signal

62. A machine's ECM has a configuration parameter called "tire size" that the ECM uses to calculate
ground speed from the transmission output shaft speed sensor. A previous technician entered the wrong
tire size — 10% larger than the actual tires installed. What effect does this incorrect parameter have on
the machine's operation?



A. The ECM calculates a ground speed that is 10% higher than the actual speed — the machine appears
to be traveling faster than it is. This can cause the transmission to upshift earlier than optimal (because
the ECM believes the machine has reached the shift speed), the speedometer to read high, and the
GPSbased productivity system to report inflated haul distances

B. The incorrect tire size has no operational effect — the parameter is used only for the speedometer
display and does not influence the ECM's transmission shift strategy or engine control

C. The ECM calculates a ground speed that is 10% lower than actual — the machine appears to travel
slower than it is, causing delayed upshifts and inaccurate speed displays

D. The incorrect tire size causes the transmission to slip because the ECM calculates a lockup clutch
engagement speed that does not match the actual wheel speed

63. A machine's electronic throttle pedal produces a correct signal, but the engine responds with a
0.5second delay after the operator moves the pedal. The delay is consistent and repeatable. No fault
codes are stored. What is the most likely cause?

A. The CAN bus message transmission delay — the throttle signal travels from the pedal sensor to the
engine ECM through the CAN bus, and the bus traffic load produces a 0.5second queuing delay during
heavy multimodule communication periods

B. The engine ECM's throttle response is programmed with an intentional ramp rate (throttle smoothing)
that prevents the engine from responding instantly to pedal inputs — this is a configurable parameter
that limits the rate of fuel delivery increase to protect the drivetrain from shock loading and to improve
fuel economy

C. The throttle pedal's internal potentiometer has a wear spot that causes the wiper to hesitate during the
initial movement before contacting a clean section of the resistive track

D. The fuel system has a lag — the time required for the HP pump to build additional rail pressure after
the ECM increases the fuel command produces the perceived delay between the pedal input and the
engine response

64. A machine has an autoidle function that reduces engine speed to low idle after 5 seconds of joystick
inactivity. The feature is designed to save fuel. The operator reports the autoidle activates during active
digging — the engine drops to idle even while the operator is actively using the joysticks. What should
be investigated?



A. The joystick return springs — weakened springs do not return the joystick fully to the neutral detent,
but the ECM's autoidle detection zone is narrower than the mechanical neutral, so the joystick rests
slightly outside the detection zone and the ECM interprets the position as active input

B. The autoidle timer has been reprogrammed to a shorter interval (perhaps 1 second instead of 5),
causing the idle to activate during the brief pauses between digging cycles

C. The hydraulic pilot pressure switch or joystick position sensor signal — the ECM monitors these
inputs to detect joystick activity. If the sensor or switch has failed, the ECM cannot detect the operator's
active joystick input and defaults to the idle condition after the timer expires, regardless of actual
joystick position

D. The autoidle function's software has been updated to a newer version that uses a different joystick
activity detection algorithm that is not compatible with the machine's joystick hardware

65. A machine's alternator has three phases. During a bench test of the stator, the technician measures
the resistance between each pair of stator leads: Phase AB = 0.3 ohm, Phase BC = 0.3 ohm, Phase AC =
0.15 ohm. What does the low reading between Phase A and C indicate?

A. Phase AC has a turntoturn short in one of its windings — the shorted turns reduce the effective
resistance of that phase to half the value of the other phases, reducing the alternator's output from that
phase and producing unbalanced threephase output

B. The stator is a Yconnected winding and the AC measurement includes the neutral point connection
that provides a parallel resistance path, naturally producing a lower reading between A and C

C. The AC reading is a measurement error — the technician should rezero the DMM leads and
remeasure, as lead resistance can produce a 0.150hm error on lowresistance measurements

D. Phase A and Phase C both have partial shorts to ground that create a parallel resistance path through
the stator lamination core, producing the low AC reading



66. A machine's electronic display shows "CHECK TRANSMISSION" with no other symptoms — the
transmission shifts and operates normally. The technician reads the DTCs and finds a stored (inactive)
code for "transmission output speed sensor — intermittent.” The code was logged 200 hours ago and has
not recurred. Should the technician clear the code and return the machine to service?

A. Yes — clear the code and return to service. An inactive code that has not recurred in 200 hours was
likely caused by a onetime event (vibration, moisture, connector disturbance) and does not indicate a
current fault. The "CHECK TRANSMISSION™ message will clear when the code is cleared. Document
the code and monitor for recurrence at the next service

B. No — the intermittent speed sensor code requires the sensor and its wiring to be thoroughly inspected
and the code rootcaused before clearing, regardless of how old the code is

C. Yes — but the sensor must be replaced as a precaution even though the code has not recurred,
because intermittent speed sensor codes always indicate a developing sensor failure

D. No — the transmission control module requires a special reset procedure beyond simple code
clearing to remove the "CHECK TRANSMISSION" display message

67. A machine's ECM controls a glow plug relay through a lowside driver (the ECM grounds the relay
coil circuit). The technician measures 24V at the relay coil terminal when the ECM should be
commanding the relay ON (grounding the coil). What does the 24V reading indicate?

A. The relay coil has failed open — the 24V reading is the supply voltage present at the coil terminal
with no current flowing through the open coil

B. The ECM's lowside driver is not grounding the relay coil circuit — the 24V supply is present at the
coil, but without the ECM providing the ground path, no current flows through the coil and the relay
does not energize. The ECM driver may have failed, or the ground wire between the ECM and the relay
has an open circuit

C. The relay is functioning correctly — the 24V reading at the coil terminal is the normal operating
voltage when the relay is energized

D. The relay coil has developed a short to battery voltage that is feeding 24V back to the ECM's driver
through the coil winding



68. A machine's electronic fuel level gauge reads full continuously, regardless of the actual fuel level.
The technician disconnects the fuel level sender wire at the sender unit. The gauge drops to empty. What
does this test confirm?

A. The gauge is functioning correctly (it responds to the disconnected wire by reading empty). The
sender unit has failed in a position that permanently sends the "full” signal — either the float is stuck at
the top of its travel, the sender's variable resistor is stuck at the fulltank resistance, or the sender has an
internal short that produces the fulltank signal

B. The wiring between the gauge and the sender has a short to the fuel pump circuit that feeds a constant
voltage to the gauge, overriding the sender's signal

C. The gauge has failed and is stuck at full — but coincidentally drops to empty when the wire is
disconnected due to an internal gauge circuit design that defaults to empty on an open input

D. The fuel tank's ground strap has failed, and the sender cannot establish its reference ground through
the tank — it defaults to a full reading without ground, and disconnecting the signal wire at the sender
removes both the signal and the floating ground reference, causing the gauge to read empty

69. A machine's electronic system includes a data logger that records operational parameters (engine
RPM, load factor, fuel consumption, coolant temperature, hydraulic pressure) at regular intervals during
machine operation. After a catastrophic engine failure, the fleet manager requests the data logger
records. What diagnostic value do the historical data records provide for the failure investigation?

A. The data records are useful only for warranty claims documentation and have no diagnostic value for
determining the root cause of the failure

B. The records provide limited value because data loggers record at intervals (typically every 530
seconds) and the catastrophic failure event occurs in milliseconds — the data captures the conditions
leading up to the failure but not the failure event itself

C. The historical data records show the operating conditions leading up to the failure — the technician
can identify whether the engine was overloaded, overheated, operated at excessive RPM, fuelstarved, or
subjected to any abnormal condition in the minutes and hours before the failure. This data is critical for
distinguishing between an operatorinduced failure, a maintenancerelated failure, and a manufacturing
defect



D. The data records show only the current operating status and do not retain historical data — the logger
overwrites old data with current readings

70. A technician is using an oscilloscope to view the waveform of a Halleffect camshaft position sensor.
The waveform should show a clean digital square wave with sharp transitions between 0V and 5V. The
observed waveform shows the correct OV low level but the high level peaks at only 3.2V instead of 5V.
What could cause the reduced peak voltage?

A. The Halleffect sensor's supply voltage is low — if the sensor receives less than 5V from the ECM's
reference circuit (due to a voltage drop in the supply wire or a failing ECM reference regulator), the
sensor's output cannot reach 5V. The output is proportional to the supply, so a supply of approximately
3.2V would produce an output that peaks at 3.2V

B. The air gap between the sensor and the reluctor has increased from wear, reducing the magnetic field
strength and proportionally reducing the Halleffect sensor's output voltage

C. The sensor's internal pullup resistor has increased in value from thermal aging, limiting the maximum
output current and therefore the maximum voltage the sensor can produce into the ECM's input
impedance

D. The reluctor wheel has been contaminated with metallic debris that partially shields the magnetic
field from the Halleffect element, reducing the sensor's output voltage to 64% of its designed value

71. A machine's electronic system uses a solidstate relay (SSR) to control a highcurrent circuit. The SSR
uses a MOSFET transistor as the switching element instead of mechanical contacts. What advantage
does the SSR provide in a heavy equipment application compared to a traditional electromechanical
relay?

A. The SSR produces a cleaner switching signal with no electrical noise during the on/off transition,
which prevents electromagnetic interference from being generated on the CAN bus during each
switching event



B. The SSR has no moving parts — it switches silently, produces no contact arc, has no contacts to
corrode or weld, and provides a significantly longer service life than an electromechanical relay in the
highvibration environment of heavy equipment

C. The SSR consumes less power than an electromechanical relay because the MOSFET requires
virtually zero gate current to maintain the on state, compared to the continuous coil current required by a
mechanical relay

D. The SSR responds faster than a mechanical relay — the MOSFET switches in microseconds
compared to the mechanical relay's millisecond response time, enabling faster circuit protection and
more precise PWM control of loads

72. A machine's torque converter operating temperature during loaded haul operation is 110°C. The
OEM specification maximum is 120°C. The transmission oil cooler is clean and the cooling fan operates
normally. The machine's operating cycle has changed from short hauls to long, sustained uphill hauls.
What is the relationship between the changed duty cycle and the elevated converter temperature?

A. The longer uphills keep the converter in the torque multiplication phase for extended periods —
during multiplication, the speed differential between the pump and turbine generates maximum heat.
The converter spends more time in this highheat phase per cycle than during short hauls, and the cooler
cannot reject the accumulated heat fast enough to maintain the previous temperature

B. The uphill hauls increase the engine RPM, which spins the converter pump faster and generates more
heat from the increased fluid velocity inside the converter housing

C. The transmission shifts to a lower gear during uphill hauls, and the lower gear ratio increases the
converter's internal slip, which generates more heat per unit time

D. The longer hauls prevent the converter oil from cooling during the unloaded return trip — the
sustained heat buildup during the loaded uphill leg accumulates faster than the cooler can reject it, even
though the cooler is functioning correctly

73. A machine's differential makes a rhythmic clunking noise during tight turns at low speed. The noise
is proportional to the speed differential between the inner and outer wheels. The technician drains the
differential oil and finds the oil is dark and smells burnt. What component has failed?



A. The limited slip differential clutch pack has failed — the burnt oil and rhythmic clunking during tight
turns (when the most speed differential between the two axle shafts occurs) confirms the clutch pack is
grabbing and releasing cyclically as the worn or contaminated clutch surfaces alternate between grip and
slip

B. The ring and pinion gear teeth are pitting from fatigue and the rhythmic clunking is each pitted tooth
engaging its mating tooth during the lowspeed turn

C. The differential spider gears have worn excessively and the clunking is the worn teeth impacting with
each rotation of the spider gears during the tight turn

D. The differential case bearings have failed and the entire carrier is shifting position during the tight
turn, producing the clunking as the ring gear meshes with the pinion at varying depths

74. A machine's powershift transmission has five forward gears and three reverse gears. During a
diagnostic test, the technician commands each gear individually through the diagnostic tool. All forward
gears engage correctly. Reverse 1 and Reverse 2 engage correctly. Reverse 3 does not engage — the
engine RPM increases but no drive is felt. What does this indicate?

A. The clutch pack specific to Reverse 3 is not engaging — either the solenoid, the valve body circuit,
the clutch apply piston seal, or the clutch disc pack itself has a fault that prevents that specific gear from
engaging while all other clutch packs function correctly

B. Reverse 3 uses the same clutch pack as Forward 5, and the Forward 5 clutch is also suspect even
though it appeared to engage during the forward test

C. The transmission output shaft speed sensor cannot detect the low speed of Reverse 3, causing the
TCM to interpret the gear as not engaged and commanding a default to neutral

D. The reverse idler gear has a broken tooth that is exposed only in the Reverse 3 gear mesh position —
the broken tooth prevents full engagement in Reverse 3 while Reverse 1 and 2 use different tooth
positions on the same idler



75. A machine's hydrostatic drive system produces a highfrequency whining noise from the pump area
during loaded operation. The noise pitch changes with engine RPM. The pump case drain flow is within
specification. The charge pressure is correct. What is the most likely noise source?

A. The pump's internal valve plate has a wearinduced groove that produces a flowinduced whistle as the
highpressure oil passes over the groove during each piston's discharge cycle

B. The pump's drive coupling has a worn spline that allows torsional free play — the spline alternately
loads and unloads at a frequency proportional to engine RPM, producing the whining noise

C. The pump's inlet suction hose has a partial internal collapse that restricts suction flow — the pump
draws the available oil through the restricted opening at high velocity, producing the highfrequency
whine that changes with pump speed (engine RPM)

D. The charge pump (which is geartype) is producing the whine from worn gear teeth — charge pumps
are driven at engine speed and the gear mesh frequency produces a characteristic whine that changes
pitch with RPM

76. A machine's torque converter lockup clutch engages at 30 km/h as designed. The operator reports a
vibration that appears at 30 km/h and disappears when the machine decelerates below 30 km/h or when
the lockup is manually disabled through the diagnostic tool. What does this confirm?

A. The lockup clutch engagement itself is the source of the vibration — the clutch disc, damper springs,
or the clutch apply piston are producing the vibration only when the lockup is engaged

B. The converter housing has a balance weight that shifts position at 30 km/h from centrifugal force,
producing the vibration — the lockup engagement at the same speed is coincidental

C. The engine's torsional vibration is being transmitted through the locked converter to the drivetrain —
the lockup clutch damper springs are worn or broken and cannot absorb the engine's firing pulses, which
are now mechanically transmitted directly to the transmission input shaft

D. The lockup clutch is engaging the mechanical connection between the engine and the drivetrain.
When locked, engine torsional vibrations transmit directly to the drivetrain. If the vibration is present
only during lockup, the converter's lockup clutch damper is failing to absorb the engine's firing pulses —
the damper springs or friction elements are worn, allowing the torsional vibration to pass through to the
drivetrain



77. A technician rebuilds a manual transmission and must verify the gear endplay (axial clearance) on
each gear. The measured endplay on 3rd gear is 0.08 mm. The OEM specification is 0.15-0.35 mm.
What is the consequence of this belowspecification endplay?

A. The tight endplay locks the gear at operating temperature — thermal expansion of the gear and shaft
eliminates the 0.08 mm clearance, pressing the gear against its thrust surfaces with no room for the oil
film. The resulting metaltometal contact destroys the thrust surfaces and can seize the gear on the shaft

B. The tight endplay improves the gear's engagement quality by reducing the axial movement during
meshing, producing a quieter and more precise shift

C. The endplay specification is a manufacturing reference only and the installed clearance does not need
to match the specification during a rebuild

D. The tight endplay forces the synchronizer to work harder during shifts into 3rd gear because the gear
must be pushed axially into engagement against the restricted clearance

78. A machine's final drive planetary gear set produces a rhythmic grinding noise during loaded
operation. The technician drains the oil and finds a broken planet gear tooth fragment on the magnetic
drain plug. What additional inspection must be performed before replacing only the damaged planet
gear?

A. Only the damaged planet gear needs replacement — the fragment on the magnet confirms it is the
sole failed component

B. The planet gear pin (shaft) that the broken gear rotates on must be inspected for bending, scoring, or
galling from the debris produced by the tooth failure

C. All planet gears, the sun gear, the ring gear, and the carrier — the broken tooth fragment has
circulated through the gear mesh and may have damaged the mating surfaces of every component in the
planetary set. Each component must be inspected for secondary damage from the circulating debris
before any component is reinstalled

D. The bearing that supports the broken planet gear must be replaced, but the other planet gears and the
sun and ring gears do not require inspection if no fragments were found on their teeth



79. A machine's drivetrain produces a vibration at a specific travel speed that disappears above and
below that speed. The vibration is felt throughout the machine and is present in all gear ranges at the
same ground speed. What is the most likely cause?

A. The tires have a flat spot from sitting in one position during an extended parking period, and the flat
spot's contact frequency matches the vibration at that specific speed

B. A driveshaft is operating at its critical speed (resonant frequency) — the natural frequency of the
shaft coincides with its rotational speed at the specific travel speed, producing resonant amplification of
any minor imbalance. Above and below the critical speed, the shaft operates out of resonance and the
vibration is not amplified

C. The transmission's internal gear mesh produces a harmonic vibration at the specific output shaft
speed that corresponds to that ground speed — the harmonic is cancelled at other speeds by the different
gear mesh frequencies

D. The engine RPM at that specific travel speed coincides with a camshaft resonance frequency that
transmits through the engine mounts to the machine frame — the vibration is engineoriginated, not
drivetrainoriginated

80. A machine's wet disc brake has been rebuilt with new friction discs and separator plates. During the
initial test, the brakes produce adequate stopping force but generate significantly more heat than
expected — the brake oil temperature reaches the warning threshold within 30 minutes of loaded
operation. What is the most likely cause of the excessive heat generation?

A. The new friction discs have a higher friction coefficient than the original specification, producing
more braking force per unit of application pressure and converting more kinetic energy to heat per stop

B. The brake piston return springs were not replaced during the rebuild, and the weakened springs do
not fully retract the pistons — the partially applied brakes drag continuously during travel, generating
the excessive heat

C. The new friction discs are thicker than the originals and the brake pack clearance is too tight — the
brake is partially applied at all times because the springs cannot fully overcome the compressed pack,
and the continuous light application generates heat during every moment of machine operation



D. The new separator plates are a different material than the originals and their thermal conductivity is
lower — the plates absorb heat during braking but transfer it to the cooling oil at a slower rate, causing
the temperature to accumulate

81. A machine's transfer case uses a viscous coupling to distribute torque between the front and rear
axles. The coupling consists of a sealed housing filled with silicone fluid and containing alternating
plates connected to the front and rear output shafts. When the front and rear axles rotate at different
speeds (wheel slip), the silicone fluid shears between the plates and transfers torque to the slower axle. If
the silicone fluid has leaked from the coupling, what symptom does the operator notice?

A. The machine loses all front axle drive — without the silicone fluid, the viscous coupling cannot
transfer any torque to the front axle, and the machine operates as rearwheel drive only. The operator
notices reduced traction in soft or slippery conditions where the front axle normally provides additional
driving force

B. The machine produces a grinding noise from the transfer case as the dry plates contact each other
without the silicone fluid cushion

C. The machine's steering becomes heavy because the viscous coupling normally provides hydraulic
assistance to the steering system through its connection to the front axle

D. The machine overspeeds the front axle because the empty coupling provides no resistance to the front
output shaft, which spins freely at a speed determined by the road surface rather than the engine

82. A diesel engine has a jake brake (engine compression brake) rated at 400 kW of braking power.
During a descent, the jake brake is activated and the operator reports the braking power feels
significantly reduced compared to a year ago. The jake brake's solenoids and oil supply have been tested
and are functioning correctly. What wear condition in the engine could reduce the jake brake's
effectiveness?



A. Worn piston rings reduce the compression pressure — the jake brake works by releasing compressed
air near TDC. With worn rings, the cylinder cannot build the same peak compression, so less energy is
released (and therefore less braking force produced) when the exhaust valve opens near TDC

B. Worn valve guides allow the exhaust valve to shift laterally during the jake brake event, reducing the
effective valve opening area

C. Worn camshaft lobes reduce the jake brake's effectiveness — but the jake brake operates
independently of the camshaft on engines with hydraulically actuated engine brakes

D. Worn turbocharger bearings reduce the exhaust backpressure that contributes to the jake brake's total
retarding force

83. A machine's automatic transmission fluid has been sampled and analyzed. The report shows elevated
aluminum at 35 ppm (baseline is 8 ppm) and elevated silicon at 40 ppm (baseline is 5 ppm). All other
wear metals are normal. What do these two metals together suggest?

A. The transmission cooler has failed and engine coolant (containing silicate corrosion inhibitors) has
entered the transmission, producing the silicon increase, while the aluminum increase is from the
cooler's internal tubes dissolving

B. External contamination has entered the transmission — silicon indicates dirt ingestion (sand/soil)
through a compromised transmission breather or seal, and the abrasive dirt particles are wearing the
transmission’'s aluminum components (torque converter housing, valve body, pump housing) at an
accelerated rate, producing the elevated aluminum

C. The transmission's internal friction disc material contains both aluminum and silicon compounds that
are released as the discs wear during normal clutch engagement cycles

D. The torque converter's stator is made of an aluminumsilicon alloy and is wearing from cavitation
damage to the vane surfaces during the torque multiplication phase



84. A hydrostatic drive machine's right track motor produces full speed but the left track motor produces
only 50% speed. Both motors are the same displacement and the pump produces equal flow to both sides
(confirmed by flow testing at the pump outlets). Charge pressure is correct. What component is causing
the 50% speed reduction on the left side?

A. The left motor's displacement control has shifted to a higher displacement setting — at higher
displacement, the motor turns slower for the same input flow

B. The left motor case drain line is restricted, creating internal backpressure that opposes the motor's
rotation and slows the output speed

C. The left track's final drive has a mechanical binding that creates resistance the hydraulic motor must
overcome, reducing the effective output speed

D. The left motor has excessive internal leakage — the pump delivers equal flow to both motors, but the
left motor's worn internal clearances allow approximately half the delivered flow to bypass through the
motor without producing shaft rotation. The leaking flow exits through the case drain as waste heat

85. A machine's clutch release bearing has failed. The bearing surfaces show blueblack heat
discolouration and the bearing races have galled (welded and torn apart). What operating practice most
commonly causes this type of release bearing failure?

A. The operator habitually rests their foot on the clutch pedal during operation — the slight pedal
depression keeps the release bearing in constant light contact with the pressure plate fingers, preventing
the bearing from reaching the zeroload position where it normally does not rotate. The continuous
rotation under light load generates heat that cannot be dissipated, eventually destroying the bearing

B. The operator engages the clutch too quickly (dumpstarting) rather than gradually slipping the clutch
during engagement — the shock load on the release bearing exceeds its design capacity

C. The clutch hydraulic system has air that prevents the release bearing from fully retracting when the
pedal is released

D. The release bearing was installed without prelubrication and ran dry from the first engagement



86. A machine's differential lock is engaged. The operator attempts to turn the machine and feels
significant binding in the drivetrain. The operator forces the turn. What damage risk does this forced
turn with the differential lock engaged create?

A. The locked differential prevents any speed difference between the two axle shafts — during a turn,
the inner wheel must travel a shorter distance than the outer wheel, and the locked differential forces
both shafts to rotate at the same speed. The speed conflict creates a torque windup in the axle shafts,
driveshaft, and transmission that can break axle shafts, Ujoints, or damage the differential internals

B. The forced turn with the lock engaged wears the tire tread on the inner wheel because the locked axle
forces the inner tire to scrub across the ground surface at the outer wheel's speed

C. The forced turn damages only the differential lock clutch pack — the clutch is designed to be the
sacrificial element that absorbs the windup torque and protects the rest of the drivetrain

D. The forced turn has no damage risk — differential locks are designed to withstand the torque windup
of turning, and the binding sensation is the normal feedback that the lock provides during cornering

87. A machine's powershift transmission produces a delayed forward engagement — the operator selects
forward and the machine takes 3 seconds to begin moving. Reverse engagement is immediate. All
forward gears exhibit the same delay. Reverse gears are all normal. The transmission oil level and
condition are correct. What is the most likely cause?

A. The forward clutch pack piston seal has a leak — the delay represents the time required for the pump
to fill the forward clutch apply chamber against the leaking seal before adequate pressure builds to
clamp the clutch pack

B. The forward solenoid valve has a slow response — the valve takes 3 seconds to shift from its off
position to its energized position due to contamination or electrical resistance in the solenoid circuit

C. The torque converter's oneway clutch (stator clutch) has failed — the failed clutch reduces the
converter's torque multiplication in the forward direction, producing the perceived engagement delay

D. The forward clutch pack accumulator has lost its precharge, and the full pump volume must fill the
accumulator before any oil reaches the forward clutch apply piston — the 3second delay is the time
required to fill the depleted accumulator



88. A technician is rebuilding a differential and must set the ring gear backlash. The OEM specification
is 0.20-0.28 mm. The measured backlash is 0.35 mm. The technician adds shims to move the ring gear
closer to the pinion. After shimming, the backlash reads 0.24 mm. The technician performs a gear
contact pattern check and the pattern shows good contact centred on the tooth face with slight toe bias.
Is the setup complete?

A. No — the backlash is within specification but the carrier bearing preload must also be verified after
the shim change, because adding shims to one side affects the bearing preload across the carrier

B. Yes — the backlash is within specification (0.24 mm is within 0.20-0.28 mm) and the contact pattern
is acceptable (centred with slight toe bias under noload), confirming the gear mesh is correctly adjusted.
The setup is complete and the differential can be assembled

C. No — the slight toe bias in the contact pattern indicates the pinion needs to be moved deeper into the
ring gear to centre the pattern perfectly before final assembly

D. No — the technician must also verify the backlash at four additional points around the ring gear
circumference (90 degrees apart) to confirm the backlash is consistent throughout the full rotation

89. A machine's A/C system is being charged after a compressor replacement. The system has been
evacuated to 200 microns. The technician connects the refrigerant supply and begins liquid charging
through the highside port with the engine off. Why is liquid charging through the high side preferred
over vapour charging through the low side for the initial charge?

A. Liquid charging delivers the refrigerant as a liquid directly into the condenser and receiverdrier,
filling the highside components quickly and accurately by weight. VVapour charging through the low side
is extremely slow because the refrigerant must evaporate before entering the suction line, and the low
suction pressure limits the flow rate. Liquid charging through the high side (engine off) is faster and
allows precise weightbased charging

B. Liquid charging prevents moisture from entering the system — vapour charging draws atmospheric
moisture through the charging hose that contaminates the system

C. Liquid charging is required because the compressor must be prefilled with liquid refrigerant before it
can operate — vapour charging leaves the compressor oilstarved during the first startup

D. Liquid charging is safer because vapour charging through the low side can produce a liquid slug that
damages the compressor if the vapour condenses in the suction line during the charging process



90. A machine's cab heater produces a sweet, chemical odour when the heater is turned on. The engine
coolant level has been gradually decreasing without visible external leaks. What is the most likely
cause?

A. The cabin air filter has absorbed the engine coolant odour from the engine compartment intake and
releases it when the heater warms the filter element

B. The engine's EGR cooler is leaking coolant into the exhaust stream, and the heater's fresh air intake
draws the sweetsmelling exhaust vapour into the cab during heating mode

C. The engine's water pump weep hole is releasing a small amount of coolant that vaporizes on the hot
engine block, and the vapour enters the cab through the heater's fresh air intake

D. The heater core has a small internal leak — coolant is seeping from the core into the HVAC
airstream. The sweet chemical odour is the ethylene glycol coolant vaporizing on the hot heater core
surface and being distributed through the cab's heating ducts

91. A machine's A/C system uses a TXV (thermostatic expansion valve). The TXV's sensing bulb is
clamped to the evaporator outlet pipe. If the sensing bulb loses its refrigerant charge (the internal
capillary tube cracks), what happens to the TXV's operation?

A. The TXV opens fully and floods the evaporator with liquid refrigerant — the lowside pressure rises
because the evaporator cannot absorb enough heat to evaporate all the liquid, and liquid refrigerant may
reach the compressor inlet

B. The TXV remains at its current opening position because the internal spring maintains the last
commanded position without the sensing bulb's input

C. The TXV closes completely — the sensing bulb's charge provides the opening force that pushes the
TXV's diaphragm against the closing spring. Without the bulb's charge, the spring closes the valve and
no refrigerant flows to the evaporator

D. The TXV oscillates between fully open and fully closed as the spring and the residual atmospheric
pressure on the diaphragm alternate between overriding each other



92. A machine's cab pressurization system has been tested and meets the OEM specification of 50
pascals minimum. However, the operator reports dust accumulation inside the cab despite the positive
pressurization. What should the technician investigate?

A. The cab air filter's seal — if the filter is not sealed correctly in its housing (loose clamp, damaged
gasket, missing seal), unfiltered air bypasses the filter element and enters the cab carrying dust particles,
even though the pressurization level meets specification. The filter is removing dust from the air that
passes through it, but the bypass air is unfiltered

B. The pressurization test was performed with the door closed, but the operator opens the door
frequently — each door opening breaks the positive pressure seal and admits a pulse of dusty air

C. The operator's clothing is carrying dust into the cab from the external environment during each cab
entry — the pressurization system is designed to keep airborne dust out, not to prevent dust carried on
clothing or skin

D. The cab's recirculation filter has reached its capacity and is releasing previously captured dust back
into the cab air when the blower speed increases

93. A machine's dieselfired coolant heater operates correctly during cold starts, prewarming the engine
to approximately 40°C before the operator starts the engine. After the engine starts and reaches
operating temperature (85°C), the heater should shut off automatically. The operator reports the heater
continues to run after the engine reaches operating temperature. What is the most likely cause?

A. The heater's temperature sensor or thermostat that monitors the coolant temperature has failed — it
reads a temperature below the shutoff threshold (even though the actual coolant is at 85°C), keeping the
heater running because it believes the coolant has not reached the target temperature

B. The heater's fuel supply solenoid has welded in the open position, delivering fuel to the heater's
combustion chamber regardless of the thermostat's signal to shut off

C. The engine's thermostat is stuck partially open, allowing cold radiator coolant to blend with the
engine outlet coolant and producing a mixed temperature at the heater's sensor location that reads below
the shutoff threshold



D. The heater's control module firmware has a bug that prevents the automatic shutoff function from
activating when the coolant temperature rises above the shutoff threshold during engine running

94. A machine's A/C compressor has been operating with a low refrigerant charge for an extended
period. The compressor has now failed. What is the connection between the low charge and the
compressor failure?

A. The low refrigerant charge reduces the cooling effect at the evaporator, causing the compressor to
work harder and consume more power to achieve the set temperature — the mechanical overload
destroys the compressor

B. The low charge means less refrigerant is returning to the compressor — the refrigerant carries the
compressor lubricating oil through the circuit and back to the compressor. With less refrigerant
circulating, less oil returns to the compressor, and the oilstarved compressor bearings and surfaces wear
until mechanical failure occurs

C. The low charge causes the compressor to cycle on and off rapidly from the lowpressure switch, and
the repeated starting/stopping stress damages the compressor clutch and internal components

D. The low charge allows the compressor to ingest liquid refrigerant (slugging) on every cycle because
the expansion valve cannot properly meter the reduced charge volume

95. A machine's HVAC system includes an automatic climate control module. The module uses a sun
load sensor (photoelectric cell) mounted on the dashboard to detect the intensity of direct sunlight on the
cab. What does the sun load sensor's signal tell the climate control module?

A. The sun load sensor measures the UV radiation level to protect the operator from excessive sun
exposure by tinting the windshield when the UV index exceeds a safe threshold



B. The sun load sensor detects whether the machine is operating in daylight or darkness, allowing the
climate control to switch between daytime and nighttime temperature settings

C. The sun load sensor has no functional purpose in heavy equipment applications — it is a carryover
feature from automotive HVAC systems that is not connected to the climate control logic

D. The sun load sensor measures the radiant heat entering the cab through the glass — the climate
control module uses this input to increase the cooling output proactively before the cab temperature
rises, maintaining a more stable cab temperature during changing sun conditions

96. A machine's exhaust aftertreatment DEF dosing system includes a coolant loop that heats the DEF
supply line and DEF injector to prevent freezing in cold weather. The coolant flows from the engine
cooling system through a small circuit dedicated to the DEF components. If this coolant circuit develops
an air lock, what is the consequence?

A. The DEF system operates normally because the DEF itself has antifreeze properties that prevent
freezing in the supply line down to —11°C, and the coolant heating is a supplemental feature only

B. The DEF supply line and injector are heated adequately by the exhaust system's radiant heat during
operation, and the coolant circuit is needed only during cold starts before the exhaust system warms

C. The airlocked coolant circuit cannot circulate coolant to the DEF components — in cold ambient
conditions, the DEF freezes in the unheated supply line and injector, blocking DEF delivery to the
exhaust and triggering an SCR fault that initiates a progressive power derate

D. The air lock causes the coolant to boil in the DEF circuit from the trapped air's insulating effect,
producing steam that enters the DEF supply and dilutes the urea concentration

97. A machine's cab A/C system has been retrofitted with an auxiliary electric compressor that
supplements the enginedriven compressor during hot weather. The auxiliary compressor is controlled by
the HVAC module based on the evaporator temperature — it activates when the primary compressor
alone cannot maintain the target evaporator temperature. After the retrofit, the operator reports the A/C



system trips the machine's main circuit breaker when both compressors run simultaneously. What is the
most likely cause?

A. The auxiliary compressor's power consumption, combined with the enginedriven compressor's clutch
coil current, exceeds the electrical circuit's breaker rating — the electrical system was not upgraded to
handle the additional current draw of the auxiliary compressor

B. The two compressors create a refrigerant pressure conflict that produces a hydraulic feedback through
the electrical connections, tripping the breaker from the reverse current flow

C. The auxiliary compressor produces a power factor that conflicts with the enginedriven alternator's
output waveform, creating a harmonic current that exceeds the breaker's trip threshold

D. The circuit breaker has been weakened by age and trips at a lower current than its rated capacity —
replacing the breaker with a new unit of the same rating resolves the issue

98. A hydraulic system's variabledisplacement piston pump is tested at three operating pressures to
determine its volumetric efficiency curve. The results are: at 0 bar = 190 L/min, at 150 bar = 175 L/min,
at 300 bar = 145 L/min. The pump's theoretical output at the test RPM is 195 L/min. At what pressure
point does the pump's performance become a concern?

A. The pump is within specification at all three pressures — the declining flow with increasing pressure
is normal for all positivedisplacement piston pumps

B. The pump's performance at 0 bar (190 of 195 = 97.4%) and 150 bar (175 of 195 = 89.7%) is
acceptable, but the 300bar reading (145 of 195 = 74.4%) is a concern — a healthy pump should maintain
at least 8085% volumetric efficiency at rated pressure

C. All three readings are a concern because the pump should produce 195 L/min at all pressures — any
reduction from the theoretical output indicates internal wear

D. Only the Obar reading matters — if the pump produces 190 of 195 at no load, the pump is healthy and
the pressurerelated flow losses are a system characteristic, not a pump fault



99. A hydraulic motor drives a conveyor. The motor's rated displacement is 200 cm?/rev and it receives
80 L/min of flow at 180 bar operating pressure. The motor's measured output shaft speed is 380 RPM.
What is the motor's volumetric efficiency at this operating condition?

A. 47.5% — calculated by dividing the motor displacement by the flow rate in litres (200 + 80 + 1,000),
which uses incorrect units and produces a meaningless ratio

B. 105.3% — calculated by dividing the theoretical speed by the actual speed (400 + 380), which inverts
the efficiency ratio and produces an impossible result above 100%

C. 76% — calculated by dividing the operating pressure by the flow rate (180 + 80 + 100), which
confuses pressure efficiency with volumetric efficiency

D. 95% — theoretical motor speed = (80,000 cm3/min + 200 cm?/rev) = 400 RPM. Actual speed is 380
RPM. Volumetric efficiency = (380 + 400) x 100 = 95%, meaning 5% of the delivered flow is bypassing
internally through the motor's clearances at 180 bar operating pressure

100. A machine's hydraulic system operates at 280 bar working pressure. The system uses Schedule 80
hydraulic tubing for the rigid lines. A technician discovers a rigid line that has been repaired by brazing
(silver soldering) a sleeve over a crack in the tubing. Is this repair acceptable for a 280bar hydraulic
circuit?

A. Yes — silver brazing provides a joint strength that exceeds the tube's wall strength and is an accepted
repair method for hydraulic tubing at any pressure rating

B. No — brazing reduces the tube's wall strength at the repair location because the brazing heat anneals
the surrounding tube material. The annealed zone has lower tensile strength than the original tube, and
the repair may fail under the 280bar cyclical pressure loading. The damaged section must be replaced
with a new tube or connected using approved tube fittings rated for the working pressure

C. Yes — but only if the brazed repair is pressuretested at 1.5 times the working pressure (420 bar) for 5
minutes with no leakage

D. No — but a welded sleeve repair (using TIG welding instead of brazing) is acceptable because the
weld joint exceeds the tube's original strength



101. A machine's hydraulic system includes a pilotoperated check valve (POCV) that holds a boom
cylinder in the raised position. The POCV requires 50 bar of pilot pressure to open. The pilot supply
comes from the DCV's work port. During lowering, the DCV directs pump flow to the rod end of the
cylinder, and the resulting pressure on the rod side also provides the pilot signal to open the POCV. If
the pump's output drops below the minimum flow needed to generate 50 bar on the rod side, what
happens?

A. The POCV does not open because the pilot pressure is insufficient — the boom cannot lower even
though the operator commands lowering. The boom remains held in the raised position until the pilot
pressure exceeds the 50bar opening threshold

B. The POCV opens partially at the reduced pilot pressure, allowing the boom to lower at a reduced
speed proportional to the available pilot pressure

C. The POCV opens normally because the boom's weight generates pressure on the cap side that feeds
back to the pilot circuit and supplements the pump's reduced output

D. The boom drops uncontrolled because the reduced pump flow cannot maintain the POCV's pilot
pressure, and the valve opens and closes erratically, producing a jerky lowering motion

102. A hydrostatic transmission's charge filter has a bypass indicator that has triggered. The technician
replaces the filter element. After 100 hours, the indicator triggers again. The technician sends the second
filter for laboratory analysis. The lab reports the filter contains primarily bronze particles. What does
this finding indicate?

A. The transmission pump's internal bronze components (bearing, slipper retainer, or valve plate) are
wearing at an accelerated rate and shedding bronze debris into the charge circuit faster than the filter's
service interval can manage

B. The charge pump's gears are made of bronze and are wearing at a rate that exceeds the filter's design
life

C. The bronze particles originate from the main loop motor's bronze port plate (valve plate) — the worn
plate is releasing particles that circulate through the loop, through the flushing circuit, into the charge
system, and are captured by the charge filter



D. The charge relief valve seat is made of bronze and the valve is chattering, wearing the seat material
and releasing bronze particles into the charge circuit downstream of the pump

103. A machine's hydraulic system includes a nitrogencharged accumulator on the brake circuit. The
accumulator must provide a minimum of 4 emergency brake applications after the engine shuts off. The
technician tests the system: after engine shutdown, the accumulator provides 4 applications but the 4th
application produces noticeably weaker braking force than the first three. Is this acceptable?

A. Yes — a progressive reduction in braking force is normal as the accumulator depletes its stored
energy across the 4 applications. The specification requires 4 applications, and all four were achieved

B. No — all 4 applications must produce the same braking force. A weaker 4th application indicates the
accumulator precharge is low or the accumulator volume is undersized

C. Yes — but only if the 4th application still produces a minimum braking force above the OEM's
specified threshold for emergency stopping, not just any detectable braking. The technician must verify
the actual stopping distance or brake force of the 4th application against the minimum specification

D. No — a noticeable reduction by the 4th application indicates the system is at the margin of its
capability and any further degradation (seal wear, precharge loss) will drop the system below the
4application minimum

104. A machine's hydraulic cylinder extends under load and the operator reports the boom "bounces™ at
the end of the extension stroke — the cylinder reaches full extension, compresses slightly from the load,
reextends, and oscillates several times before settling. What circuit component would eliminate this
oscillation?

A. A counterbalance valve on the extend port that prevents the cylinder from overshooting its
endofstroke position



B. A cushion (snubber) built into the cylinder's cap end — the cushion decelerates the piston near the
end of the extension stroke by restricting the exhaust flow from a small portion of the cylinder's rod end,
absorbing the kinetic energy of the moving piston and load and preventing the bounce

C. A pressurecompensated flow control valve in the supply line that limits the maximum extension
speed below the oscillation threshold

D. An accumulator connected to the supply line that absorbs the pressure pulsation at the end of stroke
and dampens the oscillation

105. A machine's pneumatic system includes an air governor that controls the compressor's loaded and
unloaded states. The governor's cutin pressure is 690 kPa and the cutout is 860 kPa. The technician
discovers the compressor is cycling between loaded and unloaded every 15 seconds during idle
operation with no brake applications. What does this frequent cycling indicate?

A. The governor is functioning correctly — the 15second cycle time is normal for an idle engine where
the compressor's low RPM output requires frequent cycling to maintain system pressure within the
cutin/cutout range

B. The governor is functioning correctly — but the frequent cycling increases compressor wear and
reduces the air dryer's effectiveness because the short cycle time does not allow adequate purge time for
desiccant regeneration

C. The system has a leak that is consuming air between the cutout and cutin pressures within 15 seconds
— the leak rate equals the pressure drop (170 kPa) divided by 15 seconds of the total system volume.
The leak must be located and repaired

D. The compressor's unloader valve is not fully unloading the compressor during the cutout phase — the
partially loaded compressor continues to produce air that briefly brings the system above cutout before
the governor resignals the unload, creating the rapid cycling



106. A hydraulic cylinder must hold a suspended load for 8 hours (an overnight shift). The circuit uses a
pilotoperated check valve to lock the cap end. After 8 hours, the load has drifted down by 150 mm. The
POCV has been benchtested and confirmed leakfree. The DCV spool has been tested and shows no
internal leakage. What is the remaining possible cause of the drift?

A. The 150 mm drift over 8 hours could be caused by thermal contraction of the hydraulic oil — as the
oil cools overnight, its volume decreases, reducing the oil volume in the cap end and allowing the piston
to retract

B. The hose between the POCV and the cylinder has expanded under the sustained pressure, absorbing
oil volume from the capend circuit and allowing the piston to retract by the volume of the hose
expansion

C. The cylinder's piston seals are allowing internal bypass — oil slowly crosses the piston from the
pressurized cap end to the rod end inside the cylinder. The POCV and DCV are external to the cylinder
and cannot detect or prevent leakage that occurs between the POCV and the cylinder's internal piston

D. The POCV's pilot line has a residual pressure that is slowly cracking the POCV open by a
microscopic amount, allowing a trickle of capend oil to bleed past the POCV poppet over the 8hour
period

107. A machine's hydraulic system has a return line filter and a suction strainer. The technician
discovers the suction strainer (mounted inside the reservoir) is a 150micron mesh screen. The return line
filter is a 10micron element. A component failure has contaminated the system with metallic debris.
After replacing the failed component and the return line filter element, how should the suction strainer
be serviced?

A. The suction strainer does not require service — the 150micron mesh only captures large debris that
protects the pump from catastrophic foreign object ingestion, and the return line filter handles the fine
contamination

B. The suction strainer must be removed from the reservoir and cleaned — the metallic debris from the
component failure may have settled on and partially blocked the strainer mesh. A partially blocked
suction strainer restricts flow to the pump inlet and produces cavitation damage. The strainer should be
cleaned or replaced to ensure unrestricted pump inlet flow



C. The suction strainer should be replaced with a finer (25micron) element to provide better
contamination protection at the pump inlet

D. The entire reservoir should be drained and steamcleaned to remove all contamination — the suction
strainer will be clean after the reservoir cleaning

108. A machine's hydraulic accumulator is tested by depressurizing the hydraulic side and checking the
nitrogen precharge. The precharge gauge reads O bar. The accumulator was charged to 90 bar at the last
service 6 months ago. What does the zero precharge indicate?

A. The nitrogen gas has leaked from the accumulator through the gas valve, through a bladder/piston
seal failure, or through a housing weld defect — the accumulator has no stored energy and must be
recharged and tested for the leak source. If the bladder or piston seal has failed, the accumulator must be
rebuilt before recharging

B. The precharge gauge is faulty — a nitrogen precharge cannot drop from 90 bar to 0 bar in 6 months
under any leak condition because the molecular size of nitrogen prevents it from escaping through any
standard seal or valve

C. The accumulator was never charged at the last service — the service record is incorrect and the
accumulator has been operating without a precharge for 6 months

D. The hydraulic system pressure has compressed the nitrogen to a volume so small that the gauge
cannot detect it — the precharge is present but the gauge cannot read it when the accumulator is fully
compressed

109. A machine's hydraulic system uses a closedcentre loadsensing pump. The pump's standby pressure
is 25 bar. All DCV spools are centred. The technician measures the LS signal line pressure and reads 25
bar. Should the LS signal read 25 bar with all spools centred?



A. Yes — in some closedcentre LS systems, the pump maintains a fixed standby pressure on the LS line
when all spools are centred, and the LS differential is measured above this standby value when a
function is activated

B. No — the LS line should read 0 bar with all spools centred. A 25bar reading on the LS line in neutral
indicates the LS line has a leak path to the pump's supply pressure, or a DCV spool is leaking internally
and passing supply pressure to the LS port

C. No — the LS signal line should read 0 bar with all DCVs in neutral because no load is being sensed.
The 25bar reading indicates the LS line has a path to the pump's supply pressure — either through a
leaking DCV spool, a stuck LS shuttle valve, or a direct connection to the pump outlet that should not
exist in the neutral condition

D. Yes — the LS line reads the same as the standby pressure when no function is active because the
pump controller equalizes the LS signal with the supply pressure during the standby condition

110. A machine's hydraulic cylinder has been removed for rebuild. During disassembly, the technician
discovers the cylinder barrel's internal bore has a series of parallel scratches running the full length of
the bore. What caused these scratches and what is the consequence?

A. The scratches were caused by contamination — hard particles trapped between the piston seal and the
bore wall were dragged along the bore during each stroke, scoring the surface. The scored bore cannot
maintain a seal against the piston — oil bypasses through the scratch channels regardless of the seal
condition, producing progressive internal leakage that worsens as the scratches deepen

B. The scratches are honing marks from the original manufacturing process that have become more
visible after the bore surface wore away — they are a normal surface finish feature

C. The scratches were caused by the piston's metallic backup ring contacting the bore during a
sideloading condition — the bore must be honed to remove the scratches and the backup ring replaced
with a nonmetallic alternative

D. The scratches were caused by the rod seal gland's internal burr contacting the bore wall during
assembly — the gland should be deburred and the bore honed to restore the surface finish



111. A machine's air brake system uses an air dryer with a desiccant cartridge. The air dryer includes a
heater element controlled by a thermostat. The heater activates when the ambient temperature drops
below approximately 5°C. What is the purpose of the air dryer heater?

A. The heater warms the incoming compressed air to improve the desiccant's moistureabsorbing
efficiency — warm air releases moisture more readily to the desiccant than cold air

B. The heater prevents the moisture collected inside the air dryer housing and the desiccant cartridge
from freezing — frozen moisture blocks the air passages through the desiccant and prevents the purge
cycle from functioning, allowing wet air to pass through to the brake system

C. The heater evaporates the collected moisture from the desiccant during each purge cycle, enhancing
the regeneration effectiveness in cold weather when the normal purge air temperature is too low to fully
evaporate the captured moisture

D. The heater maintains the air dryer's internal pressure above the minimum needed for the purge valve
to open — cold temperatures reduce the air pressure through thermal contraction, and without the heater,
the purge valve cannot reach its cracking pressure in cold weather

112. A hydraulic system's pump produces a maximum flow of 200 L/min at 1,800 RPM. The system has
two functions that can operate simultaneously: Function A requires 120 L/min and Function B requires
120 L/min. During simultaneous operation, the pump can supply only 200 L/min total. How are the two
functions affected?

A. Both functions operate at reduced speed — the 200 L/min is divided between the two circuits based
on their relative load pressures, with the lowerpressure circuit receiving proportionally more flow.
Neither function receives its full 120 L/min requirement, and both operate slower than their individual
fullspeed capability

B. The pump automatically increases its output to 240 L/min to satisfy both functions simultaneously —
variable displacement pumps can exceed their nominal rating by 20% for short periods

C. Function A receives its full 120 L/min and Function B receives only 80 L/min because Function A
has priority in the valve body



D. The system relief valve opens and dumps the excess demand to tank — both functions receive
reduced and equal flow at approximately 100 L/min each

113. A machine's hydraulic hose has a published minimum bend radius of 150 mm. The technician
routes a replacement hose with a 100 mm bend radius at one location to avoid an obstruction. What is
the consequence of routing the hose below its minimum bend radius?

A. The tight bend kinks the hose internally, restricting flow through the bent section and reducing the
actuator speed proportionally to the flow restriction

B. The tight bend produces no measurable consequence as long as the hose does not visually kink or
flatten — the minimum bend radius is a manufacturing recommendation, not an operational limit

C. The tight bend produces turbulence at the bend point that creates a localized hot spot from the energy
conversion, which degrades the hose's internal liner at the bend location

D. The tight bend overstresses the hose reinforcement at the bend point — the outer radius of the bend is
stretched beyond its designed limit while the inner radius is compressed. The fatigued reinforcement has
a dramatically reduced burst pressure and fatigue life at the bend, creating a high risk of sudden hose
failure during pressure cycling

114. A machine's hydraulic system uses a pressurecompensated flow control valve set to deliver 40
L/min to a motor. The system pump produces 150 L/min. The motor's load increases from 100 bar to
200 bar. Does the flow to the motor change?

A. No — the flow remains at 40 L/min. The pressurecompensated flow control maintains constant flow
regardless of downstream pressure changes by adjusting its internal compensator to maintain a constant
pressure drop across its metering orifice. The system pressure increases to accommodate the higher
motor load, but the flow through the valve remains at 40 L/min



B. Yes — the flow decreases proportionally with the pressure increase because the higher downstream
pressure opposes the flow through the metering orifice

C. Yes — the flow increases because the higher system pressure produces a greater pressure differential
across the metering orifice, driving more flow through

D. No — but only because the pump's compensator increases the supply pressure to maintain the flow
control valve's pressure differential

115. A machine's pneumatic system has a moisture problem — water is consistently found in the brake
chambers during maintenance. The air dryer was replaced 500 hours ago. The drain valves on the
reservoirs are functioning and are drained at each shift. What should the technician investigate?

A. The compressor discharge temperature — if the compressor's discharge air temperature exceeds the
air dryer's rated inlet temperature, the dryer cannot condense and remove all the moisture from the
superheated air, and the excess moisture passes through to the brake system

B. The air dryer's regeneration cycle — if the purge valve is not cycling properly (stuck closed,
restricted orifice, or insufficient purge air volume), the desiccant becomes saturated and passes moisture
through to the downstream system despite being a new cartridge

C. The compressor's intake air source — if the compressor draws intake air from a location near the
radiator exhaust or from a humid area (such as behind the cab near the HVAC condenser discharge), the
intake air contains excessive moisture that overwhelms the air dryer's capacity

D. The reservoir drain valve schedule — draining at each shift may be insufficient if the machine
operates in highhumidity conditions or the compressor cycles frequently during heavy brake use

116. A machine's hydraulic system includes a heat exchanger that cools the hydraulic oil. The heat
exchanger uses engine coolant as the cooling medium. The technician discovers the hydraulic oil
temperature is 15°C above normal. The engine coolant temperature is normal. The heat exchanger's
external surfaces are clean. What should be checked?



A. The heat exchanger's internal passages — mineral deposits (scale), contamination, or a manufacturing
defect may restrict the coolant flow through the exchanger's internal passages, reducing the heat transfer
rate despite clean external surfaces

B. The thermostat bypass valve — if stuck in the bypass position, the oil bypasses the cooler and returns
directly to the reservoir without being cooled

C. The hydraulic system's heat generation rate — a worn pump, leaking valve, or incorrect relief setting
may be generating more heat than the cooler was designed to reject, regardless of the cooler's condition

D. The coolant flow rate through the heat exchanger — a partially closed coolant supply valve, a
blocked coolant passage, or a failed coolant pump can reduce the coolant flow through the exchanger
below the minimum needed for adequate heat rejection. The coolant enters the exchanger hot enough to
absorb the oil's heat but flows too slowly to carry the heat away at the required rate

117. A machine's hydrostatic drive system is being tested. The technician measures the main loop
pressure at 350 bar during a loaded stall test (full displacement, motor stalled). The OEM specification
for the crossport relief is 380 bar. Why is the measured stall pressure lower than the relief setting?

A. The engine cannot produce enough power to drive the pump to the 380bar relief setting — the
engine's torque limit is reached at 350 bar, and the pump compensator reduces the pump displacement to
prevent the engine from stalling. The 350 bar represents the engine's power limit, not the relief valve's
setting

B. The crossport relief valve has drifted from its 380bar setting to 350 bar and needs to be readjusted

C. The charge pressure is subtracted from the relief setting during the stall test, reducing the measured
loop pressure by the charge pressure amount (380 — 30 = 350 bar)

D. The motor's internal leakage reduces the effective stall pressure by allowing fluid to bypass through
the motor's clearances, preventing the pressure from building to the relief setting



118. A machine's hydraulic cylinder has a 150 mm bore and a 100 mm rod. The system pressure is 250
bar. What is the extend force (push force) and the retract force (pull force)?

A. Extend force = pressure x piston area = 250 bar % (n/4 x 0.15%) = 250 x 105 Pa x 0.01767 m? =
441,750 N = 442 kN. This uses the full bore area. Retract force = pressure x annular area = 250 x 10° X
(0.01767 — 0.00785) = 250 x 10° x 0.00982 = 245,500 N ~ 246 kN

B. Both forces are equal at approximately 442 kN because the pressure acts equally in both directions
regardless of the rod area

C. Extend force = 250 kN, Retract force = 150 kN — calculated by multiplying pressure by diameter
rather than area

D. Extend force = 442 kN, Retract force = 196 KN — calculated using only the rod area for retraction
instead of the annular area

119. A machine's air brake system includes a quickrelease valve on the front axle brake circuit. The
quickrelease valve's purpose is to exhaust the air from the front brake chambers quickly when the brake
pedal is released. If the quickrelease valve's exhaust port becomes blocked (frozen moisture, debris),
what symptom does the operator experience?

A. The front brakes apply normally but release slowly — the blocked exhaust prevents the air from
escaping the chambers quickly, and the air must exhaust backward through the long line to the brake
valve's exhaust port, which takes significantly longer than the designed quickrelease path

B. The front brakes do not apply because the blocked exhaust creates backpressure that prevents the
brake valve from delivering air to the chambers

C. The front brakes apply and release normally because the quickrelease valve has a bypass that routes
air around the blocked exhaust port

D. The front brakes lock up because the blocked exhaust traps the application air in the chambers
permanently and the brakes cannot release until the blockage is cleared



120. A machine's hydraulic system has been flushed after a pump failure. The new pump has been
installed and the system filled with fresh oil. During the first startup, the technician must run the system
at low pressure and no load for a minimum of 30 minutes before applying load. Why is this initial
lowpressure runin period required?

A. The runin period allows the new pump's internal components (pistons, shoes, valve plate, bearings) to
seat against each other under lowstress conditions — the initial wearin creates the micropolished
surfaces that establish the pump's designed clearances and sealing. Loading the pump before this runin
produces excessive wear on the unmated surfaces

B. The runin period is required to purge air from the system — the new oil contains dissolved air that
must be circulated and vented through the reservoir before the system can develop full pressure

C. The runin period allows the new filter elements to "season™ — the fresh filter media must be saturated
with oil before it can filter effectively, and applying load before saturation forces unfiltered oil through
the dry media

D. The runin period allows the hydraulic oil to reach operating temperature — cold oil produces
excessive pressure drop that would overload the new pump's bearings before the oil warms to its
designed viscosity

121. A machine's hydraulic system has two circuits operating simultaneously. Circuit A operates at 200
bar and Circuit B operates at 150 bar. Both are supplied by the same loadsensing pump with a 20bar LS
differential. What pressure does the pump maintain at its outlet?

A. The pump maintains 220 bar — the LS system senses the highest active load (200 bar from Circuit
A) and adds the 20bar LS differential, producing 220 bar at the pump outlet. Circuit B receives this 220
bar supply, and the DCV for Circuit B meters the excess 70 bar (220 — 150) as a pressure drop across its
metering edge

B. The pump maintains 170 bar — the average of both circuits (175 bar) minus the LS differential

C. The pump maintains 370 bar — the sum of both circuit pressures (200 + 150) plus the 20bar LS
differential



D. The pump maintains two different pressures simultaneously — 220 bar to Circuit A and 170 bar to
Circuit B through separate internal pressure regulators

122. A machine's hydraulic system has been contaminated with water from a cooler failure. The oil has
been changed and the system flushed. After 200 hours of operation, the technician discovers the cylinder
rod seals on multiple cylinders are leaking. The seals were not replaced during the flush. What is the
connection between the water contamination and the seal failures?

A. The water contamination has no connection to the seal failures — the seals have simply reached the
end of their service life coincidentally with the water contamination event

B. Water exposure degraded the seal material — the water (or the glycol in the coolant that
contaminated the oil) chemically attacked the seal compound, causing it to swell, harden, or lose
elasticity. Even though the water was removed during the flush, the chemical damage to the seals is
permanent and the affected seals must be replaced

C. The water contamination caused the cylinder rods to corrode, and the corroded rod surface has
damaged the seals during subsequent operation — the seals are victims of the rod surface condition, not
the water exposure directly

D. The flushing process used a solvent that is incompatible with the seal material, and the solvent
degradation rather than the water is the root cause of the seal failures

123. A mining excavator's bucket has cracked at the junction between the floor plate and the sidewall
plate. The crack is located at the weld toe on the sidewall's inner surface. This is the third time this
specific location has cracked in 8,000 operating hours. What does the repeated failure at the same
location indicate?

A. The weld joint at this location has a designlevel stress concentration that exceeds the repaired
material's fatigue endurance limit — the original joint geometry produces a stress riser at the weld toe
that initiates a fatigue crack under the repetitive loading of each digging cycle. Simply rewelding the
crack restores the same geometry and the crack returns at approximately the same interval. A design



modification (adding a gusset, changing the joint geometry, or increasing the plate thickness) is needed
to reduce the stress below the fatigue threshold

B. The welding electrode used for the previous repairs is incompatible with the bucket's base metal and
produces a weak weld that fails prematurely

C. The bucket floor has thinned from wear and the reduced crosssection concentrates the bending stress
at the floortosidewall junction, causing the repeated cracking

D. The operator's digging technique produces excessive sideloading on the bucket that overloads the
floortosidewall joint beyond its designed capacity

124. A machine's ROPS has sustained damage during a transport incident — a low bridge struck the top
of the ROPS while the machine was being transported on a lowbed trailer. The impact has bent the
upper cross member of the ROPS approximately 25 mm from its original position. Can the ROPS be
straightened and returned to service?

A. Yes — a qualified welder can heat the bent section with an oxyacetylene torch and straighten it using
a hydraulic ram, then verify the dimensions against the OEM drawing

B. Yes — but only if the straightening is performed cold (without heat) to avoid altering the
metallurgical properties of the ROPS material

C. No — the ROPS can be straightened but must then be recertified by load testing to the original ROPS
standard to confirm the straightened structure meets its designed energy absorption capacity

D. No — a bent ROPS has absorbed impact energy that may have changed the material's properties at
the bend point. Straightening (whether hot or cold) introduces additional stress and does not restore the
original metallurgical condition. The ROPS must be assessed by the OEM or a qualified structural
engineer, and in most cases, the damaged section must be replaced rather than straightened



125. A machine's operator seat has a heightadjustable headrest. During an inspection, the technician
discovers the headrest adjustment lock has failed and the headrest drops to its lowest position under
vibration. The operator has not reported any complaint. Should this be repaired?

A. No — the headrest is a comfort feature only and its position does not affect the operator's safety
during normal operation or rollover events

B. Yes — the headrest is part of the operator restraint system. During a rear collision, the headrest
prevents the operator's head from snapping backward (whiplash). A headrest that cannot be locked in the
correct position for the operator's head height cannot provide this protection. The adjustment lock must
be repaired or the headrest assembly replaced

C. No — heavy equipment headrests are not designed for crash protection like automotive headrests.
They provide only ergonomic head support during normal operation

D. Yes — but only if the machine operates in a highway transport application where rear collision risk
exists. For offroadonly machines, the headrest lock is not a safety concern

126. A machine's attachment quick coupler uses a visual indicator that shows whether the lock pins are
in the engaged position. The indicator flag is green when locked and red when unlocked. After a coupler
replacement, the technician tests the indicator and finds the flag shows green (locked) when the pins are
confirmed engaged, and red (unlocked) when the pins are disengaged. However, the flag occasionally
shows green when the pins are only 80% engaged (not fully locked). Is this a safety concern?

A. No — 80% engagement provides adequate retention force for normal operating conditions, and the
indicator's green display at this engagement level is within its designed detection range

B. No — the indicator is an advisory feature only and the operator should always perform a visual and
physical verification of the coupler engagement regardless of the indicator's display

C. Yes — the indicator must reliably distinguish between fully locked and partially locked states. A
falsegreen indication at 80% engagement gives the operator false confidence that the attachment is
secure when it may disengage under dynamic loading. The indicator mechanism must be adjusted or
replaced to show green only when the pins are 100% engaged



D. Yes — but the concern is limited to the indicator mechanism itself. The coupler's 80% engagement
position has a positive mechanical detent that prevents further disengagement, so the attachment is
secure despite the indicator's inaccurate display

127. A technician is replacing a hydraulic hammer (breaker) on an excavator. The old hammer weighs
2,500 kg. The replacement hammer weighs 3,200 kg. Both hammers fit the same coupler. Can the
technician install the heavier hammer without any additional verification?

A. No — the heavier attachment changes the machine's working weight distribution, may exceed the
coupler's rated capacity, and may exceed the boom or stick's structural design load. The technician must
verify the replacement hammer's weight is within the machine's attachment weight rating for that size
class, the coupler's rated capacity, and the boom/stick’s structural limits before installation

B. Yes — if the hammer fits the coupler, it is compatible with the machine regardless of the weight
difference

C. No — but only because the heavier hammer requires a different hydraulic flow and pressure
specification that the machine's auxiliary circuit may not provide

D. Yes — the 700 kg weight difference is within the typical 15% tolerance band that manufacturers
build into their coupler and boom designs

128. A machine's cab windshield is laminated safety glass. A crack has developed that runs from one
edge to the opposite edge across the operator's direct line of sight. The operator reports the crack does
not obstruct visibility — the view through the crack is clear. Should the windshield be replaced?

A. No — a crack in laminated glass does not compromise visibility or structural integrity because the
PVB interlayer holds the glass together and maintains the windshield's shape



B. Yes — but the replacement can be scheduled for the next major service because the laminated
construction prevents the crack from propagating further or compromising the windshield's structural
function

C. No — the crack should be monitored and the windshield replaced only if secondary cracks develop
that create a web pattern that physically obstructs the operator's vision

D. Yes — a fullwidth crack across the operator's line of sight compromises the windshield's structural
integrity and its FOPS contribution. The cracked glass cannot distribute impact loads uniformly — a
falling object striking the cracked windshield may cause the glass to collapse inward at the crack line,
potentially injuring the operator

129. A mining shovel's crowd system uses a rackandpinion mechanism to extend and retract the dipper
handle (stick). The rack teeth on the dipper handle show significant wear — the tooth profile has
become rounded from the original square profile. What consequence does this worn tooth profile
produce?

A. The worn teeth produce excessive backlash between the rack and pinion, allowing the dipper handle
to shift during loading impacts and creating a clunking noise during each reversal of crowd direction

B. The worn teeth cannot maintain positive engagement under the high crowd forces — the rounded
profile allows the pinion to ride over the rack teeth under peak loading (tooth skip), producing a sudden
loss of crowd control that can release the dipper contents uncontrolled

C. The worn teeth produce a smooth, quiet crowd operation that the operator may perceive as improved
— the lack of engagement noise masks the underlying wear condition

D. The worn teeth increase the crowd motor's power demand because the rounded tooth profile produces
less efficient force transfer than the original square profile

130. A machine's counterweight must be removed for a transport move (to reduce the machine's total
width or weight for transport). The counterweight weighs 8,000 kg and is attached with four bolts. The



technician uses a crane to support the counterweight, removes the bolts, and the crane lifts the
counterweight clear. After transport, the counterweight is reinstalled. What critical step must be
performed during the reinstallation?

A. The counterweight mounting bolts must be torqued to the OEM specification using a calibrated
torque wrench, and if the OEM specifies a torqueangle method, both the initial torque and the
subsequent angular rotation must be applied. The bolts must be the correct grade and length, and any
threadlocking compound specified by the OEM must be applied

B. The counterweight must be installed in the same orientation (rotational position) as the original
removal to maintain the machine's factory balance

C. The counterweight mounting surface must be painted with a corrosioninhibiting primer before the
counterweight is reinstalled to prevent corrosion between the mating surfaces during future service

D. The counterweight must be weighed on a certified scale before reinstallation to verify it matches the
machine's specification — transport damage may have reduced the counterweight's mass below the
minimum required for stability

131. A machine's cab door has a pressureactivated latch that requires a minimum force to open from the
inside. The latch is designed to prevent the door from opening during a rollover event. The technician
discovers the latch releases with significantly less force than the OEM specification. Should this be
repaired?

A. No — the reduced latch force makes the door easier to open during normal entry and exit, improving
the operator's ergonomic experience without affecting safety

B. Yes — the latch's designed holding force is calibrated to prevent the door from opening during a
rollover event. A latch that releases at less than the specified force may open during the dynamic forces
of a rollover, allowing the operator to be partially ejected from the cab's protective envelope. The latch
mechanism must be adjusted or replaced to restore the OEMspecified release force

C. No — the ROPS certification is independent of the door latch force and the latch's release force does
not affect the cab's rollover protection capability



D. Yes — but only because the reduced force indicates internal wear that will eventually cause the latch
to fail completely, leaving the door unable to close and latch at all

132. A hybrid machine's battery management system (BMS) continuously monitors each cell's voltage,
temperature, and current. If the BMS detects a single cell voltage that suddenly drops below a critical
threshold during discharge, what immediate action does the BMS take?

A. The BMS increases the charging current to the low cell to restore its voltage to match the other cells
in the string

B. The BMS alerts the operator through a warning display but allows the machine to continue operating
at full power until the operator can park the machine safely

C. The BMS bypasses the low cell using an internal switching circuit and continues to operate the pack
at a reduced voltage that excludes the failed cell

D. The BMS immediately reduces the discharge current (limits machine power) or disconnects the
battery pack — a sudden cell voltage drop during discharge indicates a potential internal cell failure
(short circuit, dendrite growth, or electrode degradation) that could escalate to thermal runaway if high
current continues to flow through the failing cell

133. A batteryelectric machine's traction motor controller uses regenerative braking to recover energy
during deceleration. The controller converts the motor to a generator during braking and feeds the
generated electricity back to the battery. If the battery is already at 100% state of charge when the
operator applies the brakes, what happens to the regenerative braking energy?

A. The regenerative braking is disabled and the machine uses only the friction brakes for deceleration —
the controller cannot send energy to a fully charged battery, so it commands the friction brakes to
provide all the braking force



B. The regenerative energy is dissipated as heat through a braking resistor (dynamic braking resistor) —
the controller redirects the generated electricity to the resistor instead of the battery, maintaining the
regenerative braking feel while safely dissipating the energy as heat

C. The regenerative energy is stored in a supercapacitor bank that accepts charge regardless of the
battery's SOC — the supercapacitor buffers the energy until the battery has sufficient room to accept it

D. The excess energy is fed back to the traction motor as motoring current, which cancels the
regenerative braking effect — the operator feels the brakes become less effective and must apply more
pedal force to compensate

134. A technician is performing scheduled maintenance on a batteryelectric machine's HV battery pack.
The maintenance procedure requires measuring the insulation resistance between the HV bus and the
chassis. The technician applies 500V DC from a megohmmeter to the HV positive bus while measuring
to the chassis. The reading is 850 MQ. The OEM specification minimum is 100 kQ/V x 400V system
voltage = 40 MQ. Is the insulation resistance acceptable?

A. Yes — 850 MQ is significantly above the 40 MQ minimum specification, confirming the HV
insulation is in excellent condition with no significant leakage paths between the HV bus and the chassis

B. No — the megohmmeter test voltage (500V) exceeds the system voltage (400V) and may have
damaged the insulation during the test, producing a falsely high reading

C. The test is invalid — insulation resistance must be measured with the HV system energized under
load, not with an external megohmmeter

D. No — the specification of 100 kQ2/V means the minimum resistance should be 100 kQ % 500V (the
test voltage) = 50 MQ, and the calculation must use the test voltage, not the system voltage

135. A fleet operator is comparing a dieselhydraulic excavator to a batteryelectric excavator for an urban
demolition application. The demolition site is in a densely populated area with strict noise and emission



regulations. What is the primary operational advantage of the batteryelectric excavator in this specific
application?

A. The batteryelectric excavator has higher digging force than the dieselhydraulic equivalent because the
electric motors produce maximum torque at zero speed

B. The batteryelectric excavator produces zero exhaust emissions at the point of use and significantly
lower noise levels than the diesel equivalent — both characteristics are critical advantages in a densely
populated urban environment where exhaust emissions affect nearby residents and workers, and noise
restrictions limit the operating hours of conventional diesel equipment

C. The batteryelectric excavator has lower ground pressure than the diesel equivalent because the
absence of a diesel engine reduces the machine's total weight

D. The batteryelectric excavator has faster cycle times than the diesel equivalent because the electric
motor responds faster than a diesel engine to operator commands

Practice Exam 12: Answer Key and Explanations

1. B — Working at 8 metres above ground requires an elevated work platform that provides a stable,
guarded work surface with fall protection. Climbing the boom structure without an engineered access
system and using only a tied-off lanyard does not provide the stable work surface needed for performing
a hose replacement. An elevated work platform (scissor lift, boom lift, or crane-suspended man basket)
is the correct access method.

2. C — An 800-litre waste oil volume requires proper environmental controls: a closed, leak-proof
collection container rated for the volume, storage in a designated waste oil area with secondary
containment to capture any spills, and disposal through a licensed waste oil contractor. Spill prevention
and response materials must be available during the draining operation to contain any accidental release.

3. A — A compressed air fitting at 860 kPa stores significant pneumatic energy. If loosened while
pressurized, the fitting can eject with enough force to cause serious penetrating injury, and the sudden
air release can propel debris at high velocity. All air reservoirs must be fully depressurized through the
drain valves to zero pressure before any pressurized fitting is loosened.

4. D — Welding fumes and shielding gases (argon, CO:) are heavier than air and settle into low-lying
areas such as excavations. Workers in the adjacent 1.5-metre excavation may be exposed to toxic fume
concentrations or an oxygen-depleted atmosphere created by the accumulated welding byproducts that
displace the breathable air in the depression.



5. B — Used ethylene glycol coolant is classified as hazardous waste due to the toxicity of ethylene
glycol (lethal to humans and animals in small quantities) and the potential heavy metal contamination
(lead, copper, zinc) accumulated during engine service. It must be collected in a labeled container and
disposed of through a licensed hazardous waste contractor under Canadian environmental regulations.

6. C — Eye hazards in heavy equipment maintenance are present during routine tasks — not just during
grinding and cutting. Pressurized hydraulic fluid can spray from fittings at high velocity, snap rings can
eject during assembly, chemicals splash during fluid handling, and debris falls during machine access.
Side-shielded safety glasses protect against these omnipresent hazards.

7. A — Connect the positive cable first, then the negative (ground) cable. If a tool accidentally contacts
the frame while connecting the positive cable, no short circuit occurs because the negative (ground)
circuit is not yet complete. If the negative were connected first and a tool bridged the positive terminal
to the frame during connection, a direct short circuit through the tool would result.

8. D — Diesel exhaust contains carbon monoxide, nitrogen dioxide, and particulate matter that
accumulate to dangerous concentrations in an enclosed shop within minutes. The engine must be shut
off immediately, the shop must be ventilated by opening all doors and activating ventilation systems,
and the area must not be re-entered until air quality is confirmed safe.

9. C — A weeping hydraulic hose at 700 bar operating pressure is a precursor to catastrophic hose
failure. High-pressure hydraulic oil can cause injection injuries (oil forced through the skin) and can
strike the technician if the hose ruptures. The operation must be stopped immediately, the system
depressurized, and the hose and connection inspected before any further use.

10. B — Spring-loaded components store significant mechanical energy that can be released violently
during disassembly. The stored energy must be fully released or securely contained using OEM-
specified tooling and procedures before any retaining hardware is removed. An uncontrolled spring
release can launch components with lethal force — this is one of the most dangerous tasks in heavy
equipment maintenance.

11. A — At 12,000 hours, the cylinder liners' honed crosshatch surface has worn through. The
crosshatch pattern retains oil and provides the lubrication film for the piston rings. Once the hone is
consumed, the bare iron liner surface cannot retain oil effectively, and the rings scour the exposed liner
material at an accelerating rate — producing the rapidly rising iron content in the oil analysis.



12. C — On a four-stroke diesel engine, the camshaft rotates at half the crankshaft speed. A noise
occurring once every two crankshaft revolutions matches the camshaft frequency. Possible sources
include a worn cam lobe, a damaged lifter, a failing fuel pump drive eccentric, or a cam gear defect. The
cylinder cut-out test does not affect these components because the camshaft rotates identically regardless
of which injector is disabled.

13. D — At 140% soot loading, the DPF contains more soot than can be safely burned during an active
regeneration. An active regen at this loading level would produce an uncontrolled exothermic reaction
with temperatures exceeding the ceramic substrate's survival limit (typically above 1,000°C), potentially
melting or cracking the DPF. The filter must be removed for professional off-machine cleaning in a
controlled environment.

14. B — Both the intake/exhaust valves and the EUP fuel pumps are actuated by the same camshaft
through rocker arms. When valve lash changes from wear or adjustment, the effective timing of both the
valve events and the pump actuation events shifts proportionally. Setting both to specification during the
same procedure ensures the engine's breathing and fuel delivery are correctly synchronized with each
other and with the crankshaft position.

15. C — The TBN depletion rate is accelerating: 2.1 drop in the first interval, then 1.8 in the next.
Projecting this trend forward, the TBN may reach or breach the 4.0 condemning limit before the
remaining 150 hours are completed. Operating with depleted TBN exposes all internal engine surfaces
to acid corrosion from combustion byproducts. The oil should be changed early as a precaution.

16. A — Small, infrequent bubbles in the deaeration tank are normal — the system continuously
separates entrained air. The bubbles become a diagnostic concern when they are continuous, large, and
persistent at operating temperature. Continuous heavy bubbling indicates combustion gas is entering the
coolant through a head gasket breach, cracked head, or cracked liner — confirmed by a combustion gas
detection test on the coolant.

17. D — An injector back-leak of 120 mL/min (vs. 40 mL/min maximum) confirms massive internal
fuel bypass. The injector's internal high-pressure seals have failed, allowing fuel to bypass from the
high-pressure rail gallery to the low-pressure return circuit inside the injector body. The lost fuel reduces
the rail pressure during each injection cycle, causing the misfire on that cylinder.

18. B — The DOC converts CO and HC through exothermic oxidation — the chemical reaction releases
heat as a byproduct. A 45°C temperature rise from 350°C inlet to 395°C outlet confirms the DOC is



actively oxidizing pollutants. This temperature increase is the primary indicator that the DOC catalyst is
functioning correctly and has not been poisoned or degraded.

19. A — Chromium is the primary plating material on diesel engine compression rings. Elevated
chromium after an overhaul confirms the new rings are wearing abnormally. The cause may be incorrect
ring end gap, wrong ring orientation during installation, improper cylinder wall hone pattern, or
insufficient break-in procedure — any condition that prevents the rings from seating correctly against
the cylinder wall.

20. D — The VGT vanes reach the correct commanded position (confirmed by the position sensor),
ruling out the VGT mechanism. Turbo lag during rapid transients with correct vane positioning points to
the turbocharger rotor's response time. Excessive shaft play from worn bearings allows the shaft to
wobble rather than spin cleanly, increasing the time required for the turbine and compressor wheels to
accelerate in response to the exhaust energy change.

21. C — The venturi-type EGR mixer uses intake air velocity to create the suction that draws exhaust
gas into the intake stream. A restricted air filter reduces both the total air volume and the air velocity
through the venturi. The reduced velocity decreases the venturi's suction effect, drawing less EGR gas
into the intake than the ECM commands, and potentially triggering an EGR insufficient flow DTC.

22. A — Aiir pockets trapped during the coolant fill process gradually work their way to the deaeration
tank and are expelled through the cap. The displaced air volume (approximately 2 litres in this case) was
previously occupied by trapped air bubbles — as the air is purged, the coolant level drops by the volume
of air that escaped. The level should be topped up and rechecked after the next heat/cool cycle.

23. B — The fuel system components are verified functional and no DTCs are stored. A gradual 15%
fuel reduction without a DTC suggests the ECM's adaptive fuel trim has compensated for a slowly
degrading sensor. The sensor drift is within the ECM's valid range (no DTC threshold exceeded), but the
adaptive system has consumed its full correction authority, limiting the fuel delivery to 85% of rated.

24. D — After 18 months of outdoor storage, diesel fuel degrades from oxidation and microbial growth.
Oxidized fuel forms gums and varnishes that clog filters and injector nozzles. Microbial colonies (diesel
bug) grow at the fuel-water interface inside the tank, producing acids and slime that contaminate the
entire fuel system. The fuel must be tested, and the tank drained and cleaned if contamination is found.



25. C — A remanufactured turbocharger may have slight differences in compressor housing scroll
geometry compared to the original. Even minor dimensional differences in the scroll's internal contour
can create a resonant frequency at certain airflow velocities, producing an aerodynamic whine that was
not present with the original unit. If shaft play and wheel clearance are within specification, the noise is
a characteristic of the replacement unit.

26. B — The blowby flow rate is within specification, confirming the rings and cylinder seal are not the
pressure source. Elevated crankcase pressure with normal blowby indicates the exit path for the gases is
restricted. A clogged CCV filter, separator, or breather outlet restricts the ventilation system's ability to
evacuate the normal blowby volume, causing pressure to build inside the crankcase.

27. A — Both heater hoses are hot (confirming coolant reaches the core), the HVAC system is working
correctly, yet heat output is minimal. The heater core has an internal flow restriction from scale or debris
buildup. Hot coolant reaches the inlet but flows through the core too slowly to transfer adequate heat to
the passing airstream. The small volume of coolant that passes through absorbs maximum heat, keeping
the outlet hose hot, but the total heat transferred to the air is insufficient.

28. D — On a vacuum-actuated wastegate, vacuum opens the wastegate against its return spring. If the
vacuum supply hose ruptures, no vacuum reaches the actuator. Without vacuum, the return spring holds
the wastegate in its default closed position. The wastegate cannot open to bypass exhaust around the
turbine, and the turbocharger over-boosts at high RPM because all exhaust energy is directed through
the turbine.

29. B — With the oil cooler bypass thermostat stuck in the bypass position, all engine oil bypasses the
cooler permanently. The oil never passes through the heat exchanger. During loaded operation, the oil
temperature rises above its designed operating range because the heat generated by the engine cannot be
rejected. The elevated temperature accelerates oxidation, reduces viscosity, and degrades the oil's load-
carrying capacity.

30. C — A diesel engine's intake throttle valve controls the intake airflow for EGR management and
shutdown anti-run-on. If the valve fails fully closed while running, the severely restricted intake starves
the engine of the air mass needed for combustion. Without adequate air, the fuel cannot burn completely
and the engine cannot produce enough power to sustain operation — it stalls or produces severe power
loss.



31. D — The strut ride heights are within specification (confirming correct gas and oil charge), but the
ride is harsh. The strut orifice valve controls the damping by restricting oil flow through the damping
passages. Debris accumulating on the orifice restricts the flow beyond the designed rate, producing
excessive damping resistance that the operator perceives as a harsh, stiff ride.

32. A — The clicking occurs once per wheel revolution under load but disappears when the wheel is
jacked and rotated unloaded. This confirms the noise source requires load to produce the sound. A
cracked wheel stud, cracked hub flange, or loose final drive component produces the click only when the
component is stressed under the machine's operating weight — removing the load eliminates the stress
and the noise.

33. C — The optimal pin-turn point (3% elongation / 50% wear) was missed, but the chain is not yet at
the replacement threshold (6%). A turn at 4.2% exposes the unworn pin and bushing surfaces. The
second wear life will be shorter than the first because less unworn material remains, but the turn still
extends the total chain life significantly and is more cost-effective than premature replacement at only
70% of the chain's total potential life.

34. B — The brake rotors are within thickness and runout specifications, eliminating rotor defects. A
worn wheel hub bearing allows the wheel and rotor assembly to deflect under the applied braking force.
The bearing may test without detectable play during an unloaded jack check but develops measurable
deflection under the dynamic braking load, producing the pulsation that the operator feels through the
pedal.

35. D — Both sides have identical operating hours. The left side's grey oil with metallic particles against
the right side's clean oil confirms the left final drive has an internal fault generating abnormal wear
debris. An oil sample analysis identifies the specific metals (iron from gears, copper from bearings,
aluminum from thrust washers) and guides the technician to the specific failing component.

36. C — Both lean cylinders have no internal bypass, eliminating the cylinders as the cause. A sluggish
lean function in one direction with correct cylinder function points to a restricted pilot supply. A
restricted pilot line to one side of the control valve limits the spool shift in that direction, reducing the
metering opening and therefore the flow to the lean cylinder on the restricted side.

37. A — The replacement ASA (500 hours old) should be maintaining correct pushrod stroke by
automatically compensating for lining wear. A 50 mm stroke exceeding the 44 mm maximum with a
relatively new ASA confirms the adjuster has failed internally — the ratcheting mechanism, clutch, or



worm gear that advances the adjustment has worn or broken, preventing automatic take-up of the
increasing clearance.

38. B — The front-half bottom rollers are worn significantly more than the rear-half rollers. The
machine routinely works with the boom extended forward (excavating, loading), which shifts the centre
of gravity forward and concentrates the machine's weight on the front rollers during each operating
cycle. The front rollers carry more load per operating hour than the rear rollers.

39. D — The flat-ground static holding test applies no gravitational force component to the brake. On a
15% grade, the machine's weight creates a gravitational force along the slope that the parking brake
must resist in addition to its static holding task. The brake's clamping force is sufficient for the static
(zero-force) condition on flat ground but insufficient to overcome the weight component on the grade.

40. C — The ring and pinion gears are manufactured from chromium-molybdenum alloy steel (such as
4140 or 4340). This alloy contains both iron (the base steel) and chromium (the alloying element that
provides hardenability and wear resistance). The oil analysis particles confirming both metals originate
from the deteriorating gear tooth contact surfaces.

41. A — During forward drive, the sprocket's driving force pulls the upper run of the track chain taut
(the "tight side™) while the lower run between the sprocket and the front idler remains at the pre-set
static tension (the "slack side™). The dynamic tension increase during forward drive is a normal
characteristic of all chain-driven tracked machines — the total chain tension during drive always
exceeds the static pre-set value.

42. B — The cooling pump produces correct pressure, but the brake housing receives only 40% of the
specified flow. The most common restriction point between a correctly pressurized pump and a flow-
starved housing is an internal orifice (a metering device that controls the flow distribution to each brake
housing). Debris partially blocking this orifice restricts the flow to the affected brake while the pump
maintains upstream pressure.

43. D — The accumulator provides additional gas volume to the strut through the connecting hose. A
pinched hose restricts the oil flow between the strut and the accumulator. The strut must compress its
internal oil and gas volume alone — without the accumulator's gas spring contribution — effectively
stiffening the suspension. The restricted flow also prevents the accumulator from damping shock inputs,
producing a harsh ride over bumps.



44. A — The flange height has worn from 30 mm to 18 mm — a 40% reduction (12 mm of 30 mm).
Flanges control lateral chain guidance. Inadequate flange height allows the track chain to derail laterally
during side-hill operation or turns, which is a safety hazard. The tread diameter wear percentage depends
on the specific wear limit, but flange wear is typically the controlling dimension because its failure
mode (derailment) is more immediately dangerous than tread wear.

45. C — The system passed the quantitative pressure drop test (14 kPa vs. 21 kPa maximum), but an
audible hissing sound indicates a specific leak point exists. The leak is currently below the specification
threshold but may worsen over time. lIdentifying the specific leak location now enables planned
maintenance before the leak progresses beyond the acceptable rate and creates a safety concern during
operation.

46. B — Excessive articulation bearing play (2 mm vs. 0.5 mm maximum) allows the front and rear
frames to shift relative to each other under loading. This produces inconsistent steering response (the
operator must compensate for the frame play), accelerates wear on the steering cylinder pins and
bearings from the cyclical impact, and creates potential structural fatigue at the articulation mounting
points.

47. C — The diagnostic tool cannot communicate with the engine ECM and the engine does not start.
An intact fuse confirms the power supply wire is not shorted to ground, but does not confirm the ECM is
receiving power. A broken wire between the fuse and the ECM, a corroded connector pin, or a failed
ground connection leaves the ECM completely unpowered — it cannot operate the engine or
communicate on the CAN bus.

48. A — The 0.8V difference between the alternator output (28.2V) and the battery terminals (27.4V) is
consumed by resistance in the charging circuit — the main charging cable, terminal connections, fusible
link, or any intermediate connections. While 27.4V is still within the acceptable charging range, the
0.8V drop at moderate load represents wasted power (P =V x |) dissipated as heat.

49. D — The gateway forwards engine data to the implement bus correctly but does not forward
implement data to the engine bus. This directional failure indicates a gateway module fault — either a
software routing configuration error (the gateway's message routing table does not include implement-
to-engine forwarding) or a partial hardware failure in the gateway's implement-bus receive circuit or
engine-bus transmit circuit.

50. B — The two APPS signals have a designed 2:1 voltage ratio. Signal A ranges 0.5-4.5V (4.0V span)
and Signal B ranges 0.25-2.25V (2.0V span). At any pedal position, Signal B should read exactly half of



Signal A. At Signal A = 2.5V, Signal B should read 1.25V. This ratio allows the ECM to detect single-
track faults because any fault that affects only one signal breaks the 2:1 relationship.

51. C — The solenoid receives the correct electrical command and its current matches the ECM's
commanded value — the electrical side is functioning correctly. The hydraulic fan valve downstream of
the solenoid has a mechanical fault (stuck spool, broken spring, contamination) that holds the valve in
the maximum flow position regardless of the solenoid's proportional output.

52. A — With the battery disconnect switch OFF and no external circuit connected, a 0.3V reading
between the battery post and the frame is most likely a surface charge artifact. The DMM's high input
impedance detects residual electrochemical potential on the battery post surface. Cleaning the post and
retesting typically eliminates this phantom reading.

53. A — The 5V reference reads 5.5V with all sensors disconnected — confirming the ECM's internal
regulator has failed high. It produces 5.5V instead of the specified 5.0V £ 0.1V. Every sensor connected
to this reference reads proportionally high, causing the ECM to make control decisions based on
inaccurate sensor data across all parameters served by this reference circuit.

54. B — The engine runs normally, the diagnostic tool communicates with all modules (including the
engine ECM), but the display shows dashes on the engine page only while other pages work. The
display module's internal configuration for the engine data page has been corrupted or reset — it no
longer knows which J1939 PGNSs to request or display for the engine parameters.

55. D — At idle RPM, the alternator produces adequate voltage at no load. When all loads are activated
simultaneously at idle, the combined current draw exceeds the alternator's output capacity at idle speed
(the alternator's maximum output is proportional to RPM). The voltage drops below the charging
threshold until engine RPM is increased, where the alternator can produce sufficient current to support
all loads.

56. A — A 5-ohm ground resistance on the IMP sensor creates a voltage drop in the ground path when
sensor current flows through it. This ground-side voltage drop adds to the sensor’s signal voltage at the
ECM's reading point, making the ECM see a higher voltage (and therefore higher pressure) than the
sensor is producing. The ECM over-estimates the air mass and delivers excess fuel, causing rich
running.



57. B — The battery OCV of 25.2V drops to 18.5V during cranking — a 6.7V drop that confirms a
high-resistance condition in the battery or starting circuit. A failing cell with high internal resistance in
one of the series batteries causes the dramatic voltage collapse under the cranking load. The reduced
voltage cannot sustain the solenoid's hold-in winding, which releases and clicks as the voltage oscillates.

58. B — Each joystick has manufacturing tolerances that produce slightly different voltage outputs at
the mechanical endpoints. The calibration procedure records the specific replacement unit's actual
voltage at full forward, full reverse, and neutral positions. The ECM maps 100% of the physical joystick
travel to 100% of the commanded output using these learned endpoint values.

59. C — The communication faults occur only during cranking — when the starter motor draws
hundreds of amperes and the system voltage drops significantly. One or more CAN bus modules' supply
voltage drops below their minimum operating threshold during this brief voltage dip. The affected
modules temporarily lose power or brown out, dropping off the bus until the voltage recovers after
cranking ends.

60. D —V =1 x R = 120A x 0.001 ohm = 0.12V. The ECM measures this 0.12V drop across the
precision shunt resistor and calculates the charging current using Ohm's Law. The ECM's ADC must
have sufficient resolution and sensitivity to accurately measure this small voltage for reliable current
monitoring.

61. A — The engine RPM is physically constant (no actual RPM change), but the tachometer needle
briefly drops to zero. An intermittent CAN bus connection — a loose pin, corroded terminal, or brief
EMI event — causes the instrument cluster to momentarily lose the RPM data message from the engine
ECM. The cluster defaults to zero until the next valid message is received, producing the brief needle
drop.

62. C — The incorrect tire size parameter (10% larger than actual) causes the ECM to calculate a ground
speed that is 10% higher than the actual speed. The machine appears to be travelling faster than it is.
This produces earlier-than-optimal upshifts, an inflated speedometer reading, and inaccurate
productivity system reports.

63. B — The throttle signal is correct and no fault codes are stored, ruling out a sensor or wiring fault. A
consistent, repeatable 0.5-second delay between pedal input and engine response indicates the ECM's
throttle response is programmed with an intentional ramp rate (throttle smoothing). This configurable
parameter limits the rate of fuel delivery increase to protect the drivetrain and improve fuel economy.



64. D — Auto-idle activates during active digging — the ECM believes the joysticks are inactive even
though the operator is working. The hydraulic pilot pressure switch or joystick position sensor that the
ECM monitors for activity detection has failed. Without a valid activity signal, the ECM defaults to the
idle condition after the timer expires.

65. A — The A-C phase pair reads half the resistance of the other two pairs. In a normally balanced
stator, all three phase-to-phase resistance measurements should be equal. The low A-C reading indicates
a turn-to-turn short in either the A or C winding that reduces the effective resistance of that phase,
unbalancing the three-phase output.

66. B — An inactive DTC that has not recurred in 200 hours was most likely a one-time event. The code
should be cleared, the "CHECK TRANSMISSION" message will reset, and the machine can return to
service. Document the code number and date for the service history, and instruct the operator to report if
any transmission symptoms appear. Monitor for recurrence at the next service.

67. B— The ECM controls the relay by grounding its coil circuit through a low-side driver. The 24V
measurement at the coil terminal when the ECM should be grounding the circuit confirms the ground
path is not complete. Either the ECM's internal driver transistor has failed open, or the ground wire
between the ECM and the relay coil has an open circuit — no current flows and the relay cannot
energize.

68. D — Disconnecting the sender wire causes the gauge to read empty — confirming the gauge
responds correctly to an open (no-signal) condition. When the sender is connected, the gauge reads full
regardless of the actual fuel level. The sender unit has failed in a position that permanently produces the
"full” resistance value — the float is stuck, the variable resistor is stuck, or an internal short produces the
full-tank signal.

69. A — The historical data records show the operating conditions in the minutes and hours preceding
the failure — engine RPM, load factor, coolant temperature, oil pressure, and hydraulic pressure trends.
The technician can identify whether the engine was overloaded, overheated, overspeed, or subjected to
abnormal conditions. This data is critical for distinguishing operator-induced, maintenance-related, or
manufacturing-defect failures.

70. B — A Hall-effect sensor receives its supply voltage from the ECM's reference circuit and produces
an output proportional to that supply. If the supply wire has a resistance that drops the supply from 5V to
approximately 3.2V, the sensor's output cannot exceed 3.2V regardless of the magnetic field strength.
The reduced supply is the cause — the sensor itself is not failing.



71. C — A solid-state relay's MOSFET switching element has no moving parts, produces no mechanical
contact arc during switching, has no contacts that can corrode or weld, and is immune to the vibration-
induced contact bounce that plagues mechanical relays. These characteristics provide significantly
longer service life in the high-vibration heavy equipment environment,

72. D — Long sustained uphill hauls keep the torque converter in the torque multiplication phase for
extended periods. During multiplication, the maximum speed differential between the pump and turbine
generates the maximum heat per unit time. The converter spends more time in this high-heat phase per
cycle than during short hauls, and the cooler cannot reject the accumulated heat fast enough to maintain
the previous temperature.

73. A — The rhythmic clunking during tight turns with burnt-smelling dark oil confirms the limited slip
clutch pack is failing. During tight turns, maximum speed differential occurs between the two axle
shafts. The worn or contaminated clutch surfaces alternate between grip (static friction) and slip (kinetic
friction) cyclically, producing the rhythmic clunk. The burnt oil confirms sustained thermal damage.

74. C — All forward gears and Reverse 1 and 2 work correctly — confirming the pump, valve body, and
transmission control system are functional for all other gear engagements. Reverse 3 alone does not
engage. The clutch pack, solenoid, or apply circuit specific to the Reverse 3 engagement has a fault that
prevents that single gear from engaging.

75. B — The high-frequency whine that changes pitch with engine RPM and is present during loaded
operation points to the pump's inlet circuit. A partially collapsed suction hose restricts the inlet flow —
the pump draws the available oil through the restricted opening at high velocity, producing the
characteristic high-frequency whine. The whine pitch changes with RPM because the pump's suction
demand changes with speed.

76. D — The vibration appears precisely when the lockup clutch engages (30 km/h) and disappears
when it is disabled. This confirms the vibration is transmitted through the locked mechanical connection.
The lockup clutch damper springs or friction elements are worn, allowing the engine's torsional firing
pulses to pass directly through the locked converter to the transmission input shaft.

77. C — At 0.08 mm endplay (vs. 0.15 mm minimum), the gear has almost zero clearance at room
temperature. During operation, thermal expansion of the gear and shaft eliminates the remaining 0.08
mm. The gear is pressed against its thrust surfaces with no room for an oil film. The resulting metal-to-
metal contact generates heat that accelerates wear and can seize the gear on the shaft.



78. C — A broken planet gear tooth fragment circulates through the entire planetary gear set as the gears
rotate. The fragment can damage the mating teeth of every component — the remaining planet gears, the
sun gear, the ring gear, and the carrier pin bores. Every component must be inspected for secondary
impact damage from the circulating debris before reassembly.

79. B — A vibration at one specific ground speed that disappears above and below that speed — present
in all gear ranges at the same ground speed — indicates a driveshaft operating at its critical speed
(resonant frequency). At resonance, any minor imbalance is amplified by the natural frequency of the
shaft. Above and below the critical speed, the shaft operates out of resonance and the vibration is not
amplified.

80. D — New friction discs were installed but the brake pack clearance is too tight because the new
thicker discs have reduced the running clearance. The brake springs cannot fully overcome the
compressed pack, and the brake is partially applied during all machine travel. This continuous light drag
generates heat during every moment of operation, rapidly raising the brake oil temperature.

81. A — The viscous coupling transfers torque to the front axle through the shearing of silicone fluid
between the alternating plates. Without the fluid, the coupling has no medium to transfer torque — the
plates spin freely against each other with no resistance. The machine operates as rear-wheel drive only,
and the operator notices reduced traction in conditions where the front axle normally provides additional
driving force.

82. A — The jake brake works by releasing compressed air near TDC through the exhaust valve. The
braking power is directly proportional to the peak compression pressure the cylinder can develop. Worn
piston rings reduce the compression pressure — less air is compressed, less energy is stored, and less
energy is released when the exhaust valve opens. The result is reduced braking power proportional to the
compression loss.

83. B — Silicon indicates dirt ingestion — external contamination entering the transmission through a
compromised breather or seal. Aluminum indicates an aluminum component inside the transmission is
wearing at an accelerated rate. The dirt particles (silicon) are the abrasive agent wearing the aluminum
components (torque converter housing, valve body, pump housing). The two metals together confirm
external contamination is causing internal wear.

84. D — Both motors receive equal flow from the pump (confirmed by testing), yet the left motor
produces only 50% speed. The motor's worn internal clearances allow approximately half the delivered



flow to bypass through the motor without producing shaft rotation. The bypassed flow exits as heat
through the case drain line instead of doing work at the output shaft.

85. D — The release bearing's blue-black discolouration and galling confirm sustained operation under
load with inadequate lubrication — the classic failure from an operator habitually resting a foot on the
clutch pedal. The slight pedal depression keeps the release bearing in constant contact with the pressure
plate fingers, generating heat from continuous rotation that the bearing's lubrication cannot dissipate.

86. A — The locked differential forces both axle shafts to rotate at the same speed. During a turn, the
inner wheel must travel a shorter distance than the outer wheel — the locked axle cannot accommodate
this speed difference. The opposing forces create torque wind-up in the axle shafts, driveshaft, and
transmission that can break axle shafts, U-joints, or damage the differential internals.

87. C — AlIl forward gears exhibit the same 3-second engagement delay — confirming a common
component affects all forward engagements. Reverse gears are immediate — confirming the reverse
clutch circuit is healthy. The forward clutch pack's piston seal leaks, requiring 3 seconds for the pump to
fill the apply chamber against the leaking seal before adequate clamping pressure develops.

88. B — The backlash (0.24 mm) is within specification and the contact pattern is acceptable. However,
both checks must be supplemented by verifying the carrier bearing preload. Adding shims to one side of
the carrier bearing set changes the total preload across both bearings. The preload must be verified
(typically by measuring the rotating torque) after any shim change.

89. A — Liquid charging through the high-side port (engine off) delivers refrigerant as a liquid directly
into the condenser, filling the system quickly by weight. Vapour charging through the low-side is
extremely slow because the low suction pressure limits flow rate. Liquid charging through the high side
provides faster, more accurate weight-based charging for the initial system fill.

90. D — A sweet chemical odour from the heater combined with gradually decreasing coolant level (no
visible external leaks) is the classic symptom of a heater core leak. Ethylene glycol coolant seeping from
the core vaporizes on the hot core surface and is distributed through the cab's heating ducts. The sweet
smell is the distinctive signature of vaporizing glycol.

91. C — The TXV's sensing bulb charge provides the opening force on the TXV's diaphragm that
pushes against the closing spring. Without the bulb's charge (from a cracked capillary tube), the spring



force is unopposed and closes the valve completely. No refrigerant flows to the evaporator, the low-side
pressure drops to vacuum, and the system produces no cooling.

92. A — The cab meets the pressurization specification (50 pascals minimum), confirming adequate
airflow. Dust inside the cab despite correct pressure indicates unfiltered air is entering. The most
common cause is a filter that is not sealed correctly in its housing — a loose clamp, damaged gasket, or
missing seal allows dust-laden air to bypass the filter element.

93. B — The heater's temperature sensor or thermostat monitors the coolant temperature and commands
the heater to shut off when the coolant reaches the set-point temperature. If the sensor has failed and
reads a temperature below the shut-off threshold (even though the actual coolant is at 85°C), the heater's
controller believes the coolant has not reached the target and keeps the heater running.

94. B — The refrigerant carries the compressor's lubricating oil through the entire circuit and returns it
to the compressor. With a low charge, less refrigerant circulates per unit time, and less oil is returned to
the compressor. The oil-starved compressor's bearings, pistons, and valve plate surfaces wear from
inadequate lubrication until mechanical failure occurs.

95. C — The sun load sensor measures the intensity of direct sunlight (radiant heat) entering the cab
through the glass. The climate control module uses this input to proactively increase the cooling output
before the cab temperature rises from the solar heat gain. This anticipatory control maintains a more
stable cab temperature during changing sun conditions.

96. C — The DEF heating coolant circuit prevents the DEF supply line and injector from freezing in
cold ambient conditions (DEF freezes at —11°C). An air-locked circuit cannot circulate coolant to the
DEF components. In cold weather, the unheated DEF freezes in the supply line and injector, blocking
DEF delivery and triggering an SCR fault that initiates a progressive power derate.

97. B — The combined current draw of both compressors — the engine-driven compressor's clutch coil
plus the auxiliary electric compressor's motor — exceeds the electrical circuit's breaker rating. The
electrical system was not upgraded during the retrofit to accommodate the additional current draw. A
higher-rated circuit (larger breaker, heavier wiring) is needed to support both compressors
simultaneously.



98. C — At 0 bar, the pump delivers 190 of 195 L/min (97.4% VE). At 150 bar, 175 of 195 (89.7% VE).
At 300 bar, 145 of 195 (74.4% VE). The 300-bar result is below the typical minimum acceptable
threshold of 80—85% volumetric efficiency at rated pressure. The pump has excessive internal leakage at
full working pressure and should be scheduled for rebuild.

99. D — Theoretical motor speed = flow + displacement = (80 x 1,000) + 200 = 400 RPM. The actual
measured speed of 380 RPM is lower because 5% of the supplied flow bypasses through the motor's
internal clearances at 180 bar without producing shaft rotation. Volumetric efficiency = (380 + 400) x
100 = 95%, which is within the typical acceptable range for a healthy hydraulic motor.

100. B — Brazing (silver soldering) requires high heat that anneals the surrounding tube material. The
heat-affected zone around the brazed repair has reduced tensile strength compared to the original tube.
Under 280-bar cyclical pressure loading, the weakened zone may fail. The damaged tube section must
be replaced with new tubing or connected using approved compression or flare fittings rated for the
working pressure.

101. A — The POCV requires 50 bar of pilot pressure to open. If the pump's output drops below the
flow needed to generate 50 bar on the rod side (which provides the pilot signal), the POCV remains
closed. The boom cannot lower because the cap-end oil is locked by the closed POCV. The boom holds
in position until the pilot pressure exceeds the 50-bar threshold.

102. C — The charge filter captures bronze particles every 100 hours. Bronze originates from internal
wear components. In a hydrostatic system, the most common bronze component is the motor's port plate
(valve plate). Wear debris from the motor enters the loop, passes through the flushing circuit into the
charge system, and is captured by the charge filter.

103. D — The specification requires 4 applications, and all four were achieved. However, a noticeably
weaker 4th application indicates the system is at the margin of its capability. Any further degradation —
seal wear, pre-charge loss, or circuit leakage — will reduce the system below the 4-application
minimum. The pre-charge and accumulator volume should be closely monitored.

104. B — A cylinder cushion (snubber) at the cap end decelerates the piston near the end of extension
by restricting the exhaust flow from the rod end. The restricted exhaust creates back-pressure that
decelerates the piston smoothly. Without the cushion, the piston and load reach the end of stroke at full
speed and the impact energy produces the oscillating bounce.



105. C — The compressor cycles every 15 seconds between loaded and unloaded states during idle with
no brake applications. The system is consuming air between cut-out and cut-in pressures within 15
seconds. Since no brakes are being applied, the air consumption must be from a leak. The leak rate can
be estimated from the pressure drop rate and the total system volume.

106. D — The POCYV is confirmed leak-free and the DCV spool has no internal leakage. The drift must
originate between the POCV (external to the cylinder) and the cylinder's internal components. The
cylinder's piston seals are bypassing internally — oil crosses the piston from the cap end to the rod end
inside the cylinder, reducing the cap-end volume and allowing drift.

107. B — The suction strainer must be removed and cleaned after a contamination event. Metallic debris
from the component failure may have settled on the 150-micron mesh, partially blocking it. A restricted
suction strainer reduces flow to the pump inlet, producing cavitation that damages the new pump. The
strainer must be cleaned or replaced to ensure unrestricted pump inlet flow.

108. A — A nitrogen pre-charge that has dropped from 90 bar to 0 bar in 6 months confirms the gas has
leaked completely. The leak source is either the gas valve, a bladder or piston seal failure, or a housing
defect. The accumulator has zero stored energy and must be inspected for the leak source. If the bladder
or seal has failed, the accumulator must be rebuilt before recharging.

109. C — In a closed-centre load-sensing system, the LS signal line should read 0 bar with all DCV
spools centred because no load is being sensed. A 25-bar reading on the LS line in the neutral condition
indicates a leak path from the supply to the LS port — through a leaking DCV spool, a stuck LS shuttle
valve, or a direct connection that should not exist in neutral.

110. A — Parallel scratches running the full bore length are caused by hard contamination particles
trapped between the piston seal and the bore wall. Each stroke drags the particles along the bore, cutting
channels in the surface. The scored bore cannot maintain a seal — oil bypasses through the scratch
channels regardless of seal condition, producing internal leakage.

111. D — The air dryer heater prevents collected moisture inside the dryer housing and desiccant from
freezing in cold temperatures. Frozen moisture blocks the air passages through the desiccant and
prevents the purge valve from functioning. Without the heater in cold conditions, the purge cycle cannot
regenerate the desiccant and moisture passes through to the brake system.



112. B — The pump produces a maximum of 200 L/min. Both functions require 120 L/min each (240
L/min total). The pump cannot produce 240 L/min. The available 200 L/min is shared between both
circuits based on their relative load pressures — the lower-pressure circuit typically receives
proportionally more flow. Neither function operates at full speed during simultaneous operation.

113. D — Routing a hose below its minimum bend radius overstresses the hose reinforcement. The outer
radius of the bend stretches the reinforcement beyond its design limit while the inner radius compresses
it. The fatigued reinforcement has a dramatically reduced burst pressure and fatigue life at the bend
point, creating a high risk of sudden hose failure during pressure cycling.

114. A — A pressure-compensated flow control valve maintains constant flow regardless of downstream
pressure changes. When the motor load increases from 100 to 200 bar, the valve's internal compensator
adjusts to maintain the same pressure drop across its metering orifice. The flow to the motor remains at
40 L/min and the motor speed is unchanged.

115. B — A new air dryer cartridge that passes moisture indicates the regeneration (purge) cycle is not
functioning correctly. If the purge valve is stuck closed, has a restricted orifice, or receives insufficient
purge air volume, the desiccant becomes saturated during loaded cycles and cannot be regenerated
during the unloaded period. The saturated desiccant passes moisture through to the downstream system.

116. D — The heat exchanger's external surfaces are clean and the engine coolant temperature is normal.
The most likely cause of reduced heat transfer is insufficient coolant flow through the exchanger. A
partially closed supply valve, a blocked internal coolant passage, or a failed coolant circulation pump
reduces the flow below the minimum needed for adequate heat rejection.

117. A — The engine's torque limit is reached at 350 bar — the engine cannot produce enough power to
drive the pump to the full 380-bar relief setting. The pump compensator reduces pump displacement to
prevent the engine from stalling. The measured 350 bar represents the engine's power limit, not a relief
valve fault. The cross-port relief at 380 bar would only be reached if the engine had more power
available.

118. C — Extend force = P x piston area = 250 x 10° Pa x (w/4 x 0.15%) = 250 x 10° x 0.01767 =
441,750 N = 442 kN. Retract force = P x annular area = 250 x 10° x (0.01767 — 0.00785) = 250 x 10° x
0.00982 = 245,500 N =~ 246 kN.



119. D — The blocked quick-release exhaust port prevents the application air from exhausting rapidly
when the brake pedal is released. The air must travel backward through the long brake line to the brake
valve's exhaust port — a significantly longer and more restrictive path. The front brakes release much
more slowly than designed, producing a noticeable drag condition until the air finally exhausts.

120. A — The new pump's internal components (pistons, shoes, valve plate, bearings) have
manufacturing surface finishes that must seat against each other under controlled low-stress conditions.
The initial run-in creates micro-polished surfaces that establish the pump's designed clearances and
sealing. Loading the pump before this run-in produces excessive wear on the unmated surfaces that
shortens the pump's service life.

121. C — The LS pump senses the highest active load (200 bar from Circuit A) and adds the 20-bar LS
differential, producing 220 bar at the pump outlet. All circuits receive this 220 bar supply. Circuit B
(needing 150 bar) receives 220 bar, and the DCV for Circuit B meters the excess 70 bar as a pressure
drop across its metering edge — converting the excess to heat.

122. C — Water contamination (or glycol from coolant) chemically attacks the seal compound, causing
it to swell, harden, or lose elasticity. Even though the water was removed during the flush, the chemical
damage to the seals is permanent. The degraded seals cannot maintain their designed sealing contact
with the cylinder rod, producing the progressive leaks on multiple cylinders.

123. A — Three failures at the same location in 8,000 hours confirms a design-level stress concentration
at the weld toe. Simply re-welding restores the same geometry and the crack returns. A design
modification — adding a gusset plate, changing the joint geometry to reduce the stress concentration, or
increasing the plate thickness — is required to reduce the cyclic stress below the material's fatigue
threshold.

124. D — A bent ROPS has absorbed impact energy that may have altered the material's metallurgical
properties at the bend point through work hardening and potential micro-cracking. Straightening
(whether hot or cold) introduces additional deformation without restoring the original properties. The
damaged section must be assessed by the OEM or a qualified structural engineer, and typically requires
replacement rather than straightening.

125. B — The headrest is part of the operator restraint system. During a rear collision or rollover, the
headrest prevents the operator's head from snapping backward (whiplash injury). A headrest that cannot
be locked at the correct height for the operator cannot provide this protection. The adjustment lock must
be repaired or the headrest assembly replaced to restore its safety function.



126. C — A visual indicator that shows "locked" (green) at 80% pin engagement gives the operator false
confidence that the attachment is secure. At 80% engagement, the pins may disengage under dynamic
digging loads. The indicator must reliably distinguish between fully locked (100%) and partially locked
states. The mechanism must be adjusted or replaced to show green only at 100% engagement.

127. A — The 700 kg weight difference (3,200 vs. 2,500 kg) changes the machine's working weight
distribution and may exceed the coupler's rated capacity or the boom/stick'’s structural design load. The
technician must verify the replacement hammer's weight is within the machine's attachment weight
rating, the coupler's capacity, and the structural limits before installation.

128. D — A full-width crack across the operator's line of sight compromises the windshield's structural
integrity and FOPS contribution. Laminated glass distributes impact loads across its entire bonded
surface. A full-width crack divides the glass into two separate sections that cannot distribute loads across
the crack line. A falling object striking the cracked windshield may cause it to collapse inward at the
crack.

129. C — The worn rack teeth have rounded from their original square profile. The rounded profile
cannot maintain positive engagement with the pinion under the high crowd forces of digging. The pinion
can ride over the rounded teeth (tooth skip) under peak loading, producing a sudden loss of crowd
control that can release the dipper contents uncontrolled.

130. C — The counterweight mounting bolts must be torqued to the OEM specification using a
calibrated torque wrench. If the OEM specifies torque-angle, both the initial torque and the angular
rotation must be applied. The bolts must be the correct grade and length, and any specified thread-
locking compound must be applied. Incorrect bolt installation risks counterweight detachment during
operation.

131. B — The cab door latch's designed holding force prevents the door from opening during the
dynamic forces of a rollover event. A latch that releases at less than the specified force may open during
a rollover, allowing the operator to be partially ejected from the cab's protective envelope — defeating
the ROPS protection. The latch must be adjusted or replaced to restore the OEM-specified release force.

132. D — A sudden cell voltage drop during discharge indicates a potential internal cell failure — an
internal short circuit, dendrite growth bridging the electrodes, or electrode degradation. If high current
continues to flow through the failing cell, the internal fault generates heat that can escalate to thermal
runaway. The BMS immediately reduces discharge current or disconnects the pack to prevent escalation.



133. C — The battery is at 100% SOC and cannot accept additional energy. The controller redirects the
regenerative braking energy to a dynamic braking resistor — a power resistor that converts the electrical
energy to heat, maintaining the regenerative braking feel for the operator while safely dissipating the
energy that cannot be stored.

134. A — 850 MQ is significantly above the 40 MQ minimum specification (100 kQ/V x 400V = 40
MQ). The insulation resistance is in excellent condition with no measurable degradation or leakage
paths between the HV bus and the chassis. The HV insulation meets the safety specification with
substantial margin.

135. B — In a densely populated urban demolition application, zero exhaust emissions and significantly
lower noise levels are the primary advantages. Battery-electric excavators eliminate the exhaust fumes
that affect nearby residents and workers, and operate at noise levels approximately 10-15 dB below
diesel equivalents — potentially extending allowable operating hours in noise-restricted urban areas.



