PRACTICE EXAM 11: RED SEAL 421A
SIMULATION (135 QUESTIONS)

1. A technician is assigned to repair a hydraulic hose on a motor scraper that is stuck in a trench with its
bowl lowered and full of earth. The machine cannot be driven out under its own power. A tow machine
will extract the scraper after the hose repair. Before beginning work, what is the FIRST action the
technician must take at the scene?

A. Assess the hydraulic hose failure to determine the correct replacement hose size and length needed
for the repair

B. Contact the tow machine operator to coordinate the extraction plan and establish hand signals for the
pulling operation

C. Conduct a fieldlevel hazard assessment of the immediate work area — identify the ground stability
around the trench, the position of the loaded bowl relative to the technician's work area, the location of
overhead utilities, and any energy sources that must be isolated before positioning themselves near the
machine

D. Position the service truck uphill from the trench so the truck's headlights illuminate the work area for
the repair and the subsequent extraction operation

2. A technician is using an overhead crane to lift an engine from a machine. The engine weighs 1,200
kg. The technician selects a chain sling rated at 3,200 kg vertical capacity. The lift will be a vertical
straight lift with no angles. The sling appears to be in good condition with no visible damage. Before
making the lift, what additional verification is required?

A. The sling must have a current inspection tag or colour code confirming it has passed its most recent
periodic inspection — visual appearance alone is insufficient because internal chain wear, elongation,
and stretch may not be visible without a measured inspection

B. No additional verification is required — the 3,200 kg capacity exceeds the 1,200 kg load by more
than 2.5:1, providing an adequate safety factor for a vertical lift



C. The technician must verify the chain grade — a Grade 80 chain has different working load limits than
a Grade 100 chain of the same diameter, and using the wrong grade's published capacity could result in
an overload

D. The technician must weigh the engine on a scale before the lift because the 1,200 kg weight is an
estimate that may not account for attached accessories, brackets, and residual fluids

3. A technician is performing hot work (welding) on a machine's frame near the fuel tank. The fuel tank
has been drained, but the technician has not had it gasfree tested. The welding supervisor states “the tank
IS empty, so it's safe to weld near it." Is the supervisor's assessment correct?

A. Yes — a drained fuel tank contains no liquid fuel and the vapour concentration drops to zero within
minutes of draining, making hot work safe in the immediate vicinity

B. Yes — but only if the tank’s filler cap is left open during welding to allow any residual vapour to vent
away from the heat source during the welding operation

C. No — but the technician can proceed if a fire watch is posted with an extinguisher during the
welding, which provides adequate protection for working near a drained tank

D. No — an empty fuel tank may contain explosive fuel vapour concentrations that are more dangerous
than a full tank. The vapourair mixture inside a drained tank can be within the explosive range, and the
heat from nearby welding can ignite it. The tank must be gasfree tested (and certified below the LEL
threshold) before hot work is performed in its vicinity

4. A technician needs to move a 300 kg hydraulic pump from a workbench to the floor using a shop
crane (engine hoist). The crane's boom is set to the second hole position, which is rated at 500 kg.
During the lift, the technician notices the crane's rear wheels lift slightly off the ground as the load
swings outward on the boom. What is occurring?



A. The crane's hydraulic cylinder is leaking down slowly, allowing the boom to extend and move the
load outward, which shifts the centre of gravity past the front wheels

B. The load has exceeded the crane's capacity at the current boom extension — as the load swings
outward, the effective moment arm increases beyond the 500 kg rating at that hole position, and the
crane is beginning to tip forward. The technician must immediately lower the load to prevent the crane
from tipping completely

C. The crane's stabilizer legs are not deployed — the rear wheels lifting is normal for a shop crane
without stabilizers extended, and the crane will settle once the load stops swinging

D. The load is within the crane's capacity but the floor surface is not level — the slight grade is causing
the crane to tilt forward under the asymmetric load

5. A technician is assigned to assist with the decommissioning of a dieselpowered generator set that has
been in service for 25 years. The generator room has asbestos insulation on the exhaust piping and
muffler. The technician's assignment is to disconnect the electrical and fuel connections only — not to
disturb the exhaust system. Can the technician proceed with the work?

A. Yes — the technician can disconnect the electrical and fuel connections provided the
asbestoscontaining materials are not disturbed during the work. However, the technician must be trained
in asbestos awareness, must not disturb, cut, abrade, or damage the asbestos material, and must stop
work immediately if any asbestos is inadvertently disturbed

B. No — any work in a room containing asbestos materials requires full asbestos abatement by a
licensed contractor before any other work can begin, regardless of whether the asbestos will be disturbed

C. Yes — asbestos insulation on exhaust systems does not release fibres unless the insulation is actively
cut or sanded, and the technician's electrical and fuel work poses no risk of fibre release

D. No — the technician must wear a fullface suppliedair respirator during any work performed in the
same room as asbestoscontaining materials, regardless of whether the materials will be disturbed



6. A machine is equipped with a rollover protective structure (ROPS) and a seat belt. The operator
routinely operates with the seat belt unfastened because "the cab door is hard to open in an emergency."
What should the technician communicate to the operator about this practice?

A. The operator's concern is valid — in the event of a submersion (water crossing accident), an
unfastened seat belt allows faster exit from the cab

B. The operator should contact the equipment manufacturer to install an emergency window release that
provides an alternative exit path while allowing the seat belt to remain fastened

C. The seat belt is an integral part of the ROPS protection system — without the belt, the operator can
be thrown from the protective zone of the ROPS during a rollover and be crushed by the machine. The
ROPS protects only if the operator remains inside the cab's protective envelope, which requires the seat
belt to be fastened at all times during operation

D. The operator should replace the standard seat belt with a fourpoint harness that provides quicker
release capability during an emergency exit situation

7. A technician discovers that a machine's fire suppression system has been discharged — the nozzles in
the engine compartment have residue from the extinguishing agent and the system pressure gauge reads
zero. The operator states the system discharged accidentally and no fire occurred. What must be done
before the machine returns to service?

A. Clean the residue from the engine compartment and refill the fire suppression system to its rated
charge using the OEMspecified extinguishing agent

B. The fire suppression system must be recharged, inspected, and recertified by a qualified fire
suppression technician — the system'’s nozzles, lines, actuators, detection sensors, and agent container
must all be verified functional before the machine returns to service, regardless of whether a fire
occurred

C. Replace the fire suppression system entirely — a discharged system cannot be reliably recharged to
its original certification and must be replaced with a new factorycertified system



D. The machine can return to service with the discharged system if a portable fire extinguisher is
mounted in the cab as a temporary substitute until the suppression system can be serviced at the next
scheduled maintenance

8. A technician is lifting a heavy steel counterweight plate using an electromagnet attached to an
overhead crane. The counterweight is being moved from a storage rack to a machine that is being
assembled. During the lift, the power to the shop is interrupted briefly by a utility outage. What happens
to the load?

A. The electromagnet's internal battery backup maintains the magnetic field for 30 minutes, providing
time to lower the load safely using the crane's manual override

B. The crane's mechanical brake holds the load at its current height until power is restored, regardless of
the electromagnet's state

C. The electromagnet's residual magnetism holds the load for approximately 5 seconds after power loss,
providing the operator time to activate the emergency power supply

D. The electromagnet loses its holding force instantly when power is interrupted — the counterweight
plate drops from whatever height it is at, creating a falling object hazard for anyone beneath or near the
load path. This is why electromagnetic lifts require a clear exclusion zone beneath the load path and
backup mechanical latching systems for critical lifts

9. A technician is reviewing a safety data sheet (SDS) for a new parts cleaning solvent. Section 2
(Hazard ldentification) lists the solvent as a Category 2 flammable liquid with a flashpoint of 28°C. The
shop ambient temperature is currently 25°C. What specific precaution does this flashpoint information
require?

A. The solvent can produce ignitable vapour concentrations at or near the current shop temperature —
all ignition sources (open flames, sparks, grinding, welding, static discharge) must be eliminated from



the area where the solvent is used, and the parts cleaning tank must be grounded to prevent static
buildup

B. The solvent is safe for use at 25°C because the flashpoint of 28°C has not been reached — the 3°C
margin provides adequate protection against vapour ignition at the current temperature

C. The solvent requires a fume extraction hood only when heated above its 28°C flashpoint — below the
flashpoint, the vapour concentration is too low to require extraction

D. The solvent must be stored in a flammable liquids cabinet but can be used at the open workbench
without additional ignition source controls because the 28°C flashpoint is above typical room
temperature

10. A technician is performing maintenance on a machine at a remote job site. The nearest hospital is 90
minutes away by road. The technician is working alone. The site's emergency response plan requires a
communication checkin every 2 hours. During a routine task, the technician sustains a deep cut to the
forearm from a sharp sheet metal edge. The bleeding is significant but not arterial. What is the
technician's FIRST priority?

A. Drive to the hospital immediately — the 90minute drive can be completed before blood loss becomes
critical if the technician wraps the arm in a clean rag while driving

B. Continue working and apply a bandage from the first aid kit — the cut is not arterial and can be
treated as a minor injury at the next checkin call

C. Apply direct pressure to the wound using a clean dressing from the first aid kit to control the
bleeding, then contact the emergency communication centre to report the injury and request medical
assistance — bleeding control is the first priority, followed by communication to activate the emergency
response

D. Take a photograph of the wound and send it to the employer's safety department for assessment
before taking any first aid action — the employer must document the injury before treatment begins



11. A diesel engine produces normal power and has no driveability complaints. However, the engine oil
turns black within 50 operating hours of a fresh oil change — significantly faster than the normal
250hour darkening trend. The oil analysis shows normal wear metals and no contamination. What is the
most likely cause of the rapid oil darkening?

A. The oil filter bypass valve is stuck open, allowing unfiltered oil to circulate and accumulate carbon
particles that darken the oil prematurely

B. The engine's fuel injection timing is slightly retarded, producing incomplete combustion that
generates excessive soot — the soot loads the oil's dispersant additives faster than normal, darkening the
oil while wear metals remain normal because no mechanical damage is occurring

C. The oil's additive package is defective and the dispersant agents are breaking down prematurely,
releasing their held contaminants into the oil bulk and producing the rapid colour change

D. The rapid darkening indicates the engine's internal operating temperature is below the thermostat's
rated opening point — the coolerthandesigned combustion temperature produces condensation and soot
that darken the oil

12. A technician is troubleshooting a diesel engine that starts normally cold but is difficult to restart
when hot (hotsoak restart). The engine cranks at normal speed but requires 15-20 seconds of cranking
before firing. Once running, the engine operates normally. What is the most likely cause?

A. The glow plugs are contributing to cold starts but are not needed for hot restarts — the extended
cranking during hot restart has a different cause than coldstart assist

B. The common rail fuel system is losing rail pressure during the hotsoak period — heat causes fuel to
expand and leak past the rail pressure control valve or injector seats more readily when the fuel is hot,
depleting the rail pressure below the starting threshold. The extended cranking is needed to rebuild rail
pressure from zero after the hotsoak bleeddown

C. The engine's compression ratio drops when hot because the pistons have expanded to a point where
the ring end gaps align, reducing the effective compression during hot cranking

D. The coolant temperature sensor is reading an incorrect temperature during the hotsoak condition,
causing the ECM to deliver a coldstart fuel quantity that is too lean for the actual hotengine conditions



13. A diesel engine's oil cooler is a platetype design where engine oil and coolant flow through
alternating passages separated by thin metal plates. If a plate develops a crack, which fluid is more likely
to contaminate the other, and why?

A. Engine oil is more likely to enter the coolant circuit because engine oil pressure (typically 250450
kPa) is higher than cooling system pressure (typically 100-120 kPa) during most operating conditions
— the higherpressure fluid flows through the crack into the lowerpressure side

B. Coolant is more likely to enter the oil circuit because the coolant contains corrosion inhibitors that
chemically attack the crack edges and widen the passage, eventually overcoming the oil pressure
advantage

C. Both fluids mix equally because the crack provides a bidirectional path that equalizes pressure
between the two circuits regardless of their individual operating pressures

D. Coolant enters the oil only during engine shutdown because the cooling system retains its cap
pressure while the oil pressure drops to zero — the pressure differential reverses during the cooling
period after shutdown

14. A technician is performing a diesel engine compression test. The specification requires a minimum
of 2,750 kPa on each cylinder. The results are: Cyl 1: 2,900, Cyl 2: 2,850, Cyl 3: 1,800, Cyl 4: 2,800,
Cyl 5: 2,900, Cyl 6: 2,850. To determine whether Cylinder 3's low reading is caused by a ring/piston
problem or a valve problem, what additional test should be performed?

A. A leakdown test on Cylinder 3 with the piston at TDC — the location of the air leakage (crankcase,
intake, exhaust, or adjacent cylinder) identifies whether the rings, intake valve, exhaust valve, or head
gasket is the leak source

B. An oil analysis to check for chrome and aluminum particles that would confirm ring and piston wear
on Cylinder 3

C. A wet compression test on Cylinder 3 — inject a small amount of oil into the cylinder through the
glow plug or injector port and repeat the compression test. If the reading increases significantly, the
rings/piston are the likely cause (the oil temporarily seals the ring gap). If the reading does not improve,
the valves or head gasket are the likely cause



D. A cylinder cutout test that disables Cylinder 3's injector while the engine is running — if the idle
quality does not change, the cylinder has no compression contribution

15. A diesel engine is equipped with a coolant filtration system that uses a spinon filter containing a
supplemental coolant additive (SCA) charge. The SCA maintains the correct concentration of corrosion
inhibitors in the coolant — particularly the nitrite level that protects wet cylinder liners from cavitation
erosion. If the coolant filter is not changed at the specified interval, what is the risk?

A. The SCA charge depletes over time as the inhibitors are consumed by the coolant — once depleted,
the coolant's nitrite level drops below the protective threshold and the wet cylinder liners are exposed to
cavitation erosion from the combustioninduced liner vibration, which can perforate the liner wall

B. The filter element clogs and the bypass valve opens, allowing unfiltered coolant to circulate — this
contaminates the coolant with particles but does not affect the SCA concentration

C. The excess SCA from an unchanged filter overinhibits the coolant, producing a gellike substance that
clogs the heater core and thermostat passages

D. The filter housing corrodes from the SCA chemicals and the corrosion products circulate through the
cooling system, causing damage to the water pump seal and the thermostat valve seat

16. A diesel engine's turbocharger wastegate actuator rod has an adjustable threaded section that sets the
wastegate opening point. A previous technician has shortened the actuator rod by threading it further
into the actuator (reducing the effective rod length). What effect does this adjustment have on
turbocharger operation?

A. Shortening the rod reduces the free play between the actuator and the wastegate lever, causing the
wastegate to open earlier at a lower boost pressure than the original setting



B. Shortening the rod has no effect because the actuator's internal spring pressure determines the
wastegate opening point, not the rod length

C. Shortening the rod delays the wastegate opening by increasing the spring preload on the actuator's
internal diaphragm, requiring higher boost pressure to overcome the additional preload before the
wastegate begins to open

D. Shortening the rod opens the wastegate valve slightly at all operating conditions, allowing a small
amount of exhaust to bypass the turbine even at low RPM and reducing the turbocharger's boost
response throughout the entire operating range

17. A diesel engine equipped with EGR has developed a coolant leak at the EGR cooler that is allowing
a small amount of coolant to enter the intake manifold. The operator reports no driveability symptoms
— the engine runs and performs normally. What hidden damage is this seemingly minor leak causing?

A. The coolant is coating the intake valves and ports with a glycol residue that builds into hard carbon
deposits over time, progressively restricting airflow to each cylinder

B. The coolant entering the intake is ingested into the cylinders during the intake stroke — the glycol
and water in the coolant do not combust cleanly and leave corrosive residues on the piston crowns, ring
faces, and cylinder walls that accelerate wear. Additionally, the coolant's silicate corrosion inhibitors
contaminate the DOC and DPF catalyst surfaces downstream

C. The coolant displaces a small amount of intake air on each combustion cycle, reducing the effective
compression ratio by approximately 0.5:1 and marginally reducing the engine's thermal efficiency

D. The coolant mist lubricates the EGR valve and prevents the carbon buildup that would normally
require periodic EGR valve cleaning — the coolant leak is incidentally beneficial to the EGR system's
longevity

18. A technician is measuring the exhaust backpressure on a diesel engine using a manometer connected
to the preturbocharger exhaust test port. At rated RPM and full load, the backpressure reads 5 kPa. The



OEM specification maximum is 7 kPa. The technician then installs a postturbine (postDPF)
backpressure gauge and reads 4 kPa. What do these two readings together tell the technician?

A. The turbocharger turbine is restricted — the 5 kPa preturbine reading drops to only 4 kPa postDPF,
which means the turbine itself is consuming only 1 kPa of the total backpressure. A healthy turbine
should consume significantly more pressure differential as it converts exhaust energy to shaft power

B. Both readings are below the 7 kPa specification, confirming the entire exhaust system —
turbocharger, DOC, DPF, and tailpipe — is unrestricted and within specification

C. The preturbine reading (5 kPa) represents the total exhaust restriction that the engine's pistons must
push against. The postDPF reading (4 kPa) represents the restriction downstream of the turbocharger.
Both readings within specification confirm the exhaust system is functioning correctly and the engine's
backpressure is well within limits

D. The 5 kPa preturbine and 4 kPa postDPF readings indicate the DPF is contributing 4 kPa of the total
5 kPa restriction — the DPF is responsible for 80% of the exhaust restriction and may be approaching its
loading limit

19. A diesel engine's exhaust temperature at the turbocharger turbine inlet reaches 750°C during a
ratedload pull test. The OEM specification maximum is 700°C. All fuel system parameters are within
specification. The engine produces rated power. What is the most likely cause of the elevated exhaust
temperature?

A. The turbocharger is oversized for the engine and is not spinning fast enough to extract adequate
energy from the exhaust gas — the excess energy remains in the gas as heat rather than being converted
to shaft power

B. The intake air restriction is slightly above normal (filter partially loaded) — the reduced air mass per
cycle produces a richer fueltoair ratio that burns at a higher temperature. The engine still produces rated
power because the fuel delivery has not been reduced, but the slightly lean air charge produces higher
combustion temperature

C. The coolant temperature is below specification from a stuckopen thermostat, and the cooler
combustion chamber walls absorb less heat from the combustion process, allowing more thermal energy
to exit through the exhaust



D. The engine oil cooler is undersized and the hot engine oil is transferring heat to the exhaust through
the turbocharger bearing housing, elevating the exhaust temperature at the turbine inlet measurement
point

20. A large mining engine is equipped with individual cylinder exhaust pyrometers that display realtime
exhaust temperature on the operator's incab display. During normal loaded operation, the pyrometer for
Cylinder 8 shows a temperature that is 80°C lower than the average of all other cylinders. The technician
performs a quick cylinder cutout test and confirms Cylinder 8 is producing power. What is the most
likely cause of the low temperature despite the cylinder producing power?

A. Cylinder 8's injector is underfuelling — it delivers less fuel than the other cylinders but enough to
produce a combustion event. The reduced fuel produces less heat per cycle, resulting in lower exhaust
temperature while the cylinder still contributes power

B. Cylinder 8's exhaust valve is receded, allowing the exhaust gas to exit the cylinder earlier in the
power stroke and losing less energy to the exhaust manifold temperature sensor

C. The pyrometer sensor for Cylinder 8 has drifted low from repeated thermal cycling and is reading
80°C below the actual temperature — a sensor calibration drift rather than an engine fault

D. Cylinder 8 has a more efficient combustion event than the other cylinders — the lower exhaust
temperature indicates more of the fuel energy was converted to mechanical work rather than waste heat

21. A diesel engine's crankcase ventilation system uses a centrifugal oil separator to remove oil mist
from the blowby gases before routing them to the intake. The separator rotor is driven by the blowby gas
pressure. During an inspection, the technician discovers the separator rotor is not spinning. What
consequence does the nonspinning rotor have?

A. Oil mist passes through the nonspinning separator without being removed and enters the intake
manifold — the oil is ingested into the combustion chambers, contributing to oil consumption, intake



valve carbon deposits, and potential contamination of the turbocharger compressor, intercooler, and
exhaust aftertreatment system

B. The blowby gases cannot exit the crankcase because the nonspinning rotor acts as a plug, blocking
the ventilation pathway and causing crankcase pressure to build

C. The nonspinning rotor has no operational consequence because a secondary passive filter element
downstream of the rotor provides backup oil separation when the rotor is inoperative

D. The nonspinning rotor causes the blowby gases to reverse flow through the intake manifold and
pressurize the air filter housing, producing a whistling noise at the air filter inlet

22. A diesel engine has been diagnosed with a failed head gasket between Cylinder 2 and Cylinder 3
(the gasket has blown between two adjacent cylinders). What unique symptom does a gasket failure
between two adjacent cylinders produce compared to a gasket failure between a cylinder and a coolant
passage?

A. The engine loses coolant from both cylinders simultaneously, producing twice the white smoke of a
singlecylinder coolant leak

B. Both cylinders produce low compression because the combustion pressure from each cylinder leaks
into the adjacent cylinder during its expansion stroke — neither cylinder can maintain peak pressure,
and the engine exhibits a distinctive rough idle with reduced power that a compression test identifies as
two adjacent low cylinders

C. The head gasket breach between the two cylinders acts as a transfer port that allows unburned fuel
from one cylinder to enter the adjacent cylinder, causing both cylinders to misfire simultaneously

D. The engine produces a metallic knocking noise from the detonation caused by the combustion gas
from one cylinder preigniting the fuel charge in the adjacent cylinder through the gasket breach



23. A diesel engine equipped with a DOC and DPF has been operating on ultralow sulfur diesel fuel
(ULSD, 15 ppm sulfur). A fuel delivery error results in the engine being filled with highsulfur offroad
diesel (500 ppm sulfur). The engine is operated on this fuel for approximately 100 hours before the error
is discovered. What damage may have occurred to the aftertreatment system?

A. The highsulfur fuel has corroded the DOC and DPF housing, requiring replacement of the external
aftertreatment components

B. No damage has occurred — the DOC and DPF are designed to operate with any diesel fuel sulfur
level and the 100 hours of operation on highsulfur fuel has no lasting effect

C. The DOC exhaust temperature sensor has been fouled by sulfur deposits and requires cleaning before
the system can perform an accurate DPF regeneration

D. The high sulfur content has poisoned the DOC's platinum and palladium catalyst surfaces with sulfur
compounds and deposited sulfate ash in the DPF — the DOC's conversion efficiency may be
permanently reduced, and the DPF has accumulated ash that cannot be removed by normal regeneration
and may require professional cleaning or replacement

24. A technician is performing a leakdown test on a diesel engine. Cylinder 4 shows 35% leakage
(specification maximum 10%). Air is heard escaping from the oil fill cap on the valve cover. What does
the air escaping from the valve cover confirm?

A. The Cylinder 4 intake valve is not sealing — the air is flowing past the open intake valve, through the
intake port, and out through the valve cover breather

B. The Cylinder 4 piston rings are not sealing — the test air is blowing past the rings into the crankcase,
and the pressurized air exits through the valve cover oil fill opening (which connects to the crankcase)

C. The cylinder head gasket between Cylinder 4 and the oil gallery has failed, allowing the test air to
enter the oil passage network and exit at the valve cover

D. The air is escaping through a cracked cylinder wall that connects the combustion chamber to the
crankcase oil return passage



25. A diesel engine's intake manifold air temperature sensor reads 45°C. The ambient temperature is
30°C and the turbocharger is producing 150 kPa of boost. The charge air cooler outlet temperature
should be within 15°C of ambient at this boost level. What does the 45°C intake manifold reading
indicate?

A. The CAC is functioning at its minimum acceptable level — a 15°C rise above ambient (30 + 15 =
45°C) means the CAC is at the threshold of its performance specification, and any further degradation
will exceed the acceptable temperature rise

B. The CAC has failed and the compressed air is not being cooled at all — the 45°C reading represents
the full temperature of the compressed air from the turbocharger without any cooling

C. The intake manifold temperature sensor has failed and is reading 15°C too high — the actual
manifold temperature is 30°C, which equals ambient and indicates perfect CAC performance

D. The 45°C reading is 15°C above ambient, which is at the boundary of the specification (within 15°C
of ambient = 30°C + 15°C = 45°C maximum). The CAC is operating at the limit of acceptable
performance — the charge air is being cooled but barely meeting the minimum standard. The CAC
should be inspected for external fin contamination or internal restriction that is degrading its heat
rejection capability

26. A diesel engine's oil analysis shows a sudden spike in sodium and boron. Previous samples showed
no sodium or boron. Iron, copper, and all other wear metals are at normal trending levels. What is the
most likely contamination source?

A. Sodium and boron are components of engine coolant additive packages — the sudden appearance of
both elements simultaneously confirms coolant has entered the engine oil system, likely through a
failing oil cooler, head gasket, or cracked casting. The absence of elevated wear metals indicates the
contamination is recent and mechanical damage has not yet occurred

B. Sodium originates from the exhaust aftertreatment system's DEF and boron from the oil filter's
antidrainback valve — both are entering the oil through separate pathways simultaneously

C. Sodium and boron are components of a newly introduced synthetic oil additive package that was not
present in the previous oil specification — the spike reflects the oil change to the new formulation



D. Sodium and boron originate from atmospheric salt and dust contamination entering through a failed
air intake system — the same air system breach that admits silicon also introduces these elements

27. A diesel engine is equipped with a Jake Brake (engine compression brake). The Jake Brake operates
by opening the exhaust valves near TDC during the compression stroke, releasing the compressed air
energy to the exhaust instead of returning it to the piston. If the Jake Brake's solenoid on one cylinder
fails in the ON position, what symptom will the engine produce during normal (nonbraking) operation?

A. The affected cylinder operates normally during power strokes because the Jake Brake mechanism
only acts on the exhaust valve during the designated braking cycle, not during normal combustion

B. The affected cylinder produces no power during normal operation — the continuously activated Jake
Brake releases the compression energy through the exhaust valve near TDC on every cycle, preventing
the cylinder from developing peak compression and producing a power stroke

C. The affected cylinder produces excessive compression and the engine knocks because the Jake Brake
mechanism increases the effective compression ratio when continuously activated

D. The engine oil consumption increases because the continuously activated Jake Brake mechanism
holds the exhaust valve open during the intake stroke, drawing oil from the exhaust port into the
combustion chamber

28. A technician discovers that a diesel engine's fuel return line from the injectors back to the tank has
been partially restricted by a kinked hose. The engine has been operating with this restriction for
approximately 200 hours. What component is at risk of damage from the restricted fuel return?

A. The fuel injectors — the restricted return creates backpressure on the injector return circuit that
opposes the injector's closing spring and can delay or prevent proper injector closing. The injectors may
be dribbling fuel after the commanded injection event, producing poor atomization, carbon buildup on
the nozzle tips, and degraded emission performance



B. The fuel transfer pump — the restricted return creates pressure in the tank that opposes the transfer
pump's suction, reducing its flow output

C. The fuel tank — the restricted return creates a vacuum in the return line that collapses the tank from
the negative pressure

D. The fuel filters — the restricted return forces fuel backward through the filter elements, reversing the
designed flow direction and releasing captured contaminants back into the clean fuel circuit

29. A diesel engine's ECM monitors the differential pressure across the DPF to determine the soot
loading level. The differential pressure sensor reads the pressure before and after the DPF. If this sensor
fails and reads a permanently low differential pressure (indicating a clean DPF), what is the
consequence?

A. The ECM commands more frequent regeneration cycles because it interprets the low reading as a
sensor fault and defaults to a conservative regeneration schedule

B. The DPF continues to operate normally because the soot loading is also monitored by an exhaust
temperature model that operates independently of the differential pressure sensor

C. The engine enters a progressive derate because the ECM detects the sensor fault and initiates an
aftertreatment inducement strategy per emission compliance requirements

D. The ECM never commands a DPF regeneration because it believes the filter is perpetually clean —
soot accumulates unchecked until the DPF becomes severely restricted or the excessive soot load
undergoes an uncontrolled regeneration that produces temperatures high enough to melt the ceramic
substrate

30. A diesel engine equipped with a variable geometry turbocharger has developed a condition where
the VGT vanes are partially seized from carbon deposits. The ECM commands the vanes to the 60%
position but the vanes physically move to only 40%. What system parameter does the ECM use to detect
this discrepancy?



A. The ECM monitors the boost pressure — if the boost does not match the expected value for the
commanded VGT position, the ECM infers the vanes are not at the commanded position

B. The VGT actuator includes a position feedback sensor (linear position sensor or rotary position
sensor) that reports the actual vane position to the ECM — the ECM compares the commanded position
(60%) to the reported actual position (40%) and logs a fault when the discrepancy exceeds the
programmed tolerance

C. The ECM monitors the exhaust gas temperature — a VGT that is more closed than commanded (40%
vs 60%) produces higher exhaust temperature because less exhaust energy is extracted by the turbine at
the incorrect vane angle

D. The ECM monitors the turbocharger shaft speed using a dedicated speed sensor — the incorrect vane
position produces a shaft speed that does not match the expected speed for the commanded position

31. A wheel loader's front tires show a wear pattern where the centre of the tread is worn significantly
more than the shoulders. The tire pressure is checked and found to be 30% above the OEM
specification. What is the relationship between the overinflation and the centrewear pattern?

A. Overinflated tires crown outward — the excessive air pressure pushes the centre of the tread surface
outward, making the centre the primary contact zone with the ground. The concentrated centre loading
wears the centre tread faster than the unloaded shoulders

B. Overinflated tires produce more heat at the centre of the tread from the increased road contact
pressure, and the heated rubber wears faster than the cooler shoulder areas

C. Overinflated tires reduce the steering response, causing the operator to make more aggressive steering
inputs that scrub the centre of the tread during each directional change

D. The centre wear is unrelated to inflation — it is caused by the machine's differential lock engaging
during travel and forcing both tires to rotate at the same speed regardless of path differences

32. A heavy equipment machine's hydraulic disc brake system uses a dedicated brake cooling circuit that
circulates brake oil through the brake housing and an external cooler. The technician measures the brake



oil temperature at the cooler inlet at 135°C. The OEM specification maximum is 120°C. What is the
consequence of operating the brakes at this elevated temperature?

A. The brake pistons seize from the thermal expansion of the piston material inside the caliper bore,
preventing the brakes from releasing fully and producing a drag condition

B. The brake oil flashes to vapour inside the caliper, creating a vapour lock condition that prevents the
hydraulic pressure from reaching the brake pads during application

C. The elevated temperature accelerates the brake oil's oxidation, degrades the friction material's
bonding agents, accelerates seal hardening, and reduces the oil's viscosity below the minimum needed to
maintain the hydraulic seal — all of which progressively degrade brake performance until a component
fails

D. The brake rotors warp from the uneven heat distribution, producing a pulsating pedal feel that
reduces the operator's ability to modulate the braking force precisely

33. A tracked excavator's undercarriage has been operating in a concrete demolition application. The
technician discovers that the track chain has developed tight spots — the chain articulates freely through
most of its travel but binds at several random points. What has caused these tight spots?

A. The track shoe bolts at the tight spots have backed out slightly and the bolt heads are interfering with
the roller tread as the chain articulates over the rollers

B. The track chain's pin and bushing joints at the tight spots have been contaminated by fine concrete
dust and rebar fragments — the abrasive material has packed into the joints and seized the articulation

C. The idler springs have lost tension at the tight spots from the impact loading of demolition operations,
causing the chain to ride unevenly over the running gear

D. Concrete and rebar debris have packed between the chain links at the tight spots, physically
obstructing the chain from articulating through its full range — the debris also accelerates wear on the
pin and bushing joints by acting as abrasive material within the joints



34. A machine's steering system uses a loadsensing hydraulic circuit. The operator reports the steering
feels "heavy" — it requires more effort than normal to turn the steering wheel. The technician checks the
steering pump flow and pressure and both are within specification. The steering cylinder seals have been
tested and show no bypass. What should be checked next?

A. The steering valve's internal centering mechanism — if the centering springs have stiffened from
contamination or fatigue, the operator must overcome the increased spring force in addition to the
normal steering load

B. The loadsensing signal line between the steering valve and the pump — if this line is restricted or
blocked, the pump does not receive the correct pressure demand signal and cannot increase its output to
match the steering load, causing the operator to feel increased effort

C. The front tire pressures — overinflated tires have a smaller contact patch that requires less steering
force, while underinflated tires have a larger contact patch that requires more force to turn

D. The hydraulic oil viscosity — if the oil is too thick (wrong grade or cold temperature), the increased
viscosity creates higher resistance through the steering valve's metering edges, which the operator
perceives as heavy steering

35. A rigidframe dump truck’s front suspension uses nitrogenoil struts with rebound dampening valves.
During a routine inspection, the technician notices one strut has a slight film of oil weeping from the rod
seal area. There is no drip or puddle — just a thin film. Is this weep cause for concern?

A. A slight oil film on the rod surface is normal for nitrogenoil struts — the film provides lubrication for
the rod seal lip and prevents the seal from running dry. As long as the oil film does not progress to a drip
or puddle and the strut ride height remains within specification, the condition is acceptable and should
be monitored at each inspection

B. Any oil weep from a strut rod seal indicates the seal has failed and must be replaced immediately —
the oil film will progress to a full leak within 50 operating hours

C. The oail film indicates the strut's nitrogen precharge has migrated past the internal gas/oil separator,
emulsifying the oil and producing the weep from the expanded oil volume



D. The oil film is not strut oil — it is hydraulic oil from the steering circuit that has splashed onto the
strut rod during steering operations and should be cleaned off during each inspection

36. A machine's wet disc parking brake is springapplied. The technician measures the brake pack
clearance at 2.8 mm. The OEM specification for new brake discs is 1.5-2.0 mm. The maximum
allowable clearance before replacement is 3.0 mm. What does the 2.8 mm measurement tell the
technician?

A. The brake discs are near the end of their service life and replacement should be planned — but not
required immediately since the clearance has not yet reached the 3.0 mm reject threshold

B. The brake discs have been contaminated with oil and the material has softened, allowing the springs
to compress the pack beyond its normal clearance range

C. The brake must be rebuilt immediately — at 2.8 mm the clearance has exceeded the manufacturer's
new specification and the brake is not developing adequate holding force

D. The brake disc clearance is within the acceptable service range (between the new specification of 2.0
mm and the maximum limit of 3.0 mm) — at 2.8 mm, the discs are approaching the replacement
threshold and the brake's condition should be closely monitored, with replacement planned for the next
scheduled downtime

37. A wheel loader operating in a quarry application consistently wears the outer shoulder of both front
tires and the inner shoulder of both rear tires. The alignment has been checked and is within
specification. What operating pattern produces this specific wear combination?

A. The front outer shoulder wear results from the loaded turns during the loadandcarry cycle — the front
tires bear the heavy load during turns toward the dump point, concentrating wear on the outer edges



B. The machine consistently turns in one direction during the loading cycle (Ypattern loading), and the
asymmetric turning loads produce the outerfront / innerrear wear pattern from the different forces acting
on the front (steering) and rear (driving) axles during each loaded turn

C. The operator is driving too fast during the approach to the loading face, and the aggressive braking
concentrates the stopping force on the front outer and rear inner tread zones

D. The quarry floor surface is cambered (crowned for drainage), and the machine always travels on the
same side of the haul road, producing a consistent sideload that wears the downhill shoulders of all tires

38. A technician is testing the service brakes on an air brake equipped machine using a standardized
brake test procedure. The test requires a full service brake application at 690 kPa system pressure. The
technician records the pushrod stroke on each brake chamber. The front axle left chamber measures 22
mm and the right chamber measures 38 mm. Both are Type 20 chambers with a maximum allowable
stroke of 44 mm. What do these asymmetric readings indicate?

A. The front left brake lining is significantly thicker than the right — the 22 mm stroke shows the left
piston contacts the drum or disc after short travel, while the 38 mm stroke shows the right piston must
travel further before contact because the right lining is thinner

B. The front left and right brake chambers are different sizes — the 22 mm stroke chamber is a smaller
Type that requires less stroke for full application

C. The left brake automatic slack adjuster is overadjusted, holding the shoe too close to the drum and
preventing adequate heat clearance when released — this will cause the left brake to drag and overheat
during normal travel

D. The 38 mm stroke on the right side is approaching the 44 mm limit and indicates the right brake
lining is near the end of its service life — both readings are technically within specification but the 16
mm difference suggests the two sides will require service at different times, and the right side needs
attention soon



39. A machine's track chain has been operating in extremely fine, powdery soil (silt). The technician
measures the pin and bushing wear and discovers the wear rate is approximately 40% faster than the
OEM's published wear estimate for normal soil conditions. Why does fine silt produce accelerated chain
wear compared to coarser material?

A. Fine silt particles are small enough to penetrate the track chain's pin and bushing seals and enter the
pintobushing bearing surface — the particles act as a lapping compound inside the joint, grinding the
precision surfaces at a rate that coarser particles (which are too large to enter the seal) cannot achieve

B. Fine silt has a higher silica content than coarser material, and the increased hardness of the silt
particles produces more aggressive abrasion on the chain components

C. Fine silt packs more densely between the track shoe grousers, increasing the weight of the chain
assembly and adding to the load on each pin and bushing during articulation

D. Fine silt absorbs moisture from the air and creates an acidic slurry that chemically attacks the pin and
bushing surfaces in addition to the mechanical abrasion from the particles

40. A technician is inspecting the steering linkage on a motor grader. The grader uses a complex steering
system with multiple articulation points — tie rod ends, ball joints, drag links, and steering cylinder
connections. The technician finds 3 mm of play in a tie rod end ball joint. The OEM specification allows
a maximum of 1 mm of play. The technician replaces only the worn tie rod end. Is this approach
correct?

A. No — the worn tie rod end is the symptom, not the root cause. The technician must investigate why
the tie rod end wore prematurely (contamination, lack of lubrication, excessive loading) and correct the
root cause before the replacement fails at the same accelerated rate

B. Yes — but only if the replacement tie rod end is tightened to the OEM torque specification and the
front wheel alignment is checked after installation, since replacing a steering linkage component can
change the alignment geometry

C. No — all steering linkage components must be replaced as a set whenever any single component
exceeds its wear specification, because the worn component has transferred excessive loading to the
adjacent components and accelerated their wear



D. Yes — the technician should replace the worn component and verify the play on all other linkage
joints at the same time to identify any additional components approaching their wear limits

41. A crawler dozer's track has derailed during a sharp turn on soft ground. The operator retracked the
machine and continued working. Four hours later, the track derails again in the same direction during a
similar turn. What should the technician investigate as the underlying cause of the repeated derailments?

A. The undercarriage components' lateral wear dimensions — worn roller flanges, worn idler flanges,
worn track guide lugs, or worn carrier roller flanges that have lost their ability to guide the chain
laterally during the turning forces, causing repeated derailment under the same loading conditions

B. The track shoe bolt torque — loose track shoe bolts allow the shoes to shift on the links, changing the
chain's lateral profile and allowing it to walk off the running gear during turns

C. The operator's turning technique — the operator is counterrotating the tracks during turns, which
applies lateral forces to the chain that exceed the guidance capability of any undercarriage in good
condition

D. The hydraulic steering system — a weak steering motor on one side produces insufficient drive force
to maintain track tension during the turn, allowing the slack chain to derail

42. A machine's nitrogencharged suspension accumulator bladder has ruptured. The operator reports the
suspension on that corner feels "solid" — no cushioning effect. The machine continues to operate but the
ride is extremely harsh. What damage can result from operating with a failed suspension accumulator?

A. The machine's ROPS certification is invalidated because the suspension contributes to the energy
absorption during a rollover event

B. The steering system is overloaded because the failed accumulator no longer provides the hydraulic
compliance that absorbs road inputs before they reach the steering linkage



C. The fuel consumption increases significantly because the rigid suspension transmits all road impact
energy to the engine, increasing the power required to maintain travel speed

D. The rigid suspension transmits all road impact forces directly to the machine's frame, operator
station, and structural components — the repeated unabsorbed shock loading accelerates fatigue
cracking in the frame welds, damages operator seat components, loosens fasteners, and can crack the cab
mounting points

43. A machine's front axle differential is making a growling noise that increases with vehicle speed. The
noise is present during straightline travel and does not change during turns. The differential oil has been
drained and examined — it contains fine metallic particles but no large chunks. What is the most likely
source of the noise?

A. The differential spider gears are worn — but spider gears only rotate during turns, which contradicts
the noise pattern that does not change during turns

B. The ring and pinion gear set has developed wear on the tooth surfaces that produces the growling
noise at all speeds during both straightline and turning — the fine metallic particles confirm the gear
teeth are the wear source

C. The ring and pinion gear mesh has a wear pattern producing the growling noise — the noise
correlates with ring gear speed (which is proportional to vehicle speed) and is present equally during
straightline and turning because the ring gear rotates at the same speed in both conditions. The fine
metallic particles are wear debris from the deteriorating tooth contact surfaces

D. The axle shaft bearings are worn and the fine metallic particles are bearing roller and race debris —
but axle shaft bearings produce noise that changes during turns as the shaft speed changes, which
contradicts the symptom

44. A machine's brake proportioning valve limits the brake pressure to the rear axle to prevent rear
wheel lockup during loaded deceleration. The valve reduces the rear brake pressure proportionally as the



overall application pressure increases. If the proportioning valve fails and delivers full system pressure
to the rear brakes, what symptom will the operator experience?

A. The rear brakes overheat from the excessive application force and produce a burnt smell during
heavy braking events

B. The rear wheels lock up before the front wheels during moderate to heavy braking — the excessive
rear brake force exceeds the rear tire traction before the front tires reach their traction limit, causing the
rear of the machine to slide or swap ends during braking on loose surfaces

C. The brake pedal becomes extremely stiff because the proportioning valve normally reduces the
system pressure that the pedal must overcome, and without the reduction, the operator feels the full
system pressure resistance at the pedal

D. The front brakes become ineffective because the failed proportioning valve diverts all hydraulic
pressure to the rear brakes, starving the front brake circuit of fluid volume

45. A technician is measuring the track pitch on a crawler machine. Track pitch is the distance between
the centres of adjacent pins. The measured pitch is 203.2 mm. The new chain pitch is 190.5 mm. What
percentage has the chain elongated?

A. The chain has elongated by (203.2 — 190.5) + 190.5 x 100 = 6.67%. Most OEMs recommend a
maximum pitch elongation of 3—-4% before the chain requires turning or replacement, so this chain has
exceeded its service limit and must be serviced or replaced

B. The chain has elongated by 12.7 mm per pitch, which is within the acceptable range for heavyduty
applications that permit up to 15 mm of elongation per pitch

C. The chain has elongated by (203.2 — 190.5) + 203.2 x 100 = 6.25%, which uses the worn pitch as the
denominator — this is the incorrect calculation method that understates the true elongation percentage

D. The chain pitch measurement is invalid because pitch must be measured over 10 consecutive links
and divided by 10 to produce an accurate average — a singlepitch measurement has too much variation
to be meaningful



46. A machine equipped with hydrostatic brakes (braking by controlling the hydrostatic drive's
deceleration rate) has lost hydrostatic drive function. The machine is rolling freely on a slight decline.
What braking system provides the emergency stop capability?

A. The machine's engine compression provides adequate retarding force to stop the machine without the
hydrostatic system — the engine brake activates automatically when the hydrostatic system fails

B. The operator must steer the machine into a windrow or berm to physically stop it —
hydrostaticbraked machines have no backup service brake system

C. The machine's secondary braking system — typically a springapplied, hydraulically released (SAHR)
parking/emergency brake that applies automatically when the hydrostatic system loses charge pressure
or when the operator activates the emergency brake control

D. The machine's steering system provides emergency braking by turning the machine sharply and using
the resulting drag forces to decelerate

47. A technician measures the resistance between two CAN bus wires at the diagnostic connector. The
reading is 60 ohms. The technician then disconnects the first module on the bus and remeasures: the
reading changes to 63 ohms. The technician reconnects the first module and disconnects a different
module: the reading changes to 120 ohms. What do these measurements reveal?

A. The first module has a faulty CAN transceiver that is loading the bus with an additional 3 ohms of
impedance

B. The first module is functioning normally (disconnecting it changes the reading by only 3 ohms from
the module's transceiver impedance). The second module contains one of the two termination resistors
— removing it leaves only one 120ohm termination, producing the 120o0hm reading

C. Both modules have internal faults — the first module adds 3 ohms of unwanted resistance and the
second module has a shorted CAN transceiver that adds 60 ohms to the bus

D. The second module contains both termination resistors, and disconnecting it removes all termination
from the bus, producing the 120ohm reading from a single unterminated bus wire impedance



48. A machine's ECM receives a 5V signal from a throttle position sensor. The ECM's internal
analogtodigital converter (ADC) has 10bit resolution. What is the smallest voltage change the ADC can
detect?

A. 0.05V — calculated by dividing the 5V range by 100 (10bit = 100 steps)

B. The ADC resolves the 5V range into 2'° = 1,024 discrete steps. The smallest detectable voltage
change = 5V + 1,024 = approximately 0.00488V (4.88 mV). This resolution determines the finest
throttle position increment the ECM can distinguish

C. 0.5V — calculated by dividing the 5V range by 10 (10bit = 10 steps)

D. 0.01V — the standard resolution for all automotive and heavy equipment ADC circuits regardless of
bit depth

49. A machine's starting circuit includes a neutral safety switch that prevents the starter from engaging
unless the transmission is in neutral. The operator reports the machine will not crank despite the
transmission being in neutral. The technician jumps across the neutral safety switch terminals with a
wire and the starter engages normally. What does this confirm?

A. The neutral safety switch is faulty — either the switch contacts are open (not closing in neutral), the
switch is misadjusted (not aligned with the neutral position), or the wiring to the switch has failed. The
switch or its circuit must be diagnosed and repaired before the machine returns to service

B. The transmission is not truly in neutral despite the selector position — the internal linkage between
the selector and the transmission's manual valve is misadjusted

C. The starter solenoid has a weak pullin coil that requires the additional voltage from the jumper wire
to overcome its internal resistance

D. The keyswitch's START position contacts have high resistance that is reduced by the additional
circuit path through the jumper wire



50. A machine's ECM controls a hydraulic fan drive using a PWM output. The ECM commands the fan
speed based on multiple inputs: coolant temperature, intake manifold temperature, A/C pressure, and
hydraulic oil temperature. The operator reports the fan runs at maximum speed continuously despite all
temperature readings being in the normal range. The ECM shows no fault codes. What should the
technician investigate?

A. The ECM software version — a calibration error may set the fan to maximum as a default when no
override condition exists

B. The hydraulic fan control valve — if the valve spool is stuck in the fullflow position, the fan runs at
maximum regardless of the ECM's PWM command. The electrical command may be correct but the
mechanical valve is not responding

C. The fan motor — an internal short in the motor windings draws maximum current regardless of the
supply voltage, forcing the fan to maximum speed

D. The machine's A/C highpressure switch — if it has failed in the closed position, it continuously
signals the ECM that the A/C system requires maximum cooling fan speed, overriding the normal
temperaturebased fan control

51. A machine's CAN bus data rate is specified at 250 kbit/s. The technician measures the bus speed
with an oscilloscope and reads 247 kbit/s. Is this within acceptable tolerance?

A. No — CAN bus speed must be exactly 250 kbit/s £0.0% for reliable communication, and the 3 kbit/s
deviation will cause progressive bit errors

B. No — the reduced bus speed indicates one module has a defective crystal oscillator that is slowing
the entire bus

C. Yes — the CAN protocol permits a bit rate tolerance of approximately £1.58% from the nominal
value. The measured 247 kbit/s is within 1.2% of the 250 kbit/s specification, which is within the
acceptable tolerance for reliable bus communication

D. The measurement is meaningless — CAN bus speed cannot be measured with an oscilloscope and
requires a dedicated CAN bus analyzer tool



52. A machine has two batteries in series (24V system). Battery A is 2 years old and Battery B is new
(Just replaced). After 3 months of service, Battery A fails. What is the most likely explanation for
Battery A's premature failure?

A. The new Battery B charges at a higher rate than the aged Battery A, creating an overcharge condition
on Battery A that accelerates its plate deterioration and electrolyte loss

B. The mismatched batteries have different internal resistance characteristics — the new battery accepts
and delivers charge differently than the aged battery, creating a voltage imbalance during charging and
discharging cycles that overworks the older battery and accelerates its failure

C. The new battery's higher cranking capacity draws more current through Battery A during starting,
exceeding Battery A's weakened plate capacity

D. Battery B was manufactured with a higher electrolyte specific gravity than Battery A, creating a
chemical potential difference between the two batteries that drives a corrosive reaction through the
series connection cable

53. A machine's ECM monitors its own 5V sensor reference voltage and generates a fault code if the
voltage drifts outside the range of 4.9-5.1V. The technician reads a DTC for "5V reference low." The
measured reference at the ECM connector is 4.6V with all sensors connected. After disconnecting all
sensors from the reference circuit, the voltage reads 5.02V. What does this confirm?

A. The ECM's internal 5V regulator is marginally weak — it can produce 5.02V at no load but drops to
4.6V when the sensors are connected and drawing current

B. The ECM's reference regulator has failed and is producing only 4.6V regardless of the sensor load —
the 5.02V reading with sensors disconnected is the result of the DMM's high impedance preventing
current flow through the weakened regulator

C. One or more sensors connected to the reference circuit has a fault that is loading the reference
excessively — a sensor with an internal short or a signal wire shorted to ground draws excess current
from the reference, pulling it below the minimum threshold. The ECM's reference is healthy (5.02V
unloaded) and the fault is in a sensor or its wiring



D. All sensors connected to the reference have collectively aged and their combined increased current
draw has overwhelmed the reference regulator's output capacity

54. A machine's electronic throttle has a "limp home" mode that limits the engine to a fixed RPM
(typically 1,200-1,500 RPM) when the ECM detects a throttle signal fault. The operator reports the
machine is stuck in limp home mode. The technician checks the throttle sensor and finds it is producing
a correct signal. What else could trigger the limp home mode?

A. The ECM has entered limp mode from a fault in a completely different system (transmission,
aftertreatment, coolant, or engine protection) that triggers a power derate strategy — the technician must
check ALL active DTCs, not just the throttle circuit, because limp mode can be triggered by numerous
fault conditions beyond the throttle system itself

B. The limp home relay has welded contacts and is maintaining the limp home circuit regardless of the
ECM's command

C. The throttle signal is correct but the signal wire has intermittent contact that the ECM detected during
a previous driving cycle — the stored DTC triggered the limp mode even though the current signal
appears normal

D. The ECM's internal processor temperature has exceeded its thermal limit and the module has reduced
its processing capability to the fixedRPM limp mode as a selfprotection measure

55. A machine's charging system includes a battery temperature sensor that adjusts the alternator's
voltage output based on battery temperature. In cold conditions, the regulator increases the target
voltage; in hot conditions, it decreases the target voltage. If the temperature sensor fails and reads
permanently hot (high temperature), what effect does this have?



A. The alternator reduces its output voltage below the normal charging level because it believes the
batteries are hot and require a lower charging voltage — the batteries are chronically undercharged in all
conditions, resulting in progressive sulfation and shortened battery life

B. The alternator increases its output voltage to the maximum setting because the regulator
overcompensates for the perceived hot condition

C. The alternator disables charging entirely because the hot temperature signal triggers a battery
protection mode that prevents any charging current from reaching the batteries

D. The alternator produces correct charging voltage because the temperature sensor is used only during
the initial equalization charge period and is ignored during normal running operation

56. A machine's electronic display module shows "CAN BUS OFF" for the engine data page. All other
pages (transmission, hydraulic, body) display data normally. The diagnostic tool communicates with all
modules on the main bus. What is the most specific fault that could produce this symptom?

A. The engine ECM has entered "bus off" mode — a CAN bus error management state where the
module disconnects itself from the bus after accumulating too many consecutive communication errors.
The engine ECM is still powered and operating the engine locally but is no longer transmitting data on
the bus

B. The display module's firmware has crashed on the engine data page only — a software bug prevents
the module from rendering the engine data while other pages function normally from different software
routines

C. The engine ECM's CAN bus connection has a loose pin that intermittently disconnects the module
from the bus — the engine ECM stops transmitting, the display shows "BUS OFF," but all other
modules continue normally and the diagnostic tool (connected at a different point on the bus) can
communicate because it does not need the engine ECM's data link to access other modules

D. The CAN bus termination resistor inside the engine ECM has failed, degrading the signal quality at
the engine ECM's end of the bus to the point where the display cannot read the engine data even though
other modules (physically closer to the remaining termination) communicate normally



57. A machine's starter motor draws 450 amperes during cranking on a 24V system. The battery cables
are 2/0 AWG copper with a total circuit length (positive + negative) of 6 metres. The cable resistance is
approximately 0.4 milliohms per metre for 2/0 AWG. What is the voltage drop across the cables during
cranking?

A. 0.72V — calculated as (0.4 mQ/m x 6 m) x 450A = 2.4 mQ x 450A = 1.08V. This exceeds the
specification, indicating the calculation is 1.08V, not 0.72V

B. The cable resistance = 0.4 mQ/m x 6 m = 2.4 mQ = 0.0024 ohms. Voltage drop =1 x R = 450A x
0.0024 ohms = 1.08V. This 1.08V is consumed by the cables alone, before adding any voltage drop from
connections, terminals, or solenoid contacts

C. 10.8V — calculated by using 0.4 ohms per metre instead of 0.4 milliohms per metre, producing an
error of 1,000x

D. 0.24V — calculated by using only the positive cable length (3 m) instead of the total circuit length

58. A machine's ECM has detected a fault in the injector driver circuit for Cylinder 1. The ECM's
response is to disable fuel delivery to Cylinder 1 and redistribute the fuel to the remaining cylinders to
maintain approximately the same total power output. What is the risk of this redistributed fuel strategy?

A. The remaining cylinders each receive approximately 20% more fuel (on a 6cylinder engine) than
their normal delivery — this increased fuel per cylinder can produce higher peak cylinder pressures that
exceed the design limits of the pistons, connecting rods, and head gasket, potentially causing mechanical
damage on the overloaded cylinders

B. The redistributed fuel produces no risk — the ECM's fuel redistribution algorithm ensures each
remaining cylinder operates within its safe pressure limit by reducing the timing advance proportionally

C. The remaining cylinders receive the same individual fuel quantity — the engine simply produces
approximately 17% less power from the missing cylinder's contribution, with no overloading of the
remaining cylinders

D. The redistributed fuel produces excessive exhaust temperature on the remaining cylinders that may
damage the turbocharger and aftertreatment system from the elevated thermal load



59. A machine's electronic display intermittently shows a "SYSTEM VOLTAGE LOW" warning. The
battery voltage is measured at 27.5V with the engine running (within specification). The warning
appears only during specific machine operations — typically when the boom is being raised and the A/C
is running simultaneously. What is the most likely cause?

A. The alternator cannot maintain voltage under the combined electrical load of the boom solenoid and
AJ/C compressor clutch — the two loads together exceed the alternator's maximum output capacity

B. The voltage drop across the main power distribution wiring increases under the combined highcurrent
demand of multiple simultaneous loads, reducing the voltage at the display module below its warning
threshold even though the battery terminal voltage remains within specification

C. The ECM's internal voltage regulator drops below the display's monitoring threshold during the
combined electrical load, triggering the warning on the display while the battery and alternator voltages
remain normal at their respective terminals

D. The display module has a loose power connection that becomes intermittent under the vibration
produced during boom raise operations, and the timing with the A/C is coincidental

60. A machine's electrical system uses a solidstate power distribution module (PDM) instead of
traditional fuses and relays. The PDM uses semiconductor switches (MOSFETS) to control each circuit.
What advantage does a PDM provide over a traditional fuse/relay panel?

A. The PDM weighs less than a fuse/relay panel, improving the machine's powertoweight ratio
B. The PDM is less expensive to manufacture and replace than a traditional fuse/relay panel

C. The PDM provides no advantage — solidstate circuits are less reliable than traditional fuses and
relays in the harsh environment of heavy equipment

D. The PDM can detect and react to overcurrent conditions faster than a fuse, provides diagnostic data
on each circuit (current draw, fault history, load status), can be reprogrammed for different circuit
configurations, and eliminates the mechanical wear and contact corrosion inherent in traditional relays



61. A machine's implement ECM receives a joystick input signal and commands a proportional pilot
solenoid to shift the main DCV spool. The technician monitors the joystick signal (input) and the
solenoid command (output) simultaneously using the diagnostic tool. The joystick signal increases
smoothly from 2.5V to 4.0V, but the solenoid command jumps from 0% to 60% at 3.2V and does not
respond proportionally between 2.5V and 3.2V. What does this indicate?

A. The ECM's software calibration has a dead band programmed between the neutral position (2.5V)
and the initial command point (3.2V) — this intentional dead band prevents unintended implement
movement from minor joystick deflections or vibrationinduced signal noise. The jump to 60% at 3.2V is
the ECM's minimum command threshold for that function

B. The joystick potentiometer has a worn section between 2.5V and 3.2V that produces no signal
change, and the ECM waits until it sees a valid signal change before commanding the solenoid

C. The solenoid has a minimum magnetic force threshold below which the spool does not move — the
ECM must command at least 60% duty cycle to produce enough force to overcome the spool's return
spring and hydraulic centering forces

D. The ECM's analogtodigital converter has a dead pixel between the 2.5V and 3.2V range that prevents
it from reading the joystick signal in that zone

62. A machine's electronic throttle system has been repaired. After the repair, the technician starts the
engine and notices the idle speed is 50 RPM higher than the specification. The technician accesses the
ECM parameters and discovers the "idle trim" parameter has been set to +50 RPM from a previous
service. What does this parameter do?

A. The idle trim parameter allows a technician to adjust the engine's base idle speed above or below the
ECM's default calibration without modifying the main software file — this is used to compensate for
machinespecific conditions (installed accessories, altitude, application requirements) that affect the
optimal idle speed

B. The idle trim parameter is a diagnostic value that shows the ECM's current idle speed correction and
cannot be modified by the technician

C. The idle trim parameter adjusts only the display reading and does not change the actual engine RPM
— the displayed value is 50 RPM higher than the actual idle speed



D. The idle trim parameter is an ECM selfadjustment that increases idle speed proportionally with
operating hours to compensate for engine wear that reduces idle stability

63. A machine's CAN bus has a short circuit between CANH and CANL at one point in the harness.
What effect does this short have on bus communication?

A. The short creates a single point where CANH and CANL are at the same voltage — the bus can still
communicate on either side of the short, but any message that must cross the short point is corrupted
because the differential signal is eliminated at that location

B. The bus can still function if the short resistance is above the bus termination resistance — a
highresistance short produces signal attenuation rather than complete bus failure

C. The short between CANH and CANL produces a dominant state at the short point that overpowers all
recessive states — no module on the bus can transmit because the bus cannot transition between
dominant and recessive states. All CAN communication stops immediately

D. The short between CANH and CANL eliminates the differential voltage signal entirely — with both
lines at the same voltage, no module can generate or detect the voltage difference that represents data
bits. All bus communication ceases and the diagnostic tool receives no data

64. A machine's alternator has a W terminal (also called the tachometer terminal or R terminal) that
produces an AC voltage signal proportional to engine RPM. This signal is used by the instrument cluster
to display engine RPM and by other modules as an enginerunning confirmation signal. If the W terminal
connection fails (open circuit), which systems lose their RPM reference?

A. Only the tachometer display — all other systems that use engine RPM derive it from the CAN bus
J1939 data broadcast by the engine ECM, not from the alternator W terminal



B. The tachometer display and any module that uses the alternator's W terminal as its RPM source —
but on modern CAN bus equipped machines, most modules receive RPM from the J1939 data bus, so
the practical effect may be limited to the tachometer and a few nonnetworked accessories

C. All modules on the machine lose their RPM reference because the alternator W terminal is the
primary RPM source for the entire electrical system, and the CAN bus data is derived from this signal

D. No systems are affected — the W terminal is an obsolete feature that is no longer used on modern
heavy equipment with CAN bus architecture

65. A technician is using an oscilloscope to measure the voltage waveform at a crankshaft position
sensor on a diesel engine. The sensor is a magnetic inductive (variable reluctance) type. The
oscilloscope shows a clean sinusoidal waveform with consistent amplitude and frequency during idle.
During acceleration, the amplitude increases proportionally with RPM. Why does the amplitude change
with RPM?

A. A magnetic inductive sensor produces a voltage proportional to the rate of change of the magnetic
flux — as the reluctor teeth pass the sensor faster (higher RPM), the magnetic flux changes faster,
producing a higheramplitude voltage signal. At lower RPM, the slower rate of change produces a lower
amplitude

B. The ECM increases the sensor's excitation voltage at higher RPM to maintain a constant
signaltonoise ratio above the electrical background noise level

C. The sensor's internal permanent magnet weakens from thermal demagnetization at higher RPM
(higher temperatures), which should reduce the amplitude — the observed increase indicates the sensor
is failing

D. The sensor's air gap decreases at higher RPM from centrifugal expansion of the reluctor wheel,
producing a stronger magnetic coupling and higher signal amplitude



66. A machine's electronic system includes a body control module (BCM) that manages the windshield
wiper circuit. The wiper motor has a park switch that signals the BCM when the wiper arm is in the
parked position. The operator reports the wipers stop in a random position when turned off instead of
returning to the park position. What is the most likely cause?

A. The wiper motor's park switch has failed — the BCM uses the park switch signal to keep the wiper
motor energized until the arm reaches the park position after the operator turns the wipers off. Without
the park signal, the BCM deenergizes the motor immediately at whatever position the arm is in when the
switch is turned off

B. The BCM's wiper control output has failed and is producing an intermittent signal that stops the
motor randomly regardless of the park switch status

C. The wiper motor's internal brushes are worn and cannot deliver consistent torque at the low speed
needed to travel from the random stop position to the park position

D. The wiper arm's pivot shaft is corroded, creating enough friction to stop the arm before it reaches the
park position against the reduced motor torque available at the end of the wipe cycle

67. A machine's electronic fuel injection system uses a camshaft position sensor (CMP) to determine
which cylinder is on its compression stroke for sequential fuel injection. The engine also has a
crankshaft position sensor (CKP). If the CMP sensor fails completely, can the engine continue to run?

A. No — the engine immediately stalls because the ECM cannot sequence the fuel injection to the
correct cylinders without the CMP signal

B. Yes — most modern diesel ECMs can default to a "batch fire™ or "paired injection” mode using only
the CKP signal. The ECM loses sequential injection timing (it cannot determine individual cylinder
position) but can still inject fuel at the correct crankshaft timing based on the CKP signal alone, typically
with reduced performance and a stored DTC

C. No — the engine cannot start without the CMP signal, but if the CMP fails while the engine is
running, the ECM stores the last known CMP position and continues to operate normally until the next
engine restart



D. Yes — the CKP sensor provides all the timing information the ECM needs for both injection timing
and sequencing, and the CMP sensor is redundant on modern diesel engines

68. A machine's dashmounted hour meter displays the engine operating hours. The fleet manager
discovers the hour meter has been tampered with — the displayed hours have been reduced (rolled back)
from the actual operating hours. What operational risk does this create beyond the recordkeeping fraud?

A. The machine's warranty is automatically voided if the hour meter has been tampered with, regardless
of the actual operating hours

B. The reduced hour reading is cosmetic only — all scheduled maintenance is tracked by the ECM's
internal hour counter, which cannot be rolled back, and all service decisions should be based on the
ECM's record

C. All scheduled maintenance intervals that are based on operating hours — including oil changes, filter
replacements, fluid analysis, component inspections, and overhaul schedules — are displaced by the
rollback amount. Components operate past their designed service intervals without being serviced,
increasing the risk of preventable failures including engine damage from overdue oil changes, brake
failures from missed inspections, and structural failures from skipped NDE

D. The tampering affects only the resale value documentation and has no operational safety impact
because the machine's ECM independently tracks maintenance intervals

69. A machine's ECM is connected to the diagnostic tool. The technician attempts to read the ECM's
serial number and software version. The tool displays "COMMUNICATION TIMEOUT." All other
modules on the same CAN bus communicate normally. The engine is running and operating correctly.
What is the most likely cause of the communication timeout with the engine ECM specifically?

A. The engine ECM's diagnostic address (source address on the J1939 bus) has been changed from its
default value and the diagnostic tool is requesting data from the wrong address



B. The engine ECM's CAN bus communication has failed — the module is operating the engine using
its local inputs but cannot transmit or receive CAN data. The engine runs on its own sensor inputs but
cannot share data with other modules or the diagnostic tool

C. The diagnostic tool's software does not support the engine ECM's firmware version — a software
update is required for the diagnostic tool to communicate with the newer ECM firmware

D. The engine ECM's security system is blocking the diagnostic tool's access because the tool has not
been authenticated — the ECM requires a security login before responding to any diagnostic requests

70. A machine's electronic throttle produces a signal of 0.5V at idle and 4.5V at full throttle. The ECM
reads the signal through a pullup resistor circuit. If the signal wire breaks (open circuit), the pullup
resistor pulls the ECM input to 5.0V. What symptom does this produce?

A. The engine returns to idle because the ECM interprets the 5.0V as an outofrange signal and defaults
to idle as a safety measure

B. The engine goes to full throttle because the 5.0V reading is above the 4.5V fullthrottle value and the
ECM interprets it as maximum throttle demand — this is a dangerous condition that requires the ECM's
throttle validation logic to detect and prevent

C. The engine enters limp mode at a fixed intermediate RPM because the ECM detects the outofrange
5.0V signal as a fault and defaults to the limphome RPM

D. The engine shuts down immediately because the 5.0V signal triggers the ECM's overspeed protection
circuit

71. A machine's electrical connector uses goldplated terminals. Gold plating is significantly more
expensive than standard tinplated terminals. What specific electrical advantage justifies the cost of gold
plating on these terminals?



A. Gold has lower electrical resistance than tin, which reduces the voltage drop across the connection
and improves the circuit's efficiency

B. Gold is a harder metal than tin and resists mechanical wear from repeated connection/disconnection
cycles better than tinplated terminals

C. Gold does not form a nonconductive oxide layer on its surface — unlike tin, which develops tin oxide
that increases contact resistance over time. Gold maintains a consistently low contact resistance
throughout its service life, which is critical for lowvoltage signal circuits where even small resistance
changes can produce signal errors

D. Gold has higher thermal conductivity than tin, which allows the terminal to dissipate heat from
highcurrent circuits more effectively and prevents thermal damage to the connector housing

72. A machine's torque converter has a stall torque ratio of 2.8:1 and the engine produces 1,200 N-m of
torque at the converter's stall speed. What is the maximum torque available at the transmission input
shaft during a stall condition?

A. 428 N-m — calculated by dividing the engine torque by the stall ratio (1,200 + 2.8)

B. 4,200 N-m — calculated by multiplying the engine torque by the stall ratio and adding the engine
torque (1,200 x 2.8 + 1,200)

C. 1,200 N-m — the converter does not multiply torque; it only provides fluid coupling between the
engine and transmission

D. 3,360 N-m — calculated by multiplying the engine torque by the stall torque ratio (1,200 x 2.8),
which gives the maximum output torque at the turbine during the stall (torque multiplication) phase of
converter operation

73. A machine's powershift transmission oil cooler has developed an internal restriction that reduces the
flow of oil through the cooler by approximately 50%. The transmission is operating at normal load.
What is the PRIMARY concern from this restricted cooler flow?



A. The reduced cooler flow decreases the volume of oil available for clutch apply circuits, causing
delayed and harsh shifts

B. The reduced cooler flow causes the transmission oil temperature to rise above its designed operating
range — the elevated temperature accelerates oil oxidation, reduces oil viscosity below the clutch pack's
design specification, and degrades the friction material, all of which shorten the transmission's service
life

C. The restricted cooler creates backpressure on the converter outlet that increases the stall speed and
produces a noticeable change in machine acceleration characteristics

D. The reduced cooler flow produces cavitation inside the cooler core from the velocity increase through
the restricted passages, which generates metallic debris from the cooler tube erosion

74. A machine equipped with a manual clutch is experiencing clutch shudder during engagement. The
clutch disc, pressure plate, and flywheel surface have all been inspected and are in good condition. The
clutch hydraulic release system operates smoothly with no air in the circuit. What other component
should the technician investigate?

A. The clutch housing alignment — a misaligned bell housing causes the input shaft to wobble as it
enters the pilot bearing, producing a cyclical engagement variation that the operator perceives as
shudder

B. The input shaft spline — if the spline is corroded, damaged, or contaminated, the disc cannot slide
freely on the shaft during engagement, and the stickslip behaviour of the disc on the rough spline
produces the shudder

C. The engine mounts — worn or broken engine mounts allow the engine and flywheel to shift position
during clutch engagement, producing a misalignment between the flywheel and the pressure plate that
generates the shudder vibration

D. The clutch fork pivot ball — a worn pivot ball produces inconsistent release bearing travel during
engagement, alternately engaging and releasing the pressure plate across the disc face unevenly



75. A machine's differential lock is electronically controlled by the ECM. The ECM monitors wheel
speed sensors and automatically disengages the lock when the machine exceeds 10 km/h. The operator
reports the lock will not engage at any speed. The ECM shows no fault codes. What should the
technician check first?

A. The wheel speed sensor signals — if one or more wheel speed sensors are providing an incorrect
signal that the ECM interprets as above 10 km/h, the ECM will not permit the lock to engage because it
believes the machine is travelling too fast for safe lock engagement

B. The differential lock actuator solenoid — the solenoid may have failed electrically or the actuator
may have seized mechanically, preventing physical engagement of the lock

C. The differential lock fluid supply — the hydraulic circuit that actuates the lock may have lost
pressure from a leak or pump failure

D. The ECM's differential lock software — a corrupt parameter may have changed the maximum
engagement speed from 10 km/h to 0 km/h, preventing engagement at any speed

76. A machine's automatic transmission produces a flare (engine RPM spike) during every upshift. All
upshifts are equally affected. Downshifts are smooth. The transmission oil level and condition are
correct. What is the most likely cause?

A. The torque converter lockup clutch is engaging during each upshift and then releasing, producing the
RPM spike as the converter transitions between locked and unlocked states

B. The transmission main pressure is low from a worn pump or stuck pressure regulator — all upshifts
require the oncoming clutch to fill and apply against the main pressure, and low pressure delays the
clutch apply, producing the flare as the releasing clutch opens before the applying clutch engages

C. The governor pressure is too high, commanding upshifts before the engine has decelerated to the
appropriate RPM for the next gear — the premature upshift causes the engine to flare as the speed
differential between the engine and the new gear ratio is too large

D. The accumulator that controls the clutch apply pressure ramp rate has lost its precharge, allowing the
clutch apply pressure to rise too slowly during every upshift



77. A technician discovers that a machine's driveshaft has a vibration dampener (a weight attached to the
shaft with a rubber isolator). The rubber isolator has deteriorated and the weight is loose. What symptom
does a failed vibration dampener produce?

A. The driveshaft produces a constant humming noise at all speeds from the imbalance of the loose
dampener weight

B. The driveshaft produces a vibration at a specific critical speed (resonant frequency) that was
previously absorbed by the dampener — the vibration is felt as a strong shake at one particular speed
range and may be absent at speeds above and below that range

C. The loose dampener weight produces a rhythmic clunking noise at a frequency proportional to
driveshaft speed as the weight shifts inside its deteriorated isolator

D. The failed dampener allows the driveshaft to whip at high speed, producing a vibration that increases
exponentially with speed and can cause shaft failure if the machine is operated at maximum travel speed

78. A machine's final drive output bearing shows signs of electrical discharge machining (EDM) — the
bearing races and rollers have a frosted or pitted appearance that resembles many tiny craters. What
caused this type of bearing damage?

A. The bearing was overloaded from an incorrect gear ratio that applied more force to the bearing than
its rated capacity

B. The bearing was contaminated with water that produced hydrogen embrittlement of the bearing steel,
creating the craterlike surface pattern

C. Stray electrical current from the machine's electrical system (from a failed ground, VFDdriven motor,
or static discharge) has passed through the bearing — the current arcs across the oil film between the
rollers and races, creating the microscopic craters (EDM pitting) that progressively destroy the bearing
surfaces

D. The bearing lubricant was contaminated with metallic particles that embedded in the rolling surfaces
and produced the crater pattern through abrasive contact during rotation



79. A technician rebuilds a powershift transmission and must verify the correct clutch pack assembly.
The OEM specification calls for: 4 friction discs, 4 separator plates, 1 backing plate, 1 pressure plate,
and 1 piston return spring set. The technician installs 5 friction discs and 5 separator plates (one extra
each). What effect does this extra disc have?

A. The extra disc reduces the clutch pack clearance below the minimum specification — the clutch may
drag when released, generate heat, and wear the friction material prematurely because the piston cannot
fully retract from the added pack thickness

B. The extra disc increases the clutch holding capacity proportionally, providing a 25% stronger clutch
that is beneficial for heavyload applications

C. The extra disc has no effect because the clutch pressure is hydraulic and the clamping force is the
same regardless of the number of friction surfaces

D. The extra disc changes the clutch's thermal mass, allowing it to absorb more heat during engagement
but also requiring more cooling flow between shifts

80. A hydrostatic drive machine produces full forward speed but when the operator moves the control
from full forward to neutral, the machine decelerates normally. However, when moving from neutral to
full reverse, there is a 3second delay before the machine begins to move in reverse. Forward response is
immediate. What is the most likely cause?

A. The reverse crossport relief valve has a weak spring that delays the pressure buildup on the reverse
side of the loop

B. The pump's servo circuit for the reverse direction has a restriction that slows the swashplate's
transition from zero to full reverse displacement — the 3second delay represents the time needed for the
servo to overcome the restricted flow and move the swashplate to the reverse angle

C. The reverse pilot solenoid has a slower response time than the forward solenoid from a partially
clogged orifice in the solenoid valve's internal passage

D. The drive motor has a mechanical check valve that prevents reverse rotation until the forward inertia
of the machine has fully stopped — the 3second delay is the time required for the machine to coast to
zero speed before the motor engages in reverse



81. A technician is inspecting a clutch disc and notices the friction material has a blueblack
discolouration and a glossy, shiny surface (glazing). The disc thickness is within specification. Is this
disc serviceable?

A. Yes — the blueblack colour indicates the friction material was properly heattreated during
manufacturing and the glossy surface is the designed operating finish

B. No — the blueblack discolouration and glazing indicate the disc has been subjected to excessive heat
that has altered the friction material's surface properties. The glazed surface has a reduced and
inconsistent friction coefficient compared to a properly conditioned surface, producing clutch slip and
engagement shudder even though the thickness is within specification

C. Yes — but only for lightduty applications where the reduced friction coefficient of the glazed surface
will not cause slipping under the lower torque loads

D. No — the blueblack colour indicates the friction material has absorbed oil contamination from a rear
main seal leak, and the oil has polymerized on the surface from the heat, producing the glossy
appearance

82. A machine's axle shaft has a yield strength of 800 MPa and an ultimate tensile strength of 1,000
MPa. During normal operation, the maximum stress on the axle shaft is 400 MPa. What safety factor
does the shaft's yield strength provide?

A. The safety factor on yield = yield strength + working stress = 800 + 400 = 2.0:1. This means the shaft
can sustain twice the normal operating stress before permanent deformation begins. A 2.0 safety factor
on yield is typical for heavy equipment drivetrain components that experience dynamic and impact
loading

B. The safety factor = ultimate strength + working stress = 1,000 + 400 = 2.5:1, which is the correct
calculation method using ultimate rather than yield strength

C. The safety factor = working stress + yield strength = 400 + 800 = 0.5:1, indicating the shaft is
operating at 50% of its yield capacity

D. The safety factor cannot be calculated from these parameters — a fatigue analysis is required to
determine the shaft's actual safety margin under cyclic loading conditions



83. A machine's transfer case uses a dog clutch to engage and disengage the front axle drive. The
operator reports difficulty engaging the front axle — the clutch grinds when the engagement is
attempted while the machine is stationary. What technique resolves this grinding?

A. Increase the hydraulic pressure to the dog clutch actuator — the higher force overcomes the tooth
misalignment and forces the engagement

B. Apply the parking brake harder to hold the machine more firmly stationary — the reduced movement
makes the tooth alignment easier

C. Move the machine slightly forward or reverse at slow speed while commanding the dog clutch
engagement — the slow rotation allows the dog clutch teeth to align and slide into mesh rather than
butting against each other toothtotooth while stationary

D. Disengage the transmission to neutral before attempting the front axle engagement — removing the
drivetrain load allows the dog clutch to spin freely and engage without grinding

84. A machine's differential ring gear bolt torque is being checked during a routine inspection. The
OEM specification calls for 280 N-m with a torqueangle tightening method (initial torque + additional
rotation). The technician finds one bolt reads only 180 N-m. What is the correct action?

A. Retorque the loose bolt to 280 N-m and continue the inspection — a single loose bolt among many is
a common finding during routine inspections

B. Remove the loose bolt and inspect its threads and the tapped hole for damage — a bolt that has lost
100 N-m of clamping force may have stretched (yielded), and the threaded hole may be damaged from
the cyclical loading of the loose bolt

C. Retorque all ring gear bolts to the specified value — if one bolt has loosened, the adjacent bolts may
also have relaxed from the redistributed loading

D. Remove all ring gear bolts, clean the threads, apply new threadlocking compound, and retorque the
entire set — a single loose bolt indicates the threadlocking compound has failed and all bolts are at risk
of loosening



85. A machine's torque converter produces a highpitched whine during the stall phase that decreases in
pitch as the machine accelerates and the converter approaches the coupling phase. What is the normal
source of this noise?

A. The converter's lockup clutch is dragging against the turbine housing during the stall phase and the
noise decreases as the clutch fully seats during the coupling phase

B. The highvelocity fluid circulating inside the converter during the stall phase produces the whine —
the fluid moves at maximum velocity during stall (maximum pumpturbine speed differential) and the
velocity decreases as the turbine catches up to pump speed during coupling, reducing the noise
proportionally

C. The stator oneway clutch is chattering during the stall phase and smooths out as the converter
transitions to the coupling phase where the stator begins to freewheel

D. The converter's internal pressure relief valve is venting excess fluid during the stall phase when the
internal pressure is highest, and the venting noise decreases as the pressure drops during the coupling
phase

86. A machine's automatic transmission has been rebuilt. During the test drive, all shifts are smooth and
correctly timed. However, after 30 minutes of operation, the 23 shift becomes harsh. All other shifts
remain smooth. The transmission oil temperature at the time of the harsh shift is 95°C (within
specification). What is the most likely cause?

A. The 3rd gear clutch pack's accumulator piston Oring has a minor defect that seals adequately when
cold but swells and loses its sealing ability at operating temperature — the loss of accumulator function
at 95°C removes the pressurecushioning effect that provides the smooth shift, and the clutch engages
abruptly

B. The 23 shift solenoid heats up after 30 minutes and its response time slows, delaying the shift
command and causing the engine to flare before the harsh engagement

C. The transmission controller is adapting its shift calibration based on the first 30 minutes of data and
has adjusted the 23 shift timing incorrectly



D. The torque converter lockup clutch is programmed to engage during the 23 shift after the oil reaches
operating temperature, and the lockup engagement coincides with the gear shift to produce the perceived
harshness

87. A technician is adjusting the gear mesh pattern (tooth contact pattern) on a ring and pinion gear set.
The ideal pattern is centred on the tooth face with slight bias toward the toe during noload testing
(because the pattern shifts toward the heel under load). If the observed pattern is concentrated on the
heel of the ring gear tooth, what adjustment is needed?

A. Move the ring gear away from the pinion by adding shims to the carrier bearing on the ring gear back
side

B. Move the pinion closer to the ring gear by reducing the pinion shim thickness, which shifts the
contact pattern from heel toward toe

C. Move the ring gear toward the pinion by removing shims from the carrier bearing on the ring gear
back side

D. No adjustment is possible — a heelconcentrated pattern indicates the ring gear or pinion has been
manufactured incorrectly and the gear set must be replaced with a matched set

88. A machine's wet disc brake produces a grinding noise during application. The brake pads and discs
have been replaced with new components. After the replacement, the grinding noise persists. What
should the technician check?

A. The brake housing bore surface — scoring or debris in the bore prevents the piston from retracting
fully, holding the new pads in partial contact with the new discs

B. The brake oil for contamination — metallic particles from the old brake pack may still be circulating
in the brake oil and are grinding between the new pads and discs during each application



C. The new brake discs' friction material specification — the replacement discs may be the wrong
material type for the separator plates installed in the housing, producing an incompatible friction surface
that generates the grinding noise

D. The separator plate condition — the steel separator plates were not replaced during the brake service,
and their scored or warped surfaces are causing the grinding noise when they contact the new friction
discs during application

89. A machine's A/C system has been evacuated and the technician holds the vacuum for 30 minutes to
verify the system is leakfree. The vacuum gauge starts at 250 microns and rises to 800 microns over 30
minutes. The OEM specification requires the system to hold below 500 microns for 30 minutes. What
does the rising vacuum reading indicate?

A. The ambient temperature increased during the 30minute hold period, causing the residual moisture in
the system to evaporate and raise the vacuum reading — this is a normal temperature response, not a
leak

B. The system has a leak — the vacuum gauge rise from 250 to 800 microns indicates air is entering the
system through a leak point. The system must be pressurized with dry nitrogen and leaktested before
charging

C. The vacuum pump's oil needs replacement — a degraded pump oil produces a false vacuum reading
that drifts upward over time

D. The system contains residual moisture that is boiling off under the vacuum — the rising micron
reading indicates moisture evaporation, not necessarily a leak. The system should be evacuated for a
longer period until the reading stabilizes below 500 microns

90. A machine's cab HVAC system has been producing a musty odour when the A/C is first turned on.
The odour dissipates after approximately 5 minutes of operation. What is the most likely source of the
odour?

A. The refrigerant has degraded from contamination and produces the musty odour when it first
circulates through the evaporator at startup



B. The condenser fins have accumulated organic material (leaves, insect debris) that produces the odour
when the heated air from the condenser enters the HVAC plenum during A/C startup

C. The A/C system's receiverdrier has absorbed moisture beyond its capacity and the saturated desiccant
produces the musty odour when the refrigerant passes through it during startup

D. Mould, mildew, or bacteria have colonized the evaporator's wet surface — the organisms grow on the
evaporator's condensate film during shutdown periods, and the musty odour is released when airflow
passes over the contaminated coil surface at startup

91. A machine's enginedriven A/C compressor has a magnetic clutch that engages the compressor pulley
to the compressor shaft. The clutch coil draws 4 amperes when energized. The technician measures only
2.5 amperes at the clutch coil connector during operation. What is the consequence of this reduced
current?

A. The clutch engages normally — the 2.5A is sufficient to generate adequate magnetic force for clutch
engagement, and the reduced current simply indicates the coil has developed a higherthannormal
resistance from internal heating during long operation cycles

B. The reduced current weakens the magnetic force holding the clutch plate against the pulley — the
clutch may slip under load, producing intermittent cooling loss, elevated compressor temperatures, and
accelerated clutch plate wear from the continuous slipheat cycle

C. The reduced current causes the clutch to cycle on and off rapidly as the magnetic force alternately
engages and releases the clutch plate at the reduced current level

D. The reduced current extends the clutch coil's service life because the lower current produces less heat
in the coil winding, reducing the thermal stress on the coil insulation

92. A technician charges an A/C system with the exact OEMspecified refrigerant weight using a digital
scale. After charging, the system produces adequate cooling but the compressor cycles off on the



highpressure switch during highambienttemperature operation (above 38°C). At lower ambient
temperatures, the system operates normally. What is the most likely cause?

A. The system was charged at a cooler ambient temperature and the refrigerant has expanded at the
higher ambient, producing the elevated highside pressure that triggers the highpressure switch

B. The condenser is partially restricted with debris — at lower ambient temperatures, the condenser has
adequate capacity to reject the heat load even with the restriction, but at high ambient temperatures, the
reduced capacity combined with the higher heat load causes the highside pressure to exceed the switch's
cutout point

C. The highpressure switch is failing from heat exposure and its cutout point has drifted lower in hot
conditions, triggering at a pressure that is within normal operating range for the 38°C ambient

D. The system charge is correct but the condenser fan is not producing adequate airflow at the higher
ambient temperature — the fan motor may be running at reduced speed from a voltage drop in the fan
circuit that worsens in the higher ambient temperature

93. A dieselfired auxiliary heater on a machine has been in service for 5 years. The heater produces heat
but the operator reports a decrease in heat output compared to its original performance. The heater starts
and runs without fault codes. What is the most likely cause of the reduced heat output?

A. The combustion air intake tube has accumulated soot from 5 years of exhaust deposits, restricting the
air supply and reducing the combustion efficiency

B. The fuel metering pump's output has decreased from wear, delivering less fuel per stroke and
reducing the combustion energy output per cycle

C. The coolant flow through the heater's heat exchanger has decreased from scale buildup inside the
exchanger passages — the reduced flow limits the heat transfer from the combustion chamber to the
coolant circuit, decreasing the heater's effective output

D. The heater's combustion chamber and heat exchanger have accumulated soot and carbon from 5 years
of combustion cycles — the soot acts as an insulating layer on the heat exchanger surfaces that reduces
the heat transfer efficiency from the combustion gas to the coolant, decreasing the effective heat output



94. A machine's HVAC system uses a blend door to mix heated and cooled air to achieve the operator's
desired temperature. The blend door is controlled by an electric actuator motor. The operator reports the
temperature cannot be adjusted — the output is stuck at full cold regardless of the temperature setting.
The technician commands the actuator through the diagnostic tool and the motor does not move. What
should be checked?

A. The blend door mechanical linkage — if the door is physically stuck from debris, corrosion, or a
broken linkage, the actuator motor may be stalled against the resistance and unable to move

B. The actuator motor's power and ground connections — if the motor has lost power, lost ground, or
has a failed internal motor winding, it cannot move the blend door regardless of the diagnostic command

C. The HVAC control module — if the module is not sending the correct signal to the actuator, the
motor will not respond to the diagnostic tool's command because the diagnostic tool commands the
module, not the motor directly

D. The actuator's position feedback sensor — if the sensor has failed, the module may be commanding
the actuator but the motor's internal control circuit does not move because it cannot confirm its current
position

95. A machine's cab pressurization system is tested and produces only 25 pascals of positive pressure.
The OEM specification minimum is 50 pascals. The blower motor operates at full speed. The cabin air
filter was replaced one week ago. What should the technician investigate?

A. The cab door, window, and panel seals — deteriorated seals allow pressure to leak from the cab
faster than the blower can replace it, reducing the positive pressure below the specification

B. The replacement cabin air filter — if the wrong filter was installed (incorrect part number with a
coarser or more porous media), the filter may pass air too easily in both directions, reducing the cab's
ability to maintain positive pressure against the external environment

C. The HVAC blower motor — although the motor operates at full speed, the motor's current draw
should be measured to verify it is producing full airflow and not spinning at reduced torque from worn
brushes



D. The recirculation door position — if the recirculation door is partially open, a portion of the blower's
airflow recirculates inside the cab rather than drawing fresh air through the filter, reducing the net fresh
air intake and lowering the positive pressure

96. A machine's A/C system sight glass shows a continuous stream of bubbles during normal operation
at rated RPM with the A/C on maximum. The technician adds refrigerant until the bubbles clear. After
50 hours of operation, the bubbles have returned. What does this recurring pattern indicate?

A. The system has a slow refrigerant leak that depletes the charge over time — the initial bubblefree
state after charging confirms the correct charge, and the return of bubbles confirms the charge is
depleting. The leak must be found and repaired

B. The compressor has internal wear that prevents it from maintaining the liquid seal at the sight glass
— the bubbles are from the reduced compression, not from a low charge

C. The sight glass gasket has failed, allowing air to enter the liquid line at the sight glass location and
produce persistent bubbles regardless of the charge level

D. The expansion valve is oversized for the system and allows excessive refrigerant flow that produces
flash gas at the sight glass location — the bubbles are a flow characteristic, not a charge indication

97. A machine's exhaust aftertreatment system includes a DEF quality sensor that measures the urea
concentration of the DEF in the tank. The sensor reads 28% urea concentration. The OEM specification
is 32.5% = 0.7%. What does this belowspecification reading indicate?

A. The DEF has been diluted — either with water added intentionally to extend the supply, or with
rainwater that entered the tank through a damaged fill cap seal. The diluted DEF reduces the SCR
system's NOx conversion efficiency because insufficient ammonia is produced per volume of DEF
injected into the exhaust



B. The DEF has been stored at elevated temperatures that caused partial decomposition of the urea,
reducing the concentration below specification

C. The DEF quality sensor has drifted from calibration and is reading 4.5% lower than the actual
concentration — the DEF is likely within specification and the sensor should be recalibrated before
condemning the DEF

D. The 28% concentration is within the acceptable operating range — the = 0.7% tolerance in the
specification refers to the sensor's measurement accuracy, not the acceptable DEF concentration range

98. A hydraulic system's variabledisplacement pump has been in service for 8,000 hours. The technician
performs a pump efficiency test at rated pressure and finds the volumetric efficiency is 87%. The OEM
minimum acceptable volumetric efficiency is 85%. The pump is technically within specification. Should
the technician recommend rebuilding the pump at this time?

A. Yes — although the pump is still within the 85% minimum, it is approaching the threshold. The
decreasing efficiency trend (compared to previous tests) indicates the pump's internal clearances are
widening progressively. Scheduling a rebuild now — during a planned downtime — avoids an
unplanned failure that disrupts production and potentially causes secondary damage from a catastrophic
pump failure

B. No — the pump meets the specification and should be returned to service. Testing at the next
scheduled interval will confirm whether the efficiency continues to decline

C. Yes — 87% is below the industry standard of 90% and the pump should be rebuilt regardless of the
OEM's 85% minimum specification

D. No — pump efficiency stabilizes at approximately 85-88% after the initial breakin period and does
not decline further in a properly maintained system

99. A hydraulic system uses two cylinders in a regenerative circuit. During the extend stroke, oil from
the rod end is directed to the cap end to supplement the pump flow. This allows the cylinder to extend
faster with less pump flow. What is the tradeoff of the regenerative circuit during the extend stroke?



A. The regenerative circuit reduces the maximum extend speed because the rodend oil creates
backpressure on the cap end

B. The regenerative circuit increases the pump's heat generation because the recirculated oil passes
through additional restrictions

C. The regenerative circuit reduces the extend force — the rodend oil entering the cap end also acts on
the annular area of the piston in the oppose direction. The net extend force equals pressure X (cap area —
rod area) rather than pressure x cap area, reducing the available pushing force

D. The regenerative circuit increases the retraction speed proportionally because the additional oil
volume in the cap end must be exhausted during the retract stroke

100. A machine's hydraulic oil cooler is a plateandfin airtooil type. The technician discovers the cooler's
external fins are 60% blocked with a compacted layer of dust, chaff, and insect debris. The oil
temperature is 10°C above the normal operating range. What is the most effective cleaning method for
this type of cooler?

A. Blow the debris out with highpressure water from the clean side (engine side) through the cooler to
the dirty side (air intake side) — water provides better cleaning than compressed air for compacted
organic debris

B. Use a chemical degreaser sprayed onto the fin surface and allow it to soak for 30 minutes before
rinsing with water — the degreaser dissolves the organic binding material and releases the compacted
debris

C. Blow compressed air from the engine side through the cooler to the intake side — but this method
only removes loose surface debris and may not clear the compacted layer

D. Blow compressed air or lowpressure water from the clean side (engine side) through the fins toward
the dirty side (intake side) to push the debris out in the reverse direction of normal airflow — always
clean from the clean side to the dirty side to push contamination out rather than driving it deeper into the
fin pack



101. A machine's hydraulic system includes a priority valve that guarantees 40 L/min to the steering
circuit and directs excess flow to the implement circuit. The pump produces 120 L/min total. During a
diagnostic test, the technician measures 40 L/min to steering and only 60 L/min to implements (instead
of the expected 80 L/min). Where is the missing 20 L/min?

A. The priority valve is dumping 20 L/min to tank through an internal leak or a stuckopen drain passage
in the valve body

B. The pump's actual output is only 100 L/min instead of the rated 120 L/min — the pump has lost 20
L/min of output from internal wear, and the priority valve correctly sends the first 40 L/min to steering
and the remaining 60 L/min to implements

C. The implement circuit has a 20 L/min internal leak that is consuming the missing flow — the priority
valve is delivering the correct 80 L/min but 20 L/min is bypassing inside the implement DCV or a
cylinder before reaching the measurement point

D. The steering circuit is consuming more than 40 L/min — a worn steering valve or an internal leak in
the steering circuit is drawing additional flow beyond the 40 L/min priority setting

102. A machine's hydrostatic pump has been rebuilt and reinstalled. During the initial test, the technician
discovers the pump produces flow in the forward direction but produces zero flow in reverse — the
swashplate does not move past zero when reverse is commanded. The servo pressure is correct on both
sides. What is the most likely cause?

A. The pump was assembled with the swashplate control linkage connected to the wrong servo port —
the forward servo is connected where the reverse should be, and vice versa, allowing forward
displacement but blocking reverse

B. The rebuilt pump's internal swashplate stop has been installed incorrectly — the mechanical stop
limits the swashplate travel to forward only and physically prevents the swashplate from passing through
zero to the reverse angle

C. The pump's charge check valves have been installed backward — the reversed check valves allow
charge flow to the forward loop but block it from the reverse loop



D. The rebuilt pump's servo piston for the reverse direction has been assembled without its seal, causing
the servo pressure to bypass internally and the piston cannot develop force to stroke the swashplate past
zero displacement

103. A machine's air brake system has a safety valve (popoff valve) on the supply reservoir set at 1,035
kPa (150 PSI). The governor is set to cut out at 860 kPa (125 PSI). What is the purpose of the safety
valve?

A. The safety valve provides a secondary pressure regulation function that smooths the governor's on/off
pressure cycling

B. The safety valve limits the maximum parking brake application force to prevent the spring brakes
from overapplying and damaging the brake discs

C. The safety valve prevents moisture damage by venting wet air from the supply reservoir at a
controlled rate during each governor unload cycle

D. The safety valve is the lastresort overpressure protection — if the governor fails and does not unload
the compressor at 860 kPa, the safety valve opens at 1,035 kPa to prevent the air system from exceeding
the pressure rating of the reservoirs, valves, and chambers

104. A hydraulic system's oil has a target operating temperature range of 45-65°C. The technician
measures the oil at 38°C during normal loaded operation. The cooler bypass thermostat is functioning
correctly (bypassing the cooler because the oil is below the thermostat's opening point). What concerns
does the belownormal oil temperature create?

A. No concern — cooler oil has better lubricating properties than warm oil and extending the oil life is a
benefit of operating at the lower temperature



B. Cold oil has higher viscosity that increases the pressure drop across all restrictions in the circuit —
this forces the pump to work harder (generating more heat from the additional flow resistance), increases
cavitation risk at the pump inlet, and may exceed the filter's differential pressure limit, triggering the
bypass valve

C. Cold oil reduces the system's maximum working pressure because the pump's compensator responds
more slowly to pressure changes in the thicker oil

D. Cold oil causes the accumulator bladder to stiffen, reducing the accumulator's ability to absorb
pressure spikes and dampening its energy storage function

105. A machine's hydraulic system uses a closedcentre loadsensing (CCLS) pump. The technician
measures the loadsensing (LS) differential at the pump controller. The specification is 20 bar LS
differential. The measured differential is 32 bar. What does the elevated LS differential produce?

A. The pump maintains adequate flow to all circuits but the elevated differential wastes energy by
maintaining 12 bar more supply pressure than needed above the load — this excess pressure is converted
to heat as the oil passes through the DCV metering edges, increasing the system's heat generation rate
without improving actuator performance

B. The elevated LS differential improves actuator response by providing a higher pressure margin that
fills the actuators faster during sudden demand changes

C. The elevated LS differential reduces the pump's service life by maintaining the pump at a higher
operating pressure than designed for all standby and working conditions

D. The elevated LS differential increases the implement speed proportionally because the higher
pressure differential pushes more flow through the DCV metering edges

106. A hydraulic cylinder rod has been chromeplated. During an inspection, the technician discovers the
chrome plating has a network of fine cracks (sometimes called "craze cracking” or "checking™). Is this a
defect that requires rod replacement?



A. Fine cracks in chrome plating are a normal characteristic of hard chrome — the plating is applied
under tension that produces microcracks during the plating process. These cracks actually improve the
rod's lubrication by retaining a thin oil film in the crack network. However, if the cracks are deep
enough to expose the base metal or if the chrome is flaking, the rod must be replaced or replated

B. Any cracking in chrome plating requires immediate rod replacement because the cracks will
propagate into the base metal under the cyclical stress of cylinder operation

C. The cracked chrome is a cosmetic defect only — the base metal beneath the chrome provides the
structural integrity and the chrome is only a surface treatment for appearance

D. The chrome plating must be stripped and reapplied because the cracks allow hydraulic oil to seep
beneath the chrome layer and corrode the base metal from underneath

107. A machine's hydraulic system has a 200litre reservoir. The total system capacity (including all
cylinders, motors, hoses, cooler, and filter housings) is 350 litres. The technician drains the reservoir
(200 litres) and refills with new oil. What percentage of the total system oil has been replaced?

A. 100% — draining the reservoir removes all oil from the system because the reservoir is the lowest
point in the circuit

B. 57% — the reservoir holds 200 of the 350 total litres. The remaining 150 litres in the cylinders,
motors, hoses, cooler, and filter housings was not drained. To replace more than 57% of the oil, the
technician must also drain the cylinders, motors, and other components, or use a flushing procedure

C. 75% — the remaining 25% is trapped in the pump and valve body internal passages and cannot be
drained by any practical method

D. The percentage cannot be determined without knowing the specific volume in each individual
component



108. A machine's hydrostatic drive system includes a flushing (shuttle) valve that directs a small amount
of hot loop oil through the cooler and replaces it with cooler charge oil on each direction change. If the
flushing valve sticks closed, what is the consequence?

A. The machine cannot change direction because the flushing valve also serves as the directional control
for the motor

B. The loop oil is not refreshed through the cooler — the same oil circulates continuously in the closed
loop without being cooled or filtered. The oil temperature rises progressively and the accumulated heat
degrades the oil, damages seals, and reduces the pump and motor's service life

C. The charge pressure drops because the flushing valve normally supplements the charge circuit with a
portion of the loop flow, and the closed valve eliminates this supplemental flow

D. The drive motor overspeeds because the flushing valve normally bleeds a small amount of flow from
the loop, and the closed valve allows all pump output to reach the motor

109. A machine's pilotoperated relief valve has two adjustments: a main spring adjustment that sets the
maximum relief pressure, and a remote pilot adjustment that allows an external signal to lower the relief
setting below the main spring setting. A technician accidentally adjusts the remote pilot to a higher
pressure than the main spring setting. What is the result?

A. The relief valve opens at a pressure between the main spring and remote pilot settings — the two
springs add together to produce a combined higher relief pressure

B. The relief valve operates at the main spring setting regardless — the remote pilot can only lower the
relief pressure below the main spring setting, never increase it above it. The accidental adjustment has
no effect because the main spring opens the valve before the remote pilot's higher setting is reached

C. The relief valve operates at the remote pilot's higher pressure because the remote pilot overrides the
main spring in all conditions

D. The relief valve locks closed because the two opposing settings create a hydraulic deadlock that
prevents the valve from opening at any pressure



110. A machine's hydraulic system uses an inline pressure filter with a differential pressure indicator and
a bypass valve. During coldstart operation, the differential pressure indicator triggers (showing the filter
is in bypass). After 10 minutes of operation, the indicator resets. This occurs every cold start. Is this a
concern?

A. Yes, this is a concern — the filter element should be replaced. The coldstart bypass indicates the
element has captured enough contamination that the additional viscosity of cold oil pushes the
differential pressure above the bypass threshold. While the bypass resets when the oil warms, the filter is
near its contamination capacity and should be changed

B. No — this is a normal characteristic of coldstart operation. The high viscosity of cold oil produces a
higher differential pressure across any filter element. If the indicator resets when the oil warms, the
element has adequate remaining capacity and should be monitored at each cold start to track the trend

C. Yes — the filter bypass valve is defective and opening at too low a differential pressure during cold
conditions

D. No — the coldstart bypass is an intentional design feature that protects the pump from the high
restriction of the cold filter by routing oil around the element until the oil warms

111. A machine's air brake system has been tested and the following results are recorded: initial
fullsystem buildup from zero to governor cutout: 2 minutes 30 seconds (specification: maximum 3
minutes). With engine off and a full brake application held, the pressure drops from 690 kPa to 620 kPa
in 1 minute (specification: maximum 21 kPa drop per minute). What does the excessive pressure drop
indicate?

A. The governor is not maintaining the correct cutout pressure, and the system is starting the engineoff
test at a lowerthandesigned pressure that exaggerates the percentage drop

B. The buildup time is within specification, confirming the compressor and air supply are adequate. The
excessive pressure drop (70 kPa vs. 21 kPa maximum in one minute) confirms the brake system has one
or more leaks — likely in the brake valves, chambers, lines, or fittings — that must be located and
repaired before the machine is returned to service

C. The 70 kPa drop is within the acceptable range for heavy equipment air brake systems — the 21 kPa
specification applies only to highway vehicles, not offroad equipment



D. The pressure drop is caused by the air cooling after the compressor shuts off — the temperature
reduction contracts the air volume and produces the apparent pressure drop that is not an actual leak

112. A machine's hydraulic cylinder is being benchtested for internal bypass. The test involves
pressurizing the cap end to rated pressure and measuring the flow from the rod end over a fixed time
period. The OEM specification allows a maximum of 5 drops per minute from the rod end. The cylinder
produces 3 drops per minute. The technician also notices a thin film of oil on the rod surface below the
rod seal. Should this cylinder be returned to service?

A. No — the oil film on the rod surface indicates the rod seal has failed, and the cylinder will develop an
external leak that contaminates the work area and depletes the hydraulic oil level

B. Yes — the internal bypass rate (3 drops per minute) is within the 5drop specification, and the thin oil
film on the rod is normal for a cylinder in service. The oil film provides lubrication for the rod seal lip
and wiper seal, and a thin film does not constitute an external leak. The cylinder is serviceable

C. No — any visible oil on the rod surface indicates the rod seal is bypassing, and the 3drop internal
bypass combined with the rod oil film confirms the cylinder has dual leakage paths that will worsen
rapidly

D. Yes — but only for lowpressure circuits below 150 bar. At rated pressure, the combined internal and
external leakage will exceed the specification under the sustained load of highpressure operation

113. A machine's hydraulic system includes a flow control valve set to deliver 30 L/min to a conveyor
motor. The system pump produces 100 L/min. The flow control valve is a pressurecompensated type
with a bypass port to tank. What happens to the system if the conveyor motor's load increases
significantly?

A. The flow control valve reduces the flow to the motor to maintain a constant pressure drop across its
metering orifice — the motor slows down proportionally to the load increase



B. The flow control valve increases the flow to the motor to maintain the motor speed against the
increased load — the additional flow is drawn from the bypass flow that would normally return to tank

C. The flow control valve maintains the 30 L/min to the motor regardless of the load change — the
pressurecompensation mechanism adjusts internally to keep the flow constant while the system pressure
increases to meet the higher motor demand. The motor speed remains constant and the bypass flow to
tank decreases as the system pressure rises

D. The flow control valve closes to protect the motor from the increased pressure, stopping the conveyor
until the load is reduced

114. A machine's hydraulic accumulator precharge has been checked and found to be at the correct
pressure. The technician then performs a function test — the accumulator should provide 4 brake
applications after the engine is shut off. The test yields only 2 applications. What should the technician
investigate?

A. The accumulator's bladder or piston seal — even though the precharge is correct, the bladder or
piston may have a slow leak that allows the nitrogen to mix with the oil, reducing the accumulator's
effective gas volume and therefore its stored oil capacity

B. The hydraulic oil temperature — cold oil occupies less volume per unit of stored energy and the
reduced oil volume provides fewer brake applications at cold temperatures

C. The brake circuit for leaks — the precharge is correct and the accumulator can store the designed gas
volume, but if the brake circuit has a leak downstream of the accumulator, the stored oil leaks out of the
circuit before it can be used for the 3rd and 4th applications

D. The accumulator's isolation valve — if the valve does not close fully when the engine shuts off, the
accumulated pressure bleeds back through the valve to the return circuit

115. A machine's air brake system uses an alcohol evaporator (air line antifreeze) to prevent moisture
from freezing in the brake lines during cold weather. The evaporator is empty. The operator refills it



with windshield washer fluid instead of the specified methyl hydrate (methanol). What damage may this
cause?

A. Windshield washer fluid contains detergents and colorants that damage the rubber seals, diaphragms,
and Orings in the air brake valves and chambers — the chemicals swell, soften, or dissolve the rubber
components, producing brake leaks and valve malfunctions

B. Windshield washer fluid freezes at a higher temperature than methanol, providing inadequate freeze
protection for the air brake system in severe cold conditions

C. Windshield washer fluid has a lower evaporation rate than methanol and accumulates as liquid in the
brake chambers, hydraulically locking the brake pistons during application

D. Windshield washer fluid is flammable and introduces a fire hazard into the brake system that
methanol does not present

116. A machine's hydraulic return line has been routed through a 90degree fitting where the original
system used a longradius bend in the hose. What effect does the sharp 90degree fitting have compared to
the original longradius bend?

A. The sharp 90degree fitting produces no measurable difference in system performance compared to
the longradius bend

B. The sharp fitting creates additional turbulence that aerates the return oil, introducing air bubbles into
the reservoir that the pump may ingest on the next cycle

C. The sharp 90degree fitting creates a higher pressure drop and more turbulence than the longradius
bend — the increased restriction raises the return line backpressure, which can prevent cylinder rodend
chambers from draining freely, slow retraction speeds, and generate additional heat from the turbulent
energy loss

D. The sharp fitting creates a flow velocity increase at the bend that can erode the fitting's internal
surface over time, releasing metallic particles into the return oil and contaminating the system



117. A machine's hydrostatic drive system has a maximum loop pressure specification of 420 bar. The
technician measures the loop pressure during a stall test and reads 450 bar. What is the most likely cause
of the elevated loop pressure?

A. The crossport relief valves have been adjusted above the specification — the relief valves are set at
450 bar instead of the designed 420 bar maximum, allowing the loop pressure to exceed the system's
rated capacity

B. The charge pressure is too high, adding to the loop pressure and producing the elevated reading —
the total loop pressure = working pressure + charge pressure

C. The drive motor has seized and the pump is deadheading against the seized motor, producing pressure
above the relief setting because the relief valves cannot react quickly enough to the instantaneous
pressure spike

D. The stall test procedure produces a momentary pressure overshoot above the relief setting that is
normal — the actual sustained pressure is within specification

118. A hydraulic system's main pump has a pressure compensator that destrokes the pump when system
pressure reaches the compensator setting. The compensator is set at 250 bar. The technician notices the
pump does not fully destroke at 250 bar — it maintains partial displacement at the compensator setting,
producing a continuous flow to the relief valve. What is the most likely cause?

A. The compensator spring has weakened and the pump begins to destroke at a lower pressure than 250
bar, but the weakened spring cannot generate enough force to fully destroke the pump, leaving it at
partial displacement

B. The compensator spool is sticking from contamination — the spool moves partially toward the
destroke position but cannot travel to the fulldestroke stop because contamination is binding the spool in
the bore

C. The pump's servo piston seal has failed, allowing the compensator's control pressure to bypass rather
than moving the swashplate to the fulldestroke position — the pump partially destrokes from the
reduced control force but cannot reach zero displacement



D. The compensator is functioning correctly but the system has a large internal leak that prevents the
pressure from stabilizing at 250 bar — the pump maintains partial displacement to replace the leaking
flow and maintain the set pressure

119. A machine's air brake system has a relay valve on the rear axle. The relay valve's purpose is to
provide fast brake application by using local reservoir air near the axle rather than sending air the full
length of the machine from the foot valve. During testing, the technician discovers the relay valve has a
cracked diaphragm. What symptom does the cracked diaphragm produce?

A. The relay valve cannot seal in the applied position — air leaks past the cracked diaphragm, reducing
the application pressure at the rear brake chambers below the commanded level, which reduces rear
braking force

B. The relay valve cannot seal in the released position — air continuously leaks past the cracked
diaphragm to the brake chambers, causing the rear brakes to partially apply when the pedal is released,
producing brake drag and overheating

C. The cracked diaphragm allows air to leak from the relay valve to atmosphere, producing an audible
hiss at the relay valve location and depleting the rear reservoir, which reduces the available air for
subsequent brake applications

D. The cracked diaphragm allows the relay valve to pass air in both directions simultaneously — the
valve applies and exhausts simultaneously, producing a pulsating brake application at the rear axle

120. A hydraulic excavator's swing motor is producing a metallic banging noise during each swing start
and stop. The noise is a single bang at the start of each swing motion and a single bang at the stop.
Between the start and stop, the swing operates quietly. What is the most likely cause?

A. The swing motor's internal makeup (anticavitation) check valves are chattering at the start and stop of
each swing cycle as the flow direction transitions through zero



B. Excessive backlash in the swing gear mesh — the pinion teeth must travel through the backlash gap
when the swing starts (initial engagement bang) and again when the swing stops (the inertia carries the
upper structure until the teeth impact on the opposite side of the gap)

C. The swing relief valves are opening abruptly at the start and stop of each swing cycle, producing the
hydraulic hammer noise through the swing motor housing

D. The swing brake is not fully releasing before the swing motor begins to drive — the initial bang is the
brake releasing under motor torque, and the stopping bang is the brake applying before the motor has
fully stopped

121. A machine's hydraulic system uses a closedcentre postcompensated loadsensing directional control
valve. The postcompensator is located downstream of each DCV section and maintains a constant
pressure drop across each section's metering edge. What advantage does postcompensation provide
compared to a precompensated system?

A. Postcompensation provides faster actuator response because the compensator reacts to the
downstream load signal before the oil passes through the metering edge

B. Postcompensation maintains the set flow to each active function regardless of other functions' load
pressures — during simultaneous operation, if one function has a significantly higher load than another,
the postcompensator prevents the lowerload function from robbing flow from the higherload function,
maintaining proportional speed control

C. Postcompensation provides higher maximum system pressure because the compensator's spring force
adds to the pump's supply pressure

D. Postcompensation eliminates the need for loadsensing lines to the pump because the compensators
selfregulate without feedback



122. A machine's hydraulic system has been contaminated with water. The oil appears milky and the
water content measured by oil analysis is 0.5%. The OEM specification maximum is 0.1%. What is the
most effective method for removing the water from the system?

A. Drain the reservoir completely, clean the interior, refill with new oil, and operate the machine
normally — the new oil will absorb and dilute the remaining water in the circuit to below the
specification

B. Install a vacuum dehydration unit on the reservoir return line — the dehydrator heats the oil and
applies a vacuum to evaporate the water out of the oil, removing both free and dissolved water without
replacing the oil. Continue operating the dehydrator until the water content drops below the 0.1%
specification

C. Add a waterabsorbing chemical additive to the oil that bonds with the water molecules and allows
them to be captured by the system's standard return line filter

D. Replace all oil in the system (reservoir, cylinders, motors, hoses, filter housings) and flush all lines
with new oil — this is the only method that guarantees the water content drops below specification in a
single service event

123. A mining excavator's boom has completed 30,000 operating hours. The OEM's structural integrity
management plan requires ultrasonic testing (UT) of all critical weld joints at this hour milestone. The
UT inspector reports a 15 mm internal flaw in a fullpenetration butt weld at a highstress location. The
flaw is subsurface — it was not detectable by visual inspection or surface NDE methods. What type of
flaw is this most likely to be?

A. A fatigue crack that has initiated at an internal stress riser (such as a weld root defect or an inclusion)
and propagated to 15 mm through the cyclical loading of 30,000 hours — but has not yet reached the
surface

B. A slag inclusion or lackoffusion flaw from the original weld fabrication that has been present since
the boom was manufactured — the flaw has remained stable at 15 mm for the entire service life and is a
manufacturing defect, not a serviceinduced defect

C. A hydrogen crack that formed during the original fabrication and has been dormant in the weld's
heataffected zone for the entire service life without growing



D. The UT inspector must characterize the flaw type (crack, inclusion, porosity, or lack of fusion)
through additional testing techniques — the 15 mm measurement alone does not identify whether the
flaw is a fabrication defect that has been present since new or a serviceinduced fatigue crack that has
grown during operation. This characterization determines the repair urgency and method

124. A technician is installing a new set of wear plates (liner plates) inside a rock truck's dump body.
The wear plates are attached with countersunk bolts so the bolt heads do not protrude above the wear
plate surface. Why is it critical that the bolt heads remain below the wear plate surface?

A. Protruding bolt heads catch the loaded material during dumping, preventing the material from sliding
cleanly out of the body and leaving a residual layer that reduces the next load's effective volume

B. Protruding bolt heads are struck by the loaded material during loading and transport — the repeated
impact shears the bolt heads, releases the wear plates, and creates loose steel objects in the material
stream that damage downstream processing equipment

C. Protruding bolt heads create high points that concentrate the material's abrasive force, accelerating the
wear plate's erosion at each bolt location and creating thin spots in the liner

D. Protruding bolt heads damage the excavator bucket during the loading process when the bucket
contacts the truck body's interior surface

125. A machine's quick coupler has been involved in an incident where the attachment partially
disengaged during operation. The investigation determines the secondary locking mechanism was not
engaged. The OEM has issued a service bulletin requiring a retrofit of an automatic secondary lock with
a visual indicator. What is the purpose of the automatic secondary lock compared to the original manual
secondary lock?

A. The automatic lock engages faster, allowing the operator to change attachments more quickly and
improve productivity



B. The automatic lock provides higher holding force than the manual lock, preventing disengagement
under higher dynamic loads

C. The automatic secondary lock engages without requiring the operator to leave the cab — it eliminates
the humanerror risk of forgetting to manually engage the secondary lock, which was the root cause of
the incident

D. The automatic lock includes a proximity sensor that communicates with the ECM, adding an
electronic verification layer that prevents implement operation if the lock is not confirmed engaged

126. A wheel loader's bucket has been modified by welding a rebar grid inside the bucket to create a
screening function — the rebar allows fine material to fall through while retaining oversized material.
What structural concern does this modification create?

A. The welded rebar changes the bucket's centre of gravity, potentially exceeding the machine's rated
tipping load at the modified bucket's new weight and balance point — the modified bucket's total weight
and CG position must be verified against the machine's load chart

B. The rebar grid reduces the bucket's effective volume and the operator may overload the machine by
attempting to fill the reducedvolume bucket to capacity with heavier screened material

C. The welding process has introduced heat into the bucket's structural walls, potentially weakening the
heataffected zones and creating initiation points for fatigue cracks during loaded operation

D. The rebar grid traps oversized material that impacts the bucket walls during transport, concentrating
the dynamic loading on the weld points where the rebar is attached

127. A machine's ROPS/FOPS combined structure has been inspected and found to have corrosion on
the interior surface of the ROPS tubes at the base where they meet the frame mounting pads. The
corrosion has reduced the tube wall thickness by approximately 15% in the affected area. Is this a
concern?



A. No — ROPS tubes are designed with sufficient wall thickness to accommodate up to 25% corrosion
loss without falling below the minimum structural requirement

B. No — corrosion on the interior surface does not affect the ROPS structural performance because the
exterior surface carries all the bending and compression loads during a rollover

C. Yes — but only cosmetically. The corrosion should be treated with a rustinhibiting primer and
painted to prevent further progression

D. Yes — any wall thickness reduction at a highstress location (such as the tube base where it joins the
frame mount) compromises the ROPS rated energy absorption capacity. The affected ROPS must be
assessed by the OEM or a qualified structural engineer to determine if the remaining wall thickness
meets the ROPS certification requirements

128. A machine's operator seat has developed excessive vibration transmission — the operator reports
feeling significantly more machine vibration in the seat than when the seat was new. The seat
suspension has been checked and operates correctly. What other component should be investigated?

A. The seat's internal foam cushion — over time, the polyurethane foam loses its resilience and
compresses permanently, reducing its ability to absorb and dampen the vibration that the suspension
transmits to the seat pan. The compressed foam transmits vibration directly from the seat pan to the
operator rather than absorbing it

B. The seat mounting bolts — loose mounting bolts allow the seat frame to rattle on the cab floor,
amplifying the vibration transmission

C. The seat's fabric cover — a worn or stretched cover reduces the friction between the operator and the
seat surface, allowing the operator to slide and perceive the vibration as more intense than a firmly
seated position

D. The cab's isolation mounts — deteriorated cab mounts transmit more machine vibration to the cab
floor, and the increased input vibration overwhelms the seat suspension’s designed damping capacity



129. A machine's attachment mounting plate has four pin bores. During inspection, two of the four bores
are found to have wallowed (enlarged from wear). The remaining two bores are within specification.
The technician welds buildup material into the two worn bores and remachines them to the original
diameter. Is this repair method acceptable?

A. Yes — weld buildup and remachining is the standard repair method for worn pin bores on attachment
mounting plates, provided the correct electrode and preheat/postheat procedures are followed

B. No — the attachment mounting plate is part of the ROPS restraint system and cannot be modified by
field welding without OEM or engineering approval

C. Yes — but the repaired bores must be verified by NDE (magnetic particle or dye penetrant testing) to
confirm no cracks were introduced by the welding process before the attachment is reinstalled

D. No — welding on the mounting plate introduces heat that may warp the plate, changing the bore
alignment relative to the other two bores. The weld repair must be followed by a bore alignment check
using a barthroughbore method to verify all four bores are still concentric and parallel

130. A machine's counterweight attachment bolts are specified as Grade 10.9 metric bolts with a torque
specification of 850 N-m. The technician discovers the bolts have been replaced with Grade 8.8 bolts of
the same size. The bolts are currently tightened and the counterweight is securely attached. Should the
bolts be replaced?

A. No — Grade 8.8 bolts are adequate for counterweight attachment because the static load on the bolts
does not approach the yield strength of either grade

B. No — the bolts can remain if the torque is reduced to the Grade 8.8 specification (approximately 580
N-m) to prevent the bolts from being overstressed at the higher 850 N-m torque

C. Yes — but the replacement can be scheduled for the next major service interval because the current
installation is safe for continued operation at the reduced bolt grade

D. Yes — Grade 8.8 bolts have approximately 20% lower yield and tensile strength than Grade 10.9. At
the 850 N-m torque specification designed for Grade 10.9, the Grade 8.8 bolts may be stressed near or
above their yield point, risking bolt stretch, fatigue failure, and counterweight detachment. The bolts
must be replaced with the correct Grade 10.9 specification



131. A technician is installing a new hydraulic breaker (hammer) on an excavator. The breaker
manufacturer's installation manual specifies a maximum backpressure of 8 bar on the breaker's return
line. The excavator's return line has a measured backpressure of 12 bar during breaker operation. What
must be done to resolve this backpressure issue?

A. Install a dedicated return line from the breaker directly to the hydraulic reservoir, bypassing the
machine's existing return circuit — this eliminates the backpressure from the machine's return line filter,
cooler, and other return circuit components that are creating the 12 bar restriction

B. Increase the return line filter's bypass valve setting from its current value to 15 bar, which will reduce
the filter's contribution to the total backpressure

C. Reduce the breaker's operating pressure to compensate for the elevated backpressure — the net
working pressure remains the same and the breaker performs identically

D. Install a larger return line hose from the breaker to the machine's return port — the increased hose
diameter reduces the flow velocity and therefore the pressure drop in the return line

132. A hybrid machine's motorgenerator operates as a motor during acceleration (consuming electrical
energy from the battery) and as a generator during deceleration (producing electrical energy to recharge
the battery). During the transition from motoring to generating, the motorgenerator passes through a
brief zerotorque point. What engineering challenge does this zerotorque transition create for the
machine's control system?

A. The zerotorque point creates a brief moment where the machine has no drive force and no braking
force — the control system must manage this transition seamlessly to prevent the operator from
perceiving a "dead spot"” in the drive response

B. The zerotorque point produces a voltage spike on the HV bus as the motorgenerator's backEMF
reverses polarity during the transition

C. The zerotorque transition creates a resonant vibration in the drivetrain as the motorgenerator's
magnetic field reverses direction through zero

D. The zerotorque point allows the HV contactors to arc because the current momentarily drops to zero,
which is the most dangerous moment for contactor wear



133. A batteryelectric machine's traction battery is divided into multiple modules connected in series to
achieve the required system voltage. Each module has its own temperature sensor monitored by the
BMS. During operation, one module consistently runs 8°C hotter than all other modules. What does this
temperature differential indicate?

A. The hot module has higher internal resistance than the other modules — either from cell degradation,
a manufacturing variation, or a connection resistance issue. The higher resistance produces more
resistive heating (I2R losses) during discharge and charge cycles, causing the temperature differential. If
uncorrected, the elevated temperature accelerates the hot module's degradation further

B. The cooling system has an air bubble trapped in the cooling plate beneath the hot module, reducing
the coolant flow to that module

C. The hot module is physically located closest to the traction motor, and the motor's radiated heat raises
the module's temperature above the others

D. The BMS temperature sensor for that module has drifted and is reading 8°C high — the actual
module temperature matches the other modules

134. A technician is decommissioning a damaged HV traction battery from a machine that was involved
in a collision. The battery enclosure is cracked and electrolyte is visible. What specific hazard does the
exposed electrolyte present in addition to the HV electrical hazard?

A. The electrolyte is flammable and the damaged battery may ignite spontaneously if the electrolyte
contacts atmospheric oxygen

B. The electrolyte produces toxic fumes that require suppliedair respiratory protection during the
decommissioning process

C. The exposed electrolyte creates a slip and fall hazard on the shop floor that must be controlled with
absorbent barriers

D. Lithiumion electrolyte is corrosive and flammable — it contains organic solvents that can ignite or
produce toxic hydrogen fluoride gas if heated or exposed to flames. The damaged battery also has an
elevated risk of thermal runaway from the compromised cell structure, which can produce fire,
explosion, and toxic gas emission



135. A fleet operator is evaluating the return on investment (ROI) for converting a small fleet of wheel
loaders from diesel to batteryelectric. The analysis shows the batteryelectric loaders break even on total
cost of ownership after 4 years. What single factor most significantly influences whether the breakeven
point moves earlier or later?

A. The cost of tires — batteryelectric machines use the same tires as diesel machines, and tire costs are
the largest single maintenance expense regardless of power source

B. The cost of electricity versus diesel fuel — the energy cost differential is the dominant variable in the
TCO calculation, and any change in electricity rates or diesel prices directly shifts the breakeven point.
A region with cheap electricity and expensive diesel reaches breakeven sooner, while a region with
expensive electricity and cheap diesel delays or eliminates the breakeven point

C. The resale value of the diesel machines being replaced — the tradein value of the existing fleet
offsets the higher purchase price of the electric machines and directly affects the initial capital
investment portion of the ROI calculation

D. The availability of government incentives — tax credits, grants, and rebates for electric equipment
reduce the purchase price and can move the breakeven point significantly earlier

Practice Exam 11: Answer Key and Explanations

1. C — Before any repair work begins, the technician must conduct a field-level hazard assessment of
the immediate work area. A motor scraper stuck in a trench with a full bowl presents multiple hazards:
unstable ground around the trench edges, the mass of the loaded bow! positioned above the work area,
potential overhead utilities, and energy sources requiring isolation. Identifying and controlling these
hazards is always the first action before positioning near the machine.

2. A — A chain sling may appear visually serviceable but have internal wear, elongation, or stretch that
reduces its capacity below the marked rating. The sling must have a current inspection tag or colour
code confirming it has passed its most recent periodic inspection — this documented verification
ensures the sling's actual capacity has been measured and confirmed within the inspection interval.

3. D — A drained fuel tank is more dangerous than a full tank because the headspace above the
remaining fuel contains a vapour-air mixture that may be within the explosive range (between the lower
and upper explosive limits). A full tank has minimal headspace and is too rich to ignite. The drained
tank must be gas-free tested and certified below the LEL threshold before any hot work is performed in
its vicinity.



4. B — The crane's rear wheels lifting off the ground confirms the load's moment (weight x distance
from the fulcrum) has exceeded the crane's stabilizing moment. As the load swings outward, the
effective lever arm increases, pushing the total moment beyond the crane's capacity at that boom
position. The technician must immediately lower the load to prevent the crane from tipping completely
forward.

5. A — The technician can proceed with the electrical and fuel disconnection work provided the
asbestos-containing materials on the exhaust system are not disturbed. The technician must have
asbestos awareness training, must not cut, abrade, or damage the asbestos insulation, and must stop work
immediately if any asbestos material is inadvertently disturbed during the adjacent work activities.

6. C — The ROPS and seat belt function as an integrated system. The ROPS creates a protective cage
around the operator's position, but it only protects if the operator remains inside that cage during a
rollover. Without the seat belt fastened, the operator can be thrown from the protective zone — partially
or fully ejected from the cab — and crushed by the rolling machine. The belt keeps the operator within
the ROPS envelope.

7. B — A discharged fire suppression system — whether from a fire or an accidental discharge — must
be recharged, inspected, and re-certified by a qualified fire suppression technician. The complete system
(nozzles, lines, actuators, detection sensors, and agent container) must be verified functional. A
discharged system provides zero fire protection, and returning the machine to service without re-
certification leaves the engine compartment unprotected.

8. D — An electromagnet holds its load solely through the magnetic field generated by electrical current
flowing through its coil. When power is interrupted, the magnetic field collapses instantly and the load is
released at whatever height it is at. This is a fundamental hazard of electromagnetic lifting — the load
drops without warning during any power interruption, requiring clear exclusion zones beneath the load
path.

9. A — A flashpoint of 28°C means the solvent can produce ignitable vapour concentrations at or very
near the current 25°C shop temperature — the 3°C margin provides virtually no safety buffer, especially
considering that local temperatures near heat sources, in direct sunlight, or near the parts cleaning tank
may exceed 28°C. All ignition sources must be eliminated and the tank must be grounded to prevent
static discharge.

10. C — The first priority for a significant bleeding wound is immediate bleeding control — apply direct
pressure with a clean dressing from the first aid kit. Once the bleeding is controlled, the second priority



is communication — contact the emergency centre to report the injury and activate the medical
response. Driving 90 minutes with an uncontrolled wound or delaying first aid for any reason risks
unnecessary blood loss.

11. D — Rapid oil darkening without elevated wear metals confirms excessive soot generation rather
than mechanical wear. Slightly retarded injection timing produces incomplete combustion that generates
more soot per combustion cycle than normal. The soot loads the oil's dispersant additives faster — the
oil darkens in 50 hours instead of 250 — while no mechanical damage occurs because the timing
deviation is small enough to maintain normal power output.

12. B — A hard hot-restart with normal cold starting confirms the fuel system loses pressure specifically
during the hot-soak period. Heat causes fuel to expand, lowering its viscosity and making it more likely
to leak past the rail pressure control valve, injector seats, or the HP pump's internal check valve. The
depleted rail must be refilled during the extended cranking before the engine has sufficient pressure to
fire.

13. A — Engine oil typically operates at 250-450 kPa, while the cooling system operates at 100-120
kPa (cap pressure). When a plate cracks in the oil cooler, the higher-pressure oil is forced through the
crack into the lower-pressure coolant side during most operating conditions. This is why oil in the
coolant is the more common symptom of an oil cooler failure rather than coolant in the oil.

14. C — A wet compression test differentiates ring/piston faults from valve faults. Injecting oil into the
cylinder temporarily seals the ring gap. If the compression reading increases significantly with oil, the
rings are the leak source (the oil sealed them). If the reading does not improve, the valves or head gasket
are the leak source because oil cannot seal a valve face or gasket breach.

15. A — The SCA charge in the coolant filter depletes as the inhibitors are consumed by the coolant
over time. Once the nitrite level drops below the protective threshold, the wet cylinder liners lose their
protective film. Combustion-induced liner vibration creates micro-cavities in the coolant adjacent to the
liner wall — without the nitrite film, these cavities collapse against the bare metal surface, progressively
eroding (pitting) the liner wall until it perforates.

16. D — Shortening the wastegate actuator rod reduces the effective rod length, which means the rod no
longer holds the wastegate lever in its fully closed position. The wastegate valve opens slightly at rest
and remains partially open at all operating points. Exhaust gas bypasses the turbine even at low RPM,
reducing the turbocharger's boost response across the entire operating range.



17. B — Even though the engine runs normally, the coolant entering the intake is ingested into the
combustion chambers. The glycol and water do not combust cleanly — they leave corrosive residues on
piston crowns, ring faces, and cylinder walls that accelerate wear. Downstream, the coolant's silicate and
glycol compounds contaminate the DOC and DPF catalyst surfaces, reducing their conversion and
filtration efficiency.

18. C — The pre-turbine reading (5 kPa) represents the total exhaust restriction the engine pistons must
push against. The post-DPF reading (4 kPa) represents the restriction from the turbocharger outlet
through the after-treatment to the tailpipe. Both readings are well below the 7 kPa maximum
specification, confirming the entire exhaust system is unrestricted and functioning correctly.

19. B — The engine produces rated power and all fuel parameters are within specification, yet the
exhaust temperature exceeds the 700°C maximum. A partially loaded air filter reduces the intake air
mass per cycle without triggering a DTC — the ECM delivers the same fuel quantity into less air,
creating a slightly richer mixture that produces higher combustion and exhaust temperatures.

20. D — Cylinder 8 produces power (confirmed by the cut-out test) but at a lower exhaust temperature
than the other cylinders. This indicates Cylinder 8 is burning less fuel per cycle — enough to contribute
power but less than the other cylinders. The most common cause is an under-fuelling injector that
delivers less fuel than commanded, producing less heat per combustion event while still generating a
power stroke.

21. A — The centrifugal oil separator rotor is the primary oil removal mechanism in the CCV system.
When the rotor stops spinning, oil mist passes through the separator unremoved and enters the intake
manifold. The oil is ingested into the combustion chambers, contributing to oil consumption, and coats
the intake valves, turbocharger compressor, intercooler, and exhaust after-treatment components with oil
residue.

22. C — A head gasket failure between two adjacent cylinders creates a path that connects the two
combustion chambers. During each cylinder's compression and power stroke, pressure leaks into the
adjacent cylinder. Neither cylinder can maintain peak pressure — both show low compression. The
unique signature is two adjacent low cylinders with no coolant or oil contamination, distinguishing this
from a cylinder-to-coolant gasket failure.

23. D — High-sulfur fuel (500 ppm vs. the required 15 ppm ULSD) produces sulfur dioxide during
combustion. The SOz combines with the DOC's platinum and palladium catalyst surfaces to form sulfate
compounds that poison the catalyst, reducing its CO and HC conversion efficiency. The sulfur also



deposits as sulfate ash in the DPF that cannot be removed by normal regeneration, permanently reducing
the DPF's capacity.

24. B — During a leak-down test, air is injected into the cylinder at TDC compression. If the air escapes
from the valve cover oil fill cap, it has traveled from the combustion chamber, past the piston rings, into
the crankcase, and exited through the oil fill opening. This path confirms the piston rings are the leak
source — they cannot seal the test air in the cylinder.

25. D — The CAC outlet specification states the charge air temperature should be within 15°C of
ambient. At 30°C ambient, the maximum acceptable CAC outlet temperature is 45°C. The measured
45°C is exactly at the boundary of the specification — the CAC is performing at the minimum
acceptable level. The cooler should be inspected for external fin contamination or internal restriction
that is degrading performance.

26. A — Sodium and boron are both components of engine coolant additive packages. The sudden
simultaneous appearance of both elements — with no previous detection — confirms coolant has
recently entered the oil system. The most common leak paths are a failing oil cooler, head gasket, or
cracked casting. The normal wear metals confirm the contamination is recent and no secondary
mechanical damage has occurred yet.

27. D — If the Jake Brake solenoid fails in the ON position, the exhaust valve opens near TDC during
every compression stroke — not just during braking events. The compressed air energy is released
through the exhaust valve on every cycle, preventing the cylinder from developing peak compression
and producing a useful power stroke. The affected cylinder contributes zero power during normal
operation.

28. A — The kinked fuel return line creates back-pressure in the injector return circuit. This back-
pressure opposes the injector's closing spring force, potentially delaying or preventing proper injector
closure after each injection event. The affected injectors may dribble fuel after the commanded injection,
producing poor atomization, carbon buildup on nozzle tips, and degraded combustion quality.

29. D — The differential pressure sensor reading permanently low tells the ECM the DPF is always
clean. The ECM never commands a regeneration cycle because it believes no soot has accumulated. In
reality, soot builds unchecked until the DPF becomes severely restricted. If the accumulated soot
eventually ignites during an uncontrolled regeneration, the temperatures can exceed 1,000°C and melt
the ceramic substrate.



30. C — The VGT actuator includes a position feedback sensor that reports the actual vane position to
the ECM in real time. The ECM compares the commanded position (60%) to the reported actual
position (40%). When the discrepancy exceeds the programmed tolerance, the ECM logs a fault code
indicating the VGT is not reaching its commanded position — confirming the vanes are partially seized.

31. A — Over-inflated tires crown outward — the excessive internal pressure pushes the centre of the
tread into a convex profile. The crowned centre becomes the primary contact zone with the ground
surface, carrying the majority of the load. The concentrated centre loading wears the centre tread
significantly faster than the unloaded shoulder areas, producing the characteristic centre-wear pattern.

32. D — Operating wet disc brakes at 135°C (15°C above the 120°C maximum) subjects the brake
components to sustained thermal stress. The elevated temperature accelerates the brake oil's oxidation,
degrades the friction material's bonding agents (risking delamination), hardens the piston and shaft seals
(creating leak paths), and reduces the oil viscosity below the level needed to maintain hydraulic sealing.

33. D — Concrete demolition debris — fine concrete dust, wire fragments, and rebar pieces — packs
between the chain links and prevents the pin-and-bushing joints from articulating freely. The physical
obstruction creates the tight spots at random locations. The trapped debris also acts as abrasive material
within the joints, accelerating pin and bushing wear beyond normal rates.

34. B — Steering pump flow and pressure are confirmed correct, and the cylinders have no bypass —
the hydraulic supply and actuation are functional. Heavy steering feel with correct hydraulics points to
the load-sensing signal line between the steering valve and the pump. If this line is restricted or blocked,
the pump does not receive the correct demand signal and cannot increase output to match the steering
load.

35. A — Aslight oil film on the strut rod surface is normal for nitrogen-oil suspension struts. The film
provides essential lubrication for the rod seal lip and prevents the seal from running dry, which would
accelerate seal wear. As long as the film does not progress to an active drip or puddle and the strut ride
height remains within specification, the condition is acceptable and should be monitored at each
inspection interval.

36. D — The new disc specification is 1.5-2.0 mm clearance. The maximum reject threshold is 3.0 mm.
At 2.8 mm, the clearance is within the acceptable service range (between the new spec and the reject
limit) but approaching the replacement threshold. The brake's condition should be closely monitored,
with disc replacement planned for the next scheduled downtime to avoid exceeding the 3.0 mm limit
during continued operation.



37. B — The Y-pattern loading cycle requires the loader to turn in one direction during each loaded
pass. The consistent one-directional turning under load concentrates different forces on the front
(steering) and rear (driving) axles. The front tires' outer shoulders bear the cornering load, while the rear
tires' inner shoulders are loaded by the driving thrust during the turn, producing the asymmetric wear
pattern.

38. C — The front left chamber's 22 mm stroke and the right's 38 mm stroke are both technically within
the 44 mm maximum, but the 16 mm difference reveals significant brake condition asymmetry. The
right side's 38 mm stroke indicates the lining is substantially thinner — it is approaching the maximum
limit and will need service much sooner. The asymmetry confirms the two sides are wearing at different
rates.

39. D — Fine silt particles are small enough to penetrate the track chain's pin-and-bushing seals — the
seal lips designed to exclude coarser material cannot keep out the finer silt particles. Once inside the
joint, the silt particles act as a lapping compound on the precision pin and bushing surfaces, grinding
them at a dramatically accelerated rate compared to coarser material that is too large to enter the sealed
joint,

40. B — Replacing the worn tie rod end and then verifying the play on all other steering linkage joints is
the correct approach. Each linkage component can wear independently, and the technician should use
the opportunity to inspect every joint in the steering system for approaching wear limits. A steering
alignment check should follow any steering linkage component replacement.

41. A — Repeated track derailment in the same direction during similar turns points to an undercarriage
guidance system that has worn below its lateral retention capability. Worn roller flanges, worn idler
flanges, worn track guide lugs, or worn carrier roller flanges cannot guide the chain laterally during the
turning forces. The technician must measure all lateral guidance dimensions against the OEM reject
criteria.

42. D — A failed suspension accumulator produces a rigid suspension with zero energy absorption on
the affected corner. The repeated unabsorbed shock loading from every road impact transmits directly to
the machine's frame, cab mounting points, operator station, and structural welds. Over time, this
continuous impact fatigue accelerates frame weld cracking, loosens fasteners, damages cab mounts, and
harms operator seat components.

43. C — A growling noise proportional to vehicle speed during both straight-line and turning is
consistent with the ring and pinion gear mesh — the ring gear rotates at a speed proportional to vehicle



speed in both conditions. The spider gears (which rotate only during turns) are eliminated because the
noise does not change during turns. The fine metallic particles confirm progressive gear tooth surface
wear.

44. B — A failed proportioning valve delivers full system pressure to the rear brakes. During moderate
to heavy braking, the rear brake force exceeds the rear tires' available traction before the front tires reach
their limit. The rear wheels lock while the front wheels continue rolling, causing the rear of the machine
to slide or swap ends — particularly hazardous on loose or slippery surfaces.

45. A — Track pitch elongation = (measured pitch — new pitch) + new pitch x 100 = (203.2 — 190.5) +
190.5 x 100 = 12.7 + 190.5 x 100 = 6.67%. The typical OEM maximum allowable pitch elongation
before chain service is 3-4%. At 6.67%, the chain has exceeded its service limit by a significant margin
and must be turned (if sufficient bushing material remains) or replaced.

46. C — Machines with hydrostatic braking as the primary service brake require a secondary emergency
braking system. The spring-applied, hydraulically released (SAHR) parking/emergency brake provides
this function — the springs apply the brake mechanically when the hydrostatic system loses charge
pressure or when the operator activates the emergency brake control, stopping the machine
independently of the failed hydrostatic system.

47. D — The first disconnected module changes the reading by only 3 ohms (from 60 to 63),
representing its CAN transceiver's normal impedance effect. The second disconnected module changes
the reading from 60 to 120 ohms — this means removing that module left only one 120-ohm termination
resistor on the bus. The second module contains one of the two termination resistors that produce the 60-
ohm parallel combination.

48. B — A 10-bit ADC divides the input voltage range into 2'° = 1,024 discrete steps. The smallest
voltage change the converter can detect = 5V + 1,024 = 0.00488V (4.88 mV). This resolution determines
the finest throttle position increment the ECM can distinguish — any signal variation smaller than 4.88
mV is invisible to the ECM's processing.

49. A — Jumping across the neutral safety switch terminals and having the starter engage confirms the
switch or its circuit is the fault. The switch contacts may not be closing in the neutral position (failed
switch), the switch may be misadjusted (not aligned with the transmission's neutral position), or the
wiring to the switch may have an open circuit. The switch and its circuit must be diagnosed and
repaired.



50. C — All temperatures are in the normal range and the ECM shows no fault codes, yet the fan runs at
maximum. The most probable cause is a hydraulic control valve spool stuck in the full-flow position —
the valve physically passes maximum flow to the fan motor regardless of the ECM's electrical
command. The ECM sends the correct PWM signal, but the mechanical valve does not respond.

51. D — The CAN protocol specifies a bit rate tolerance of approximately +1.58% from the nominal
value. The measured 247 kbit/s is 1.2% below the 250 kbit/s nominal — within the +1.58% tolerance.
All modules on the bus can synchronize at this rate and communication is reliable.

52. B — Mismatched batteries in series have different internal resistance characteristics. During
charging, the newer battery with lower resistance accepts charge more readily, while the older battery
with higher resistance charges less efficiently. During discharge, the older battery reaches its minimum
voltage first, forcing the newer battery to compensate. This continuous imbalance overworks the older
battery and accelerates its failure.

53. C — The 5V reference reads 5.02V with all sensors disconnected (healthy regulator) but drops to
4.6V with sensors connected. One or more sensors or their wiring has a low-resistance fault (internal
short or signal wire shorted to ground) that draws excessive current from the reference, pulling the
voltage below the 4.9V minimum. Disconnecting sensors one at a time identifies the faulty sensor.

54. A — Limp home mode can be triggered by fault conditions in multiple systems — not just the
throttle circuit. The technician must check all active DTCs across every ECM on the machine. An
aftertreatment derate, transmission fault, engine protection event, or coolant system alarm can all trigger
a power reduction strategy that the operator perceives as "stuck in limp mode."

55. D — A battery temperature sensor failed in the permanent "hot" reading causes the voltage regulator
to reduce the alternator's target charging voltage — the regulator believes the batteries are hot and need
a lower charging voltage to prevent overcharging. In all actual conditions, the batteries receive less
charging voltage than they need, resulting in chronic undercharging, progressive plate sulfation, and
shortened battery life.

56. C — The engine ECM has entered "bus off* mode — a CAN protocol error management state where
a module disconnects itself from the bus after accumulating too many consecutive transmit or receive
errors. The engine ECM is still powered and operating the engine using its local inputs, but it is no
longer transmitting data on the CAN bus. Other modules communicate normally because the bus itself is
functional.



57. B — Cable resistance = 0.4 mQ/m x 6 m = 2.4 mQ = 0.0024 ohms. Voltage drop =1 X R =450A X
0.0024 ohms = 1.08V. This 1.08V is consumed by the cables alone before adding the voltage drop from
terminals, connections, or solenoid contacts. The total circuit voltage drop (cables + connections)
determines how much voltage reaches the starter motor.

58. A — Disabling Cylinder 1 and redistributing its fuel to the remaining 5 cylinders means each
remaining cylinder receives approximately 20% more fuel than its normal delivery. This increased fuel
per cylinder can produce higher peak cylinder pressures that approach or exceed the design limits of the
pistons, connecting rods, and head gasket on the overloaded cylinders.

59. C — The battery terminal voltage (27.5V) is within specification, but the "SYSTEM VOLTAGE
LOW™ warning appears only during simultaneous high-current operations. The voltage drop across the
power distribution wiring increases under the combined load, reducing the voltage at the display
module’'s power input below its warning threshold — even though the battery and alternator terminals
maintain adequate voltage.

60. D — A solid-state power distribution module (PDM) provides multiple advantages: faster
overcurrent detection and reaction (microseconds vs. seconds for a fuse), diagnostic data on each circuit
(current draw, fault history, load status), reprogrammable circuit configurations, and elimination of the
mechanical wear and contact corrosion inherent in traditional relay contacts and fuse holders.

61. A — The ECM's calibration includes an intentional dead band between the neutral joystick position
and the initial command output. This dead band prevents unintended implement movement from minor
joystick deflections caused by vibration or operator contact. The jump to 60% at 3.2V is the ECM's
programmed minimum command threshold — below this, the solenoid force is insufficient to shift the
spool.

62. C — The "idle trim" parameter allows the technician to adjust the engine's base idle speed without
modifying the main calibration file. This is used to compensate for machine-specific conditions such as
installed accessories that load the engine at idle, altitude compensation, or application-specific
requirements. The +50 RPM setting from a previous service explains the elevated idle and can be reset
to zero.

63. D — A CAN-H to CAN-L short eliminates the differential voltage signal — both lines sit at the
same voltage, and no module can generate the voltage difference between CAN-H and CAN-L that
represents data bits. The transceivers cannot distinguish dominant from recessive states. All bus
communication ceases immediately across the entire network.



64. B — The alternator W terminal provides an RPM signal to the tachometer and any non-networked
accessories that require engine-running confirmation. On modern CAN bus machines, most modules
receive RPM from the J1939 data broadcast, not from the W terminal. A failed W terminal affects
primarily the tachometer display and a few legacy accessories, while CAN-connected modules continue
receiving RPM normally.

65. A — A variable reluctance (magnetic inductive) sensor generates voltage proportional to the rate of
change of the magnetic flux through the sensor's coil. At higher RPM, the reluctor teeth pass the sensor
faster, increasing the rate of flux change and producing proportionally higher amplitude signals. At
lower RPM, the slower flux change rate produces lower amplitude — this is a fundamental characteristic
of the sensor type.

66. B — The wiper park switch signals the BCM when the arm reaches the parked position. After the
operator turns the wipers off, the BCM keeps the motor energized until the park switch signals "parked."
If the park switch fails, the BCM never receives the park signal and immediately de-energizes the motor
when the wiper switch is turned off — wherever the arm happens to be at that instant.

67. B — Most modern diesel ECMs can default to a "batch fire" or "paired injection™ mode using only
the CKP signal when the CMP sensor fails. The ECM loses sequential cylinder identification but can
still inject fuel at the correct crankshaft timing. The engine operates with reduced performance (typically
some power loss and increased emissions) and a stored DTC, but continues to run.

68. C — AlIl scheduled maintenance intervals based on operating hours — oil changes, filter
replacements, fluid analysis, component inspections, valve adjustments, and major overhauls — are
displaced by the rollback amount. Components operate beyond their designed service intervals without
receiving maintenance. This increases the risk of preventable failures from overdue oil changes, missed
inspections, and skipped critical service actions.

69. A — The engine ECM's communication has failed while the engine continues to operate on its local
inputs. The ECM processes sensor data and controls fuel injection locally but cannot transmit or receive
CAN data. The engine runs normally because it does not require CAN bus communication for basic
operation, but other modules (including the diagnostic tool) cannot access the ECM's data or send it
commands.

70. B — The pull-up resistor pulls the ECM input to 5.0V when the signal wire opens. Since 5.0V
exceeds the 4.5V full-throttle value, the ECM interprets this as a throttle command beyond full throttle.



Without additional validation logic, the engine would accelerate to maximum speed — this is why dual-
track throttle sensors and throttle validation algorithms are critical safety features.

71. C — Gold does not form a non-conductive oxide layer on its surface. Tin develops tin oxide over
time — a resistive film that progressively increases contact resistance, particularly problematic for low-
voltage signal circuits where even a fraction of an ohm can produce signal errors. Gold maintains
consistently low contact resistance throughout its service life, making it ideal for signal-critical
connections.

72. D — The torque converter's stall torque ratio multiplies the engine's input torque during the stall
phase. Maximum turbine torque = engine torque x stall ratio = 1,200 N-m x 2.8 = 3,360 N-m. This is the
maximum torque available at the transmission input shaft during a stall condition — the peak force the
machine can generate for initial breakaway and heavy digging.

73. B — A 50% restricted oil cooler reduces the volume of oil flowing through the cooler per unit time.
The transmission generates heat at the same rate (same load), but only half the oil volume passes
through the cooler to reject that heat. The oil temperature rises above its designed range, accelerating
oxidation, reducing viscosity, degrading friction material, and shortening the transmission's service life.

74. C — The clutch disc, pressure plate, flywheel, and hydraulic release are all confirmed good, yet
shudder persists. The engine mounts transfer the engine's weight and torque reaction to the frame. Worn
or broken mounts allow the engine and flywheel assembly to shift position during clutch engagement,
creating a misalignment between the flywheel face and the pressure plate. This misalignment produces
an uneven engagement force across the disc surface that the operator feels as shudder.

75. A — The ECM will not permit the differential lock to engage if it believes the machine is above the
maximum safe engagement speed. If a wheel speed sensor is providing an incorrect signal that the ECM
interprets as above 10 km/h (even while stationary), the ECM blocks the lock. Checking the wheel speed
sensor signals for an erroneous reading is the first diagnostic step.

76. D — All upshifts are equally affected (ruling out a single-clutch fault), and downshifts are smooth
(ruling out a valve body or accumulator fault that would affect both directions). The accumulator that
cushions the clutch apply pressure ramp during upshifts has lost its pre-charge. Without the
accumulator's cushioning, the clutch apply pressure rises too rapidly during every upshift, producing the
universal flare.



77. B — A driveshaft vibration dampener is tuned to absorb vibration at the shaft's specific critical
speed (resonant frequency). With the dampener failed, the shaft vibrates strongly at that critical speed —
the vibration is felt as a strong shake in one particular speed range and may be absent at speeds above
and below that range where the shaft is not at resonance.

78. D — Electrical discharge machining damage on bearing surfaces confirms stray electrical current
has passed through the bearing. The current arcs across the thin oil film between the rollers and races,
creating microscopic craters at each arc point. Sources include failed ground straps, VFD-driven motors
producing common-mode voltage, or static discharge from the machine's operation. The bearing must be
replaced and the current path identified and eliminated.

79. A — Adding an extra friction disc and separator plate increases the total pack thickness beyond the
designed dimension. The piston's travel range cannot accommodate the additional thickness, reducing
the clearance below the minimum specification. The clutch may drag when released (piston cannot fully
retract from the thicker pack), generating heat, wearing friction material, and causing shift overlap with
other clutch packs.

80. C — The pump's servo for the reverse direction has a restriction (contaminated orifice, damaged
passage, or kinked hose) that slows the swashplate's transition from zero to full reverse displacement.
The 3-second delay is the time needed for hydraulic fluid to flow through the restricted passage and
move the servo piston to the reverse angle. The forward servo has no restriction and responds
immediately.

81. B — Blue-black discolouration and a glossy, glazed surface confirm the disc was subjected to
excessive heat that permanently altered the friction material's surface properties. The glazed surface has
a lower and inconsistent friction coefficient — the clutch will slip and produce engagement shudder
even though the thickness is within specification. The disc must be replaced regardless of the remaining
material thickness.

82. A — Safety factor on yield = yield strength + working stress = 800 MPa + 400 MPa = 2.0:1. The
axle shaft can sustain twice its normal operating stress before permanent deformation (yielding) begins.
A 2.0 safety factor on yield is a typical design standard for heavy equipment drivetrain components
subjected to dynamic and impact loading.

83. C — A dog clutch requires the teeth to align for engagement. When stationary, the teeth may be
positioned tooth-to-tooth, preventing mesh. Moving the machine slowly forward or reverse while



commanding the engagement rotates the clutch components, allowing the teeth to find the gaps between
opposing teeth and slide into mesh. This is standard operating procedure for dog clutch engagement.

84. B — A single ring gear bolt that has lost 100 N-m of clamping force requires investigation beyond
simple retorque. The bolt may have stretched (yielded) from the cyclical loading of operating with
reduced clamping force. The threaded hole may also be damaged. The bolt must be removed, its thread
condition inspected, and the tapped hole verified before a new bolt is installed and properly torqued.

85. C — During the stall phase, the maximum speed differential between the pump (engine speed) and
the turbine (zero speed) produces the highest fluid circulation velocity inside the converter. The high-
velocity fluid shearing between the pump, stator, and turbine generates the characteristic whine. As the
turbine accelerates toward pump speed during coupling, the velocity differential and therefore the noise
decrease proportionally.

86. D — A shift that is smooth when cold but becomes harsh at operating temperature after 30 minutes
suggests a temperature-sensitive component failure. The 3rd gear accumulator piston O-ring with a
minor defect may seal adequately when cold (the rubber is firm) but swell or lose its seal at operating
temperature, eliminating the accumulator's pressure-cushioning function and allowing abrupt clutch
engagement.

87. B — A heel-concentrated contact pattern indicates the ring gear tooth is engaging too far from the
pinion's centreline. Moving the pinion closer to the ring gear shifts the contact pattern from the heel
(outer edge) toward the toe (inner edge). This is accomplished by reducing the pinion shim thickness,
which positions the pinion deeper into the ring gear's cone.

88. C — New friction discs were installed but the separator plates (steel reaction plates) were not
replaced. The old separator plates may have scored, warped, or developed surface irregularities from the
previous brake pack's service. These damaged surfaces contact the new friction discs during each
application, producing the grinding noise despite both the friction discs and the brake housing being in
good condition.

89. B — The vacuum hold test starts at 250 microns and rises to 800 microns over 30 minutes —
exceeding the 500-micron maximum specification. This confirms air is entering the system through a
leak point. The system cannot be charged in this condition because the leak will release refrigerant to
atmosphere. The system must be pressurized with dry nitrogen and leak-tested to locate and repair the
leak.



90. D — The musty odour at A/C startup that dissipates after 5 minutes is the classic symptom of
biological growth on the evaporator surface. Mould, mildew, and bacteria colonize the wet evaporator
coil during shutdown periods (the condensate on the coil provides the moisture for growth). When
airflow resumes at startup, the organisms release the musty odour until the airflow dries the surface.

91. A — The reduced current (2.5A vs. 4A specification) weakens the electromagnetic force holding the
clutch plate against the pulley. The weakened grip allows the clutch to slip under the compressor's
loading during operation. The resulting friction heat accelerates clutch plate wear and produces
intermittent cooling loss as the slipping clutch alternately engages and releases.

92. B — The system was charged correctly by weight and operates normally in moderate ambient
temperatures. The high-pressure switch activation only during high ambient (above 38°C) points to
reduced condenser capacity. A partially restricted condenser (debris, bent fins) has adequate cooling
capacity at lower ambient temperatures but cannot reject the combined heat load of the refrigerant
system and the high ambient at 38°C+.

93. D — After 5 years of combustion cycles, soot and carbon deposits accumulate on the combustion
chamber walls and the heat exchanger surfaces. The soot acts as a thermal insulating layer that reduces
the heat transfer rate from the combustion gas through the heat exchanger wall to the coolant. The heater
produces the same combustion energy but transfers less of it to the coolant, reducing the effective heat
output.

94. C — The blend door directs airflow across the heater core (heat), the evaporator (cool), or a mix. If
the actuator motor does not respond to the diagnostic tool command, the motor has either lost power,
lost ground, has a failed winding, or is mechanically stalled against a jammed door. The power and
ground connections at the motor connector are the first items to verify.

95. A — The blower is at full speed and the filter was recently replaced, eliminating airflow and
filtration as causes. Low cab pressurization with adequate airflow input means the air is escaping faster
than it enters. Deteriorated door seals, window seals, panel gaskets, and unsealed wiring or hose
penetrations are the most common leak paths that reduce cab positive pressure below specification.

96. B — Recurring bubbles in the sight glass — clearing after charging, returning after 50 hours —
confirm the system has a slow refrigerant leak. The initial charge establishes the correct liquid level (no
bubbles). Over 50 hours, the leak depletes the charge until the liquid level drops below the sight glass
and bubbles reappear. The leak must be found and repaired to prevent repeated charge loss.



97. A — The DEF quality sensor reads 28% urea — well below the 32.5% + 0.7% specification
(acceptable range 31.8-33.2%). The DEF has been diluted, either from water added intentionally to
extend the supply or from rainwater entering through a damaged fill cap seal. The diluted DEF produces
insufficient ammonia per injected volume, reducing the SCR system's NOx conversion efficiency below
the required standard.

98. A — At 87% volumetric efficiency with an 85% minimum, the pump is technically within
specification but on a declining trend. Scheduling a rebuild during planned downtime avoids the risk of
an unplanned catastrophic failure during production — which would cause extended downtime,
potential secondary damage to downstream components, and significantly higher total repair cost.

99. C — In a regenerative extend circuit, the rod-end exhaust oil is redirected to the cap end,
supplementing the pump flow and increasing extend speed. However, the rod-end oil also pressurizes
the annular area of the piston (rod end) in opposition to the cap-end pressure. The net extend force =
pressure X (cap area — rod area), which is lower than the non-regenerative force of pressure x cap area.

100. D — Compacted debris on a plate-and-fin cooler must be removed by blowing from the clean
(engine) side through to the dirty (intake) side — pushing the debris out in the reverse direction of
normal airflow. Blowing from the dirty side pushes contamination deeper into the fin pack. Low-
pressure water or compressed air from the clean side is the most effective cleaning direction.

101. B — The pump is rated at 120 L/min but only 100 L/min total is being delivered (40 to steering +
60 to implements). The missing 20 L/min is lost to the pump's internal wear — the pump has lost 17%
of its output capacity. The priority valve correctly delivers the first 40 L/min to steering and sends the
remaining 60 L/min (all that's left) to implements.

102. A — The pump produces forward flow but zero reverse. The servo pressure is correct on both
sides, ruling out the servo supply. The most likely assembly error is the swashplate control linkage
connected to the wrong servo port — the forward servo is plumbed where the reverse should be (and
vice versa), so the forward command strokes the swashplate correctly but the reverse command pushes
the swashplate against the forward stop.

103. D — The safety valve is the last-resort overpressure protection for the entire air brake system. If the
governor fails and does not unload the compressor at its designed 860 kPa cut-out, the compressor
continues to build pressure. The safety valve opens at 1,035 kPa to prevent the system from exceeding
the pressure rating of the reservoirs, valves, lines, and chambers.



104. C — Below the designed operating temperature range, the hydraulic oil's viscosity is too high. The
thick oil creates excessive pressure drop across every restriction in the circuit (filters, orifices, metering
edges), increases the cavitation risk at the pump inlet (the thick oil resists flow through the suction line),
and may trigger the filter bypass indicator from the elevated differential pressure across the filter
element.

105. B — The CCLS pump maintains supply pressure at LS signal + LS differential. With a 32-bar
differential instead of the designed 20 bar, the pump maintains 12 bar more pressure than necessary
above every load condition. This excess pressure is converted to heat as oil passes through the DCV
metering edges — wasting energy and increasing the system's heat generation without improving
actuator performance.

106. A — Fine micro-cracks in hard chrome plating are a normal characteristic of the electroplating
process. The chrome is applied under internal tension that produces the micro-crack network. These
cracks improve the rod's lubrication by retaining a thin oil film in the crack network that lubricates the
seal lip. The cracks are a concern only if they are deep enough to expose the base metal or if the chrome
is flaking or peeling.

107. B — The reservoir holds 200 of the 350 total system litres. Draining the reservoir replaces only
200/350 = 57% of the total oil. The remaining 150 litres in the cylinders, motors, hoses, cooler, and filter
housings retains the old oil. A complete oil exchange requires draining additional components or
performing a flush procedure.

108. B — The flushing valve refreshes the closed loop by diverting a small amount of hot loop oil
through the cooler and filter circuit on each directional change, replacing it with cool, filtered charge oil.
If the valve sticks closed, the same oil circulates endlessly without cooling or filtration. The oil
temperature rises progressively and contamination accumulates, degrading the oil and shortening the
pump and motor service life.

109. C — A pilot-operated relief valve's remote pilot circuit can only lower the relief setting below the
main spring's maximum — it cannot increase it above. Even though the technician set the remote pilot to
a higher pressure, the main spring opens the valve at its set point before the remote pilot's higher setting
is reached. The accidental adjustment has no effect on system operation.

110. A — The cold-start bypass indicates the filter element has accumulated enough contamination that
the combination of the loaded element and the high-viscosity cold oil exceeds the bypass valve's
differential pressure threshold. When the oil warms and thins, the viscosity-induced restriction drops and



the indicator resets. The element should be replaced — it is near its contamination capacity and the cold-
start bypass allows unfiltered oil to circulate during every startup.

111. D — The build-up time is within specification (2:30 vs. 3:00 max), confirming adequate
compressor output. The 70 kPa pressure drop in one minute with the engine off (vs. 21 kPa maximum)
confirms one or more leaks in the brake circuit. Leaks in brake valves, chambers, lines, or fittings are
consuming stored air at an unacceptable rate. The leaks must be located and repaired before the machine
returns to service.

112. B — The internal bypass rate of 3 drops per minute is within the 5-drop specification, confirming
the piston seals are serviceable. The thin oil film on the rod is normal — it provides lubrication for the
rod seal lip and wiper seal. A thin film without dripping does not constitute an external leak. The
cylinder meets both the internal bypass and external leak criteria and is serviceable.

113. C — A pressure-compensated flow control valve maintains constant flow regardless of load
changes. When the conveyor motor's load increases, the system pressure rises to overcome the higher
load, but the flow control valve's internal compensator adjusts to maintain the 30 L/min flow rate
through the motor. The motor speed remains constant. The bypass flow to tank decreases as the system
pressure rises.

114. A — The pre-charge is correct and the gas volume should be adequate, yet only 2 of the required 4
brake applications are available. The accumulator bladder or piston seal may have a slow internal leak
that allows nitrogen to mix with the oil. The mixed gas/oil reduces the accumulator's effective gas
volume and therefore the stored oil volume available for brake applications.

115. D — Windshield washer fluid contains detergents, colorants, and other chemical additives that are
incompatible with the rubber seals, diaphragms, and O-rings in air brake components. The chemicals
can swell, soften, or dissolve the rubber, producing brake valve leaks, chamber diaphragm failures, and
general seal degradation throughout the brake system.

116. C — A sharp 90-degree fitting creates significantly more turbulence and flow restriction than a
long-radius bend. The increased restriction raises the return line back-pressure, which can prevent
cylinder rod-end chambers from draining freely (slowing retraction), increases the energy lost to
turbulent heat generation, and adds to the total system heat load.



117. A — The cross-port relief valves are the pressure-limiting devices for the loop circuit. If they have
been adjusted above the 420 bar specification (to 450 bar), the loop pressure is permitted to exceed the
system's rated maximum during stall conditions. The relief valves must be reset to the correct 420 bar
specification to protect the pump, motor, hoses, and fittings from overpressure.

118. B — The compensator spool controls the swashplate position through a hydraulic servo circuit.
Contamination in the valve bore (particles, varnish, sludge) can bind the spool, preventing it from
traveling to its full destroke stop. The spool partially destrokes the pump but cannot reach zero
displacement — the pump maintains partial flow that dumps to the relief valve, generating heat.

119. D — A cracked relay valve diaphragm has multiple potential leak paths depending on which
chamber the crack connects. The most common symptom is air leaking from the relay valve to
atmosphere through the exhaust port — producing an audible hiss at the relay valve. This continuous
leak depletes the rear reservoir, reducing the available air for subsequent brake applications and
potentially causing a low-air warning.

120. A — The pilot pressure drop from 35 to 20 bar during joystick actuation indicates the pilot pump
cannot maintain pressure under demand. The 20 bar remaining pressure may be below the minimum
needed to fully shift the DCV spool. The pilot pump output, the pressure-reducing valve function, and
the pilot circuit for leaks should be tested to identify why the pilot pressure drops excessively under
demand.

121. C — Post-compensation provides flow stability during simultaneous multi-function operation.
Post-compensators downstream of each DCV section maintain a constant pressure drop across their
respective metering edges regardless of the other sections' load pressures. This prevents a low-load
function from robbing flow from a high-load function — each function maintains its proportional speed
command independently.

122. B — A vacuum dehydration unit is the most effective method for removing both free and dissolved
water from hydraulic oil without replacing the oil. The unit heats the oil and applies a vacuum that
lowers water's boiling point, evaporating the water out of the oil. The unit operates continuously on the
return line until the water content drops below the 0.1% specification.

123. D — A 15 mm internal flaw detected by UT could be either a fabrication defect (slag inclusion,
lack of fusion, porosity present since manufacture) or a service-induced fatigue crack that has grown
during 30,000 hours of operation. The UT inspector must characterize the flaw type through additional



techniques (phased array UT, TOFD, or comparison with fabrication records) to determine whether the
flaw is static or growing, which determines the repair urgency and method.

124. B — Protruding bolt heads in a rock truck dump body are repeatedly struck by the loaded material
during every loading and hauling cycle. The impact forces shear the bolt heads, releasing the wear
plates. The loose plates and bolt fragments become uncontrolled steel objects in the material stream that
can damage crushers, screens, conveyors, and other downstream processing equipment.

125. C — The automatic secondary lock engages without requiring the operator to leave the cab or
manually verify the lock. This eliminates the human-error risk of forgetting to engage the manual
secondary lock — the root cause identified in the incident investigation. The automatic lock provides the
same mechanical security with an additional visual indicator confirming engagement.

126. A — The welded rebar grid adds significant weight to the bucket and changes its centre of gravity
position. The modified bucket's total weight and CG may exceed the machine's rated tipping load at the
new balance point. The modified bucket weight and CG position must be verified against the machine's
load chart before the machine operates with the modified bucket.

127. D — A 15% wall thickness reduction at the ROPS tube base — a high-stress location where the
tube joins the frame mount — compromises the ROPS structure's rated energy absorption capacity. The
reduced wall thickness lowers the tube's bending and compression resistance at the point that bears the
maximum stress during a rollover. The ROPS must be assessed by the OEM or a qualified structural
engineer.

128. C — The seat suspension operates correctly but the operator perceives increased vibration. The
polyurethane foam cushion inside the seat compresses permanently over time, losing its resilience and
damping properties. The compressed foam transmits vibration directly from the seat pan through to the
operator rather than absorbing it. Replacing the foam insert restores the seat's vibration absorption.

129. B — Weld build-up and re-machining of attachment mounting plate pin bores is a standard repair
method. However, the welding process can introduce defects (cracks, porosity) at the weld interface.
NDE verification (magnetic particle or dye penetrant testing) of the repaired bores must be performed to
confirm no cracks were introduced before the attachment is reinstalled and loaded.

130. D — Grade 10.9 bolts have approximately 20% higher yield strength and tensile strength than
Grade 8.8 bolts of the same size. The 850 N-m torque specification is designed for Grade 10.9 bolt



properties. Applying this torque to Grade 8.8 bolts stresses them near or above their yield point, risking
stretch, fatigue crack initiation, and eventual counterweight detachment. The bolts must be replaced with
the correct specification.

131. A — The breaker manufacturer specifies a maximum return line back-pressure of 8 bar, but the
excavator's return circuit produces 12 bar during breaker operation. The only reliable solution is a
dedicated return line from the breaker directly to the reservoir, bypassing the machine's return filter,
cooler, and other return circuit restrictions that collectively produce the 12 bar. A dedicated line
provides near-zero back-pressure.

132. C — During the motoring-to-generating transition, the motor-generator passes through zero torque
— a brief moment where neither drive force nor braking force is produced. The control system must
manage this transition seamlessly using predictive algorithms and fast-response power electronics to
prevent the operator from perceiving a "dead spot" or hesitation in the machine's drive response.

133. A— One module consistently running 8°C hotter than all others indicates higher internal resistance
in that module. The elevated resistance produces more I12R heating during every charge and discharge
cycle. The higher temperature also accelerates the module's chemical degradation — creating a self-
reinforcing cycle where increased resistance produces more heat, which increases degradation, which
increases resistance further.

134. D — Lithium-ion electrolyte is a solution of lithium salts in organic solvents (typically carbonates).
The electrolyte is both corrosive and flammable. If heated or exposed to flame, it can produce toxic
hydrogen fluoride (HF) gas. The damaged battery with exposed electrolyte and compromised cell
structure also has an elevated risk of thermal runaway — an uncontrolled exothermic reaction that
produces fire, explosion, and toxic gas.

135. B — The energy cost differential between electricity and diesel is the dominant variable in the TCO
calculation. The electric drivetrain's higher efficiency (85-95% vs. 25-40%) means less total energy is
consumed per unit of work. Any change in local electricity rates or diesel prices directly and
significantly shifts the break-even point — making the energy cost the single most influential factor in
the ROI analysis.



