PRACTICE EXAM 4: RED SEAL 421A
SIMULATION (135 QUESTIONS)

1. A technician is assigned to perform electrical work inside a 600volt motor control centre (MCC)
cabinet that cannot be deenergized. The employer provides a written energized electrical work permit. In
addition to the permit, what PPE category must the technician be equipped with before beginning the
task?

A. Standard leather work gloves and safety glasses as required for any electrical task in the shop
environment

B. Arcrated PPE selected to match the calculated arc flash incident energy level at the specific MCC,
including arcrated coveralls, face shield, and insulating gloves

C. A full chemical splash suit with respiratory protection because the MCC contains capacitors that may
release toxic fumes when shorted

D. A fireresistant welding jacket and tinted safety glasses to protect against the visible light and heat
produced by electrical arcing events

2. A technician is reviewing the SDS for a solvent used to clean hydraulic fittings before assembly. The
technician needs to determine what respiratory protection is required when using the product in a
confined area without ventilation. Which SDS section provides this information?

A. Section 4 — First Aid Measures describes the treatment for inhalation exposure and lists the type of
respiratory device recommended for rescuers

B. Section 11 — Toxicological Information lists the health effects of inhaling the product and the
threshold limit values for chronic exposure

C. Section 6 — Accidental Release Measures describes the ventilation and respiratory protection
required during a spill cleanup operation



D. Section 8 — Exposure Controls / Personal Protection specifies the required respiratory protection
type and the occupational exposure limits

3. A technician needs to lift a 2,000 kg hydraulic cylinder using an overhead crane and a grade 80 alloy
steel chain sling. Before attaching the sling, what must be verified?

A. The sling's rated working load limit (WLL) at the intended rigging angle exceeds the load weight,
and the sling has a current inspection tag with no visible damage

B. The chain links show no more than 15% stretch from their original manufactured dimensions as
stamped on the chain identification tag

C. The sling colour matches the load capacity chart posted on the crane hook, which assigns a specific
colour to each weight category

D. The chain sling was manufactured within the last five years, as alloy steel slings require mandatory
replacement at fiveyear intervals

4. A heavy equipment crew is preparing to excavate a trench for a pipeline installation on a construction
site. Before the excavator begins digging, what safety process must be completed to address
underground hazards?

A. The excavator operator must visually inspect the trench path for surface signs of buried utilities such
as valve boxes and marker posts

B. The site supervisor must provide a verbal briefing to the crew confirming that no utilities are present
based on their knowledge of the site

C. A ground disturbance request must be submitted and underground utility locates must be completed
and marked before any excavation begins



D. The excavator must probe the trench path with its bucket at shallow depth before proceeding to full
depth to detect any buried objects

5. A technician is directed by a supervisor to operate a forklift to move a heavy engine block, but the
technician has not been trained or certified to operate a forklift. The supervisor insists the task must be
done immediately. What is the technician's right under Canadian occupational health and safety
legislation?

A. The technician must comply with the supervisor's direct order but should document the event in
writing after completing the task

B. The technician has the right to refuse the task — operating equipment without required training and
certification is an unsafe condition recognized by law

C. The technician should attempt the task at reduced speed and report the lack of training to the joint
health and safety committee after the shift

D. The technician must request a written work order from the supervisor before proceeding, which
transfers liability to the supervisor for any incident

6. A product container received in the shop has a supplier label that includes a product identifier, hazard
pictograms, a signal word, and a precautionary statement, but the label is missing the supplier name and
emergency telephone number. Is this label compliant with WHMIS 2015 requirements?

A. No — a WHMIS 2015 supplier label requires all six mandatory elements including the supplier
identifier and an emergency telephone number

B. Yes — the supplier name and emergency telephone number are optional on supplier labels and are
only required on the SDS document



C. No — the label is noncompliant only because the emergency telephone number is missing; the
supplier name is not a mandatory label element

D. Yes — the label is compliant because it contains hazard pictograms and a signal word, which are the
only two mandatory label elements

7. A technician is dispensing diesel fuel from a bulk storage tank into a machine's fuel tank using a
portable fuel transfer pump. During the transfer, static electrical discharge is a fire and explosion hazard.
What precaution prevents static ignition during fuel transfer?

A. Ensure the fuel transfer nozzle has a rubber grip to insulate the operator from any static charge that
develops during the pumping operation

B. Wear antistatic safety boots during the transfer to discharge any static charge from the technician's
body to the ground continuously

C. Pump the fuel at the maximum flow rate to minimize the total time the fuel is exposed to air during
the transfer process

D. Bond the fuel transfer equipment and the receiving machine's fuel tank together with a conductive
cable and ground the system before pumping begins

8. A technician must access the top of a mining haul truck to inspect the exhaust system. The truck does
not have a builtin access stairway, and the technician must climb to a working height of 4 metres. At
what height does Canadian fall protection legislation generally require a fall protection system?

A. 2 metres — any work surface where a fall of more than 2 metres is possible requires a fall arrest
system or guardrail without exception



B. 3 metres — Canadian jurisdictions generally require fall protection when the risk of falling more than
3 metres exists, though requirements vary by province

C. 5 metres — fall protection requirements apply only to elevated work exceeding 5 metres because
lower falls are not considered highrisk events

D. 1.5 metres — any elevated work surface requires fall protection regardless of height to comply with
the zerofallrisk policy in mining operations

9. A shop supervisor requests that a technician perform noise monitoring to assess whether hearing
protection requirements apply in the heavy equipment maintenance bay. What instrument is used for
personal noise exposure monitoring over a full work shift?

A. A handheld sound level meter held at the operator's ear level that records the maximum peak noise
level at onesecond intervals for the shift

B. A calibrated frequency analyzer that measures the noise spectrum in each octave band and identifies
which specific frequency ranges exceed the exposure limit

C. A noise dosimeter worn by the technician for the entire shift that integrates all noise exposure and
calculates the timeweighted average in decibels

D. A handheld decibel meter app on a smartphone that records a continuous noise log and compares the
readings to the regulatory limit automatically

10. A technician is replacing brake shoes on a vintage piece of heavy equipment. The shop supervisor
warns that the brake shoes may contain asbestosbased friction material. What specific precaution must
be taken during the brake service?



A. Never use compressed air to blow brake dust — use a HEPA vacuum or wet cleaning method to
prevent asbestos fibre release, and wear appropriate respiratory protection rated for asbestos

B. Bag the old brake shoes in standard plastic garbage bags and dispose of them in the shop's regular
waste bin after the replacement is complete

C. Wear standard nitrile gloves during handling — asbestos is a contact hazard only and does not require
respiratory protection if skin exposure is prevented

D. Spray the brake assembly with WD40 to wet the dust and prevent it from becoming airborne, then
wipe the surface clean with shop rags

11. A diesel engine's crankcase ventilation system (CCV) routes blowby gases from the crankcase back
to the engine intake for recombustion. If the CCV system becomes restricted, what symptom will
develop?

A. Engine oil consumption decreases because the restricted CCV prevents oil mist from entering the
intake manifold for combustion

B. Engine idle speed increases because the restricted CCV creates a false air leak signal that the ECM
compensates for with additional fuel

C. Crankcase pressure rises above atmospheric, which forces oil past gaskets and seals and causes
external oil leaks at the weakest sealing points

D. Engine power output increases because the restricted CCV prevents intake manifold depression from
reducing the effective compression ratio

12. A technician is performing cylinder liner maintenance during an engine overhaul and discovers
pitting on the external (water jacket side) surface of a wet liner in a uniform pattern. This pitting is
characteristic of liner cavitation erosion. What is the primary mechanism that creates this damage?



A. Highvelocity coolant flow combined with combustioninduced liner vibration causes vapour bubbles
to form and collapse against the liner surface, progressively eroding the metal through the implosion
force

B. Electrolysis between the castiron liner and the aluminum block creates a galvanic cell in the coolant
that dissolves the liner surface at the contact boundary

C. Combustion gases bypass the head gasket seal and react with the cooling system additives to produce
a corrosive acid that attacks the liner surface

D. The cooling system thermostat cycling creates thermal shock events on the liner exterior that cause
the metal surface to crack and flake progressively

13. A variable geometry turbocharger's actuator requires calibration after replacement. The OEM
diagnostic software commands the VGT vanes through their full travel range during calibration. What
does this calibration accomplish?

A. It programs the turbocharger's maximum boost pressure limit into the ECM to prevent overboosting
during highaltitude operation

B. It adjusts the VGT vane position to compensate for the exhaust backpressure created by the DPF soot
loading level measured at calibration

C. It synchronizes the turbocharger shaft speed with the engine RPM signal to prevent the turbocharger
from exceeding its rated rotational speed

D. It teaches the ECM the actuator's precise position feedback at the fully open and fully closed
endpoints, allowing accurate intermediate positioning commands

14. A heavy equipment engine uses both a fullflow oil filter and a bypass oil filter in its lubrication
system. How does the bypass filter complement the fullflow filter?



A. The bypass filter is a coarser filter that protects the fullflow filter from large debris, functioning as a
prefilter in the supply circuit

B. The bypass filter diverts a small portion of the total oil flow through a finer filter media, capturing
smaller particles that the fullflow filter cannot trap

C. The bypass filter activates only when the fullflow filter is in bypass mode, providing backup filtration
during the period when the fullflow element is clogged

D. The bypass filter is connected to the turbocharger oil supply only, providing dedicated filtration for
the turbocharger bearing that is not available from the fullflow filter

15. A Tier 4 Final diesel engine's SCR system includes a DEF quality sensor in the tank. The sensor
detects that the DEF concentration has fallen below the acceptable 32.5% urea threshold. How does the
ECM respond to this condition?

A. The ECM generates a warning alert and begins a progressive power derate countdown — if the DEF
is not corrected within the specified time, the engine is derated to reduced power

B. The ECM immediately shuts down the SCR dosing system to prevent the incorrect concentration
from damaging the catalyst substrate material

C. The ECM increases the DEF dosing rate to compensate for the reduced concentration, maintaining
the required ammonia delivery to the SCR catalyst

D. The ECM disables the EGR system and routes all NOx reduction to the SCR, increasing the burden
on the catalyst regardless of DEF quality

16. A technician replaces both the primary and secondary fuel filters on a common rail diesel engine.
After installing the new filters, the technician attempts to start the engine, but it cranks without starting.
What is the most likely cause?



A. The replacement filters are not compatible with the engine's fuel type and are restricting flow below
the minimum required for ignition

B. The ECM has detected the filter change event through a sensor and has locked out starting until the
filter change is acknowledged in the diagnostic software

C. The new filter elements are dry and the engine oil pressure is too low to pressurize the fuel rail during
cranking without manual assistance

D. Air has entered the fuel system during the filter change and the system must be primed to purge the
air before the highpressure pump can build sufficient rail pressure for injection

17. A heavy equipment diesel engine's cooling system routes coolant through the system in a specific
sequence designed to optimize cooling effectiveness. What is the typical coolant flow path from the
water pump outlet?

A. Water pump — radiator — engine block — cylinder head — thermostat — water pump inlet (coolant
is cooled before entering the block)

B. Water pump — engine block — cylinder head — thermostat — radiator (when open) or bypass
(when closed) — water pump inlet

C. Water pump — cylinder head — engine block — oil cooler — radiator — thermostat — water pump
inlet (head is cooled first for detonation prevention)

D. Water pump — thermostat — radiator — engine block — cylinder head — water pump inlet
(thermostat controls entry to the entire circuit)

18. A technician is comparing two diesel engines: one with a 16:1 compression ratio and one with a 22:1
compression ratio. Both engines are otherwise identical. What effect does the higher compression ratio
have on coldstart performance?



A. The higher compression ratio has no effect on cold starting because both ratios exceed the minimum
threshold required for diesel autoignition

B. The higher compression ratio actually worsens cold starting because the larger compression volume
increases the heat loss to the colder cylinder walls

C. The higher compression ratio produces higher air temperature at TDC, improving coldstart
performance by bringing the compressed air closer to the fuel's autoignition temperature

D. The higher compression ratio requires lower cranking speed for starting, which reduces the demand
on the battery and starter motor during cold cranking

19. A DPF on a heavy equipment engine has reached its maximum ash loading capacity after 5,000
operating hours. Regeneration events are occurring at increasingly frequent intervals. What service is
required?

A. Replace the DPF with a new unit — maximum ash loading is a permanent condition that cannot be
reversed by any cleaning method

B. Perform a parked regeneration at maximum exhaust temperature to convert the accumulated ash into
a combustible compound that exits the tailpipe

C. Install a DOC bypass circuit that redirects exhaust flow around the DPF during heavy loading to
reduce the ash accumulation rate going forward

D. Remove the DPF and send it for professional ash cleaning service — the accumulated ash must be
physically removed because it cannot be burned off through regeneration

20. A crankshaft position sensor (CKP) on a diesel engine produces a signal pattern that the ECM uses
for injection timing and engine speed calculation. The reluctor wheel on the crankshaft has 60 teeth with
2 teeth missing. What is the purpose of the missing teeth?



A. The gap created by the missing teeth produces a distinctive signal pulse that the ECM uses as a
reference point to identify the crankshaft's angular position relative to TDC

B. The missing teeth reduce the rotational mass of the reluctor wheel to prevent it from storing kinetic
energy that would mask instantaneous speed variations

C. The missing teeth allow the CKP sensor to measure crankshaft acceleration rate by comparing the
time between the gap signals on consecutive rotations

D. The missing teeth create a clearance zone that allows the sensor to selfclean by ejecting any metallic
debris accumulated on the sensor tip during operation

21. An engine oil analysis report shows a significant increase in silicon content compared to the
previous three consecutive samples. All other wear metals and contaminant markers are normal. What is
the most likely source of the elevated silicon?

A. The silicon originates from the engine's aluminum piston alloy, which contains silicon as a hardening
element — the pistons are wearing abnormally

B. The replacement oil filter installed at the last service contains a siliconbased gasket sealant that is
dissolving into the circulating oil

C. Airborne dust or dirt is entering the engine through a compromised air filtration system — silicon is
the primary element in soil and sand particles

D. The engine coolant contains a silicatebased corrosion inhibitor that is leaking into the oil through an
internal head gasket breach

22. The Diesel Oxidation Catalyst (DOC) is positioned upstream of the DPF in the exhaust
aftertreatment system. What is the primary function of the DOC?



A. The DOC stores and reduces NOx emissions by absorbing nitrogen oxides and releasing them during
regeneration for SCR treatment

B. The DOC oxidizes carbon monoxide and unburned hydrocarbons in the exhaust, and converts NO to
NO: which assists passive DPF regeneration

C. The DOC physically traps soot particles in a wallflow substrate and holds them until exhaust
temperature rises enough for oxidation

D. The DOC measures exhaust gas composition and sends a realtime signal to the ECM for closedloop
emission control adjustments

23. A common rail fuel system includes a rail pressure limiting valve (mechanical) and an
ECMocontrolled rail pressure control valve. The limiting valve is a springloaded mechanical device.
Under what condition does the mechanical limiting valve open?

A. It opens during engine shutdown to depressurize the rail quickly and prevent injector dribble that
would cause cylinder wash and oil dilution

B. It opens during cold starting to reduce rail pressure below the normal operating range and prevent
excessive fuel delivery to cold cylinders

C. It opens whenever the ECM commands a reduction in rail pressure during deceleration to improve
fuel economy and reduce emissions

D. It opens if rail pressure exceeds a maximum mechanical threshold — acting as a safety relief to
protect the rail, lines, and injectors from overpressure

24. A heavy equipment engine's cooling system includes a deaeration tank mounted at the highest point
in the coolant circuit. What is the function of this tank?



A. It separates entrained air and steam bubbles from the circulating coolant, collecting them at the high
point where they can be vented rather than circulating through the system and reducing cooling
efficiency

B. It stores excess coolant that expands when the engine reaches operating temperature and returns it to
the system when the engine cools

C. It provides a visual coolant level check point that allows the operator to verify correct coolant level
without opening the pressurized radiator cap

D. It contains a filter element that removes dissolved minerals from the coolant before they can deposit
as scale on the cylinder liner surfaces

25. A technician notices a fine crack in the exhaust manifold of a diesel engine between two cylinder
ports. The engine is currently operating without obvious symptoms. What is the consequence of leaving
this crack unrepaired?

A. The crack allows unfiltered ambient air to enter the exhaust stream, which dilutes the exhaust gas
sample and causes false emission readings at the aftertreatment sensors

B. The crack has no operational consequence because the exhaust manifold operates at atmospheric
pressure and no gases escape through a surface crack

C. The crack allows exhaust gas to escape before reaching the turbocharger turbine, reducing available
exhaust energy and potentially lowering boost pressure and engine power

D. The crack will selfseal when the manifold reaches operating temperature because the thermal
expansion of the cast iron closes the gap at the crack faces

26. A diesel engine produces a rhythmic slapping noise from the lower block area that is most noticeable
when the engine is cold and diminishes as the engine reaches operating temperature. The noise is loudest
at low RPM. What is the most likely cause?



A. Worn main bearing clearances are allowing the crankshaft to impact the bearing surfaces under the
low oil pressure conditions present during cold idle

B. Piston skirttocylinder wall clearance is excessive — the cold piston has not expanded to its operating
diameter, and the skirt rocks in the bore producing the slap

C. Connecting rod bearing clearance is excessive, producing a knock that transmits to the lower block
and diminishes as oil pressure increases with temperature

D. The vibration damper has an internal fault that produces a cyclical noise at low speed, which is
masked by combustion noise at higher engine speed

27. A diesel engine's electronic governor controls idle speed at a precise 700 RPM. The technician
notices the engine hunting — the idle speed cycles between 650 and 750 RPM repeatedly without
stabilizing. What is the most likely cause?

A. The fuel supply pressure is too low, causing the injectors to deliver inconsistent fuel quantity as the
rail pressure fluctuates at low demand

B. The exhaust backpressure sensor is reading incorrectly, causing the ECM to adjust idle fuel delivery
based on a false load signal

C. The crankshaft position sensor is producing an erratic signal with intermittent dropouts that cause the
ECM to miscalculate actual engine speed

D. The ECM's governor calibration has been corrupted or the throttle position sensor is sending an
unstable signal, causing the speed control loop to oscillate around the set point

28. Some heavy equipment diesel engines use valve rotators on the exhaust valves. What function does
the valve rotator provide?



A. It increases the valve opening duration by adding a rotational component to the valve's linear travel,
improving exhaust gas scavenging efficiency

B. It prevents valve seat recession by increasing the contact pressure between the valve face and the seat
through rotational mechanical advantage

C. It rotates the valve slightly with each opening cycle, distributing heat and carbon deposits evenly
around the valve face and seat to prevent localized hot spots and burnthrough

D. It controls the valve closing speed to prevent the valve from bouncing off the seat, which would
cause a temporary seal loss and a compression leak event

29. A technician discovers the engine oil cooler is leaking externally at the sandwich adapter where it
mounts to the engine block between the oil filter base and the block. The leak is a steady oil drip. What
is the most likely cause?

A. The Oring seals in the sandwich adapter have deteriorated or been damaged, allowing pressurized oil
to escape at the adaptertoblock mating surface

B. The oil cooler core has cracked internally and the leak is coolant that has migrated through the cooler
housing to the adapter mounting surface

C. The oil filter base casting is cracked, allowing oil to escape from the internal gallery to the external
surface at the adapter mounting point

D. The oil pressure relief valve is stuck open and the resulting pressure surge is forcing oil past the
adapter gasket on every pressure cycle

30. A technician is comparing a wastegate turbocharger with a variable geometry turbocharger (VGT)
for an engine replacement application. What is the primary advantage of VGT technology over a
traditional wastegate design?



A. A VGT produces higher maximum boost pressure than a wastegate turbocharger because it can
contain exhaust energy more efficiently at high RPM

B. A VGT provides better lowspeed boost response by adjusting vane geometry to maintain exhaust gas
velocity across the turbine at all engine speeds, eliminating the "turbo lag™ and boost threshold
limitations of a wastegate design

C. A VGT is mechanically simpler than a wastegate turbocharger because it eliminates the wastegate
actuator, valve, and associated linkage components

D. A VGT produces lower exhaust backpressure than a wastegate turbo at all operating points, reducing
pumping losses and improving fuel economy

31. A technician is comparing conventional drypin track with sealed and lubricated track (SALT) for a
crawler dozer application. What is the primary advantage of SALT track in a normal construction
environment?

A. SALT track weighs less than drypin track because the sealed joint allows the use of smallerdiameter
pins and bushings for the same load rating

B. SALT track requires less frequent tension adjustment because the sealed lubricant prevents pitch
elongation from occurring throughout the track service life

C. SALT track can operate in deeper water than drypin track because the sealed joints prevent water
from entering the pinbushing interface

D. SALT track extends undercarriage service life significantly — the sealed internal lubricant reduces
pin and bushing wear rates by as much as 50% compared to drypin construction



32. An operator reports that the service brakes on a heavy equipment machine feel normal during the
first application after a water crossing, but stopping distance has increased significantly. After several
applications, braking performance returns to normal. What caused the temporary reduction?

A. Water has diluted the brake fluid in the hydraulic circuit, temporarily reducing its boiling point and
causing internal vapour lock

B. The cold water has thermally contracted the brake components, increasing the running clearance
between pads and rotors beyond the normal limit

C. Water on the friction surfaces reduces the coefficient of friction between the pads and rotors —
repeated application generates heat that evaporates the water and restores normal friction

D. The brake proportioning valve has temporarily malfunctioned due to thermal shock from the cold
water, reducing pressure to the rear circuit

33. Kingpin inclination (KPI) is a steering geometry angle measured on the steer axle of a motor grader.
What function does KPI provide?

A. KPI causes the machine to lift slightly when the wheels are turned, and the vehicle weight acts to
return the wheels to the straightahead position, providing steering selfcentering force

B. KPI controls the tire contact patch position during turns, moving the load to the outer edge of the tire
for maximum grip in turning conditions

C. KPI offsets the brake pull tendency that develops when one brake is applied more forcefully than the
other during a straightline stop

D. KPI determines the turning radius of the machine by limiting the maximum steering angle at the
knuckle before the tire contacts the frame



34. An operator is preparing to operate a wheel loader on a steep, icy haul road. Tire chains are required.
Which tire position is the priority for chain installation when only one pair of chains is available?

A. Install chains on the front (steer) tires to maintain directional control, which is more critical than
traction on icy surfaces

B. Install chains on the rear (drive) tires — the drive axle requires traction to propel and retard the
machine, and it carries the majority of the loaded weight

C. Install chains on whichever axle has the newest tires because new rubber compounds provide less
grip on ice than worn surfaces

D. Chain position does not matter — a single pair of chains provides equal benefit on either axle
regardless of whether it is the drive or steer axle

35. Some air brake equipped machines have a visual brake stroke indicator mounted on each brake
chamber. What does this indicator allow the technician to assess without crawling under the machine?

A. The brake air pressure applied to each chamber, displayed as a colourcoded scale on the indicator
arm attached to the chamber housing

B. The brake lining material thickness remaining on the shoes, calibrated to the indicator scale as a
directreading wear measurement

C. The temperature of the brake drum or disc measured by a bimetallic strip on the indicator that
changes colour at specified temperature thresholds

D. The pushrod stroke length during a full brake application, which indicates whether the brakes are
adjusted within specification or require manual adjustment



36. A hydropneumatic suspension strut on an articulated dump truck provides both spring and damping
functions. The spring function is provided by the nitrogen gas charge. What provides the damping
(shock absorption) function?

A. Hydraulic oil is forced through calibrated orifices inside the strut during compression and rebound —
the resistance of the oil flowing through these restrictions dissipates oscillation energy as heat

B. The nitrogen gas charge absorbs oscillation energy through internal friction as the gas molecules
collide during rapid compression and expansion cycles

C. Friction between the strut piston seal and the cylinder bore provides the damping resistance that
controls the speed of piston movement

D. An external shock absorber mounted parallel to the strut provides all damping — the strut itself
provides only the spring function with no internal damping capability

37. Track guide lugs (centre guides) on crawler track shoes ride in the channels between the bottom
rollers, top rollers, and front idler. What is the primary function of these centre guides?

A. They provide forward traction by engaging the ground surface as secondary grousers when the
primary grouser tips are worn below effectiveness

B. They distribute the machine's weight across a wider area of the track shoe to reduce ground pressure
during travel on soft terrain

C. They prevent the track chain from moving laterally off the undercarriage running gear by guiding the
chain along the correct path through the rollers and idler

D. They align the track chain with the drive sprocket teeth during engagement and prevent the chain
from skipping teeth under hightorque drive conditions



38. A technician is installing a replacement wheel on a heavy equipment machine with a multistud hub.
The OEM procedure specifies a star (cross) torque pattern. What is the purpose of tightening the wheel
nuts in this sequence?

A. The star pattern ensures the heaviest section of the wheel is positioned at a specific orientation
relative to the hub for dynamic balance purposes

B. The star pattern draws the wheel evenly against the hub mounting surface, preventing the wheel from
being cocked on the hub and distributing clamping force uniformly

C. The star pattern reduces the total time required to torque all nuts by organizing the sequence for
maximum wrench efficiency around the bolt circle

D. The star pattern prevents thread galling by alternating the thermal load on opposite sides of the hub as
each nut is torqued in sequence

39. A machine equipped with automatic slack adjusters on its air brake foundation assemblies is found
to have one chamber with a pushrod stroke exceeding the maximum limit. The automatic slack adjuster
should have maintained the brake within specification. What does this indicate?

A. The automatic slack adjuster has been manually backed off by a previous technician who was
troubleshooting a brake drag complaint

B. The brake linings are worn beyond the automatic slack adjuster's compensation range and the brakes
require relining before the adjuster can maintain stroke

C. The automatic slack adjuster installation angle is incorrect, and the adjuster arm is binding against the
chamber bracket during application

D. The automatic slack adjuster has failed internally — the oneway clutch or adjuster mechanism is
worn and can no longer take up the increasing clearance as linings wear



40. A technician needs to inflate a newly mounted splitrim OTR tire. The OEM procedure requires
inflation inside a safety cage. The technician's shop does not have a cage large enough for this tire size.
What is the correct alternative?

A. Inflate the tire outdoors behind the machine using the machine itself as a barrier between the
technician and the tire during the inflation process

B. Inflate the tire to only 50% of rated pressure without a cage, then transport it to a facility with the
correct cage size for the final inflation

C. Use a remote inflation device with an inline regulator and a clipon chuck connected to a long hose,
allowing the technician to stand behind a barrier or at a safe distance during inflation

D. Inflate the tire slowly at a rate not exceeding 35 kPa per minute while visually monitoring the lock
ring seating from a lateral position outside the trajectory zone

41. An articulated dump truck is equipped with an oscillation lockout between the front and rear frames
that engages automatically above a preset travel speed. What is the purpose of locking the oscillation
joint at higher speeds?

A. Locking the oscillation reduces the machine's lateral sway (roll) tendency at higher speeds,
improving stability and preventing the truck from rocking excessively on uneven haul roads

B. Locking the oscillation protects the steering cylinders from damage caused by rapid frame
articulation inputs that exceed the cylinder's rated velocity at high speed

C. Locking the oscillation prevents the tires from losing ground contact during highspeed travel, which
would reduce steering effectiveness and increase stopping distance

D. Locking the oscillation engages the front axle differential lock simultaneously, improving traction
and directional stability on loose haul road surfaces



42. During a brake inspection on a machine with drum brakes, the technician measures the drum's
internal diameter and finds it is 1.5 mm larger than the OEM maximum diameter specification. What is
the required action?

A. The drums can continue in service for one additional inspection interval provided the liningtodrum
contact area exceeds 85% of the total friction surface

B. The drum must be replaced — exceeding the OEM maximum diameter means the drum wall is too
thin to absorb braking heat safely and may crack or fracture under heavy braking

C. Machine the drum to restore a smooth surface — the 1.5 mm oversize is within the machining
tolerance and the drum can be returned to service after resurfacing

D. Replace the brake shoes with oversized linings that compensate for the enlarged drum diameter and
restore the correct contact geometry

43. A crawler excavator track tensioner uses a greasefilled hydraulic cylinder to push the front idler
forward against the track chain. The cylinder is backed by a recoil spring. How is track tension adjusted
on this system?

A. Track tension is adjusted by tightening a mechanical screw adjuster that moves the idler carriage
forward in the track frame slot

B. Track tension is adjusted by adding or removing shims between the idler bracket and the track frame
to set the idler position

C. Track tension is adjusted by pumping grease into the tensioner cylinder through a grease fitting,
which extends the cylinder and pushes the idler forward to increase tension

D. Track tension is adjusted by rotating the idler on an eccentric shaft mounting, which changes the
effective idler position relative to the sprocket



44. A hydraulic steering system on a wheel loader is equipped with a steering accumulator. The operator
reports that when the engine stalls unexpectedly, steering is available for several turns of the wheel
before it becomes extremely heavy. What is the purpose of this accumulator?

A. It provides pilot pressure to the steering valve when the engine is not running, allowing the HMU to
function in manual mode with reduced effort

B. It supplements the steering pump output during rapid steering inputs to prevent the pump from being
starved during aggressive maneuvers

C. It absorbs hydraulic shock from road surface impacts transmitted through the steering cylinders back
to the HMU during rough terrain travel

D. It stores pressurized hydraulic fluid that provides emergency steering capability for a limited number
of steering cycles after loss of enginedriven pump flow

45. A technician is inspecting OTR tires on a mining haul truck during a preshift walkaround. One rear
tire shows tread wear to the tread depth indicator (wear bar) level. What action is required?

A. Remove the tire from service — the tread depth indicator (wear bar) indicates the tire has reached its
minimum safe tread depth and must be replaced

B. Rotate the tire to a nondrive axle position where the reduced tread depth will not affect traction
performance during loaded haul operations

C. Continue operating for 100 hours and reinspect — OTR tire wear bars indicate the tire is approaching
end of life but has remaining tread depth

D. Reduce the tire inflation pressure by 10% to increase the contact patch area, which compensates for
the reduced tread depth and extends the tire's service life



46. A technician is inspecting a SAHR (Spring Applied, Hydraulically Released) wet disc brake on a
wheel loader. The service manual specifies measuring the brake pack clearance by pushing the brake
piston against the discs and measuring the gap between the piston retaining ring and the brake housing.
The measurement is larger than the OEM maximum specification. What does this indicate?

A. The brake springs have weakened and cannot apply sufficient clamping force to hold the machine,
requiring spring replacement before operation

B. The brake discs have worn beyond their service limit — the excessive clearance means the piston
must travel too far before the discs are clamped, reducing brake effectiveness

C. The measurement is a normal condition for SAHR brakes — the clearance increases as the hydraulic
release circuit selfadjusts to compensate for disc wear

D. The brake housing bore has worn larger than specification, allowing the piston to move laterally and
producing the false clearance measurement

47. A technician is measuring voltage drops across components in a 24volt series lighting circuit
containing three work lights. The voltage drops measured across the three lights are 7.2V, 8.1V, and
8.3V. Using Kirchhoff's VVoltage Law, what conclusion can the technician draw?

A. The sum of the voltage drops (23.6V) is less than the 24V supply, indicating 0.4V is consumed by
wiring resistance in the circuit — this is within the acceptable voltage drop budget for the wire run
length

B. The voltage drops should be equal across all three lights — the unequal values confirm one or more
lights have incorrect resistance specifications

C. The total voltage drops exceed the supply voltage, indicating a measurement error — the sum of
drops in a series circuit cannot exceed the source voltage

D. The unequal voltage drops confirm the circuit is wired in parallel, not series, because a true series
circuit always divides voltage equally



48. A battery bank consists of two 12volt batteries connected in series for a 24volt system. The
technician measures the specific gravity of each cell and finds all cells in battery A read 1.265, while
battery B's cells read between 1.180 and 1.225. What is the correct interpretation?

A. Both batteries are within acceptable specific gravity range — the variation between batteries in a
series bank has no effect on system performance

B. Battery B is more heavily loaded than battery A because it is closer to the starter motor in the series
connection, causing it to discharge faster

C. Battery A has been overcharged by the alternator because its position in the series bank receives a
higher proportion of the charging current

D. Battery B has a significantly lower state of charge than battery A — the two batteries are mismatched
and battery B should be fully charged and retested, or the pair should be replaced as a set

49. A CAN bus network operates at a specific data transmission speed called the baud rate. The J1939
standard used in heavy equipment specifies a baud rate of 250 kbit/s. What happens if a newly installed
module is configured for 500 kbit/s on this 250 kbit/s network?

A. The network automatically adapts to the faster module's speed and all modules communicate at the
higher baud rate after a brief synchronization period

B. The 500 kbit/s module operates normally but its messages arrive at other modules at half the expected
data length, causing partial data interpretation errors

C. The mismatched module cannot communicate with any other module on the bus — its transmissions
corrupt the network and may disrupt communication for all connected modules

D. The network controller detects the speed mismatch and isolates the nonconforming module
automatically, allowing all other modules to continue operating normally



50. A technician notices the alternator drive belt on a heavy equipment machine is equipped with an
overrunning alternator pulley (OAP) rather than a solid pulley. What is the function of this overrunning
decoupler?

A. It allows the alternator to spin faster than the engine by freewheeling on the overrun, which increases
alternator output during deceleration events

B. It absorbs the torsional vibrations from the engine's crankshaft that would otherwise accelerate belt
wear, bearing fatigue, and belt noise

C. It disconnects the alternator from the belt drive during engine starting to reduce the cranking load on
the starter motor and improve coldstart performance

D. It limits the maximum alternator speed during highRPM engine operation to prevent the alternator
from exceeding its rated rotational speed

51. A technician measures battery voltage on a machine that has been parked for 24 hours with no load
connected. The reading is 12.4V on one battery and 12.6V on the other in a 24V series bank. Both
batteries were new when installed 6 months ago. What does the 0.2V difference indicate?

A. The 0.2V differential indicates one battery is discharging faster than the other — even a small
difference in a series bank can indicate a developing cell weakness that should be investigated with a
load test

B. A 0.2V difference is within the normal acceptable range for any two batteries in a series bank and
does not require any further investigation

C. The lower battery has a defective cell that is pulling the entire bank's voltage down and must be
replaced immediately to prevent starter damage

D. The difference is caused by the batteries being at different temperatures — the battery closer to the
engine absorbs radiant heat and reads higher



52. A technician replaces all incandescent indicator bulbs on a machine's dashboard with LED
replacements. The bulbs illuminate correctly, but the technician notices the LED bulbs produce a faint
glow even when their circuits are switched off. What is the cause?

A. The LED replacement bulbs are wired with incorrect polarity and the reversebiased LED is producing
a faint photon emission through quantum tunneling

B. The dashboard ground circuit has a highresistance connection that allows a small leakage current to
illuminate the sensitive LED but not the lesssensitive incandescent

C. The LED driver circuit inside each replacement bulb draws a continuous standby current from the
supply to maintain its internal voltage reference

D. Small leakage currents through the switch contacts, control modules, or parallel circuit paths that
were insufficient to glow incandescent filaments are enough to illuminate the more sensitive LEDs

53. A hybrid heavy equipment machine is equipped with a ground fault detection system on its
highvoltage circuit. What does this system monitor?

A. It detects current flow through the chassis ground strap and alerts when the ground strap resistance
exceeds the OEM specification for the 12V/24V system

B. It monitors the mechanical connection between the HV battery enclosure and the machine frame to
detect physical loosening of the grounding hardware

C. It continuously monitors the insulation resistance between the HV conductors and the machine
chassis — a drop below the minimum threshold triggers an alert because current may be leaking to the
frame

D. It measures the voltage differential between the positive and negative HV bus bars to detect an
imbalance that would indicate a ground fault in one half of the circuit



54. A technician performs a starter motor noload (freespin) test on the bench. The test involves
connecting the starter to a fully charged battery with the starter unmounted from the engine. What does
this test verify?

A. The test verifies the starter motor draws correct noload current and spins at rated freespin RPM —
excessive current or low RPM indicates internal electrical or mechanical faults such as shorted
windings, dragging bearings, or armature contact

B. The test verifies the solenoid pullin and holdin windings operate within specification by measuring
the current draw of each winding independently

C. The test verifies the starter drive clutch engages and retracts correctly by observing the pinion gear
movement during the solenoid engagement cycle

D. The test verifies the starter's output torque matches the engine's cranking requirement by measuring
the stall current under a calibrated load brake

55. A replacement wiring harness is being routed through the engine compartment of a heavy equipment
machine. The harness passes near the exhaust manifold and turbocharger. What protection measure is
required for this routing?

A. Route the harness in direct contact with the exhaust components and secure it with nylon cable ties
that melt at high temperature to alert the technician of excessive heat

B. Route the harness with maximum clearance from heat sources and install a heatresistant sleeve or
loom where the harness must pass within close proximity of exhaust components

C. Wrap the exhaust manifold with thermal insulation tape to reduce surface temperature rather than
protecting the harness, which is designed for engine compartment temperatures

D. Route the harness behind the engine block to use the block casting as a heat shield — no additional
protection is required if the block is between the harness and exhaust



56. A technician connects an oscilloscope to the CAN bus and observes the waveform. A normal CAN
bus waveform shows clean, squareedged transitions between dominant and recessive states. The
observed waveform shows rounded edges and reduced amplitude. What does this indicate?

A. The rounded waveform is normal for a CAN bus under heavy message traffic and indicates the
network is operating at maximum throughput capacity

B. The bus is operating in a lowpower sleep mode that reduces signal amplitude to conserve battery
energy during extended shutdown periods

C. The oscilloscope probe is loading the bus — the probe impedance is too low and is attenuating the
signal, requiring a higherimpedance probe for accurate measurement

D. The bus has a fault that is degrading signal quality — possible causes include excessive cable length,
damaged wiring, incorrect termination, or a failing module driver that is weakening the signal edges

57. A DTC reads SPN 94, FMI 5 on a heavy equipment diesel engine. SPN 94 is fuel delivery pressure.
What does FMI 5 indicate?

A. FMI 5 indicates the fuel delivery pressure is above the normal operating range and the ECM is
commanding a reduction to protect the fuel system

B. FMI 5 indicates the fuel delivery pressure sensor circuit has an open condition and the ECM is using
a default value in place of the actual reading

C. FMI 5 indicates the fuel delivery pressure reading is below the normal operating range — the current
is below the programmed minimum threshold for the sensor circuit

D. FMI 5 indicates the fuel delivery pressure sensor is reading intermittently, with the signal cycling
between valid and invalid states during operation



58. A machine's battery bank has a nameplate rating of 1,400 CCA and a 210 Ah (amperehour) capacity
rating. What does the Ah capacity rating specifically represent?

A. The maximum instantaneous current the battery can deliver for one second during a dead short circuit
condition before internal damage occurs

B. The total energy storage capacity — a 210 Ah battery can theoretically deliver 10.5 amperes
continuously for 20 hours before the voltage drops to the minimum threshold

C. The total number of cranking cycles the battery can perform before recharging is required, based on a
standard 30second cranking event per cycle

D. The peak charging current the battery can accept from the alternator without overheating the internal
plates or boiling the electrolyte

59. A technician is reading a schematic diagram for a hydraulic solenoid circuit. The diagram shows
battery positive to a fuse, through a relay contact, to the solenoid positive terminal, then from the
solenoid negative terminal through a resistor to the ECM, and finally to ground through the ECM. The
relay coil is controlled by the ignition switch. What controls the solenoid's activation?

A. The ECM controls solenoid activation — the relay provides switched ignition power to the solenoid
supply, but the ECM completes the ground path through the resistor to actually energize the solenoid
coil

B. The ignition switch directly controls the solenoid — when the switch is on, the relay closes and the
solenoid is energized continuously

C. The fuse controls the solenoid — a blown fuse opens the circuit and the solenoid is deenergized
regardless of the relay or ECM state

D. The resistor in the ground path provides current limiting only — the ECM cannot control the solenoid
because the resistor is always in the circuit



60. An alternator equipped with a remote voltage sensing wire is used on a heavy equipment machine.
The sensing wire connects from the alternator voltage regulator to the main battery terminal. What is the
function of this wire?

A. It provides a return path for the alternator field current that bypasses the main output circuit, reducing
the load on the main output diodes

B. It allows the battery to send a temperature signal to the voltage regulator, enabling
temperaturecompensated charging to protect the battery in cold weather

C. It allows the voltage regulator to sense the actual voltage at the battery terminal rather than at the
alternator output — compensating for voltage drop in the charging circuit wiring so the battery receives
the correct charge voltage

D. It provides a tachometer signal from the alternator to the ECM, allowing the ECM to calculate engine
RPM from the alternator output frequency

61. A technician is diagnosing an ECM output circuit that controls a cooling fan relay. The ECM uses a
lowside driver (groundside switch) for this circuit. The technician wants to test whether the ECM is
providing the ground command. What is the correct test method?

A. Measure voltage at the relay coil positive terminal with ignition on — if 12V is present, the positive
supply is confirmed, but this does not verify the ECM ground command

B. Measure voltage at the ECMcontrolled terminal of the relay coil while commanding the relay on
through the diagnostic software — the voltage should drop to near zero when the ECM provides ground

C. Measure resistance across the relay coil terminals with the connector disconnected — a reading
within specification confirms the relay is capable of being energized

D. Apply battery voltage directly to both relay coil terminals to verify the relay clicks — this confirms
the relay is functional but does not test the ECM's ability to command it



62. A technician is routing a new wiring harness along the machine's frame rail. The harness must pass
through a frame crossmember hole. What protection is required at the point where the harness passes
through the metal hole?

A. Apply electrical tape around the harness at the penetration point to add a layer of insulation between
the wire and the metal edge

B. Secure the harness to the frame with a nylon cable tie positioned at the exact centre of the hole to
prevent the harness from contacting the metal edges

C. Reduce the harness diameter at the penetration point by stripping the outer loom to ensure the wires
pass through the hole without contact pressure

D. Install a rubber or plastic grommet in the hole before routing the harness through — the grommet
prevents the sharp or rough metal edge from chafing and cutting through the wire insulation

63. A protection diode (flyback diode) is installed across the terminals of a relay coil in a heavy
equipment machine's electrical system. What is the function of this diode?

A. It provides a lowresistance path for the relay coil energizing current, reducing the voltage drop across
the coil and increasing the magnetic pull force

B. It allows current to flow through the coil in only one direction, preventing damage to the coil winding
from reverse polarity during a jumpstart event

C. It suppresses the voltage spike generated by the relay coil's collapsing magnetic field when the coil is
deenergized, protecting the ECM driver transistor from the inductive kick

D. It limits the maximum current through the relay coil by acting as a current regulator that opens when
the coil draw exceeds the diode's rated forward current



64. A fleet manager asks a technician to explain the difference between State of Charge (SOC) and State
of Health (SOH) for the machine's leadacid starting batteries. What is the correct distinction?

A. SOC indicates the current charge level as a percentage of the battery's available capacity at that
moment, while SOH indicates the battery's remaining overall capacity relative to its original new
specification — a battery can be at 100% SOC but only 75% SOH

B. SOC and SOH are interchangeable terms — both describe the percentage of charge remaining in the
battery at the time of measurement

C. SOC is measured by specific gravity and SOH is measured by voltage — both measurements provide
the same information but through different test methods

D. SOC applies to the battery as a single unit, while SOH applies to individual cells within the battery
— the two measurements cannot be directly compared

65. A machine’'s CAN bus system uses a serial communication protocol to transfer data between
modules. What is the fundamental characteristic that distinguishes serial data communication from
parallel data communication?

A. Serial communication transmits all data bits simultaneously across multiple wires, while parallel
communication sends one bit at a time on a single wire

B. Serial communication transmits data one bit at a time over a single data path, while parallel
communication uses multiple wires to send multiple bits simultaneously

C. Serial communication requires a dedicated wire for each module on the network, while parallel
communication shares a single wire among all modules

D. Serial communication is limited to oneway data transfer from the ECM to all modules, while parallel
communication allows bidirectional data exchange



66. A technician is testing the insulation resistance of a large electric drive motor on a mining haul truck
using a megohmmeter. The test is performed with the motor deenergized and all connections removed.
What does a reading significantly below the OEM minimum specification indicate?

A. The motor windings have a lowresistance connection between turns (a partial short) that reduces the
motor's effective impedance below its rated operating value

B. The motor's rotor bearings have worn and are allowing the rotor to contact the stator laminations,
creating a direct short between the rotating and stationary components

C. The motor's thermal protection switch has tripped due to overheating and the megohmmeter is
reading the resistance of the protection circuit rather than the winding insulation

D. The motor winding insulation has degraded — current can leak from the conductors through the
weakened insulation to the motor frame, creating a ground fault hazard

67. A technician is reviewing the programmable parameters in an ECM using OEM diagnostic software.
One parameter sets the maximum engine speed at 2,200 RPM. The operator has requested the technician
increase it to 2,400 RPM for improved productivity. What is the correct response?

A. Increase the parameter to 2,400 RPM as requested — the ECM's internal safety limits will override
the parameter if the value exceeds the safe operating range

B. Increase the parameter to 2,300 RPM as a compromise — splitting the difference between the current
and requested values limits the risk of exceeding design limits

C. Do not change the parameter beyond the OEMspecified maximum — exceeding the engine's rated
speed increases mechanical stress, may void the warranty, and risks catastrophic engine failure

D. Change the parameter to 2,400 RPM but add a matching parameter adjustment that reduces
maximum fuel delivery proportionally to prevent the engine from exceeding its rated power output



68. A technician is inspecting a wiring harness connector that has been exposed to a washdown event.
The connector is a sealed weatherpack type with individual cavity seals on each wire and a rear seal
around the wire bundle. What is the function of the individual cavity seals?

A. Each cavity seal prevents moisture from entering the connector along the wire between the terminal
and the connector housing — the seal compresses around the wire insulation to form a watertight barrier
at each cavity

B. The cavity seals provide a mechanical retention force that holds each terminal in the correct cavity
position and prevents it from backing out during vibration

C. The cavity seals provide electrical insulation between adjacent terminals within the connector body,
preventing short circuits between neighbouring pins

D. The cavity seals increase the contact pressure between the male and female terminals during mating,
improving the electrical connection quality under vibration

69. A large heavy equipment machine has a power distribution module (PDM) that replaces the
traditional fuse panel and relay box. What advantage does the PDM provide over a conventional
fuseandrelay system?

A. The PDM uses physical fuses and relays identical to a conventional system but organizes them in a
more compact and accessible layout for maintenance

B. The PDM uses solidstate electronics to switch and protect circuits — it can be programmed to control
load sequencing, diagnose faults, report circuit status to the CAN bus, and provide adjustable
overcurrent protection

C. The PDM reduces the total wire count in the machine by routing all circuits through a single pair of
highcurrent bus bars inside the module housing

D. The PDM provides higher maximum current capacity than individual fuses and relays, allowing
larger loads to be connected without upgrading the battery or alternator



70. A technician is installing a sensitive electronic module (GPS receiver) on a machine. The OEM
installation instructions specify mounting the module's ground wire to a dedicated ground point on the
cab frame, separate from the engine ground bus. Why is a separate ground specified?

A. The GPS receiver operates on a different voltage than the machine's standard 12V/24V system and
requires an isolated ground to prevent voltage interference

B. The GPS antenna requires a direct ground connection to the cab frame to function as a ground plane,
and sharing the engine ground would introduce signal loss

C. The separate ground prevents the GPS receiver from drawing parasitic current from the engine
starting circuit during cranking events

D. The engine ground bus carries switching noise and voltage fluctuations from engine sensors and
solenoids that would interfere with the GPS receiver's sensitive signal processing circuits

71. A machine's ECM has received a software update from the OEM that changes several parameter
limits and adds a new diagnostic capability. After the update, one implement function operates
differently than before. The operator reports the change. What should the technician verify first?

A. Confirm that the update was performed on the correct ECM — some machines have multiple
modules and the update may have been installed on the wrong one

B. Roll back the software update to the previous version and restore the original operational behavior
until the OEM provides a corrected update file

C. Review the OEM software update release notes to determine whether the operational change was an
intentional modification included in the update scope

D. Reset the ECM to factory defaults to clear any parameter corruption that may have occurred during
the update installation process



72. Some heavy equipment machines use a torque divider — a combination of a torque converter and a
directdrive planetary gear set — instead of a standalone torque converter. What advantage does this
arrangement provide?

A. The torque divider produces higher torque multiplication than a standard converter by adding the
planetary gear reduction to the converter's fluid multiplication

B. The torque divider eliminates all converter slip at all operating speeds, providing a direct mechanical
connection between the engine and transmission at all times

C. The torque divider reduces the size and weight of the transmission by replacing two forward gear
ranges with the equivalent ratio provided by the planetary section

D. The torque divider transmits a portion of the engine torque mechanically through the planetary set
while the remainder passes through the converter — improving overall efficiency by reducing the
percentage of power subject to fluid coupling losses

73. During a scheduled transmission service, the technician drains the transmission oil and removes the
sump screen (suction strainer) for inspection. What type of contamination on the screen provides the
most diagnostic value?

A. A thin, even coating of fine grey sludge across the entire screen surface, which indicates normal
additive precipitation from the oil over the service interval

B. Concentrations of metallic particles — bronze or brasscoloured chips indicate clutch piston or
bushing wear, while steel particles indicate gear or bearing surface wear

C. A buildup of black friction material dust that has accumulated on the screen from the normal wear of
the clutch disc friction surfaces during shifting events

D. Fine aluminum particles that originate from the transmission case and oil pan mating surfaces that
wear during thermal cycling expansion and contraction



74. A driveshaft has a critical speed — a rotational speed at which the shaft's natural resonant frequency
causes severe vibration that can destroy the shaft and connected components. What design factor
determines a driveshaft's critical speed?

A. The weight of the balance weights installed on the shaft tube, which shift the resonant frequency
away from the operating speed range

B. The angle of the Ujoints at each end of the shaft, which alters the effective stiffness of the shaft by
introducing additional bending loads

C. The shaft's length, diameter, tube wall thickness, and material properties — longer and thinner shafts
have lower critical speeds and may require a centre support bearing to shorten the span

D. The lubricant viscosity inside the Ujoint bearing caps, which provides a damping effect that raises the
shaft's resonant frequency above the operating range

75. A differential carrier has thrust screws (adjusting screws) that contact the back of the ring gear. What
is the function of these screws?

A. They limit the amount of ring gear deflection under heavy load by providing a support point behind
the gear, reducing the maximum mesh deflection and maintaining consistent tooth contact

B. They provide the primary backlash adjustment between the ring gear and pinion by moving the ring
gear laterally on the carrier axis

C. They apply a preload to the ring gear bolts by pushing the gear against the differential case,
preventing bolt loosening during hightorque events

D. They center the ring gear on the carrier to eliminate runout that develops from repeated hightorque
loading on one side of the gear



76. A technician hears a growling noise from the transmission that is present in all gears and increases
with input shaft speed. The noise is present when the clutch is engaged and disappears when the clutch
is disengaged (pedal depressed). What is the most likely cause?

A. A worn pilot bearing is producing the noise — the pilot bearing rotates only when the clutch is
engaged and the input shaft is spinning

B. A worn input shaft bearing is the most likely cause — the bearing supports the input shaft, which
rotates whenever the clutch is engaged, regardless of gear selection

C. A worn output shaft bearing is producing the noise — the output shaft rotates in all gears and the
noise increases with shaft speed proportionally

D. A worn clutch release bearing is the source — the release bearing is loaded only when the clutch is
disengaged and freespins when the clutch is engaged

77. A planetary gear set can produce an overdrive (output faster than input) configuration. Which
element arrangement produces an overdrive ratio?

A. Sun gear input, planet carrier held, ring gear output — the ring gear rotates faster than the sun gear
due to the tooth count ratio

B. Planet carrier input, sun gear held, ring gear output — the ring gear rotates faster than the carrier
input due to the internal gear mesh mechanics

C. Ring gear input, sun gear held, planet carrier output — the carrier rotates slower than the ring gear,
producing a gear reduction rather than overdrive

D. Ring gear input, planet carrier held, sun gear output — the sun gear rotates faster than the ring gear
because the smaller sun makes more revolutions per ring gear revolution



78. A machine's clutch is equipped with a ceramic (cerametallic) friction facing rather than an organic
facing. What operating characteristic distinguishes ceramic facings from organic facings?

A. Ceramic facings provide smoother engagement and are preferred for applications requiring precise
modulation during inching and fine positioning work

B. Ceramic facings have a lower coefficient of friction than organic facings and are only used where slip
is intentionally designed into the clutch operation

C. Ceramic facings withstand higher temperatures and transmit more torque than organic facings, but
they engage more abruptly and produce harsher engagement characteristics

D. Ceramic facings are selfadjusting and compensate automatically for wear, eliminating the need for
periodic clutch adjustment throughout the facing's service life

79. A technician needs to check the oil level in a planetary final drive on a crawler excavator. The
service manual specifies checking the level with the drive in a specific position. Why is positioning
critical for this check?

A. The fill and check plug must be rotated to a specific position — typically the 3 o'clock or 9 o'clock
position — so the oil level at the plug corresponds to the correct internal volume for that assembly

B. The drive must be positioned with the drain plug at the bottom and the fill plug at the top to ensure all
oil is in the lower housing during the check

C. The drive must be rotated until the planetary gears are at their lowest point, submerging the
maximum number of gear teeth for an accurate volume measurement

D. The positioning aligns the internal oil level with an external sight glass that is only visible when the
drive housing is oriented at one specific rotational angle



80. A transfer case uses a roller chain to transmit torque from the input shaft to the front output shaft.
The technician inspects the chain during a transfer case service and finds the chain has elongated beyond
the OEM specification. What is the consequence of operating with an elongated chain?

A. The elongated chain produces a continuous highpitched whining noise proportional to shaft speed
that is audible inside the cab during travel

B. Excessive chain slack causes impact loading during throttle transitions, produces a clunking noise on
load reversals, and increases the risk of chain derailment from the sprockets

C. The elongated chain transfers torque less efficiently, reducing the power available to the front axle by
a percentage proportional to the elongation amount

D. The chain tension selfadjusts through the transfer case's internal hydraulic tensioner, and no
operational consequence occurs until the tensioner reaches its travel limit

81. During a differential rebuild, the technician checks the ring and pinion tooth contact pattern on the
coast (reverse) side of the teeth. The coast pattern shows contact concentrated at the toe (narrow end) of
the tooth. What adjustment is needed?

A. Increase the pinion depth (move pinion inward) to shift the coast pattern from the toe toward the heel
for a centred contact position

B. Decrease backlash by moving the ring gear closer to the pinion to redistribute the coast contact across
a wider area of the tooth face

C. Increase the backlash by moving the ring gear away from the pinion to shift the load from the toe
toward the centre of the coast tooth face

D. Move the ring gear toward the pinion (decrease backlash) to shift the coast contact pattern from the
toe toward the centre of the tooth



82. An Electronically Controlled Pressure Clutch (ECPC) transmission uses proportional solenoids and
pressure sensors to manage clutch engagement. How does the ECPC system improve shift quality
compared to a conventional powershift transmission?

A. ECPC eliminates the torque converter from the drivetrain, replacing its cushioning function with
electronic clutch slip control during shifts

B. ECPC provides a fixed shift profile that produces identical shift feel regardless of load, temperature,
or operating conditions throughout the transmission's life

C. ECPC uses realtime pressure feedback to modulate clutch fill and engagement pressure precisely,
adapting the shift profile to current load, temperature, and clutch condition

D. ECPC applies all clutch packs simultaneously during a shift to eliminate the torque interruption that
occurs when individual packs are applied sequentially

83. A machine equipped with a manual clutch uses a pulltype release mechanism rather than a pushtype.
What is the key difference in operation?

A. A pulltype clutch pushes the release bearing against the pressure plate fingers to disengage the clutch,
identical to a pushtype design

B. A pulltype clutch pulls the release bearing away from the pressure plate, which allows the diaphragm
spring fingers to release the pressure plate clamping force by moving outward

C. A pulltype clutch engages the clutch when the pedal is pressed and disengages when the pedal is
released, which is the opposite of a pushtype design

D. A pulltype clutch uses cable actuation exclusively, while a pushtype uses hydraulic actuation for the
release mechanism



84. A driveshaft guard (shield) is installed around the driveshaft between the transmission and rear axle
on a highwayrated heavy equipment machine. What is the purpose of this guard?

A. It prevents a separated driveshaft from contacting the ground and vaulting the machine — a failed
shaft or Ujoint can cause the spinning shaft to dig into the pavement and launch the rear of the machine

B. It provides aerodynamic streamlining that reduces wind resistance under the machine during highway
travel, improving fuel economy

C. It insulates the exhaust system from the driveshaft to prevent the driveshaft Ujoint grease from
overheating and failing from radiant exhaust heat

D. It provides a mounting surface for the ABS wheel speed sensor that monitors the driveshaft RPM for
the antilock braking system calculation

85. A technician is inspecting wet brake discs removed from a SAHR brake during a scheduled service.
The technician measures disc thickness and finds the discs are within the OEM specification. However,
the technician also checks for disc warpage using a surface plate and feeler gauge. What is the
consequence of operating with warped brake discs?

A. Warped discs reduce the brake's static holding capacity because the warped surface cannot make full
contact with the separator plates when the springs apply

B. Warped discs produce a pulsating pedal feel during application that is uncomfortable for the operator
but does not affect the brake's holding or stopping capacity

C. Warped discs create uneven clamping when the brake springs apply, producing localized hot spots,
accelerated uneven wear, and potential brake chatter or grab

D. Warped discs trap oil between the contact surfaces, creating a hydraulic cushion that prevents the
friction surfaces from making full contact under spring force



86. A powershift transmission uses a modulation valve to control the rate of clutch apply pressure rise
during engagement. The operator reports shifts have become harsh and abrupt. Clutch pressures in all
gears test at the correct final value. What is the most likely cause?

A. The modulation valve spring has weakened and is allowing pressure to rise too slowly, causing the
clutch to slip before full engagement pressure is reached

B. The transmission pump is oversupplying oil volume at a rate that overwhelms the modulation valve's
ability to control pressure rise rate

C. The clutch friction discs are glazed and have a higher initial coefficient of friction than new discs,
causing the engagement to feel harsher despite normal pressure

D. The modulation valve is stuck or its accumulator piston is seized, allowing full system pressure to
reach the clutch pack immediately rather than through a controlled ramp

87. A final drive axle on a heavy equipment machine has a breather vent installed on the axle housing.
The technician notices the breather is packed with mud and debris. What is the consequence of a
blocked axle breather?

A. A blocked breather traps internal pressure generated by heat expansion of the oil and air inside the
housing — this pressure forces oil past the axle shaft seals, causing external oil leaks

B. A blocked breather prevents the axle housing from venting during cooldown, creating an internal
vacuum that collapses the axle housing inward at the thinwall sections

C. A blocked breather has no operational consequence because the axle housing is designed as a sealed
assembly and the breather is only a factory assembly vent

D. A blocked breather causes the differential oil to foam from trapped air, reducing the lubrication
effectiveness and accelerating ring and pinion gear wear



88. A crawler dozer uses steering clutches to control directional steering. The operator reports the
machine pulls to the left during straight travel despite both track tensions being equal. What should be
checked?

A. The rightside final drive has an internal hydraulic leak that reduces the torque delivered to the right
track compared to the left

B. The leftside steering clutch spring pack has weakened, allowing the clutch to slip slightly during
straight travel and reducing drive to the left track

C. The steering clutch adjustment on one side may be incorrect — one clutch may be slipping partially,
reducing drive force on that side and causing the pull

D. The sprocket teeth on the right side are more worn than the left, producing a smaller effective
sprocket diameter that drives the right track slower

89. An R134a air conditioning system includes either a receiverdrier or an accumulator in the refrigerant
circuit, depending on the system design. What is the shared function of both components?

A. Both components regulate refrigerant flow rate to the evaporator by metering liquid refrigerant based
on suction pressure feedback from the evaporator outlet

B. Both components remove moisture from the refrigerant using an internal desiccant and provide a
reservoir that ensures the correct system component receives the proper refrigerant state

C. Both components provide subcooling of the liquid refrigerant below its condensation point to
improve system cooling efficiency and prevent flash gas at the expansion device

D. Both components function as a heat exchanger that transfers heat between the highpressure liquid line
and the lowpressure suction line to improve cycle efficiency



90. A mine site requires all heavy equipment cabs to be tested for internal air quality at regular intervals.
The primary concern is operator exposure to diesel particulate matter (DPM) and respirable crystalline
silica dust. What cab system is responsible for controlling these contaminants?

A. The engine air intake system — the engine air filter removes ambient dust before it can enter the cab
through the HVAC fresh air intake duct

B. The exhaust aftertreatment system — the DPF captures diesel particulate matter that would otherwise
enter the cab through the HVAC system

C. The cab ventilation system — forced fresh air through the cab door and window seals creates a
pressure differential that prevents contaminated air from entering

D. The cab pressurization and filtration system — positive cab pressure prevents infiltration, and the
HVAC intake filter captures particulates from the incoming fresh air supply

91. A technician is preparing to service an A/C system that uses R1234yf refrigerant. This refrigerant
has a different safety classification than R134a. What specific precaution applies to R1234yf that does
not apply to R134a?

A. R1234yf has a higher operating pressure than R134a and requires upgraded hose assemblies and
fittings rated for the higher working pressure

B. R1234yf is chemically unstable when mixed with PAG oil and requires a different compressor oil
type (POE oil) for system compatibility

C. R1234yf is classified as A2L (mildly flammable) — open flame, sparks, and ignition sources must be
kept away from any potential leak point during service

D. R1234yf produces a toxic decomposition product when it contacts atmospheric oxygen, requiring the
technician to wear a suppliedair respirator during recovery



92. A heavy equipment cab heater uses a vacuumoperated coolant control valve. When the operator
moves the temperature control to the hot position, the vacuum signal is applied to the valve. The
operator reports no heat. The coolant temperature is at full operating temperature. The technician finds
no vacuum signal at the valve. What is the most likely cause?

A. The vacuum supply hose between the vacuum source and the heater control valve is disconnected,
cracked, or blocked — no vacuum signal means the valve does not open and no coolant flows to the
heater core

B. The heater core is plugged and the control valve senses the restriction through a backpressure
feedback mechanism that prevents the valve from opening

C. The vacuum pump has failed and must be replaced before the heater valve will receive a control
signal to open the coolant flow path

D. The temperature control cable has stretched and is not moving the vacuum selector valve far enough
to port vacuum to the heater valve actuator

93. An A/C system's condenser fan is controlled by the ECM based on refrigerant highside pressure and
coolant temperature. The fan runs at maximum speed continuously regardless of conditions. No fault
codes are present. What is the most likely cause?

A. The condenser is oversized for the application and the highside pressure remains at the upper
threshold constantly, commanding full fan speed

B. The highside pressure sensor or coolant temperature sensor is reading at or above the threshold that
commands maximum fan speed — one sensor has failed high, causing the ECM to command full fan
continuously

C. The condenser fan relay has welded contacts that are connecting the fan to power continuously,
bypassing the ECM's variablespeed control command

D. The ECM fan control algorithm defaults to maximum speed when all inputs are normal as a
conservative cooling strategy to protect the compressor



94. A machine operating in a dusty, hightemperature environment has its cab pressurization system
tested and found to be within specification. However, the operator reports the cab interior temperature is
excessively hot despite the A/C system running normally. What should be investigated?

A. The cab's insulation has deteriorated from UV exposure and age, reducing the thermal barrier
between the exterior sun load and the cab interior

B. The cab's window tint has degraded, allowing more solar heat gain through the glass than the A/C
system was designed to overcome

C. The A/C evaporator is undersized for this climate and the system requires an aftermarket upgrade to a
highercapacity evaporator core

D. The cab's exterior panels and roof are absorbing excessive solar radiation — additional insulation,
reflective coating, or a sun canopy should be installed to reduce the thermal load on the A/C system

95. An A/C system's sight glass shows a steady stream of bubbles passing through the liquid line during
normal operation with the system at full charge. The highside pressure is slightly below normal. What
does this indicate?

A. The system is low on refrigerant charge — bubbles in the sight glass during normal operation
indicate insufficient liquid refrigerant is available to completely fill the liquid line after the condenser

B. The sight glass reading confirms the system is operating at optimal efficiency — a small amount of
visible bubbles is the target condition during normal operation

C. The condenser fan is running too fast, subcooling the liquid refrigerant excessively and creating
visible vapour bubbles from the pressure drop at the sight glass restriction

D. The expansion valve is oversized, pulling liquid refrigerant from the condenser faster than it can be
fully condensed, causing bubbles from the entrained vapour



96. A dieselfired auxiliary cab heater uses a glow plug (or glow pin) to initiate combustion. After several
thousand hours of operation, the heater starts reliably in warm weather but fails to ignite during cold
starts. The fuel supply and air supply are confirmed correct. What is the most likely cause?

A. The heater's combustion air blower motor has worn brushes that slow the motor during cold
conditions, reducing the air supply below the ignition threshold

B. The glow plug has degraded — it produces insufficient heat to ignite the fuelair mixture at cold
temperatures where the combustion chamber components absorb more of the glow plug's heat output

C. The heater's fuel pump is delivering a lower fuel quantity at cold temperatures because the increased
fuel viscosity reduces the pump's volumetric efficiency

D. The heater's electronic control module has temperaturecompensated start timing that extends the glow
period at cold temperatures, and the operator is not waiting long enough

97. An operator reports that water is dripping from the cab HVAC housing onto the floor inside the cab
during A/C operation. The A/C is cooling normally. What is the most likely cause?

A. The evaporator core has a refrigerant leak that is producing liquid refrigerant discharge inside the
HVAC housing during normal cooling cycles

B. The heater core has a small coolant leak that drips inside the HVAC housing when the blend door
directs airflow across both the heater and evaporator cores

C. The evaporator condensate drain tube is blocked — moisture condensing on the cold evaporator
surface cannot drain to the outside and instead overflows inside the cab

D. The cab pressurization system is forcing humid outside air directly across the evaporator surface at a
rate that exceeds the drain tube's capacity to remove the condensate



98. A hydraulic press circuit uses a pressure intensifier to develop 700 bar from a 350 bar system supply.
The intensifier has a largebore input piston and a smallbore output piston. If the input piston area is
twice the output piston area, what is the output pressure?

A. 175 bar — the intensifier divides the input pressure by the area ratio because the output piston is
smaller and produces less total force

B. 350 bar — a 2:1 area ratio produces no pressure change because the reduced area is exactly
compensated by the reduced force

C. 525 bar — the intensifier adds the input pressure to half of itself, producing a 1.5:1 intensification
ratio at the 2:1 area ratio

D. 700 bar — the input force (350 bar x large piston area) acts on the smaller output piston, doubling the
pressure because the area is halved while the force remains constant

99. A fixeddisplacement hydraulic pump has a theoretical output of 150 L/min at its rated RPM. During
a flow test at rated RPM and operating pressure, the measured output is 138 L/min. What is the pump's
volumetric efficiency?

A. 92% — calculated as (actual output + theoretical output) x 100 = (138 + 150) x 100 = 92%,
indicating the pump has 8% internal leakage at operating pressure

B. 108% — calculated as (theoretical output + actual output) x 100, indicating the pump is producing
more than its rated displacement per revolution

C. 88% — calculated by subtracting the flow loss (12 L/min) from 100% to determine the efficiency,
which is below the acceptable minimum for most applications

D. 95% — calculated by averaging the theoretical and actual output values and expressing the result as a
percentage of the theoretical maximum



100. A proportional directional control valve (PDCV) is used in an excavator's implement circuit.
Unlike a conventional on/off DCV, what capability does the proportional valve provide?

A. It allows the operator to control only the direction of actuator movement — the speed is fixed by the
pump output regardless of valve position

B. It allows the operator to control both the direction and the speed of actuator movement by varying the
spool opening proportionally to the joystick input

C. It provides automatic loadsensing feedback to the pump controller, which a conventional on/off valve
cannot generate from its discrete spool positions

D. It eliminates the need for a pressure relief valve because the proportional spool automatically limits
maximum circuit pressure based on the joystick position

101. A hydraulic brake accumulator is charged with dry nitrogen to a pre-charge pressure of 90 bar. The
system operating pressure is 180 bar. If the accumulator's gas volume at pre-charge is 2.0 litres,
approximately what usable oil volume does the accumulator store when fully charged to system
pressure? (Assume ideal gas behaviour and apply Boyle's Law: P1Vi =P.V2.)

A. 2.0 litres — the gas is fully compressed to zero volume at twice the pre-charge pressure, so the entire
2.0-litre shell fills with oil

B. 0.5 litres — the gas compresses by only 25% at double the pre-charge pressure, displacing a small
volume of oil into the accumulator

C. 4.0 litres — the gas expands under system pressure rather than compressing, doubling the available
oil storage volume in the accumulator

D. 1.0 litre — the gas compresses from 2.0 litres to 1.0 litre at 180 bar (90 x 2.0 = 180 x 1.0), so 1.0 litre
of usable oil is displaced into the accumulator



102. A wheel loader's hydraulic system requires a motor to drive a conveyor at a constant 200 RPM
regardless of varying load. The available pump flow is 120 L/min. What motor displacement is
required?

A. 0.6 cm3/rev — calculated by dividing flow rate by motor speed, which produces a value in litres per
revolution rather than cms3 per revolution

B. 24,000 cm3/rev — calculated by multiplying the flow rate by the motor speed instead of dividing,
producing an unrealistically large displacement value

C. 600 cmd/rev — calculated as (120 L/min + 200 RPM) x 1,000 = 0.6 L/rev x 1,000 = 600 cm3/rev
displacement required to achieve 200 RPM from 120 L/min supply

D. 166.7 cm3/rev — calculated by dividing motor speed by flow rate (200 + 120) x 1,000, which
reverses the correct formula

103. A hydraulic system has both a suction strainer inside the reservoir and a highpressure filter
downstream of the pump. What is the purpose of the suction strainer compared to the pressure filter?

A. The suction strainer is a coarse screen that protects the pump from ingesting large particles that could
cause immediate catastrophic damage, while the pressure filter provides fine filtration that protects
downstream valves and actuators

B. The suction strainer provides the system's primary fine filtration because the fluid has lower velocity
in the suction line, allowing more time for particle capture

C. The suction strainer filters the oil before it returns to the reservoir from the system, while the pressure
filter filters it again before it reaches the pump inlet

D. The suction strainer and pressure filter are identical in filtration rating — the dual installation
provides redundancy in case one filter clogs



104. A hydrostatic drive system provides automatic dynamic braking when the operator returns the
control lever to the neutral position. How does the hydrostatic system create this braking effect?

A. The charge pump reverses its flow direction in neutral, pushing fluid backward through the motor and
decelerating the machine through hydraulic resistance

B. The pump swashplate returns to zero displacement, stopping fluid supply to the motor — the
machine's momentum now drives the motor as a pump, and the resistance of displacing fluid through the
closed loop decelerates the machine

C. An electronic brake solenoid applies a mechanical brake on the motor output shaft simultaneously
with the pump destroking to provide positive deceleration

D. The crossport relief valves open in both directions, dumping the loop pressure to zero and eliminating
the hydraulic force that was driving the motor

105. An air compressor on a heavy equipment machine is producing oilcontaminated air that is passing
downstream into the brake system. The air dryer appears to be functioning correctly. What is the most
likely cause of the oil contamination?

A. The air dryer's desiccant is saturated with oil and cannot adsorb any additional contamination — the
dryer must be replaced to restore its oil removal capability

B. The compressor discharge line has an internal crack that is drawing engine oil from the crankcase into
the air supply between the compressor and the air dryer

C. The governor is cutting out at too high a pressure, forcing the compressor to work harder and
generating excessive heat that breaks down the compressor's internal lubrication

D. The compressor's piston rings or cylinder bore are worn, allowing crankcase oil to pass into the
compression chamber and be pumped into the air system with the compressed air



106. A pilotoperated hydraulic system on an excavator uses lowpressure hydraulic fluid (pilot pressure)
to move the main control valve spools. What advantage does pilot operation provide over direct
mechanical linkage?

A. Pilot operation eliminates all control valve spool wear because the pilot pressure acts as a hydraulic
cushion between the spool and the valve body

B. Pilot operation requires more operator effort than direct mechanical linkage but provides more
precise metering control through the mechanical advantage of the pilot circuit

C. Pilot operation allows the main control valves to be located remotely from the operator station
because the pilot pressure signal travels through smalldiameter hoses without requiring mechanical
linkage to the valve

D. Pilot operation automatically limits the maximum speed of all actuators to a safe level by restricting
the pilot flow rate available to shift the main spools

107. A hydraulic system generates heat whenever fluid flows through a restriction — a relief valve, an
orifice, a metering edge, or any component that creates a pressure drop without producing useful work.
What is the fundamental principle that explains why hydraulic systems generate heat?

A. Every pressure drop across a restriction converts the hydraulic energy (pressure x flow) into heat
energy — the power lost equals the pressure drop multiplied by the flow rate through the restriction

B. Hydraulic oil is a poor thermal conductor and accumulates heat from ambient sources in the engine
compartment rather than generating it internally

C. The pump converts a fixed percentage of its mechanical input energy to heat through the compression
of oil, regardless of system operating conditions

D. Heat is generated exclusively at the relief valve and at no other point in the system because only the
relief valve produces a large enough pressure drop to be significant



108. A hydraulic system uses a pilotoperated check valve (POCV) to hold a cylinder in position when
the DCV is in neutral. What is the difference between a pilotoperated check valve and a standard
springloaded check valve?

A. A standard check valve allows flow in one direction only, while a POCV blocks flow in both
directions under all conditions until commanded to open

B. A POCV has a stronger spring than a standard check valve, which provides higher cracking pressure
to hold the load more securely against gravity

C. A standard check valve uses a ball and seat, while a POCV uses a poppet and seat — the poppet
design provides a more leaktight seal than a ball design

D. A POCV can be opened in the normally blocked direction by an external pilot pressure signal,
allowing controlled flow in the reverse direction when commanded — a standard check valve cannot be
opened in its blocked direction

109. A hydraulic system uses a flow divider valve to split the output of a single pump between two
circuits that must operate at proportional speeds. How does the flow divider accomplish this?

A. The flow divider uses a fixed orifice in each outlet port that restricts flow based on the orifice
diameter, dividing flow in proportion to the orifice size ratio

B. The flow divider uses a spool that shifts in response to pressure differential between the two outlet
ports, equalizing flow by restricting the lowerresistance path — ensuring each circuit receives its
proportional share regardless of load variation

C. The flow divider opens and closes alternately between the two outlet ports, switching at a high
frequency to deliver equal flow pulses to each circuit in rapid succession

D. The flow divider measures the actual flow in each circuit with an electronic flow meter and adjusts a
proportional valve to maintain the programmed ratio



110. A hydrostatic transmission's charge filter is due for replacement. The charge filter is located in the
charge circuit between the charge pump and the main loop. What is the consequence of a clogged charge
filter?

A. A clogged charge filter increases charge pressure above specification because the restriction creates
additional backpressure on the charge pump discharge

B. A clogged charge filter causes the main pump to cavitate because the charge flow that replenishes the
loop is insufficient and the main pump draws a vacuum

C. A clogged charge filter reduces charge flow to the main loop, causing reduced charge pressure that
can lead to cavitation, overheating, and loss of drive capability

D. A clogged charge filter has no effect on drive performance because the charge circuit has an integral
bypass valve that diverts flow around the filter when restriction exceeds a threshold

111. An air brake equipped heavy equipment prime mover has a tractor protection valve. What is the
function of this valve?

A. It prevents air from escaping the trailer's brake system when the trailer is disconnected from the
tractor, maintaining the trailer's spring brake release

B. It protects the tractor's air supply from excessive consumption by the trailer's brake system — a large
trailer leak would deplete the tractor's air if not controlled

C. It applies the tractor's spring brakes automatically when the trailer's service brakes are applied,
synchronizing the braking force between the tractor and trailer units

D. It closes automatically when the tractor's air supply drops below a predetermined pressure, isolating
the tractor's air from the trailer circuit to preserve the tractor's braking capability



112. A technician needs to diagnose a hydraulic cylinder that is suspected of internal bypass (piston seal
leakage). The cylinder is installed on the machine. What is the correct inmachine test procedure?

A. Fully extend or retract the cylinder against its mechanical stop, maintain DCV pressure in the extend
or retract position, and disconnect the opposite port hose — oil flowing from the disconnected port
confirms piston seal bypass

B. Measure the cylinder's extend and retract cycle times with a stopwatch and compare to the OEM
specification — a slow cycle time confirms internal bypass

C. Place a flow meter in the cylinder supply line and measure the flow rate under load — flow above
zero with the cylinder at full stroke confirms bypass

D. Measure the temperature of both cylinder ports with an infrared thermometer — the leaking side will
be hotter from the friction of oil passing the failed seal

113. A hydraulic system specification requires 1ISO VG 46 hydraulic oil with a viscosity index (V1) of
100 or greater. What does the viscosity index number represent?

A. It measures the oil's absolute viscosity at operating temperature in centistokes, with higher numbers
indicating thicker oil at the test temperature

B. It indicates the maximum operating temperature in degrees Celsius at which the oil maintains its
minimum viscosity for pump protection

C. It measures how much the oil's viscosity changes with temperature — a higher VI means the oil
maintains more consistent viscosity across a wider temperature range

D. It rates the oil's resistance to oxidation and thermal breakdown, with higher numbers indicating
longer service life between oil changes



114. A hydrostatic drive system includes a neutral start interlock that prevents the engine from cranking
unless the hydrostatic control is in the neutral position. What is the purpose of this interlock?

A. It protects the hydrostatic pump from starting under displacement, which would cause a pressure
spike in the closed loop and damage the charge circuit seals

B. It prevents the machine from moving unexpectedly when the engine starts — if the control were in a
drive position, the machine would immediately begin moving when the engine fires

C. It protects the starter motor from the additional load of driving the hydrostatic pump at displacement
during cranking, which would reduce cranking speed and prevent starting

D. It allows the ECM to perform a system selftest on the hydrostatic circuit during the neutral
verification period before enabling the starter relay

115. A hydraulic reservoir on a heavy equipment machine includes an internal baffle plate that separates
the suction zone from the return zone. What is the purpose of this baffle?

A. The baffle creates a physical barrier that prevents contamination in the return oil from reaching the
pump inlet, providing a filtration function without a filter element

B. The baffle provides structural reinforcement that prevents the reservoir walls from flexing under the
pulsating return flow from the hydraulic system

C. The baffle maintains the oil level above the suction port during machine operation on slopes by
preventing the oil from shifting to the low side of the reservoir

D. The baffle forces return oil to travel a longer path before reaching the suction zone, allowing
entrained air to separate and heat to dissipate before the oil is recirculated through the pump



116. An air brake system uses two types of slack adjusters: manual and automatic. What is the key
operational difference between these two types?

A. A manual slack adjuster requires periodic adjustment by a technician to maintain correct pushrod
stroke as linings wear, while an automatic slack adjuster selfadjusts to maintain the correct stroke within
the designed range

B. A manual slack adjuster is used on the front axle and an automatic slack adjuster is used on the rear
axle — the two types cannot be interchanged between positions

C. A manual slack adjuster provides finer adjustment resolution than an automatic type, making it
preferred for highprecision braking applications

D. An automatic slack adjuster eliminates the need for brake lining inspection because it adjusts
continuously and the linings never require measurement

117. A hydraulic circuit includes a sequence valve between two cylinders. Cylinder A is connected to
extend first, and when it reaches full extension, cylinder B begins to extend. How does the sequence
valve accomplish this?

A. The sequence valve contains a timer that delays the opening of the cylinder B port for a programmed
number of seconds after the command is initiated

B. The sequence valve uses a flowsensing element that detects when flow to cylinder A has stopped (at
full extension) and redirects the flow to cylinder B

C. The sequence valve opens the path to cylinder B only after the upstream pressure (at cylinder A) rises
to the valve's set pressure — which occurs when cylinder A reaches full extension and stalls

D. The sequence valve uses an electrical switch that detects cylinder A's full extension through a
proximity sensor and energizes a solenoid to open the path to cylinder B



118. A wheel loader hydraulic system is being converted from an opencentre design to a closedcentre
loadsensing design. What is the primary operational difference the operator will notice?

A. The machine will produce more noise during idle because the loadsensing pump maintains higher
standby pressure than the opencentre pump

B. The machine will respond more smoothly and multiple functions can be operated simultaneously
without significant speed loss, because the pump adjusts output to match demand rather than circulating
fixed flow

C. The machine will consume more fuel because the loadsensing pump operates at maximum pressure
continuously to maintain the sensing signal

D. The machine's hydraulic functions will operate at a fixed speed regardless of load, because the
loadsensing system compensates for load variations by maintaining constant flow

119. An air brake system equipped with spring brake chambers uses a spring brake modulator valve
(inversion valve) on some applications. What does this valve do?

A. It converts the mechanical spring force into a hydraulic signal that applies the service brakes
proportionally when the spring brakes are applied during a parking brake application

B. It releases the spring brakes when the service brake pedal is applied, preventing both brake systems
from applying simultaneously and overloading the foundation brakes

C. It converts the spring brake application into a proportional service brake application when the tractor
protection valve closes, providing modulated trailer braking

D. It allows the spring brakes to be applied proportionally for vehicle deceleration by modulating the air
pressure release rate from the spring brake chambers — providing controlled braking in an emergency
rather than an abrupt full lock



120. A hydraulic cylinder has a bore diameter of 80 mm and must exert a minimum push force of
100,000 N. Using the force formula (Force = Pressure x Area), what minimum system pressure is
required?

A. Approximately 199 bar — the piston area is approximately 50.3 cm? (& x 4*> = 50.27 cm?), and the
required pressure is 100,000 N + 50.27 cmz2 = approximately 1,990 N/cm? = approximately 199 bar

B. 125 bar — calculated by dividing the force by the bore diameter in millimetres instead of by the area
in square centimetres

C. 500 bar — calculated by dividing the force by the bore radius instead of the bore area, producing
twice the correct pressure value

D. 80 bar — calculated by dividing the force by a simplified bore area estimate of 1,250 cm? that does
not use the correct circular area formula

121. A hydraulic hose assembly has a rated working pressure of 350 bar and a burst pressure of 1,400
bar. What is the safety factor ratio between the working pressure and the burst pressure?

A. 2:1 — the burst pressure is twice the working pressure, providing a minimum safety margin for
typical industrial hydraulic applications

B. 4:1 — the burst pressure is four times the working pressure (1,400 + 350 = 4), which is the standard
safety factor for hydraulic hose assemblies

C. 8:1 — the safety factor is calculated by dividing the burst pressure by the working pressure and then
doubling the result for the required safety margin

D. 1.1 — the working pressure and burst pressure are considered equal for rating purposes because the
hose is designed to operate at burst pressure for brief transient events



122. A hydraulic system is experiencing premature component wear. The oil analysis shows
contamination above the OEM cleanliness specification. The technician has verified the filters are
correct and recently changed. What other contamination ingress points should be investigated?

A. The hydraulic reservoir dipstick seal — a damaged dipstick Oring can allow dust to enter the
reservoir during operation through the pressure cycling at the dipstick port

B. The pump case drain line — the case drain returns unfiltered oil from the pump housing to the
reservoir, and this oil may contain wear debris generated inside the pump

C. Cylinder rod seals, reservoir breather cap, fill port cap, and any connection points opened during
maintenance — all are ingress points where contamination enters from the external environment

D. The heat exchanger tubes — a small internal leak in the oil cooler allows coolant to enter the
hydraulic circuit and the coolant particulates register as contamination on the analysis

123. A technician is using ultrasonic testing (UT) to inspect a critical boom weld on a mining excavator.
What capability does UT provide that neither dye penetrant testing nor magnetic particle testing can
offer?

A. UT can detect and locate internal defects deep within the material crosssection, including
laminations, porosity, inclusions, and lackoffusion flaws that do not reach or approach the surface

B. UT can measure the magnetic permeability of the weld metal, which indicates whether the correct
electrode was used during the original fabrication

C. UT can identify the chemical composition of the weld metal by analyzing the acoustic signature of
the ultrasonic pulse returning from the weld deposit

D. UT can determine the age of the weld by measuring the acoustic velocity change that occurs as weld
metal grain structure ages over time



124. A crawler excavator's boom uses wear pads (shims) between the boom and the stick at the pivot
joint. During an inspection, the technician finds excessive clearance between the boom cheek plates and
the stick at the pivot. What is the function of these wear pads?

A. They provide a sacrificial friction surface that prevents the structural steel cheek plates from
contacting each other and wearing the primary structural members

B. They preload the pivot pin to eliminate radial play and prevent the pin from rotating inside the bore
during boom and stick articulation

C. They maintain the correct lateral clearance between the boom and stick at the pivot, preventing
sidetoside movement that would load the pivot pin offaxis and accelerate pin bore wear

D. They absorb the impact shock of the stick contacting the boom at the end of its travel during
aggressive digging cycles

125. A mining operation requires a bucket tooth point profile optimized for loading blasted rock. The
available options include standard, penetration, and heavyduty abrasionresistant profiles. Which profile
IS most appropriate?

A. Standard profile — a generalpurpose shape that provides balanced penetration and wear in all
material types including blasted rock

B. Penetration profile — a narrow, sharply pointed shape designed for hard digging where initial entry
into the material face is the limiting factor

C. The profile selection is irrelevant in blasted rock because the fragmented material offers no resistance
to any tooth shape during bucket fill

D. Heavyduty abrasionresistant profile — a wider, more robust shape with additional wear material
designed to withstand the impact and abrasive wear of angular rock loading



126. A quick coupler uses a pin retention system to connect attachments to the excavator stick. Several
pin retention designs are used across the industry. What is the primary safety concern common to all
mechanical pintype retention systems?

A. The pins may corrode in place and become impossible to remove, requiring destructive cutting that
damages the stick lug mounting hardware

B. The pins must be positively secured with a secondary retention device — the primary pin alone is not
sufficient to prevent accidental release, and all designs require verification of the secondary lock

C. The pins wear at a predictable rate and must be replaced at fixed hour intervals regardless of visual
inspection results to maintain the connection's structural integrity

D. The pins must be heattreated to a specific hardness after field installation because the factory heat
treatment is removed by the installation process

127. A structural repair on a loadbearing frame member of a heavy equipment machine requires field
welding in cold ambient conditions (—10°C). The OEM repair procedure specifies a preheat requirement.
What is the purpose of preheating before welding?

A. Preheating slows the cooling rate of the weld and heataffected zone, reducing the risk of
hydrogeninduced cracking (cold cracking) that occurs when hot weld metal cools too rapidly in cold
conditions

B. Preheating softens the base metal so the welding electrode can penetrate deeper into the joint,
producing a stronger root pass in the structural weld

C. Preheating removes surface moisture from the steel that would otherwise cause porosity in the weld
deposit when the water vaporizes during the welding arc

D. Preheating expands the base metal at the joint to create a wider gap that allows better electrode access
and more complete fusion at the weld root



128. A machine's auxiliary hydraulic circuit is equipped with a flow control valve that the operator
adjusts from the cab. The operator reports that a concrete breaker attachment operates normally at the
adjusted flow setting, but when the operator switches to a plate compactor attachment, the compactor
operates too fast. What must be adjusted?

A. The main system relief valve must be reduced to limit the maximum pressure available to the
compactor, which will also reduce the flow and slow the attachment

B. The plate compactor's internal relief valve must be adjusted to reduce the pressure that drives the
compactor's eccentric weight, reducing its operating speed

C. The auxiliary circuit flow control must be readjusted to a lower flow setting appropriate for the plate
compactor — different attachments require different flow rates for correct operation

D. The plate compactor requires a pressurereducing valve installed between the auxiliary port and the
attachment to reduce the system pressure to the compactor's rated level

129. During a scheduled inspection, a technician discovers that two of the four cab mounting bolts on a
compact excavator are loose. The cab is not visibly shifted but the bolts can be turned by hand. What
concern does this present?

A. Loose cab mounting bolts are a cosmetic concern that results in increased cab vibration and noise but
does not affect safety or structural integrity

B. The loose bolts indicate the cab frame has cracked at the mounting points and the bolts have lost their
clamping surface, requiring frame repair before retightening

C. The loose bolts allow the cab to shift during machine operation, which can damage electrical
harnesses and hydraulic lines routed between the cab and the machine frame

D. Loose cab mounting bolts compromise the ROPS/FOPS certification — the cab's ability to protect
the operator during a rollover or falling object event depends on the cab being properly secured to the
frame structure



130. A technician is replacing a reversible cutting edge on a dozer blade. The replacement edge is
secured with highstrength grade 8 bolts. The technician only has grade 5 bolts available in the correct
size. Can the grade 5 bolts be substituted?

A. No — grade 5 bolts have significantly lower tensile and proof strength than grade 8 bolts, and they
will fail under the dynamic loading that cutting edge bolts experience during dozing operations

B. Yes — both bolt grades are acceptable for cutting edge attachment because the shear forces on the
bolts are well below the strength difference between the two grades

C. Grade 5 bolts may be used temporarily for one shift provided the torque is increased by 25% to
compensate for the lower bolt strength rating

D. The bolt grade is irrelevant — cutting edge bolts are loaded only in compression by the clamping
force and do not experience tensile loads during operation

131. A technician is connecting a new attachment to an excavator equipped with a hydraulic quick
coupler. The attachment's pin spacing is within the coupler's rated range. However, when the coupler is
engaged, the attachment hangs at a slight angle rather than sitting level. What should the technician
check?

A. The coupler's internal hydraulic cylinder has a seal leak that prevents the locking pins from fully
extending to capture both attachment pins simultaneously

B. The coupler's front and rear pin cradles may be worn unevenly, or the attachment pins may be
different sizes — both conditions prevent the attachment from seating squarely in the coupler

C. The attachment was manufactured for a different coupler brand and the pin diameter tolerance is
incompatible despite the pin spacing appearing to be within range

D. The coupler must be recalibrated using the OEM diagnostic software to adjust the locking pin
extension distance for the new attachment's pin profile



132. A parallel hybrid wheel loader uses both a diesel engine and an electric motor connected to the
same drivetrain through a combining gearbox. During which operating condition do both the engine and
motor drive the wheels simultaneously?

A. During highway travel at constant speed — both power sources share the cruising load equally to
reduce fuel consumption and emissions

B. During peak demand events such as aggressive bucket loading — the electric motor supplements the
diesel engine's output to provide total tractive effort exceeding what either source can produce alone

C. During reverse travel only — the electric motor drives the wheels in reverse while the engine drives
in forward, and both operate during the directional change transition

D. During cold starting — the electric motor warms the drivetrain lubricant by churning the gearbox oil
while the engine provides electrical generation to maintain battery charge

133. A hybrid heavy equipment machine's HV system includes an interlock circuit that disables the HV
contactors when certain conditions are detected. Which of the following is a typical interlock trigger that
opens the HV contactors?

A. Low engine oil pressure — the interlock protects the diesel engine from running without oil by
disconnecting the HV battery to force an engine shutdown

B. High ambient temperature — the interlock opens the contactors when the outside air temperature
exceeds the maximum rated operating temperature of the machine

C. Low 12V/24V battery voltage — the interlock opens the HV contactors when the auxiliary system
battery voltage drops below the minimum required to operate the safety systems

D. An opened HV service disconnect, a removed HV enclosure cover, a ground fault detection above
threshold, or a crash detection signal — any of these conditions triggers an interlock that opens the HV
contactors to deenergize the circuit



134. A batteryelectric mining truck's traction battery pack includes a thermal management system with
liquid cooling. Why is active thermal management critical for the traction battery?

A. Battery cell temperature directly affects charge rate, discharge rate, cycle life, and safety — operating
outside the optimal temperature range accelerates degradation, reduces capacity, and can trigger thermal
runaway

B. The cooling system exists primarily to prevent condensation from forming on the battery terminals
during coldweather operation, which would cause terminal corrosion

C. The thermal management system is required only during charging to prevent the cells from
overheating — during discharge operation, the cells generate no significant heat

D. The thermal management system maintains the battery at maximum operating temperature at all
times to ensure the lowest possible internal resistance and peak performance

135. A hydrogen fuel cell is being evaluated as a power source for a large mining haul truck. In a PEM
(Proton Exchange Membrane) fuel cell, what are the two inputs and the three outputs of the
electrochemical reaction?

A. Inputs: hydrogen and methane. Outputs: electricity, water, and nitrogen gas — the methane provides
a carbon source for the membrane reaction

B. Inputs: hydrogen and natural gas. Outputs: electricity, heat, and carbon dioxide — the natural gas is
reformed onboard to supplement the hydrogen supply

C. Inputs: hydrogen and oxygen (from air). Outputs: electricity, water, and heat — the electrochemical
reaction between hydrogen and oxygen produces only these three products with zero combustion
emissions

D. Inputs: hydrogen and diesel fuel. Outputs: electricity, water vapour, and particulate matter — the
diesel provides a backup energy source for peak load conditions



Practice Exam 4: Answer Key and Explanations

1. B— Work inside an energized 600-volt motor control centre requires arc-rated PPE selected to match
the calculated incident energy level at that specific equipment. The arc flash analysis determines the
thermal energy exposure in cal/cm?, which dictates the required arc rating for coveralls, face shield, and
insulating gloves. Standard shop PPE provides no protection against the explosive thermal energy of an
arc flash event.

2. D — SDS Section 8 — Exposure Controls / Personal Protection specifies the required respiratory
protection type (e.g., organic vapour cartridge, supplied air), the occupational exposure limits
(OEL/TLV), and the engineering controls (ventilation) needed for safe use of the product. This section is
the definitive reference for selecting PPE appropriate to the product's hazard profile.

3. A — Before any lift, the technician must verify the sling's rated Working Load Limit (WLL) at the
intended rigging angle exceeds the weight being lifted, and that the sling has a current inspection tag
confirming it has passed its most recent inspection. Visual inspection for damage — stretched links,
cracks, gouges, or deformation — must be performed before every use.

4. C — Ground disturbance regulations require a formal request and professional utility locate service
(such as a provincial one-call system) before any mechanical excavation begins. Underground utilities
— gas, electrical, water, telecommunications — are not visible from the surface and cannot be reliably
detected by visual inspection or shallow probing. Contact with a buried utility can cause explosion,
electrocution, or flooding.

5. B — Canadian occupational health and safety legislation grants every worker the right to refuse work
they reasonably believe is unsafe. Operating a forklift without the required training and certification is a
recognized unsafe condition. The technician is legally protected from reprisal for exercising this right,
and the refusal process is documented and investigated.

6. A — WHMIS 2015 supplier labels have six mandatory elements: product identifier, hazard
pictograms, signal word, hazard statement, precautionary statement, and supplier identifier (name,
address, and emergency telephone number). A label missing the supplier name and emergency telephone
number is non-compliant and must be corrected before the product is placed in service.

7. D — Static electricity generated by fuel flowing through hoses and nozzles can accumulate on the
equipment and discharge as a spark — igniting fuel vapour in the area. Bonding (connecting the transfer



equipment and receiving tank with a conductive cable) and grounding (connecting the system to earth)
ensure any static charge is safely dissipated to ground before it can reach ignition energy.

8. B — Canadian jurisdictions generally require fall protection when the risk of falling more than 3
metres exists, though the specific threshold varies by province and territory. At 4 metres, the technician
exceeds this threshold and must use a fall arrest system, travel restraint, guardrail, or other approved fall
protection method before accessing the top of the truck.

9. C — A noise dosimeter is a small, calibrated instrument worn by the technician for the entire work
shift. It integrates all noise exposure — including variable levels from different tasks throughout the day
— and calculates the time-weighted average (TWA) in dBA. This TWA is compared to the regulatory
limit (typically 85 dBA over 8 hours) to determine whether hearing protection or engineering controls
are required.

10. A — Asbestos fibres become airborne when brake dust is disturbed by compressed air, dry
sweeping, or careless handling. Inhaling asbestos fibres causes irreversible lung disease (asbestosis) and
mesothelioma. A HEPA vacuum or wet cleaning method controls fibre release, and appropriate
respiratory protection (P100 or higher) must be worn during any brake work where asbestos may be
present.

11. C — The crankcase ventilation system routes blowby gases from the crankcase to the intake for re-
combustion, maintaining crankcase pressure at or slightly below atmospheric. If the CCV system
becomes restricted, blowby gases cannot escape and crankcase pressure rises. This elevated internal
pressure forces oil past gaskets, front and rear crankshaft seals, and any other weak sealing point.

12. A — Wet liner cavitation erosion is caused by the rapid formation and violent collapse of vapour
bubbles on the liner's external (coolant-side) surface. Combustion forces cause the liner to vibrate,
creating localized low-pressure zones in the coolant that vaporize the fluid. When these vapour bubbles
collapse against the liner surface, the implosion force progressively removes metal in the characteristic
pitting pattern.

13. D — The VGT calibration procedure commands the actuator through its full range while recording
the position feedback sensor values at each extreme. This teaches the ECM the precise electrical signal
values that correspond to the fully open and fully closed vane positions for this specific actuator unit.
Accurate endpoint calibration enables the ECM to calculate correct intermediate positions for all
operating conditions.



14. B — The bypass filter continuously processes a small side-stream of the total oil flow through a
much finer filter media than the full-flow filter. Over multiple passes, it progressively captures particles
in the 2-5 micrometre range that the full-flow filter's coarser media cannot trap. This complementary
filtration strategy significantly extends oil and engine life.

15. A — When the DEF quality sensor detects concentration below the acceptable threshold, the ECM
generates a warning and initiates a progressive power derate countdown per EPA/Environment Canada
regulations. If the operator does not correct the DEF quality within the specified time window, the
engine is derated to a reduced power level that limits the machine's capability until compliant DEF is
supplied.

16. D — Changing fuel filters on a common rail system introduces air into the fuel supply lines and
filter housings. The air pocket prevents the lift pump from delivering solid fuel to the high-pressure
pump inlet, and the HP pump cannot build sufficient rail pressure for injection. The system must be
primed — either through an electric priming pump, a manual hand pump, or an ECM-commanded prime
cycle — to purge air before starting.

17. B — The water pump delivers coolant first to the engine block, where it absorbs heat from the
cylinder liners and main structure. The heated coolant then flows upward to the cylinder head, absorbing
combustion heat from the valve seats, injector bores, and head casting. From the head, the coolant passes
through the thermostat — which directs it to the radiator when open or through the bypass when closed.

18. C — Higher compression ratio produces higher air temperature at TDC during the compression
stroke. In cold conditions where cylinder walls absorb significant heat from the compressed air, the
additional temperature margin provided by a 22:1 ratio means the air is more likely to remain above the
fuel's autoignition point at TDC compared to a 16:1 ratio. This directly improves cold-start reliability.

19. D — Ash is non-combustible mineral residue that cannot be removed by any regeneration process —
it accumulates permanently inside the DPF. When the DPF reaches its maximum ash capacity, the filter
must be removed and sent for professional ash cleaning, which uses compressed air flow and specialized
processes to physically dislodge and extract the accumulated ash from the filter channels.

20. A — The two missing teeth on the reluctor wheel create a gap in the otherwise uniform tooth
pattern. As the crankshaft rotates, the CKP sensor generates a pulse for each tooth that passes. The
distinctive signal interruption at the gap provides the ECM with a fixed angular reference point that it
uses to calculate the crankshaft's exact rotational position relative to TDC for precise injection timing.



21. C — Silicon is the primary element in soil and sand particles. An isolated spike in silicon content
with all other wear metals normal indicates that airborne dirt is entering the engine past the air filtration
system. Common entry points include a damaged air filter element, a loose or cracked intake duct, or a
failed air filter housing seal. The source must be found and corrected immediately.

22. B — The DOC oxidizes carbon monoxide (CO) and unburned hydrocarbons (HC) in the exhaust
stream using a platinum/palladium catalyst. Additionally, the DOC converts a portion of the exhaust's
nitric oxide (NO) to nitrogen dioxide (NO2), which is a more effective oxidizer for soot. This NO: flows
downstream to the DPF and assists passive regeneration at lower exhaust temperatures.

23. D — The mechanical rail pressure limiting valve is a spring-loaded safety device that opens if rail
pressure exceeds its mechanical threshold — typically 10-15% above the maximum ECM-commanded
pressure. It protects the fuel rail, high-pressure lines, and injectors from catastrophic overpressure in the
event of a failed pressure control valve, a stuck metering unit, or any condition that allows uncontrolled
pressure buildup.

24. A — The deaeration tank is mounted at the highest point in the cooling circuit where air naturally
accumulates. Air and steam bubbles entrained in the circulating coolant rise to the top of the system and
collect in this tank, where they are separated from the liquid coolant and vented. This prevents air
pockets from circulating through the cooling circuit, where they would reduce heat transfer and
potentially cause localized hot spots.

25. C — An exhaust manifold crack creates a leak point upstream of the turbocharger turbine inlet.
Exhaust gas escaping through the crack is energy that never reaches the turbine wheel. The reduced
exhaust energy at the turbine produces lower turbine speed and therefore lower boost pressure, which
can reduce engine power output — particularly at lower RPM where exhaust energy is already limited.

26. B — Piston slap is a rocking motion of the piston skirt within the cylinder bore when the piston-to-
wall clearance is excessive. At cold temperatures, the aluminum piston is at its smallest diameter due to
thermal contraction, maximizing the clearance. As the engine warms, the piston expands toward its
operating diameter, closing the clearance and silencing the slap. The low-RPM emphasis occurs because
combustion forces that cock the piston are more distinct at slower speed.

27. D — Idle speed hunting — the rhythmic cycling between high and low RPM — indicates the
electronic governor's speed control loop is oscillating rather than stabilizing. The most common causes
are a corrupted governor calibration parameter, an unstable throttle position sensor signal, or a feedback



loop gain error that causes the ECM to overcorrect in each direction, producing the cyclical speed
variation.

28. C — Valve rotators turn the exhaust valve a few degrees with each opening cycle, distributing
combustion heat and carbon deposits evenly around the entire valve face and seat circumference.
Without rotation, one section of the valve face is consistently exposed to the hottest exhaust flow,
creating a localized hot spot that leads to valve burn-through and seat erosion at that single point.

29. A — The sandwich adapter uses O-ring seals to create the oil-tight connections between the adapter,
the filter base, and the engine block oil gallery. Over time, heat cycling, pressure pulsation, and rubber
aging cause the O-rings to harden, crack, or lose compression — allowing pressurized oil to weep past
the deteriorated seal to the external surface. O-ring replacement resolves the leak.

30. B — A VGT adjusts the turbine inlet geometry across the entire operating range, narrowing the
vanes at low RPM to accelerate the limited exhaust gas flow and widening them at high RPM to reduce
back-pressure. This eliminates the fixed compromise of a wastegate turbo — which cannot optimize
both low-speed response and high-speed efficiency — and provides strong boost response from idle to
rated speed.

31. D — SALT track’s sealed pin joints retain factory-applied lubricant between the pin and bushing for
the entire service life. Dry-pin track has no internal lubrication — the pin and bushing wear against each
other in direct metal-to-metal contact with only environmental contamination as a medium. The sealed
lubricant film reduces the wear rate by up to 50%, significantly extending undercarriage life.

32. C — Water on the friction surfaces of disc or drum brakes reduces the coefficient of friction between
the pads/shoes and the rotor/drum. This reduced friction increases the stopping distance for the first
several applications after a water crossing. Each subsequent brake application generates heat from the
remaining friction, which evaporates the water film and progressively restores normal braking
performance.

33. A — Kingpin inclination (KPI) causes the machine to lift slightly whenever the wheels are turned
from straight ahead. The vehicle's weight resists this lift, creating a force that acts to return the wheels to
the straight-ahead position when the steering input is released. This weight-based self-centering effect
supplements caster in providing steering returnability and straight-line stability.



34. B — Chains must be installed on the drive axle because the drive wheels require traction to propel
the machine and provide engine retardation during descent. On a wheel loader, the rear axle is the
primary drive axle and carries the majority of the loaded machine's weight. Chaining the drive tires
provides maximum traction benefit where the combined traction and weight forces are greatest.

35. D — The visual brake stroke indicator displays the pushrod travel distance during a full brake
application without requiring anyone to crawl beneath the machine. The technician can observe the
indicator from outside the machine during a static brake application test, quickly identifying any
chamber where the stroke exceeds the maximum allowable limit and adjustment is needed.

36. A — The damping function is provided by hydraulic oil being forced through calibrated orifices
(passages of controlled size) inside the strut during both compression and rebound strokes. The
resistance of the oil flowing through these restrictions converts the mechanical oscillation energy into
heat, controlling the rate of piston movement and preventing uncontrolled bouncing.

37. C — Track guide lugs (centre guides) ride in the channels between the roller flanges and idler
flanges, preventing the track chain from drifting laterally off the running gear. Without the guides, the
chain could walk sideways off the rollers during side-hill operation, counter-rotation steering, or when
debris accumulates under the track, causing a derailment.

38. B — A star (cross) torque pattern alternates tightening between opposing studs on the bolt circle,
pulling the wheel progressively and evenly against the hub mounting surface from all directions. This
prevents the wheel from being cocked (tilted) on the hub, ensures uniform clamping force across all stud
positions, and prevents localized stress that could lead to stud failure or wheel fatigue cracking.

39. D — An automatic slack adjuster that has allowed the pushrod stroke to exceed the maximum limit
has failed internally. The one-way clutch mechanism or adjustment gear that takes up brake lining
clearance as linings wear is no longer functioning. The adjuster must be replaced — attempting to
manually adjust an automatic slack adjuster masks the internal failure and does not restore its automatic
function.

40. C — When a safety cage of adequate size is not available, a remote inflation device with a clip-on
chuck and a long hose allows the technician to stand behind a physical barrier or at a safe distance
outside the potential trajectory zone of a lock ring ejection during inflation. The inline pressure regulator
controls the inflation rate, and the technician is never positioned in front of the rim assembly.



41. A — At higher travel speeds, the articulated truck's naturally high centre of gravity combined with
the oscillating frame produces lateral roll (sway) that increases with speed and surface irregularity.
Locking the oscillation joint at higher speeds constrains the relative roll between front and rear frames,
significantly improving high-speed stability and reducing the rollover risk.

42. B — A brake drum that has been machined or worn beyond its maximum diameter specification has
a wall too thin to safely absorb the heat generated during braking. The thin wall overheats rapidly,
increasing the risk of thermal cracking, distortion, and catastrophic fracture under emergency or
sustained braking. The drum must be replaced.

43. C — Track tension is adjusted by pumping grease into the tensioner cylinder through a grease fitting
(zerk). The grease extends the cylinder rod, which pushes the front idler forward along the track frame,
increasing chain tension. To reduce tension, grease is released through a relief valve on the tensioner
cylinder, allowing the idler to retract and the track to loosen.

44. D — The steering accumulator stores a volume of pressurized hydraulic fluid that provides
emergency steering capability when the engine-driven steering pump stops (engine stall, pump failure).
The stored energy allows the operator a limited number of steering inputs to maintain directional control
and steer the machine to a safe stop. Once the stored energy is depleted, steering becomes fully manual
through the HMU.

45. A — The tread depth indicator (wear bar) is a raised moulded-in marker at the bottom of the tread
groove. When the tread surface has worn flush with the wear bar, the tire has reached its minimum safe
tread depth and must be removed from service. Continued operation below minimum tread depth
compromises traction, increases heat buildup, and raises the risk of casing failure.

46. B — The brake pack clearance measurement reflects the total wear on all friction discs and separator
plates combined. When the clearance exceeds the OEM maximum, the piston must travel too far before
the discs are clamped together by the springs. This excessive travel reduces the available spring force at
the disc contact point and decreases the brake's holding and stopping effectiveness.

47. A — Kirchhoff's Voltage Law states that the sum of all voltage drops in a closed series loop must
equal the source voltage. The measured drops total 23.6V (7.2 + 8.1 + 8.3), which is 0.4V less than the
24V supply. The missing 0.4V is consumed by the resistance of the wiring and connections in the circuit
— a normal and acceptable condition within the voltage drop budget.



48. D — In a series battery bank, each battery's individual specific gravity reflects its state of charge.
Battery B's cells ranging from 1.180 to 1.225 are significantly lower than battery A's uniform 1.265.
This indicates battery B is at a substantially lower state of charge and may have a developing internal
fault. The mismatch will cause the weaker battery to limit discharge and be overcharged during
charging, degrading both batteries.

49. C — A CAN bus requires all connected modules to transmit and receive at the identical baud rate. A
module configured for 500 kbit/s on a 250 kbit/s network transmits data at a rate that no other module
can interpret, and its transmissions corrupt the bus signal for all other modules. The mismatched module
effectively jams the entire network.

50. B — An overrunning alternator pulley (OAP) contains a one-way clutch that allows the alternator to
freewheel during rapid engine deceleration rather than being decelerated abruptly by the belt. This
decouples the alternator's rotational inertia from the belt system, absorbing torsional vibration pulses
that would otherwise accelerate belt wear, produce belt noise, and fatigue the alternator front bearing.

51. A— A 0.2V OCV difference between two batteries in a series bank after 24 hours of rest indicates
one battery is self-discharging faster than the other. While the difference appears small, it represents a
measurable state-of-charge imbalance that will worsen over time. A load test on both batteries should be
performed to determine whether the lower battery has a developing internal defect.

52. D — LEDs illuminate at very low current levels — as little as 1-2 milliamps — that are far below
the threshold needed to glow an incandescent filament. Small leakage currents that exist in all electronic
circuits (through switch contacts, control modules, or parallel circuit paths) were invisible with
incandescent bulbs but produce a visible glow in the highly sensitive LED replacements.

53. C — The HV ground fault detection system continuously monitors the insulation resistance between
the high-voltage conductors and the machine chassis (ground). If the insulation degrades below the
minimum threshold, current can leak from the HV circuit to the chassis, creating a shock hazard for
anyone touching the machine. The system alerts the operator and may open the main contactors to
isolate the circuit.

54. A — The no-load bench test verifies two parameters simultaneously: the current draw (which should
be at or below the rated no-load specification) and the free-spin RPM (which should meet the rated
speed). Excessive current with low RPM indicates internal drag from shorted armature windings,
dragging brushes, or tight bearings. Low current with correct RPM confirms the motor is in acceptable
condition.



55. B — Wiring routed near exhaust components is exposed to temperatures that can exceed the
insulation's rated operating range. The harness must be routed with maximum clearance, and where
close proximity is unavoidable, a heat-resistant protective sleeve (fiberglass, silicone, or ceramic loom)
must be installed. Heat-damaged insulation cracks and exposes conductors, causing shorts, ground
faults, and potential fire.

56. D — A healthy CAN bus waveform has sharp, clean transitions between dominant and recessive
states with full amplitude. Rounded edges and reduced amplitude indicate the signal is being degraded
— possible causes include excessive cable length increasing capacitance, damaged wiring adding
resistance, incorrect termination altering the impedance, or a failing module driver that cannot swing the
bus voltage to full amplitude.

57. C — FMI 5 in the SAE J1939 standard indicates "current below normal or open circuit." For SPN 94
(fuel delivery pressure), this means the sensor signal current has fallen below the ECM's programmed
minimum threshold — typically below 4 mA in a 4-20 mA sensor circuit. This indicates either an open
circuit in the sensor wiring or a failed sensor that can no longer produce its minimum signal.

58. B — The ampere-hour (Ah) rating represents the battery's total energy storage capacity at a
standardized discharge rate. A 210 Ah battery rated at the 20-hour rate can deliver 10.5 amperes
continuously for 20 hours before the terminal voltage drops to the minimum cut-off (typically 10.5V for
a 12V battery). This rating is distinct from CCA, which measures short-duration high-current capability.

59. A — The schematic shows the relay provides switched ignition power to the solenoid when the
ignition is on, but the ECM completes the circuit by providing the ground path through the low-side
driver. The solenoid receives power whenever the ignition is on, but current only flows through the coil
when the ECM connects the ground side. The ECM controls when and how the solenoid activates.

60. C — The remote voltage sensing wire allows the alternator's voltage regulator to measure the actual
voltage at the battery terminal, which is lower than the alternator output terminal due to voltage drop in
the charging circuit wiring. By sensing at the battery, the regulator compensates by increasing alternator
output until the battery itself receives the correct 14.2V/28.4V target — rather than the alternator
terminal.

61. B — To verify the ECM is providing the ground command, measure voltage at the ECM-controlled
terminal of the relay coil while commanding the relay active through the diagnostic software. When the
ECM driver turns on, it connects the terminal to ground — the voltage should drop from near-battery



voltage (floating) to near OV (grounded). A measurement that remains at battery voltage confirms the
ECM driver is not switching.

62. D — A rubber or plastic grommet installed in the metal frame hole protects the wire insulation from
the sharp or rough edges of the drilled or punched hole. Without a grommet, vibration causes the harness
to chafe against the metal edge, progressively cutting through the insulation until the conductor contacts
the grounded frame — creating a short circuit that can damage the circuit or cause fire.

63. C — When a relay coil is de-energized, the collapsing magnetic field generates a high-voltage
inductive spike (back-EMF) across the coil terminals. This spike can exceed several hundred volts and
damage the semiconductor transistor in the ECM that switches the coil. The flyback diode clamps the
spike by providing a low-resistance path for the induced current to circulate, dissipating the energy as
heat in the coil resistance.

64. A — State of Charge (SOC) indicates how full the battery is at this moment — 100% SOC means
fully charged. State of Health (SOH) indicates what percentage of the battery's original rated capacity
remains — 75% SOH means the battery can only store 75% of its new capacity even when fully
charged. A battery can be at 100% SOC (fully charged) yet at only 75% SOH (permanently reduced
capacity).

65. B — Serial data communication transmits information one bit at a time over a single data path (or a
differential pair like CAN-H and CAN-L). This requires fewer wires than parallel communication
(which uses multiple wires to send multiple bits simultaneously) and is the standard method for all
automotive and heavy equipment data networks including J1939 CAN bus.

66. D — A megohmmeter reading significantly below the OEM minimum insulation resistance
specification confirms the winding insulation has degraded. Current can leak from the motor conductors
through the weakened insulation to the motor frame (chassis), creating a ground fault. This condition
presents a shock hazard, can trip protective devices, and will worsen progressively until the motor fails.

67. C — Engine speed parameters are set by the OEM based on the engine's validated mechanical and
thermal design limits. Exceeding the rated maximum speed increases valve train stress, bearing loads,
piston speeds, and combustion pressures beyond the design envelope. This risks catastrophic mechanical
failure, voids the manufacturer's warranty, and may violate emission certification parameters.



68. A — Each individual cavity seal is a small rubber grommet that compresses around the wire
insulation where it enters the connector body. This seal prevents moisture from wicking along the wire
between the terminal and the housing — the most common moisture ingress path in sealed connectors.
Without cavity seals, water follows the wire into the connector and corrodes the terminal contacts.

69. B — A power distribution module (PDM) replaces physical fuses and mechanical relays with solid-
state electronics that can switch circuits, protect against overcurrent, diagnose faults, and report circuit
status over the CAN bus. Programmable load sequencing, adjustable trip thresholds, and self-diagnostic
capability provide functionality that conventional fuse-and-relay panels cannot offer.

70. D — The engine ground bus carries switching noise and voltage fluctuations generated by injector
solenoids, alternator field switching, and engine sensor signals. These high-frequency transients would
interfere with the GPS receiver's sensitive signal processing circuits. A dedicated ground point on the
cab frame provides a cleaner electrical reference that isolates the receiver from the engine's noisy ground
bus.

71. C — OEM software updates frequently include intentional operational changes — revised parameter
limits, updated protection strategies, modified shift profiles, or new diagnostic features. The update
release notes document all changes included in the update scope. Reviewing these notes confirms
whether the reported operational difference is an intended modification rather than an error.

72. D — A torque divider splits engine torque between a mechanical path (through the planetary gear set
directly) and a hydrodynamic path (through the torque converter). Since the mechanical path transmits
power without fluid coupling losses, the overall efficiency is higher than a standalone torque converter
where 100% of the power passes through the fluid medium. This reduces heat generation and fuel
consumption.

73. B — The diagnostic value of metallic particles on the sump screen lies in identifying their source by
material. Bronze or brass-coloured particles indicate bushing or piston bore wear. Steel particles indicate
gear tooth or bearing surface wear. The particle quantity, size, shape, and material composition provide
specific diagnostic direction about which internal components are failing and how urgently repair is
needed.

74. C — Critical speed is the rotational speed at which a driveshaft enters its natural resonant frequency
and vibration amplitude increases dramatically. A shaft's critical speed is determined by its physical
properties — length, diameter, wall thickness, and material stiffness. Longer and thinner shafts have



lower critical speeds. If the operating speed range approaches the critical speed, a centre support bearing
must shorten the unsupported span.

75. A — The differential thrust screws contact the back of the ring gear and limit how far the gear can
deflect away from the pinion under heavy mesh loading. Without this support, the ring gear flexes under
load, changing the contact pattern and concentrating stress at the tooth edges. The screws maintain
consistent mesh geometry under maximum torque conditions.

76. B — A worn input shaft bearing produces a growling noise proportional to the input shaft speed. The
input shaft rotates whenever the clutch is engaged (connected to the engine) and stops when the clutch is
disengaged. A noise present in all gears that disappears with the clutch disengaged isolates the source to
a component that rotates with the input shaft — the input shaft bearing.

77. D — In the configuration where the ring gear is the input, the planet carrier is held stationary, and
the sun gear is the output, the smaller sun gear rotates faster than the larger ring gear. The sun gear
makes more revolutions per ring gear revolution because it has fewer teeth. This produces an overdrive
ratio (output faster than input).

78. C — Ceramic (cerametallic) friction facings are designed for high-torque, high-temperature
applications where organic facings would overheat and fail. Ceramic materials withstand significantly
higher temperatures and transmit more torque per unit area. The trade-off is a more abrupt engagement
characteristic — ceramic facings "grab" rather than gradually slip into engagement, producing a harsher
shift feel.

79. A — Planetary final drive oil level is position-dependent because the internal gears, bearings, and
cavities change their relationship to the oil level as the drive rotates. The service manual specifies
rotating the drive to a particular position — typically identified by aligning the fill/check plug to the 3 or
9 o'clock position — so the internal oil level at the plug corresponds to the correct fill volume.

80. B — An elongated transfer case chain creates excessive slack in the unloaded span. During throttle
transitions (drive to coast and coast to drive), the slack chain absorbs the free play then snaps tight,
producing a clunking impact. At sustained load, the chain tension fluctuates and the risk of the chain
jumping off the sprocket increases as elongation worsens.

81. D — A coast contact pattern at the toe requires moving the ring gear closer to the pinion (decreasing
backlash) to shift the coast contact from the toe toward the centre of the tooth face. Coast and drive



patterns respond to backlash adjustment in opposite directions — decreasing backlash moves the coast
pattern toward the heel and the drive pattern toward the toe, while increasing backlash has the reverse
effect.

82. C — The ECPC system uses pressure sensors in each clutch circuit to provide real-time feedback to
the TCM during engagement. The TCM commands the proportional solenoid to achieve a target
pressure profile, compares the actual sensor reading to the command, and adjusts in real time. This
closed-loop control adapts each shift to the current load, oil temperature, and clutch wear condition.

83. B — In a pull-type clutch, the release bearing moves away from the engine (is pulled) during
disengagement. This outward movement pulls the centre of the diaphragm spring fingers, which causes
the outer rim of the spring to lift off the pressure plate, releasing the clamping force. This is the opposite
of a push-type, where the bearing moves toward the engine to depress the spring centre.

84. A — A separated driveshaft or failed U-joint allows the spinning driveshaft to drop and contact the
road surface. The rotating shaft digs into the pavement and can vault the rear of the vehicle upward with
violent force. The driveshaft guard prevents the separated shaft from reaching the ground by containing
it within the guard structure, converting a catastrophic event into a controlled failure.

85. C — Warped brake discs do not make uniform contact with the separator plates when the springs
apply. The high spots receive concentrated clamping force while the low spots have no contact, creating
localized hot spots that generate uneven heat distribution. This accelerates uneven wear, produces brake
chatter or grab during application, and reduces the total effective friction area.

86. D — The modulation valve controls the rate of pressure rise to the clutch pack during engagement. If
the valve is stuck or its accumulator piston is seized, the controlled pressure ramp is bypassed and full
system pressure reaches the clutch pack immediately. The instantaneous engagement produces the harsh,
abrupt shift feel despite the final clutch pressure being within specification.

87. A — As the oil and trapped air inside the axle housing heat up during operation, the gas expands and
internal pressure rises. The breather vent allows this expanding gas to escape to atmosphere, maintaining
the housing at near-atmospheric pressure. A blocked breather traps the pressure inside, and the
pressurized oil is forced past the axle shaft seals — the weakest sealing points — causing external oil
leaks.



88. C — A machine that pulls to one side during straight travel with equal track tensions indicates one
side is receiving less drive force than the other. A steering clutch that is not fully engaging (due to
incorrect adjustment, worn friction surfaces, or a weak apply mechanism) allows partial slippage on that
side, reducing drive force to that track and causing the machine to drift toward the opposite side.

89. B — Both the receiver-drier (used with TXV systems) and the accumulator (used with orifice tube
systems) serve two common functions: they remove moisture from the refrigerant using an internal
desiccant material, and they serve as a reservoir to ensure the correct component receives the proper
refrigerant state. The receiver-drier ensures liquid reaches the TXV; the accumulator ensures vapour
reaches the compressor.

90. D — The cab pressurization and filtration system is the primary defence against DPM and silica
dust. Positive cab pressure (typically 0.5-1.0 inches of water column) prevents contaminated ambient air
from infiltrating through gaps. The HVAC intake filter captures particulates from the incoming fresh air
supply. Both elements must function correctly for the system to maintain acceptable interior air quality.

91. C — R-1234yf is classified as A2L (mildly flammable) under ASHRAE Standard 34, unlike R-134a
which is classified as A1 (non-flammable). During service operations where refrigerant may leak, open
flames, sparks, and ignition sources must be kept away from potential leak points. Dedicated R-1234yf
service equipment and procedures account for this flammability risk.

92. A — The vacuum-operated heater coolant valve requires a vacuum signal to open. If the vacuum
hose between the control panel and the valve is disconnected, cracked, or blocked, no vacuum signal
reaches the valve actuator. Without the signal, the valve remains closed and no hot coolant flows to the
heater core. Inspecting and repairing the vacuum supply line is the correct first step.

93. B — A sensor that has failed in a state that reads at or above the threshold commanding maximum
fan speed will cause the ECM to run the fan continuously. Since no fault code is present, the sensor is
producing a signal within its valid range — it has simply failed at a value that the ECM interprets as a
high-demand condition. Testing the sensor reading against actual measured conditions confirms the
sensor fault.

94. D — When the A/C system is operating normally and cab pressurization is correct, excessive cab
heat despite adequate cooling points to an external thermal load exceeding the A/C system's design
capacity. Additional exterior insulation, reflective coatings, or a sun canopy reduces the solar heat
absorbed by the cab panels and roof, decreasing the thermal load the A/C must overcome.



95. A — A steady stream of bubbles in the sight glass during normal operation indicates the system does
not contain enough liquid refrigerant to completely fill the liquid line after the condenser. The bubbles
are refrigerant vapour mixed with the liquid — confirming an insufficient charge. A correctly charged
system shows clear (bubble-free) liquid in the sight glass during normal operation.

96. B — The glow plug provides the initial heat energy needed to ignite the fuel-air mixture in the
combustion chamber. Over thousands of hours, the glow element degrades — it still heats but produces
less thermal energy. In warm conditions, the ambient heat plus the degraded glow plug output is
sufficient for ignition. In cold conditions, the combustion chamber absorbs more heat and the degraded
glow plug cannot overcome the deficit.

97. C — During normal A/C operation, moisture from the cab air condenses on the cold evaporator
surface and drains through a tube to the outside of the cab. If the drain tube is blocked by dirt, debris, or
algae growth, the condensate accumulates in the HVAC housing and eventually overflows inside the
cab. Clearing the drain tube restores normal drainage.

98. D — The input force equals the input pressure multiplied by the input piston area. This same force
acts on the smaller output piston. Since the output area is half the input area, the same force concentrated
on a smaller area produces double the pressure: 350 bar x 2 = 700 bar. This is the operating principle of
all hydraulic intensifiers — force conservation with area reduction produces pressure multiplication.

99. A — Volumetric efficiency = (actual output + theoretical output) x 100 = (138 + 150) x 100 = 92%.
The 8% difference represents internal leakage — fluid bypassing from the high-pressure discharge side
to the low-pressure inlet side through internal clearances. A volumetric efficiency of 92% is within the
acceptable range for most hydraulic pumps at operating pressure.

100. B — A proportional DCV allows the operator to vary the spool opening in proportion to the
joystick deflection. A small joystick input opens the spool slightly, metering a small flow to the actuator
for slow, precise movement. A larger input opens the spool further, increasing flow for faster movement.
This provides infinitely variable speed control in both directions — a capability that on/off valves
cannot provide.

101. D — Applying Boyle's Law: P1V1 =P2V2, s0 90 bar x 2.0 L = 180 bar x V>, giving V2= 1.0 L. The
nitrogen gas compresses from its original 2.0-litre volume to 1.0 litre at system pressure, and the 1.0 litre
of volume freed by the gas compression is filled with hydraulic oil pushed into the accumulator by
system pressure. This 1.0 litre of stored oil is available for brake applications after the engine stops and
the pump is no longer supplying flow.



102. C — Motor displacement = Flow + Speed x 1,000 = (120 L/min + 200 RPM) x 1,000 = 0.6 L/rev x
1,000 = 600 cm3/rev. A motor with 600 cm3 displacement requires 600 cm® (0.6 L) of fluid per
revolution, so 120 L/min of supply produces exactly 200 RPM.

103. A — The suction strainer is a coarse screen (typically 100-150 mesh) that acts as a last line of
defence against large particles — metal chips, gasket fragments, or debris — that would cause
immediate catastrophic damage to the pump's gears, vanes, or pistons. The high-pressure filter
downstream provides the fine filtration (10-25 micron) that protects valves, motors, and cylinders from
smaller abrasive particles.

104. B — When the control lever returns to neutral, the pump swashplate returns to zero displacement
and stops supplying fluid. The machine's momentum continues to drive the wheels and tracks, which in
turn drive the hydraulic motors. The motors now function as pumps, attempting to push fluid through the
closed loop circuit. The resistance of displacing fluid through the loop creates a retarding force that
decelerates the machine.

105. D — Worn compressor piston rings or cylinder bore allow crankcase oil to pass into the
compression chamber during the intake stroke. The compressor then pumps the oil downstream with the
compressed air into the air system. This oil contamination degrades brake valve seals, ruins the air dryer
desiccant, and eventually contaminates the brake chambers. Compressor rebuild or replacement is
required.

106. C — Pilot-operated control valves allow the main valve bank to be located remotely from the
operator station — wherever is most efficient for the hydraulic circuit layout. The lightweight pilot
pressure signal travels through small-diameter hoses that can be routed easily over long distances,
eliminating the need for heavy mechanical linkages, cables, or push-pull rods between the cab and the
valve bank.

107. A — Every restriction in a hydraulic circuit — every metering edge, orifice, relief valve, and
control valve passage — converts hydraulic energy (pressure x flow) into heat. The power lost equals
the pressure drop across the restriction multiplied by the flow rate through it. This is why hydraulic
systems always generate heat and require cooling systems to maintain acceptable operating temperature.

108. D — A standard check valve allows flow in one direction and blocks it in the other — it cannot be
opened in its blocked direction by any external command. A pilot-operated check valve adds a pilot
piston that, when pressurized by an external pilot signal, mechanically lifts the check valve off its seat



and allows controlled flow in the normally blocked direction. This feature enables controlled lowering
of gravity-loaded cylinders.

109. B — A flow divider uses an internally balanced spool that shifts in response to pressure differential
between the two outlet ports. If one circuit has lower resistance and tries to take more flow, the spool
shifts to restrict that circuit and opens the other, equalizing the flow split. This ensures each circuit
receives its proportional share regardless of load variations between the two circuits.

110. C — The charge filter protects the charge circuit and by extension the main pump and motor from
contamination. A clogged charge filter restricts the flow from the charge pump to the main loop,
reducing the charge pressure below specification. Low charge pressure means inadequate fluid
replenishment on the low-pressure side, leading to cavitation, overheating from insufficient flushing,
and eventually loss of drive capability.

111. D — The tractor protection valve monitors the tractor's primary air supply pressure. When the
pressure drops below a predetermined threshold (typically 410-480 kPa), the valve closes automatically,
isolating the tractor's air supply from the trailer circuit. This preserves the tractor's remaining air for its
own braking system, preventing a trailer leak from depleting the tractor's supply and leaving both units
without brakes.

112. A — The cylinder is driven to full mechanical stop (full extend or retract) with the DCV held in
position to maintain system pressure on the working side. The hose on the opposite port is then
disconnected and directed into a container. Any oil flowing from the disconnected port is fluid
bypassing the piston seals from the pressurized side — directly confirming internal piston seal leakage.

113. C — Viscosity Index (V1) measures how much a fluid's viscosity changes with temperature. A high
VI indicates the oil maintains more consistent viscosity across a wide temperature range — it doesn't
thin excessively when hot or thicken excessively when cold. This is critical for hydraulic systems that
must operate reliably from cold morning starts through sustained high-temperature operation.

114. B — Without the neutral start interlock, if the hydrostatic control were in a forward or reverse
position when the engine started, the machine would immediately begin moving at whatever
displacement the control was set to. This presents a serious safety hazard to nearby personnel and the
operator. The interlock ensures the drive system is at zero displacement before the engine can be
cranked.



115. D — The internal baffle forces return oil to travel a longer path through the reservoir before
reaching the suction (pump inlet) zone. This extended residence time allows entrained air bubbles to rise
to the surface and separate from the oil, and allows the oil to shed heat to the reservoir walls, before the
fluid is drawn back into the pump. Without the baffle, hot, aerated return oil would be recirculated
immediately.

116. A — A manual slack adjuster requires a technician to periodically measure the pushrod stroke and
manually turn the adjuster to restore the correct running clearance as brake linings wear. An automatic
slack adjuster performs this adjustment continuously through an internal one-way mechanism that takes
up clearance with each brake application. Both maintain stroke within specification, but the automatic
type does so without manual intervention.

117. C — The sequence valve is a normally closed, pressure-sensitive valve set at a specific cracking
pressure. During the extend cycle, all pump flow goes to cylinder A. When cylinder A reaches full
extension and stalls, the upstream pressure rises. When this pressure reaches the sequence valve's set
pressure, the valve opens and directs flow to cylinder B. The sequencing is entirely pressure-controlled.

118. B — The closed-centre load-sensing pump adjusts its output flow and pressure to match the actual
demand of the active circuits. When multiple functions operate simultaneously, the pump increases
output to supply all circuits rather than dividing a fixed flow among them. This produces smoother,
more responsive operation with less speed loss during combined function use compared to the fixed-
flow open-centre system.

119. D — The spring brake modulator valve allows the spring brakes to be applied proportionally rather
than in a binary on/off mode. By modulating the rate of air pressure release from the spring brake
chambers, the driver can control the spring brake application force — providing graduated emergency
braking rather than a sudden full lock that could cause loss of control.

120. A — Piston area =t X r* = @ x (40 mm)? = n x 1,600 = 5,027 mm? = 50.27 cm?. Required pressure
= Force + Area = 100,000 N + 50.27 cm? = 1,990 N/cm? = approximately 199 bar. This confirms a
standard 200 bar system would be adequate to generate the required force from an 80 mm bore cylinder.

121. B — The safety factor ratio = burst pressure + working pressure = 1,400 + 350 = 4:1. This 4:1 ratio
is the industry standard safety factor for hydraulic hose assemblies. The working pressure is the
maximum pressure the hose should see during normal operation, and the burst pressure provides a
fourfold safety margin to accommodate pressure spikes, fatigue, and aging.



122. C — Contamination enters hydraulic systems from the external environment through every point
where the circuit interfaces with the outside. Cylinder rod seals draw contamination into the circuit as
the rod retracts. Reservoir breather caps admit airborne particles during thermal breathing cycles. Fill
port caps allow contamination during oil addition. And every connection opened during maintenance
exposes the internal circuit to ambient contamination.

123. A — Ultrasonic testing transmits high-frequency sound waves into the material and analyzes the
reflections returned from internal discontinuities. Unlike dye penetrant (surface-breaking defects only)
and magnetic particle testing (surface and near-surface defects in ferromagnetic materials only), UT can
detect and precisely locate defects deep within the material cross-section — including laminations,
porosity, inclusions, and lack-of-fusion flaws.

124. C — Wear pads maintain the correct lateral clearance between the boom cheek plates and the stick
at the pivot. Without adequate clearance control, the stick can shift side-to-side, loading the pivot pin
laterally (off-axis) rather than concentrically. Off-axis loading accelerates pin bore wear in the cheek
plates and can cause premature pin failure. The pads are replaceable sacrificial components.

125. D — Blasted rock is angular, abrasive, and produces high-impact loading on the tooth points during
bucket fill. A heavy-duty abrasion-resistant profile provides a wider face with more wear material and a
robust cross-section designed to withstand the combination of impact and abrasive wear. Penetration
profiles are optimized for in-situ hard digging, not fragmented material loading.

126. B — Al mechanical pin-type coupler retention systems require a secondary locking device — a
lock pin, a safety chain, or a mechanical detent — in addition to the primary retention pin. The primary
pin alone can work loose under vibration and dynamic loading. Verification that the secondary lock is
engaged is mandatory after every attachment connection, regardless of the specific retention design.

127. A — Pre-heating the base metal before welding slows the cooling rate of the weld and heat-affected
zone after the welding arc passes. Rapid cooling (especially in cold ambient conditions and on thick,
heavy sections) produces hard, brittle microstructures that are highly susceptible to hydrogen-induced
cracking (cold cracking). Pre-heating prevents this by maintaining the metal above the temperature
where brittle structures form.

128. C — Different attachments require different hydraulic flow rates for correct operation. A breaker
may need 120 L/min while a compactor may need 60 L/min. If the flow control is set for the breaker and
the compactor is connected without adjustment, the excess flow drives the compactor too fast. The



operator must readjust the auxiliary flow setting to match each attachment's specification before
operating.

129. D — The cab mounting bolts secure the cab to the machine frame. This connection is integral to the
ROPS (Rollover Protective Structure) and FOPS (Falling Object Protective Structure) certification —
the cab can only protect the operator if it remains firmly attached to the frame during a rollover or
impact event. Loose mounting bolts compromise this critical connection and must be torqued to
specification immediately.

130. A — Grade 8 bolts have a minimum tensile strength of 150,000 PSI, while grade 5 bolts have a
minimum of 120,000 PSI — a 25% strength reduction. Cutting edge bolts experience severe dynamic
loading from impact, vibration, and shear forces during dozing operations. Grade 5 bolts will fail
prematurely under these loads. Only the specified grade 8 (or higher) hardware is acceptable.

131. B — An attachment hanging at an angle in the coupler indicates the two attachment pins are not
sitting evenly in the coupler's front and rear pin cradles. This can result from worn cradle surfaces that
no longer center the pins correctly, or from attachment pins of different diameters or wear conditions.
Inspection of both the coupler cradle wear and the attachment pin dimensions identifies the mismatch.

132. B — In a parallel hybrid, both power sources can drive the wheels simultaneously through the
combining gearbox. During peak demand events — such as aggressive bucket loading into a stockpile
— the electric motor supplements the diesel engine's output. The combined power exceeds what either
source can produce alone, providing short-duration peak tractive effort that a standalone diesel cannot
match.

133. D — The HV interlock circuit monitors multiple safety-critical conditions and opens the main HV
contactors if any condition is violated. Typical triggers include the HV service disconnect being opened,
an HV enclosure cover being removed, a ground fault above the insulation resistance threshold, or a
crash detection signal. Opening the contactors immediately de-energizes all HV circuits downstream,
protecting personnel and equipment.

134. A — Battery cell temperature directly affects every aspect of performance and longevity. Excessive
heat accelerates chemical degradation, reduces cycle life, and in extreme cases can trigger thermal
runaway — an uncontrollable exothermic reaction. Excessive cold reduces available capacity and
increases internal resistance. Active liquid cooling maintains all cells within the optimal temperature
window for maximum life, performance, and safety.



135. C — A PEM fuel cell combines hydrogen (supplied from on-board storage) and oxygen (drawn
from ambient air) in an electrochemical reaction that produces three outputs: electricity (to drive the
motors), water (H20, the only chemical byproduct), and heat (from the reaction's inefficiency). The
process involves no combustion and produces zero tailpipe emissions other than pure water and heat.



