
PRACTICE EXAM 15: RED SEAL 421A 

SIMULATION (135 QUESTIONS) 

1. A technician is assigned to perform maintenance on a machine that is positioned on a 12% grade in a 

mining pit. The machine's parking brake is applied and the engine is off. Before beginning work, what 

additional securement must the technician verify or install beyond the parking brake? 

 

A. Wheel chocks must be placed against the downhill side of the tires (or track) to provide a mechanical 

backup that prevents the machine from rolling if the parking brake releases or fails — the parking brake 

alone is not sufficient securement for maintenance on a grade because the brake can release from a 

hydraulic leak, a spring failure, or an inadvertent control activation 

B. The transmission must be left in the lowest gear to provide mechanical resistance through the 

drivetrain that supplements the parking brake's holding force on the grade 

C. A tow cable must be attached from the machine's rear tow pin to an anchor point uphill of the 

machine to provide a secondary restraint in case the parking brake releases during the maintenance 

procedure 

D. The machine's steering must be turned to full lock toward the uphill side so that if the machine rolls, 

it turns into the slope face rather than rolling straight down the grade 

 

 

 

2. A technician is using a portable grinder to smooth a weld repair on a machine's frame. Sparks from 

the grinding are traveling approximately 5 metres. The technician has verified the immediate area is 

clear of combustible materials within a 3metre radius. Is this fire prevention adequate? 

 

A. Yes — the 3metre radius exceeds the minimum 1metre fire watch zone required by Canadian 

workplace safety regulations for grinding operations 

B. Yes — grinding sparks are not a fire hazard because they cool below ignition temperature within 2 

metres of the grinder contact point 



C. No — grinding sparks can travel 10 metres or more and can ignite combustible materials at distances 

well beyond 3 metres. The fire prevention zone must extend to cover the full travel distance of the 

sparks, including below the work area where sparks can fall through grating or openings. A fire watch 

must be maintained during and for 30 minutes after the grinding operation 

D. No — but the inadequacy is not the distance. The fire prevention zone radius is correct at 3 metres, 

but the technician has failed to position a fire extinguisher within arm's reach of the grinding location 

 

 

 

3. A technician discovers a coworker is about to enter a machine's fuel tank for an internal inspection. 

The coworker has opened the access hatch and is preparing to climb in. The tank has been drained but 

not gasfree tested. What is the technician's immediate obligation? 

 

A. Report the observation to the site supervisor after the coworker has entered the tank so that the 

supervisor can initiate the correct confined space procedures while the coworker begins the inspection 

B. Stop the coworker from entering the tank immediately — a drained fuel tank is a confined space that 

may contain explosive fuel vapour concentrations, toxic atmospheres, or oxygendeficient conditions. 

Entry without atmospheric testing, a confined space permit, ventilation, a rescue plan, and an attendant 

is immediately dangerous to life and health 

C. Advise the coworker to wear a respirator before entering the drained tank — the respirator provides 

adequate protection against fuel vapour exposure during the internal inspection 

D. Verify the tank has been drained completely by checking the drain valve position — if the valve is 

fully open and no liquid is visible, the tank is safe to enter without further atmospheric testing 

 

 

 

4. A machine's service manual specifies that a particular bolt must be tightened using a torqueangle 

method: 150 N·m initial torque, then an additional 90degree rotation. A technician tightens the bolt to 

150 N·m but skips the 90degree rotation step, reasoning that the initial torque provides adequate 

clamping force. What is the consequence of omitting the angular rotation step? 

 



A. The bolt is significantly underclamped — the torqueangle method is designed to achieve a specific 

bolt stretch (preload) that simple torque measurement cannot reliably produce. The initial 150 N·m only 

overcomes the friction and begins the elastic stretch; the 90degree rotation completes the designed 

elongation that produces the correct clamping force. Without the rotation, the bolt may loosen from 

vibration and the joint may fail under loading 

B. No consequence — the 150 N·m initial torque provides the same clamping force as the complete 

torqueangle procedure. The 90degree rotation is an optional verification step that confirms the bolt has 

not yielded during the torquing process 

C. The bolt is adequately clamped but the joint lacks the designed fatigue resistance — the angular 

rotation step distributes the clamping force evenly around the bolt's bearing surface, and without it, the 

force is concentrated under the bolt head 

D. The bolt is overclamped at 150 N·m — the torqueangle method's initial torque value is intentionally 

set higher than the final desired clamp load, and the 90degree rotation reduces the clamping force to the 

designed level by stretching the bolt into its elastic range 

 

 

 

5. A technician has completed a repair that required draining 400 litres of hydraulic oil from a machine. 

The used oil has been collected in a closed container. The technician must dispose of the used oil. Under 

Canadian environmental regulations, which disposal method is required? 

 

A. The used oil can be burned in the shop's waste oil heater if the heater has a provincial operating 

permit and the oil has been tested to confirm it does not contain hazardous contaminants above the 

regulated thresholds 

B. The used oil can be poured into the shop's general waste dumpster if it is absorbed onto clay 

absorbent material first — the absorbed oil is classified as solid waste rather than liquid waste 

C. The used oil can be stored indefinitely onsite in sealed containers without any regulatory reporting 

requirement as long as the containers are in a covered, secondarycontained area 

D. The used oil must be collected by a licensed waste oil hauler or delivered to an approved waste oil 

collection facility — used hydraulic oil is classified as a regulated waste in all Canadian provinces and 

must be tracked from generation to final disposition through a waste manifest system 

 



6. A technician is working alone on a machine in a remote area. The company's lone worker policy 

requires checkins every 2 hours. The technician has been focused on a complex repair and realizes the 

last checkin was 3 hours ago. What should the technician do immediately? 

 

A. Complete the current repair step before checking in — interrupting the repair at a critical point could 

create a safety hazard if the machine is partially disassembled 

B. Continue working and check in at the next scheduled 2hour interval — a single missed checkin is not 

a safety concern and the technician will be back on schedule within the next hour 

C. Contact the checkin centre immediately to report status — a missed checkin may have triggered the 

company's overdue worker response protocol, which could include dispatching emergency services to 

the technician's location. The technician must confirm they are safe before emergency resources are 

deployed unnecessarily 

D. Send a text message to a coworker rather than calling the checkin centre — the text confirms the 

technician's status without interrupting the checkin centre's operations 

 

 

 

7. A technician is replacing a hydraulic hose on a machine. The original hose is a SAE 100R2AT 

(twowire braided) rated at 350 bar working pressure. The replacement hose available is a SAE 100R1AT 

(onewire braided) rated at 200 bar working pressure. The system's maximum working pressure is 280 

bar. Can the technician install the onewire hose as a temporary replacement? 

 

A. Yes — the onewire hose can be used temporarily for lowpressure return circuits even though the 

system operates at 280 bar, because the return line pressure is significantly lower than the supply 

pressure 

B. No — the replacement hose must meet or exceed the original hose's pressure rating. The SAE 

100R1AT is rated at 200 bar, which is below the system's 280 bar working pressure. Installing this hose 

creates a burst hazard — the hose may fail at any time during normal operation, releasing highpressure 

oil that can cause injection injuries, fire, and environmental contamination 

C. Yes — the onewire hose can be used for up to 100 hours as a temporary repair if the technician 

installs a pressurereducing valve upstream of the hose to limit the pressure to 200 bar 



D. Yes — the hose's burst pressure is typically 4× its working pressure (800 bar), which exceeds the 

system's 280 bar working pressure with adequate margin for temporary use 

 

 

 

8. A machine has been involved in a fire. The fire has been extinguished and the machine is cool. The 

technician is assigned to assess the damage. Before approaching the machine, what specific postfire 

hazard must the technician consider? 

 

A. The machine's ROPS structure may have been weakened by the heat and could collapse if the 

technician climbs on the machine to access the firedamaged area 

B. The machine's electrical system may have energized circuits that were damaged by the fire — 

exposed wires with melted insulation can produce short circuits and electrical arcs when the battery is 

connected 

C. The machine's hydraulic system may have pressurized cylinders that could release stored energy if a 

firedamaged hose or fitting fails when disturbed during the inspection 

D. The fire may have damaged the machine's tire assemblies — a tire that has been exposed to fire can 

explode (zipper rupture) hours or days after the fire is extinguished because the heat has weakened the 

tire's internal cord structure. The technician must approach from the front or rear of the machine (outside 

the tire's blast zone) and deflate the tires from a safe distance before performing a close inspection 

 

 

 

9. A technician is documenting a machine inspection using a digital checklist on a tablet. The inspection 

reveals three deficiencies: a cracked windshield, a leaking hydraulic hose, and an inoperative backup 

alarm. The technician must prioritize these deficiencies for repair. How should they be ranked? 

 

A. The backup alarm must be repaired first — an inoperative backup alarm creates an immediate risk to 

ground personnel who rely on the audible warning to clear the machine's path during reverse travel. The 

leaking hydraulic hose is second priority (environmental and fire risk), and the cracked windshield is 



third (operator visibility and FOPS integrity, but not an immediate personnel safety hazard unless the 

crack is in the operator's direct line of sight) 

B. The hydraulic hose must be repaired first because the oil leak creates an environmental contamination 

risk that has regulatory reporting implications 

C. All three deficiencies have equal priority and must be repaired before the machine returns to service 

— there is no ranking hierarchy for safety deficiencies 

D. The cracked windshield must be repaired first because it compromises the cab's FOPS certification 

and exposes the operator to falling object hazards 

 

 

 

10. A technician is required to perform a lockout/tagout (LOTO) procedure on a machine before 

beginning a transmission repair. The machine has multiple energy sources: a diesel engine 

(chemical/mechanical energy), a 24V battery bank (electrical energy), pressurized hydraulic 

accumulators (stored hydraulic energy), and compressed air brake system reservoirs (pneumatic energy). 

What is the correct LOTO approach? 

 

A. Lock out the battery disconnect switch and tag the ignition key switch — the engine and battery are 

the primary energy sources, and all other systems (hydraulic, pneumatic) deenergize when the engine is 

off and the battery is disconnected 

B. Lock out only the energy source relevant to the transmission repair — the hydraulic accumulator and 

the transmission oil circuit. The other energy sources do not need to be locked out because the repair 

does not involve the engine, electrical, or pneumatic systems 

C. Every energy source on the machine must be individually identified, isolated, locked, tagged, and 

verified at zero energy before work begins — the engine must be shut down, the battery disconnect 

locked off, the hydraulic accumulators depressurized and verified at zero, and the air brake reservoirs 

drained to zero. Each isolation point requires its own lock and tag, and the technician must verify zero 

energy at each point using the appropriate test method before beginning the repair 

D. The machine's master lockout switch (if equipped) isolates all energy sources simultaneously, and 

only one lock and tag on the master switch is required to comply with the LOTO standard 

 

 



11. A technician receives an oil analysis report showing the following trend over three consecutive 

250hour samples: Sample 1: iron 18, silicon 8, sodium 2. Sample 2: iron 24, silicon 10, sodium 8. 

Sample 3: iron 35, silicon 12, sodium 22. What failure mode does the combined trend of all three metals 

indicate? 

 

A. The rising iron and silicon together confirm dirt ingestion, and the sodium rise is from a fuel additive 

contamination that is unrelated to the dirt ingestion 

B. Two concurrent failure modes are developing: dirt ingestion (rising iron and silicon together) AND 

coolant contamination (rising sodium). The sodium's steep increase from 2 to 22 ppm confirms coolant 

is entering the oil through a developing leak path. The coolant contamination may be accelerating the 

wear rate shown by the iron trend. Both issues must be investigated simultaneously — the intake system 

for the dirt source and the cooling system for the coolant leak 

C. The rising silicon is from silicone gasket sealant applied during a recent repair, and the sodium and 

iron are from normal bearing wear acceleration at this point in the engine's service life 

D. All three metals are rising from a single source — the engine's charge air cooler has failed, allowing 

coolant (sodium), atmospheric dirt (silicon), and the resulting accelerated wear debris (iron) to enter the 

engine simultaneously through the breached CAC passages 

 

 

 

12. A diesel engine's injector nozzle has multiple spray holes arranged in a specific pattern. Each hole 

produces a fuel jet aimed at a specific location in the combustion chamber. An OEM service bulletin 

states that when reinstalling injectors after service, the injector must be installed with the alignment 

dowel in the correct orientation. What happens if the injector is installed with the wrong rotational 

orientation (rotated from the correct position)? 

 

A. The injector seals incorrectly and combustion gas leaks past the injector bore seal, producing a 

hissing noise and carbon tracking on the cylinder head surface around the injector bore 

B. The injector's electrical connector does not align with the harness plug and the injector cannot be 

connected to the ECM 

C. The injector operates normally regardless of the rotational orientation because the spray pattern is 

symmetrical and the combustion chamber geometry is circular 



D. The fuel spray jets are aimed at incorrect locations in the combustion chamber — jets that should 

target the piston bowl may strike the cylinder wall, washing the oil film and accelerating liner wear. Jets 

that should be centered in the air swirl may miss the swirl path, producing incomplete combustion, 

increased emissions, and localized hot spots on the piston crown 

 

 

 

13. A diesel engine's oil pressure gauge reads 350 kPa at rated RPM and full load. The OEM 

specification minimum at rated RPM is 275 kPa. The engine has 18,000 operating hours. The previous 

oil pressure at rated RPM (measured at 16,000 hours) was 420 kPa. What does the 70 kPa pressure 

decrease over 2,000 hours indicate? 

 

A. The oil pressure decrease is from the oil filter reaching the end of its service life — the clogged filter 

restricts the flow and the reduced volume downstream of the filter produces the lower gauge reading 

B. The 70 kPa decrease is within the normal variation for oil pressure measurements on a highhour 

engine and does not require investigation 

C. The oil pressure is decreasing at an accelerating rate — the 70 kPa drop over 2,000 hours is 

significantly steeper than the normal wear trend. Although the current reading (350 kPa) is still above 

the 275 kPa minimum, the rate of decline suggests bearing clearances are widening progressively. If this 

rate continues, the pressure will reach the minimum specification within the next 2,000–3,000 hours. 

The engine should be scheduled for bearing inspection and potential overhaul planning 

D. The pressure decrease is from using a different oil viscosity grade at the 16,000hour oil change — the 

thinner oil produces lower oil pressure at the same bearing clearances 

 

 

 

14. A diesel engine equipped with a DEF dosing system has been operating for 10,000 hours. The SCR 

catalyst's NOx conversion efficiency has been declining gradually — from 95% (new) to 82% (current). 

The OEM specification minimum is 85%. At what point should the technician recommend SCR catalyst 

replacement? 

 



A. The catalyst should be replaced now — the current 82% conversion efficiency is already below the 

85% minimum specification. Operating below the specification means the engine is exceeding its 

emission certification limit, which violates environmental regulations. Delaying the replacement risks 

progressive power derates from the emission compliance monitoring system and potential regulatory 

penalties 

B. The catalyst should be replaced when the conversion efficiency reaches 75% — the 85% 

specification includes a 10% safety margin for measurement variability 

C. The catalyst does not need replacement — the declining efficiency is caused by contamination that 

can be restored by a chemical cleaning process rather than physical replacement of the catalyst substrate 

D. The catalyst should be replaced at the next major overhaul (typically 20,000 hours) — the declining 

efficiency is a normal aging characteristic that the ECM compensates for by increasing the DEF dosing 

rate 

 

 

 

15. A diesel engine's cooling system has been pressuretested and holds pressure with no external leaks. 

However, the coolant level continues to drop approximately 1 litre per week. The oil shows no signs of 

coolant contamination. The exhaust shows no white smoke. The technician performs a combustion gas 

test on the coolant and the result is negative (no combustion gas detected in the coolant). Where is the 

coolant going? 

 

A. The coolant is evaporating from the deaeration tank during each hotcold cycle — the expansion cap's 

sealing ring has deteriorated and allows small amounts of coolant vapour to escape during each 

pressurization cycle when the engine reaches full operating temperature 

B. The coolant is being consumed by the EGR cooler — a microleak in the EGR cooler allows coolant 

to enter the exhaust stream in quantities too small to produce visible white smoke. The combustion gas 

test on the coolant is negative because the leak path is from coolant to exhaust, not from combustion gas 

to coolant — the test detects gas entering the coolant, not coolant leaving the system 

C. The coolant is being absorbed by the engine's gasket materials — over time, the cellulosebased 

gaskets absorb coolant from the passages they seal, and the absorbed volume accounts for the 1 litre per 

week loss 

D. The coolant is leaking from the water pump's weep hole — the weep hole leak evaporates on the hot 

engine block before it drips to the ground, producing no visible external leak. The lost volume accounts 

for the gradual level decrease 



16. A diesel engine's turbocharger has been rebuilt and reinstalled. During the first startup after the 

rebuild, the technician must perform a specific procedure before allowing the engine to operate at load. 

What is this procedure and why is it critical? 

 

A. Run the engine at high idle for 5 minutes to heat the turbocharger oil to operating temperature before 

applying load — cold oil is too thick to flow through the turbocharger's precision bearings at the speed 

required for loaded operation 

B. Verify the turbocharger's boost output matches the specification at rated RPM before applying load 

— an incorrectly rebuilt turbocharger may overboost and damage the engine on the first loaded 

operation 

C. Perform an intake restriction test to verify the new turbocharger's compressor is not installed 

backward — a reversed compressor wheel produces negative boost (vacuum) instead of positive 

pressure 

D. Preoil the turbocharger by cranking the engine without starting (fuel disabled) until oil pressure is 

confirmed at the turbocharger's oil supply line — a rebuilt turbocharger's bearings have no residual oil 

film, and starting the engine without preoiling allows the shaft to spin at high speed on dry bearings 

during the seconds before the oil pump delivers oil. The drystart damage can destroy the new bearings 

within minutes 

 

 

 

17. A diesel engine has a compression ratio of 17:1. The technician measures the compression pressure 

on Cylinder 3 at 2,400 kPa. All other cylinders read 2,800–2,900 kPa. What is the minimum additional 

information the technician needs to determine whether Cylinder 3's low reading is from rings, valves, or 

head gasket? 

 

A. The technician needs to know the engine's operating hours to determine if the compression loss is 

from normal wear or a specific fault 

B. The technician needs the OEM's minimum compression specification to determine if 2,400 kPa 

requires any investigation at all 

C. The technician needs the results of a wet compression test or a leakdown test on Cylinder 3 — a wet 

test (oil added) differentiates ring seal problems (pressure increases with oil) from valve/gasket 



problems (pressure does not improve with oil). A leakdown test identifies the specific leak path by 

listening for air at the intake, exhaust, crankcase, or adjacent cylinder 

D. The technician needs the intake manifold pressure during cranking to calculate the effective 

compression ratio and compare it to the designed 17:1 ratio 

 

 

 

18. A diesel engine's fuel return system routes unused fuel from the injectors back to the fuel tank 

through a return line. The fuel that returns to the tank has been heated by the engine and the injection 

process. If the fuel tank is small relative to the engine's fuel consumption rate, what problem can the 

heated return fuel cause? 

 

A. The heated return fuel raises the bulk fuel temperature in the small tank — the hot fuel has reduced 

density, which reduces the fuel's energy content per unit volume. The ECM may compensate by 

increasing the injection duration, but in extreme cases, the elevated fuel temperature reduces the engine's 

maximum power output and may exceed the fuel system component's maximum temperature rating, 

accelerating hose and seal degradation 

B. The heated return fuel vapourizes in the small tank and the vapour enters the fuel supply line, causing 

vapour lock that prevents the fuel transfer pump from drawing liquid fuel 

C. The heated return fuel accelerates the growth of microbial colonies in the tank because the warm 

environment provides optimal growth conditions for diesel bug 

D. The heated return fuel causes the fuel filter to clog more rapidly because the hot fuel dissolves wax 

and varnish deposits from the tank walls that resolidify on the filter element when the fuel cools during 

the next cold start 

 

 

 

19. A diesel engine equipped with a variable geometry turbocharger (VGT) produces a DTC for "VGT 

underboost." The technician monitors the VGT live data and observes: commanded position = 85% 

closed, actual position = 85% closed, measured boost = 160 kPa, target boost = 200 kPa. The VGT is 

reaching its commanded position but not producing the target boost. What does this data set eliminate 

and what does it indicate? 



A. The data eliminates a VGT actuator or position sensor fault (the vanes are reaching the commanded 

position). The underboost despite correct vane position indicates the turbocharger itself has lost 

efficiency — the turbine and/or compressor cannot convert the exhaust energy into the expected boost at 

the commanded vane angle. Causes include eroded turbine or compressor wheels, excessive shaft play, 

internal housing wear, or an exhaust leak upstream of the turbine that reduces the exhaust energy 

available to the turbine 

B. The data indicates the ECM is commanding the wrong position — 85% is too low for the current 

operating condition and the ECM's calibration file has been corrupted 

C. The data indicates an exhaust leak downstream of the turbocharger that is reducing the measured 

boost at the sensor location — the turbocharger is producing the correct boost but the leak reduces the 

pressure before it reaches the sensor 

D. The data indicates the intake manifold has a leak that allows the pressurized air to escape after the 

turbocharger produces it — the turbocharger's output is correct but the manifold cannot contain the 

boost pressure 

 

 

 

20. A diesel engine's coolant temperature gauge reads 95°C. The thermostat specification is 82°C 

opening. The technician touches both the upper radiator hose (thermostat outlet to radiator) and the 

lower radiator hose (radiator outlet to engine). The upper hose is very hot and the lower hose is 

noticeably cooler. What does the temperature difference between the upper and lower hoses confirm? 

 

A. The water pump has failed — the pump is not circulating coolant through the radiator, and the hot 

upper hose is from convection rather than forced flow 

B. The radiator is functioning correctly — the hot coolant enters at the top (hot upper hose), the radiator 

removes heat from the coolant, and the cooled coolant exits at the bottom (cool lower hose). The 

temperature difference confirms the radiator is actively rejecting heat as designed 

C. The thermostat is stuck partially open — a fully open thermostat allows too much flow through the 

radiator, producing the large temperature difference between the inlet and outlet 

D. The radiator is internally restricted — the restriction causes the coolant to spend excessive time in the 

radiator, overcooling the outlet flow and producing the large temperature difference between the upper 

and lower hoses 

 



21. A diesel engine has been operating in a dusty environment. The technician checks the air filter 

restriction indicator and it shows green (within specification). The technician then performs an oil 

analysis. The oil shows silicon at 25 ppm — significantly above the 8 ppm baseline. What does the 

elevated silicon with a green (passing) filter indicator suggest? 

 

A. The oil has been contaminated with silicone gasket sealant from a recent repair rather than from 

atmospheric dust ingestion — silicone sealant and airborne silica both register as silicon in oil analysis 

B. The air filter restriction indicator is functioning correctly and the filter element is not clogged — but 

the dust is entering the engine through a path that bypasses the filter entirely. A cracked intake duct, a 

loose clamp between the filter and the turbocharger, a damaged filter housing seal, or a filter element 

that is not seated correctly in its housing allows unfiltered air to bypass the element and enter the engine 

C. The elevated silicon is from the engine oil additive package — certain synthetic oil formulations 

contain siliconbased antifoam additives that the oil analysis detects as elevated silicon 

D. The air filter restriction indicator has failed in the green position — the filter is actually restricted and 

the indicator is not responding to the pressure differential, which allows the restricted filter to pass 

unfiltered air around its edges under the elevated vacuum 

 

 

 

22. A diesel engine's ECM has a "fuel rate" parameter that displays the current fuel delivery in litres per 

hour. During a loaded haul, the fuel rate reads 85 L/hr. During an identical haul one year ago (same 

load, same route, same ambient conditions), the fuel rate was 72 L/hr. All engine performance 

parameters (power, boost, exhaust temperature) are within specification. What is the most likely 

explanation for the 18% increase in fuel consumption? 

 

A. The increased fuel consumption with identical engine parameters confirms the drivetrain is 

consuming more power to maintain the same machine performance — worn torque converter, dragging 

brakes, increased rolling resistance from undercarriage or tire wear, or increased parasitic loads from 

worn hydraulic pumps. The engine works harder (burns more fuel) to compensate for the drivetrain 

losses that do not appear in the engine's diagnostic parameters 

B. The fuel rate sensor has drifted from calibration over the year and is reading 18% higher than the 

actual consumption — the fuel consumption has not changed 



C. The fuel quality has changed — a lowerenergycontent diesel fuel requires the ECM to inject 18% 

more volume to deliver the same energy per combustion cycle 

D. The engine's compression has decreased from normal wear, requiring the ECM to inject more fuel per 

cycle to maintain the same power output during loaded operation 

 

 

 

23. A diesel engine's aftertreatment system has entered a Level 1 derate (25% power reduction) from a 

"SCR efficiency low" DTC. The technician checks the DEF quality with a refractometer: 32.5% urea 

concentration (correct). The DEF dosing rate matches the ECM's commanded rate. The DPF is clean 

(recently regenerated). The DOC inlet temperature is 380°C at the operating condition. What should the 

technician investigate next? 

 

A. The NOx sensors — if the inlet NOx sensor reads higher than actual or the outlet NOx sensor reads 

lower than actual, the ECM calculates a false low conversion efficiency even though the SCR is 

performing correctly. The technician should compare both NOx sensor readings against an independent 

reference to verify accuracy 

B. The SCR catalyst temperature — the 380°C DOC inlet temperature does not confirm the SCR 

catalyst bed temperature, which may be lower due to heat loss between the DOC and SCR. If the 

catalyst bed temperature is below the minimum effective range (typically 200–250°C for the SCR 

reaction), the catalyst cannot convert NOx efficiently regardless of the DEF quality and dosing rate 

C. The exhaust piping between the DOC and SCR — a leak in this section allows untreated exhaust to 

bypass the SCR catalyst, reducing the measured conversion efficiency at the outlet NOx sensor 

D. The NOx sensors' accuracy — the inlet and outlet NOx sensors are the primary inputs for the ECM's 

SCR efficiency calculation. If either sensor has drifted from calibration (reading higher or lower than 

actual), the ECM calculates an incorrect conversion efficiency. The technician should verify both sensor 

readings against a known reference value or swap the sensors to determine if the efficiency calculation 

changes 

 

 

 



24. A diesel engine's oil cooler is a tubeandshell design. The technician notices the engine oil 

temperature is running 8°C above normal during loaded operation. The coolant temperature is normal. 

The oil cooler's external surfaces are inaccessible for inspection (internal to the engine block). What test 

determines if the oil cooler is restricted? 

 

A. Measure the oil pressure drop between the cooler inlet and outlet at a specific RPM — the OEM 

provides a maximum allowable pressure drop specification. An excessive pressure drop confirms the 

cooler's internal passages are restricted, reducing the oil flow through the cooler and limiting its heat 

rejection capability 

B. Compare the oil temperature at the cooler inlet to the outlet — a restricted cooler produces a larger 

temperature drop across the cooler because the reduced oil flow spends more time in contact with the 

cooling surface. A 20°C differential confirms the cooler is restricted 

C. Perform an oil bypass thermostat test — if the thermostat is stuck in the bypass position, the oil never 

reaches the cooler and the elevated temperature is from the thermostat, not the cooler 

D. Drain and inspect the oil for coolant contamination — a cracked cooler tube allows coolant to enter 

the oil circuit, and the mixed fluid has reduced heat transfer capability that produces the elevated 

temperature 

 

 

 

25. A diesel engine's crankcase ventilation system is equipped with a crankcase pressure sensor that the 

ECM monitors. The ECM generates a DTC if the crankcase pressure exceeds a programmed threshold. 

This DTC can trigger an engine protection derate. What is the purpose of this engine protection response 

to elevated crankcase pressure? 

 

A. Elevated crankcase pressure is an early indicator of excessive blowby from worn rings, liners, or a 

head gasket breach — the engine protection derate limits the engine's power output to reduce the 

combustion pressure and slow the rate of further internal damage. The derate also alerts the operator and 

fleet manager that the engine requires investigation before catastrophic failure occurs from the condition 

causing the elevated blowby 

B. Elevated crankcase pressure risks blowing the engine oil dipstick out of its tube, creating an oil spray 

hazard in the engine compartment 



C. Elevated crankcase pressure forces oil past the turbocharger's compressor seal, contaminating the 

intake system and the charge air cooler with oil that the engine then ingests and burns uncontrollably 

D. Elevated crankcase pressure indicates the crankcase ventilation filter has clogged and the engine 

protection derate forces the operator to shut down and replace the filter before the engine can return to 

full power operation 

 

 

 

26. A diesel engine has been running for 5 minutes after a cold start in −20°C ambient conditions. The 

coolant temperature gauge reads 40°C. The technician checks the turbocharger's boost gauge and reads 

120 kPa during a loaded acceleration test. The specification for rated boost at operating temperature is 

200 kPa. Why is the boost significantly below specification during the coldstart warmup period? 

 

A. The turbocharger bearings are cold and the thick, cold oil in the bearings creates excessive friction 

that prevents the turbocharger from reaching rated speed during the coldstart period 

B. The cold air is denser than warm air and the turbocharger does not need to produce as much boost to 

deliver the same air mass — the ECM commands lower boost during cold operation because the denser 

cold air provides adequate oxygen per unit volume at lower pressure 

C. The ECM intentionally limits fuel delivery and boost during the coldstart warmup period to reduce 

thermal shock on the engine's internal components — the pistons, liners, and head are below operating 

temperature and the rapid thermal expansion from fullpower operation at cold temperatures can crack or 

distort these components. The ECM progressively increases the allowed power output as the engine 

temperature rises 

D. The turbocharger's wastegate is stuck open from condensation that froze in the actuator mechanism 

during the cold soak — the frozen wastegate allows exhaust to bypass the turbine, reducing the boost 

during cold operation until the actuator thaws 

 

 

 

27. A diesel engine's fuel system includes a primary fuel filter (fuelwater separator) and a secondary fuel 

filter. Both filters have been changed at the specified interval. After the filter change, the engine starts 



but runs rough for approximately 30 seconds before smoothing out. What caused the rough running after 

the filter change? 

 

A. The new primary filter's waterinfuel sensor has not been initialized and the ECM is applying a 

conservative fuel map until the sensor confirms no water is present in the new filter bowl 

B. The fuel system's highpressure pump must reprime the common rail after the filter change — the air 

introduced during the filter change entered the lowpressure fuel system and was pushed through to the 

HP pump, which must compress and expel the air before the rail reaches adequate pressure for smooth 

combustion 

C. The new filter elements have a tighter filtration rating than the old elements and the increased 

restriction is temporarily reducing the fuel flow below the engine's demand during the first few minutes 

of operation 

D. Air was introduced into the lowpressure fuel system when the filters were removed — the air must be 

purged from the fuel lines, primary filter housing, secondary filter housing, and the supply to the HP 

pump inlet before the engine runs smoothly. The 30 seconds of rough running is the time required for 

the fuel transfer pump to push the air through the system and refill the circuit with liquid fuel 

 

 

 

28. A diesel engine's exhaust manifold is being inspected. The technician discovers one of the six 

manifold runner gaskets has failed — there is visible carbon tracking on the cylinder head surface 

around the exhaust port. The exhaust manifold bolts at that runner are loose (50 N·m when the 

specification is 75 N·m). What is the root cause of the gasket failure? 

 

A. The exhaust manifold material has warped from thermal cycling and the warped surface cannot 

maintain uniform contact with the cylinder head, causing the gasket to fail at the runner with the greatest 

warp 

B. The loose manifold bolts at that runner allowed the joint to cycle open and closed with each thermal 

expansion/contraction cycle — the reduced clamping force permitted exhaust gas to blow past the gasket 

during peak pressure pulses, progressively eroding the gasket (carbon tracking) until it failed 

completely. The bolt torque loss may be from inadequate initial torque, bolt stretch, or thread relaxation 

C. The exhaust gasket material was defective from manufacturing — a material flaw at that specific 

runner's gasket location allowed the gasket to fail prematurely despite correct bolt torque 



D. The EGR system's backpressure created excessive pressure at that specific runner location — the 

elevated pressure exceeded the gasket's designed clamping capacity even at the correct bolt torque 

 

 

 

29. A diesel engine's oil analysis shows a gradual increase in fuel dilution over four consecutive 

samples: 0.5%, 1.2%, 2.1%, 3.8%. The OEM condemning limit is 3.0%. The engine is Tier 4 Final with 

DPF active regeneration. What is the most common cause of gradual fuel dilution in a Tier 4 Final 

engine? 

 

A. The DPF active regeneration cycle uses late postinjection to raise exhaust temperatures — a small 

amount of the postinjected fuel washes past the piston rings on each regeneration cycle and accumulates 

in the crankcase oil over time. Frequent regeneration cycles (from lightload duty cycles or high DPF 

soot loading) accelerate the fuel dilution rate. The current 3.8% exceeds the 3.0% limit and requires an 

oil change and investigation into the regeneration frequency 

B. The injector nozzle tips have carbon buildup that causes the fuel spray to impinge on the cylinder 

walls, washing the oil film and draining into the crankcase during normal injection events 

C. The fuel transfer pump has a seal leak that allows fuel to enter the engine's crankcase through the gear 

train housing — the fuel bypasses the combustion process entirely 

D. The fuel return line has a restriction that forces excess fuel past the injector return seals and into the 

crankcase through the injector bore drain passages 

 

 

 

30. A diesel engine has been diagnosed with a head gasket failure. The gasket has failed between a 

combustion chamber and a coolant passage. The technician removes the cylinder head and inspects the 

head's gasket surface. The surface shows a visible erosion channel (blow track) that runs from the 

cylinder bore to the nearest coolant passage. What caused this erosion? 

 



A. The head bolts at the failed area were overtorqued during the last installation, crushing the gasket 

material beyond its recovery limit and creating a leak path that the combustion pressure widened over 

time 

B. The coolant contained excessive acid (low pH) that chemically attacked the gasket material at the 

thinnest point between the cylinder bore and the coolant passage 

C. Highpressure combustion gas has been blowing through the gasket breach with each firing cycle — 

the highvelocity gas stream erodes the gasket material and the adjacent metal surfaces (head and block) 

progressively, widening and deepening the blow track with each operating hour. The erosion channel is 

the visible evidence of the sustained gas leakage path 

D. The cylinder liner's protrusion above the block deck was below specification, and the insufficient 

liner protrusion did not create adequate clamping force on the gasket at that cylinder, allowing the leak 

to initiate 

 

 

 

31. A large mining truck's front tires have a recommended inflation pressure of 700 kPa. The technician 

discovers one tire is inflated to 500 kPa — 200 kPa below specification. The tire shows no visible 

damage or puncture. What is the correct procedure for reinflating the underinflated tire? 

 

A. Connect the inflation hose and inflate the tire from behind a tire cage or barrier, inflating slowly in 

increments and checking the pressure at each increment — the technician must never stand in front of or 

beside the tire/rim assembly during inflation 

B. Inflate the tire directly using the shop's air supply without any special precautions — the tire is only 

200 kPa below specification and is not in a dangerous condition 

C. Remove the tire and rim assembly from the machine and inflate it in a tire safety cage — any large 

tire that has been operated underinflated may have internal damage that could cause a failure during 

reinflation 

D. The tire must be inflated from a safe distance using an extension hose and a clipon chuck — the 

technician positions the inflation equipment and retreats to a safe distance (behind the machine or a 

barrier) before opening the air valve. A large tire that has been running 200 kPa underinflated may have 

generated internal heat damage that weakens the tire structure, and the tire may fail during reinflation 

 



32. A machine's hydraulic disc brake system has been overhauled. During the first loaded test after the 

overhaul, the technician measures the brake disc temperature using an infrared thermometer 

immediately after a series of 5 stops from 20 km/h. The left disc reads 180°C and the right disc reads 

120°C. What does the 60°C temperature difference indicate? 

 

A. The left brake has more friction material surface area in contact with the disc than the right — the left 

brake generates more friction (heat) per application because the pads are making better contact 

B. The brake system has an imbalance — one side is doing significantly more braking work than the 

other. The highertemperature left brake is generating more friction per application, either from more 

apply pressure (proportioning fault), more pad contact area (assembly difference), or less padtodisc 

clearance (the left brake is dragging). The lowertemperature right brake may have insufficient apply 

pressure, poor pad contact, or excessive clearance 

C. The temperature difference is within the normal range for a newly overhauled brake system — the 

new pads on each side are beddingin at different rates and the temperatures will equalize after 

approximately 50 hours of operation 

D. The right brake disc has better thermal conductivity than the left disc — the right disc dissipates heat 

faster because it was manufactured from a different foundry batch with a slightly different metallurgical 

composition 

 

 

 

33. A crawler machine's undercarriage has been measured and all components are near their midlife 

service point. The technician is planning the undercarriage maintenance strategy. The machine operates 

in a moderately abrasive environment (sandy soil). What is the most costeffective undercarriage 

management approach at midlife? 

 

A. Track the wear rate of each component individually and replace components as they reach their 

individual wear limits — this targeted approach avoids replacing components with remaining service 

life and minimizes the total undercarriage cost per operating hour 

B. Replace all undercarriage components simultaneously at midlife — new components wear at a 

predictable rate and replacing them as a set ensures even wear distribution and predictable future 

replacement timing 



C. Perform a pin turn on the track chain at midlife and replace only the sprocket segments — the pin 

turn extends the chain's life to match the remaining life of the rollers and idlers, and new sprocket 

segments prevent the worn teeth from damaging the turned chain 

D. Increase the track tension above the specification to extend the undercarriage life in the sandy 

environment — tighter tension reduces the amount of abrasive material that can enter the pinandbushing 

joints 

 

 

 

34. A wheel loader's front axle produces a humming noise that varies with vehicle speed but does not 

change during turns. The technician drains the differential oil and finds it is clean with no metallic 

particles. The differential backlash is within specification. What is the most likely noise source? 

 

A. The differential spider gears are worn — but spider gears produce noise during turns (when they 

rotate), not during straightline travel, which contradicts the symptom 

B. The axle shaft bearings are worn — but axle shaft bearing noise typically changes during turns as the 

shaft speed varies between the inner and outer wheels 

C. The ring and pinion gear set has developed a wear pattern on the tooth surfaces that produces the 

humming noise — the noise varies with vehicle speed because the ring gear speed is proportional to 

vehicle speed, and it does not change during turns because the ring gear rotates at the same speed 

regardless of turning. The clean oil confirms the wear is not yet producing loose debris 

D. The front wheel hub bearings are worn — hub bearing noise is proportional to wheel speed (which is 

proportional to vehicle speed) and does not change significantly during turns unless the bearing has 

progressed to a severe failure stage. The clean differential oil supports the hub bearings as the source 

because hub bearing wear does not contaminate the differential oil 

 

 

 

35. A machine's air brake system uses automatic slack adjusters (ASAs) on all wheel positions. The 

technician discovers one ASA has been manually adjusted by a previous technician — the adjusting bolt 

has been turned to take up excessive pushrod stroke. Why is manual adjustment of an ASA a concern? 



A. Manual adjustment voids the ASA manufacturer's warranty and the cost of a future replacement is 

not covered under the warranty program 

B. Manual adjustment masks a worn brake lining condition — the ASA should automatically 

compensate for normal lining wear. If the ASA has not maintained the correct stroke, the ASA itself has 

likely failed internally. Manually adjusting the failed ASA temporarily restores the stroke but does not 

fix the failed adjusting mechanism. The ASA will not maintain the adjustment and the stroke will return 

to the excessive length, potentially at the worst possible moment 

C. Manual adjustment can set the brake shoetodrum clearance tighter than the designed specification, 

causing the brake to drag and overheat during travel 

D. Manual adjustment of the adjusting bolt in the wrong direction can reverse the ASA's ratcheting 

mechanism, causing it to back off rather than tighten during subsequent automatic adjustment cycles 

 

 

 

36. A machine's track shoe bolts are specified at Grade 8.8 with a torque of 360 N·m. The technician 

discovers several bolts have loosened during operation. What is the most likely cause of the bolt 

loosening on track shoes specifically? 

 

A. The track shoe bolts were not torqued to specification during the last installation — undertorqued 

bolts have insufficient clamping force to resist the vibratory loosening forces 

B. Track shoe bolts are subjected to the most severe loosening conditions in the undercarriage — every 

ground contact produces a combination of impact, vibration, and alternating loads (compression/tension) 

as the shoe contacts the ground, bears the machine's weight, and then lifts off during each track 

revolution. The continuous cyclical loading loosens any bolt that does not have adequate initial preload 

or threadlocking measures 

C. The track shoes have worn unevenly and the tilted shoe surface applies a bending load to the bolts 

that produces a prying force at the bolt head, overcoming the clamping force 

D. The bolt grade (8.8) is insufficient for track shoe applications — Grade 10.9 or 12.9 bolts are 

required to withstand the cyclical loading forces of track shoe installation 

 

 



37. A machine's steering cylinder rod shows visible scoring — parallel scratches along the rod's chrome 

surface. The scoring runs circumferentially (around the rod) rather than axially (along the rod's length). 

What is the most likely cause of circumferential scoring? 

 

A. A contaminant particle has become embedded in the rod seal (wiper or rod seal) and the embedded 

particle scratches the rod surface as the rod rotates during steering articulation. The circumferential 

pattern confirms the scoring occurs during rotational movement of the rod, not during the linear 

extension/retraction stroke 

B. The cylinder's piston has seized and the rod is being twisted by the steering forces rather than 

extending linearly — the twisting motion produces the circumferential scratches 

C. The rod's chrome plating has developed microcracks that propagate circumferentially around the rod 

under the internal hydraulic pressure — the cracks appear as scratches on the surface 

D. The cylinder mounting has misaligned and the rod is contacting the gland bushing offcentre — the 

radial loading from the misalignment concentrates wear in a circumferential pattern on the rod surface 

 

 

 

38. A machine equipped with a retarder system (hydraulic or electric) uses the retarder for speed control 

during loaded descents. The retarder is designed to absorb and dissipate the machine's kinetic energy as 

heat. During a long descent, the retarder's oil temperature rises to 130°C. The OEM specification 

maximum retarder oil temperature is 120°C. What is the correct operator response? 

 

A. Downshift to a lower gear to increase the engine's compression braking contribution, reducing the 

retarder's share of the total braking force and allowing the retarder oil temperature to stabilize or 

decrease 

B. Apply the service brakes simultaneously with the retarder to share the braking force between the two 

systems and reduce the retarder's heat generation rate 

C. Increase the machine's travel speed slightly to increase the airflow over the retarder's heat exchanger, 

improving the cooling rate and reducing the oil temperature 

D. Stop the machine on the grade and allow the retarder to cool before continuing the descent — a 

retarder operating above its temperature limit loses braking effectiveness as the overheated oil's 

viscosity drops below the minimum for effective energy absorption 



39. A machine's track chain has worn uniformly to 5% pitch elongation. The OEM's maximum pitch 

elongation before replacement is 6%. The track rollers are at 70% wear. The front idler is at 60% wear. 

The sprocket segments are at 80% wear. Based on this data, which component will reach its limit first 

and what is the recommended action? 

 

A. The track chain will reach 6% elongation first — at the current wear rate, it has the least remaining 

life percentage of any component 

B. The sprocket segments at 80% wear will reach their limit first — the sprockets should be replaced 

now before they fail and damage the chain. The chain at 5% elongation has approximately 1% 

remaining (16.7% of its life left), while the sprockets at 80% have approximately 20% remaining. 

However, the sprockets' 80% wear produces accelerated chain wear because the worn teeth no longer 

mesh correctly with the chain, and the chain's remaining 1% life will be consumed faster than normal if 

the sprockets are not replaced 

C. All components are approaching endoflife and should be replaced as a complete set to avoid the cost 

of a second downtime event when the remaining components reach their limits shortly after the first 

component is replaced 

D. The rollers at 70% wear will control the replacement timing because worn rollers produce the most 

expensive secondary damage if they fail (seized roller damages the link rail surface and requires chain 

replacement) 

 

 

 

40. A machine's front axle limitedslip differential uses a multidisc clutch pack. The technician is 

checking the clutch pack's condition by measuring the backlash between the axle shafts. The measured 

backlash is 15 degrees. The OEM specification maximum is 8 degrees. What does the excessive 

backlash indicate? 

 

A. The ring and pinion gear backlash has increased and is being measured through the differential as 

apparent clutch pack backlash — the technician should isolate the ring and pinion backlash from the 

clutch pack backlash by holding the ring gear stationary and measuring the axle shaft rotation 

B. The spider gear pins have worn in their bores, allowing the spider gears to shift position and 

producing the measured backlash that is separate from the clutch pack condition 



C. The differential side gears' thrust washers have worn, allowing the side gears to move axially and 

producing the rotational backlash between the axle shafts 

D. The limitedslip clutch pack's friction discs and separator plates have worn — the reduced thickness of 

the friction material increases the clearance between the disc faces, allowing more rotational free play 

(backlash) between the axle shafts before the clutch engages and locks. The clutch pack requires 

rebuilding to restore the designed engagement response 

 

 

 

41. A machine's brake system uses nitrogencharged accumulators for emergency braking. The OEM 

requires a monthly accumulator precharge check. During the check, the technician discovers the 

precharge has dropped from the specified 90 bar to 75 bar since the last monthly check. What is the 

correct action? 

 

A. Recharge the accumulator to 90 bar and schedule a recheck in one week instead of one month — the 

15bar drop in 30 days confirms the accumulator is losing nitrogen through the gas valve, the bladder or 

piston seal, or a housing defect. A oneweek recheck determines the leak rate more precisely and 

confirms whether the recharge holds 

B. Recharge the accumulator to 90 bar and return the machine to service — a 15bar loss over one month 

is within the acceptable leakage rate for nitrogencharged accumulators in heavy equipment service 

C. Replace the accumulator immediately — any precharge loss confirms the bladder has failed and the 

accumulator must be rebuilt or replaced before the machine operates 

D. Increase the precharge to 100 bar to compensate for the anticipated monthly loss — the higher initial 

charge ensures the accumulator remains above the 90bar specification throughout the monthly interval 

 

 

 

42. A machine's hydraulic steering system includes a steering accumulator that provides emergency 

steering after engine failure. During a functional test, the technician shuts off the engine and counts the 

number of full locktolock steering cycles. The specification requires 3 cycles. The machine achieves 3 

cycles on the first test. The technician then restarts the engine, allows the accumulator to recharge for 2 



minutes, and repeats the test. On the second test, the machine achieves only 2 cycles. What does the 

reduced secondtest result indicate? 

 

A. The accumulator's precharge has dropped between the two tests from a slow nitrogen leak — the 

reduced gas volume stores less oil on the second charge, providing fewer steering cycles 

B. The steering pump did not fully recharge the accumulator in the 2minute run time — the pump may 

have worn or the priority circuit may not have delivered adequate flow to the accumulator during the 

short run 

C. The accumulator bladder or piston has a slow leak that allows stored oil to leak back to the reservoir 

between tests — the accumulator charges fully on the first long charge but cannot retain the full charge 

during the shorter 2minute recharge period because the leak rate exceeds the recharge rate during the 

shorter cycle 

D. The steering circuit has a temperaturedependent internal leak — the second test was performed with 

warmer hydraulic oil (from the engine run), and the thinner warm oil leaks past internal seals faster than 

the cooler oil during the first test, consuming the stored oil more rapidly during the second test 

 

 

 

43. A machine's track undercarriage includes sealed and lubricated (S&L) track chain — the pin and 

bushing joints are sealed with a rubber ring and prefilled with lubricant during manufacturing. What is 

the primary advantage of S&L chain over conventional (unsealed) chain in terms of wear life? 

 

A. S&L chain requires no external lubrication during its service life, eliminating the maintenance cost 

and environmental risk of track chain lubrication systems 

B. The sealed joints prevent abrasive material (dirt, sand, rock particles) from entering the pintobushing 

bearing surface — the prefilled lubricant maintains a bearing film throughout the joint's service life. By 

excluding the abrasive contamination that causes 80–90% of conventional chain wear, S&L chain 

typically provides 2–3× the wear life of unsealed chain in abrasive environments 

C. S&L chain provides a quieter operation than unsealed chain because the lubricantfilled joints dampen 

the impact noise during each link articulation over the sprocket and rollers 

D. S&L chain maintains constant track tension throughout its service life because the lubricated joints 

do not elongate from wear at the same rate as unsealed joints 



44. A mining truck's tire has been removed from the rim for repair. During the rim inspection, the 

technician discovers the rim has a crack along the gutter area (the groove where the lock ring seats). 

What hazard does this cracked rim create? 

 

A. The cracked rim cannot hold the correct inflation pressure — the air leaks through the crack and the 

tire gradually loses pressure during operation 

B. The cracked rim is a cosmetic defect — the crack is in a nonstructural area and does not affect the 

rim's ability to retain the tire and lock ring 

C. The cracked rim produces a vibration during travel because the crack creates an imbalanced mass 

distribution on the wheel assembly 

D. The cracked rim can fail catastrophically during inflation or operation — the crack weakens the rim 

structure at the lock ring groove, and the combination of tire inflation pressure and the dynamic loads of 

operation can propagate the crack until the rim separates. A rim failure during inflation can eject the 

lock ring, side ring, or tire with lethal force. The rim must be condemned and replaced — never welded 

or repaired 

 

 

 

45. A machine's brake caliper has been rebuilt with new seals, pistons, and friction pads. After assembly, 

the technician bleeds the brake circuit to remove air. The brake pedal is firm after bleeding. However, 

during the first loaded stop, the brake pedal sinks slowly to the floor while maintaining pressure. What 

does the sinking pedal indicate? 

 

A. The brake fluid has been contaminated with petroleumbased oil (such as hydraulic oil) that has 

swollen the new rubber seals — the swollen seals deform under the sustained application pressure and 

allow fluid to bypass past the pistons, producing the pedal sink 

B. The brake master cylinder has internal bypass — the master cylinder piston's primary seal allows 

fluid to leak past the piston under the sustained load pressure. The pedal is firm initially (the seal holds 

during the rapid application) but sinks under sustained pressure as the fluid slowly bypasses the seal 

C. The brake caliper's bleed screw has not been fully tightened and a slow air leak is allowing air to 

enter the circuit under sustained application — the air compresses under the maintained pressure, 

producing the sinking pedal 



D. The brake pads are compressing under sustained load — the new pad material is slightly softer than 

the worn pads and the pedal sink is from the pad compression rather than fluid bypass 

 

 

 

46. A machine's front axle oscillation pivot bearing requires periodic lubrication. The OEM specifies a 

lithiumcomplex grease with an EP (extreme pressure) additive. A technician substitutes a calciumbased 

grease because it is available in the service truck. What consequence may this substitution produce? 

 

A. The calciumbased grease may be incompatible with the lithiumcomplex grease already in the bearing 

— mixing incompatible grease types can produce a soft, runny consistency that does not maintain the 

designed grease film between the bearing surfaces. The degraded grease drains from the bearing under 

the dynamic loading of oscillation, leaving the bearing surfaces unlubricated and accelerating wear 

B. The calciumbased grease has a higher dropping point than lithiumcomplex grease and will seal the 

bearing too tightly, preventing the bearing from oscillating freely 

C. No consequence — calciumbased and lithiumcomplex greases are interchangeable for all heavy 

equipment applications, and the substitution has no effect on the bearing's lubrication or service life 

D. The calciumbased grease corrodes the oscillation pivot bearing's bronze bushings because calcium 

reacts with the copper in the bronze alloy to form a corrosive compound 

 

 

47. A machine's 24V battery bank consists of two 12V batteries connected in series. Battery A has a 

measured opencircuit voltage (OCV) of 12.8V (approximately 100% state of charge). Battery B has an 

OCV of 12.2V (approximately 50% state of charge). What operational consequence does this 

stateofcharge imbalance produce? 

 

A. The imbalance has no operational consequence — the series connection ensures both batteries 

receive the same charging current, and the lower battery will equalize with the higher battery during the 

next charge cycle 

B. The total system voltage (25.0V) is within the acceptable range and the imbalance does not affect the 

system's performance until the combined voltage drops below 24.0V 



C. During charging, the alternator's voltage regulator targets a total bus voltage — the higher battery 

reaches full charge first and begins to overcharge (gas, overheat, electrolyte loss) while the lower battery 

remains undercharged. The imbalance selfreinforces: the overcharged battery degrades faster, widening 

the imbalance on each cycle until one or both batteries fail 

D. During cranking, the stronger battery supplies most of the starting current while the weaker battery 

contributes proportionally less — the unequal current sharing overheats the stronger battery's internal 

connections and reduces its service life 

 

 

 

48. A machine's ECM monitors a fuel temperature sensor. The sensor reads 85°C. The OEM 

specification for maximum fuel temperature at the HP pump inlet is 70°C. What effect does the elevated 

fuel temperature have on the engine's performance? 

 

A. The hot fuel has reduced density and therefore lower energy content per unit volume — the ECM 

must inject a larger volume of fuel per cycle to maintain the same energy delivery. The increased 

injection volume may exceed the injector's flow capacity at rated conditions, producing a power deficit 

at the top end. Additionally, the hot fuel may cause vapour formation in the lowpressure fuel circuit, 

producing erratic HP pump operation 

B. The elevated fuel temperature has no effect on performance because the ECM compensates for fuel 

density changes by adjusting the injection timing automatically 

C. The elevated fuel temperature improves atomization and combustion efficiency — the hot fuel 

vaporizes more readily in the combustion chamber, producing a slight increase in power output 

D. The elevated fuel temperature causes the fuel to expand, increasing the rail pressure above the 

commanded value and producing an overfuelling condition that generates excessive exhaust smoke 

 

 

 

49. A machine's CAN bus J1939 protocol uses a prioritybased message arbitration system. When two 

modules attempt to transmit simultaneously, the module with the higherpriority message wins the 

arbitration and transmits first. The losing module waits and retransmits after the bus is clear. In a heavy 



equipment application, why is the engine RPM message assigned a higher priority than the HVAC 

temperature message? 

 

A. The engine RPM message is physically longer than the HVAC message and requires more bus time 

to transmit — the priority system ensures the longer message completes before the shorter message 

begins 

B. The engine RPM message requires more processing power at the receiving module and must be 

delivered first so the processor can begin the complex RPM calculations before the simpler HVAC 

calculation 

C. The HVAC system operates independently of the CAN bus and does not need timely data delivery — 

the HVAC module uses internal sensors and does not depend on CAN bus messages for its control 

decisions 

D. Engine RPM data is timecritical for safety and performance — the transmission control module, the 

engine protection system, and the cruise control all require current RPM data to make realtime control 

decisions. A delayed RPM message could cause a mistimed shift, a missed engine protection event, or 

erratic cruise control. The HVAC temperature changes slowly and a few milliseconds of delay in the 

temperature message has no perceptible effect on cab comfort 

 

 

 

50. A machine's electronic throttle system has a safety feature: the ECM compares the throttle position 

sensor signal to the engine's actual RPM response. If the engine RPM does not respond proportionally to 

the throttle signal within a programmed time window, the ECM generates a DTC and enters a protective 

mode. What failure does this comparison detect? 

 

A. A stuck throttle cable that maintains a fixed throttle position regardless of the operator's pedal input 

— the ECM detects that the RPM does not change when the throttle signal changes 

B. The comparison detects a mechanical disconnect between the throttle signal and the engine's fuel 

delivery — if the throttle sensor shows increasing command but the engine RPM does not respond (from 

a failed fuel pump, a stuck injector metering valve, or a seized governor linkage), the ECM recognizes 

the disparity. Conversely, if the RPM increases without a corresponding throttle signal increase (a stuck 

fuel rack, a leaking turbo seal causing oilfuelled runaway), the ECM detects the unintended acceleration 



C. A failed fuel temperature sensor that causes the ECM to miscalculate the fuel density and deliver the 

wrong fuel mass per injection cycle 

D. A degraded battery that cannot supply adequate voltage to the throttle position sensor, producing a 

voltage signal that does not track the actual pedal position 

 

 

 

51. A machine's electronic system includes a data link adapter (DLA) that the technician uses to connect 

the diagnostic laptop to the machine's J1939 CAN bus. The DLA converts between the CAN bus 

protocol and the laptop's USB interface. During a diagnostic session, the technician cannot establish 

communication with any module on the machine. The DLA's status LED shows no activity. What 

should the technician check first? 

 

A. The CAN bus termination resistance at the diagnostic connector — if the termination is incorrect, the 

DLA cannot detect the bus signals and shows no activity 

B. The machine's battery voltage — if the voltage is below the CAN bus modules' minimum operating 

threshold, no modules are transmitting and the DLA has no bus activity to detect 

C. The DLA's internal firmware version — an outdated firmware may not support the machine's J1939 

protocol version and cannot establish communication 

D. The DLA's power supply and USB connection to the laptop — verify the DLA is receiving power 

(many DLAs are USBpowered and a faulty USB cable or port prevents the DLA from powering on), and 

verify the diagnostic software recognizes the DLA as a connected device. A nonpowered DLA produces 

no LED activity regardless of the bus condition 

 

 

 

52. A machine's alternator has a B+ output terminal rated at 150 amperes. The technician measures the 

alternator's output current at rated RPM with all electrical loads activated: the reading is 145 amperes. 

The charging voltage is 27.8V (within specification). Is the alternator operating within acceptable 

limits? 

 



A. Yes — the alternator is delivering 145 of its 150ampere capacity (96.7%) with all loads active, which 

is within the acceptable operating range. However, the technician should note that the alternator has very 

little reserve capacity (only 5 amperes) — if any additional electrical loads are added (aftermarket lights, 

heated mirrors, additional solenoids) or if the alternator's output degrades slightly from wear, the system 

will exceed the alternator's capacity and the batteries will discharge during operation 

B. No — the alternator should never operate above 80% of its rated capacity (120 amperes) during 

sustained operation. The 145ampere load will overheat the alternator and reduce its service life 

C. Yes — alternators are designed to operate continuously at 100% of their rated capacity without any 

service life reduction, and the 5ampere margin is adequate 

D. No — the 145ampere reading indicates the alternator is overloaded because the total electrical load 

should never exceed 130 amperes (the alternator's continuous duty rating, which is 87% of the peak 

rating) 

 

 

 

53. A machine's ECM has been reflashed (software updated) with a new calibration file. After the 

reflash, the engine starts and runs but produces 10% less power than before the update. The technician 

verifies the calibration file part number matches the machine's engine serial number. What is the most 

likely explanation? 

 

A. The reflash process corrupted the calibration file during the download — the file is partially damaged 

and the ECM is operating on a degraded fuel map 

B. The new calibration file is the correct part number but includes an emissions compliance update that 

reduces the maximum fuel delivery to meet revised emission standards — the power reduction is an 

intentional change in the new calibration, not an error 

C. The ECM's adaptive learning parameters were reset during the reflash and the ECM has not yet 

relearned the engine's specific characteristics — the power will return to normal after 50–100 hours of 

operation as the adaptive system recalibrates 

D. The new calibration file is designed for a different horsepower rating of the same engine model — 

the engine can be configured for multiple power ratings through the calibration file, and the wrong 

rating was selected during the reflash process 

 



54. A machine's electronic display module has a brightness control that adjusts the screen brightness 

based on ambient light conditions. The brightness sensor is mounted on the dashboard. The operator 

reports the display is too dim during daytime operation. The technician checks the brightness sensor and 

finds it is covered by a piece of tape that was placed during a previous dashboard repair. What effect did 

the tape produce? 

 

A. The tape blocked the ambient light from reaching the sensor, causing the sensor to read a perpetually 

dark environment — the display module reduced the screen brightness to the nighttime setting, 

producing the dim display during daytime operation 

B. The tape insulated the sensor from the dashboard's radiant heat, causing the sensor to read a cooler 

temperature that the display module interpreted as nighttime conditions 

C. The tape created a reflection that amplified the ambient light signal, causing the sensor to read an 

excessively bright environment — the display module increased the brightness beyond the readable 

range, producing a washedout display that appeared dim 

D. The tape had no effect on the sensor — the dim display is caused by the display module's internal 

LED backlight degradation from age 

 

 

 

55. A machine's ECM operates on a 5V logic supply derived from the 24V battery through an internal 

voltage regulator. The ECM's internal circuits require a stable 5.00V ± 0.05V supply. If the battery 

voltage drops to 18V during a heavy cranking event, what protects the ECM's 5V logic circuits from the 

voltage dip? 

 

A. The ECM's internal voltage regulator maintains a stable 5V output regardless of the input voltage — 

as long as the battery voltage remains above the regulator's minimum dropout voltage (typically 8–12V 

for a 5V output), the regulator compensates for the 24Vto18V dip and the internal 5V supply remains 

stable. The 18V input is well above the dropout threshold 

B. The ECM has an internal battery backup (supercapacitor) that maintains the 5V supply during brief 

voltage dips — the capacitor provides the stored energy to maintain the logic circuits during the 

cranking event 

C. The ECM shuts down during the cranking voltage dip and restarts after the voltage recovers — the 

shutdown protects the logic circuits from the lowvoltage condition 



D. The ECM's internal circuits are designed to operate on a variable voltage between 3V and 7V — the 

circuits tolerate the voltage fluctuation without requiring a stable 5V supply 

 

 

 

56. A machine's electronic system uses a J1939 CAN bus diagnostic connector with a 9pin Deutsch 

connector. The technician connects the diagnostic tool and can communicate with the engine ECM and 

the transmission ECM, but cannot communicate with the body controller (which manages lights, wipers, 

and accessories). All three modules are confirmed powered and functional. What is the most likely cause 

of the selective communication failure? 

 

A. The body controller has a different CAN bus baud rate than the engine and transmission ECMs — the 

diagnostic tool can only communicate at one speed and connects to the engine/transmission bus but not 

the body controller's bus 

B. The body controller is on a different CAN bus segment that is not connected to the 9pin diagnostic 

connector — some machines have multiple CAN bus networks (engine/drivetrain bus, body/chassis 

bus), and the diagnostic connector may only provide access to one bus. The technician needs to locate 

the diagnostic access point for the body controller's bus 

C. The body controller's J1939 source address has been changed from its default value and the 

diagnostic tool cannot find it at the expected address 

D. The body controller's CAN bus transceiver has failed — the module operates normally using its local 

inputs but cannot communicate on the bus. The engine and transmission ECMs communicate because 

their transceivers are functional 

 

 

 

57. A machine's electronic fuel injection system has a "limp home" mode that activates when the ECM 

detects a critical sensor failure. In limp home mode, the ECM uses default values instead of the failed 

sensor's input to maintain basic engine operation. The engine produces reduced power but continues to 

run. Which of the following sensor failures would NOT trigger limp home mode (engine continues to 

run normally)? 

 



A. Crankshaft position sensor failure — the engine stalls because the ECM loses all timing reference 

B. Fuel rail pressure sensor failure — the ECM cannot regulate the fuel injection pressure 

C. An ambient air temperature sensor failure — the ECM uses ambient temperature to finetune the air 

density calculation, but the intake manifold pressure and temperature sensors provide the primary air 

mass data. A failed ambient sensor affects only minor trim adjustments and does not require limp home 

mode because the engine's primary control parameters are not degraded 

D. Coolant temperature sensor failure — the ECM cannot determine the engine's thermal state and must 

default to a conservative fuel and timing map 

 

 

 

58. A machine's electronic system has a ground fault that is causing random DTCs across multiple 

modules. The technician suspects a shared ground stud. The machine has 4 ground studs on the frame, 

each serving different module groups. How does the technician identify which ground stud is the fault? 

 

A. Disconnect each ground stud one at a time and monitor which modules lose communication — the 

modules that go offline when a stud is disconnected are the modules served by that stud 

B. Measure the voltage between each ground stud and the battery negative terminal while the engine is 

running at rated RPM with loads active — the faulty ground stud shows a higher voltage drop than the 

others. A good ground reads less than 0.1V; a faulty ground reads significantly higher because the 

corroded or loose connection creates resistance that produces a measurable voltage drop under current 

flow 

C. Apply a controlled 5ampere test current through each ground stud and measure the temperature rise 

over 60 seconds — the faulty stud generates more heat than the others from its higher resistance 

D. Spray each ground stud with penetrating oil and monitor whether the DTCs clear — the penetrating 

oil temporarily improves the corroded connection and the DTCs associated with the faulty stud 

disappear temporarily 

 

 

 



59. A machine's electronic throttle has been calibrated. The calibration procedure recorded: idle = 0.5V, 

full throttle = 4.5V. During operation, the ECM reads 0.45V at idle — 0.05V below the calibrated idle 

point. How does the ECM interpret this 0.45V reading? 

 

A. The ECM interprets the 0.45V as a belowrange signal and generates a throttle position sensor DTC 

— the reading is outside the calibrated operating range (0.5V to 4.5V) and the ECM treats it as a sensor 

fault rather than a valid throttle position. The ECM enters a protective mode because it cannot determine 

whether the signal is a valid lowthrottle command or a wiring fault 

B. The ECM interprets the 0.45V as a valid idle signal — the 0.05V deviation is within the ECM's 

normal tolerance band and the engine idles normally without a DTC 

C. The ECM interprets the 0.45V as a negative throttle command (below idle) and reduces the fuel 

delivery below the idle setting, producing a rough or stalling idle 

D. The ECM cannot read voltages below 0.5V and displays the throttle position as 0% regardless of the 

actual voltage — the engine idles normally but the diagnostic tool shows a permanent 0% throttle 

reading 

 

 

 

60. A machine's electronic display shows "BATTERY VOLTAGE LOW" intermittently during 

operation. The technician measures the battery voltage and reads 27.5V (within specification). The 

alternator output is 28.3V (within specification). What could cause the intermittent lowvoltage warning 

despite normal measured voltages? 

 

A. The display module's internal voltage sensing circuit has drifted from calibration and reads lower 

than the actual bus voltage 

B. The display module's power supply wiring has a highresistance connection — during periods of high 

current draw (solenoid activation, fan motor cycling), the voltage drop across the connection reduces the 

voltage at the display's power input below the warning threshold. The battery and alternator terminals 

maintain correct voltage, but the display sees the postdrop voltage at its specific connection point 

C. The display module's warning threshold has been programmed to a higher voltage than the standard 

setting — a custom configuration from a previous service event has raised the warning point above the 

normal operating voltage 



D. The intermittent warning is caused by the alternator's voltage ripple — the rectified AC output has 

momentary dips between each diode's conduction cycle that drop below the display's warning threshold 

for brief periods 

 

 

 

61. A machine's CAN bus has intermittent communication errors that occur only when the operator 

activates the boom function. The errors clear immediately when the boom joystick is released. The 

boom solenoid circuit and the CAN bus wiring run through the same harness bundle for approximately 1 

metre. What is the connection? 

 

A. The boom solenoid is drawing current from the CAN bus power supply, and the momentary current 

drain drops the bus voltage below the module operating threshold when the solenoid activates 

B. The boom solenoid's magnetic field couples electromagnetically into the adjacent CAN bus wiring — 

the solenoid's energizing and deenergizing cycles produce voltage spikes in the CAN wires through 

electromagnetic induction. The induced noise corrupts the CAN data signals during boom activation. 

Separating the solenoid wiring from the CAN bus wiring or adding shielding to one of the cable runs 

resolves the interference 

C. The boom function's hydraulic pressure pulsation produces a mechanical vibration in the harness that 

intermittently disconnects a CAN bus pin during boom operation 

D. The boom solenoid's return current flows through the CAN bus ground wire, producing a ground 

potential shift that corrupts the CAN differential signal 

 

 

 

62. A machine's alternator drive belt is specified as a 6rib serpentine belt with an automatic tensioner. 

The technician discovers the belt is a 5rib belt — one rib narrower than specification. The belt is 

properly tensioned by the automatic tensioner and shows no signs of slipping. Should the belt be 

replaced? 

 



A. No — the 5rib belt is adequate as long as it is not slipping. The automatic tensioner compensates for 

the narrower belt by maintaining the correct tension, and the belt will perform acceptably until the next 

scheduled replacement 

B. No — the missing rib is on the back side of the belt (the nondriven surface) and does not affect the 

belt's power transmission capability 

C. Yes — the 5rib belt has approximately 83% of the contact area of the specified 6rib belt. Under peak 

electrical loading (all loads active, hot alternator), the reduced contact area may not transmit the required 

torque to the alternator, causing belt slip that reduces charging output. The belt may appear adequate 

under normal loads but fail under peak demand, which is the condition that the 6rib specification was 

designed to handle 

D. Yes — but only because the narrower belt may not track correctly on the 6rib pulleys, which can 

cause the belt to walk off the pulleys and fail catastrophically during operation 

 

 

 

63. A machine's ECM logs a "cylinder contribution imbalance" DTC. The diagnostic tool's relative 

compression test shows all cylinders within 5% of each other. The injector backleak test shows all 

injectors within specification. What other system could produce a cylinder contribution imbalance 

without a compression or injector fault? 

 

A. The valve adjustment — if one or more cylinders have incorrect valve lash (too tight or too loose), 

the affected cylinders' valve events are mistimed, changing the effective breathing and combustion 

timing for those cylinders. The result is unequal power contribution between cylinders despite equal 

compression and equal fuel delivery 

B. The turbocharger — an unbalanced turbocharger produces pulsating boost that delivers more air to 

some cylinders than others based on their position in the firing order 

C. The EGR system — an unevenly distributed EGR flow delivers more exhaust gas to some cylinders 

than others, diluting the intake charge unevenly 

D. The cooling system — uneven coolant flow produces different cylinder wall temperatures, which 

changes the combustion characteristics differently across the cylinders 

 

 



64. A machine's ECM stores historical operating data including peak values — the highest recorded 

engine RPM, coolant temperature, boost pressure, and oil temperature during the ECM's lifetime. The 

fleet manager requests these peak values after a catastrophic engine failure. The peak RPM shows 2,800 

RPM — the engine's rated speed is 2,100 RPM and the overspeed protection should activate at 2,400 

RPM. What does the 2,800 RPM peak indicate? 

 

A. The ECM's overspeed protection failed during a runaway event that allowed the engine to reach 

2,800 RPM — the engine experienced an uncontrolled acceleration (from a fuel system failure, a 

turbocharger oil seal leak, or ingestion of flammable vapours) that the overspeed protection could not 

control 

B. The 2,800 RPM reading is from a calibration test performed during the engine's manufacturing 

process — the peak value is a factoryset test parameter that does not reflect actual field operation 

C. The peak RPM was recorded during a starter motor engagement fault where the starter briefly drove 

the engine beyond its governed speed before the ECM recognized the condition 

D. The engine experienced a brief overspeed during a downhill descent when the drivetrain drove the 

engine above governed speed — the overspeed protection may have activated but not before the peak 

was recorded 

 

 

 

65. A machine's electronic system includes a keyswitch with four positions: OFF, ACC (accessories), 

RUN, and START. The technician discovers the machine can be started with the keyswitch in the RUN 

position — without turning to START. The starter engages automatically when the keyswitch reaches 

RUN. What has failed? 

 

A. The keyswitch's internal contacts for the RUN and START positions have bridged — the START 

circuit is energized in both positions instead of only in the springreturn START position 

B. The starter relay has welded contacts — the relay remains closed continuously regardless of the 

keyswitch position, engaging the starter whenever battery power is available. The starter engages at 

RUN because the battery circuit is live at that position 

C. The neutral safety switch has failed closed, providing a continuous ground path to the starter relay 

that bypasses the keyswitch's START position circuit 



D. The ECM has a software fault that commands the starter relay when it detects battery voltage at the 

RUN position input 

 

 

 

66. A machine's electronic system uses a PWMcontrolled proportional solenoid to regulate the pilot 

pressure for a hydraulic function. The ECM commands 60% duty cycle. The technician measures the 

solenoid current at 1.2A. The OEM specification for 60% duty cycle is 1.0A. What does the elevated 

current indicate? 

 

A. The solenoid coil has developed shorted turns that reduce the coil's inductance — the reduced 

inductance allows more current to flow at the same duty cycle, producing the elevated 1.2A reading. The 

increased current produces a proportionally stronger magnetic force that overshifts the pilot spool 

beyond the designed position 

B. The system supply voltage has increased above nominal, producing the proportionally higher current 

at the same duty cycle 

C. The solenoid is functioning correctly — the 0.2A difference is within the normal manufacturing 

tolerance for proportional solenoids and does not affect the system's performance 

D. The pilot spool is binding and the solenoid is drawing additional current to overcome the mechanical 

resistance — the current increase is from the increased load on the solenoid, not from an electrical fault 

in the coil 

 

 

 

67. A machine's electronic engine protection system monitors oil pressure. The ECM's protection 

strategy uses a timedelay: if the oil pressure drops below the minimum specification for more than 5 

seconds, the ECM initiates a Stage 1 warning. If the pressure remains below minimum for more than 15 

seconds, the ECM initiates a Stage 2 derate. Why does the ECM use a time delay rather than responding 

instantly to a lowpressure reading? 

 



A. The time delay allows the operator to acknowledge the warning and take corrective action before the 

ECM reduces the engine's power output — the delay is an operatorconvenience feature 

B. Brief lowpressure readings can occur during normal operation — aggressive cornering, steep inclines 

or declines, and sudden accelerations can cause the oil in the sump to slosh away from the pickup tube 

momentarily, producing a brief lowpressure reading that selfcorrects when the oil returns to the pickup. 

The time delay prevents false alarms and unnecessary derates from these normal, momentary oil 

starvation events 

C. The time delay allows the oil pump to respond to the lowpressure condition by increasing its output 

— the pump's response time is approximately 5 seconds, and the delay gives the pump time to 

compensate before the ECM intervenes 

D. The time delay is required by the engine's emission certification — the regulatory standard requires a 

minimum response delay between detection and engine power reduction to prevent sudden power loss in 

mobile equipment that could create a traffic hazard 

 

 

 

68. A machine's ECM monitors the difference between the commanded and actual boost pressure. If the 

actual boost is more than 30 kPa above the commanded boost for more than 3 seconds, the ECM 

generates an "overboost" DTC and reduces fuel delivery. What engine damage does the overboost 

protection prevent? 

 

A. Overboost forces the intake valves open against the valve springs, disrupting the valve timing and 

producing a catastrophic valvetopiston contact event 

B. Overboost increases the intake charge density beyond the combustion chamber's designed limit — the 

excess air mass combined with the normal fuel delivery produces excessively high peak cylinder 

pressures that can damage pistons, connecting rods, head gaskets, and cylinder head bolts. The 

overboost protection reduces the fuel delivery to limit the peak cylinder pressure within the engine's 

structural design limits 

C. Overboost causes the turbocharger to exceed its maximum safe rotational speed, which can result in a 

burst compressor or turbine wheel that sends fragments into the engine's intake and exhaust systems 

D. Overboost produces excessive exhaust temperature that damages the DOC and DPF catalyst materials 

downstream of the engine 

 



69. A machine's alternator voltage regulator has a "temperaturecompensated" charging profile. The 

regulator increases the charging voltage target during cold weather and decreases it during hot weather. 

Why is this temperature compensation necessary? 

 

A. Cold batteries have lower internal resistance and accept more charging current — the increased 

voltage prevents overcharging by limiting the current flow into the lowresistance cold battery 

B. Cold batteries require a higher charging voltage to achieve the same state of charge — the battery's 

electrochemical reaction is less efficient at low temperatures, and a higher voltage is needed to drive the 

same charge acceptance. In hot weather, the reaction is more efficient and a lower voltage achieves the 

same charge while preventing overcharge gassing and electrolyte loss 

C. Cold alternator windings have lower resistance and produce more current at the same voltage — the 

regulator reduces the field current to prevent the cold alternator from overloading the electrical system 

during cold startup 

D. Cold weather increases the machine's total electrical load (heated mirrors, seat heaters, cab heater 

blower) — the higher voltage compensates for the increased current demand by maintaining the bus 

voltage above the minimum system operating threshold 

 

 

 

70. A machine's ECM controls a diesel exhaust fluid (DEF) dosing pump. The pump must deliver 

precisely metered quantities of DEF to the exhaust injection point. The ECM monitors the dosing 

pump's actual delivery rate using a flow sensor and compares it to the commanded rate. If the actual 

delivery deviates from the commanded rate by more than 10% for more than 60 seconds, the ECM 

generates a DTC. What is the purpose of the 10% tolerance and 60second window? 

 

A. The tolerance allows the dosing pump to operate at reduced capacity during cold starts when the DEF 

is partially frozen — the pump delivers less than commanded until the DEF thaws, and the 60second 

window provides time for the DEF heating system to warm the fluid 

B. The tolerance allows for normal variations in the dosing pump's mechanical output (pulsation 

between strokes, minor wear) and the time window filters out brief disruptions (air bubbles passing 

through the sensor, momentary pressure fluctuations) that selfcorrect. Without these tolerances, the 

system would generate false DTCs during normal operation 



C. The tolerance accounts for the DEF's density variation with temperature — cold DEF is denser and 

produces a higher flow reading at the same volumetric rate, while hot DEF is less dense and produces a 

lower reading 

D. The tolerance allows the dosing pump to exceed the commanded rate by 10% to ensure adequate 

NOx reduction during emission testing cycles — the excess DEF provides a safety margin for 

compliance verification 

 

 

 

71. A machine's electronic system includes a GPSbased machine guidance system that provides the 

operator with realtime grade information for precision earthmoving. The GPS receiver requires signals 

from a minimum of 4 satellites for 3D position (latitude, longitude, altitude). During operation in a deep 

excavation, the GPS guidance system intermittently loses accuracy. What is the most likely cause? 

 

A. The deep excavation's steep walls block the line of sight to some satellites — when the receiver's 

view of the sky is restricted by the excavation walls, it may lose contact with one or more satellites, 

dropping below the 4satellite minimum for 3D positioning. The intermittent nature corresponds to the 

machine's position within the excavation and the satellites' movement across the sky 

B. The deep excavation's soil composition contains magnetic minerals that interfere with the GPS 

satellite signals, producing position errors when the machine is near the excavation walls 

C. The GPS receiver's antenna is positioned too low on the machine and the excavation walls create 

multipath signal reflections that confuse the receiver's position calculation 

D. The excavation's depth exceeds the GPS system's maximum altitude differential between the base 

station and the rover receiver, producing a geometric dilution of precision error 

 

 

 

 

 



72. A machine's torque converter efficiency is tested by comparing the input speed (engine RPM driving 

the pump) to the output speed (turbine RPM driving the transmission). At a steady 1,800 RPM engine 

speed and a turbine speed of 1,620 RPM, what is the converter's coupling efficiency, and what does it 

represent? 

 

A. 111% — calculated as engine RPM ÷ turbine RPM = 1,800 ÷ 1,620, which inverts the efficiency 

formula 

B. 180 RPM — calculated as the speed difference, which is the slip value but not the efficiency 

C. 10% — calculated as the slip percentage (1,800 − 1,620) ÷ 1,800 = 10% slip, which is the 

complement of efficiency 

D. 90% — calculated as turbine speed ÷ pump speed = 1,620 ÷ 1,800 = 0.90 = 90%. This means 90% of 

the engine's rotational speed is transmitted to the transmission input shaft, and 10% is lost as slip (heat). 

A higher percentage indicates more efficient coupling and less energy wasted as heat in the converter 

fluid 

 

 

 

73. A machine's powershift transmission has been rebuilt. During the initial test drive, the technician 

monitors the transmission oil temperature closely. The oil temperature rises from 40°C (ambient) to the 

normal operating range of 80–90°C over the first 30 minutes of operation. At 45 minutes, the 

temperature continues to rise to 105°C despite the workload remaining constant. What should the 

technician investigate? 

 

A. The transmission cooler's bypass thermostat — if the thermostat is not opening at its specified 

temperature, the oil bypasses the cooler and the temperature rises continuously because the heat cannot 

be rejected 

B. The oil level — an overfilled transmission during the rebuild produces excess oil churning that 

generates additional heat beyond the cooler's rejection capacity 

C. The transmission's internal clutch pack clearances — the new clutch packs may have been assembled 

with insufficient clearance, causing the clutch discs to drag slightly during disengaged conditions. The 

continuous drag generates heat that accumulates over time, producing the progressive temperature rise 

that begins after the normal warmup period 



D. The torque converter's stall speed — an overspeeding converter generates more heat during the 

coupling phase than the cooling system was designed to reject 

 

 

 

74. A machine's hydrostatic drive system has been drained and refilled with new oil. During the initial 

startup, the technician follows the OEM's breakin procedure: run at low speed, no load, for 30 minutes. 

After 30 minutes, the technician loads the machine and notices a highfrequency chattering noise from 

the pump area that was not present during the noload run. What is the most likely cause? 

 

A. The hydrostatic pump is cavitating under load — the new oil may contain dissolved air from the 

filling process. Under loaded conditions, the pump's internal pressures create conditions that pull the 

dissolved air out of solution, forming bubbles that collapse violently (cavitation). The chattering noise is 

the cavitation implosion of the air bubbles inside the pump's cylinders. Extended lowpressure operation 

typically purges the dissolved air over time 

B. The new oil's viscosity grade is incorrect — the thicker oil cannot flow through the pump's internal 

passages at the required rate under loaded conditions, producing the chattering from the pump starving 

for oil 

C. The pump's internal valve plate has been damaged during the oil change — debris entered the pump 

through the fill port and is now trapped between the barrel and the valve plate, producing the chattering 

under the loaded condition's highpressure differential 

D. The charge circuit's relief valve is chattering under the increased pressure demand of the loaded 

condition — the relief valve's spring rate does not match the new oil's characteristics 

 

 

 

75. A machine's differential ring and pinion produces a noise during coast (deceleration) but is quiet 

during drive (acceleration). The technician inspects the gear contact pattern. What tooth contact pattern 

characteristic is most likely present to produce this coastonly noise? 

 



A. The drive pattern is centered and correct, but the coast pattern is concentrated on the heel of the tooth 

— the heelheavy coast contact produces the noise during deceleration because the load transfers to the 

incorrect tooth contact zone 

B. The drive and coast patterns are both on the toe of the tooth, but the coast pattern is narrower — the 

narrow coast contact concentrates the load on a smaller area, producing the noise only during the 

deceleration loading direction 

C. The backlash is at the tight end of the specification — tight backlash produces coast noise from the 

driveside tooth face making premature contact with the mating tooth during the coastdirection load 

reversal 

D. The ring gear has a runout condition — the eccentric gear produces a load variation that is noticeable 

during coast (when the backlash allows the gear to shift) but is masked during drive (when the gear 

mesh is loaded continuously) 

 

 

 

76. A machine's automatic transmission uses a torque converter with a lockup clutch. The lockup clutch 

has a dualfunction: it provides a mechanical connection that improves fuel efficiency during travel, and 

it also provides retardation (engine braking) during deceleration. If the lockup clutch's control solenoid 

fails in the deenergized (unlocked) position, what two symptoms does the operator experience? 

 

A. The machine cannot accelerate in any gear because the unlocked converter cannot transmit torque 

from the engine to the transmission 

B. The machine has normal acceleration but increased fuel consumption and reduced engine braking — 

without lockup, the converter operates in the fluid coupling mode at all speeds, wasting approximately 

5–10% of the engine's power as heat in the converter fluid (increased fuel consumption). Additionally, 

during deceleration, the unlocked converter cannot transmit the drivetrain's deceleration force back to 

the engine for compression braking, reducing the machine's retardation capability and increasing the 

load on the service brakes 

C. The machine shifts to higher gears earlier than normal because the transmission TCM interprets the 

unlocked converter as a request for a more aggressive shift schedule 

D. The machine produces a vibration at all travel speeds because the unlocked converter allows the 

engine's torsional vibration to couple into the drivetrain through the fluid without the damping normally 

provided by the lockup clutch's damper springs 



77. A machine's drivetrain produces a vibration that the technician has isolated to the driveshaft by 

disconnecting the driveshaft and testdriving with only the front axle (on a 4WD machine). With the 

driveshaft disconnected, the vibration disappears. Before replacing the driveshaft, what should the 

technician check first? 

 

A. The driveshaft's companion flange alignment — if the transmission output flange and the differential 

input flange are not parallel, the driveshaft operates at an incorrect angle that produces the vibration. 

Replacing the driveshaft does not correct a flange alignment problem 

B. The driveshaft balance weight — a missing or shifted balance weight produces an imbalance 

vibration that can be corrected by rebalancing instead of replacement 

C. The driveshaft's spline condition — worn or seized splines prevent the driveshaft from changing 

length during suspension travel, producing binding that the technician perceives as vibration 

D. The driveshaft's Ujoint operating angles and phasing — the Ujoints at each end of the shaft must be 

at equal and opposite angles (proper phasing) to cancel the inherent speed variation that each joint 

produces. If the angles are unequal or the phasing is incorrect (from a rotated yoke during a previous 

repair), the uncancelled speed variation produces a vibration that appears to originate from the driveshaft 

but is caused by the installation geometry 

 

 

 

78. A machine's wet disc brake produces a pulsation during every application. The pulsation frequency 

increases with wheel speed. The brake discs and separator plates have been inspected and are within 

flatness and thickness specifications. What else could produce the pulsation? 

 

A. The brake housing's piston bore has a wear ridge that causes the piston to bind at one point during its 

travel — the piston alternately sticks and releases during each wheel revolution, producing the pulsation 

B. The wheel hub has excessive runout — the hub's mounting surface is not perpendicular to the rotation 

axis, causing the entire brake assembly (discs and separator plates) to wobble during rotation. The 

wobble produces a thickness variation at the piston contact point that the piston follows, producing the 

pulsation felt at the pedal 

C. The brake cooling oil has entrained air that compresses during each application — the air 

compression produces a springy feel that the driver perceives as pulsation 



D. The brake apply circuit has a pressure pulsation from the brake pump — the pump's internal gear 

mesh produces a pressure ripple at a frequency proportional to pump speed (which is proportional to 

engine RPM, not wheel speed), producing the pulsation during application 

 

 

 

79. A machine's track final drive has been diagnosed with a noise on the right side. The technician 

performs an oil analysis on both final drives. The right side shows iron at 85 ppm and copper at 45 ppm. 

The left side (quiet) shows iron at 12 ppm and copper at 5 ppm. What do the elevated metals on the right 

side confirm? 

 

A. The right final drive oil was not changed at the last service interval and the accumulated wear metals 

from the extended oil life are producing the elevated readings — the noise is from the degraded oil, not 

from component failure 

B. The right final drive has accelerated gear and bearing wear — the iron confirms gear tooth wear and 

the copper confirms bearing wear. The magnitude of the increase (7× iron, 9× copper) relative to the 

healthy left side confirms active component failure that is generating the noise, not just elevated 

trending. The right final drive requires immediate investigation to identify and replace the failing 

components before catastrophic failure occurs 

C. The elevated metals are from the seal material on the right side — the seals have deteriorated and are 

releasing iron and copper particles into the oil 

D. The right final drive has been contaminated with engine oil from a leaking seal between the engine 

and the final drive — the engine oil's wear metals (iron and copper from engine bearings) have mixed 

with the final drive oil 

 

 

 

80. A machine's automatic transmission has a "limp home" mode that locks the transmission in a single 

gear (typically 3rd) when the TCM detects a critical electronic fault. The machine can still move but at 

reduced speed and with no gear changes. Why does the TCM select a middle gear (3rd) rather than 1st 

gear for limp home mode? 

 



A. First gear's high torque multiplication could damage the drivetrain if the TCM's electronic controls 

are not functioning to manage the shift quality — the uncontrolled engagement force in 1st gear could 

break axle shafts or Ujoints 

B. Third gear is hydraulically the simplest engagement — it requires only one clutch pack to be applied, 

reducing the risk of a hydraulic overlap fault during the uncontrolled engagement 

C. First gear's low speed would prevent the machine from traveling a useful distance to reach a service 

location — the limp home gear must provide enough speed for the machine to drive off the active haul 

road or work area to a safe location for repair 

D. Third gear provides a compromise between sufficient starting torque (to get the machine moving 

from a stop) and adequate travel speed (to reach a service location). First gear would provide starting 

torque but severely limit the travel speed. The highest gear would provide travel speed but may not have 

enough torque to start the machine from a dead stop, especially on a grade 

 

 

 

81. A machine's clutch pedal free play is measured at 35 mm. The OEM specification is 15–25 mm. 

What is the consequence of excessive free play? 

 

A. The excessive free play delays the clutch disengagement — the operator must press the pedal further 

before the release bearing contacts the pressure plate fingers and begins to release the clutch. The 

delayed disengagement makes gear shifting difficult because the clutch is not fully released when the 

operator attempts the shift, producing gear clash or grinding during the shift 

B. The excessive free play causes the clutch to engage too abruptly — the shortened engagement range 

after the increased free play travel produces a sudden grab rather than a smooth, progressive engagement 

C. The excessive free play reduces the maximum clutch clamping force because the release bearing is 

positioned too far from the pressure plate fingers and cannot fully release the diaphragm spring during 

disengagement 

D. The excessive free play causes the release bearing to spin continuously, generating heat and 

premature bearing failure 

 

 



82. A machine's differential is equipped with a limitedslip clutch pack. The technician performs a 

breakaway torque test by measuring the torque required to rotate one axle shaft while the other is held 

stationary. The measured breakaway torque is 150 N·m. The OEM specification is 400–600 N·m. What 

does the low breakaway torque indicate? 

 

A. The differential oil level is overfilled — excess oil creates a hydraulic cushion between the clutch 

discs that reduces the friction force and lowers the breakaway torque 

B. The test procedure is incorrect — the breakaway torque test must be performed with the differential 

removed from the machine and mounted in a test stand 

C. The limitedslip clutch pack is worn — the friction discs have insufficient remaining friction material 

to generate the designed clamping force. The low breakaway torque means the differential will allow 

excessive slip between the axle shafts under loaded conditions, reducing the machine's traction in the 

limitedslip mode 

D. The differential oil is contaminated with water that has diluted the friction modifier, reducing the 

clutch pack's friction coefficient and lowering the breakaway torque 

 

 

 

83. A machine's transfer case shifts between high range and low range using a sliding gear (dog clutch). 

The operator reports difficulty shifting from high to low range while the machine is stationary. What 

technique resolves the difficult shift without damaging the transfer case? 

 

A. Apply maximum shift force to the shift lever — the gear teeth will eventually align and engage under 

the sustained force 

B. Move the machine slightly forward or backward at very slow speed while holding the shift lever in 

the lowrange position — the slow movement rotates the gears enough to align the dog clutch teeth with 

the mating slots, allowing the clutch to slide into engagement 

C. Disengage the main transmission to neutral, then attempt the transfer case shift — removing the 

drivetrain load eliminates the torque lock on the transfer case gears 

D. Rev the engine to 1,500 RPM and quickly shift the transfer case lever — the increased rotational 

energy helps overcome the tooth alignment resistance 



84. A machine's axle shaft has failed at the spline connection between the shaft and the differential side 

gear. The failure surface shows a twisting pattern — the shaft has been sheared by torsional overload. 

What is the most common operational cause of torsional overload at this location? 

 

A. The operator has been consistently overloading the machine beyond its rated payload, producing 

sustained torque that exceeds the axle shaft's design limit 

B. The differential lock was engaged during a turn and the resulting windup torque between the locked 

axle shafts exceeded the shaft's torsional strength at the stress concentration point of the spline 

C. The axle shaft has a metallurgical defect at the spline root that reduced its torsional capacity below 

the rated specification 

D. The sudden engagement of the clutch (dumpstarting) from high RPM produced a torque spike that 

exceeded the shaft's ultimate torsional strength at the spline's stress concentration. The spline root acts as 

a stress riser that concentrates the torsional stress, and the spike from the aggressive engagement 

exceeded the concentrated stress limit 

 

 

 

85. A machine's automatic transmission shifts from 2nd to 3rd gear during a loaded uphill haul. 

Immediately after the shift, the engine RPM flares briefly (increases 200 RPM above the normal 

postshift RPM) before settling to the correct speed. What does this brief postshift flare indicate? 

 

A. The 3rd gear clutch pack is slipping momentarily during the engagement — the clutch cannot absorb 

the full engine torque instantly and the brief slip allows the engine to accelerate before the clutch fully 

grabs. This is a normal characteristic of powershift transmissions during heavyload uphill shifts 

B. The transmission's shift overlap timing is incorrect — the 2nd gear clutch releases before the 3rd gear 

clutch fully applies, creating a brief neutral condition where the engine has no load and accelerates. The 

overlap must be adjusted so the applying clutch engages before the releasing clutch fully disengages 

C. The torque converter is unlocking during the shift event and the momentary fluid coupling mode 

allows the engine to flare before the converter relocks in 3rd gear 

D. The engine's governor is overshooting during the load change of the shift — the reduced load during 

the brief shift transition causes the governor to briefly increase fuel delivery before recognizing the new 

gear's load 



86. A machine's hydrostatic drive system produces a jerky, oscillating motion during slow, precise 

manoeuvring (such as positioning a load). The machine's motion alternates between too fast and too 

slow at approximately 1–2 Hz. At higher speeds, the motion is smooth. What is the most likely cause? 

 

A. The hydrostatic pump's compensator has a dead band at the lowdisplacement end of its stroke — the 

swashplate oscillates between zero displacement and a small positive displacement because the 

compensator cannot hold a stable position near zero 

B. The drive motor has excessive internal leakage that is proportionally more significant at low flow 

rates — the leakage consumes a varying percentage of the small flow, producing the speed oscillation 

C. The operator's joystick has a worn potentiometer with a dead zone near the neutral position — the 

voltage signal fluctuates through the dead zone during precise inputs, and the ECM alternately reads the 

signal as "move" and "stop" 

D. The charge pressure is insufficient to fill the pump's cylinders completely at the lowdisplacement 

setting — the partially filled cylinders produce an inconsistent output flow that oscillates at the pump's 

piston frequency 

 

 

 

87. A machine's final drive planetary gear set has been inspected and the sun gear shows a distinct wear 

band on one side of each tooth — the upper half of the tooth flank is polished while the lower half 

shows the original machining marks. What does this halftooth wear pattern indicate? 

 

A. The planet gears have worn their bearing pins and shifted axially in the carrier, misaligning the 

planettosun gear mesh and producing the halftooth contact pattern 

B. The sun gear is not fully engaging with the planet gears — the sun gear has shifted axially from a 

worn thrust washer or a missing spacer, positioning it offcentre in the planetary set. Only the upper half 

of the teeth contacts the planet gears, producing the distinctive halftooth wear band 

C. The ring gear has worn eccentrically and is pushing the planet gears offcentre from the sun gear — 

the eccentric ring gear forces the planets to orbit in a noncircular path that contacts different areas of the 

sun gear teeth during each revolution 



D. The final drive oil level is low and the sun gear is only partially submerged — the upper half of the 

teeth operates in the oil bath and receives lubrication while the lower half operates above the oil level 

and wears from the reduced lubrication 

 

 

 

88. A machine's torque converter has been rebuilt and reinstalled. During the stall test, the stall speed 

reads 1,900 RPM. The specification is 2,100 ± 100 RPM. The engine produces rated power (verified on 

the dynamometer). What does the low stall speed indicate about the rebuilt converter? 

 

A. The converter's stator oneway clutch is functioning correctly but the stator blades have been installed 

in the reverse orientation — the reversed blades redirect the fluid in the wrong direction, creating 

excessive resistance to the pump and producing the low stall speed 

B. The rebuilt converter is overperforming — the turbine produces more resistance to the pump than 

specified, which loads the engine more heavily and prevents it from reaching the designed stall speed. 

This is typically caused by a converter with a higherthandesigned stall torque ratio that produces 

excessive fluid resistance at the stall condition 

C. The rebuilt converter has a mechanical interference between the pump and the stator — the 

interference creates additional friction that loads the engine and prevents it from reaching the designed 

stall speed 

D. The engine's fuel delivery is being limited by the ECM during the stall test — the ECM detects the 

zerospeed output shaft condition and reduces the fuel delivery as a protective measure, preventing the 

engine from reaching the stall speed that the converter is designed to produce 

 

 

 

 

 

 



89. A machine's A/C system has been operating for 5 years without any service. The operator reports the 

cooling has gradually decreased over the past year. The technician connects manifold gauges and reads: 

lowside 45 PSI, highside 150 PSI. The specification for this system at the current ambient temperature 

(30°C) is: lowside 25–30 PSI, highside 200–250 PSI. The low side is high and the high side is low. 

What is the most likely cause? 

 

A. The compressor has internal wear that reduces its pumping efficiency — the worn compressor cannot 

pull the lowside pressure down (high lowside) and cannot push the highside pressure up (low highside). 

The internal leakage allows highpressure refrigerant to bypass back to the low side through the worn 

valves, pistons, or gaskets, producing the characteristic pressure profile of a weak compressor 

B. The system is overcharged — excess refrigerant floods the evaporator (high lowside) and 

overwhelms the condenser (low highside from excessive liquid backing up into the compressor) 

C. The expansion valve is stuck fully open — the unrestricted flow floods the evaporator (high lowside) 

and the reduced pressure differential across the valve drops the high side below normal 

D. The condenser fan has failed — reduced airflow over the condenser should produce a HIGH highside 

reading, which contradicts the low highside observed 

 

 

 

90. A machine's cab heater core has been replaced due to an internal leak. After the replacement, the 

technician fills the cooling system and bleeds the air. The heater produces adequate heat when the 

blower is on high speed. However, on low blower speed, the heater produces noticeably less heat than 

before the replacement. What is the most likely cause? 

 

A. The replacement heater core has fewer internal tubes than the original — the reduced tube count 

provides adequate heat transfer at high airflow (high blower) but insufficient heat transfer at low airflow 

(low blower) because the reduced core surface area requires higher air velocity to achieve the same heat 

output 

B. The replacement heater core's inlet and outlet connections are reversed from the original — the 

reversed flow direction produces a counterflow heat exchange at high speed but a parallelflow exchange 

at low speed, reducing the lowspeed heat output 



C. The new heater core has an air pocket that partially blocks the coolant flow — at high blower speed, 

the increased airflow overcomes the reduced coolant flow's heat output, but at low blower speed, the air 

pocket's effect becomes noticeable 

D. The blower motor's lowspeed resistor has degraded from the heat of the repair process — the resistor 

now delivers less current on the low setting than before, reducing the blower speed and the air volume 

across the heater core 

 

 

 

91. A machine's A/C system uses R134a refrigerant. The system has been retrofitted from the original 

R12 system. After the retrofit, the A/C produces adequate cooling at highway speeds (high condenser 

airflow) but produces insufficient cooling at idle (low condenser airflow). What characteristic of R134a 

compared to R12 contributes to this symptom? 

 

A. R134a does not cool at idle because its molecular structure requires high compressor RPM to achieve 

the phase change from gas to liquid in the condenser 

B. R134a has a higher boiling point than R12 at the same pressure, and the evaporator runs warmer at 

idle RPM because the compressor's reduced speed cannot maintain the lowside pressure needed for 

adequate cooling with the R134a refrigerant 

C. R134a is less toxic than R12 and the reduced chemical activity produces less cooling effect at the 

evaporator during lowflow conditions 

D. R134a operates at higher condensing pressures than R12 for the same heat rejection — the existing 

condenser (designed for R12's lower pressures) may not have adequate capacity to condense the R134a 

at low airflow (idle) because the condenser's surface area was sized for R12's lower condensing heat 

load. At highway speeds, the increased airflow compensates for the undersized condenser 

 

 

 

92. A machine's cab pressurization system is tested at the beginning of each shift. The test shows 50 

pascals (within specification). After 4 hours of operation in extremely dusty conditions, the operator 

reports dust is visible inside the cab. What has most likely changed during the 4hour operating period? 



A. The cabin air filter has loaded rapidly with dust during the 4hour period in the extremely dusty 

environment — the increased filter restriction has reduced the airflow into the cab below the minimum 

needed to maintain the 50pascal positive pressure. The reduced pressurization allows dust to infiltrate 

through the cab's inherent gaps and seal imperfections that the positive pressure normally holds closed 

B. The HVAC blower motor has overheated from the continuous operation in the dusty environment and 

has slowed, reducing the airflow and the cab's positive pressure 

C. The cab's recirculation door has opened automatically in response to the external dust sensor, 

diverting airflow from the pressurization circuit to the recirculation circuit 

D. The cab's external air intake has become blocked by dust accumulation on the intake screen, reducing 

the fresh air supply to the blower and decreasing the cab pressurization 

 

 

 

93. A machine's DEF tank heater has failed. The machine is operating in −15°C ambient conditions. The 

DEF begins to freeze in the tank. At what temperature does standard DEF (32.5% urea solution) freeze? 

 

A. 0°C — the same as water, because the urea concentration is not high enough to depress the freezing 

point significantly 

B. −11°C — the 32.5% urea solution has a eutectic freezing point of approximately −11°C, which is the 

lowest possible freezing point for any ureawater concentration. At −15°C ambient, the DEF will freeze 

solid if the heating system is not functioning 

C. −20°C — the urea acts as an antifreeze similar to ethylene glycol, providing freeze protection well 

below the current −15°C ambient 

D. −5°C — the moderate urea concentration provides limited freeze protection that is inadequate for the 

−15°C operating condition 

 

 

 



94. A machine's exhaust aftertreatment system includes a DEF decomposition reactor (also called a 

decomposition tube or mixing chamber) between the DEF injection point and the SCR catalyst. What is 

the purpose of this reactor section? 

 

A. The reactor stores a reserve volume of DEF that ensures continuous dosing during brief interruptions 

in the DEF supply pump's delivery 

B. The reactor filters particulate matter from the exhaust stream before it reaches the SCR catalyst, 

protecting the catalyst's surface from contamination 

C. The reactor reduces the exhaust gas temperature to the optimal range for the SCR reaction by mixing 

the hot exhaust with the cooler DEF spray 

D. The reactor provides the residence time, mixing, and temperature needed for the injected DEF to 

decompose from urea solution into ammonia gas before reaching the SCR catalyst — the urea must 

undergo thermolysis (heatdriven decomposition) and hydrolysis (waterdriven decomposition) to produce 

the ammonia that reacts with NOx on the SCR catalyst surface. Without adequate decomposition, liquid 

urea reaches the catalyst and forms deposits that block the catalyst channels 

 

 

 

95. A machine's cab A/C system has been evacuated and is ready for charging. The technician must 

choose between charging by weight (using a scale) or by gauge pressure (using manifold gauge 

readings). Which method is more accurate and why? 

 

A. Gaugepressure charging is more accurate because the technician can observe the system's realtime 

operating condition and adjust the charge to produce the optimal lowside and highside pressures for the 

current ambient temperature 

B. Both methods are equally accurate when performed by an experienced technician — the choice 

depends on the equipment available 

C. Charging by weight is more accurate because the system's designed charge (in grams or ounces) is a 

fixed quantity determined by the OEM for the specific system's volume and component sizing. Gauge 

pressures vary with ambient temperature, condenser airflow, and compressor speed, making them 

unreliable for determining the exact charge amount. A system that reads correct pressures at one 

condition may be over or undercharged at another condition 



D. Charging by weight is more accurate for initial charges but gaugepressure charging is more accurate 

for topping off an existing charge that has partially leaked 

 

 

 

96. A machine's HVAC system uses a cabin recirculation mode that recirculates the cab's interior air 

through the evaporator instead of drawing fresh outside air. When should the operator use recirculation 

mode? 

 

A. Recirculation mode should be used during initial cooldown of a hot cab — recirculating the 

progressively cooler interior air is more efficient than continuously cooling hot outside air. It should also 

be used when operating near dust sources, diesel exhaust, or other airborne contaminants to prevent 

them from entering the cab through the fresh air intake. However, prolonged recirculation without 

periodic fresh air intake can reduce the cab's oxygen level and increase CO₂ concentration 

B. Recirculation mode should be used continuously during all operation — it provides the most efficient 

cooling and heating performance under all conditions 

C. Recirculation mode should only be used during winter heating — recirculating warm interior air is 

more efficient than heating cold outside air 

D. Recirculation mode should never be used on heavy equipment — it is an automotive feature that is 

not applicable to the pressurized cab environment of heavy equipment 

 

 

 

97. A machine's air brake system's compressor produces air that contains a small amount of oil carryover 

from the compressor's internal lubrication. This oil passes through the air dryer and accumulates in the 

downstream reservoirs, valves, and chambers over time. What damage does the accumulated compressor 

oil cause to the air brake system components? 

 

A. The oil has no effect on the brake system components — the small quantity of oil from the 

compressor's lubrication system is a normal characteristic and does not affect the brake system's 

function 



B. The accumulated oil degrades the rubber components in the brake system — the petroleumbased 

compressor oil attacks and softens the rubber diaphragms, Orings, and seals in the brake valves, relay 

valves, and chambers. The swollen, softened rubber components develop leaks, produce sluggish valve 

response, and may fail completely, compromising the brake system's reliability 

C. The oil coats the inside of the air reservoirs with a film that reduces the effective volume and 

increases the buildup time between governor cycles 

D. The oil produces a fire hazard in the exhaust port of the quickrelease valves — the accumulated oil 

can ignite from the heat generated during rapid brake applications 

 

 

 

 

98. A hydraulic system's variabledisplacement pump has a maximum displacement of 125 cm³/rev. At 

rated engine speed of 1,800 RPM, what is the pump's maximum theoretical flow output? 

 

A. 225 L/min — calculated as 125 × 1,800 × 10 ÷ 1,000,000, using an incorrect conversion factor 

B. 22.5 L/min — calculated as 125 × 1,800 ÷ 10,000, dividing by 10,000 instead of 1,000 

C. 2,250 L/min — calculated as 125 × 1,800 ÷ 100, dividing by 100 instead of 1,000 

D. 225 L/min — calculated as displacement × speed ÷ 1,000 = (125 cm³/rev × 1,800 rev/min) ÷ 1,000 

cm³/L = 225,000 cm³/min ÷ 1,000 = 225 L/min. This is the theoretical maximum — the actual output is 

reduced by the pump's volumetric efficiency 

 

 

 

99. A hydraulic system's pressure gauge reads 200 bar. The gauge was last calibrated 3 years ago. The 

OEM recommends annual gauge calibration. What risk does the uncalibrated gauge create for the 

technician's diagnostic work? 

 



A. The gauge may have drifted from its original accuracy — a 3yearold gauge without recalibration may 

read higher or lower than the actual system pressure. If the gauge reads 200 bar but the actual pressure is 

180 bar, the technician may miss a lowpressure condition. If it reads 200 bar but the actual is 220 bar, 

the technician may miss an overpressure condition. All diagnostic decisions based on the gauge reading 

are unreliable 

B. The gauge's internal Bourdon tube may have fatigued from 3 years of pressure cycling and could 

rupture during a highpressure test, releasing hydraulic oil at the gauge connection 

C. The gauge is acceptable for diagnostic use regardless of the calibration interval — hydraulic pressure 

gauges do not drift from calibration like electronic instruments 

D. The gauge can be verified in the field by comparing its reading to another gauge on the same test 

point — if both gauges agree, neither requires calibration 

 

 

 

100. A machine's hydraulic system operates at 300 bar. The system uses a 20litre nitrogencharged 

accumulator with a precharge of 150 bar. What is the maximum volume of oil the accumulator can store 

when the system is at full pressure? 

 

A. 20 litres — the full accumulator volume is available for oil storage because the nitrogen compresses 

to zero volume at 300 bar 

B. Approximately 10 litres — using Boyle's Law (P₁V₁ = P₂V₂) at constant temperature: the nitrogen at 

150 bar occupies 20 litres. At 300 bar, the nitrogen volume = (150 × 20) ÷ 300 = 10 litres. The 

remaining volume (20 − 10 = 10 litres) is available for oil storage 

C. 5 litres — calculated by dividing the accumulator volume by the pressure ratio (20 ÷ 4) 

D. 15 litres — calculated by subtracting the precharge pressure ratio from the total volume (20 − 20 × 

150 ÷ 300 × 0.67) 

 

 

 



101. A machine's hydraulic system uses a closedcentre loadsensing pump. The technician measures the 

pump output pressure at 250 bar during a loaded boom raise. The LS signal line pressure reads 225 bar. 

What is the LS differential, and is it within specification if the OEM specifies 20 bar ± 2 bar? 

 

A. The LS differential = pump pressure − LS signal = 250 − 225 = 25 bar. This is 5 bar above the 20 bar 

specification (outside the ± 2 bar tolerance of 18–22 bar). The elevated LS differential means the pump 

maintains 5 bar more pressure above the load than designed, wasting energy as heat across the DCV 

metering edges. The LS compensator should be adjusted to reduce the differential to the 20 bar 

specification 

B. The LS differential = 250 − 225 = 25 bar. This is within the acceptable range because the ± 2 bar 

tolerance applies to the LS signal, not the differential 

C. The LS differential = 225 − 250 = −25 bar. The negative value indicates the pump is not producing 

enough pressure above the load signal 

D. The LS differential cannot be calculated from these two measurements — the technician must 

measure the pump's flow rate to determine the LS differential 

 

 

 

102. A machine's hydrostatic drive system has a maximum loop pressure of 420 bar. The technician 

performs a stall test and measures 400 bar. The engine produces rated power. What does the 20bar 

deficit from the maximum indicate? 

 

A. The charge check valves are leaking, reducing the effective loop pressure by the charge pressure 

deficit 

B. The drive motor has internal leakage that prevents the loop pressure from building to the full 420 bar 

— the motor's worn clearances allow flow to bypass at a rate that equals the pump's output at 400 bar 

C. The 20bar deficit is within the normal operating tolerance for a stall test — the crossport relief valves' 

cracking pressure has a ± 25 bar tolerance, and the 400 bar reading is within this range 

D. The engine's power limit is reached at 400 bar — the pump compensator reduces the pump 

displacement to prevent the engine from stalling. The 400 bar represents the engine's torque limit at the 

current RPM, and the crossport relief valves' 420bar setting would only be reached if the engine had 

additional power available 



103. A machine's hydraulic cylinder has a bore of 150 mm and a rod of 100 mm. The system pressure is 

200 bar. What is the cylinder's extend force and the differential area ratio? 

 

A. Extend force = 200 bar × π/4 × 100² mm² = 200 × 7,854 = 1,570,800 N (using the rod area instead of 

the bore area) 

B. Extend force = 200 × (π/4 × 150²) = 200 × 17,671 = 3,534,200 N (incorrect: bar × mm² does not 

directly equal newtons) 

C. Extend force = 0.1 × 200 × (π/4 × 150²) = 20 × 17,671 = 353,429 N ≈ 353 kN. The differential area 

ratio = bore area ÷ annular area = 17,671 ÷ (17,671 − 7,854) = 17,671 ÷ 9,817 = 1.8:1. This ratio means 

the extend speed is 1.8× slower than the retract speed for the same flow, and the extend force is 1.8× 

greater than the retract force at the same pressure 

D. Extend force = 200 × 150 = 30,000 N (using diameter instead of area) 

 

 

 

104. A machine's hydraulic system return line filter has a differential pressure indicator that shows 

"clean" (green). The technician replaces the element at the scheduled interval despite the clean 

indication. Is this scheduled replacement necessary despite the clean indication? 

 

A. No — the filter indicator confirms the element has remaining capacity, and replacing it early wastes a 

serviceable element. The indicator should be trusted and the element replaced only when the indicator 

shows bypass (red) 

B. Yes — the scheduled replacement ensures the filter element is changed before it reaches its 

contamination capacity. Filter indicators only trigger at the bypass threshold (typically 70–80% of 

maximum differential pressure), which means the element is already heavily loaded when the indicator 

activates. Scheduled replacement maintains the filter at a higher cleanliness level throughout the 

interval, providing better contamination control than waiting for the indicator to trigger 

C. No — the filter indicator provides a more accurate assessment of the element's condition than a 

timebased schedule, because the actual contamination rate varies with the operating environment 

D. Yes — but only because filter indicator mechanisms can fail in the green position, and the scheduled 

replacement provides a backup to the potentially failed indicator 



105. A machine's air brake system has a trailer supply valve that delivers air to a towed trailer's brake 

system. The valve has a builtin protection feature: if the supply line to the trailer ruptures, the trailer 

supply valve automatically closes to prevent the towing machine's air supply from depleting through the 

ruptured line. What principle does this valve use to detect the rupture? 

 

A. A flow sensor detects the excessive airflow rate through the ruptured line and signals the valve to 

close 

B. A check valve prevents air from flowing back from the trailer to the towing machine — the ruptured 

line creates a reverse flow that the check valve blocks 

C. An electronic pressure sensor monitors the trailer supply pressure and commands the valve to close 

when the pressure drops below a threshold 

D. The sudden pressure drop and excessive flow rate from the rupture creates a pressure differential 

across the valve's internal sensing orifice — the differential exceeds the valve's designed threshold and 

the valve closes automatically, isolating the towing machine's air supply from the ruptured trailer line. 

This mechanical protection operates without electronic sensors or electrical power 

 

 

 

106. A machine's hydraulic pump produces a rhythmic knocking noise at a frequency of once per pump 

revolution. The noise is present at all pressures and speeds. What is the most likely cause of a 

onceperrevolution knock? 

 

A. One piston in the pump has a broken shoe retainer — the broken retainer allows one piston shoe to 

lift off the swashplate once per revolution, producing a single knock as the shoe contacts the swashplate 

surface at the highpressure crossover point on each revolution 

B. The pump's drive shaft has a bent section that produces a onceperrevolution impact as the bent 

section rotates through the housing bore 

C. The pump's inlet check valve is stuck closed on one cylinder — the affected cylinder cavitates once 

per revolution when it passes the suction port and cannot draw oil through the stuck valve 

D. The pump's swashplate has a wear spot at one angular position — each piston that passes the worn 

spot produces a single knock, but since there are multiple pistons, the knock would occur multiple times 

per revolution, not once 



107. A machine's hydraulic system uses a flow control valve to maintain a constant conveyor speed. The 

valve is a pressurecompensated type set at 40 L/min. The technician measures the flow downstream of 

the valve at 35 L/min. The system pump produces adequate flow. What is the most likely cause of the 5 

L/min deficit? 

 

A. The flow control valve's compensator has worn and allows 5 L/min to bypass internally — the 

compensator cannot maintain the exact pressure differential across the metering orifice, and the reduced 

differential produces less flow than the set point 

B. The flow meter has a ± 15% accuracy tolerance — the 35 L/min reading is within the measurement 

uncertainty of the 40 L/min set point and may not indicate an actual flow deficit 

C. The flow control valve's metering orifice has partially clogged with contamination — the reduced 

orifice area restricts the flow below the designed set point. The compensator maintains a constant 

pressure drop across the reduced orifice, but the flow is limited by the smaller opening 

D. The system pressure has dropped below the flow control valve's minimum operating pressure — the 

compensator cannot function below its minimum differential, and the reduced supply pressure produces 

the proportional flow reduction 

 

 

 

108. A machine's pneumatic system uses an air governor that cycles the compressor between loaded 

(pumping) and unloaded (idle) states. The governor's cutin pressure is 690 kPa and the cutout is 860 

kPa. The technician discovers the governor cycles every 8 seconds during idle with no brake 

applications. What does this rapid cycling indicate? 

 

A. The governor is functioning correctly — 8second cycles are normal for a properly sized air system at 

engine idle where the compressor's lowRPM output fills the system slowly 

B. The system has a significant leak that consumes the air between cutout and cutin within 8 seconds — 

the leak volume equals the system's total reservoir capacity × the pressure drop (170 kPa) per 8second 

cycle. The leak must be located and repaired before the machine operates 

C. The compressor is oversized for the system — the large compressor fills the system to cutout too 

quickly and the normal system consumption drops the pressure to cutin within 8 seconds 



D. The governor's cutin and cutout settings are too close together — the 170 kPa differential (860 − 690) 

is too narrow for the system's natural consumption rate, producing the rapid cycling. Widening the 

differential to 250 kPa resolves the cycling 

 

 

 

109. A machine's hydraulic accumulator is being recharged with nitrogen. The technician must verify 

the nitrogen gas is pure (99.5% minimum purity). Why is nitrogen purity critical for hydraulic 

accumulators? 

 

A. Impure nitrogen contains moisture that corrodes the accumulator's internal surfaces and degrades the 

bladder material over time 

B. Impure nitrogen contains trace amounts of hydrogen that can permeate through the bladder material 

and enter the hydraulic oil, producing foam that degrades the system's performance 

C. Nitrogen purity is not critical — any inert gas can be used in hydraulic accumulators without 

affecting the system's performance or safety 

D. Oxygen contamination in impure nitrogen creates an explosive mixture inside the accumulator — 

when the nitrogen is compressed to 90+ bar with residual oxygen and then contacts the petroleumbased 

hydraulic oil during normal accumulator cycling, the oxygenoil combination can produce a dieseleffect 

combustion that explodes the accumulator. Pure nitrogen is inert and cannot support combustion 

 

 

 

110. A machine's hydraulic DCV has been replaced. After the replacement, the technician discovers that 

operating the boom raise function also causes the bucket to curl simultaneously. Before the DCV 

replacement, the two functions operated independently. What is the most likely cause? 

 

A. The DCV's internal relief valve for the boom section is set too low, and the excess pressure transfers 

to the bucket section through the shared work port gallery 



B. The hydraulic hoses have been connected to the wrong work ports on the new DCV — the boom and 

bucket functions' supply and return hoses are crossed, producing the simultaneous operation 

C. The replacement DCV has an internal casting defect — a porous wall between the boom section and 

the bucket section allows hydraulic pressure to transfer from the boom circuit to the bucket circuit when 

the boom section is activated 

D. The replacement DCV's spool detent for the bucket section has failed — the spool does not return to 

neutral and remains in the previous position (curl) when the boom spool is activated 

 

 

 

111. A machine's hydraulic system includes a proportional priority valve that varies the steering circuit's 

flow allocation based on the steering demand. At zero steering demand (straight travel), the valve directs 

maximum flow to the implements. During active steering, the valve redirects flow from the implements 

to the steering circuit proportional to the steering wheel rotation rate. If the priority valve's proportional 

spool sticks in the fullsteeringpriority position, what symptom does the operator experience? 

 

A. The steering operates normally but all implement functions are inoperative — the stuck spool directs 

all pump flow to the steering circuit regardless of the steering demand, starving the implement circuit of 

supply flow 

B. The steering is sluggish because the stuck spool restricts the flow to the steering circuit below the 

normal priority allocation 

C. The implements operate normally but the steering is inoperative — the stuck spool blocks the 

steering circuit and directs all flow to the implements 

D. Both the steering and implements operate normally — the priority valve only activates during 

emergency steering conditions and has no effect during normal operation 

 

 

 

112. A machine's hydraulic cylinder must be replaced. The replacement cylinder has the same bore and 

rod diameters but is 50 mm longer (stroke) than the original. Can the technician install the longer 

cylinder? 



A. No — the 50 mm additional stroke changes the implement's maximum extension, which may cause 

interference with other machine components (frame, body, other cylinders) at full extension and may 

exceed the structural design limits of the implement linkage at the modified geometry 

B. Yes — the longer stroke provides additional implement range that improves the machine's 

productivity without affecting any other system 

C. Yes — but only if the technician installs a mechanical stop on the cylinder rod that limits the stroke 

to the original specification 

D. No — the longer cylinder has a different mounting pin spacing that does not match the machine's 

mounting points 

 

 

 

113. A machine's air brake system's compressor is aircooled through fins on the compressor head. The 

technician discovers the cooling fins are packed with mud and debris, blocking the airflow. The 

compressor has been operating in this condition for approximately 500 hours. What damage may the 

overheated compressor have caused? 

 

A. The compressor's discharge valves have overheated and warped — the carbon buildup from the 

overheated oil combines with the warped valves to reduce the compressor's pumping efficiency and 

increase the oil carryover into the air system 

B. The overheated compressor has no effect on the air brake system — the downstream air dryer 

removes any excess oil or moisture produced by the hot compressor 

C. The overheated compressor has damaged the air dryer's desiccant — the hot discharge air from the 

overheated compressor exceeds the air dryer's maximum rated inlet temperature, degrading the 

desiccant's moistureabsorbing capacity 

D. The overheated compressor has caused the discharge line to melt — the plastic discharge line 

between the compressor and the air dryer has softened from the excessive heat and may have collapsed, 

restricting the air supply 

 

 

 



114. A machine's hydraulic system has a pressurecompensated pump set at 250 bar. The technician tests 

the compensator by deadheading a cylinder (stalling it at full extension). The gauge reads 250 bar. The 

technician then measures the pump's case drain flow during the compensated (deadheaded) condition: 

the case drain reads 3 L/min. What does the 3 L/min case drain during compensation indicate? 

 

A. The pump has zero internal leakage and the 3 L/min case drain is from the pump's bearing lubrication 

circuit — the bearing oil drains to the case and exits through the case drain line 

B. The 3 L/min case drain is excessive — a properly compensated pump should have zero case drain 

flow because the pump is at zero displacement during compensation and no oil should be leaking 

internally 

C. The 3 L/min case drain during compensation represents the pump's internal leakage at the 

compensated pressure — even at zero displacement, the pump's internal clearances (valve platetobarrel, 

pistontobore, swashplate shoetoplate) allow a small amount of highpressure oil to bypass to the case. 

This leakage is normal and the volume should be compared to the OEM specification to determine if it is 

within acceptable limits 

D. The 3 L/min is the compensator spool's pilot oil consumption — the compensator requires a small 

continuous flow to maintain the spool in the destroked position, and this flow exits through the case 

drain 

 

 

 

115. A machine's hydraulic system has been contaminated with diesel fuel from a crosscontamination 

event (fuel accidentally poured into the hydraulic reservoir). The fuel concentration in the hydraulic oil 

has been estimated at 5%. What is the primary concern from this fuel contamination? 

 

A. Diesel fuel reduces the hydraulic oil's viscosity — the thinned oil cannot maintain adequate 

lubrication films at the pump's, motor's, and cylinder's bearing surfaces. The reduced viscosity also 

increases the internal leakage rate across all components because the thinner oil bypasses more readily 

through the clearances. The system must be drained, flushed, and refilled with correct hydraulic oil, and 

the seals must be inspected because diesel fuel attacks certain seal compounds 

B. Diesel fuel raises the hydraulic oil's flash point, creating a fire hazard in the engine compartment near 

hot exhaust components 



C. Diesel fuel causes the hydraulic oil to foam excessively — the fuel's detergent additives produce 

persistent foam that the reservoir's baffles and antifoam additives cannot suppress 

D. Diesel fuel neutralizes the hydraulic oil's antiwear additive package — the fuel's sulfur content reacts 

with the zincbased antiwear additives, rendering them ineffective and leaving all bearing surfaces 

unprotected 

 

 

 

116. A machine's hydraulic system has a suction line between the reservoir and the pump. The suction 

line includes a shutoff valve that allows the reservoir to be isolated from the pump during filter changes. 

A technician has changed the suction strainer and forgotten to reopen the shutoff valve. What happens 

when the engine starts? 

 

A. The pump runs dry — without suction flow, the pump cannot draw oil from the reservoir. The dry 

pump's internal components generate heat from the metaltometal contact (no oil film), and the pump can 

be destroyed within seconds. The technician must verify the suction valve is open before every engine 

start after a suctionside service 

B. The pump operates normally because the system's return oil provides adequate flow to the pump 

through the internal recirculation passages 

C. The engine cannot start because the hydraulic pump's drag load without oil exceeds the starter motor's 

capacity 

D. The pump draws air through the suction line's fittings — the slight vacuum produced by the closed 

valve pulls air past the threaded connections, and the pump operates on aerated oil with reduced 

efficiency but no immediate damage 

 

 

 

117. A machine's hydraulic system uses a counterbalance valve on the boom lower circuit. The valve's 

pilot ratio is 3:1 and the loadholding pressure is 180 bar. What minimum pilot pressure must the DCV 

deliver to fully open the counterbalance valve? 

 



A. 540 bar — calculated by multiplying the load pressure by the pilot ratio (180 × 3), which uses the 

wrong relationship 

B. The pilot ratio of 3:1 means the counterbalance valve requires pilot pressure equal to the load 

pressure divided by the pilot ratio to begin opening: 180 ÷ 3 = 60 bar minimum pilot pressure. At 60 bar 

pilot, the valve begins to open. Full opening requires additional pilot pressure above this minimum to 

fully shift the valve spool against the loadholding force and the spring 

C. 180 bar — the pilot pressure must equal the load pressure to open any counterbalance valve, and the 

3:1 ratio is the flow ratio, not the pressure ratio 

D. 90 bar — calculated by dividing the load pressure by 2 (assuming a 2:1 relationship), which uses the 

wrong ratio 

 

 

 

118. A machine's hydraulic hose assembly fails during operation. The technician examines the failed 

hose and finds the inner tube has cracked in a pattern that resembles alligator skin — a network of small 

cracks covering the inner surface. What caused this failure pattern? 

 

A. The hose was exposed to a temperature above its maximum rating — the excessive heat baked the 

inner tube rubber, causing it to harden, lose flexibility, and develop the characteristic thermal cracking 

pattern (alligator skin). Once cracked, the reinforcement is exposed to the hydraulic fluid and fails under 

pressure 

B. The hose was chemically incompatible with the hydraulic oil — the oil's additive package attacked 

the inner tube compound, producing the cracking pattern from chemical degradation 

C. The hose was assembled with the wrong end fittings — the fittings' internal diameter was smaller 

than the hose bore, creating a restriction that produced turbulence and erosion that cracked the inner tube 

in the distinctive pattern 

D. The hose was subjected to external mechanical damage (abrasion, impact) that penetrated to the inner 

tube and produced the cracking pattern from the transmitted stress 

 

 

 



119. A machine's hydraulic system's pilot circuit uses a dedicated pilot pump driven by the engine's gear 

train. The pilot pump produces 15 L/min at 35 bar. If the engine stalls, the pilot pump stops and the pilot 

pressure drops to zero. How do the implement functions respond when pilot pressure is lost? 

 

A. All DCV spools return to neutral through their centering springs when pilot pressure is lost — the 

implements stop moving and hold their current position (if the circuit has loadholding capability). This 

is a failsafe design — the loss of pilot pressure defaults all functions to the stopped condition rather than 

allowing uncontrolled movement 

B. The DCV spools remain in their last commanded position because the pilot oil is trapped in the pilot 

chambers by check valves — the implements continue to move until the hydraulic oil in the main circuit 

is consumed 

C. The implements default to the lowering position when pilot pressure is lost — the DCV spools shift 

to the lower position under the main system pressure that acts on the spool's end area 

D. The implements move erratically when pilot pressure drops because the partially pressurized pilot 

chambers produce inconsistent spool positioning 

 

 

 

120. A machine's hydraulic accumulator provides emergency brake applications. The OEM specification 

requires the accumulator to provide 4 full brake applications with the engine off. The technician tests the 

system and achieves 4 applications, but notes the brake pedal travel increases with each successive 

application. The first application has 20 mm of pedal travel and the fourth has 45 mm. What does the 

increasing pedal travel indicate? 

 

A. Air in the brake circuit is being compressed more with each successive application as the 

accumulator pressure decreases — the air pocket's volume increases proportionally with the decreasing 

pressure, producing the progressive pedal travel increase 

B. The brake piston seals are bypassing more at the lower accumulator pressures of the later applications 

— the seals hold at the first application's high pressure but allow increasing bypass as the pressure drops 

C. The brake master cylinder's piston is traveling further with each application to displace the same 

volume of fluid against the decreasing accumulator pressure — the lower pressure requires more pedal 

travel to achieve the same brake force 



D. The increasing pedal travel is normal for accumulatorpowered brakes — as the accumulator 

discharges, the decreasing supply pressure requires the brake master cylinder piston to travel further to 

develop adequate apply pressure at the calipers. The pedal travel increases proportionally as the 

accumulator pressure decreases across the 4 applications 

 

 

 

121. A machine's hydraulic system has a flow divider that splits pump output 60/40 between two 

circuits. Circuit A (60%) operates the main boom and Circuit B (40%) operates the swing. During 

simultaneous operation, the boom operates at normal speed but the swing is slower than specification. 

The technician measures the actual flow split and finds it is 65/35 — the divider is sending 5% more 

flow to Circuit A than designed. What is the most likely cause? 

 

A. The flow divider's compensator spool has worn on the Circuit B side, allowing more flow to cross 

from Circuit B to Circuit A through the increased spooltobore clearance 

B. Circuit A has lower backpressure than Circuit B — the flow divider's compensator cannot fully 

equalize the unequal pressures, and the lowerresistance circuit receives proportionally more flow. The 

divider is functioning within its tolerance but cannot perfectly compensate for the large pressure 

differential 

C. The flow divider's fixed orifices have been contaminated — debris partially blocking the Circuit B 

orifice reduces its flow capacity while the Circuit A orifice remains clear, shifting the split from the 

designed 60/40 to 65/35 

D. The pump's internal leakage has increased, reducing the total flow available — the flow divider 

maintains the correct ratio but the reduced total flow produces a noticeable speed deficit on the smaller 

(40%) circuit 

 

 

 

122. A machine's hydraulic system uses a loadsensing pump with an LS differential of 20 bar. All DCV 

spools are centred (neutral). The technician measures the pump outlet pressure at 25 bar (standby). The 

LS signal line reads 0 bar. Is the system functioning correctly? 

 



A. No — the pump outlet should read 20 bar at standby (0 bar LS signal + 20 bar LS differential = 20 

bar). The 25 bar reading is 5 bar above the correct standby pressure, indicating the LS compensator is set 

too high or has a minor internal leak that elevates the standby 

B. No — the pump should be at zero pressure with all spools centred because no work is being 

demanded 

C. Yes — the pump maintains its standby pressure at the LS differential above the LS signal. With the 

LS signal at 0 bar, the pump maintains 0 + 20 = 20 bar minimum. The 25bar reading is within the 

normal tolerance (typically ± 5 bar) for a loadsensing pump's standby pressure and accounts for the 

pump's spring force and internal flow requirements for the compensator circuit 

D. No — the LS signal should read the same as the pump outlet (25 bar) in the neutral standby condition 

 

 

 

123. A machine's boom structure has completed its OEMrecommended service life (typically measured 

in operating hours or load cycles). The boom shows no visible cracks or deformation during visual 

inspection. The fleet manager asks whether the boom can continue in service beyond the OEM's 

recommended life. What is the correct technical response? 

 

A. The OEM's service life recommendation is based on the boom's designed fatigue life — the structural 

welds, base metal, and stress concentrations have a finite number of load cycles before fatigue cracks 

can initiate. Continuing beyond the recommended life requires a comprehensive NDE inspection to 

verify no fatigue indications are present, and a structural engineering assessment to determine a safe 

extension interval with increased inspection frequency. Visual inspection alone is insufficient because 

fatigue cracks can initiate internally and are not visible on the surface until they reach a critical size 

B. The boom can continue in service indefinitely if the visual inspection shows no cracks — the OEM's 

recommended life is a conservative estimate that includes a large safety factor 

C. The boom must be replaced immediately when it reaches the OEM's recommended life — no 

extension is permitted regardless of the boom's actual condition 

D. The boom can continue in service for an additional 20% beyond the OEM's recommended life 

without any additional inspection — the OEM's recommendation includes a 20% safety margin 

 

 



124. A machine's operator seat has an integrated seat belt with a retractor mechanism. The retractor 

locks the belt during sudden deceleration (inertia lock) and also during a rollover (tiltsensitive lock). 

During an inspection, the technician tests the inertia lock by pulling the belt sharply — the lock engages. 

The technician then tests the tilt sensitivity by tilting the retractor 45 degrees — the lock does not 

engage. What does the failed tilt test indicate? 

 

A. The retractor's tiltsensitive locking mechanism has failed — during a rollover event, the retractor 

cannot lock the belt and the operator may be ejected from the seat despite wearing the belt. The seat belt 

moves freely through the retractor during the rollover because the tilt lock cannot detect the machine's 

angular displacement. The retractor must be replaced to restore the rollover protection function 

B. The tilt test is not valid at 45 degrees — the tilt lock activates only at angles above 60 degrees, which 

represents an actual rollover condition 

C. The inertia lock provides adequate protection during both sudden deceleration and rollover events — 

the tilt lock is a redundant feature that is not required for the seat belt to function during a rollover 

D. The retractor's tilt mechanism is a manufacturing option that was not installed on this seat model — 

the inertia lock alone provides the required protection 

 

 

 

125. A machine's quick coupler has a wear indicator on the lock pin — a groove machined into the pin 

at a specific depth. When the pin wears to the groove depth, the groove becomes visible, indicating the 

pin has reached its replacement point. During inspection, the technician observes the groove is just 

visible on the lock pin surface. What should the technician do? 

 

A. Continue operating — the groove's initial visibility provides a 500hour advance warning before the 

pin reaches its actual replacement point 

B. Monitor the pin at each preshift inspection — the groove is just becoming visible and the pin has 

measurable life remaining before it reaches the full wear point 

C. Replace the lock pin — the wear indicator groove's visibility at the pin surface confirms the pin has 

worn to the OEM's predetermined replacement point. Continuing to operate with a worn pin reduces the 

coupler's retention force and increases the risk of attachment disengagement under dynamic loading 



D. Measure the pin diameter with a micrometer to verify the groove indication — visual indicators can 

be misleading and the actual measurement determines the replacement decision 

 

 

 

126. A machine's cab has been equipped with an aftermarket backup camera system. The camera is 

mounted on the rear of the machine and the display is mounted inside the cab. The camera's wiring has 

been routed through the cab's main harness channel alongside the machine's CAN bus wiring. After the 

installation, the machine experiences intermittent CAN bus communication faults. What is the most 

likely connection? 

 

A. The camera's power supply is drawing current from the CAN bus power line, producing voltage 

drops that disrupt the bus communication 

B. The camera's video signal cable is producing electromagnetic interference (EMI) that couples into the 

adjacent CAN bus wiring — the camera's video signal operates at a frequency that overlaps with the 

CAN bus data frequency, and the close proximity of the cables allows the video signal to induce noise 

on the CAN bus conductors, corrupting the data 

C. The camera's mounting hardware has created a ground loop between the cab and the rear frame that 

produces a potential difference on the CAN bus ground wire 

D. The camera's display module is transmitting on the CAN bus at an unauthorized source address that 

conflicts with an existing module's address 

 

 

 

127. A machine's structural frame has been repaired with a welded patch. The repair welder used an 

E7018 lowhydrogen electrode with the correct preheat and interpass temperature control. After welding, 

the technician performs a magnetic particle inspection (MPI) on the completed weld. The MPI reveals 

no indications. Is the weld verified as acceptable? 

 

A. The MPI verifies the weld's surface and nearsurface integrity (approximately 3–6 mm depth) — it 

confirms no surfacebreaking or nearsurface cracks, porosity, or inclusions are present. However, MPI 



cannot detect deep subsurface flaws in thick welds. For critical structural welds on thick sections, 

ultrasonic testing (UT) may also be required to verify the weld's fulldepth integrity, depending on the 

OEM's NDE acceptance criteria for the specific joint 

B. Yes — MPI is the definitive test for all structural welds, and a clean MPI result confirms the weld is 

fully acceptable regardless of the material thickness or joint criticality 

C. No — MPI can only detect magnetic particles and cannot verify the weld's mechanical properties. A 

tensile test is required to confirm the weld's strength matches the base metal's specification 

D. No — the MPI must be repeated after 48 hours to detect delayed hydrogen cracking that may develop 

after the weld cools. A single MPI immediately after welding is insufficient for lowhydrogen electrodes 

 

 

 

128. A mining excavator's bucket has been in service for 15,000 hours. The bucket's sidewall plate has 

thinned from abrasion to 60% of its original thickness. The OEM's minimum sidewall thickness 

specification is 70% of the original. What is the recommended action? 

 

A. Continue operating the bucket until the sidewall reaches 50% thickness — the 70% specification 

includes a safety margin that provides additional service life below the minimum without risk of 

structural failure 

B. Weld overlay (hardfacing) onto the worn sidewall surfaces to build the thickness back above the 70% 

minimum — the hardfacing material provides better abrasion resistance than the original plate and 

extends the bucket's service life significantly 

C. Retire the bucket from heavyduty primary loading and reassign it to a lighterduty application 

(stockpile cleanup, backfilling) where the reduced structural loading does not stress the thinned sidewall 

beyond its remaining capacity 

D. The bucket sidewall is below the OEM's minimum thickness specification (60% vs. 70% minimum). 

The thinned sidewall may not withstand the full digging and loading forces without buckling or 

cracking. The bucket should be removed from service for either a sidewall plate replacement (welded by 

a qualified fabricator per the OEM's repair procedure) or retired if the repair is not economically 

justified 

 

 



129. A machine's operator station has foot pedals that control the travel and steering functions. During 

an inspection, the technician discovers the left travel pedal return spring has broken — the pedal does 

not return to the neutral position when the operator's foot is removed. What safety risk does the broken 

spring create? 

 

A. The broken spring is a comfort issue only — the operator must manually lift their foot to return the 

pedal to neutral, which is inconvenient but does not create a safety risk 

B. The broken return spring means the left travel function remains active when the operator removes 

their foot from the pedal — the machine continues to drive or steer to the left after the operator has 

released the control. If the operator is dismounting the machine, attending to another control, or 

responding to an emergency, the unintended continued travel creates a collision, struckby, or runover 

hazard 

C. The broken spring causes the pedal to vibrate during operation, which fatigues the operator's left leg 

and reduces the operating endurance for the shift 

D. The broken spring allows the pedal to contact the cab floor, activating the travel function at 

maximum speed without the operator's input 

 

 

 

130. A machine's attachment mounting plate has four bolt holes on 200 mm centres. The replacement 

attachment has bolt holes on 210 mm centres. The technician proposes to elongate (slot) the machine's 

bolt holes by 10 mm to accommodate the different bolt pattern. Is this modification acceptable? 

 

A. Yes — slotting the bolt holes by 10 mm is a minor modification that does not affect the structural 

integrity of the mounting plate and allows the different attachment to be installed without replacing the 

mounting plate 

B. Yes — but only if the slotted holes are reinforced with welded bushings that restore the original bolt 

hole contact area 

C. No — slotting the bolt holes reduces the mounting plate's structural crosssection at the bolt locations 

and changes the stress distribution in the plate. The modification may weaken the plate below its 

designed structural capacity, risking failure under the dynamic loading of normal operation. The 

attachment must be matched to the machine's existing bolt pattern, or a qualified engineer must approve 

the modification with a structural analysis 



D. No — slotting the bolt holes voids the machine manufacturer's warranty on the entire frame structure 

 

 

 

131. A machine's cab FOPS (Falling Object Protective Structure) has been impacted by a large falling 

rock during loading operations. The rock struck the FOPS roof and left a visible dent approximately 50 

mm deep. The FOPS structure shows no cracks or tears. Can the machine continue to operate with the 

dented FOPS? 

 

A. The FOPS must be assessed by the OEM or a qualified structural engineer — the dent represents a 

permanent deformation that has consumed a portion of the FOPS's designed energy absorption capacity. 

Even though no cracks or tears are visible, the deformed structure's remaining capacity to withstand 

another impact is unknown. The FOPS may need to be replaced to restore its designed protection level, 

depending on the severity of the deformation relative to the FOPS's certified energy absorption rating 

B. Yes — the dent is cosmetic damage that does not affect the FOPS's structural capacity. The FOPS is 

designed to deform during impact as part of its energy absorption function, and the 50 mm dent confirms 

the FOPS performed as designed 

C. Yes — but only if an NDE inspection confirms no cracks exist in the dented area. If no cracks are 

found, the FOPS retains its full structural capacity despite the deformation 

D. No — any dent in a FOPS structure requires immediate replacement because the certification is based 

on the original, undeformed geometry 

 

 

 

 

 

 

 



132. A batteryelectric machine's BMS has detected a cell voltage imbalance — one cell in a series string 

reads 3.2V while the adjacent cells read 3.7V during charging. The BMS has stopped charging to 

prevent overcharging the highervoltage cells. What is the consequence if the BMS did NOT stop 

charging? 

 

A. The lowervoltage cell would charge faster than the highervoltage cells and eventually equalize with 

them — the BMS intervention is unnecessary because lithiumion cells naturally balance during charging 

B. The highervoltage cells would continue to absorb charge — the cells closest to their maximum 

voltage (typically 4.2V) would overcharge past their safe limit, producing internal heat, electrolyte 

decomposition, gas generation, and potential thermal runaway. The BMS stops charging to prevent the 

highest cells from exceeding their maximum voltage even though the lowest cell has not reached its 

target 

C. The lowervoltage cell would be permanently damaged from the undercharge — lithiumion cells 

suffer irreversible capacity loss when they are left below their minimum voltage threshold 

D. The battery pack's total voltage would exceed the motor controller's maximum input rating, 

producing an overvoltage fault that damages the controller's power electronics 

 

 

 

133. A hybrid machine uses a parallel hybrid configuration — both the diesel engine and the electric 

motor can independently drive the machine through a common drivetrain. During a heavy digging cycle, 

the controller determines the instantaneous power demand exceeds the diesel engine's maximum rated 

output. How does the parallel hybrid system respond? 

 

A. The controller limits the machine's performance to the diesel engine's maximum output — the 

electric motor is used only for regenerative braking and cannot supplement the engine during power 

demand 

B. The electric motor supplements the diesel engine by providing the additional power needed above the 

engine's maximum — both the engine and the motor drive the common drivetrain simultaneously, 

combining their outputs to meet the total demand. This "power boost" allows the hybrid machine to 

exceed the diesel engine's peak output for short periods, providing performance equivalent to a larger 

diesel engine during peak demand events 



C. The controller shifts the entire propulsion load to the electric motor and idles the diesel engine — the 

electric motor handles the peak demand while the engine conserves fuel 

D. The controller reduces the hydraulic pump's displacement to limit the digging force, preventing the 

power demand from exceeding the diesel engine's capacity 

 

 

 

134. A batteryelectric machine's traction motor uses a permanent magnet synchronous motor (PMSM). 

The motor controller must know the rotor's exact angular position at all times to correctly energize the 

stator windings. What sensor provides this rotor position information? 

 

A. A tachometer generator mounted on the motor shaft that produces a voltage proportional to the 

motor's rotational speed 

B. A current sensor on the motor's phase leads that infers the rotor position from the backEMF 

waveform 

C. A resolver or encoder mounted on the motor shaft that continuously reports the rotor's precise angular 

position to the motor controller — the controller uses this position data to calculate the exact timing and 

sequence of the stator winding energization, producing the rotating magnetic field that drives the 

permanent magnet rotor synchronously 

D. A Halleffect sensor array in the stator that detects the permanent magnets' position as they pass each 

sensor element during rotation 

 

 

 

135. A fleet operator has deployed batteryelectric machines in an underground mining operation. The 

primary motivation is eliminating diesel exhaust emissions underground. However, the electric 

machines also provide an unexpected operational benefit related to the mine's ventilation system. What 

is this benefit? 

 



A. The batteryelectric machines produce zero exhaust emissions at the point of use — the mine's 

ventilation system was originally sized to dilute and remove diesel exhaust (CO, NO₂, diesel particulate 

matter) from the underground headings. With electric machines replacing diesel machines, the 

ventilation demand decreases significantly because the primary contaminant source has been eliminated. 

The reduced ventilation requirement lowers the mine's ventilation energy cost (fans consume significant 

electricity) and may allow mining in areas where the existing ventilation infrastructure could not 

adequately support diesel equipment 

B. The batteryelectric machines produce less heat than diesel machines, reducing the underground 

ambient temperature and improving the working conditions for the miners 

C. The batteryelectric machines produce less noise than diesel machines, allowing the ventilation fans to 

operate at lower speeds while still maintaining adequate communication conditions underground 

D. The batteryelectric machines have regenerative braking that recaptures energy during ramp descents, 

reducing the total power demand on the mine's electrical distribution system 

 

Practice Exam 15: Answer Key and Explanations 

1. A — Wheel chocks must be placed against the downhill side of the tires or track to provide a 

mechanical backup that prevents rolling if the parking brake releases from a hydraulic leak, spring 

failure, or inadvertent control activation. The parking brake alone is not sufficient securement for 

maintenance on a 12% grade — a mechanical blocking device is required as a redundant safeguard. 

 

2. C — Grinding sparks can travel 10 metres or more and retain enough heat to ignite combustible 

materials at distances well beyond 3 metres. The fire prevention zone must cover the full spark travel 

distance, including below the work area. A fire watch must be maintained during and for 30 minutes 

after grinding to detect any smouldering material ignited by the sparks. 

 

3. B — The technician must stop the coworker from entering immediately. A drained fuel tank is a 

confined space that may contain explosive fuel vapour, toxic gases, or oxygen-deficient atmosphere. 

Entry without atmospheric testing, a confined space permit, ventilation, a rescue plan, and an attendant 

is immediately dangerous to life and health — the urgency requires immediate intervention. 

 

4. A — The torque-angle method achieves a specific bolt stretch (preload) that simple torque cannot 

reliably produce. The initial 150 N·m overcomes friction and begins the elastic stretch; the 90-degree 

rotation completes the designed elongation. Without the rotation, the bolt has significantly less clamping 

force than designed and may loosen from vibration, leading to joint failure. 



5. D — Used hydraulic oil is classified as regulated waste in all Canadian provinces. It must be collected 

by a licensed waste oil hauler or delivered to an approved collection facility, with tracking through a 

waste manifest system from generation to final disposition. Improper disposal (ground dumping, sewer 

discharge, or mixed waste) violates environmental regulations. 

 

6. C — A missed check-in may have triggered the company's overdue-worker response protocol, 

potentially dispatching emergency services to the technician's location. The technician must contact the 

check-in centre immediately to confirm they are safe and prevent unnecessary emergency deployment. 

The missed check-in could result in a costly and disruptive false emergency response. 

 

7. B — The SAE 100R1AT hose is rated at 200 bar — below the system's 280 bar working pressure. 

Installing this hose creates an immediate burst hazard during normal operation. A replacement hose 

must meet or exceed the original hose's pressure rating. There is no acceptable temporary use of an 

under-rated pressure hose on a system that exceeds its rating. 

 

8. D — A tire exposed to fire can explode hours or days after the fire is extinguished because the heat 

weakens the internal cord structure. The technician must approach from outside the tire's blast zone 

(front or rear of the machine, never from the side) and deflate the tires from a safe distance before 

performing a close inspection of the fire-damaged machine. 

 

9. A — The backup alarm failure creates the most immediate personnel safety risk — ground workers 

rely on the audible warning to clear the machine's path during reverse travel. The hydraulic hose leak is 

second priority (environmental and fire risk). The cracked windshield is third (operator visibility and 

potential FOPS integrity, but not an immediate struck-by hazard to others). 

 

10. C — Every energy source must be individually identified, isolated, locked, tagged, and verified at 

zero energy. The engine is shut down, the battery disconnect locked, the hydraulic accumulators 

depressurized and verified, and the air reservoirs drained. Each isolation point requires its own lock and 

tag, and the technician verifies zero energy at each point before work begins. 

 

 

11. B — Two concurrent failure modes are developing simultaneously: dirt ingestion (correlated rising 

iron and silicon) AND coolant contamination (rising sodium from 2 to 22 ppm). The sodium's steep 

increase confirms coolant is entering the oil. The coolant contamination may be accelerating the iron 

wear rate. Both the intake system and the cooling system must be investigated simultaneously. 

 



12. D — The fuel spray jets are aimed at specific combustion chamber locations. If the injector is rotated 

from the correct orientation, the jets strike incorrect surfaces — fuel may hit the cylinder wall (washing 

the oil film), miss the piston bowl's air swirl path, and produce incomplete combustion, increased 

emissions, and localized hot spots. The alignment dowel ensures correct orientation. 

 

13. C — The 70 kPa decrease over 2,000 hours is steeper than the normal wear trend. Although the 

current 350 kPa is above the 275 kPa minimum, the accelerating decline suggests bearing clearances are 

widening progressively. At this rate, the pressure will reach the minimum within the next 2,000–3,000 

hours, and the engine should be scheduled for bearing inspection and overhaul planning. 

 

14. A — The current 82% conversion efficiency is already below the 85% minimum specification. 

Operating below the minimum means the engine exceeds its emission certification limit, violating 

environmental regulations. Continued operation risks progressive power derates from the emission 

compliance monitoring system and potential regulatory penalties. The catalyst should be replaced now. 

 

15. B — No external leaks, no oil contamination, no white smoke, and a negative combustion gas test in 

the coolant — yet coolant disappears. The EGR cooler can develop a micro-leak that allows coolant to 

enter the exhaust stream. The combustion gas test is negative because the leak path is coolant-to-

exhaust, not combustion-gas-to-coolant. The coolant evaporates in the exhaust without producing visible 

smoke. 

 

16. D — A rebuilt turbocharger's bearings have no residual oil film. Starting the engine without pre-

oiling allows the shaft to spin at thousands of RPM on dry bearings during the seconds before the oil 

pump delivers oil. The technician must pre-oil by cranking without starting (fuel disabled) until oil 

pressure is confirmed at the turbocharger supply line, protecting the new bearings from dry-start 

damage. 

 

17. C — A wet compression test or leak-down test differentiates the cause. A wet test adds oil to the 

cylinder — if compression increases, the rings are the leak source (the oil temporarily seals the ring 

gap). If compression does not improve, the valves or head gasket are the leak source. A leak-down test 

identifies the specific path by listening for air at the intake, exhaust, crankcase, or adjacent cylinder. 

 

18. A — The heated return fuel raises the bulk temperature in a small tank because the limited fuel 

volume cannot absorb the heat. The hot fuel has reduced density and lower energy content per volume. 

In extreme cases, the elevated temperature reduces maximum power, may exceed component 

temperature ratings, and accelerates hose and seal degradation throughout the fuel system. 



19. D — The VGT reaches its commanded position (eliminating actuator/sensor faults), but boost is 40 

kPa below target. The turbocharger itself has lost efficiency — the turbine/compressor cannot convert 

exhaust energy into the expected boost at the commanded vane angle. Causes include eroded wheels, 

excessive shaft play, internal housing wear, or an exhaust leak upstream of the turbine. 

 

20. B — The hot upper hose and cooler lower hose confirm the radiator is actively removing heat from 

the coolant as designed. Hot coolant enters at the top, the radiator transfers heat to the airstream, and the 

cooled coolant exits at the bottom. The temperature difference between inlet and outlet confirms the 

radiator is functioning as a heat exchanger. 

 

21. C — The air filter restriction indicator shows green (element not clogged), yet silicon is elevated. 

Dust is entering through a path that bypasses the filter entirely — a cracked intake duct, loose clamp, 

damaged housing seal, or improperly seated filter element. The filter is functioning but the unfiltered air 

bypasses around it. 

 

22. A — The engine produces identical power with identical parameters, yet fuel consumption has 

increased 18%. The engine itself is performing correctly — the drivetrain is consuming more power 

from worn torque converter, dragging brakes, increased rolling resistance, or parasitic losses. The engine 

burns more fuel to compensate for the drivetrain losses that do not appear in engine diagnostic 

parameters. 

 

23. D — The DEF quality and dosing rate are correct, the DPF is clean, and the DOC temperature is 

adequate. The NOx sensors are the primary inputs for the SCR efficiency calculation. If either sensor 

has drifted from calibration, the ECM calculates an incorrect conversion efficiency. The technician 

should verify both sensor readings against a known reference or swap the sensors to test. 

 

24. B — The oil cooler's internal passages may be restricted, reducing the oil flow and heat transfer 

capability. An oil pressure drop test between the cooler inlet and outlet at a specific RPM confirms or 

eliminates the restriction — the OEM provides a maximum allowable pressure drop specification, and 

an excessive drop confirms internal restriction. 

 

25. A — Elevated crankcase pressure indicates excessive blowby from worn rings, liners, or a head 

gasket breach. The engine protection derate limits power to reduce combustion pressure and slow further 

damage. The derate also alerts the operator and fleet manager that investigation is needed before the 

condition causing the elevated blowby progresses to catastrophic failure. 

 



26. D — The ECM intentionally limits fuel delivery and boost during cold-start warmup to protect the 

engine's internal components from thermal shock. Cold pistons, liners, and heads are below operating 

temperature, and rapid thermal expansion from full-power operation can crack or distort these 

components. The ECM progressively increases allowed power as the engine temperature rises. 

 

27. D — Air was introduced into the low-pressure fuel system when the filters were removed. The air 

must be purged from the filter housings and supply lines before the engine runs smoothly. The 30-

second rough running is the time needed for the fuel transfer pump to push the air through the system 

and refill the circuit with liquid fuel. 

 

28. B — The loose manifold bolts allowed the joint to cycle open and closed with each thermal 

expansion/contraction cycle. The reduced clamping force permitted exhaust gas to blow past the gasket 

during peak pressure pulses, progressively eroding the gasket material (carbon tracking) until it failed. 

The bolt torque loss is the root cause of the gasket failure. 

 

29. A — The Tier 4 Final DPF active regeneration uses late post-injection to raise exhaust temperatures. 

A small amount of post-injected fuel washes past the piston rings on each regeneration cycle and 

accumulates in the crankcase. Frequent regeneration cycles accelerate the dilution rate. The 3.8% 

exceeds the 3.0% limit, requiring an oil change and investigation of the regeneration frequency. 

 

30. C — The blow track is the visible evidence of sustained high-pressure combustion gas leaking 

through the gasket breach. The high-velocity gas stream erodes the gasket material and adjacent metal 

surfaces progressively with each firing cycle, widening and deepening the erosion channel over time 

until the leak becomes externally detectable. 

 

31. D — A tire that has been running 200 kPa underinflated may have internal heat damage from the 

excessive sidewall flexing. The technician must inflate from a safe distance using an extension hose and 

a clip-on chuck, retreating behind the machine or a barrier before opening the air valve. The damaged 

tire structure may fail during reinflation. 

 

32. B — A 60°C temperature difference between left and right brake discs after identical stopping tests 

confirms a brake imbalance. The hotter left brake generates more friction per application from more 

apply pressure, better pad contact, or less clearance (dragging). The cooler right brake has the opposite 

condition. The imbalance must be diagnosed and corrected. 

 



33. A — At midlife, track each component's wear rate individually and replace only components that 

reach their individual limits. This targeted approach avoids replacing components with remaining life 

and minimizes the total undercarriage cost per operating hour. Replacing all components simultaneously 

wastes the remaining life in components that are not yet at their wear limits. 

 

34. C — The humming varies with vehicle speed but does not change during turns. The ring and pinion 

gear set produces the noise — ring gear speed is proportional to vehicle speed and does not change 

during turns. The clean oil confirms the wear has not yet progressed to producing loose debris. Spider 

gears and axle shaft bearings produce speed changes during turns, eliminating them. 

 

35. D — Manual adjustment of an ASA masks a worn brake lining or failed ASA mechanism. The ASA 

should automatically compensate for normal wear. If it has not maintained correct stroke, the ASA itself 

has failed internally. Manual adjustment temporarily restores the stroke but the failed mechanism will 

not maintain the adjustment, potentially losing braking capacity at a critical moment. 

 

36. B — Track shoe bolts endure the most severe loosening conditions in the undercarriage — every 

ground contact produces impact, vibration, and alternating loads as the shoe contacts the ground, bears 

the machine's weight, and lifts off during each revolution. The continuous cyclical loading loosens bolts 

without adequate initial preload or thread-locking measures. 

 

37. A — Circumferential scoring (around the rod) confirms the damage occurs during rotational 

movement, not during linear extension. A contaminant particle embedded in the rod seal scratches the 

rod as it rotates during steering articulation. The embedded particle is dragged around the rod's 

circumference during each rotation cycle, producing the circumferential pattern. 

 

38. C — The retarder is over-temperature. Downshifting to a lower gear increases the engine's 

compression braking contribution, which reduces the retarder's share of the total braking force. The 

reduced retarder workload allows the oil temperature to stabilize or decrease while the machine 

continues the descent at a controlled speed. 

 

39. B — The sprockets at 80% wear will reach their limit first and are already producing accelerated 

chain wear because the worn teeth no longer mesh correctly. The chain at 5% elongation (1% remaining 

to the 6% limit) has its remaining life shortened by the worn sprockets. The sprockets should be replaced 

immediately, and the chain should be monitored closely for accelerating elongation. 

 



40. D — The limited-slip clutch pack's friction discs and separator plates have worn — the reduced 

material thickness increases the clearance between disc faces, allowing more rotational free play before 

the clutch engages. The 15-degree backlash (vs. 8-degree maximum) confirms the clutch pack cannot 

respond quickly enough to prevent excessive differential action. 

 

41. A — A 15-bar pre-charge loss in 30 days confirms an active nitrogen leak. Recharging to 90 bar and 

rechecking in one week determines the leak rate and confirms whether the recharge holds. The leak 

source (gas valve, bladder/piston seal, or housing) must be identified and repaired to prevent progressive 

pre-charge loss that compromises emergency braking capability. 

 

42. C — The accumulator charges fully on the first long charge but provides only 2 cycles after a 2-

minute recharge. A slow hydraulic leak from the accumulator allows stored oil to leak back to the 

reservoir. The short recharge period cannot overcome the leak rate — the accumulator fills partially but 

leaks down before full charge is achieved, providing fewer cycles. 

 

43. B — S&L chain's sealed joints prevent abrasive material from entering the pin-to-bushing bearing 

surface, and the pre-filled lubricant maintains the bearing film throughout the joint's life. By excluding 

the abrasive contamination that causes 80–90% of conventional chain wear, S&L chain typically 

provides 2–3× the wear life of unsealed chain in abrasive environments. 

 

44. D — A cracked rim in the lock ring gutter area can fail catastrophically during inflation or operation. 

The crack weakens the rim at the lock ring groove, and the combination of tire inflation pressure and 

dynamic loads can propagate the crack until the rim separates. A rim failure during inflation ejects the 

lock ring and tire with lethal force. Cracked rims must be condemned — never welded or repaired. 

 

45. C — The pedal is firm initially but sinks under sustained pressure. A firm pedal eliminates air in the 

circuit (air produces an immediately spongy pedal). The progressive sink under sustained load confirms 

the brake master cylinder's primary piston seal allows fluid to bypass the piston slowly under sustained 

application pressure. The master cylinder requires rebuilding or replacement. 

 

46. A — Calcium-based and lithium-complex greases may be incompatible. Mixing incompatible types 

can produce a soft, runny consistency that cannot maintain the designed grease film between bearing 

surfaces. The degraded grease drains from the bearing under dynamic loading, leaving surfaces 

unlubricated and accelerating wear. Always verify grease compatibility before substituting types. 

 

 



47. C — Two batteries in series with different states of charge create a self-reinforcing imbalance. The 

alternator targets a total bus voltage — the higher battery reaches full charge first and begins to 

overcharge while the lower battery remains undercharged. Each charge cycle widens the imbalance until 

one or both batteries fail from either overcharge damage or progressive sulfation. 

 

48. A — Fuel at 85°C (15°C above the 70°C maximum) has reduced density and lower energy content 

per volume. The ECM must inject larger volumes to maintain the same energy delivery, which may 

exceed injector flow capacity at rated conditions. Additionally, the hot fuel may produce vapour in the 

low-pressure circuit, causing erratic HP pump operation and potential cavitation. 

 

49. D — Engine RPM data is time-critical — the transmission, engine protection, and cruise control 

systems require current RPM for real-time decisions. A delayed RPM message could cause a mis-timed 

shift or a missed protection event. The HVAC temperature changes slowly, and milliseconds of message 

delay have no perceptible effect on cab comfort. The priority system ensures critical data is transmitted 

first. 

 

50. B — The throttle-to-RPM comparison detects any disconnect between the commanded throttle and 

the engine's actual response. If RPM does not follow the throttle signal (failed fuel pump, stuck metering 

valve), the ECM detects the disparity. Conversely, if RPM increases without throttle input (stuck fuel 

rack, oil-fuelled runaway), the ECM detects the unintended acceleration. 

 

51. C — The DLA's status LED shows no activity, indicating the adapter itself may not be powered. 

Many DLAs are USB-powered, and a faulty USB cable or port prevents the DLA from receiving power. 

The technician should verify the DLA receives power and that the diagnostic software recognizes it as a 

connected device before investigating the machine's CAN bus. 

 

52. A — The alternator delivers 145 of 150 amperes (96.7%) with all loads active. While within the 

rated capacity, the alternator has only 5 amperes of reserve. Any additional loads (aftermarket 

accessories) or slight output degradation from wear would exceed the alternator's capacity. The 

technician should note the minimal reserve for fleet planning purposes. 

 

53. A — The calibration file part number matches the engine serial number, but the new file may 

include an emissions compliance update that intentionally reduces maximum fuel delivery to meet 

revised emission standards. The 10% power reduction is the designed effect of the updated calibration, 

not a programming error. 

 



54. D — The tape blocked ambient light from reaching the brightness sensor. The sensor read a 

perpetually dark environment, causing the display module to reduce the screen brightness to the 

nighttime (dim) setting during all conditions — including bright daytime operation where the dim 

display is difficult to read. 

 

55. A — The ECM's internal voltage regulator maintains a stable 5V output regardless of input voltage 

variations, as long as the input remains above the regulator's minimum dropout voltage (typically 8–

12V). The 18V cranking dip is well above this threshold, so the regulator compensates for the dip and 

the 5V logic supply remains stable throughout the cranking event. 

 

56. B — The body controller is on a separate CAN bus segment that is not connected to the 9-pin 

diagnostic connector. Some machines have multiple bus networks (engine/drivetrain and body/chassis), 

and the diagnostic connector may provide access to only one. The technician needs the diagnostic access 

point for the body controller's specific bus segment. 

 

57. C — An ambient air temperature sensor provides minor trim adjustments to the air density 

calculation. The intake manifold pressure and temperature sensors provide the primary air mass data. A 

failed ambient sensor does not degrade the engine's primary control parameters enough to require limp 

home mode — the ECM substitutes a default value and continues normal operation. 

 

58. B — Measuring the voltage drop between each ground stud and the battery negative terminal under 

load identifies the faulty ground. A good ground reads less than 0.1V; a corroded or loose stud reads 

significantly higher because the high-resistance connection creates a measurable voltage drop under 

current flow. The stud with the highest reading is the fault. 

 

59. A — The calibrated idle point is 0.5V. The 0.45V reading is 0.05V below the calibrated range. The 

ECM interprets this below-range signal as a potential wiring fault (short to ground, broken wire) rather 

than a valid throttle position. The ECM generates a throttle DTC and enters protective mode because it 

cannot distinguish a genuine low-throttle command from a circuit fault. 

 

60. B — The battery and alternator terminal voltages are within specification, but the display module's 

power supply wiring has a high-resistance connection. During high-current events, the voltage drop 

across this connection reduces the voltage at the display's power input below the warning threshold, 

triggering the intermittent warning even though the main bus voltage is normal. 

 



61. B — The boom solenoid's energizing and de-energizing cycles produce electromagnetic interference 

that couples into the adjacent CAN bus wiring through induction. The induced voltage spikes corrupt the 

CAN data during each boom activation cycle. Separating the solenoid wiring from the CAN bus or 

adding shielding resolves the interference. 

 

62. C — The 5-rib belt has approximately 83% of the 6-rib belt's contact area. Under peak electrical 

loading, the reduced contact area may not transmit the required torque, causing belt slip that reduces 

charging output. The belt may appear adequate under normal loads but fail under the peak demand 

conditions that the 6-rib specification was designed to handle. 

 

63. A — Compression and injector tests are normal, eliminating those causes. Incorrect valve lash on 

one or more cylinders mis-times the valve events, changing the effective breathing and combustion 

timing for those cylinders. The result is unequal power contribution despite equal compression and fuel 

delivery — the valve adjustment should be verified. 

 

64. D — The 2,800 RPM peak exceeds both the rated speed (2,100) and the overspeed protection 

threshold (2,400). The engine experienced an overspeed event — possibly a runaway from a fuel system 

fault, turbocharger oil seal leak, or ingestion of flammable vapours. The overspeed protection may have 

activated but not before the peak was recorded by the data logger. 

 

65. B — The starter relay has welded contacts — the relay remains closed continuously. The starter 

engages whenever battery power reaches the starter circuit, regardless of the keyswitch position. At the 

RUN position, battery power is live and the welded relay passes it to the starter. The relay must be 

replaced to restore normal keyswitch-controlled starting. 

 

66. A — The solenoid draws 1.2A vs. the specified 1.0A at 60% duty cycle. Shorted turns in the coil 

reduce the inductance, allowing more current at the same duty cycle. The elevated current produces 

proportionally stronger magnetic force that over-shifts the pilot spool, producing more hydraulic 

function output than the ECM's 60% command should deliver. 

 

67. D — Brief low oil pressure readings occur during normal operation — aggressive cornering, steep 

grades, and sudden accelerations cause oil to slosh away from the pickup tube momentarily. The time 

delay prevents false alarms from these transient events that self-correct when the oil returns to the 

pickup. Without the delay, the system would generate nuisance warnings during normal operation. 

 



68. D — Over-boost increases the intake charge density beyond the combustion chamber's designed 

limit. The excess air combined with the normal fuel delivery produces peak cylinder pressures that can 

damage pistons, connecting rods, head gaskets, and head bolts. The over-boost protection reduces fuel 

delivery to limit the peak pressure within the engine's structural limits. 

 

69. A — Cold batteries require a higher charging voltage because the electrochemical reaction is less 

efficient at low temperatures — a higher voltage is needed to drive adequate charge acceptance. In hot 

weather, the reaction is more efficient, and a lower voltage prevents overcharge gassing and electrolyte 

loss. Temperature compensation optimizes charging for the actual battery temperature. 

 

70. C — The 10% tolerance accommodates normal pump output variations (pulsation, minor wear) and 

the 60-second window filters brief disruptions (air bubbles, pressure fluctuations) that self-correct. 

Without these tolerances, the system would generate false DTCs from normal mechanical variations that 

do not affect the DEF delivery's effectiveness. 

 

71. B — The deep excavation's steep walls block the GPS receiver's line of sight to some satellites. 

When fewer than 4 satellites are visible, the receiver cannot calculate a 3D position. The intermittent 

nature corresponds to the machine's position within the excavation and the satellites' orbital movement 

across the visible sky window. 

 

72. D — Coupling efficiency = turbine speed ÷ pump speed = 1,620 ÷ 1,800 = 90%. This means 90% of 

the engine's rotational speed is transmitted to the transmission, and 10% is lost as slip (converted to heat 

in the converter fluid). Higher efficiency indicates less energy wasted as heat and more efficient power 

transmission. 

 

73. C — The temperature rises normally for 30 minutes, then continues climbing despite constant 

workload. New clutch packs assembled with insufficient clearance drag slightly when disengaged. The 

continuous drag generates heat that accumulates after the initial warm-up period, producing the 

progressive temperature rise that a correctly clearanced clutch pack would not exhibit. 

 

74. A — The noise appears only under loaded conditions after a fresh oil fill. New oil contains dissolved 

air from the filling process. Under load, the pump's internal pressures pull the dissolved air out of 

solution, forming bubbles that collapse violently (cavitation). The chattering is the cavitation noise. 

Extended low-pressure operation typically purges the dissolved air. 

 



75. B — A coast-only noise with a correct drive pattern points to the coast contact pattern. The drive 

pattern is centered and correct, but the coast pattern is concentrated on the heel. The heel-heavy coast 

contact produces the noise during deceleration because the load transfers to the incorrect tooth zone 

during the coast loading direction. 

 

76. A — Without lockup, the converter operates in fluid coupling mode at all speeds, wasting 5–10% of 

engine power as heat (increased fuel consumption). During deceleration, the unlocked converter cannot 

transmit the drivetrain's deceleration force back to the engine for compression braking, reducing 

retardation capability and increasing service brake wear. 

 

77. D — Before replacing the driveshaft, verify the U-joint operating angles and phasing. U-joints at 

each end must be at equal and opposite angles to cancel each joint's inherent speed variation. If angles 

are unequal or phasing is incorrect (from a rotated yoke during a previous repair), the uncancelled 

variation produces vibration that appears driveshaft-originated but is caused by installation geometry. 

 

78. B — Brake discs and separator plates are within specification, eliminating them as the pulsation 

source. Wheel hub runout causes the entire brake assembly to wobble during rotation. The wobble 

creates a thickness variation at the piston contact point that the piston follows during each revolution, 

producing the pulsation at a frequency proportional to wheel speed. 

 

79. C — The oil change immediately preceded the shudder onset, isolating the cause to the oil. The 

replacement oil may lack the correct friction modifier or use an incompatible modifier specification. The 

modifier controls the lockup clutch's engagement characteristics — the wrong modifier produces the 

grab-slip cycle felt as shudder during each lockup event. 

 

80. D — The right final drive shows 7× higher iron and 9× higher copper than the healthy left side. The 

magnitude of the increase relative to the healthy reference confirms active component failure — iron 

from gear tooth wear and copper from bearing wear. The components are failing and generating the 

noise, requiring immediate investigation before catastrophic failure. 

 

81. A — Excessive free play (35 mm vs. 15–25 mm) delays clutch disengagement. The operator must 

press the pedal further before the release bearing contacts the pressure plate fingers. The delayed 

disengagement means the clutch is not fully released when the operator attempts the shift, producing 

gear clash or grinding as the synchromesh cannot match speeds against the partially engaged clutch. 

 



82. C — The breakaway torque (150 N·m vs. 400–600 N·m specification) confirms the limited-slip 

clutch pack is worn. The friction discs lack sufficient material to generate the designed clamping force. 

The differential allows excessive slip between axle shafts under load, reducing traction in conditions 

where the limited-slip function is needed. 

 

83. B — Moving the machine slowly while holding the shift lever allows the transfer case gears to 

rotate, aligning the dog clutch teeth with the mating slots. The slow rotation lets the teeth find the gaps 

naturally rather than butting tooth-to-tooth while stationary. This is standard procedure for engaging 

dog-type clutches that lack synchronizers. 

 

84. B — The differential lock engaged during a turn produces wind-up torque between the locked axle 

shafts. The inner and outer wheels must travel different distances, but the locked differential forces 

equal rotation. The resulting torsional stress concentrates at the spline root (a stress riser) and exceeds 

the shaft's ultimate torsional strength, producing the twisting shear fracture. 

 

85. D — The 200 RPM post-shift flare during loaded uphill operation indicates the transmission's shift 

overlap timing is incorrect. The 2nd gear clutch releases before the 3rd gear clutch fully applies, creating 

a brief neutral condition. The engine accelerates during this unloaded moment before the 3rd gear clutch 

engages. The overlap timing must be adjusted. 

 

86. C — The hydrostatic pump's swashplate oscillates between zero and small positive displacement 

near the low end of its stroke. The compensator or control servo has a dead band that prevents it from 

holding a stable position at very low displacements. The oscillation produces the jerky motion at slow 

speeds, while higher displacements operate in the stable control range. 

 

87. C — The sun gear has shifted axially from a worn thrust washer or missing spacer, positioning it off-

centre in the planetary set. Only the upper portion of the teeth contacts the planet gears, producing the 

distinctive half-tooth wear band. The lower half retains its original machining marks because it never 

contacts the planet gear teeth. 

 

88. B — The stall speed (1,900 RPM) is 200 RPM below specification with verified rated engine power. 

The rebuilt converter's turbine produces more resistance to the pump than designed, loading the engine 

more heavily and preventing it from reaching the designed stall speed. This over-performance typically 

results from a converter with a higher stall torque ratio than the original specification. 

 

 



89. A — High low-side and low high-side pressures together confirm the compressor has lost pumping 

efficiency from internal wear. The worn compressor cannot pull the low-side pressure down (high low-

side) and cannot push the high-side pressure up (low high-side). Internal leakage allows high-pressure 

refrigerant to bypass back to the low side through worn valves, pistons, or gaskets. 

 

90. C — The replacement heater core may have trapped an air pocket that partially blocks coolant flow. 

At high blower speed, the increased airflow extracts enough heat from the reduced coolant flow to 

produce adequate heating. At low blower speed, the reduced air volume cannot overcome the air 

pocket's effect on coolant flow, producing noticeably less heat output. 

 

91. D — R-134a operates at higher condensing pressures than R-12 for the same heat rejection. The 

existing condenser (designed for R-12's lower heat load) may lack adequate capacity to condense R-

134a at low airflow (idle). At highway speeds, increased airflow compensates for the undersized 

condenser, masking the capacity deficit. 

 

92. A — The cabin filter loaded rapidly with dust during 4 hours in the extremely dusty environment. 

The increased restriction reduced the blower's airflow into the cab below the minimum needed to 

maintain 50 pascals. The reduced pressurization allows dust to infiltrate through cab gaps that the 

positive pressure normally holds sealed. 

 

93. B — Standard DEF (32.5% urea solution) has a eutectic freezing point of approximately −11°C. At 

−15°C ambient with a failed tank heater, the DEF freezes solid. The 32.5% concentration is chosen 

specifically because it produces the lowest possible freezing point for any urea-water mixture. 

 

94. D — The decomposition reactor provides the residence time, mixing, and temperature needed for 

injected DEF to decompose from urea solution into ammonia gas through thermolysis and hydrolysis. 

Without adequate decomposition, liquid urea reaches the SCR catalyst and forms crystalline deposits 

that block the catalyst channels, reducing conversion efficiency. 

 

95. C — Charging by weight is more accurate because the OEM specifies a fixed charge mass for the 

system's volume and components. Gauge pressures vary with ambient temperature, condenser airflow, 

and compressor speed, making them unreliable for determining exact charge. A system showing correct 

pressures at one condition may be over- or undercharged at another. 

 

96. A — Recirculation mode is efficient for initial cool-down (cooling progressively cooler interior air) 

and protects against external contaminants (dust, diesel exhaust). However, prolonged recirculation 



reduces oxygen and increases CO₂. The operator should periodically switch to fresh air mode to 

maintain air quality inside the cab. 

 

97. B — The petroleum-based compressor oil attacks and softens the rubber diaphragms, O-rings, and 

seals in the brake valves, relay valves, and chambers. The swollen, softened components develop leaks, 

produce sluggish valve response, and may fail completely. This progressive degradation compromises 

the brake system's reliability over time. 

 

98. D — Theoretical flow = displacement × speed ÷ 1,000 = (125 × 1,800) ÷ 1,000 = 225 L/min. This is 

the maximum theoretical output at full displacement and rated RPM. The actual output is reduced by the 

pump's volumetric efficiency (typically 90–95% for a new pump), producing approximately 200–215 

L/min of actual delivered flow. 

 

99. C — A gauge that has not been calibrated in 3 years may have drifted. If it reads 200 bar but the 

actual pressure is 180 bar, the technician misses a low-pressure fault. If it reads 200 bar but the actual is 

220 bar, the technician misses an overpressure condition. All diagnostic decisions based on the 

uncalibrated gauge are unreliable. 

 

100. B — Using Boyle's Law (P₁V₁ = P₂V₂): nitrogen at 150 bar occupies 20 litres. At 300 bar, the 

nitrogen volume = (150 × 20) ÷ 300 = 10 litres. The remaining volume = 20 − 10 = 10 litres available 

for oil storage. This calculation assumes isothermal conditions. 

 

101. B — LS differential = pump pressure − LS signal = 250 − 225 = 25 bar. The specification is 20 ± 2 

bar (18–22 bar). The 25-bar differential is 5 bar above specification, meaning the pump maintains 5 bar 

more pressure above the load than designed. The excess is wasted as heat across the DCV metering 

edges. The compensator should be adjusted to 20 bar. 

 

102. D — The engine produces rated power but the loop pressure reaches only 400 of the 420 bar 

maximum. The engine's torque limit is reached at 400 bar — the pump compensator reduces 

displacement to prevent stalling. The 400 bar represents the engine's power limit at the current RPM. 

The cross-port relief at 420 bar would be reached only with more engine power available. 

 

103. C — Extend force = 0.1 × 200 × (π/4 × 150²) = 20 × 17,671 = 353,429 N ≈ 353 kN. Annular area = 

17,671 − 7,854 = 9,817 mm². Differential area ratio = bore area ÷ annular area = 17,671 ÷ 9,817 = 1.8:1. 

This ratio means extend force is 1.8× retract force, and retract speed is 1.8× extend speed for the same 

flow. 



104. B — Scheduled replacement ensures the filter is changed before reaching its contamination 

capacity. The indicator only triggers at the bypass threshold (70–80% loaded), meaning the element is 

already heavily contaminated when it activates. Scheduled replacement maintains higher cleanliness 

throughout the interval, providing better contamination control than indicator-based replacement. 

 

105. D — The sudden pressure drop and excessive flow from the rupture creates a differential across the 

valve's internal sensing orifice that exceeds the designed threshold. The valve closes automatically, 

isolating the towing machine's air supply. This mechanical protection operates without electronic 

sensors or electrical power — pure pneumatic sensing. 

 

106. A — A once-per-revolution knock indicates a single event per shaft rotation. One piston's broken 

shoe retainer allows that shoe to lift off the swashplate at the high-pressure crossover point on each 

revolution, producing a single knock. The other pistons' intact retainers keep their shoes seated, so only 

the defective cylinder produces the noise. 

 

107. C — The flow control valve's metering orifice has partially clogged with contamination. The 

reduced orifice area restricts flow below the 40 L/min set point. The compensator maintains a constant 

pressure drop across the reduced orifice, but the flow is limited by the smaller effective opening. 

Cleaning the orifice restores the correct flow. 

 

108. B — The governor cycles every 8 seconds at idle with no brake applications — the system is 

consuming air between cut-out and cut-in within 8 seconds without any intentional use. A significant 

leak is consuming the air. The leak must be located and repaired before the machine operates to ensure 

adequate braking reserves. 

 

109. D — Oxygen contamination in impure nitrogen creates an explosive mixture inside the 

accumulator. At 90+ bar compression with residual oxygen contacting petroleum-based hydraulic oil, 

the oxygen-oil combination can produce a diesel-effect combustion that explodes the accumulator. Pure 

nitrogen (99.5% minimum) is inert and cannot support combustion. 

 

110. C — The boom and bucket functions operated independently before the DCV replacement. The 

simultaneous operation after replacement indicates the hydraulic hoses have been connected to the 

wrong work ports — the supply and return hoses for the boom and bucket circuits are crossed, causing 

both functions to activate when either is commanded. 

 



111. A — The stuck priority spool in the full-steering position directs all pump flow to the steering 

circuit regardless of steering demand. The implement circuit receives no flow and all implement 

functions are inoperative. The steering operates normally because it receives the pump's entire output. 

 

112. B — A cylinder 50 mm longer than the original changes the implement's maximum extension. At 

full stroke, the longer cylinder may cause the implement to interfere with the frame, body, or other 

components, and may exceed the structural design limits of the linkage at the modified geometry. The 

replacement must match the original stroke specification. 

 

113. D — The overheated compressor's discharge air exceeds the air dryer's maximum rated inlet 

temperature. The excessive heat degrades the desiccant's moisture-absorbing capacity, reducing the 

dryer's effectiveness. The downstream brake system receives more moisture than designed, accelerating 

corrosion and freeze risk. 

 

114. C — The 3 L/min case drain during compensation represents the pump's internal leakage at the 

compensated pressure. Even at zero displacement, the pump's clearances (valve plate, piston-bore, 

swashplate shoe) allow high-pressure oil to bypass to the case. This is normal — the volume should be 

compared to the OEM specification to confirm acceptability. 

 

115. A — Diesel fuel reduces hydraulic oil viscosity. The thinned oil cannot maintain adequate 

lubrication films and leaks more readily through component clearances. The system must be drained, 

flushed, and refilled. Seals must be inspected because diesel fuel attacks certain seal compounds, 

producing swelling and degradation. 

 

116. D — The pump runs dry without suction flow. The internal components generate heat from metal-

to-metal contact without an oil film, and the pump can be destroyed within seconds. The technician must 

always verify the suction valve is open before starting the engine after any suction-side service. 

 

117. B — The pilot ratio of 3:1 means the valve requires pilot pressure equal to the load pressure 

divided by the pilot ratio to begin opening: 180 ÷ 3 = 60 bar minimum. At 60 bar pilot, the 

counterbalance valve begins to open. Full opening requires additional pressure above this minimum to 

completely shift the spool. 

 

118. C — The alligator-skin cracking pattern on the inner tube is characteristic of heat damage. 

Excessive temperature hardens the rubber, causing it to lose flexibility and develop the network of 



thermal cracks. Once cracked, the reinforcement is exposed to hydraulic fluid and fails under pressure. 

The hose was exposed to temperatures above its maximum rating. 

 

119. A — When pilot pressure is lost (engine stall), all DCV spools return to neutral through their 

centering springs. The implements stop moving and hold position (if load-holding valves are present). 

This fail-safe design defaults all functions to the stopped condition rather than allowing uncontrolled 

implement movement during an engine failure. 

 

120. D — As the accumulator discharges across 4 applications, the supply pressure decreases 

progressively. The brake master cylinder piston must travel further with each application to develop 

adequate apply pressure at the lower supply pressure. The increasing pedal travel is the normal 

consequence of the decreasing accumulator pressure. 

 

121. A — The compensator spool has worn on the Circuit B side, allowing flow to cross from B to A 

through the increased clearance. The lower-resistance path through the worn spool shifts the actual split 

from 60/40 to 65/35, starving Circuit B (swing) and overfeeding Circuit A (boom). 

 

122. C — With all spools centred and LS signal at 0 bar, the pump maintains standby pressure at the LS 

differential above the signal. The expected standby = 0 + 20 = 20 bar. The measured 25 bar is within the 

typical ± 5 bar tolerance for a load-sensing pump's standby, accounting for the compensator spring force 

and internal flow requirements. 

 

123. A — The OEM's service life is based on the boom's designed fatigue life. Continuing beyond 

requires comprehensive NDE to verify no fatigue indications exist, plus a structural engineering 

assessment to determine a safe extension interval with increased inspection frequency. Visual inspection 

alone is insufficient — fatigue cracks can initiate internally and remain invisible until reaching critical 

size. 

 

124. D — The retractor's tilt-sensitive locking mechanism has failed. During a rollover, the retractor 

cannot detect the machine's angular displacement and cannot lock the belt. The operator may be ejected 

from the seat despite wearing the belt because it feeds freely through the unlocked retractor during the 

rollover event. The retractor must be replaced. 

 

125. C — The wear indicator groove's visibility at the pin surface confirms the pin has worn to the 

OEM's predetermined replacement point. Continuing to operate with a worn lock pin reduces the 



coupler's retention force and increases the risk of attachment disengagement under the dynamic loading 

of normal operation. The pin must be replaced. 

 

126. B — The camera's video signal cable produces EMI that couples into the adjacent CAN bus wiring. 

The video signal's frequency overlaps with the CAN bus data, and the close proximity allows induction 

of noise that corrupts the CAN data. Rerouting the camera cable away from the CAN bus wiring or 

adding shielding resolves the interference. 

 

127. A — MPI verifies surface and near-surface integrity (approximately 3–6 mm depth) and confirms 

no surface-breaking cracks, porosity, or inclusions. However, MPI cannot detect deep subsurface flaws 

in thick welds. For critical structural joints on thick sections, ultrasonic testing may also be required to 

verify full-depth integrity, depending on the OEM's NDE requirements. 

 

128. D — The sidewall is at 60% — below the 70% minimum. The thinned plate may not withstand full 

digging forces without buckling or cracking. The bucket should be removed from service for sidewall 

plate replacement by a qualified fabricator per the OEM's procedure, or retired if repair is not 

economically justified. 

 

129. B — The broken return spring means the pedal does not return to neutral when the operator 

removes their foot. The travel function remains active, and the machine continues to drive or steer 

without the operator's input. During dismounting, emergency response, or attention to another control, 

the unintended continued travel creates collision, struck-by, and run-over hazards. 

 

130. C — Slotting the mounting plate bolt holes reduces the structural cross-section and changes the 

stress distribution. The modification may weaken the plate below its designed capacity, risking failure 

under dynamic loading. The attachment must match the existing bolt pattern, or a qualified engineer 

must approve the modification with a structural analysis. 

 

131. A — The 50 mm dent represents permanent deformation that consumed a portion of the FOPS's 

designed energy absorption capacity. The remaining capacity to withstand another impact is unknown 

without engineering assessment. The FOPS must be evaluated by the OEM or a structural engineer to 

determine if replacement is required to restore the designed protection level. 

 

132. D — Without BMS intervention, the higher-voltage cells continue absorbing charge past their 

maximum safe voltage (typically 4.2V). Overcharging produces internal heat, electrolyte decomposition, 



gas generation, and potential thermal runaway. The BMS stops charging to protect the highest cells from 

exceeding their voltage limit, even though the lowest cell has not reached full charge. 

 

133. B — In a parallel hybrid, both the diesel engine and electric motor drive a common drivetrain 

simultaneously. When power demand exceeds the diesel engine's maximum, the electric motor 

supplements by providing the additional power. This "power boost" allows the machine to exceed the 

diesel engine's peak output for short periods, providing performance equivalent to a larger diesel engine. 

 

134. C — A resolver or encoder mounted on the motor shaft continuously reports the rotor's precise 

angular position to the controller. The PMSM controller must know the exact rotor position to calculate 

the correct timing and sequence of stator winding energization, producing the rotating magnetic field 

that drives the permanent magnet rotor synchronously. 

 

135. A — Battery-electric machines produce zero exhaust emissions at the point of use. The mine's 

ventilation system was sized to dilute diesel exhaust from underground headings. With electric 

machines, the ventilation demand decreases significantly because the primary contaminant is eliminated. 

The reduced ventilation requirement lowers energy costs and may enable mining in areas where existing 

ventilation could not support diesel equipment. 

 

 


