
PRACTICE EXAM 3: RED SEAL 421A 

SIMULATION (135 QUESTIONS) 

1. A heavy equipment shop receives a shipment of compressed oxygen cylinders for oxyfuel cutting 

operations. Which storage requirement applies specifically to oxygen cylinders in relation to fuel gas 

cylinders such as acetylene? 

 

A. Both gases may be stored together in the same rack provided the cylinders are secured upright with 

chains at all times 

B. Oxygen cylinders must be stored in a separate building from all other compressed gases to prevent 

any crosscontamination 

C. Oxygen cylinders require a ventilated outdoor enclosure while fuel gas cylinders may be stored inside 

the shop without restriction 

D. Oxygen cylinders must be stored a minimum of 6 metres (20 feet) from fuel gas cylinders or 

separated by a fireresistant barrier 

 

 

 

2. A technician has been performing repetitive overhead work replacing hoses on the underside of an 

elevated boom for several hours. The technician reports shoulder pain and numbness in the hands. 

Which hazard category does this scenario represent? 

 

A. Ergonomic hazard — the sustained awkward overhead posture and repetitive motion are causing 

musculoskeletal strain and nerve compression 

B. Physical hazard — the elevated work position creates a risk of falling objects and impact injury 

requiring fall protection equipment 

C. Chemical hazard — the hydraulic fluid residue dripping from the hoses during removal is causing a 

skin sensitization reaction 



D. Biological hazard — bacteria in the stagnant hydraulic fluid have contacted the technician's exposed 

skin through the overhead work 

 

 

 

3. A technician needs to clean battery acid residue from a machine's battery compartment. The acid has 

corroded several cable terminals and tray surfaces. Which PPE combination is specifically required for 

this task? 

 

A. Standard leather work gloves, safety glasses, and a disposable dust mask for protection against dried 

acid powder 

B. Standard nitrile shop gloves, safety glasses, and steeltoed boots — the same PPE used for routine 

shop maintenance 

C. Chemical splash goggles or face shield, acidresistant gloves, and a chemicalresistant apron to protect 

against sulfuric acid 

D. Welding gloves, a fullface respirator with acid gas cartridges, and a rubber apron rated for 

concentrated acid immersion 

 

 

 

4. A technician is investigating an unfamiliar chemical product found in the shop without a label. The 

product is in a translucent container and appears to be a clear liquid with a strong solvent odour. Before 

handling or moving the container, which SDS section would identify the physical properties that help 

determine the product's identity and immediate hazard risk? 

 

A. Section 11 — Toxicological Information would identify the product based on its acute and chronic 

health effects when inhaled 

B. Section 9 — Physical and Chemical Properties lists appearance, odour, flash point, boiling point, and 

pH that assist identification 



C. Section 3 — Composition/Information on Ingredients lists the chemical names and concentrations 

present in the product 

D. Section 15 — Regulatory Information identifies all applicable regulations that determine how the 

product must be managed 

 

 

 

5. During a LOTO procedure, a technician has isolated all energy sources, applied personal lockout 

devices, and released stored energy. What is the mandatory final step before beginning maintenance 

work on the machine? 

 

A. Attempt to start the machine and operate all controls to verify that the equipment cannot be energized 

— the zeroenergy state must be confirmed 

B. Notify the site supervisor that the lockout is complete and request written authorization to proceed 

with the maintenance task 

C. Review the machine's service manual to confirm no additional energy sources exist beyond those 

identified in the initial assessment 

D. Post a warning sign on the machine's operator door indicating the machine is under lockout and must 

not be operated by anyone 

 

 

 

6. A technician notices that a previous repair has added a steel bracket welded directly to the FOPS 

overhead guard of a compact track loader. The bracket is being used to mount an LED light bar. What 

concern does this modification present? 

 

A. The additional weight of the bracket and light bar may exceed the FOPS structural capacity and cause 

collapse during a falling object event 



B. The welding process has introduced heat that tempers the surrounding FOPS steel, reducing its 

hardness below the certification requirement 

C. The light bar creates a visual obstruction that reduces the operator's upward visibility through the 

FOPS guard panel openings 

D. Any welding, drilling, or modification to a certified FOPS structure voids its certification — the 

bracket must be removed and the guard assessed 

 

 

 

7. A small Class B fire (flammable liquid) ignites in a partswashing tank during shop operations. Which 

fire extinguisher type is appropriate for this fire classification? 

 

A. A waterbased extinguisher rated for Class A fires, which cools the fuel below ignition temperature 

through direct water application 

B. A dry chemical (ABC) or CO₂ extinguisher rated for Class B fires, which smothers the flammable 

liquid fire by displacing oxygen 

C. A Class D metal fire extinguisher, which uses a smothering powder designed to absorb heat from 

burning metal fuel sources 

D. A water mist extinguisher rated for Class C fires, which removes heat without conducting electricity 

back to the operator 

 

 

 

8. Compressed gas cylinders used in a heavy equipment shop must be stored in specific positions and 

conditions. What is the correct storage orientation and restraint for a standard compressed gas cylinder? 

 

A. Stored horizontally on a rack with the valve end slightly elevated and the cylinder base resting in a 

cradle to prevent rolling 



B. Stored on its side with the valve cap removed and replaced with a regulator to prevent valve damage 

during handling 

C. Stored upright with the valve protection cap installed and the cylinder secured to a wall, rack, or post 

with a chain or strap 

D. Stored at a 45degree angle leaning against a wall with the valve end facing upward to allow pressure 

equalization in the cylinder 

 

 

 

9. A technician witnesses a coworker receive an electric shock from a 120volt shop outlet while using a 

defective power tool. The coworker is conscious, alert, and has released contact with the source. What is 

the correct first response? 

 

A. Ensure the power source is disconnected or deenergized, assess the coworker for burns or cardiac 

symptoms, and seek medical evaluation even if the person appears uninjured 

B. Have the coworker sit down and rest for 15 minutes — if no symptoms develop during this 

observation period, the person may return to work 

C. Administer CPR immediately regardless of the coworker's apparent condition because electrical 

shock can cause delayed cardiac arrest 

D. Apply cold water to any visible burn marks and have the coworker resume work once the burns are 

treated and the defective tool is removed 

 

 

 

10. A technician is preparing to enter a large hydraulic reservoir that has been drained for internal 

inspection. Before entry, atmospheric testing must be performed. What three atmospheric conditions 

must be verified before any person enters the confined space? 

 



A. Carbon monoxide concentration, hydrogen sulfide concentration, and ambient air temperature inside 

the reservoir 

B. Nitrogen concentration, methane concentration, and barometric pressure inside the reservoir 

compared to the external environment 

C. Combustible gas concentration, oxygen concentration, and total dust particulate concentration 

measured at the entry point 

D. Oxygen concentration (19.5–23.5%), combustible gas level (below 10% LEL), and toxic gas 

concentration (below applicable exposure limits) 

 

 

11. A diesel engine compression test shows cylinders 1 through 5 reading between 410 and 430 PSI, 

while cylinder 6 reads 310 PSI. What is the most appropriate next diagnostic step to identify the source 

of the low compression on cylinder 6? 

 

A. Remove the cylinder head over cylinder 6 and visually inspect the valves, seats, and head gasket for 

visible damage or wear 

B. Perform a cylinder leakdown test on cylinder 6 to determine whether the leakage path is past the 

rings, intake valve, exhaust valve, or head gasket 

C. Inject a small quantity of engine oil into cylinder 6 through the injector port and repeat the 

compression test to evaluate ring sealing 

D. Replace the piston rings on cylinder 6 based on the compression reading alone, as ring wear is the 

most common cause of low compression 

 

 

 

12. The crankshaft and camshaft of a fourstroke diesel engine must maintain a precise timing 

relationship. In a geardriven timing train, how many revolutions does the crankshaft complete for each 

single revolution of the camshaft? 

 



A. One revolution — the crankshaft and camshaft rotate at identical speed in a fourstroke diesel engine 

timing configuration 

B. Four revolutions — the crankshaft must complete one full revolution for each individual stroke in the 

fourstroke operating cycle 

C. Two revolutions — the crankshaft turns twice for every single camshaft revolution to complete all 

four strokes of the operating cycle 

D. Three revolutions — the additional rotation accounts for the overlap period between exhaust and 

intake valve timing events 

 

 

 

13. Modern heavy equipment diesel engines use piston cooling jets that spray engine oil onto the 

underside of the piston crown during operation. What is the primary purpose of these jets? 

 

A. They remove heat from the piston crown — the hottest component in the combustion chamber — by 

circulating oil that absorbs heat and carries it to the oil cooler 

B. They lubricate the piston pin bore and connecting rod smallend bushing by directing oil to the pin 

area through the piston interior passage 

C. They clean carbon deposits from the piston ring grooves by impacting the ring pack area with a 

highvelocity oil stream during each revolution 

D. They maintain a controlled oil film on the cylinder wall above the top ring by splashing oil upward 

from the piston underside during operation 

 

 

 

14. A technician is comparing a gerotortype oil pump with an external geartype oil pump for a 

replacement application. Which statement correctly describes a characteristic difference between these 

two designs? 

 



A. Gerotor pumps produce higher maximum pressure than external gear pumps, making them suitable 

for main system pressure generation 

B. External gear pumps produce lower pulsation than gerotor pumps, which is why they are preferred for 

pilot pressure supply circuits 

C. Both pump designs produce identical performance characteristics and differ only in physical 

mounting configuration and cost 

D. Gerotor pumps produce smoother, lowerpulsation flow than external gear pumps due to the 

continuous meshing profile of the inner and outer rotors 

 

 

 

15. A technician is performing a fuel system service and discovers that the primary fuel filter water 

separator has not been drained for the entire previous service interval. What risk does accumulated water 

in the fuel system present to a common rail diesel engine? 

 

A. Water in the fuel reduces the combustion temperature below the diesel autoignition threshold, 

causing hard starting and misfiring 

B. Water causes accelerated wear of the precision internal components of common rail injectors, whose 

clearances are measured in singledigit micrometres 

C. Water reacts chemically with diesel fuel to form a gellike compound that blocks the fuel return lines 

and prevents injector backleak flow 

D. Water increases fuel viscosity beyond the range the highpressure pump can deliver, causing 

cavitation at the pump inlet port 

 

 

 

16. A technician needs to add Diesel Exhaust Fluid (DEF) to a machine's SCR system during a 

coldweather service call. The ambient temperature is −15°C. What property of DEF must the technician 

consider in this situation 



A. DEF becomes chemically inactive below −5°C and must be preheated to above freezing before it can 

be added to the tank 

B. DEF viscosity increases dramatically below 0°C, requiring a pressureassisted filling device to transfer 

the fluid into the tank 

C. DEF freezes at approximately −11°C — the tank and supply lines must have functional heating to 

thaw frozen DEF before the SCR system can operate 

D. DEF concentration changes permanently when frozen and thawed, requiring the entire tank to be 

drained and refilled with fresh fluid after any freeze event 

 

 

 

17. A technician is informed that a DPF on a mining excavator has been sent for professional ash 

cleaning service. The DPF was returned after the ash service, but the engine's soot loading model 

continues to show a higher baseline restriction than expected for a clean filter. What is the difference 

between ash and soot in a DPF? 

 

A. Soot is combustible carbon that can be burned off through regeneration, while ash is noncombustible 

mineral residue from engine oil additives that accumulates permanently and can only be removed by 

professional cleaning 

B. Ash is a soft accumulation of unburned fuel residue that washes out during normal exhaust 

condensate drainage without requiring any service intervention 

C. Soot and ash are the same material at different stages of accumulation — ash is fully oxidized soot 

that has completed the regeneration process 

D. Ash is produced by the DOC catalyst deterioration and accumulates only on the DOC face, not inside 

the DPF channels or wallflow passages 

 

 

18. A turbocharger is suspected of bearing wear. The technician removes the intake ducting at the 

compressor inlet to access the compressor wheel. What physical measurement should be performed to 

assess bearing condition without removing the turbocharger? 



A. Measure the compressor wheel tip clearance to the compressor housing bore using a feeler gauge 

inserted between the blade tip and the housing 

B. Measure the compressor outlet air temperature and compare to the inlet temperature — an excessive 

differential indicates bearing friction heat 

C. Inspect the compressor wheel blades for discoloration or heat marks that indicate the bearing has 

overheated from oil starvation 

D. Insert a dial indicator probe through the compressor inlet to contact the shaft and measure both radial 

(sidetoside) and axial (inandout) shaft play 

 

 

 

19. Some heavy equipment diesel engines are equipped with a compression release engine brake 

(commonly referred to as a "Jake brake"). How does this braking system retard the machine's speed? 

 

A. It applies hydraulic resistance to the engine crankshaft through a fluid coupling that absorbs kinetic 

energy and converts it to heat 

B. It opens the exhaust valves near TDC on the compression stroke, releasing the compressed air energy 

that would normally return to the piston as rebound force 

C. It closes the intake valves during the intake stroke, creating a vacuum in the cylinders that resists 

crankshaft rotation through pumping losses 

D. It injects a small quantity of fuel at TDC during the exhaust stroke, creating a retarding combustion 

event that opposes crankshaft rotation 

 

 

 

20. A cooling system pressure cap on a heavy equipment engine is rated at 103 kPa (15 PSI). What 

function does the pressurized cap serve in the cooling system beyond simply sealing the system? 

 



A. The pressurized cap ensures the water pump maintains its rated flow by providing positive 

backpressure on the pump discharge side 

B. The cap limits the maximum coolant temperature to a specific value by opening and venting steam 

once the temperature exceeds the rated limit 

C. The pressurized cap raises the coolant's boiling point above its atmospheric value — each unit of 

pressure increases the boiling point, preventing coolant from boiling at operating temperature 

D. The cap maintains constant pressure in the system to prevent coolant from vaporizing at the water 

pump inlet, which would cause pump cavitation 

 

 

 

21. During a cylinder head inspection, a technician observes that the fire ring area of the head gasket 

shows evidence of combustion gas erosion between cylinders 3 and 4. Both cylinders have low 

compression. What term describes this specific type of head gasket failure? 

 

A. External gasket breach — the gasket has failed at the outer edge allowing coolant to leak externally 

onto the block deck surface 

B. Coolanttooil crossover — the gasket has failed at the oil gallery passage allowing coolant and oil to 

contaminate each other 

C. Gasket blowthrough — combustion pressure from one cylinder has eroded a path through the fire 

ring to an adjacent cylinder passage 

D. Intercylinder gasket breach — the fire ring between adjacent cylinders has failed, allowing 

combustion pressure to transfer between bores 

 

 

 

22. A fleet maintenance manager reviews oil analysis trending data for an engine over five consecutive 

samples. The iron content has increased from 15 ppm to 18 ppm to 22 ppm to 28 ppm to 41 ppm over 

equal sampling intervals. What does this trend pattern indicate? 



A. The wear rate is accelerating — each interval shows a larger increase than the previous one, 

indicating a developing failure that requires investigation before the next interval 

B. The iron levels are within the normal range for a heavy equipment diesel engine and no action is 

required until the value exceeds 100 ppm 

C. The increasing trend is caused by the oil change interval being too long, and reducing the interval will 

stabilize the iron concentration 

D. The iron readings are unreliable because the sample bottles were likely contaminated during 

collection and the trend is an artifact 

 

 

 

23. A technician observes that the charge air cooler (CAC) on a turbocharged engine has a visible 

accumulation of engine oil in the intake manifold downstream of the cooler. The turbocharger is not 

leaking externally. What is the most likely source of this oil? 

 

A. Engine oil is being drawn backward through the intake valves during the valve overlap period when 

both intake and exhaust valves are open 

B. A small amount of oil passing the turbocharger compressor seal is normal — the oil is carried 

through the CAC and accumulates in the intake manifold over time 

C. The crankcase ventilation system is routing blowby gases containing oil mist through the intake 

system, where the oil condenses in the cooler 

D. The EGR cooler has an internal failure that is leaking oil from the cooling circuit into the exhaust 

stream, which is then recirculated to the intake 

 

 

 

24. A torsional vibration damper (harmonic balancer) is mounted on the front of the crankshaft on all 

multicylinder diesel engines. What is the primary function of this component? 

 



A. It absorbs the energy of individual cylinder firing pulses to prevent the crankshaft from experiencing 

torsional oscillation that could fracture it 

B. It balances the rotating mass of the crankshaft counterweights to prevent radial vibration from being 

transmitted through the engine mounts 

C. It reduces the torsional vibration energy produced by the crankshaft's natural resonant frequency, 

preventing fatigue cracking of the crankshaft 

D. It smooths the engine power output pulses to reduce driveline shock and improve torque converter 

efficiency at idle and lowspeed operation 

 

 

 

25. A technician is performing an injector return flow (backleak) test on a sixcylinder common rail 

diesel engine. With the engine at idle, the return flow from injector number 3 fills the test container at 

twice the rate of the other five injectors. What does this indicate? 

 

A. Injector 3 is clogged at the nozzle tip, causing all fuel delivered to the injector to bypass through the 

return circuit rather than entering the cylinder 

B. The highpressure fuel pump is delivering excessive fuel volume to injector 3's supply port compared 

to the other five cylinders 

C. The fuel rail pressure sensor is misreading the pressure at the section of rail serving injector 3, 

causing the ECM to overfuel that cylinder 

D. Injector 3 has excessive internal clearance at the control valve, allowing highpressure fuel to leak 

through the return path instead of being injected into the cylinder 

 

 

 

26. A technician diagnoses a failed EGR cooler that is leaking coolant into the intake manifold. Beyond 

white smoke and coolant consumption, what severe secondary damage can occur if the machine 

continues to operate with this condition? 



A. Accumulated liquid coolant in the intake manifold can be drawn into a cylinder in sufficient volume 

to cause hydrolock — a catastrophic event where the incompressible liquid prevents piston travel and 

destroys the connecting rod or crankshaft 

B. The leaked coolant dilutes the engine oil to the point where the oil pump loses prime and cannot 

maintain oil pressure during normal operation 

C. The coolant vapour corrodes the turbocharger compressor wheel blades, causing imbalance and 

eventual turbocharger destruction within hours 

D. The coolant reacts with the diesel fuel at combustion temperature to produce a corrosive acid 

compound that attacks the cylinder liner surfaces 

 

 

 

27. A modern diesel engine's electronic governor controls engine speed by modulating fuel delivery 

based on the operator's throttle input and the actual engine RPM feedback from the crankshaft position 

sensor. What happens to fuel delivery when the engine is loaded and RPM drops below the operator's 

commanded speed? 

 

A. The governor reduces fuel delivery to prevent overfuelling and protect the engine from damage 

caused by excessive cylinder pressure at high load 

B. The governor maintains a constant fuel delivery regardless of RPM changes — fuel quantity is fixed 

by the throttle position and does not vary with load 

C. The governor increases fuel delivery to increase engine torque output and restore RPM toward the 

operator's commanded speed setting 

D. The governor switches to a fixed idle fuel delivery mode until the operator manually increases the 

throttle position to match the load demand 

 

 

 

28. A technician is troubleshooting an overheating complaint on a diesel engine. The thermostat, coolant 

level, radiator, and fan system have all been verified correct. The technician notices the upper radiator 



hose is extremely hot and firm while the lower radiator hose is only warm. What does this observation 

suggest? 

 

A. The radiator is functioning correctly — the temperature difference between upper and lower hoses is 

the normal heat rejection differential 

B. The water pump is not circulating coolant adequately — hot coolant is entering the radiator top but 

not being pulled through and returned 

C. The thermostat is opening too early, sending coolant to the radiator before it has reached the correct 

engine operating temperature 

D. The radiator is internally restricted — hot coolant enters the top but cannot flow through the blocked 

tubes to reach the lower outlet 

 

 

 

29. An engine block heater is installed on a heavy equipment diesel engine operating in northern Canada 

where winter temperatures regularly reach −30°C. What does the block heater accomplish that directly 

improves coldstarting reliability? 

 

A. It preheats the engine intake air charge by warming the air filter housing, increasing the temperature 

of air entering the cylinders 

B. It heats the engine coolant and block casting, which warms the cylinder walls and reduces the 

compression heat loss that makes cold diesel ignition difficult 

C. It charges the engine batteries at a trickle rate overnight, ensuring maximum CCA is available for the 

coldstart cranking attempt 

D. It heats the engine oil in the sump, reducing oil viscosity so the starter motor can crank the engine at 

a higher RPM during the start attempt 

 

 



30. A diesel engine that has been running with overadvanced injection timing will exhibit which 

combination of symptoms? 

 

A. Increased combustion noise (knock), elevated peak cylinder pressures, potential mechanical damage 

to pistons and bearings, and higher NOx emissions 

B. Reduced combustion noise, smoother idle quality, lower exhaust temperature, and reduced fuel 

consumption across all operating conditions 

C. Excessive black smoke at all loads, reduced power output, elevated exhaust temperature, and 

increased particulate emissions from late combustion 

D. No observable change in engine performance — modern electronic fuel systems automatically 

compensate for timing variation within the ECM calibration 

 

 

 

31. An excavator operator reports that the machine slowly rotates to the right when the swing control is 

in neutral on a slight grade. There are no active fault codes and the swing motor and valve are recently 

serviced. What is the most likely cause? 

 

A. The swing motor has an internal bypass that allows fluid to pass from one port to the other under the 

gravitational load of the upper structure 

B. The swing parking brake has been inadvertently left engaged, creating a friction point that pulls the 

upper structure toward one side during idling 

C. The swing directional control valve spool is not returning fully to centre — a slight offset allows pilot 

pressure to command a slow rotation 

D. The swing gear ring bolts have loosened, allowing the upper structure to drift on the turntable bearing 

under the gradeinduced gravitational load 

 

 

 



32. A large wheel loader equipped with SAHR brakes requires towing after a complete engine failure. 

The technician does not have a portable hand pump available. The service manual identifies an 

alternative method for releasing the spring brakes. What is this typical alternative method? 

 

A. Remove the Belleville spring pack from the brake housing by unbolting the spring retainer plate 

while the brake is in the applied position 

B. Connect a shop air supply through a dedicated fitting on the brake housing to apply pneumatic 

pressure against the spring, compressing it and releasing the brake 

C. Install a mechanical jack between the brake housing and the machine frame to physically compress 

the spring and hold the brake in the released position 

D. Drain the brake housing oil to reduce resistance, then manually rotate each wheel until the brake 

discs separate from the friction surfaces 

 

 

 

33. A crawler dozer has experienced a track derailment — the track has come off the undercarriage on 

one side. Before reinstalling the track, what condition should be investigated to determine the root cause 

and prevent recurrence? 

 

A. Inspect the drive sprocket teeth for excessive wear that may have caused the chain to skip over the 

sprocket and walk off laterally 

B. Verify the operator was not performing counterrotation steering, which is the sole mechanical cause 

of track derailment events 

C. Inspect the track shoes for damage that may have caused the shoes to catch on obstacles and lever the 

track off the roller path 

D. Check track tension, roller flange condition, idler flange wear, and frame alignment — any 

combination of these factors can allow the chain to drift laterally off the running gear 

 

 



34. A technician is checking tire pressure on a large wheel loader during an afternoon inspection. The 

tires have been in direct sunlight and the machine has been operating for three hours. The OEM 

specification states 450 kPa cold inflation pressure. The current reading is 510 kPa. What is the correct 

action? 

 

A. The tires are overinflated and air must be released to bring them to 450 kPa immediately to prevent 

damage from the elevated pressure 

B. Adjust the pressure to 480 kPa — a 30 kPa increase above cold specification is the standard hottire 

correction for this tire size 

C. The tires cannot be accurately adjusted while hot — recheck tire pressure the following morning 

before the first operating cycle of the day 

D. The tires are at the correct operating pressure — the 60 kPa increase above cold specification is a 

normal thermal rise during operation 

 

 

 

35. An articulated dump truck equipped with a hydraulic brake system uses a brake proportioning valve 

to distribute application pressure between the front and rear axles. During a straightline brake test, the 

rear wheels lock up before the front wheels on a dry, level surface. What does this indicate? 

 

A. The rear brake caliper pistons are seized in a partially applied position, causing the rear wheels to 

lock prematurely under any application force 

B. The front brake pads are contaminated with oil, reducing their friction coefficient and preventing 

them from developing adequate braking force 

C. The proportioning valve is delivering too much pressure to the rear circuit relative to the front, 

causing the rear axle to reach lockup force before the front 

D. The rear tires have lower inflation pressure than the front tires, reducing the rear contact patch area 

and making the rear wheels easier to lock 

 

 



36. A nitrogencharged hydropneumatic suspension strut on an articulated dump truck is bottoming out 

— the strut reaches full compression — when the machine hits moderate bumps during loaded travel. 

The strut oil level and overall condition are acceptable. What is the most likely cause? 

 

A. The shockabsorbing orifices inside the strut have eroded from contaminated oil, reducing the 

damping force that controls compression speed 

B. The strut oil has become aerated from a failing seal, and the compressible air in the oil allows the 

strut to collapse faster than the nitrogen can resist 

C. The machine is being operated above its rated gross vehicle weight, and the additional load exceeds 

the strut's designed compression resistance 

D. The nitrogen gas precharge has leaked down below specification, reducing the spring force available 

to resist compression under the machine's loaded weight 

 

 

 

37. A technician has replaced a wheel hub bearing on a motor grader. When spinning the wheel by hand 

after assembly, the technician notices the hub has excessive play — the wheel can be rocked noticeably 

on the spindle both radially and axially. What needs to be corrected? 

 

A. The bearing outer race was not fully seated in the hub bore during installation and must be pressed to 

the correct depth against the hub shoulder 

B. The bearing adjusting nut must be tightened further and the adjustment procedure repeated to 

eliminate the excessive play before the machine operates 

C. The replacement bearing is the incorrect size for this application and the correct part number must be 

obtained before reassembly 

D. The hub seal is installed backward, preventing the bearing from receiving adequate lubrication and 

causing the rollers to skid rather than rotate 

 

 



38. During an undercarriage inspection on a crawler excavator, the technician measures the front idler 

tread diameter and finds it has worn to within 2 mm of the OEM minimum wear limit. The idler flanges 

are within specification. What is the correct recommendation? 

 

A. Replace the idler at the next scheduled major service interval — the remaining 2 mm of tread 

provides adequate function for continued shortterm operation but must not be allowed to reach the 

minimum limit 

B. Replace both the idler and the oppositeside idler simultaneously to maintain balanced undercarriage 

geometry and prevent differential track tension 

C. Machine the idler tread surface to remove any uneven wear pattern, then reinstall it for a final service 

period before replacement is required 

D. Increase track tension by 10% to compensate for the reduced idler diameter and maintain correct 

chain engagement with the sprocket teeth 

 

 

 

39. An air brake equipped machine has a dualcircuit system where the primary circuit serves the rear 

brakes and the secondary circuit serves the front brakes. If the primary circuit develops a major leak, 

what happens when the operator applies the brake pedal? 

A. Both circuits lose all pressure simultaneously because the primary and secondary circuits share a 

common supply reservoir through a oneway check valve 

B. The machine has no braking capability from either circuit because the dual brake valve cannot 

function with only one pressurized input supply 

C. The secondary circuit continues to function normally, providing front axle braking while the primary 

circuit is unable to supply pressure to the rear brakes 

D. The spring brakes on the rear axle apply automatically when primary circuit pressure drops, 

providing rear axle braking through the spring brake mechanism 

 

 

 



40. A mining dozer operates in extremely rocky conditions with large angular rock fragments. The 

current track shoe configuration uses triplegrouser shoes designed for general construction. What shoe 

type would be more appropriate for this application? 

 

A. Singlegrouser narrow shoes to reduce ground contact area and increase ground pressure for improved 

penetration in rocky material 

B. Swamp shoes with extrawide ground plates to reduce ground pressure and prevent the machine from 

sinking into loose rock fill 

C. Rubberpadded track shoes to reduce vibration transmitted through the undercarriage and protect the 

running gear from rock impact 

D. Extreme service shoes with heavier construction and wearresistant alloy steel grousers designed to 

withstand highimpact abrasive rock conditions 

 

 

 

41. A technician is performing a front axle alignment check on a wheel loader. The measurement shows 

the front wheels have 15 mm of toeout — the front edges of the tires are farther apart than the rear 

edges. The OEM specification calls for 3 mm of toein. What is the consequence of this condition if left 

uncorrected? 

A. The machine will pull strongly to one side during travel because the asymmetric toe angle creates 

unequal rolling resistance at each wheel 

B. Both front tires will experience rapid and severe feathering wear because the wheels are forced to 

scrub sideways with every revolution during travel 

C. The steering will develop a dead zone in the straightahead position because the toeout allows both 

wheels to float independently before responding 

D. The front axle oscillation pivot will wear at an accelerated rate because the toeout transfers lateral 

forces into the pivot bushing during straight travel 

 

 

 



42. An articulated dump truck's front disc brakes are inspected and the rotors show a minimum thickness 

measurement below the OEM minimum specification. What is the risk of continuing to operate with 

rotors below minimum thickness? 

 

A. Thin rotors cannot absorb and dissipate braking heat effectively — they overheat rapidly, increasing 

the risk of brake fade, rotor cracking, and potential rotor fracture under heavy braking 

B. Thin rotors produce a higherpitched squeal during braking that triggers the machine's onboard noise 

monitoring system and generates a false fault code 

C. The reduced rotor mass increases the unsprung weight ratio at the front axle, causing the suspension 

to bottom out during braking events 

D. Thin rotors reduce the caliper piston travel required for pad contact, causing the brakes to drag when 

the pedal is released due to excessive piston extension 

 

 

 

43. A crawler excavator's track tensioner recoil mechanism incorporates a large coil spring between the 

idler yoke and the track frame. What is the function of this recoil spring? 

 

A. It maintains constant track tension by adjusting the idler position automatically as the track chain 

wears and elongates over the service life 

B. It provides the primary tension force for the track chain and must be adjusted periodically using the 

grease tensioner cylinder to maintain correct sag 

C. It absorbs shock loads from the drive sprocket during rapid acceleration events and prevents the 

sprocket from skipping teeth on the chain 

D. It allows the front idler to retract momentarily when a large object becomes trapped in the track, 

absorbing the shock load and preventing chain or frame damage 

 

 

 



44. An operator reports that a motor grader's steering does not return to the straightahead position after 

completing a turn. The machine steers normally in both directions but the wheels remain at whatever 

angle they were last steered to. What is the most likely cause? 

 

A. The steering cylinders have internal leakage that prevents them from holding the wheels in any 

position once the steering input is removed 

B. The front axle lean cylinders are providing an opposing force that prevents the natural selfcentering 

tendency of the steering geometry 

C. Insufficient caster angle in the steer axle geometry — caster provides the selfcentering return force, 

and insufficient caster eliminates this tendency 

D. The HMU spool centering springs have weakened, preventing the HMU from fully centering when 

the operator releases the steering wheel 

 

 

 

45. A technician is replacing a wheel hub oil seal on a final drive spindle. During seal installation, the 

technician drives the seal into the bore using a hammer and a flat punch. What is the correct seal 

installation procedure to prevent damage? 

A. Use a seal installation tool sized to match the seal's outer diameter and drive the seal squarely into the 

bore to the correct depth without cocking 

B. Apply a thin layer of gasket sealant to the seal's outer metal case before pressing it into the bore to 

prevent oil from bypassing the pressfit surface 

C. Heat the hub bore with a torch to expand it slightly, then slide the seal in by hand without any 

pressing force that could deform the seal lip 

D. Install the seal with the lip facing outward (toward the outside of the hub) to prevent internal pressure 

from forcing the seal out of its bore seat 

 

 

 



46. A technician observes that the hydraulic brake fluid in a machine's reservoir has turned from its 

original clear amber colour to a dark brown colour. The fluid has not been changed in over three years. 

What property of glycolbased brake fluid causes this degradation over time? 

 

A. Glycolbased brake fluid is hygroscopic — it absorbs moisture from the atmosphere over time, which 

promotes internal corrosion, degrades the fluid's boiling point, and causes the dark discoloration 

B. Brake fluid reacts with the rubber seals in the brake system over time, dissolving seal material that 

discolours the fluid without affecting its performance 

C. Ultraviolet light penetrating the translucent reservoir causes photochemical breakdown of the glycol 

base stock, producing the dark colour change 

D. The brake pad friction material releases metal particles during normal operation that circulate through 

the fluid and produce the colour change 

 

 

 

47. A circuit has a 12volt supply connected to two resistors in parallel — one is 6 ohms and the other is 

12 ohms. What is the total current drawn from the supply? 

 

A. 1.0 ampere — calculated by dividing supply voltage by the sum of both resistance values added in 

series configuration 

B. 3.0 amperes — the 6ohm branch draws 2A and the 12ohm branch draws 1A, and total parallel current 

is the sum of both branch currents 

C. 0.67 amperes — calculated by dividing supply voltage by the product of the two resistance values 

multiplied together 

D. 4.5 amperes — calculated by adding both resistance values, dividing the supply voltage, then 

multiplying by the number of branches 

 

 

 



48. A technician is diagnosing a circuit where three lights are connected in series on a single 24volt 

supply. One light has burned out (open filament). What is the voltage reading across the burnedout 

light? 

 

A. 0 volts — an open component in a series circuit drops no voltage because no current is flowing 

through the open element 

B. 8 volts — the available voltage divides equally across all three series components regardless of their 

operational condition 

C. 24 volts — the full source voltage appears across the open component because no current flows and 

no voltage drops across the intact components 

D. 12 volts — the voltage divides between the open light and the remaining two functional lights based 

on their relative resistance ratio 

 

 

 

49. A battery equalization charge is performed on a flooded leadacid battery bank. What is the purpose 

of this controlled overcharge procedure? 

 

A. Equalization applies a controlled elevated voltage to force current through all cells equally, driving 

sulfation off plates in weaker cells and bringing all cells to a uniform state of charge 

B. Equalization rapidly discharges the battery to zero percent state of charge to reset the BMS 

calibration for accurate SOC estimation 

C. Equalization reduces the electrolyte specific gravity in all cells to a standard value by circulating 

distilled water through the cell interconnects 

D. Equalization measures and records individual cell voltages under load to identify which specific cell 

in the bank has failed or is failing 

 

 

 



50. A technician hears a highpitched whining noise from an alternator that increases in pitch with engine 

RPM. The charging voltage is within specification and no AC ripple is detected. What is the most likely 

cause? 

 

A. A failed stator winding is producing the noise as the remaining two phases attempt to compensate for 

the lost third phase output 

B. The voltage regulator is oscillating between maximum and minimum field current at an audible 

frequency, producing the whining sound 

C. The alternator drive belt is slipping on the pulley and the whining noise is the belt friction sound 

increasing with alternator speed 

D. A worn alternator bearing is producing the speedproportional whining noise — the bearing friction 

generates an audible tone that increases with RPM 

 

 

 

51. A technician needs to install a new wiring circuit for an auxiliary work light that draws 15 amperes. 

The wire run from the fuse panel to the light mounting location is 8 metres. What factor determines the 

correct wire gauge for this installation? 

A. The wire gauge must be selected based solely on the fuse size protecting the circuit — a 15ampere 

fuse requires a minimum 14 AWG wire 

B. The wire gauge must carry 15 amperes without exceeding the allowable voltage drop for the total 

wire run length — longer runs require larger gauge wire to compensate for increased resistance 

C. The wire gauge is selected based on the ambient temperature in the engine compartment where the 

wire will be routed, regardless of current or length 

D. Any wire gauge rated for 15 amperes at a standard 2metre length is acceptable because voltage drop 

is insignificant in 12volt and 24volt systems 

 

 

 



52. A machine's ECM includes a "watchdog timer" function. What does this feature do? 

 

A. It monitors the engine operating hours and triggers a maintenance reminder alert on the operator 

display at each scheduled service interval 

B. It tracks the total number of active fault codes and shuts the engine down when the cumulative code 

count exceeds a safety threshold 

C. It monitors the ECM's internal processor operation and resets the module if the processor stops 

executing its program within the expected cycle time, preventing a permanent software hang 

D. It records the time and date of every operator input event and stores the log in protected memory for 

warranty and liability documentation 

 

 

 

53. A machine has three different sensors — coolant temperature, oil pressure, and fuel rail pressure — 

all connected to the same ECM. The technician reads a fault code indicating the 5volt reference voltage 

has dropped to 3.2 volts. All three sensors are reading incorrectly. What is the most likely cause? 

 

A. A short to ground on any one of the three sensor signal circuits is pulling the shared 5V reference line 

down — one shorted sensor affects all sensors sharing that reference 

B. The ECM's internal 5V reference regulator has failed and requires ECM replacement before any 

sensor will produce a correct reading 

C. All three sensors have simultaneously failed due to a voltage spike event and must be replaced as a 

set before the reference voltage recovers 

D. The battery voltage has dropped below 10 volts, causing the ECM to reduce the reference voltage 

proportionally to conserve module power 

 

 

 



54. A technician connects a clampon ammeter around the battery cable during engine cranking and 

measures 850 amperes on a system with a starter rated at 600 amperes cranking draw. What does this 

indicate? 

 

A. The reading is within the normal range — cold engine oil viscosity and compression resistance cause 

cranking current to exceed the starter's rated draw at cold temperatures 

B. The clampon ammeter is producing an inaccurate reading — inductive clamp meters cannot measure 

DC current accurately during the transient cranking event 

C. The battery is overcharged, pushing excess current through the starter motor circuit beyond the 

motor's designed draw during the cranking cycle 

D. The starter motor has an internal fault — a short in the armature or field winding is drawing 

excessive current that will overheat and destroy the motor 

 

 

 

55. A machine experiences intermittent electrical problems — flickering lights, erratic gauge readings, 

and occasional ECM communication faults. The problems appear during rough terrain operation and 

disappear on smooth ground. A technician checks all fuses and they are intact. What should be 

investigated next? 

A. Replace the alternator voltage regulator — intermittent voltage fluctuations indicate the regulator 

cannot maintain stable output during vibration 

B. Test the battery under a sustained load — intermittent symptoms during vibration indicate a battery 

with an internal plate connection fault 

C. Inspect the engine wiring harness for chafing damage — vibrationinduced insulation wear can 

produce intermittent shorts that cause multiple symptoms 

D. Inspect the chassis ground connections — loose or corroded ground studs produce intermittent 

highresistance faults that worsen during vibration 

 

 

 



56. A technician is diagnosing a relaycontrolled circuit. The relay coil measures 85 ohms resistance with 

the circuit deenergized. When 12 volts is applied to the coil, an audible click is heard. However, the load 

controlled by the relay does not operate. What is the most likely fault? 

 

A. The relay coil resistance is too high and cannot produce sufficient magnetic force to close the 

contacts — the click is the coil energizing without full contact closure 

B. The relay is installed in the incorrect orientation and the coil terminals are receiving the load current 

instead of the control signal 

C. The relay contacts are burned, pitted, or welded and cannot pass current to the load — the coil is 

functioning but the contact circuit has failed 

D. The circuit ground downstream of the load has an open condition that prevents current from flowing 

through the load even though the relay contacts are closed 

 

 

 

57. A CAN bus network fault is suspected. The technician measures CANH at 1.5 volts DC and CANL 

at 3.5 volts DC during active communication on a powered system. On a normal CAN bus, CANH 

should average approximately 2.5–3.5V and CANL should average approximately 1.5–2.5V. What does 

this measurement indicate? 

A. The readings are within the normal range for an active CAN bus — the voltages oscillate around 

these averages during message transmission 

B. The CANH and CANL wires have been swapped — CANH is reading at the CANL voltage level and 

CANL is reading at the CANH level 

C. The CAN bus is functioning normally — the measured values represent the recessive state voltages 

which are correct for a network between transmissions 

D. One termination resistor has failed open, causing the voltage levels to shift from their normal ranges 

on both conductors simultaneously 

 

 

 



58. A DTC reads SPN 190, FMI 7 on a heavy equipment machine. SPN 190 is engine speed. FMI 7 

indicates "mechanical system not responding properly." What does this complete code describe? 

 

A. The ECM is commanding a specific engine speed through fuel delivery but the actual measured 

engine speed does not match — a mechanical system is preventing the engine from responding as 

commanded 

B. The crankshaft position sensor is producing a signal that the ECM cannot interpret due to electrical 

noise on the sensor circuit wiring 

C. The engine speed has exceeded the maximum governed RPM by more than 200 RPM, triggering a 

mechanical overspeed protection shutdown 

D. The engine speed sensor has failed and the ECM cannot determine actual RPM, causing a default to a 

fixed idle speed protection strategy 

 

 

 

59. A fleet manager uses telematics data to identify machines with excessive idle time percentages. One 

excavator shows 65% idle time over the last month. What operational and maintenance impact does 

chronic excessive idling have on a Tier 4 diesel engine? 

A. Excessive idle time has no measurable impact on engine health or maintenance costs because modern 

electronic engines automatically optimize for idle conditions 

B. Chronic idling reduces engine life by preventing the cooling system from reaching operating 

temperature, causing accelerated corrosion in the radiator 

C. Excessive idling generates low exhaust temperatures that prevent passive DPF regeneration, 

accelerating soot accumulation and increasing forced regen frequency, while adding unproductive 

engine hours 

D. Excessive idling causes the EGR system to remain fully closed, allowing peak combustion 

temperatures that accelerate NOx formation and catalyze exhaust valve recession 

 

 

 



60. A technician is calibrating an operator display on a new machine installation. The display 

communicates with all machine modules through the CAN bus. After calibration, the technician notices 

that the display occasionally freezes for 2–3 seconds before recovering. No fault codes are stored. What 

should be investigated? 

 

A. Replace the display module — intermittent freezing without fault codes indicates an internal display 

processor fault that cannot be diagnosed externally 

B. Check the CAN bus for excessive message traffic or a module that is flooding the bus with 

highpriority messages, which can delay the display's data refresh cycle 

C. Reinstall the display firmware — the calibration process may have introduced a software conflict that 

causes intermittent processor lockup 

D. Reduce the display brightness setting — the backlight power draw at maximum brightness can cause 

the display processor to brownout during peak current demand 

 

 

 

61. A technician is preparing to perform a flash programming update on a transmission control module. 

The OEM procedure specifies connecting a battery support device to the machine before beginning the 

programming process. Why is this step required? 

 

A. The battery support device provides a secondary communication channel between the laptop and the 

TCM in case the primary CAN bus connection is interrupted 

B. Flash programming places minimal electrical demand on the battery and the support device is only 

recommended as a precaution for older batteries 

C. The battery support device provides a faster data transfer rate to the TCM than the standard vehicle 

power supply can sustain during programming 

D. Flash programming requires sustained stable voltage — a battery voltage dip during the write process 

can corrupt the module's memory and render it nonfunctional 

 

 



62. A technician suspects a parasitic electrical draw is draining the machine's batteries overnight. The 

machine is shut down and all loads are verified off. What is the correct procedure to measure parasitic 

draw? 

 

A. Connect a DMM set to amperes in series with the battery negative cable after disconnecting it from 

the terminal, then wait for all modules to enter sleep mode before reading the current 

B. Connect a DMM set to DC volts across the battery terminals and monitor for voltage drop over a 

onehour period with the machine fully shut down 

C. Place a clampon ammeter around the positive battery cable and read the current draw immediately 

after the ignition is turned to the off position 

D. Measure the resistance of each circuit at the fuse panel with all fuses removed and the battery 

disconnected from the machine's electrical system 

 

 

63. A machine's cab interior lighting circuit uses LED light fixtures. The operator reports that one LED 

fixture flickers intermittently during operation. The power supply to the cab lighting circuit is confirmed 

stable. What is the most common cause of LED flickering in a vehicle environment? 

 

A. The LED driver circuit inside the fixture is overheating from excessive ambient temperature in the 

cab and reducing its output frequency 

B. The LED lamp requires periodic replacement — flickering is the characteristic endoflife failure mode 

for all LED light fixtures 

C. A loose or corroded connection at the fixture's power or ground terminal is producing an intermittent 

highresistance contact that interrupts current flow to the LED driver 

D. The LED is receiving AC ripple from the alternator through the DC power supply, causing the light 

to flicker at the ripple frequency during engine operation 

 

 

 



64. A machine's hydraulic pump flow control solenoid is controlled by the ECM using a PWM output. 

The technician measures solenoid coil resistance and obtains a reading of 2 ohms. The OEM 

specification is 5–7 ohms. What does this low resistance indicate? 

 

A. The solenoid coil is in acceptable condition — resistance values below specification indicate a newer 

coil that has not yet aged to its full resistance value 

B. The solenoid coil has a partial internal short between windings, reducing overall resistance — the coil 

draws excessive current that may damage the ECM output driver 

C. The measurement is influenced by the PWM signal residue stored in the coil's inductance, producing 

an artificially low resistance reading during measurement 

D. The solenoid is a different specification than installed originally and operates at a lower resistance by 

design for this particular pump application 

 

 

65. A machine's ECM has learned adaptive fuel trim values over 3,000 operating hours that compensate 

for normal injector wear and component aging. The ECM is replaced with a new unit programmed with 

the base calibration. What effect will this have on initial engine performance? 

 

A. The engine will operate identically because the base calibration contains all parameters needed for 

optimal performance at any point in the engine's service life 

B. Engine performance will be slightly degraded until the ECM has time to recalibrate to the factory fuel 

map values stored in the injector trim codes 

C. The engine may run with slight roughness, altered idle quality, or minor performance variation until 

the new ECM learns its own adaptive corrections over the first several operating cycles 

D. The engine will not start because the adaptive values are required to compensate for the 3,000hour 

wear level and the base calibration cannot produce adequate fuel delivery 

 

 

 



66. A technician needs to disconnect the battery on a machine equipped with multiple electronic control 

modules for a repair that does not involve the electrical system. What precaution should be taken before 

disconnecting the battery? 

 

A. Record all active and stored DTCs, note any adaptive learned values that will be lost, and confirm the 

radio and clock reset codes are available before disconnecting 

B. Disconnect the alternator output wire first to prevent the voltage regulator from producing a spike 

when the battery load is suddenly removed 

C. Turn the ignition to the on position before disconnecting the negative cable to ensure all modules are 

in a known powered state during the disconnect 

D. Run the engine at high idle for five minutes before disconnecting to ensure all module capacitors are 

fully charged and will retain their memory values 

 

 

67. A technician replaces all incandescent marker lights on a machine with LED equivalents. After the 

replacement, the turn signal indicators on the dash flash at twice the normal rate. What causes this 

behaviour? 

 

A. The LED replacements are drawing more current than the original incandescent bulbs, causing the 

flasher relay to heat up and cycle faster 

B. The LED color temperature is different from incandescent, and the vehicle's optical monitoring 

system interprets the changed spectrum as a fault condition 

C. The LED replacements have an internal polarity reversal that causes the flasher relay to shortcycle 

between forward and reverse current flow directions 

D. LED bulbs draw significantly less current than incandescent — the flasher relay detects the reduced 

load as a burnedout bulb condition and increases the flash rate 

 

 

 



68. A technician is testing a fuel injector solenoid by measuring resistance across its two terminals. The 

reading shows OL (overload/infinite resistance). What does this confirm? 

 

A. The solenoid is functioning normally — fuel injector solenoids show infinite resistance at room 

temperature and develop measurable resistance only when energized 

B. The solenoid coil winding has an open circuit — the wire inside the coil is broken, preventing any 

current from flowing when voltage is applied by the ECM 

C. The DMM leads are connected to the incorrect terminals — injector solenoids require a specialized 

adapter to access the internal resistance measurement points 

D. The solenoid has a very highresistance winding by design and the DMM's autoranging function 

cannot select a range high enough to display the value 

 

 

 

69. A CAN bus network uses a prioritybased arbitration system to manage message transmission when 

two modules attempt to transmit simultaneously. How is message priority determined on a J1939 CAN 

bus? 

 

A. The module with the longest cable connection to the bus backbone always transmits first because its 

signal reaches the termination resistors before shorter connections 

B. Each module takes turns transmitting in a fixed sequence programmed during initial machine 

configuration, and no two modules ever attempt to transmit at the same time 

C. The message with the lowest numerical identifier (highest priority) wins arbitration — the competing 

module with the higher identifier detects the conflict and stops transmitting 

D. The CAN bus controller in the gateway module acts as a central traffic manager, polling each module 

in sequence and granting transmission permission one at a time 

 

 

 



70. An alternator equipped with an internal electronic voltage regulator is producing correct charging 

voltage at idle but drops below the minimum specification under heavy electrical load at 1,500 RPM. 

The drive belt is tight and in good condition. What is the most likely cause? 

 

A. The internal voltage regulator is not increasing field current adequately to compensate for the heavy 

load — the regulator is partially failed and cannot command maximum field output 

B. The alternator stator has a shorted phase winding that reduces maximum output capacity while still 

producing adequate voltage at low current demand 

C. The battery's internal resistance has increased and is limiting the total current the alternator can 

deliver to the electrical system under load 

D. The alternator's cooling fan has broken, causing the rotor to overheat under sustained heavy load and 

increasing field winding resistance through thermal effects 

 

 

71. A technician receives a replacement ECM shipped in an antistatic bag with desiccant packets. Before 

installation, the technician places the module on a steel workbench and handles it without any ESD 

precautions. What risk does this introduce? 

 

A. The desiccant packets have already protected the module from any static charge and no additional 

precautions are required once the bag is opened 

B. Moisture from the technician's hands may enter the module connector and corrode the internal pins 

before the module is installed on the machine 

C. The weight of the module on the steel bench may bend the circuit board inside the housing, damaging 

traces and component solder joints 

D. Electrostatic discharge from the technician's body or the metal bench surface can damage the 

module's semiconductor components invisibly — the damage may not appear until the module fails in 

service 

 

 

 



72. A torque converter operating at 85% efficiency (the turbine speed is 85% of the pump speed) is in 

which operating phase? 

 

A. The torque multiplication phase — the stator is actively redirecting fluid to multiply input torque, 

producing maximum tractive effort at the drive wheels 

B. The lockup phase — the lockup clutch has engaged and the converter is mechanically locked to 85% 

of its rated directdrive efficiency 

C. The coupling phase — the stator oneway clutch has released and the converter is functioning as a 

fluid coupling with minimal torque multiplication 

D. The stall phase — the turbine is rotating at 85% slip relative to the pump, indicating the converter is 

absorbing maximum engine output as heat 

 

 

73. A powershift transmission is equipped with separate forward and reverse directional clutch packs in 

addition to the range (speed) clutch packs. When the operator shifts from forward to reverse, what 

happens inside the transmission? 

 

A. The forward and reverse clutch packs swap simultaneously — the forward pack releases while the 

reverse pack applies in a single instantaneous switching event 

B. The engine RPM is reduced to idle before the directional shift occurs, then the clutch pack swap is 

completed while the engine is at minimum speed 

C. A neutral position is held for a programmable duration (shift pause) before the reverse clutch applies, 

allowing the machine to decelerate before the reverse engagement 

D. The forward clutch releases and the reverse clutch applies with a controlled overlap or pause 

managed by the TCM to produce a smooth directional change without excessive drivetrain shock 

 

 

 



74. A powershift transmission uses a separate oil cooler in the cooling circuit to remove heat generated 

by clutch pack slipping during shifts and converter operation. The cooler has an integral bypass valve. 

What is the purpose of this bypass valve? 

 

A. It diverts oil flow around the cooler when transmission temperature is below a threshold, allowing the 

oil to warm up faster during cold starts 

B. It diverts oil around the cooler if the cooler becomes restricted, preventing oil starvation to the 

lubrication circuit even though the oil will not be cooled 

C. It opens when system pressure exceeds the cooler's rated capacity to prevent the cooler from 

rupturing under highpressure transient conditions 

D. It allows the operator to manually bypass the cooler for coldweather operation where excessive oil 

cooling would reduce transmission shift quality 

 

 

75. A driveshaft on a wheel loader operates at a Ujoint angle of 8 degrees at the transmission end and 2 

degrees at the axle end. The maximum recommended continuous operating angle for a standard Cardan 

Ujoint is typically 3–5 degrees. What problem will this configuration produce? 

 

A. The extreme angle mismatch between the two joints produces an uncancelled velocity variation and 

vibration that the equalangle phasing cannot eliminate 

B. The 8degree joint will run cooler than the 2degree joint because the larger angle increases the joint's 

oil circulation rate through centrifugal force 

C. Both joints will wear evenly regardless of angle difference because the phased driveshaft cancels all 

velocity variation at any combination of angles 

D. The 2degree joint will overheat from reduced oil splash lubrication because the small angle does not 

generate enough centrifugal force to circulate lubricant 

 

 

 



76. A differential ring and pinion gear set is classified as a "hunting" gear set. What does this 

classification mean in terms of gear tooth meshing? 

 

A. The ring gear teeth and pinion teeth hunt for alignment during each revolution because the gear set 

has not been correctly shimmed to its design mesh position 

B. The gear set produces a cyclical noise pattern as specific damaged teeth contact each other at 

repeating intervals during every revolution of the carrier 

C. The gear pattern changes position on the tooth face depending on load direction, hunting between 

driveside and coastside contact zones during operation 

D. Every tooth on the pinion contacts every tooth on the ring gear over a complete meshing cycle — the 

teeth do not repeat contact in a fixed pattern, distributing wear evenly 

 

 

 

77. An axle shaft on a wheel loader has fractured at the flange area near the hub. The fracture surface 

shows a smooth, curved progression mark with a small rough finalbreak area at the end. What type of 

failure does this fracture pattern indicate? 

 

A. Sudden overload failure — the shaft was subjected to a single torsional load event that exceeded the 

material's ultimate yield strength 

B. Hydrogen embrittlement — the shaft material absorbed hydrogen from a corrosive environment that 

weakened the crystal grain boundaries 

C. Fatigue failure — the shaft experienced cyclical torsional stress over an extended period, with the 

crack growing progressively until the remaining crosssection could no longer carry the load 

D. Manufacturing defect — the shaft was cast or forged with an internal void that reduced the effective 

crosssection at the fracture location 

 

 

 



78. A machine equipped with a transfer case uses a viscous coupling to manage torque distribution 

between the front and rear axles. How does a viscous coupling provide this function? 

 

A. A set of intermeshing gear plates inside the coupling housing transmit torque through mechanical 

contact, with the gear ratio determining the torque split 

B. Alternating plates splined to the input and output shafts shear silicone fluid between them — speed 

differential causes fluid resistance that transfers torque to the slower shaft 

C. A centrifugal clutch engages when the input shaft exceeds a programmed RPM threshold, connecting 

the front axle to the drivetrain only at higher speeds 

D. An electromagnetic coil is energized by the ECM to engage the coupling when the ABS system 

detects wheel speed differential between the front and rear axles 

 

 

 

79. A crawler excavator final drive uses a floating seal (duocone seal or face seal) at the sprocket hub to 

prevent oil leakage and contamination ingress. What distinguishes a floating seal from a conventional lip 

seal? 

 

A. A floating seal uses two precisionlapped metal rings that rotate against each other under controlled 

spring pressure, providing a metaltometal sealing surface that is far more resistant to contamination than 

a rubber lip seal 

B. A floating seal is a largediameter Oring that floats freely in a groove and selfadjusts to accommodate 

thermal expansion of the sprocket hub during operation 

C. A floating seal uses a magnetic attraction between two ring faces to maintain contact pressure, 

eliminating the need for springs or mechanical preload 

D. A floating seal is identical in construction to a conventional lip seal but is installed without being 

pressed into a bore, allowing it to selfalign with the shaft 

 

 



 

80. During a differential reassembly, the technician measures the ring gear runout using a dial indicator. 

The reading shows 0.15 mm total indicated runout. The OEM specification maximum is 0.08 mm. What 

must be done before continuing assembly? 

 

A. Apply a light application of Loctite to the ring gear bolts to provide additional clamping force that 

will reduce the runout when the bolts are torqued 

B. Increase the ring gear bolt torque by 15% above specification to pull the ring gear into alignment and 

reduce the measured runout value 

C. Machine the carrier mounting surface to remove the high spot that is causing the ring gear to sit 

unevenly on the carrier differential case 

D. Remove the ring gear, clean and inspect the mating surfaces of both the ring gear and differential 

case for burrs, contamination, or damage causing the misalignment, then reinstall and remeasure 

 

 

81. A clutch pilot bearing (or pilot bushing) is installed in the center bore of the flywheel on a machine 

equipped with a manual clutch. What is the function of this bearing? 

 

A. It supports the engine crankshaft rear journal and prevents axial movement of the crankshaft during 

clutch engagement and disengagement 

B. It supports the forward end of the transmission input shaft, maintaining alignment between the input 

shaft and crankshaft centerline when the clutch is disengaged 

C. It provides a thrust surface for the clutch release bearing, preventing the release bearing from 

contacting the pressure plate spring fingers during rotation 

D. It centers the clutch disc on the flywheel during installation, ensuring the disc spline aligns with the 

transmission input shaft when the transmission is installed 

 

 

 



82. A powershift transmission equipped with electronically controlled proportional shift solenoids 

produces a characteristic smooth shift quality. What specific function does the proportional solenoid 

perform that a simple on/off solenoid cannot? 

 

A. It allows the TCM to energize multiple clutch packs simultaneously during a shift event, which an 

on/off solenoid cannot coordinate without electronic assistance 

B. It filters pressure pulsations from the transmission pump that would otherwise cause erratic clutch 

engagement if delivered directly by an on/off solenoid 

C. It allows the TCM to ramp clutch apply pressure gradually during engagement rather than applying 

full pressure instantly, controlling shift feel and reducing drivetrain shock 

D. It provides a variable holding force to the brake bands that compensates for thermal expansion of the 

band material during hightemperature sustained operation 

 

 

 

83. A technician notices a driveshaft has a small balance weight welded to the tube. During a recent 

repair, the weight was accidentally knocked off. What symptom will result if the driveshaft is installed 

without the balance weight? 

 

A. The driveshaft will produce a vibration proportional to speed caused by the imbalanced rotating mass 

— the vibration worsens with increasing RPM 

B. The driveshaft will produce a clunking noise during throttle transitions because the imbalanced 

weight creates an asymmetric load on the Ujoints 

C. The missing weight will cause the driveshaft to bend under centrifugal force at high RPM, eventually 

contacting the tunnel or frame and causing damage 

D. No symptom will occur — balance weights on heavy equipment driveshafts are factoryapplied for 

shipping purposes and are not required for operation 

 

 



84. An older heavy equipment automatic transmission uses a mechanical governor to generate a 

speedsensitive pressure signal. What does the governor pressure represent and how is it used? 

 

A. Governor pressure represents engine RPM and is used to control the torque converter lockup clutch 

engagement speed in each gear range 

B. Governor pressure represents the operator's throttle position and is used to modulate line pressure to 

match engine power output in each gear 

C. Governor pressure represents the oil temperature and is used to adjust shift timing to compensate for 

viscosity changes between cold and hot operating conditions 

D. Governor pressure is proportional to output shaft speed and works against throttle pressure in the 

valve body to determine automatic shift points 

 

 

 

85. A technician is setting differential carrier bearing preload during reassembly. The OEM specification 

requires a specific turning torque measured with an inchpound torque wrench. If the preload is set too 

loose, what is the consequence? 

 

A. The ring gear mesh position changes under load as the carrier shifts laterally, producing inconsistent 

contact patterns and accelerated gear wear 

B. Insufficient preload allows the carrier to shift and the ring gear to move relative to the pinion under 

load, causing noise, vibration, and accelerated gear and bearing wear 

C. The carrier bearings overheat from excessive internal clearance because the rollers skid rather than 

roll when the bearing is not adequately preloaded 

D. The differential spider gears receive uneven loading because the carrier housing is allowed to flex 

under the ring gear mesh forces during hightorque operation 

 

 

 



86. A technician inspects the wet clutch discs inside a powershift transmission during a transmission 

service. What visual condition on the friction disc surfaces indicates the discs require replacement? 

 

A. Glazing, heat discoloration (blue or brown tinting), material flaking, or friction surface thickness 

below the OEM minimum measured with a micrometer — any of these conditions requires disc 

replacement 

B. The presence of oil on the friction disc surfaces — wet clutch discs should operate dry and oil 

indicates a seal failure in the clutch apply piston circuit 

C. Minor scoring on the separator plate surfaces that mate with the friction discs — any visible scoring 

requires replacement of all separator plates and discs 

D. Friction material colour change from the original brown to a darker shade — colour change alone 

confirms the friction material additive package has been depleted 

 

 

87. A drive sprocket on a crawler excavator shows a characteristic hookshaped wear pattern on the tooth 

tips. What does this wear profile indicate? 

 

A. The sprocket has been installed backward on the final drive output shaft, causing the teeth to engage 

the chain bushings from the incorrect direction 

B. Normal progressive wear from chain pitch elongation — as the chain stretches, the sprocket teeth 

engage deeper on the bushing, producing the hooked profile over time 

C. The sprocket material hardness is below specification due to a manufacturing defect, allowing the 

teeth to deform under normal chain engagement forces 

D. The track tension has been consistently set too tight, causing the sprocket teeth to carry excessive 

chain pull force and deform at the tooth tips 

 

 

 



88. A chaintype final drive uses a tensioner mechanism with a springloaded idler sprocket. What is the 

function of the spring in this tensioner? 

 

A. The spring provides the primary drive force for the chain and must be replaced when the chain 

reaches its maximum elongation limit 

B. The spring holds the tensioner arm against the brake disc assembly, providing the parking brake 

holding force for the final drive output 

C. The spring maintains consistent chain tension as the chain wears and elongates, automatically taking 

up slack to prevent chain derailment or impact loading 

D. The spring provides a shock absorption function only during reverse operation, when the chain slack 

transitions from the driven side to the driving side 

 

 

 

89. A machine's heater system uses a thermostatically controlled coolant valve that opens at 75°C. 

During cold morning operation, the operator reports the heater produces cold air for the first 10 minutes 

before heat begins to flow. The engine warms to operating temperature within 5 minutes. What is the 

most likely cause of the delayed heat? 

 

A. The heater core is partially restricted and requires extended coolant flow before the core fully warms 

and produces measurable heat output 

B. The HVAC blower motor speed is too high during warmup, moving air past the heater core too 

quickly for the cold core to absorb adequate heat 

C. The heater coolant valve is opening at its designed 75°C threshold — the engine reaches operating 

temperature before the coolant at the heater valve location reaches 75°C, delaying the valve opening and 

heat delivery 

D. The blend door is stuck in the cold position for the first 10 minutes due to a temperaturesensitive 

actuator that requires warm cab air to begin operating 

 

 



90. A technician has evacuated an A/C system to 300 microns and closed the vacuum pump valve. After 

10 minutes, the vacuum gauge reads 1,500 microns. What does this indicate? 

 

A. The system evacuation is complete and acceptable — a rise from 300 to 1,500 microns is within the 

normal allowable stabilization range 

B. The vacuum pump is defective and cannot maintain the evacuation level — the pump must be 

replaced before completing the service 

C. Residual moisture in the system is evaporating under the vacuum and producing the pressure rise — 

continue evacuation until the vacuum stabilizes below 500 microns 

D. The system has a leak — the pressure rise from 300 to 1,500 microns over 10 minutes indicates air is 

entering through a breach that must be located and repaired before charging 

 

 

91. A technician is verifying the total A/C system oil charge after replacing the evaporator. The OEM 

specifies a total system charge of 250 ml of PAG oil. The new evaporator was shipped dry (no oil). The 

technician drained 180 ml from the old evaporator. What amount of oil should be added to the new 

evaporator before installation? 

 

A. Add 180 ml to the new evaporator — this replaces the exact quantity drained from the old unit and 

maintains the original system oil distribution 

B. Add 250 ml to the new evaporator — the total system charge should be placed in the evaporator and 

the system will redistribute during operation 

C. Add 125 ml to the new evaporator — half of the total charge is placed in the evaporator and the other 

half remains distributed in the compressor and lines 

D. Add no oil to the evaporator — inject the full 250 ml system charge into the compressor suction port 

during the recharging process after evacuation 

 

 

 



92. A technician is testing cab pressurization on a machine operating in a silica dust environment. What 

instrument is used to measure the positive pressure differential between the cab interior and the outside 

ambient air? 

 

A. An anemometer held at the cab door seal to measure the velocity of air escaping from the pressurized 

cab through any remaining gaps 

B. A manometer or magnehelic gauge that measures the pressure difference in inches of water column 

between the cab interior and the external atmosphere 

C. A particle counter placed inside the cab that measures the total airborne particulate count and 

calculates the equivalent pressure from filtration efficiency 

D. A barometric pressure sensor that compares the cab's internal atmospheric pressure reading to the 

external station pressure reported by the weather service 

 

 

93. A technician suspects an A/C system has been contaminated with an incorrect refrigerant type. 

Before recovering the charge, what tool should be used to verify the refrigerant identity? 

 

A. A manifold gauge set — incorrect refrigerant produces distinctly different highside and lowside 

pressures that can be identified from the pressure readings alone 

B. A UV lamp — different refrigerant types produce different fluorescent colours under ultraviolet 

illumination that can be matched to a reference chart 

C. A refrigerant identifier tool — it analyzes a sample of the refrigerant vapour from the system and 

displays the composition, confirming whether it is pure R134a, R1234yf, or contaminated 

D. A thermometer placed at the expansion valve outlet — incorrect refrigerant produces a different 

evaporating temperature than the specified type at a given pressure 

 

 

 



94. A heavy equipment operator has been exposed to interior cab noise levels measured at 88 dBA over 

an eighthour shift. The Canadian regulatory limit for noise exposure is 85 dBA TWA (timeweighted 

average). What action is required? 

 

A. The noise exposure exceeds the regulatory limit — the source must be identified and engineering 

controls, administrative controls, or hearing protection must be implemented to reduce exposure below 

85 dBA 

B. The 88 dBA reading is within the acceptable range because the regulatory limit applies only to 

impulse noise events, not continuous exposure over a full shift 

C. The operator should be provided with hearing protection and no further investigation is needed 

because PPE alone satisfies the regulatory requirement 

D. The machine must be removed from service immediately until the noise source is identified and 

repaired to reduce interior levels below 85 dBA 

 

 

95. A technician is adjusting the superheat setting on a thermostatic expansion valve (TXV) in a heavy 

equipment A/C system. If the superheat is set too high, what effect will this have on system 

performance? 

 

A. The evaporator will be flooded with liquid refrigerant, causing liquid slugging at the compressor inlet 

and potential compressor damage 

B. The system will produce adequate cooling but the compressor will shortcycle on the highpressure 

switch due to elevated condenser loading 

C. The condenser will become oversized for the reduced evaporator load, causing the highside pressure 

to drop below the minimum operating level 

D. The evaporator will be starved of refrigerant — only a small portion of the evaporator surface area is 

used for heat absorption, reducing cooling capacity significantly 

 

 

 



96. A dieselfired auxiliary heater uses a combustion chamber that is sealed from the cab interior — 

heated air passes through a heat exchanger without mixing with combustion products. If the heat 

exchanger develops a crack, what hazard does this introduce? 

 

A. The combustion flame will contact the exterior cab panels and create a fire hazard in the engine 

compartment near the heater mounting location 

B. Carbon monoxide and other combustion gases can enter the cab air stream through the cracked heat 

exchanger, creating a potentially fatal CO poisoning hazard for the operator 

C. The fuel supply to the heater will be interrupted by the pressure loss through the crack, causing the 

heater to shut down safely on its fuelpressure protection circuit 

D. Ambient air will be drawn into the combustion chamber through the crack, diluting the fuelair 

mixture and causing the heater to produce reduced heat output 

 

 

97. An A/C system's evaporator is equipped with a thermostatic switch (thermostat) that cycles the 

compressor clutch. What is the primary purpose of this switch? 

 

A. It prevents the condenser from exceeding its maximum rated pressure by cycling the compressor off 

when the highside pressure reaches a predetermined limit 

B. It monitors the cab temperature and cycles the compressor to maintain the operator's selected 

temperature set point within a comfortable range 

C. It prevents the evaporator from freezing by cycling the compressor off when the evaporator surface 

temperature approaches 0°C, then reengaging when the temperature rises 

D. It monitors the refrigerant charge level by sensing suction pressure and disabling the compressor 

when the charge drops below the minimum operating threshold 

 

 

98. A hydraulic cylinder with a 100 mm bore and a 70 mm rod is operating at 200 bar system pressure. 

The capend piston area is 78.5 cm². What is the retraction force produced when pressure is applied to the 

rod end only? 



A. The rodend effective area is the piston area minus the rod crosssection area — approximately 40 cm² 

— producing a retraction force of approximately 80,000 N (200 bar × 40 cm²) 

B. The retraction force equals the extension force because the system pressure is the same on both sides 

of the piston during retraction 

C. The retraction force is 157,000 N — calculated by multiplying the full piston area of 78.5 cm² by the 

200 bar system pressure 

D. The retraction force cannot be calculated without knowing the flow rate, because retraction force 

depends on both pressure and flow simultaneously 

 

 

 

99. A hydraulic accumulator used in a steering backup system is a bladder type. What advantage does a 

bladder accumulator offer compared to a pistontype accumulator for this application? 

 

A. Bladder accumulators have no internal friction between the gas and oil chambers, providing faster 

response time and no hysteresis in the pressure response 

B. Bladder accumulators can store higher pressure than piston types because the flexible bladder 

conforms to the housing under maximum pressure loading 

C. Bladder accumulators require no nitrogen precharge and operate solely on the spring force of the 

compressed rubber bladder material itself 

D. Bladder accumulators provide faster response and no static friction (stiction) between the gas and oil 

sides, releasing stored energy instantly when called upon by the steering circuit 

 

 

 

100. A fixeddisplacement hydraulic pump has a displacement of 75 cm³ per revolution and is driven at 

1,800 RPM. What is the theoretical output flow? 

 



A. 13.5 L/min — calculated by multiplying displacement by RPM and then dividing by 10,000 instead 

of the correct conversion factor 

B. 7.5 L/min — calculated by dividing the displacement by the RPM instead of multiplying the two 

values for total output 

C. 135 L/min — calculated as 75 cm³ × 1,800 RPM ÷ 1,000 = 135 L/min theoretical flow before 

accounting for volumetric efficiency 

D. 1,350 L/min — calculated by multiplying displacement by RPM without applying any unit 

conversion factor from cm³ to litres 

 

 

 

101. A hydraulic motor on a conveyor drive is supplied by a fixeddisplacement pump. When the 

conveyor is loaded with material, it sometimes overruns the motor speed on a downhill section. An 

anticavitation check valve is installed in the motor circuit. What is the function of this valve? 

 

A. It limits the maximum speed of the motor by restricting the outlet flow when the motor exceeds its 

rated rotational speed during overrunning 

B. It allows fluid from the reservoir to enter the lowpressure side of the motor circuit when the motor is 

being driven by the overrunning load, preventing vacuum formation and cavitation 

C. It diverts excess flow from the motor outlet back to the pump inlet to prevent pressure buildup in the 

return line during overrunning conditions 

D. It blocks the motor inlet when the load is overrunning, forcing the motor to slow down by restricting 

the fluid supply entering the highpressure port 

 

 

 

102. A technician is collecting a hydraulic fluid sample for cleanliness analysis. The sample must be 

representative of the actual fluid circulating in the system. Which sampling location and method 

provides the most accurate result? 



A. Draw the sample from a live sampling port on the pressurized return line while the machine is at 

operating temperature — this captures fluid representative of the active circuit condition 

B. Draw the sample from the reservoir drain plug after the machine has been shut down for one hour to 

allow any suspended particles to settle 

C. Draw the sample from the reservoir fill cap opening using a clean suction tube inserted to the bottom 

of the tank during normal machine operation 

D. Draw the sample from the case drain line of the main pump, which provides the cleanest fluid in the 

system and represents the bestcase contamination level 

 

 

103. A hydrostatic transmission's flushing circuit is designed to exchange a specific percentage of the 

closedloop fluid volume with each complete loop cycle. What is a typical flushing rate as a percentage 

of loop flow? 

 

A. 50% — half the loop flow is continuously exchanged with cooled reservoir fluid to maintain 

acceptable operating temperature 

B. 100% — the entire loop volume is replaced with fresh cooled fluid on every circuit to prevent any 

heat accumulation in the closed loop 

C. 25–35% — approximately onequarter to onethird of the loop volume is exchanged with each pass, 

balancing cooling and contamination removal with system efficiency 

D. Approximately 5–15% of the loop flow is diverted through the flushing valve, cooler, and filter on 

each circuit — a controlled exchange rate that prevents excessive thermal buildup without wasteful 

bypass 

 

 

 

104. Air brake system reservoirs accumulate moisture from compressed air even when equipped with an 

air dryer. How frequently should the wet tank (supply reservoir) manual drain valve be operated? 

 



A. Once per month during the scheduled monthly vehicle inspection as part of the standard maintenance 

checklist 

B. Once per week during the weekly preoperational inspection cycle to remove accumulated water 

before it reaches the service reservoirs 

C. At every daily preoperational inspection — the wet tank drain should be opened fully until all 

accumulated water and condensate has been expelled 

D. Only when the air dryer indicates a fault condition and moisture is suspected to have bypassed the 

drying system into the reservoirs 

 

 

105. A hydraulic system relief valve is set at 280 bar. During operation, the pressure gauge at the pump 

outlet reads 210 bar while the implement is lifting a rated load. What is the relationship between the 

working pressure (210 bar) and the relief valve setting (280 bar)? 

 

A. Working pressure is determined by the load — the system operates at whatever pressure the load 

requires, up to the relief valve maximum. The 70 bar difference is the safety margin between working 

pressure and the overpressure protection threshold 

B. The relief valve is set too high — the working pressure should be at least 90% of the relief valve 

setting during rated load operation 

C. The 70 bar difference indicates the pump is worn and cannot build pressure to the relief valve setting 

under the current load condition 

D. The pressure gauge is reading incorrectly — during rated load operation, the system pressure should 

match the relief valve setting exactly 

 

 

 

106. A technician needs to install test gauges at multiple points in a hydraulic circuit for diagnostic 

purposes. The machine has factoryinstalled test ports at the pump outlet, cylinder supply, and return line. 

What type of fitting is typically used at these test points? 

 



A. Standard JIC 37degree flare fittings with removable caps that accept any standard hydraulic hose 

assembly for pressure measurement 

B. Quickconnect couplings with builtin check valves that automatically seal when the test hose is 

disconnected, preventing fluid loss 

C. Pipethread NPT fittings that require Teflon tape to seal and accept standard pipetohose adapters for 

gauge installation 

D. Minimess or diagnostic test point fittings — purposebuilt selfsealing quickconnect fittings designed 

for installing pressure gauges without draining the circuit 

 

 

107. A heavy equipment machine equipped with an antilock brake system (ABS) on the steer axle is 

being serviced. The ABS warning light remains illuminated after the system is powered up. What does 

this indicate? 

 

A. The ABS system has detected a wheel speed sensor fault, hydraulic modulator fault, or control 

module fault and has disabled ABS function — the base brakes still function normally 

B. The ABS system is performing its normal poweron selftest and the light will extinguish after the 

machine exceeds 10 km/h for the first time during the operating cycle 

C. The foundation brake system has a fault that the ABS has detected through its pressure monitoring — 

the machine must not be operated until the base brake fault is repaired 

D. The ABS light illumination is a maintenance reminder indicating the ABS fluid requires replacement 

at the current service interval 

 

 

 

108. A doubleacting hydraulic cylinder is equipped with internal cushions at both the cap end and rod 

end of the stroke. What is the function of these cushions? 

 



A. The cushions decelerate the piston near the end of its stroke by progressively restricting exhaust flow 

through a controlled orifice, reducing impact shock as the piston approaches the end cap 

B. The cushions provide a springreturn function that recenters the piston to the midstroke position when 

the directional control valve returns to neutral 

C. The cushions seal the cylinder ports when the piston reaches full stroke, preventing fluid from 

entering or leaving the cylinder until the next directional command 

D. The cushions absorb thermal expansion of the hydraulic oil trapped in the cylinder by providing a 

compressible elastomeric element at each end of the bore 

 

 

 

109. A hydrostatic drive system on a compact track loader uses a variabledisplacement motor with a 

twospeed function. When the operator selects "high speed" mode, what change occurs in the motor? 

 

A. The motor's displacement increases, requiring more flow per revolution and producing higher torque 

at reduced output shaft speed 

B. The motor's inlet relief valve setting increases, allowing higher pressure and therefore higher torque 

at the same motor displacement 

C. The motor's displacement decreases, requiring less flow per revolution and allowing the same pump 

flow to produce a higher output shaft speed 

D. The motor switches from a piston design to an integrated gear motor stage that operates at higher 

RPM with lower torque output 

 

 

 

110. A pressurecompensated variabledisplacement piston pump is set with a compensator (standby) 

pressure of 30 bar and a maximum (cutoff) pressure of 280 bar. When all control valves are in neutral 

and no functions are active, at what pressure and displacement does the pump operate? 

 



A. The pump operates at 280 bar and maximum displacement, circulating full flow through the relief 

valve continuously until a function is selected 

B. The pump operates at 0 bar and zero displacement, producing no flow and consuming no engine 

power until a function demand is detected 

C. The pump operates at 155 bar (the midpoint between standby and maximum) at 50% displacement, 

ready to respond in either direction 

D. The pump operates at approximately 30 bar standby pressure and minimum displacement, producing 

only enough flow to maintain the standby pressure and compensate for internal leakage 

 

 

 

111. A hydraulic oil cooler on a heavy equipment machine is sized to reject the maximum heat load 

generated by the system at full operating capacity. If a largerthanspecified cooler is installed during a 

replacement, what is the potential consequence during coldweather operation? 

 

A. The oversized cooler may reduce hydraulic fluid temperature below the optimal operating range in 

cold weather, increasing fluid viscosity and reducing system responsiveness and component life 

B. An oversized cooler has no negative effects — additional cooling capacity provides a safety margin 

that improves reliability in all operating conditions 

C. The oversized cooler creates excessive backpressure in the return circuit that reduces actuator speed 

and increases energy consumption 

D. The oversized cooler draws more engine cooling fan air than specified, reducing the air available for 

the engine radiator and causing engine overheating 

 

 

 

112. Every air brake system reservoir is equipped with a safety valve (pressure relief valve). At what 

approximate pressure does this valve open, and what is its purpose? 

 



A. It opens at the governor cutout pressure to assist the governor in unloading the compressor when the 

system reaches maximum operating pressure 

B. It opens at 50% of the governor cutout pressure to provide an audible warning that the system has lost 

pressure below a critical safety threshold 

C. It opens at approximately 150% of the normal maximum operating pressure to protect the system 

from overpressure if the governor fails to unload the compressor 

D. It opens at the compressor's maximum output pressure to prevent damage to the compressor pistons 

and reed valves during sustained heavy pumping cycles 

 

 

 

113. A technician is inspecting flatface hydraulic quickdisconnect couplings on an attachment circuit 

before connecting a hydraulic breaker. One coupling face shows a deep scratch across the sealing 

surface. What action is required? 

 

A. Apply a thin film of hydraulic sealant across the scratch to fill the groove and restore the sealing 

surface before connecting the attachment 

B. Replace the damaged coupling — a scratched sealing surface on a flatface coupling will leak under 

pressure and cannot be repaired by polishing or sealing 

C. Connect the coupling and test under pressure — flatface designs are selfsealing and the Oring will 

deform to fill the scratch when pressure is applied 

D. Rotate the coupling 180 degrees so the scratch is positioned away from the Oring contact zone and 

proceed with the connection 

 

 

 

114. A hydrostatic transmission has been diagnosed with a failed servo control that prevents the pump 

swashplate from reaching full displacement in the forward direction. The machine can travel forward 

slowly but cannot develop full speed or tractive effort. What component is responsible for controlling 

the swashplate position? 



A. The charge pump — insufficient charge pressure prevents the servo piston from developing the force 

needed to move the swashplate to full angle 

B. The flushing valve — a stuck flushing valve diverts excessive flow from the servo circuit, reducing 

the pressure available to move the swashplate 

C. The crossport relief valve — a low relief setting limits the maximum loop pressure that the servo uses 

as its positioning reference signal 

D. The servo actuator and control valve — the servo piston physically moves the swashplate, and the 

control valve directs servo pressure to position it at the ECM or operatorcommanded angle 

 

 

115. A hydraulic return line filter is specified at a 10micron absolute rating. The technician has only a 

25micron filter element available as a replacement. What is the consequence of installing the coarser 

filter? 

 

A. Particles between 10 and 25 microns pass through the filter untrapped, increasing the contamination 

level in the system above the OEM cleanliness specification and accelerating component wear 

B. The coarser filter provides equivalent protection because the return line operates at low pressure 

where particle damage does not occur regardless of filter rating 

C. The 25micron filter will clog faster than the 10micron element because the larger openings allow 

debris to accumulate in the filter media more rapidly 

D. No consequence — filter micron ratings between manufacturers are not standardized, and a 25micron 

filter from one brand may equal a 10micron from another 

 

 

 

116. A trailer connected to a heavy equipment prime mover accidentally separates during travel. The 

emergency (red) gladhand air line is torn apart. What happens to the trailer's braking system? 

 



A. The trailer's service brakes apply progressively as the air bleeds from the severed emergency line 

through the service brake valve 

B. The trailer continues to roll freely without any braking because the severed line depressurizes both 

the service and spring brake circuits simultaneously 

C. The trailer's spring brakes apply automatically as the emergency supply pressure drops to zero — the 

loss of supply air releases the springs to their applied position 

D. The trailer's ABS system activates and applies the service brakes in a controlled pulsing mode to 

bring the trailer to a straightline stop 

 

 

 

117. A bentaxis piston pump and a swashplate piston pump are both axial piston designs used in heavy 

equipment hydraulic systems. What is the fundamental difference in how they vary displacement? 

 

A. A swashplate pump varies displacement by changing the swashplate angle, while a bentaxis pump 

varies displacement by changing the angle between the drive shaft and the cylinder barrel axis 

B. A bentaxis pump uses a variable number of pistons by mechanically locking individual bores, while a 

swashplate pump varies the stroke length of all pistons simultaneously 

C. A swashplate pump varies displacement through electronic solenoid control only, while a bentaxis 

pump uses a purely mechanical feedback linkage 

D. Both designs vary displacement identically through swashplate angle change — the term "bentaxis" 

refers only to the physical mounting orientation, not a different displacement mechanism 

 

 

 

118. A technician is warming up a hydraulic system on a cold morning before beginning heavy 

operation. What is the correct warmup procedure? 

 



A. Run the engine at high idle with all control valves in neutral for 15 minutes to circulate warm engine 

coolant through the hydraulic oil cooler 

B. Operate all hydraulic functions through their full range at low speed and light load, allowing the 

hydraulic fluid to warm through normal circuit flow and internal friction 

C. Cycle the relief valve repeatedly by stalling a cylinder against its stop to generate maximum heat in 

the shortest possible time 

D. Add a heating element to the hydraulic reservoir and heat the oil to 40°C before starting the engine to 

prevent any coldoil damage to the pump 

 

 

 

119. In a hydrostatic drive system, how does the charge circuit pressure relate to the working (drive) 

pressure during normal loaded operation? 

 

A. Charge pressure is always significantly lower than working pressure — charge pressure maintains a 

baseline positive pressure on the lowpressure side of the loop, typically 15–35 bar, while working 

pressure can reach 350–450 bar under full load 

B. Charge pressure and working pressure are equal during normal operation — the charge pump 

supplements the main pump to maintain identical pressure on both loop lines 

C. Charge pressure exceeds working pressure during loaded operation to ensure the lowpressure side of 

the loop never drops below atmospheric pressure under any condition 

D. Charge pressure varies proportionally with working pressure — as load increases, both charge and 

working pressure rise together at a fixed ratio determined by the charge relief valve setting 

 

 

 

120. An air dryer's regeneration (purge) cycle occurs when the compressor transitions from the loaded 

(pumping) state to the unloaded state. What happens during this regeneration cycle? 

 



A. Fresh atmospheric air is drawn backward through the desiccant bed by vacuum, evaporating and 

carrying away the accumulated moisture through the inlet side 

B. Electrical heating elements in the air dryer housing heat the desiccant bed to evaporate accumulated 

moisture, which is then vented through the purge valve 

C. A portion of the dry compressed air from the system reservoirs is routed backward through the 

desiccant bed to strip accumulated moisture, which is expelled through the purge valve 

D. A burst of compressed air from the wet tank is released through the purge valve at high velocity, and 

the resulting pressure drop across the desiccant creates an evaporative cooling effect that strips moisture 

 

 

 

121. A hydraulic cylinder rod shows visible scoring and pitting on its chromeplated surface. What is the 

immediate consequence of operating with a damaged rod surface? 

 

A. The scored rod surface has no effect on cylinder performance as long as the chrome plating remains 

intact on at least 75% of the rod circumference 

B. The scored rod creates a rough surface that improves oil film retention and actually extends seal life 

by providing better lubrication at the seal interface 

C. The damaged rod surface destroys the rod seal and wiper seal rapidly, causing external oil leakage 

and allowing contamination ingress that damages internal cylinder components 

D. The scoring indicates the rod has been bent and the cylinder must be disassembled to check the rod 

for straightness before any seal replacement is performed 

 

 

 

122. A technician discovers a hydraulic hose has developed a large blister (bubble) on the outer cover. 

The hose is not leaking. What does this condition indicate and what action is required? 

 



A. The blister is a cosmetic defect in the outer rubber cover and does not affect the structural integrity of 

the hose reinforcement layers 

B. The outer cover has separated from the reinforcement layer, indicating internal reinforcement failure 

is imminent — the hose must be replaced before it ruptures under pressure 

C. The blister was caused by external heat exposure from a nearby exhaust component and can be 

repaired by applying a reinforcing sleeve over the damaged area 

D. The hose inner tube has failed and hydraulic oil has migrated through the reinforcement to the outer 

cover — the hose will fail catastrophically and must be replaced 

 

 

 

123. A technician needs to inspect a large weld on a loader boom for subsurface defects near the weld 

root. Dye penetrant testing only detects surfacebreaking flaws. Which nondestructive testing method can 

detect both surface and nearsurface defects in ferromagnetic steel? 

 

A. Ultrasonic testing (UT) — sound waves are transmitted through the material and reflections from 

internal discontinuities reveal subsurface flaw locations 

B. Magnetic particle testing (MT) — an induced magnetic field causes iron particles to gather at both 

surfacebreaking and nearsurface discontinuities in ferromagnetic steel 

C. Radiographic testing (RT) — Xray or gamma radiation passes through the material and exposes film 

on the opposite side, revealing internal voids and inclusions 

D. Visual testing (VT) — a trained inspector can identify subsurface defects by observing surface 

deformation patterns that correspond to internal flaws 

 

 

 

124. A crawler excavator's boomtostick pivot pin bore has been measured and shows wear exceeding the 

OEM service limit. The pin itself is within specification. What repair options are available? 

 



A. Install a thicker pin to compensate for the enlarged bore — an oversized pin eliminates the clearance 

without requiring any bore modification 

B. Apply a hardchrome overlay to the pin surface to build up its diameter to match the enlarged bore, 

restoring the original interference fit 

C. No repair is possible — the entire boom section must be replaced because pin bore welding would 

compromise the structural certification 

D. Weldbuild the bore with an appropriate electrode, machine it back to the original diameter, then 

install a new standardsize pin and bushing 

 

 

 

125. A technician observes that the adapter bases on a bucket lip have been fieldwelded directly to the 

lip plate rather than being factoryinstalled with the correct weld profile and preheat procedure. What 

concern does this raise? 

 

A. Fieldwelded adapters are structurally superior to factoryinstalled adapters because field welding 

allows the technician to match the weld size to the specific application 

B. The field weld may not have used the correct electrode, preheat, or weld profile specified by the 

OEM, which could result in a weld that cracks under load or causes bucket lip damage 

C. Fieldwelded adapters are acceptable provided the welding was performed by a certified welder using 

any structural electrode of the correct diameter for the plate thickness 

D. The primary concern is cosmetic — field welds are visually rougher than factory welds but provide 

equivalent structural performance under normal operating loads 

 

 

 

126. A hydraulic quick coupler's safety indicator shows the coupler is in the locked position. The OEM 

procedure states that a weighted test lift at low height must be performed before raising the attachment 

to working height. What is the purpose of this test lift? 



A. The test lift confirms the coupler is physically supporting the attachment's full weight at a safe height 

— if the coupler releases during the test, the attachment falls only a short distance, minimizing hazard 

B. The test lift is required to pressurize the coupler's locking mechanism — the hydraulic lock only fully 

engages once the attachment's weight loads the coupler pins 

C. The test lift calibrates the coupler's load sensor, which monitors the attachment weight and disables 

the release function when a load above a preset threshold is detected 

D. The test lift equalizes the hydraulic pressure in both the coupler and the attachment's circuits, 

allowing the quickdisconnect fittings to seal under the combined system pressure 

 

 

127. A machine's auxiliary hydraulic circuit is set to deliver 200 bar maximum pressure. The operator 

has connected a hydraulic compactor attachment that requires 250 bar to operate at rated performance. 

What must be done? 

 

A. Operate the compactor at 200 bar — the attachment will function at reduced performance, which is 

acceptable for most applications 

B. Adjust the auxiliary circuit's relief valve or pressure parameter to 250 bar using the OEM diagnostic 

software, provided this is within the machine's rated maximum auxiliary pressure capability 

C. Install an inline pressure intensifier between the machine's auxiliary port and the attachment to boost 

the 200 bar supply to the required 250 bar 

D. The compactor cannot be operated on this machine — the attachment's pressure requirement 

permanently exceeds the carrier's maximum auxiliary capability 

 

 

 

128. A technician performing a frame inspection on an articulated dump truck discovers a small crack 

originating from a bolt hole on the main frame rail. The crack extends outward from the hole 

approximately 15 mm. What structural principle explains why the crack originated at this location? 

 



A. The bolt was overtorqued during the last assembly, and the excessive clamping force caused the 

material to yield and crack at the hole perimeter 

B. The bolt hole was drilled offcentre, creating an asymmetric stress distribution that concentrated the 

load on one side of the hole 

C. The frame rail steel has corroded internally at the bolt hole location, reducing the material thickness 

and weakening the crosssection 

D. Bolt holes are stress risers — the hole concentrates applied stress at its edges to a value significantly 

higher than the nominal stress in the surrounding material, making it the most likely crack initiation 

point 

 

 

129. During a cab inspection, a technician checks the operator's seatbelt and discovers the webbing 

shows fraying at the edge near the buckle attachment point and the belt does not retract smoothly when 

released. What action is required? 

 

A. Lubricate the retractor mechanism with silicone spray and trim the frayed webbing edges with 

scissors to restore smooth operation 

B. Replace the seatbelt webbing only — the retractor mechanism can be serviced by cleaning and 

lubricating the internal spring and pawl 

C. Replace the complete seatbelt assembly — frayed webbing indicates the belt has lost structural 

integrity, and a retractor that does not retract smoothly cannot be relied upon in a rollover event 

D. The fraying is cosmetic and does not affect the loadcarrying capacity of the webbing — monitor the 

condition at the next scheduled inspection interval 

 

 

 

130. A machine's rearview camera lens is consistently fouled with mud and debris during operation, 

making the display image useless by midshift. What is the correct solution to maintain camera function? 

 



A. Relocate the camera to a higher position on the machine where it is less exposed to debris spray from 

the tracks or wheels 

B. Install a lens washer or airblast cleaning system on the camera housing — these OEM or aftermarket 

systems periodically clear the lens during operation 

C. Replace the standard camera with a thermal imaging camera that can see through surface 

contamination without requiring a clean optical lens 

D. Assign the operator to clean the lens manually at each fuel stop — the camera was designed for 

periodic manual cleaning during normal operation 

 

 

 

131. A counterweight on a large mining excavator is secured with twelve highstrength bolts. During an 

inspection, one bolt is found to be missing. What action is required? 

 

A. Replace the missing bolt immediately with the correct specification bolt and torque to the OEM value 

— then retorque all remaining bolts to confirm none have loosened from the dynamic loading 

redistributed to them after the bolt was lost 

B. Continue operating with eleven of twelve bolts until the next scheduled maintenance — the 

remaining bolts provide adequate clamping for normal operation 

C. Replace only the missing bolt and torque to specification — the remaining bolts are unaffected by the 

missing bolt condition and do not require inspection 

D. Remove the counterweight, inspect all bolt holes for damage, and replace the entire bolt set with new 

hardware before reinstallation to ensure uniform clamping 

 

 

132. A hybrid heavy equipment machine uses a motorgenerator unit (MGU) that operates as both a 

motor and a generator depending on operating conditions. During which machine operation does the 

MGU function as a generator? 

 



A. During deceleration, boom lowering, or swing braking — the MGU converts the kinetic or potential 

energy that would otherwise be wasted into electrical energy for battery storage 

B. During maximum engine load operation — the MGU generates electricity at peak load to power the 

cab air conditioning and lighting systems independently 

C. During engine startup — the MGU functions as a generator during cranking to charge the HV battery 

simultaneously with the engine starting sequence 

D. During machine idling — the MGU generates electricity at idle to maintain the HV battery at 

maximum charge in preparation for the next work cycle demand 

 

 

 

133. A technician performing routine underbody maintenance on a hybrid excavator notices an orange 

HV cable has been abraded by a sharp bracket edge and the outer insulation jacket is damaged, exposing 

the conductor insulation beneath. The inner insulation appears intact. What action is required? 

 

A. Apply electrical tape to the damaged area and secure the cable away from the bracket with cable ties 

to prevent further abrasion during operation 

B. Monitor the cable at each service interval — as long as the inner insulation remains intact, the cable 

is safe to operate and does not require replacement 

C. Reroute the cable away from the bracket and apply a heatshrink sleeve over the damaged area to 

restore the outer jacket protection layer 

D. Deenergize the HV system following the full isolation procedure, remove the damaged cable, and 

install a new cable — any compromise to HV cable insulation integrity requires replacement 

 

 

 

134. A traction battery pack on a batteryelectric compact loader has degraded to 78% state of health 

(SOH). The OEM defines the endofservicelife threshold as 80% SOH for this application. What does 

this mean for the machine? 



A. The battery pack must be immediately removed and disposed of as hazardous waste because the cell 

chemistry becomes unstable below 80% SOH 

B. The machine can continue to operate safely but the BMS will progressively limit maximum power 

output to protect the degraded cells from accelerated failure 

C. The battery pack has fallen below the endofservicelife threshold — it can no longer deliver the rated 

capacity required for the application and should be replaced to restore full machine capability 

D. The 78% SOH reading indicates the BMS calibration has drifted and requires recalibration — the 

actual cell capacity is likely still above the 80% threshold 

 

 

135. A fleet operator is introducing autonomous haul trucks to a mine site. Before dispatching 

technicians to service a stationary autonomous truck, what safety procedure specific to autonomous 

equipment must be completed? 

 

A. Power off the machine remotely from the fleet management console and wait for a verbal 

confirmation from the autonomous system's AI voice response 

B. Confirm the machine is in maintenance/inhibit mode through the OEM's prescribed lockout 

procedure — an autonomous machine not in inhibit mode may move without warning when approached 

C. Approach the machine from the front only — autonomous vehicles' detection systems are calibrated 

to identify personnel approaching from the forward arc and will hold position 

D. Sound the vehicle horn three times as a warning signal — the autonomous system interprets this as a 

maintenance approach protocol and enters standby mode 

Practice Exam 3: Answer Key and Explanations 

1. D — Oxygen is a powerful oxidizer that dramatically accelerates combustion. Storing oxygen 

cylinders in direct proximity to fuel gas cylinders (such as acetylene) creates an extreme fire and 

explosion risk if a leak occurs. The standard requires a minimum 6-metre (20-foot) separation or a fire-

resistant barrier rated for at least 30 minutes between oxygen and fuel gas storage. 

 

2. A — Sustained overhead work in an awkward posture causes musculoskeletal strain from the static 

loading of shoulder, neck, and arm muscles. Numbness in the hands indicates nerve compression from 



the prolonged elevated arm position. Ergonomic hazards are addressed through job rotation, mechanical 

positioning aids, and limiting continuous overhead work duration. 

 

3. C — Battery acid is concentrated sulfuric acid, which causes severe chemical burns on contact with 

skin and eyes, and produces corrosive fumes. Chemical splash goggles or a face shield, acid-resistant 

gloves, and a chemical-resistant apron provide the specific barrier protection needed for this corrosive 

material. Standard shop gloves and safety glasses are insufficient. 

 

4. B — SDS Section 9 — Physical and Chemical Properties lists the product's appearance, odour, flash 

point, boiling point, pH, vapour pressure, and specific gravity. These measurable physical characteristics 

help identify an unknown product and determine its immediate hazard profile — particularly 

flammability (flash point) and corrosivity (pH) — before handling decisions are made. 

 

5. A — The verification step — attempting to start the machine and operate every control — is the 

mandatory final action in the LOTO procedure. It confirms that all energy sources have been effectively 

isolated and all stored energy has been dissipated. Never assume a zero-energy state based on the 

isolation steps alone; always verify by testing. 

 

6. D — Any welding, drilling, cutting, or attachment to a certified FOPS structure voids its certification, 

regardless of how minor the modification appears. The FOPS was tested and certified as a complete 

assembly — altering its structure changes the load distribution and may compromise its ability to 

withstand a falling object impact as designed. 

 

7. B — A Class B fire involves flammable liquids. Dry chemical (ABC-rated) extinguishers smother the 

fire by interrupting the chemical chain reaction, while CO₂ extinguishers displace oxygen from the fire 

surface. Water-based extinguishers must never be used on flammable liquid fires because the water 

spreads the burning liquid and can cause a violent splashing reaction. 

 

8. C — Compressed gas cylinders must be stored upright with the valve protection cap installed to 

prevent valve damage, and secured to a wall, rack, or post with a chain or strap to prevent them from 

falling over. A falling cylinder with a damaged or broken valve becomes an uncontrolled high-pressure 

projectile. 

 

9. A — After any electrical shock event, the power source must be confirmed de-energized first. Even if 

the coworker appears uninjured, electrical shock can cause delayed cardiac arrhythmia, internal burns 



along the current path, and neurological effects that are not immediately apparent. Medical evaluation is 

mandatory regardless of visible symptoms. 

 

10. D — Confined space atmospheric testing must verify three conditions before entry: oxygen 

concentration within the safe range of 19.5–23.5% (below is oxygen-deficient, above is oxygen-

enriched), combustible gas below 10% of the Lower Explosive Limit (LEL), and toxic gas 

concentrations below the applicable occupational exposure limits. All three must be confirmed 

simultaneously. 

 

11. B — A cylinder leak-down test pressurizes the cylinder at TDC and measures the percentage of 

leakage, then identifies the leak path by listening at specific locations — crankcase breather (rings), 

intake (intake valve), exhaust (exhaust valve), or adjacent cylinder coolant port (head gasket). This test 

directly identifies where the compression loss is occurring without requiring disassembly. 

 

12. C — In a four-stroke engine, all four strokes (intake, compression, power, exhaust) require two 

complete crankshaft revolutions. The camshaft, which must open each valve only once per complete 

four-stroke cycle, rotates at exactly half the crankshaft speed. The timing gear ratio between crankshaft 

and camshaft is therefore 2:1. 

 

13. A — The piston crown absorbs extreme combustion heat — temperatures exceeding 350°C during 

the power stroke. Piston cooling jets spray pressurized engine oil onto the underside of the crown, 

absorbing this heat and carrying it away through the oil circuit to the oil cooler. Without cooling jets, 

piston crown temperatures exceed the aluminum alloy's strength limit, causing crown erosion and 

eventual piston failure. 

 

14. D — A gerotor pump uses an inner rotor with one fewer lobe than the outer ring, creating a 

continuous rolling mesh profile that produces very smooth, low-pulsation flow. External gear pumps 

produce higher pulsation because the meshing of individual gear teeth creates discrete displacement 

events. Lower pulsation makes gerotor pumps preferred for charge pumps and sensitive control circuits. 

 

15. B — Common rail injectors operate with internal clearances measured in single-digit micrometres. 

Water is abrasive and corrosive at these precision levels — it accelerates wear of the injector control 

valve, nozzle needle, and seat surfaces. Injector replacement costs are orders of magnitude higher than 

the cost of correct water separator maintenance. 

 



16. C — DEF is a 32.5% urea solution in water that freezes at −11°C. At −15°C, the DEF in the tank 

and supply lines will be frozen solid. The machine's integrated DEF heating system must thaw the 

frozen fluid before the SCR system can begin dosing. DEF quality is not permanently affected by 

freezing and thawing — the concentration remains correct after thaw. 

 

17. A — Soot is combustible carbon produced by incomplete fuel combustion — it can be burned off 

through DPF regeneration at elevated exhaust temperatures. Ash is non-combustible mineral residue 

from engine oil additive packages (calcium, zinc, phosphorus) that accumulates permanently in the DPF 

and cannot be removed by regeneration. Only professional ash cleaning removes ash. 

 

18. D — Turbocharger bearing condition is assessed by measuring shaft radial play (side-to-side 

movement) and axial play (in-and-out movement) with a dial indicator inserted through the compressor 

inlet to contact the shaft. Excessive play in either direction confirms bearing wear. This measurement 

can be performed with the turbocharger installed on the engine. 

 

19. B — A compression release engine brake opens the exhaust valves near TDC on the compression 

stroke, releasing the compressed air energy to the exhaust rather than allowing it to push the piston back 

down. Without this rebound energy, the engine must work against compression on the next cycle 

without receiving the energy return, creating a significant retarding effect. 

 

20. C — The pressurized cooling system cap raises the coolant's boiling point above its atmospheric 

value. At atmospheric pressure, a 50% ethylene glycol coolant mixture boils at approximately 108°C. 

Adding 103 kPa (15 PSI) of system pressure raises the boiling point to approximately 129°C, providing 

a substantial margin above normal operating temperature and preventing localized boiling at hot spots. 

 

21. D — An inter-cylinder gasket breach allows combustion pressure from one cylinder to communicate 

with the adjacent cylinder through the eroded fire ring path. Both affected cylinders lose compression 

because the pressurized gas transfers between bores rather than being contained within each individual 

cylinder. The erosion pattern between the two fire rings confirms this specific failure mode. 

 

22. A — The iron readings show an accelerating trend — the increase between consecutive intervals is 

growing larger each time (3, 4, 6, 13 ppm). This exponential growth pattern indicates a developing 

failure where wear is generating progressively more debris with each operating interval. Investigation 

must occur before the next sample interval to prevent catastrophic failure. 

 



23. B — A small amount of engine oil passing past the turbocharger compressor seal during normal 

operation is expected and acceptable. This oil mist is carried through the charge air cooler and 

condenses in the intake manifold, accumulating as a visible oil film over time. Excessive accumulation 

indicates compressor seal wear is progressing beyond normal limits. 

 

24. C — The torsional vibration damper reduces the torsional oscillation (twisting vibration) that occurs 

in the crankshaft as individual cylinders fire in sequence. Each firing pulse twists the crankshaft, and if 

the firing frequency matches the crankshaft's natural resonant frequency, the oscillation amplifies until 

the shaft fatigues and cracks. The damper absorbs this oscillation energy, preventing fatigue failure. 

 

25. D — Excessive return flow from a single injector at idle indicates the injector's internal control valve 

has worn clearances that allow high-pressure fuel to leak through the return path instead of being 

injected into the cylinder. The other five injectors serve as the baseline comparison, confirming injector 

3's return rate is abnormal. The injector must be replaced and its trim code programmed. 

 

26. A — Liquid coolant is incompressible. If enough coolant accumulates in a cylinder from a leaking 

EGR cooler, the piston cannot complete its compression stroke because the liquid will not compress. 

The resulting hydraulic lock (hydro-lock) subjects the connecting rod to enormous compressive force, 

causing it to bend or break catastrophically — often destroying the crankshaft and block as well. 

 

27. C — The electronic governor's function is to maintain the operator's commanded engine speed by 

modulating fuel delivery. When load increases and RPM drops below the commanded speed, the 

governor increases fuel delivery to increase engine torque output and restore RPM toward the target. 

This is the fundamental droop-response characteristic of all diesel engine governors. 

 

28. D — An extremely hot upper hose (supply to radiator) with only a warm lower hose (return from 

radiator) indicates coolant is entering the radiator but not passing through it efficiently. The radiator is 

internally restricted — blocked tubes, scale buildup, or debris inside the core are preventing adequate 

flow from the top to the bottom, trapping hot coolant in the upper section. 

 

29. B — The block heater warms the engine coolant and block casting, which in turn warms the cylinder 

walls. Warmer cylinder walls reduce the heat loss from the compressed air charge during the 

compression stroke, allowing the air to reach higher temperatures at TDC. This directly improves the 

probability of autoignition of diesel fuel in cold-start conditions. 

 



30. A — Over-advanced injection timing causes fuel to ignite earlier in the compression stroke when the 

piston is still approaching TDC. The resulting combustion pressure rise is more abrupt and the peak 

cylinder pressure is higher, producing louder combustion noise (knock), increased mechanical stress on 

pistons and bearings, and elevated NOx emissions from the higher peak combustion temperatures. 

 

31. C — A swing control valve spool that does not return fully to centre allows a residual pilot signal to 

reach the swing motor valve, producing a slow unintended rotation. On a grade, even a slight pressure 

differential caused by the off-centre spool is enough to drive the upper structure to rotate toward the low 

side. Centering spring adjustment or spool replacement resolves the drift. 

 

32. B — Many SAHR brake systems provide a dedicated pneumatic connection on the brake housing 

that accepts shop air supply as an alternative brake release method. Applying compressed air to this 

fitting generates sufficient force to compress the brake springs and release the brake for towing when no 

hydraulic hand pump is available. The OEM service manual specifies the correct port and pressure. 

 

33. D — Track derailment results from the chain drifting laterally off the running gear. Multiple factors 

contribute: loose track tension allows the chain to sag and move laterally; worn roller flanges cannot 

guide the chain; worn idler flanges fail to redirect the chain at the front; and a bent or misaligned track 

frame creates a geometry error. All must be inspected to prevent recurrence. 

 

34. A — Tire pressure specifications are always stated as cold inflation values — measured before 

operation when the tire is at ambient temperature. Hot tires show elevated pressure from thermal 

expansion of the air inside. The reading of 510 kPa after three hours of operation represents a normal 

thermal rise and does not indicate over-inflation. Correct assessment requires a cold measurement. 

 

35. C — Rear wheel lockup before front on a dry, level surface during straight-line braking indicates the 

proportioning valve is delivering excessive rear circuit pressure relative to the front. The rear axle 

reaches its traction limit and locks while the front axle has unused braking capacity. The proportioning 

valve must be adjusted to reduce rear pressure and increase front pressure to achieve balanced braking. 

 

36. D — The nitrogen gas pre-charge provides the spring force that resists compression under the 

machine's loaded weight. If the nitrogen charge has leaked down below specification, the gas spring is 

weaker than designed and cannot resist the machine's weight during bump impacts, causing the strut to 

bottom out on moderate inputs that the correctly charged strut would absorb easily. 

 



37. B — Noticeable radial and axial play at the wheel hub after bearing replacement indicates the 

bearing adjusting nut has not been set to the correct preload. The adjustment procedure — typically 

torque-then-back-off by a specified angle — must be repeated to eliminate the excess play and achieve 

the correct running clearance before the machine operates. 

 

38. A — An idler within 2 mm of its minimum wear limit has consumed nearly all of its serviceable 

tread material. Scheduling replacement at the next major service prevents the idler from reaching the 

minimum limit during operation, where continued use would damage the chain links and potentially 

cause track derailment from the reduced idler guidance diameter. 

 

39. C — The dual-circuit design isolates the primary and secondary circuits through separate reservoirs 

and one-way check valves. A major leak in the primary circuit depressurizes only the primary reservoir 

— the secondary circuit maintains its pressure independently and continues to provide front axle braking 

through the dual brake valve's secondary delivery section. 

 

40. D — Extreme service track shoes are manufactured from higher-grade alloy steel with heavier cross-

sections and hardened grouser tips designed to withstand the high-impact abrasive loads of rock quarry 

and mining environments. Standard triple-grouser shoes wear at an unacceptable rate in these 

conditions. The extreme service design provides significantly longer service life per set. 

 

41. B — Toe-out of 15 mm — when the specification calls for 3 mm of toe-in — means the front edges 

of the tires are 18 mm farther apart than intended. During straight travel, both tires are forced to scrub 

sideways with every revolution, producing the rapid feathering tread wear pattern characteristic of 

severe toe misalignment. Correction requires immediate alignment service. 

 

42. A — Brake rotors below minimum thickness cannot absorb and dissipate the heat generated during 

braking. Thin rotors overheat rapidly, leading to thermal cracking from the stress of repeated heat-cool 

cycles and potential rotor fracture under emergency braking. The reduced thermal mass also increases 

the risk of brake fade during sustained or repeated brake applications. 

 

43. D — The recoil spring allows the front idler to retract momentarily when a large rock or obstacle 

becomes trapped between the track chain and the idler. This controlled retraction absorbs the shock load 

that would otherwise be transmitted directly to the track frame, chain, and idler bearing — preventing 

chain breakage, idler damage, or frame distortion from the sudden impact. 

 



44. C — Caster is the geometric parameter that produces self-centering return force in the steering 

system. When the wheel is turned, positive caster lifts the vehicle weight slightly; when the steering 

input is released, gravity acts to return the wheel to the straight-ahead position. Insufficient caster 

eliminates this self-centering tendency, requiring the operator to manually return the steering to centre. 

 

45. B — A seal installation tool — a cylindrical driver matched to the seal's outer diameter — presses 

the seal squarely and evenly into the bore without cocking or distorting the seal lip. Using a flat punch or 

hammer directly on the seal deforms the metal case, cocks the seal in the bore, and damages the sealing 

lip — all of which cause premature seal failure and oil leakage. 

 

46. A — Glycol-based brake fluid (DOT 3, 4, 5.1) is hygroscopic — it absorbs moisture from the 

atmosphere through microscopic pores in hoses, seals, and reservoir caps over time. This absorbed 

moisture lowers the fluid's boiling point (increasing vapour lock risk), promotes internal corrosion of 

brake components, and causes the characteristic dark discoloration of aged brake fluid. 

 

47. B — In a parallel circuit, each branch draws current independently based on its own resistance and 

the common supply voltage. The 6-ohm branch draws 12V ÷ 6Ω = 2A. The 12-ohm branch draws 12V ÷ 

12Ω = 1A. Total circuit current is the sum of all branch currents: 2A + 1A = 3.0 amperes. 

 

48. C — In a series circuit, an open component stops all current flow. With zero current flowing, there is 

no voltage drop across the two intact lights (V = I × R; if I = 0, voltage drop = 0). The full source 

voltage of 24V appears across the open component — measurable by a voltmeter placed across its 

terminals — because the open component is the only impedance in the circuit path. 

 

49. A — Equalization charging applies a controlled elevated voltage above the normal float level to the 

entire battery bank. This forces higher current through all cells, including weaker cells with higher 

internal resistance that may not fully charge during normal cycles. The elevated current breaks down 

lead sulfate crystals on the plates and brings all cells to a uniform, fully charged state. 

 

50. D — A speed-proportional whining noise from an alternator with correct voltage output and no AC 

ripple points to a mechanical source rather than an electrical one. Worn alternator bearings produce a 

smooth whine that increases in pitch with RPM as the bearing friction generates an audible tone. Belt 

slipping would produce an intermittent squealing rather than a consistent whine. 

 

51. B — Wire gauge selection must account for both the current draw and the total wire run length. 

Longer runs increase total conductor resistance, which increases voltage drop under load. A wire gauge 



that is adequate for a 2-metre run at 15 amperes may produce unacceptable voltage drop over an 8-metre 

run. The gauge must be sized to keep total voltage drop within the allowable limit at the full circuit 

length. 

 

52. C — The watchdog timer is a hardware-level safety mechanism that monitors the ECM's processor 

activity. The processor must periodically reset the timer to prove it is executing its program normally. If 

the processor hangs, enters an infinite loop, or crashes, the timer is not reset within its cycle period and it 

forces a module reset — recovering the system from a software fault that would otherwise leave the 

machine uncontrolled. 

 

53. A — Multiple sensors sharing a common 5V reference line are all affected simultaneously when the 

reference voltage drops. The most common cause is a short to ground on any one sensor's signal circuit 

pulling the shared reference line down through the shared supply connection inside the ECM. 

Disconnecting sensors one at a time until the reference voltage recovers identifies the shorted circuit. 

 

54. B — A starter motor rated at 600 amperes is rated at a standardized test temperature and voltage. 

During an actual cold-engine cranking event, the thick cold oil, high compression pressure, and cold 

battery conditions increase the load on the starter, causing current draw to exceed the standardized 

rating. A draw of 850 amperes during cold cranking is within the expected range for a healthy 600-

ampere rated starter. 

 

55. D — Intermittent electrical symptoms that appear during rough terrain operation and disappear on 

smooth ground are the signature of vibration-sensitive connections. Chassis ground connections — 

bolted studs that ground multiple circuits to the frame — are particularly susceptible to loosening and 

corrosion. A single degraded ground stud can simultaneously affect lighting, gauges, and ECM 

communication because all circuits sharing that ground are impaired. 

 

56. C — The relay coil is functioning correctly — it draws current (85 ohms at 12V = 0.14A), generates 

a magnetic field, and produces an audible click confirming the plunger is moving and the contacts are 

closing. The load not operating despite closed contacts indicates the contacts are burned, pitted, or 

welded and cannot pass current reliably. The relay must be replaced. 

 

57. B — The measured voltages are reversed — CAN-H is reading at the voltage level expected for 

CAN-L (1.5V) and CAN-L is reading at the voltage expected for CAN-H (3.5V). This indicates the two 

wires have been swapped at some point in the circuit — either at a connector, splice, or module 

terminal. The differential signal is inverted, disrupting or preventing all network communication. 



58. A — SPN 190 is engine speed and FMI 7 means "mechanical system not responding properly." The 

complete code describes a condition where the ECM is commanding a specific engine speed through 

fuel delivery, but the measured engine speed does not match — the mechanical system (engine) is not 

responding to the ECM's fuel command as expected. This could indicate a seized component, 

mechanical binding, or a load condition preventing the engine from reaching commanded RPM. 

 

59. C — Chronic excessive idling keeps exhaust temperatures below the threshold for passive DPF 

regeneration (~300°C), causing accelerated soot accumulation that requires more frequent active or 

parked regeneration cycles. Each idle hour adds an unproductive engine hour to the maintenance clock 

— increasing service costs while producing no revenue work. The combined impact on DPF health and 

maintenance costs is significant. 

 

60. B — Intermittent display freezing without fault codes during normal operation points to a 

communication timing issue on the CAN bus. If a module is flooding the bus with high-priority 

messages or the bus is experiencing excessive traffic, the display's lower-priority data requests are 

delayed. The display buffers run empty during the delay, causing the visible freeze until the next 

successful data update. 

 

61. D — Flash programming writes a complete software image to the module's non-volatile memory in a 

sequential process that cannot be interrupted. A voltage dip during the write sequence can corrupt the 

partially written data, leaving the module in an inoperable state. A battery support device maintains 

stable voltage throughout the programming event, eliminating the risk of interruption from battery 

voltage sag. 

 

62. A — Parasitic draw is measured by connecting a DMM set to the DC amperes function in series with 

the battery negative cable. After reconnecting, the technician must wait for all electronic modules to 

complete their shutdown cycle and enter sleep mode — typically 20–30 minutes — before reading the 

current. The residual current measured after all modules are asleep represents the true parasitic draw. 

 

63. C — LED lighting is highly sensitive to supply continuity. A loose or corroded connection at the 

fixture's power or ground terminal creates an intermittent high-resistance point that briefly interrupts 

current to the LED driver circuit. Unlike incandescent bulbs that glow through brief interruptions due to 

filament thermal inertia, LEDs respond instantly to current disruption, producing visible flickering. 

 

64. B — A solenoid coil reading 2 ohms against a specification of 5–7 ohms has a partial internal short 

between windings. The reduced resistance causes the coil to draw more current than designed — 



potentially exceeding the ECM output driver's rated current capacity. The excess current can damage the 

ECM driver circuit while also generating excessive heat in the coil itself. 

 

65. C — The new ECM has only its base calibration — the adaptive corrections accumulated over 3,000 

hours by the previous ECM are not transferred. The engine may exhibit slight roughness, altered idle 

quality, or minor performance differences as the new ECM begins its own adaptive learning process. 

Performance normalizes over the first several operating cycles as the new ECM builds its own 

correction values. 

 

66. A — Disconnecting the battery erases keep-alive memory (KAM), stored DTCs, radio presets, clock 

settings, and any learned adaptive values in all electronic modules. Recording this information before 

disconnecting allows the technician to verify that stored fault history is preserved and that settings 

requiring manual re-entry (radio codes, clock) can be restored after reconnection. 

 

67. D — LED bulbs draw significantly less current than the incandescent bulbs they replaced. The 

flasher relay uses current draw to detect bulb condition — low current indicates a burned-out bulb. The 

reduced LED current triggers the relay's bulb-out detection, causing it to increase the flash rate as a 

warning. Installing an LED-compatible flasher relay or adding load resistors resolves the fast-flash 

condition. 

 

68. B — An OL (overload/infinite resistance) reading across a solenoid coil's terminals confirms the 

winding wire inside the coil is broken — an open circuit. No current can flow through the coil when 

voltage is applied, and the solenoid cannot generate a magnetic field. The injector is non-functional and 

must be replaced. 

 

69. C — CAN bus uses a priority-based arbitration system where all modules can attempt to transmit at 

any time. When two modules transmit simultaneously, the message with the lower numerical identifier 

(higher priority) dominates the bus. The competing module detects the conflict during the identifier 

field, stops transmitting, and waits until the bus is free to retry. This ensures the highest-priority 

messages are always delivered first. 

 

70. A — The alternator produces correct voltage at idle (low load) but drops below specification under 

heavy load. Since the drive belt is confirmed good, the alternator cannot increase output sufficiently to 

meet the high current demand. The internal voltage regulator is not commanding adequate field current 

to the rotor at peak demand — the regulator is partially failed and cannot reach its maximum field 

output. 



71. D — Electrostatic discharge (ESD) from the technician's body or a metal workbench surface can 

deliver thousands of volts in microseconds to the module's semiconductor components. This discharge is 

invisible and painless to the technician but can permanently damage transistors, microprocessors, and 

other semiconductor devices inside the ECM. The damage may not manifest immediately — it creates a 

latent defect that causes failure after the module is installed and operating. 

 

72. C — At 85% turbine-to-pump speed ratio, the stator's one-way clutch has released and the converter 

is operating as a fluid coupling. Torque multiplication occurs only at high slip ratios (low turbine speed 

relative to the pump) when the stator actively redirects fluid. At 85% efficiency, the speed differential is 

too small for the stator to contribute, and it freewheels — the converter simply couples the input and 

output with minimal slip. 

 

73. D — The TCM manages the directional shift by controlling the release timing of the forward clutch 

and the apply timing of the reverse clutch with a programmed overlap or pause period. This managed 

transition allows the machine to decelerate from forward travel, pass through a brief neutral state, and 

engage reverse smoothly — preventing the drivetrain shock that an instantaneous swap would produce. 

 

74. B — The transmission oil cooler bypass valve opens when the cooler is restricted (plugged or 

frozen), allowing oil to bypass the cooler and continue circulating through the lubrication circuit. 

Without the bypass, a blocked cooler would starve the transmission of oil — causing immediate and 

catastrophic damage to clutch packs, bearings, and planetary gears from oil starvation. 

 

75. A — Standard Cardan U-joints are designed to operate continuously at angles of 3–5 degrees 

maximum. An 8-degree angle at one end exceeds this limit and produces significant cyclic velocity 

variation. The phased driveshaft can only cancel velocity variation when both joint angles are 

approximately equal — the 8°/2° mismatch leaves a large uncancelled vibration component that worsens 

with speed. 

 

76. D — In a hunting gear set, the tooth count ratio between the ring gear and pinion is non-integer — 

no repeating contact pattern exists. Every pinion tooth contacts every ring gear tooth over a complete 

meshing cycle. This distributes wear evenly across all teeth, extending gear life. Non-hunting sets have 

integer ratios where the same teeth contact repeatedly, concentrating wear. 

 

77. C — The fracture surface pattern — a smooth, curved progression mark with a small rough final-

break area — is the classic signature of fatigue failure. The crack initiated at a stress concentration point 

(the flange area) and grew incrementally with each load cycle, producing the smooth progression marks. 



When the remaining cross-section could no longer carry the load, final fracture occurred at the small 

rough area. 

 

78. B — A viscous coupling contains alternating plates splined to the input and output shafts, immersed 

in high-viscosity silicone fluid. When a speed differential develops between axles (one axle spinning 

faster), the relative plate motion shears the fluid, creating resistance that transfers torque from the faster 

shaft to the slower shaft. The torque transfer is proportional to the speed differential. 

 

79. A — A floating seal (duo-cone or face seal) consists of two precision-ground metal rings that rotate 

against each other under controlled spring pressure. The metal-to-metal sealing interface is extremely 

resistant to the contamination, abrasion, and impact conditions that destroy conventional rubber lip seals 

in track-type undercarriage environments. The elastomeric toric rings behind each metal face provide the 

spring loading. 

 

80. D — Ring gear runout of 0.15 mm exceeds the 0.08 mm maximum specification, indicating the ring 

gear is not seated squarely on the differential case. Before any other adjustment, the ring gear must be 

removed, both mating surfaces cleaned and inspected for burrs, contamination, or damage causing the 

misalignment, and reinstalled. Runout must be within specification before backlash and pattern 

adjustments proceed. 

 

81. B — The pilot bearing (or bushing) supports the forward tip of the transmission input shaft in the 

flywheel bore, maintaining precise alignment between the input shaft and crankshaft centerline. When 

the clutch is disengaged and the input shaft is not being driven, the pilot bearing prevents the shaft from 

wobbling or deflecting, which would cause clutch disc wobble, vibration, and difficulty engaging gears. 

 

82. C — A proportional solenoid allows the TCM to ramp clutch apply pressure gradually rather than 

applying full pressure instantaneously. The TCM modulates the solenoid duty cycle to control pressure 

rise rate — starting with a soft initial fill, then progressively increasing pressure to complete the 

engagement smoothly. This controlled ramp produces the smooth shift feel that an on/off solenoid 

cannot achieve. 

 

83. A — A balance weight compensates for manufacturing variations in the driveshaft tube's mass 

distribution. Without the weight, the shaft rotates with an imbalanced mass that generates centrifugal 

force proportional to the square of rotational speed. This force produces a vibration that worsens rapidly 

with increasing RPM and can damage U-joints, bearings, and transmission output seals. 

 



84. D — The mechanical governor generates a pressure signal proportional to the transmission output 

shaft speed. This governor pressure works against throttle pressure (which represents engine load 

demand) in the valve body to determine shift points. At higher output speed, governor pressure rises and 

overcomes throttle pressure to command an upshift; at lower speed, reduced governor pressure allows a 

downshift. 

 

85. B — Insufficient carrier bearing preload allows the carrier to shift laterally under the ring gear mesh 

forces during loaded operation. This movement changes the ring gear's position relative to the pinion 

with each load reversal, producing inconsistent tooth contact patterns, accelerated gear wear, and audible 

noise from the varying mesh geometry. 

 

86. A — Glazing (smooth, shiny surface from heat polishing), heat discoloration (blue or brown tinting 

from overtemperature events), material flaking (surface separation from thermal degradation), or friction 

material below minimum thickness all indicate the disc can no longer provide adequate friction and 

clamping force. Any of these conditions requires disc replacement to restore correct shift quality and 

torque capacity. 

 

87. B — As the track chain wears and its pitch elongates, the chain no longer meshes correctly with the 

sprocket teeth. The elongated chain contacts each tooth higher on the tooth profile than designed, and 

the sprocket tooth wears into the characteristic hook shape as the chain pulls across the tooth tip during 

engagement. The hooked profile is the visual confirmation of normal progressive wear from pitch 

elongation. 

 

88. C — The spring-loaded tensioner idler maintains consistent chain tension by automatically taking up 

slack as the chain elongates through normal wear. Without the spring, chain slack would increase 

progressively, causing chain slap, impact loading at the sprocket, and potential chain derailment. The 

spring provides continuous self-adjustment without requiring manual intervention between service 

intervals. 

 

89. C — The thermostatically controlled heater coolant valve opens only when coolant at the valve 

location reaches 75°C. Even though the engine block reaches operating temperature within 5 minutes, 

the coolant in the heater supply line — which branches off a different point in the cooling circuit — may 

take an additional 5 minutes to reach 75°C at the valve. The valve opens on schedule but the delay 

frustrates the operator. 

 

90. D — A properly sealed system under vacuum should hold below 500 microns indefinitely. A rise 

from 300 to 1,500 microns over 10 minutes indicates air is entering the system through a leak. The leak 



must be located and repaired before the system can be successfully evacuated and charged. Moisture 

evaporation typically causes a small rise that stabilizes — a sustained climb to 1,500 microns indicates a 

true breach. 

 

91. A — The 180 ml drained from the old evaporator represents the oil that had migrated to and was 

retained by the evaporator during normal system operation. Adding exactly 180 ml to the new dry 

evaporator replaces this quantity and maintains the original total system oil distribution. Adding more or 

less than the drained amount alters the total system charge, which affects both cooling performance and 

compressor lubrication. 

 

92. B — A manometer or magnehelic gauge measures the differential pressure between two points — in 

this case, the cab interior and the outside atmosphere — in inches of water column. This is the standard 

measurement method for verifying cab pressurization meets the OEM specification. Particle counters 

and anemometers measure different parameters and do not directly quantify the pressure differential. 

93. C — A refrigerant identifier tool draws a vapour sample from the system and analyzes its 

composition, displaying the percentage of each refrigerant type present. This is the only tool that can 

positively confirm whether the charge is pure R-134a, pure R-1234yf, or contaminated with an incorrect 

or mixed refrigerant before recovery. Pressure readings alone cannot differentiate between refrigerant 

types reliably. 

 

94. A — The measured exposure of 88 dBA exceeds the 85 dBA regulatory limit. The employer must 

identify the noise source, implement controls following the hierarchy (engineering controls first, then 

administrative, then PPE), and reduce the operator's exposure below 85 dBA. Simply providing hearing 

protection without investigating the source does not satisfy the full regulatory requirement. 

 

95. D — Superheat that is set too high means the TXV is restricting refrigerant flow excessively — only 

a small amount of liquid refrigerant enters the evaporator, and it evaporates completely early in the coil. 

The remaining evaporator surface has no liquid refrigerant to evaporate and contributes no cooling. The 

result is significantly reduced cooling capacity because most of the evaporator is unused. 

 

96. B — The sealed combustion chamber prevents combustion products from mixing with heated cab 

air. If the heat exchanger cracks, carbon monoxide and other toxic combustion gases enter the cab air 

stream through the breach. CO is odorless and can reach dangerous concentrations without the operator's 

awareness, creating a potentially fatal poisoning hazard. 

 



97. C — The evaporator thermostat monitors the evaporator surface temperature and cycles the 

compressor off before the temperature drops to 0°C. This prevents water condensate on the evaporator 

from freezing into an ice layer that blocks airflow through the coil and stops all cooling. When the 

surface warms above the set point, the compressor re-engages and the cooling cycle resumes. 

 

98. A — The rod-end effective area equals the full piston area minus the rod cross-sectional area. Rod 

area = π × (35mm)² = approximately 38.5 cm². Rod-end effective area = 78.5 − 38.5 = approximately 40 

cm². Retraction force = 200 bar × 40 cm² = 80,000 N. This is significantly less than the extension force 

(200 × 78.5 = 157,000 N) because the rod occupies part of the piston area. 

 

99. D — Bladder accumulators have no metal-to-metal sliding contact between the gas and oil chambers 

— the flexible bladder separates them without any friction. Piston-type accumulators use a sliding piston 

with seals that create stiction (static friction) before the piston moves. The bladder's zero-friction 

response provides instantaneous energy release, which is critical for a steering backup system that must 

respond immediately when the primary pump fails. 

100. C — Theoretical output = displacement × RPM ÷ 1,000 = 75 cm³ × 1,800 ÷ 1,000 = 135 L/min. 

This is the theoretical flow before accounting for volumetric efficiency losses. Actual delivered flow 

will be lower (typically 90–97% of theoretical) due to internal leakage through pump clearances. 

 

101. B — When the conveyor overruns the motor on a downhill section, the motor is being driven by the 

load faster than the pump is supplying fluid. This creates a vacuum on the low-pressure inlet side of the 

motor. The anti-cavitation check valve opens to allow reservoir fluid to enter the low-pressure side, 

preventing the vacuum that would cause cavitation and motor damage. 

 

102. A — A live sampling port on the pressurized return line captures fluid that has just circulated 

through the active working circuit at operating temperature — providing a representative sample of the 

contamination level the system components are actually experiencing. Reservoir samples, drain plug 

samples, and case drain samples each have biases that do not represent the circulating fluid condition 

accurately. 

 

103. D — The flushing circuit typically exchanges approximately 5–15% of the closed-loop flow 

volume per circuit pass. This controlled exchange rate removes heat and contamination from the loop 

without diverting so much flow that the drive performance is affected. The exchanged fluid passes 

through the cooler and filter before returning to the reservoir, and is replaced by fresh charge pump 

flow. 

 



104. C — The wet tank (supply reservoir) accumulates the bulk of moisture condensation from 

compressed air cooling. Daily draining at the pre-operational inspection ensures accumulated water is 

expelled before it can pass downstream to the service reservoirs and brake components. In cold weather, 

undrained water freezes in lines and valves, causing brake failure. 

 

105. A — Working pressure is load-dependent — the system operates at whatever pressure the load 

requires to move the actuator, up to the relief valve maximum. The 210 bar reading represents the actual 

force required to lift the rated load. The 70 bar difference between working pressure and the 280 bar 

relief setting is the safety margin that protects against overpressure while ensuring the system can handle 

the rated load. 

 

106. D — Minimess (or diagnostic test point) fittings are purpose-built self-sealing quick-connect ports 

designed specifically for installing pressure gauges during diagnostics. When the test hose is connected, 

the fitting opens and allows pressure measurement. When the hose is disconnected, the fitting 

automatically reseals with zero fluid loss, eliminating the need to drain the circuit for gauge installation. 

107. B — An illuminated ABS warning light indicates the ABS system has detected an internal fault — 

a sensor, modulator, or controller issue — and has disabled the ABS function. The foundation (base) 

brake system continues to function normally without ABS. The machine can be operated with reduced 

anti-lock capability, but the ABS fault must be diagnosed and repaired to restore full braking protection. 

 

108. A — Internal cylinder cushions decelerate the piston near the end of its stroke by trapping exhaust 

fluid behind a tapered or stepped plunger that progressively restricts the exhaust flow through a 

controlled orifice. This creates a hydraulic braking effect that slows the piston smoothly before it 

contacts the end cap, reducing impact shock, noise, and component stress. 

 

109. C — Selecting high-speed mode decreases the motor displacement — each revolution of the motor 

requires less fluid volume. Since the pump delivers the same total flow, the motor turns faster (more 

revolutions per minute from the same flow volume). The trade-off is reduced torque per revolution, 

because less fluid displacement means less force generated at the motor output. 

 

110. D — A pressure-compensated variable-displacement pump with a 30 bar standby setting destrokes 

to minimum displacement when no load-sensing demand is present. It maintains just enough flow to 

compensate for internal leakage and hold 30 bar standby pressure. This minimal displacement consumes 

very little engine power — the primary efficiency advantage of load-sensing systems. 

 



111. A — An oversized cooler in cold ambient conditions may reduce hydraulic fluid temperature below 

its optimal operating range. Cold, viscous fluid increases pressure drops across valves and fittings, 

reduces actuator responsiveness, and increases the risk of cavitation at the pump inlet. In extreme cases, 

the cold fluid can cause premature seal wear from inadequate lubrication film development. 

 

112. C — The reservoir safety valve opens at approximately 150% of the governor cut-out pressure — 

typically around 1,200–1,350 kPa on a system with an 860 kPa cut-out. Its purpose is to protect the 

system from overpressure if the governor fails to unload the compressor at the normal cut-out point. 

Without this valve, a stuck governor would allow pressure to rise until a component failed 

catastrophically. 

 

113. B — Flat-face quick-disconnect couplings seal by compressing an O-ring against a precision-

machined flat metal face. A deep scratch across this sealing surface creates a groove that the O-ring 

cannot bridge under pressure, producing a leak. The coupling must be replaced — the sealing surface 

cannot be repaired by polishing, filling, or rotating. 

 

114. D — The servo actuator is the hydraulic cylinder that physically moves the pump swashplate, and 

the control valve directs servo pressure to one side or the other of the servo piston based on the ECM 

command (EDC) or operator lever input (mechanical). A failed servo — seized piston, blocked control 

valve, or damaged linkage — prevents the swashplate from reaching full displacement. 

 

115. A — A 25-micron filter allows all particles between 10 and 25 microns to pass through untrapped. 

These particles are in the critical wear range for hydraulic components with precision clearances. The 

system contamination level will exceed the OEM cleanliness specification, accelerating wear on pumps, 

valves, and motors. The correct 10-micron element should be obtained and installed as soon as possible. 

 

116. C — The red (emergency) gladhand supplies air to the trailer's spring brake release circuit. When 

this line is severed, the supply air escapes and the trailer's spring brake circuit pressure drops to zero. 

With no air holding the springs compressed, the spring brakes apply automatically — the designed fail-

safe that stops a separated trailer. 

 

117. A — A swashplate pump varies displacement by changing the angle of the swashplate (the surface 

the pistons bear against) while the cylinder barrel axis remains aligned with the drive shaft. A bent-axis 

pump varies displacement by changing the angle between the entire cylinder barrel assembly and the 

drive shaft. Both methods change piston stroke length, but through fundamentally different mechanical 

approaches. 



118. B — The correct warm-up procedure is to operate all hydraulic functions through their full range at 

low speed and light load. This circulates fluid through every circuit, valve, and actuator, warming the oil 

evenly through normal internal friction and flow. Stalling cylinders against relief generates excessive 

localized heat and pressure spikes that can damage cold seals and components. 

 

119. A — Charge pressure (typically 15–35 bar) serves only to maintain positive inlet pressure on the 

low-pressure side of the loop, replenish case drain losses, and provide the baseline for the flushing 

circuit. Working pressure (which can reach 350–450 bar under full load) is the main drive pressure 

generated by the pump to power the motor. The two pressure levels serve entirely different functions. 

 

120. C — During regeneration, a portion of dry compressed air stored in the system reservoirs is routed 

backward through the desiccant bed from the clean (outlet) side toward the dirty (inlet) side. This dry air 

strips accumulated moisture from the desiccant material and carries it out through the purge valve, 

regenerating the desiccant bed for the next compression loading cycle. 

 

121. C — The rod seal and wiper seal ride directly on the chrome surface of the cylinder rod. Scoring 

and pitting create sharp edges that cut and abrade the seal lips with each stroke, rapidly destroying them. 

The resulting external oil leakage and contamination ingress through the compromised seals damage the 

internal piston seals and barrel surface, escalating the repair from a seal kit to a complete cylinder 

rebuild. 

 

122. B — A blister on the outer cover of a hydraulic hose indicates the outer cover has separated from 

the internal reinforcement layer. This separation means the reinforcement — the structural layer that 

contains the system pressure — has been compromised. Internal failure is imminent and the hose can 

rupture violently under pressure. The hose must be replaced immediately. 

 

123. B — Magnetic particle testing (MT) induces a magnetic field in ferromagnetic steel. Iron particles 

applied to the surface are attracted to flux leakage at both surface-breaking cracks and near-surface 

discontinuities that distort the magnetic field. MT detects defects that dye penetrant cannot find because 

the defect does not need to reach the surface to create a particle indication. 

 

124. D — Pin bore wear beyond the OEM service limit is repairable by weld-building the bore with an 

appropriate electrode (selected for the base material and operating conditions), then machining the bore 

back to its original diameter. A new standard-size pin and bushing are then installed to restore the 

original clearances. This is a standard structural repair procedure for pivot bores on heavy equipment 

booms and sticks. 



125. C — Field welding of adapters without the correct electrode type, pre-heat procedure, and weld 

profile specified by the OEM can produce a weld with inadequate penetration, hydrogen cracking, or 

incorrect heat-affected-zone properties. Such a weld may appear adequate but can crack under the cyclic 

loading of digging operations, potentially releasing the adapter and tooth into the material being 

processed. 

 

126. A — The weighted test lift at low height — typically raising the attachment just 150–300 mm off 

the ground — confirms the coupler is physically bearing the attachment's full weight. If the coupler has 

not properly engaged and releases during the test, the attachment falls only a short distance onto stable 

ground, posing minimal hazard. This verifies mechanical engagement beyond what the indicator alone 

can confirm. 

 

127. B — The auxiliary circuit pressure must be reconfigured to match the compactor's required 250 bar, 

provided this is within the machine's rated maximum auxiliary pressure capability. The adjustment is 

made through the OEM diagnostic software or the machine's parameter menu. Operating the attachment 

at 200 bar when it requires 250 bar produces inadequate compaction force and unacceptable 

performance. 

 

128. D — Bolt holes are geometric stress risers — the removed material creates a discontinuity that 

concentrates the applied stress at the hole's edge to a value significantly higher than the nominal stress in 

the surrounding intact material. Cracks preferentially initiate at stress risers because the concentrated 

stress exceeds the material's fatigue limit at that point before it is exceeded anywhere else. 

 

129. C — Frayed seatbelt webbing has lost fiber continuity — the individual threads that carry the 

restraint load are severed, reducing the belt's load capacity below its rated strength. A retractor that does 

not retract smoothly cannot reliably lock during a sudden deceleration event. Both conditions 

compromise the belt's life-safety function. The complete assembly must be replaced. 

 

130. B — A lens washer or compressed air blast system automatically cleans the camera lens at 

programmed intervals or on operator demand during operation. This maintains camera visibility without 

requiring the operator to leave the cab or stop production for manual cleaning. Several OEM and 

aftermarket systems are available for heavy equipment camera installations. 

 

131. A — A missing counterweight bolt redistributes the clamping load to the remaining eleven bolts, 

increasing the stress on each. Under the dynamic loading of excavation cycles, this elevated stress may 

have loosened additional bolts. The missing bolt must be replaced with the correct specification 



hardware, and all remaining bolts must be inspected and re-torqued to confirm none have been 

compromised. 

 

132. A — The MGU functions as a generator during deceleration (converting kinetic energy to electrical 

energy), boom lowering (converting gravitational potential energy), and swing braking (converting 

rotational kinetic energy). In all these cases, the mechanical energy that would otherwise be wasted as 

heat in friction brakes or metering valves is captured by the MGU and stored in the HV battery for reuse. 

 

133. D — Any damage to HV cable insulation — even if only the outer jacket is compromised and the 

inner insulation appears intact — requires the cable to be replaced after the full HV isolation procedure 

is completed. The outer jacket is the first barrier protecting the conductor insulation from moisture, 

abrasion, and further mechanical damage. Operating with a compromised outer jacket exposes the inner 

insulation to progressive degradation that can lead to a ground fault or arc flash. 

 

134. C — An SOH of 78% means the battery can only deliver 78% of its original rated capacity — 

below the 80% end-of-service-life threshold defined by the OEM. The machine cannot perform a full 

rated work shift without recharging, and the reduced capacity will continue to degrade further. The 

battery pack should be replaced to restore full machine capability and productivity. 

 

135. B — Autonomous equipment operates without a human operator and will execute programmed 

movement commands without visual or audible warning to nearby personnel. Before approaching for 

service, the technician must confirm the machine has been placed in the OEM's prescribed 

maintenance/inhibit mode, which disables all autonomous movement functions. An autonomous 

machine not in inhibit mode is a machine that may move without warning. 

 

 


