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INTRODUCTION TO MK 23

PURPOSE:  The purpose of this course is to instruct you on the capabilities and basic operation of the MK23.

Your duties for the next few years will involve operating and performing limited maintenance on tactical vehicles.  This lesson will cover the specifications and operation of MK series vehicles.  You will learn how the MK series vehicles perform from the operator’s point of view.

Safety should always be the first thing on your mind.  It is very easy for an accident to happen when proper procedures are not followed.  Keep safety in mind throughout your training and when you are driving the vehicle.

STUDENT REFERENCES:

TM 10629-10

TERMINAL LEARNING OBJECTIVES:
Given an M Series vehicle and references, and under the supervision of a qualified operator, operate M Series Vehicle On-Road per the references and without injury to personnel or damage to equipment (3531.01.02).

ENABLING LEARNING OBJECTIVES:

Given references, identify vehicle components/systems per the references (3531.01.02ao).

Given references, identify vehicle capacities/characteristics per the references (3531.01.02ap).

Given references, identify vehicle controls and indicators per the references (3531.01.21a).

1.  CHARACTERISTICS:
a.  The purpose of the MK series vehicles is to transport cargo and personnel in support of Marine Corps tactical and administrative operations.

b.  The family of MK series vehicles includes the MK23, MK25, MK27, and MK28.

 (1)  The MK23 is the baseline model in the MK series.  All other MK series vehicles share the same basic design and features as the MK23.  You will learn more about the MK23’s features later in this lesson.  The MK25 is similar in size and appearance to the MK23.  The main difference between the MK23 and the MK25 is that the MK25 is equipped with a self-recovery winch.

(2)  The MK23 weighs 27,800 lbs while the MK25 weighs 28,600 lbs.  The MK23 and MK25 series trucks are 98 inches wide.  They are 314.9 inches long.  They have an operational height of 141.2 inches and a transport height of 98 inches.  The ground clearance on highways is 16.7 inches.  Cross-country ground clearance is 16.2 inches.

(3)  The MK27 and MK28 are different from the MK23 and MK25.  Both the MK27 and MK28 have a longer cargo bed.  The only difference between the MK27 and the MK28 is the MK28 is equipped with a self-recovery winch.

(4)  The MK27 and MK28 share many of the same physical dimensions of the MK23 and MK25.  However, because of the extended cargo bed, the length of the MK27 and MK28 is 386.5 inches.  The MK27 weighs 30,067 lbs, while the MK28 weighs 30,955 lbs.  Operational height, width, and ground clearances are similar to the MK23 and MK25.

2.  PERFORMANCE SPECIFICATIONS:
a.  This section of the lesson covers the performance specifications, vehicle capacities and characteristics of the MK23 series vehicles.

b.  As with any vehicle, the MK23 has certain specifications that place limitations on its performance. These include maximum speed, maximum grade, fuel mileage and maximum turning radius.

(1)  If you own a vehicle, you know that it can only go so fast.  The same is true for MK23. The MK23 has an authorized maximum speed of 45 mph with full load. Off-road speed is usually limited to 15 mph. However, your driving speed should always reflect the conditions you are driving in, as well as the load you are carrying. Always obey the posted speed limits.

(2)  The MK23 has the ability to descend and climb steep inclines. The MK23 can traverse up to a 60% incline and a side slope of 30% at a speed of 15 mph. A 60% incline is equal to a 6-foot rise for every 10 feet of forward motion. This is referred to as the ‘rise over the run.’ 

 

(3)  Like your car, MK23 can only go so far on a single tank of fuel. This is the cruising or operating range. The MK23 can go up to 300 miles on a tank of fuel when fully loaded. Again, you must take into consideration the driving conditions and load, as both can affect fuel mileage. 

(4)  In field operations, it is often necessary to cross-rivers, streams, ponds and other bodies of water. Driving through a body of water is referred to as “fording”. The MK23 can ford water up to a depth of 60 inches.

(5)  The area required for the vehicle to turn 360 degrees is referred to as the turning radius. There are two measurements of a turning radius. The turning radius outside the front tires is called curb-to-curb. The curb-to-curb radius is 82 feet, 3inches. The turning radius of the front bumper path is referred to as wall-to-wall. The MK23 has wall-to-wall radius of 85 feet, 4 inches.

c.  If you have driven a vehicle before, you are probably aware that the smaller the vehicle, the easier it is to maneuver. Obviously, the MK23 is a large, heavy vehicle. However, it is very maneuverable for a vehicle of its size. It is one of the most sophisticated vehicles on the road today. 

d.  As an operator, it is important to know the limitations of the MK23. This will allow you to operate the MK23 without causing damage to the vehicle or injury to you or your fellow Marines.

(1)  The MK23 has a maximum payload capacity of 15 tons of cargo and weight on primary or secondary road. The maximum payload capacity is 7 tons when driving cross-country. These weight limitations can be affected by the height of the load you are carrying. The MK23’s payload capacity is limited to 10 tons when hauling cargo with a higher center of gravity. 

(2)  The MK23 also has the capability of transporting Marines. While only 3 Marines including the operator are allowed in the cab, up to 16 are allowed in a cargo bed. The extended wheelbase MK27 and MK28 can carry up to 20 Marines in the cargo bed.

(3)  In your operation of the MK23, it will often be necessary to tow trailers and in some cases, other vehicles. The MK23 has a maximum trailer towing capacity of 22,000 pounds. When towing another MK vehicle or other vehicle, the gross vehicle weight of the towed vehicle should not exceed the weight of the MK23.

(4)  The MK series is a 6 by 6 vehicle, which means there are 3 axles with 2 tires on each for a total of 6 tires. The second 6 means that the driving forces is delivered to each tire. One axle is mounted in front; the intermediate axle is two-thirds of the way down the body; and the rear axle is at the rear of the vehicle. Each axle can carry a specified amount of weight.

(5)  The MK23 is able to operate in any climate. With a special arctic weather kit, it can endure extreme cold temperatures down to –50 degrees Fahrenheit. It can also effectively operate in temperatures as hot as 125 degrees Fahrenheit.

The next section covers the various systems of the MK series vehicles. Each section will give you an overview of system performance and operation.  These are the various systems that are part of the MK23.

3.  CATERPILLAR C-12 ENGINE:
a.  A 12-liter Caterpillar engine powers MK series vehicles. 

b.  The C-12 is an:

(1)  Inline, six-cylinder, four-cycle engine 

(2)  Turbocharged diesel engine

c.  It produces 425 horsepower and 1550 ft-lbs. torque. 

d.  This engine uses direct fuel injection and has four valves per cylinder.

4.  AIR INTAKE/EXHAUST SYSTEM:
a.  The air intake and exhaust system supplies air to engine and removes the exhaust gases. This allows the C-12 engine to run efficiently. The placement of system components allows the vehicle to operate off-road and to ford through water.

b.  All MK series vehicles are equipped with an ether injection system. Ether is used to assist in starting the C-12 engine in temperature below +32 degrees Fahrenheit. Ether injection is accomplished by the engine electronic control module (ECM); no input from the operator is required. CAUTION: Ether is highly flammable, even at low temperatures.

 (1)  The air system receives air from the air inlet and filters it in the air filter before routing the air through the tubing to the turbocharger. Because the turbocharger is exhaust driven, the after cooler cools the air before entering the engine block. 

(2)  The air filter is a replaceable type that may be cleaned until unserviceable. NEVER operate the vehicle with the air filter removed. The aligning clip is used to align the cover with the air filter housing. Rubber seals are used to seal the air filter to housing. Ensure that the cover gasket is in place and is not damaged.

(3)  The turbocharger on the C-12 engine increased the amount of air that enters the engine, which increases engine horsepower. The turbocharger take in air, then compresses it to make it more dense. 

(4)  The air cooler is used to cool the air coming from the turbocharger that is going to the engine intake manifold.

(5)  The exhaust system has three functions: it routes exhaust gas away from the cab and cargo bed area and it reduces exhaust noise and arrests sparks. Exhaust gas is used to drive the turbocharger turbine wheel.

5.  COOLING SYSTEM:
a.  The C-12 uses liquid coolant, also known as antifreeze, to control engine temperature. 

b.  The coolant is kept in a closed system and is re-circulated by a water pump. A surge tank and a coolant overflow bottle are used to check coolant level. The coolant fill capacity of the C-12 is 47.5 quarts.

(1)  The cooling system on the vehicle has two external tanks. The surge tank is mounted in the center of the engine support frame. When coolant leaves an engine, it tends to leave in waves or surges. This tank receives the surge then transfers coolant to the radiator.  The coolant overflow bottle allows some heated coolant to leave the system.

(2)  The C-12 is equipped with one drive belt and one cooling fan.  The drive belt is a serpentine belt and is used to drive both the alternator and the cooling fan.  The cooling fan pulls air through the radiator and channels it over the engine to remove heat.  The fan can be disengaged using the fan ford switch on the dash.

(3)  The radiator is located in front of the engine.  Its primary purpose is to allow the engine’s heat to be removed by passing through it.  The radiator is connected to the engine by flexible hoses.  Other smaller hoses are used to flow coolant to other parts of the engine and to heat the cab.  

(4)  The water pump circulates the coolant through the engine and back to the radiator.  It is located on the right side of the engine and is directly driven by the engine.

6.  ENGINE LUBRICATION SYSTEM:


a.  The C-12 engine uses engine oil for internal lubrication of moving parts.

b.  There are several components of the lubrication system for the C-12 engine.  Oil is circulated throughout the engine to lubricate and cool the engine’s moving parts.  A remote-mounted oil filter removes contaminants and particles from the oil.  The C-12’s oil capacity is 36 quarts.

(1)  The oil fill and dipstick are located on the left side of the engine, toward the front.  The dipstick is used to check the oil level in the engine.  If oil needs to be added, the oil fill is used.  Both are removed by giving them a slight twist and pulling out.

(2)  The oil pump pressurizes the oil and sends it throughout the engine to lubricate all the moving parts.  The pump runs whenever the engine is running.

(3)  The C-12 is equipped with an engine oil cooler.  The engine oil cooler reduces engine oil temperature before it enters the engine.  It uses coolant from the engine cooling system, to remove the excess heat.

(4)  Unlike most vehicles, the MK23 uses an oil filter that is not mounted on the engine.  This is done to improve serviceability.  The remote-mounted oil filter is located under the right side of the cab, behind the steps.

(5)  Two sample valves are located on the right side of the cab behind the steps near the oil filter.  These valves are used to gather samples of the vehicle’s oil before service.

(6)  The turbine bearings in the turbocharger use oil under pressure from the engine for lubrication.

(a)  The oil comes in through the oil inlet port, then goes through passages in the center section of the turbocharger housing in order to lubricate the turbine bearings.  Oil from the turbocharger goes out through the oil outlet port and oil drain line.  Oil is returned back to the engine lubrication system.

(b)  As an operator, it is important for you to remember NOT to shut off the engine immediately after completing a mission.  Allow the engine to idle at 800 to 1000 RPM for three minutes to allow the turbocharger to cool before shutting off the engine.

7.  ENGINE COMPRESSION BRAKE SYSTEM:
a.  Many large diesel engines, including the C-12, are equipped with engine compression brake systems, or “Jake brakes”.  They are called Jake brakes, because Jacobs Vehicle Systems is the original manufacturer of this sort of braking system.  

b.  The “Jake brake” uses the engine’s compression to provide braking power.  This brake is useful when driving down steep grades.

c.  By reducing the amount of compression in the cylinders, the “Jake brake” reduces the horsepower available from the engine, allowing gravity and friction to slow the vehicle.

8.  ENGINE CONTROL/DIAGNOSTIC SYSTEM:
a.  The MK23 is equipped with a complex engine control and diagnostic system. 

b.  This system monitors and controls the operation of the C-12 engine.  It is also used to notify you when the engine has a problem that requires maintenance service.

9.  FUEL SYSTEM:
a.  The fuel for the C-12 engine is supplied by the fuel system.  

b.  The fuel tank is located on the left side of the MK series vehicles, just aft of the operator’s door.  The tank holds the fuel supply.  

(1)  It has a total of 80 gallons of capacity, but only 76 gallons are usable due to the location of the fuel pickup.

(2)  The fuel tank is equipped with a fuel strainer under the fuel filler cap.  This strainer keeps large debris from entering the fuel tank.

c.  The fuel-water separator is located under the left side of the cab.  It can be seen between the second step and the main cab.  

(1)  The purpose of the fuel-water separator is to remove dirt and water from the fuel before it reaches the engine.  

(2)The valve on the bottom of the separator allows the operator to drain water and contaminants from the system.


d.  Fuel system cycle of operation

(1)  The fuel lines carry fuel from the fuel tank to the filters, fuel pump, engine, and back to the fuel tank.  Fuel lines are flexible hydraulic hoses and have crimped fittings that connect to the fuel tank and engine components.

(2)  From the tank, fuel is pumped through the fuel water separator.  Water and contaminants are removed.  Fuel from the fuel-water separator goes to the fuel transfer pump. 

(3)  The fuel pump pulls fuel from the fuel tank, pressurizes it to 91 PSI and delivers it to the fuel injectors.

(4)  After the fuel pump, the fuel flows through the engine-mounted fuel filter.  

(5)  The fuel filter is located on the left side of the engine.  It is attached to the engine via a fuel manifold, which delivers fuel to the injectors.

(6)  The fuel priming pump is attached to the base of the fuel filter.  Diesel fuel systems must be kept free of air and must not be run out of fuel.  Should this occur, the fuel priming pump can be used to assist in purging air from the fuel system.

(7)  The fuel system continuously supplies fuel to the engine.  Fuel flows from the fuel tank to the supply manifold, then through the unit injectors.  Fuel not used is returned to the fuel tank.

(8)  Some of the fuel is returned to the fuel tank.  The return of fuel is regulated to prevent excessive heating of the fuel tank.

10.  ACCESSORY COMPONENTS:
a.  The engine requires additional components, often referred to as accessory components, in order to operate.  

b.  They are mounted on the outside of the engine.  

(1)  The alternator provides the electrical power for the MK23 once the engine is started.  It produces 28 volts and up to 150 amps of power.

(2)  The starter is a high-torque electric motor that is used to start the engine.  It requires 24 volts from the batteries in order to crank the engine.

11.  DRIVE TRAIN:
a.  Power from the engine is sent to the wheels via the drive train. 

b.  The drive train consists of several components.

(1)  The MK23 is equipped with an Allison HD4070 Automatic Transmission.  This transmission has seven forward gears, one reverse gear, and a neutral position.

(a)  The transmission starts in second gear when shifted from neutral.  Its default gear range setting is 7.  The transmission is controlled via a push-button shift selector panel located on the dashboard in the cab.  Depending on the driving conditions, it may be necessary to select a lower gear.  The number displayed on the panel is the highest gear setting for the transmission.

(b)  The transmission electronic control unit (ECU) controls the transmission’s operation.  It also communicates with the engine electronic control module (ECM) throughout the gear ranges.

(c)  The tachometer is used to monitor engine speed.  If the engine speed is too high, the operator can shift the transmission in to a higher gear.

(d)  The transmission fluid level is checked by removing the transmission dipstick.  If the transmission fluid level is low, additional fluid is added through the fill tube.   Both the dipstick and the fill tube are located behind the cab.

(e)  The MK23 uses transmission fluid in different grades depending on the climate to transfer power from the engine through the rest of the drive train as well as to lubricate and cool all the moving parts inside the transmission assembly.  The automatic transmission has a maximum capacity of 48 quarts.

(2)  MK series vehicles are equipped with a transfer. The transfer is used to provide power to the front axle, while maintaining power flow to the rear axles. 

(a)  The transfer uses OE/HDO 50 oil for lubrication. An externally mounted pump pressurizes the oil and sends it to various sections of the transfer. The Transfer uses 6 quarts of oil for lubrication. 

(b)  The transfer lock assembly is used to lock the forward and/or middle axles. The transfer lock assembly provides increased mobility in adverse operation conditions. 

(3)  All MK series vehicles are equipped with three differentials, one located on each axle. The job of the differentials is to transfer the drive force from the drive shafts to the axles. 

(a)  The differentials are part of the wall-to-wall drive feature of the MK23. They provide drive torque to every wheel on the MK23, depending on the transfer lock position.

(b)  The differentials used GO 80W-90 gear oil for lubrication. Gear oil lubricates all the differentials parts through splash lubrication. The intermediate differential uses 13 quarts, while the front and rear differentials use 10.5 quarts of gear oil.

(4)  Drive shafts or propeller shafts as they are sometimes called, are used to transfer torque from one drive train component to another in a smooth continuous rotation. 

(a)  There are four main drive shafts, three between the transfer and differential and one between the transmission and transfer.

(b)  Drive shafts contain flexible joints to allow the smooth transfer of power between components even when they are not positioned in a straight line.

(5)  The MK23 uses six axle half-shafts.  These half-shafts are designed like drive shafts that incorporate universal joints and constant velocity joint. The half-shafts transfer the driving force from the differentials to the wheel hubs. 



(6)  The hub assembly receives power from the half shaft. The hub is a ‘gear-type hub,’ meaning there are gears inside the hub assembly. This geared hub converts the rotation force received from the half shaft into additional driving torque. 

(7)  CTIS operation

(a)  When you select the MSS (Mud, Sand, Snow) terrain mode on the CTIS control panel/ECU, an electrical signal is sent to the indicator board, illuminating the driveline lock indicator light. Power will also be sent to the transfer solenoid valve and the inter-axle solenoid valve. When the valves become energized, air will flow to the transfer and inter-axle driveline locks.

(b)  When the EMER (Emergency) terrain mode on the CTIS control panel/ECU is selected, an electrical signal is sent to the indicator board where it will illuminate the driveline lock indicator light. Power will also be sent to the rear intra-axle solenoid valve. Once the solenoid valve is energized, it will open to allow air to flow and engage the rear intra-axle driveline locks.

(c)  For a full lock condition, or 6-wheel drive, you must push on the driveline lock switch. This sends an electrical signal to the CTIS control panel/ECU to illuminate the indicator light and to power the front Intra-axle solenoid valve. Once the solenoid valve is energized it will open allowing airflow to the front intra-axle driveline lock.

(8)  On MK25’s and MK28’s, which are equipped with a self-recovery winch, a power take-off (PTO) is used to provide power to the winch. 

(a)  MK25 and MK28’s are equipped with a hydraulic fluid reservoir, which is mounted behind the cab.  The hydraulic reservoir supplies fluid for the power take-off (PTO), which in turn powers the winch.  

(b)  The reservoir holds up to 15 gallons of fluid (including the filter).

12.  PNEUMATIC (COMPRESSED AIR) SYSTEM:
a.  The MK23 is equipped with a pneumatic (compressed air) system. 

b.  The air system’s primary purpose is to supply air power to the brake system.

(1)  The air compressor is a two-cylinder, single stage, reciprocating air pump. It is located on the left side of the engine above the power steering pump. It is gear-driven and is always operating while the engine is running. The compressor contains an emergency pressure relief valve that opens to prevent damage to the pump or air system. Normal system pressure is between 90 and 125 PSI.

(2)  The after-cooler is located to the rear of the battery box on the left side of the vehicle. The after-cooler is used to cool air exiting the compressor. The after- cooler is also equipped with a thermostatically controlled heater that prevents condensed moisture from freezing during extremely cold weather.

(3)  The air dryer is located to the rear of the battery box next to the after-cooler. The function of the air dryer is to collect and remove contaminated not filtered by the after-cooler. It also contains a heater for colder weather operation and is the final stage filtration for pneumatic system. 

(4)  The MK23 is equipped with two primary air tanks, which are located in the center of the vehicle. They run along the vehicle’s frame. Together the primary tanks supply air to be used by the air brake systems. Primary tank #1 supplies air to primary tank #2, automatic traction control (ATC) and the brake system.

(5)  The purge, supply and secondary tanks are located on the left side of the MK23, just below the battery box. 

(6)  Primary tank #2 supplies air to the rear brake system. This tank can be filled from the front emergency glad-hand located on the operators side. Primary Tank #1 will also be filled with air if this method is used.

(7)  The tank drain valves are used to drain the individual air tanks. These valves are used whenever air pressured needs to be removed for maintenance purposes. They are also used to drain the tanks of any accumulated moisture after daily operations. The air chuck is used to supply air to an air hose or air-operated tool when required.

(8)  The following explanation will give you a better understanding of air flow within the supply system.

(a)  With the engine running, the air compressor draws in and pressurizes filtered air from the intake manifold.

(b)  Pressurized air is sent to the after-cooler.  The after-cooler is used to cool, filter, and remove moisture from the air coming directly from the air compressor.  The air dryer is used to dry the compressed air received from the after-cooler.

(c)  Air is sent through a check valve at the supply tank.  Moisture not removed by the air dryer will condense in the supply tank and must be drained periodically.  At the same time, air is stored in the purge tank.

(d)  Air pressure exiting the air compressor is regulated using a governor.  The governor monitors air pressure in the supply tank.  When it reaches a pre-determined pressure, the governor unloads the air compressor.

(e)  The purge tank stores air pressure used to purge the after-cooler and the air dryer.  Air pressure is purged from the after-cooler and the air dryer when the governor is in the “unload” or cut-out” position.

(f)  When the governor piston shifts to “cut-in”, the pressurized air in the service line is released through the governor exhaust port.  The compressor is now allowed to produce compressed air to the supply and secondary tanks, which feed air to the primary tanks.

(9)  There are four glad-hands on the MK23. 

(a)  Two glad-hands are located in the front, under the hood.  These glad-hands are used to supply air to the towed vehicle from the towing vehicle.  

(b)  The other two glad-hands are located at the rear of the vehicle.   These glad-hands are used to supply air to a trailer or a vehicle being towed.

13.  BRAKE SYSTEM:
a.  The brake system uses air to transfer stopping power to each wheel.  All MK series vehicles use drum brakes on all wheels.  The drum brakes make up the base portion of the base brake system. 

b.  The service and parking brakes, anti-lock brake system (ABS), and automatic traction control (ATC) system are all parts of the same system.

(1)  The service brakes perform the normal stopping for the MK23.  However, both the ABS and ATC systems use components in the service brake system.

(2)  MK series vehicles are equipped with drum brakes on all axles.  Drum brakes use a circular braking surface, which resembles the top of a drum.  The components of the drum are housed inside the drum.

(3)  Each drum brake assembly uses two brake shoes, which provide the stopping force.  The brake linings are attached to the shoe webs by rivets.  Wedges (front brakes) and S-cams (intermediate and rear axle brakes) are used to apply the shoes against the drums.  Springs are used to pull the shoes back away from the drums.

(4)  The trailer brake feature supplies air to a trailer equipped with air brakes.  This function is controlled by a valve in the cab.  The trailer brake is also used if it becomes necessary to supply air to a vehicle that is being towed.

(5)  The parking brakes are part of the service brake system.  Pushing a valve on the cab instrument panel releases the parking brakes, while pulling the valve applies the parking brakes.

(6)  The anti-lock brake system (ABS) allows the MK23 to stop with better control in limited traction conditions.  The ABS uses valves, which vary the pressure to the drum brakes as needed.  During normal braking, the ABS is not in operation.  ABS only operates when it detects a wheel is approaching lockup.

(7)  The automatic traction control (ATC) system assists the MK23 in wheel slip conditions.  If the ATC detects excessive wheel spin, it will apply the brakes to slow the spinning wheel and also transfer some of the driving force to the wheels that have better traction.

14.  CENTRAL TIRE INFLATION SYSTEM (CTIS):
a.  All MK series vehicles are equipped with a central tire inflation system, referred to as CTIS.  The CTIS allows the operator to adjust tire pressure to compensate for terrain and cargo weight.

b.  The CTIS system uses the pneumatic system, engine control module, driveline lock, anti-lock brakes and automatic traction control to perform its function.  When you select a CTIS setting, the CTIS will make changes to the vehicle’s tire pressure as well as driveline lock configuration.

c.  When the operator of the vehicle selects a terrain mode and vehicle load weight setting on the CTIS control panel, the vehicle tires will automatically inflate or deflate to maximize performance.

15.  CHASSIS AND SUSPENSION:
a.  The chassis, suspension, and steering system form the base for the vehicle.  These systems work together to support the weight of the vehicle as well as any loaded cargo.

(1)  The chassis for the MK series vehicles is a formed channel, bolted construction design.  

(2)  It is made from heat-treated, carbon manganese steel that can withstand pressures of at least 10,000 PSI.

b.  The MK23 uses a 6-wheel independent suspension system.  The suspension system supports the vehicle’s weight as well as any loads.  It also cushions the ride and ensures that the wheels maintain contact with the road surface while turning, accelerating, and braking.  

(1)  The suspension includes a system of springs, shock absorbers, and other components.

(2)  The vehicle is equipped with six radial tires mounted on two-piece wheel (bolted together) assemblies.  The tires can be inflated and deflated by CTIS to provide traction for moving the vehicle.

c.  The chassis and suspension system work together to support the vehicle and its load.  The parts work to absorb bumps in the road while maintaining good traction.

d.  The steering linkage is made of inter-connected parts that move when the steering wheel is turned.  The rotating movement of the steering wheel activates mechanisms inside a steering gearbox.  The tie rods and other components transfer the steering wheel’s motion to the tires.  The steering wheel ratio is 18 to 1.

(1)  The vehicle uses an integral power steering system with a separate fluid reservoir.  There are two power steering gearboxes on the vehicle.  

(2)  The primary gear receives input from the steering wheel.  The secondary gear assists in translating steering wheel movement to the wheels.  

(3)  Power steering is actually power-assisted steering.  Manual steering is possible should the power steering system fail.

(4)  The hydraulic steering fluid reservoir is located on the left side of the engine.  Fluid may need to be added to keep the vehicle steering system operating properly.

16.  RECOVERY WINCH:
a.  The MK25 and MK28 are equipped with a recovery winch.  The recovery winch is used to free a mired vehicle.

b.  The controls for the winch are located in two locations.  The levers on the winch engage and disengage the drum.  A manual lever can be used to pay out or reel in the cable.  The controls inside the cab are used during vehicle recovery.  You will learn more about the operation of the winch and vehicle recovery in a later lesson.

17.  BATTERIES:
a.  The battery box is located on the left side of the MK series vehicles just aft of the cab.  This is the location for the batteries used to provide starting power to the vehicles.

b.  MK series vehicles can be equipped with up to four batteries.  

(1)  For most conditions, two batteries will be installed in the battery box.  

(2)  When the vehicle is used in extremely cold temperature, two additional batteries can be installed.  

(3)  Each battery is capable of providing 12 volts.  Because of the wiring pattern used, a maximum of 24 to 26 volts is supplied, depending on battery charge levels.

c.  The MK23 is equipped with a NATO slave receptacle.  The NATO slave connector allows the transfer of 24 volts of electrical power between two vehicles to start a vehicle with dead or low batteries.

18.  CTIS PANEL:
a.  The panel on the left side of the operator instrument panel is referred to as the CTIS panel.  The primary function of this panel is to control CTIS operation.  Other controls include the lights, windshield wipers and windshield washer.

(1)  The headlight switch is a three-position switch located in the upper left corner of the CTIS panel.  It turns the headlights and clearance/marker lights ON and OFF.  The center position turns on the clearance/marker lights only.  The up position turns the headlights on, while the down position turns both the headlights and the clearance/marker lights OFF.  

(2)  The blackout select switch is a two-position switch.  Changing the position of this switch changes the exterior lights between normal and blackout modes.  A smaller red switch is located on the lower half of the switch.  It is used to lock and unlock the blackout switch.  This prevents the accidental operation of regular headlights during blackout tactical operations.

(3)   The blackout light switch is a three-position switch.  It turns the blackout drive and service lights ON and OFF.  The center position turns on the blackout service and brake lights only.  The up position turns the blackout drive on, while the down position turns both the blackout drive and blackout service lights OFF.

(4)  The CTIS OFF switch is a two-position switch.  This switch is used to partially disable the CTIS system when operating in temperatures below 0 degrees F.  In most operating situations this switch should be in the down position.

(5)  The dash light dimmer switch is a three-position switch.  The center position provides low dash illumination, while the up position provides high dash illumination.  The down position turns the dash lights OFF. This is used when operating the vehicle using night vision goggles (NVG’s).

(6)  The windshield wiper control switch is a three-position switch.  This switch controls the operation of the windshield wipers.  The center position is used for low-speed operation of the wipers and the up position is used for high-speed operation.  The down position turns the windshield wipers OFF.

(7)  The windshield washer switch is a one-position momentary switch (automatically returns to OFF position when released).  When this switch is pushed, windshield washer fluid is applied to the windshield.

b.  The CTIS control panel is used to set the Central Tire Inflation System to the proper load settings for each type of terrain as well as the load.  The buttons on the left are used to select the vehicle load settings.  The buttons on the right are used to select the type of terrain.  When using the CTIS, select one load and one terrain setting.  The selected buttons will illuminate in the lower right-hand corner.

(1)  The over-speed indicator alerts the operator that the vehicle speed has exceeded the maximum allowable speed as determined by CTIS.  An audible alarm will sound when this indicator is lit.  The Check Tires indicator alerts the driver to possible significant damage to one or more tires.

(2)  Selecting the 7.1-15 Tons button adjusts tire pressure for full loads.  Because the MK23 is limited to 7 tons when operating off-road, this button is used only on improved, paved roads.

(3)  The 2-7.1 Ton button adjusts tire pressure for carrying partial loads.  This is the maximum setting for carrying cargo in Cross Country mode.

(4)  The 0-2 Tons button is selected when traveling empty or with light loads.

(5)  The RUN FLAT button is selected when one or more tires have sustained minor damage.

(6)  Selecting the HWY (Highway) button changes the tire pressure for travel over improved, paved roads.  The maximum allowable vehicle speed is 45 mph when this setting is selected.

(7)  Selecting CC (Cross Country) adjusts the tire pressure for travel over non-paved roads, secondary roads, and hard-packed surfaces.  The maximum speed for this setting is 40 mph.

(8)  The MSS (Mud/Sand/Snow) mode is used when traveling over soft surface trails, unimproved surfaces, and muddy, sandy, or snowy surfaces. Maximum speed in this setting is 15 mph.

(9)  The EMER (Emergency) button adjusts for extremely low tire pressure.  This button is used to help free a stuck vehicle or to travel short distances over terrain where low tire pressure is required.  Maximum vehicle speed in this setting is 5 mph.

19.  INSTRUMENT PANEL:
a.  The instrument panel is the center panel in the cab. It contains the indicators that monitor the systems on the vehicle.  

b.  Gauges 

(1)  The oil pressure gauge indicates engine oil pressure.  Normal readings will range between ??? and 60 PSI.  If the oil pressure falls below ?? PSI, the low oil pressure warning light will illuminate.

(2)  The water temperature gauge indicates coolant temperature inside the engine.  Normal gauge temperature readings will range between 180 and 220 degrees F.  

(3)  The transmission temperature gauge indicates transmission fluid temperature.  Normal transmission temperature will range between 160 and 250 degrees F.

(4)  The tachometer indicates engine operating speed in revolutions per minute (RPM) times 100.  That is, “8” means “800”.  The hourmeter indicates the total operating hours.  The engine will normally idle between 800 and 1000 RPM.

(5)  The speedometer indicates vehicle speed.  The odometer indicates total miles traveled by the vehicle.  The odometer also has a trip odometer feature, which can be used to measure the miles driven on a particular mission.  The trip odometer can be re-set by pressing the button between the tachometer and the speedometer.

(6)  The air pressure gauge indicates air pressure in the pneumatic system.  Normal air pressure should be between 90 and 125 PSI.  Unlike the other gauges, there are two needles in this gauge.  The red needle indicates air pressure in the primary system.  The green needle indicates the air pressure in the secondary system.

(7)  The battery voltage gauge indicates the state of charge of the batteries.  It also indicates the current voltage in the electrical system when the engine is running.  Normal voltage when the engine is running ranges from 24 to 30 volts.

(8)  The fuel gauge indicates the amount of fuel remaining in the tank.  The reading is based on the amount of usable fuel in the tank.

c.  The warning lights are used to visually alert the operator to potential problems with the vehicle.  They are also used to indicate when certain systems are engaged or functioning.

(1)  The turn signal indicators illuminate in green when the turn signal lever is moved to indicate that the operator intends to make a turn.  Only one selector will light at a time.  If the hazard switch on the steering column is activated, both turn signal indicators will flash.

(2)  The automatic traction control (ATC) light illuminates in amber when the ignition switch is turned on.  It remains lit until the operator presses the brake pedal when the system is configured for ATC.  It will flash slowly when the MSS mode is selected.  The light flashes rapidly when operating in highway mode when the ATC system is engaged.

(3)  The anti-lock brake system (ABS) light illuminates in red for a two-second period when the ignition switch is turned on.  The light will turn off if no ABS malfunctions are detected.  If a malfunction is detected, the ABS light will remain illuminated.  The light will blink when the ABS switch is activated.

(4)  The water temperature light provides a visual warning should the engine approach overheating.  The warning light works with the water temperature gauge and the check engine light.  The light will illuminate in red and a warning buzzer will sound when the water temperature reaches 235 degrees F.  The check engine light will also illuminate, alerting the operator to exit the road and shut down the engine to prevent major damage.

(5)  The transmission temperature warning light illuminates in red when the transmission fluid temperature reaches 300 degrees F.  A warning buzzer will sound when this light illuminates.

(6)  The check transmission light illuminates in yellow whenever the transmission fluid temperature reaches 250 degrees F or when it requires service.

(7)  The engine warning light illuminates in red when the on-board diagnostic system detects a situation that would cause significant damage to the engine and drive-train components if allowed to continue.

(8)  The parking brake light illuminates in red when the parking brake is engaged.

(9)  The oil pressure warning light illuminates in red if the oil pressure drops below 5 PSI.  A warning buzzer will sound and the check engine light will illuminate when this light illuminates.

(10)  The two low air pressure warning lights will illuminates in red in conjunction with the warning buzzer whenever the system air pressure is below approximately 70 PSI.  The low air 1 monitors the pressure in the secondary system (green needle) and the low air 2 monitors the air pressure in the primary system (red needle).

(11)  The check engine light illuminates in amber when the coolant temperature reaches 217 degrees F.  This light will also illuminate when the low oil pressure warning light illuminates.

(12)  The lube filter warning light will illuminate in amber when the oil filter requires service.

(13)  The low fuel warning light will illuminate when the fuel tank is low.

(14)  The fan off warning light illuminates in red when the fan ford switch is activated and the engine fan lockout is activated during fording operations.  Failure to deactivate the switch and re-engage the fan will cause the engine to overheat.

(15)  The high idle light will illuminate in red when the high idle switch is activated.

(16)  The high beam indicator light illuminates n blue when the vehicle headlights are in the high beam mode.

(17)  The driveline lock indicator lights illuminate in red to indicate the three-step locking sequence.  The lights will either illuminate or turn off in conjunction with the CTIS selection or when pressing the Driveline lock switch.  

(18)  The winch indicator light illuminates in amber when the winch is activated.

(19)  The vehicle is equipped with an audible warning buzzer/alarm.  The buzzer will sound to alert the operator of a problem with the vehicle.

20.  TRANSMISSION PANEL:
a.  The transmission panel is to the right of the instrument panel.

(1)  The engine high idle switch is a two-position switch.  When the switch is in the up position, the engine idle speed is raised to 1500 RPM.  This switch is used to quickly bring the engine up to operating temperature and to operate the winch.

(2)  The engine brake switch is a two-position switch.  When the switch is in the up position, the engine brake is engaged.  The down position turns the engine brake OFF.

(3)  The HIGH MED LOW switch is three-position switch.  The down position sets a low level of engine braking, the center position sets a medium level of engine braking, and the up position sets a high level of engine braking.

(4)  The winch ON switch is a two-position switch.  The up position activates power to the winch.  The down position turns the winch OFF.

(5)  The winch OUT/IN switch is a two-position momentary switch.  When the switch is held in the up position, the winch cable is fed out.  When the switch is held in the down position, the winch cable is pulled in.  Releasing the switch causes it to return to the center, neutral position.

(6)  The driveline lock switch is a two-position momentary switch.  Each time the switch is put in the up position, it will engage one additional level of driveline locks.  Each time the switch is put in the down position, it will disengage one level of driveline locks.  When the switch is released, it will return to the center, neutral position.  This switch overrides the automatic driveline settings determined by the CTIS.

(7)  The fan ford switch is a two-position switch.  The up position disengages the cooling fan.  The fan off light will illuminate to remind the operator that the fan has been turned off.  The down position allows the fan to operate normally.

(8)  The ABS diagnostic switch is a two-position switch.  The up position turns on the ABS diagnostics.  The ABS light will illuminate to remind the operator that the ABS diagnostics are operating.  The down position turns the ABS diagnostics OFF.

(9)  The ignition switch is a three-position rotary switch.  The switch is used to turn the vehicle on and off.  MK series vehicles use an electronic panel to operate the transmission.  The transmission gear selection panel allows you to control transmission operation.  Unlike most cars and trucks you may be familiar with, the transmission in an MK series vehicle does not have a “Park” setting.

b.  Transmission controls.

(1)  The selection display indicator displays the current transmission setting.  The display will show “N” for neutral, “R” for reverse, and a number for one of the seven forward gears.  The default setting for the transmission and selector is “&” when the D button is pressed.

(2)  The R (Reverse) button is selected to shift the transmission into reverse.

(3)  The N (Neutral) button is selected to shift the transmission into neutral.

(4)  The D (Drive) button is selected to shift the transmission into the forward driving gears.  The default setting is “7” when drive is first selected.

(5)  The MODE button is used to activate the power take-off (PTO) on the MK25 and MK28.  The button illuminates red when selected.  On the MK23 and MK27, this button is inactive.

(6)  The up and down ARROW buttons a re used to shift between the various forward gears.  Pressing the down arrow decreases the gear range by one level for each time the button is pressed.  Pressing the up arrow increases the gear range by one level for each time the button is pressed.  The number displayed in the selection display will change each time the buttons are pressed.

21.   AIR CONTROL PANEL:
a.  The air control panel is to the right of the transmission panel.  It monitors and controls the pneumatic system on the vehicle as well as cab airflow and temperature.

(1)  The cab fan control panel allows the operator to control the direction, freshness, and temperature of air entering the cab.

(2)  The air filter restriction gauge allows the operator to see if there is a reduced amount of air within the air intake system.

(3)  The trailer air supply control valve allows the operator to engage the trailer’s pneumatic brake system from inside the cab.  

(4)  The parking brake control valve allows the operator to engage and disengage both the vehicle’s and the trailer’s (if equipped) parking brake system when the vehicle is being parked.

b.  The 12-volt auxiliary receptacle provides power for diagnostic equipment.  It is NOT meant for powering personal electronic devices.

22.  SERVICE ACCESS PANEL:
a.  The service access panel is located on the right side of the vehicle’s cab.  The panel is removed when diagnostic service is required. 

b.  The test interface module/message information console (TIM/MIC) is part of the self-diagnostics for the vehicle.  It will normally be used by second echelon maintenance personnel.

c.  The circuit breaker/relay panel is located behind the service access panel.  This panel contains the circuit breakers that protect the vehicle’s electrical circuits.  The relays are used to control various on-board systems.

23.  CAB- AND FLOOR-MOUNTED CONTROLS:
a.  The MK23 has several cab- and floor-mounted controls. Many of these controls are used in the operation of the MK23.

(1)  The brake pedal is connected to a dual pressure control treadle valve.  Pressing on this pedal applies the service brakes.

(2)  The accelerator pedal is located next to the brake pedal.  The accelerator pedal is connected to the engine electronically.  This is considered a “drive-by-wire” system.

(3)  The steering wheel lock is located on the cab firewall next to the steering column.  The steering wheel lock is used to lock the vehicle’s steering wheel when the vehicle is to be left with no personnel to guard it.

b.  The MK series vehicle cab door is unique.  Since the vehicle sits so high, the handle to open the door from the outside is in the lower rear corner of the door, so the operator can open the door before climbing up on the side of the vehicle.

(1)  Once you have opened the door, you will need to use the steps to climb into the cab of the vehicle.  You will also need to use the cab door handles and the handrail to assist your entry and to ensure safety.  This is referred to as making “three points of contact”. 

(2)  The cab doors include a rifle mount and a hand crank.  The rifle mount is used to secure the operator and a-driver’s rifles while driving.  One rifle mount is on the operator’s door, and two are located on the passenger side door.  The hand crank allows you to raise and lower the windows.  Each door has one hand crank.

(3)  The interior door release latch is located on the side of the seat next to the door.  You will use this latch to open the door from the inside.

c.  Some MK series vehicles are equipped with an air-adjusted height selector.  The switch is located on the front left corner of the seat itself.  The operator may also adjust their distance from the pedals and steering wheel by moving the seat adjustment lever next to the height adjustment switch.

d.  All MK series vehicles are equipped with seatbelts, which are mounted to the sides of the seats.  The seatbelts can be adjusted to compensate for different operators.  The operator and passengers can adjust the seatbelt height as required.  

(1)  Remove the pin on the seatbelt rail and move the bar either up or down to the appropriate level for each person.  

(2)  Re-insert the pin back into the newly selected hole to secure the seatbelt rail.

e.  There are three controls mounted on the steering wheel and column.  Column mounted control allow the operator to activate important systems without reaching to the dash panel.

(1)  The steering wheel is used to control the direction of the vehicle.  The horn button is located in the center of the steering wheel.

(2)  The turn signal lever is located on the left side of the steering column.  This lever moves up and down.  Moving the lever up activates the right turn signal.  Moving the lever down activates the left turn signal.  The button on the end of the turn signal lever controls the high beam/ low beam modes of the headlights.

(3)  The hazard light switch is located on the right side of the steering column.  Pushing the switch in will turn the hazard warning lights on, pulling it back out will turn them off.

24.  MIRRORS:
a.  Mirrors are mounted on each door of the MK23.  They are used so the operator can see what is happening behind the vehicle.

(1)  The rear view mirror is the larger of the two mirrors.  The rear view mirror is used more frequently because it gives the operator a more realistic view of what is beside and behind the vehicle.

(2)  The spotter mirror is the smaller of the two mirrors.  It is used to see what is in blind spots, close to the side of the vehicle, or down near the tires.  It is important to remember that the spotter mirrors give a false sense of distance by making things appear further away than what they actually are.

25.  WINDSHIELD WASHER:
a.  The windshield wiper and washer system is very important to vehicle safety.  The windshield wipers keep the windshield clear of rain, snow, and other moisture.  The washer system is used to help remove dust, mud, and other dirt from the windshield.

b.  The windshield wiper fluid reservoir is located in the engine compartment, mounted on the passenger side of the firewall.

26.  LIGHTS:
a.  The MK23 has several exterior lights.  These lights are used to illuminate the ground in front of the vehicle as well as to make it visible to other vehicle.  Each light is important to the safety and operation of the vehicle.

b.  The clearance/marker lights on the MK23 are located at the top, rear, and sides of the vehicle. They are placed to make the vehicle visible to other drivers when operating on highways and paved roads.

c.  The front lights on the vehicle consist of two headlights located on the front hood.  Two composite lights are located on the front bumper.  The blackout drive light is also located within the front bumper.

d.  The rear lights of the MK23 consist of two composite lights assemblies.  These lights indicate the presence of the MK23 to other vehicles approaching from the rear.

e.  The reverse light and alarm on the MK series vehicles work in conjunction, even though they are separate components.  The reverse alarm is located under the cargo bed in front of the pintle hook.  These two components indicate that the vehicle is backing up.  When the blackout lights are engaged, these components are disengaged.

f.  The turn signal lamps are located in the top part of both the front and rear composite light assemblies.  There are also two turn signal indicators located on the sides of the hood and the sides of the rear of the vehicle.  When the hazard warning lights are engaged, all the turn signal lamps flash.

g.  The blackout lights on the MK23 are used in tactical conditions.  Blackout lights give off very low levels of light, making it hard for the naked eye to detect at night from a distance.

27.  TOWING:
a.  The pintle hook is mounted on the rear of the vehicle.  It is the connection point for towing a trailer or a tow bar for towing another MK vehicle.

b.  The inter-vehicle electrical connectors are used to connect the light control system of one vehicle to another.  The inter-vehicle cable connector on the rear of the towing vehicle can be connected to the inter-vehicle cable connector of the trailer or towed vehicle to operate turn signals and brake lights.

28.  MISCELLANEOUS:
a.  The fuel/water can bracket is located on the operator’s side behind the cab and in front of the bed of the vehicle.  This allows the secure transportation of a 5-gallon container of either water or fuel.

b.  The machine gun mount access hatch is located on the top of the cab above the passenger seat.  It can be opened from the inside to allow the operation of the machine gun when the mount and weapon are installed.

c.  The mud flaps are located around the vehicle.  They deflect water, snow, mud, and dirt thrown from the tires.  The rear mud flaps may need to be raised or lowered depending on the terrain.

d.  The Internal Standards Organization (ISO) locks are used to secure bulk items to the cargo bed.  These items may be water, fuel containers, quad-cons, or other cargo needed to be transported.

 (1)  The brake pedal is connected to a dual pressure control treadle valve.  Pressing on this pedal applies the service brakes.

(2)  The accelerator pedal is located next to the brake pedal.  The accelerator pedal is connected to the engine electronically.  This is considered a “drive-by-wire” system.

(3)  The steering wheel lock is located on the cab firewall next to the steering column.  The steering wheel lock is used to lock the vehicle’s steering wheel when the vehicle is to be left with no personnel to guard it.

b.  The MK series vehicle cab door is unique.  Since the vehicle sits so high, the handle to open the door from the outside is in the lower rear corner of the door, so the operator can open the door before climbing up on the side of the vehicle.

(1)  Once you have opened the door, you will need to use the steps to climb into the cab of the vehicle.  You will also need to use the cab door handles and the handrail to assist your entry and to ensure safety.  This is referred to as making “three points of contact”. 

(2)  The cab doors include a rifle mount and a hand crank.  The rifle mount is used to secure the operator and a-driver’s rifles while driving.  One rifle mount is on the operator’s door, and two are located on the passenger side door.  The hand crank allows you to raise and lower the windows.  Each door has one hand crank.

(3)  The interior door release latch is located on the side of the seat next to the door.  You will use this latch to open the door from the inside.

c.  Some MK series vehicles are equipped with an air-adjusted height selector.  The switch is located on the front left corner of the seat itself.  The operator may also adjust their distance from the pedals and steering wheel by moving the seat adjustment lever next to the height adjustment switch.

(Media Cue #29 – seatbelt adjustment)

d.  All MK series vehicles are equipped with seatbelts, which are mounted to the sides of the seats.  The seatbelts can be adjusted to compensate for different operators.  The operator and passengers can adjust the seatbelt height as required.  

(1)  Remove the pin on the seatbelt rail and move the bar either up or down to the appropriate level for each person.  

(2)  Re-insert the pin back into the newly selected hole to secure the seatbelt rail.

(Media Cue #30 – steering wheel)

e.  There are three controls mounted on the steering wheel and column.  Column mounted control allow the operator to activate important systems without reaching to the dash panel.

(1)  The steering wheel is used to control the direction of the vehicle.  The horn button is located in the center of the steering wheel.

(2)  The turn signal lever is located on the left side of the steering column.  This lever moves up and down.  Moving the lever up activates the right turn signal.  Moving the lever down activates the left turn signal.  The button on the end of the turn signal lever controls the high beam/ low beam modes of the headlights.

(3)  The hazard light switch is located on the right side of the steering column.  Pushing the switch in will turn the hazard warning lights on, pulling it back out will turn them off.

TRANSITION:  This section of the lesson has covered the various systems of the MK series vehicles.  During this section, you were presented with the following:


Cab- and floor-mounted controls


Driver’s seat controls


Steering wheel controls 

The MK series vehicles have many exterior control, indicators, and components that you use an operator need to be familiar with.

(Media Cue #31 – mirror)

24.  MIRRORS:
a.  Mirrors are mounted on each door of the MK23.  They are used so the operator can see what is happening behind the vehicle.

(1)  The rear view mirror is the larger of the two mirrors.  The rear view mirror is used more frequently because it gives the operator a more realistic view of what is beside and behind the vehicle.

(2)  The spotter mirror is the smaller of the two mirrors.  It is used to see what is in blind spots, close to the side of the vehicle, or down near the tires.  It is important to remember that the spotter mirrors give a false sense of distance by making things appear further away than what they actually are.

25.  WINDSHIELD WASHER:
(Media Cue #32 – windshield washer fluid reservoir)

a.  The windshield wiper and washer system is very important to vehicle safety.  The windshield wipers keep the windshield clear of rain, snow, and other moisture.  The washer system is used to help remove dust, mud, and other dirt from the windshield.

b.  The windshield wiper fluid reservoir is located in the engine compartment, mounted on the passenger side of the firewall.

26.  LIGHTS:
(Media Cue #33 – lights)

a.  The MK23 has several exterior lights.  These lights are used to illuminate the ground in front of the vehicle as well as to make it visible to other vehicle.  Each light is important to the safety and operation of the vehicle.

b.  The clearance/marker lights on the MK23 are located at the top, rear, and sides of the vehicle. They are placed to make the vehicle visible to other drivers when operating on highways and paved roads.

c.  The front lights on the vehicle consist of two headlights located on the front hood.  Two composite lights are located on the front bumper.  The blackout drive light is also located within the front bumper.

d.  The rear lights of the MK23 consist of two composite lights assemblies.  These lights indicate the presence of the MK23 to other vehicles approaching from the rear.

e.  The reverse light and alarm on the MK series vehicles work in conjunction, even though they are separate components.  The reverse alarm is located under the cargo bed in front of the pintle hook.  These two components indicate that the vehicle is backing up.  When the blackout lights are engaged, these components are disengaged.

f.  The turn signal lamps are located in the top part of both the front and rear composite light assemblies.  There are also two turn signal indicators located on the sides of the hood and the sides of the rear of the vehicle.  When the hazard warning lights are engaged, all the turn signal lamps flash.

g.  The blackout lights on the MK23 are used in tactical conditions.  Blackout lights give off very low levels of light, making it hard for the naked eye to detect at night from a distance.

27.  TOWING:
(Media Cue #34 – pintle)

a.  The pintle hook is mounted on the rear of the vehicle.  It is the connection point for towing a trailer or a tow bar for towing another MK vehicle.

b.  The inter-vehicle electrical connectors are used to connect the light control system of one vehicle to another.  The inter-vehicle cable connector on the rear of the towing vehicle can be connected to the inter-vehicle cable connector of the trailer or towed vehicle to operate turn signals and brake lights.

28.  MISCELLANEOUS:
(Media Cue #35 – 4 pictures of MK)

a.  The fuel/water can bracket is located on the operator’s side behind the cab and in front of the bed of the vehicle.  This allows the secure transportation of a 5-gallon container of either water or fuel.

b.  The machine gun mount access hatch is located on the top of the cab above the passenger seat.  It can be opened from the inside to allow the operation of the machine gun when the mount and weapon are installed.

c.  The mud flaps are located around the vehicle.  They deflect water, snow, mud, and dirt thrown from the tires.  The rear mud flaps may need to be raised or lowered depending on the terrain.

d.  The Internal Standards Organization (ISO) locks are used to secure bulk items to the cargo bed.  These items may be water, fuel containers, quad-cons, or other cargo needed to be transported.

This section of the lesson has covered the various systems of the MK series vehicles.  During this section, you were presented with the following:


Mirrors


Windshield Washer


Exterior lights


Pintle hook and inter-vehicle connector


Machine gun mount access


Mud flaps


ISO locks

SUMMARY:  During this period of instruction, you have been presented with:

Vehicle components/systems

Vehicle capacities/characteristics

Vehicle controls and indicators

OPPORTUNITY FOR QUESTIONS:

1.  QUESTIONS FROM THE CLASS:  Do you have any questions about the material I have covered during the class?

2.  QUESTIONS TO THE CLASS:
10202

STUDENT OUTLINE

INTRODUCTION TO MK 23

1.   PURPOSE:  The purpose of this course is to instruct you on the capabilities and basic operation of the MK23.

Your duties for the next few years will involve operating and performing limited maintenance on tactical vehicles.  This lesson will cover the specifications and operation of MK series vehicles.  You will learn how the MK series vehicles perform from the operator’s point of view.

Safety should always be the first thing on your mind.  It is very easy for an accident to happen when proper procedures are not followed.  Keep safety in mind throughout your training and when you are driving the vehicle.

2. TERMINAL LEARNING OBJECTIVES:  

Given an M Series vehicle and references, and under the supervision of a qualified operator, operate M Series Vehicle On-Road per the references and without injury to personnel or damage to equipment (3531.01.02).

3.  ENABLING LEARNING OBJECTIVES:

Given the references, identify vehicle components/systems per the references (3531.01.02ao).

Given the references, identify vehicle capacities/characteristics per the references (3531.01.02ap).

Given the references, identify vehicle controls and indicators per the references (3531.01.21a).

OUTLINE

1.  CHARACTERISTICS:
a.  The purpose of the MK series vehicles is to transport cargo and personnel in support of Marine Corps tactical and administrative operations.

b.  The family of MK series vehicles includes the MK23, MK25, MK27, and MK28.

(1)  The MK23 is the baseline model in the MK series.  All other MK series vehicles share the same basic design and features as the MK23.  You will learn more about the MK23’s features later in this lesson.  The MK25 is similar in size and appearance to the MK23.  The main difference between the MK23 and the MK25 is that the MK25 is equipped with a self-recovery winch.

(2)  The MK23 weighs 27,800 lbs while the MK25 weighs 28,600 lbs.  The MK23 and MK25 series trucks are 98 inches wide.  They are 314.9 inches long.  They have an operational height of 141.2 inches and a transport height of 98 inches.  The ground clearance on highways is 16.7 inches.  Cross-country ground clearance is 16.2 inches.

(3)  The MK27 and MK28 are different from the MK23 and MK25.  Both the MK27 and MK28 have a longer cargo bed.  The only difference between the MK27 and the MK28 is the MK28 is equipped with a self-recovery winch.

(4)  The MK27 and MK28 share many of the same physical dimensions of the MK23 and MK25.  However, because of the extended cargo bed, the length of the MK27 and MK28 is 386.5 inches.  The MK27 weighs 30,067 lbs, while the MK28 weighs 30,955 lbs.  Operational height, width, and ground clearances are similar to the MK23 and MK25.

2.  PERFORMANCE SPECIFICATIONS:
a.  This section of the lesson covers the performance specifications, vehicle capacities and characteristics of the MK23 series vehicles.

b.  As with any vehicle, the MK23 has certain specifications that place limitations on its performance. These include maximum speed, maximum grade, fuel mileage and maximum turning radius.

(1)  If you own a vehicle, you know that it can only go so fast.  The same is true for MK23. The MK23 has an authorized maximum speed of 45 mph with full load. Off-road speed is usually limited to 15 mph. However, your driving speed should always reflect the conditions you are driving in, as well as the load you are carrying. Always obey the posted speed limits.

(2)  The MK23 has the ability to descend and climb steep inclines. The MK23 can traverse up to a 60% incline and a side slope of 30% at a speed of 15 mph. A 60% incline is equal to a 6-foot rise for every 10 feet of forward motion. This is referred to as the ‘rise over the run.’ 

 

(3)  Like your car, MK23 can only go so far on a single tank of fuel. This is the cruising or operating range. The MK23 can go up to 300 miles on a tank of fuel when fully loaded. Again, you must take into consideration the driving conditions and load, as both can affect fuel mileage. 

(4)  In field operations, it is often necessary to cross-rivers, streams, ponds and other bodies of water. Driving through a body of water is referred to as “fording”. The MK23 can ford water up to a depth of 60 inches.

(5)  The area required for the vehicle to turn 360 degrees is referred to as the turning radius. There are two measurements of a turning radius. The turning radius outside the front tires is called curb-to-curb. The curb-to-curb radius is 82 feet, 3inches. The turning radius of the front bumper path is referred to as wall-to-wall. The MK23 has wall-to-wall radius of 85 feet, 4 inches.

c.  If you have driven a vehicle before, you are probably aware that the smaller the vehicle, the easier it is to maneuver. Obviously, the MK23 is a large, heavy vehicle. However, it is very maneuverable for a vehicle of its size. It is one of the most sophisticated vehicles on the road today. 

d.  As an operator, it is important to know the limitations of the MK23. This will allow you to operate the MK23 without causing damage to the vehicle or injury to you or your fellow Marines.

(1)  The MK23 has a maximum payload capacity of 15 tons of cargo and weight on primary or secondary road. The maximum payload capacity is 7 tons when driving cross-country. These weight limitations can be affected by the height of the load you are carrying. The MK23’s payload capacity is limited to 10 tons when hauling cargo with a higher center of gravity. 

(2)  The MK23 also has the capability of transporting Marines. While only 3 Marines including the operator are allowed in the cab, up to 16 are allowed in a cargo bed. The extended wheelbase MK27 and MK28 can carry up to 20 Marines in the cargo bed.

(3)  In your operation of the MK23, it will often be necessary to tow trailers and in some cases, other vehicles. The MK23 has a maximum trailer towing capacity of 22,000 pounds. When towing another MK vehicle or other vehicle, the gross vehicle weight of the towed vehicle should not exceed the weight of the MK23.

(4)  The MK series is a 6 by 6 vehicle, which means there are 3 axles with 2 tires on each for a total of 6 tires. The second 6 means that the driving forces is delivered to each tire. One axle is mounted in front; the intermediate axle is two-thirds of the way down the body; and the rear axle is at the rear of the vehicle. Each axle can carry a specified amount of weight.

(5)  The MK23 is able to operate in any climate. With a special arctic weather kit, it can endure extreme cold temperatures down to –50 degrees Fahrenheit. It can also effectively operate in temperatures as hot as 125 degrees Fahrenheit.

3.  CATERPILLAR C-12 ENGINE:
a.  A 12-liter Caterpillar engine powers MK series vehicles. 

b.  The C-12 is an:

(1)  Inline, six-cylinder, four-cycle engine 

(2)  Turbocharged diesel engine

c.  It produces 425 horsepower and 1550 ft-lbs. torque. 

d.  This engine uses direct fuel injection and has four valves per cylinder.

4.  AIR INTAKE/EXHAUST SYSTEM:
a.  The air intake and exhaust system supplies air to engine and removes the exhaust gases. This allows the C-12 engine to run efficiently. The placement of system components allows the vehicle to operate off-road and to ford through water.

b.  All MK series vehicles are equipped with an ether injection system. Ether is used to assist in starting the C-12 engine in temperature below +32 degrees Fahrenheit. Ether injection is accomplished by the engine electronic control module (ECM); no input from the operator is required. CAUTION: Ether is highly flammable, even at low temperatures.

(1)  The air system receives air from the air inlet and filters it in the air filter before routing the air through the tubing to the turbocharger. Because the turbocharger is exhaust driven, the after cooler cools the air before entering the engine block. 

(2)  The air filter is a replaceable type that may be cleaned until unserviceable. NEVER operate the vehicle with the air filter removed. The aligning clip is used to align the cover with the air filter housing. Rubber seals are used to seal the air filter to housing. Ensure that the cover gasket is in place and is not damaged.

(3)  The turbocharger on the C-12 engine increased the amount of air that enters the engine, which increases engine horsepower. The turbocharger take in air, then compresses it to make it more dense. 

(4)  The air cooler is used to cool the air coming from the turbocharger that is going to the engine intake manifold.

(5)  The exhaust system has three functions: it routes exhaust gas away from the cab and cargo bed area and it reduces exhaust noise and arrests sparks. Exhaust gas is used to drive the turbocharger turbine wheel.

5.  COOLING SYSTEM:
a.  The C-12 uses liquid coolant, also known as antifreeze, to control engine temperature. 

b.  The coolant is kept in a closed system and is re-circulated by a water pump. A surge tank and a coolant overflow bottle are used to check coolant level. The coolant fill capacity of the C-12 is 47.5 quarts.

(1)  The cooling system on the vehicle has two external tanks. The surge tank is mounted in the center of the engine support frame. When coolant leaves an engine, it tends to leave in waves or surges. This tank receives the surge then transfers coolant to the radiator.  The coolant overflow bottle allows some heated coolant to leave the system.

(2)  The C-12 is equipped with one drive belt and one cooling fan.  The drive belt is a serpentine belt and is used to drive both the alternator and the cooling fan.  The cooling fan pulls air through the radiator and channels it over the engine to remove heat.  The fan can be disengaged using the fan ford switch on the dash.

(3)  The radiator is located in front of the engine.  Its primary purpose is to allow the engine’s heat to be removed by passing through it.  The radiator is connected to the engine by flexible hoses.  Other smaller hoses are used to flow coolant to other parts of the engine and to heat the cab.  

(4)  The water pump circulates the coolant through the engine and back to the radiator.  It is located on the right side of the engine and is directly driven by the engine.

6.  ENGINE LUBRICATION SYSTEM:


a.  The C-12 engine uses engine oil for internal lubrication of moving parts.

b.  There are several components of the lubrication system for the C-12 engine.  Oil is circulated throughout the engine to lubricate and cool the engine’s moving parts.  A remote-mounted oil filter removes contaminants and particles from the oil.  The C-12’s oil capacity is 36 quarts.

(1)  The oil fill and dipstick are located on the left side of the engine, toward the front.  The dipstick is used to check the oil level in the engine.  If oil needs to be added, the oil fill is used.  Both are removed by giving them a slight twist and pulling out.

(2)  The oil pump pressurizes the oil and sends it throughout the engine to lubricate all the moving parts.  The pump runs whenever the engine is running.

(3)  The C-12 is equipped with an engine oil cooler.  The engine oil cooler reduces engine oil temperature before it enters the engine.  It uses coolant from the engine cooling system, to remove the excess heat.

(4)  Unlike most vehicles, the MK23 uses an oil filter that is not mounted on the engine.  This is done to improve serviceability.  The remote-mounted oil filter is located under the right side of the cab, behind the steps.

(5)  Two sample valves are located on the right side of the cab behind the steps near the oil filter.  These valves are used to gather samples of the vehicle’s oil before service.

(6)  The turbine bearings in the turbocharger use oil under pressure from the engine for lubrication.

(a)  The oil comes in through the oil inlet port, then goes through passages in the center section of the turbocharger housing in order to lubricate the turbine bearings.  Oil from the turbocharger goes out through the oil outlet port and oil drain line.  Oil is returned back to the engine lubrication system.

(b)  As an operator, it is important for you to remember NOT to shut off the engine immediately after completing a mission.  Allow the engine to idle at 800 to 1000 RPM for three minutes to allow the turbocharger to cool before shutting off the engine.

7.  ENGINE COMPRESSION BRAKE SYSTEM:
a.  Many large diesel engines, including the C-12, are equipped with engine compression brake systems, or “Jake brakes”.  They are called Jake brakes, because Jacobs Vehicle Systems is the original manufacturer of this sort of braking system.  

b.  The “Jake brake” uses the engine’s compression to provide braking power.  This brake is useful when driving down steep grades.

c.  By reducing the amount of compression in the cylinders, the “Jake brake” reduces the horsepower available from the engine, allowing gravity and friction to slow the vehicle.

8.  ENGINE CONTROL/DIAGNOSTIC SYSTEM:
a.  The MK23 is equipped with a complex engine control and diagnostic system. 

b.  This system monitors and controls the operation of the C-12 engine.  It is also used to notify you when the engine has a problem that requires maintenance service.

9.  FUEL SYSTEM:
a.  The fuel for the C-12 engine is supplied by the fuel system.  

b.  The fuel tank is located on the left side of the MK series vehicles, just aft of the operator’s door.  The tank holds the fuel supply.  

(1)  It has a total of 80 gallons of capacity, but only 76 gallons are usable due to the location of the fuel pickup.

(2)  The fuel tank is equipped with a fuel strainer under the fuel filler cap.  This strainer keeps large debris from entering the fuel tank.

c.  The fuel-water separator is located under the left side of the cab.  It can be seen between the second step and the main cab.  

(1)  The purpose of the fuel-water separator is to remove dirt and water from the fuel before it reaches the engine.  

(2)The valve on the bottom of the separator allows the operator to drain water and contaminants from the system.


d.  Fuel system cycle of operation

(1)  The fuel lines carry fuel from the fuel tank to the filters, fuel pump, engine, and back to the fuel tank.  Fuel lines are flexible hydraulic hoses and have crimped fittings that connect to the fuel tank and engine components.

(2)  From the tank, fuel is pumped through the fuel water separator.  Water and contaminants are removed.  Fuel from the fuel-water separator goes to the fuel transfer pump. 

(3)  The fuel pump pulls fuel from the fuel tank, pressurizes it to 91 PSI and delivers it to the fuel injectors.

(4)  After the fuel pump, the fuel flows through the engine-mounted fuel filter.  

(5)  The fuel filter is located on the left side of the engine.  It is attached to the engine via a fuel manifold, which delivers fuel to the injectors.

(6)  The fuel priming pump is attached to the base of the fuel filter.  Diesel fuel systems must be kept free of air and must not be run out of fuel.  Should this occur, the fuel priming pump can be used to assist in purging air from the fuel system.

(7)  The fuel system continuously supplies fuel to the engine.  Fuel flows from the fuel tank to the supply manifold, then through the unit injectors.  Fuel not used is returned to the fuel tank.

(8)  Some of the fuel is returned to the fuel tank.  The return of fuel is regulated to prevent excessive heating of the fuel tank.

10.  ACCESSORY COMPONENTS:
a.  The engine requires additional components, often referred to as accessory components, in order to operate.  

b.  They are mounted on the outside of the engine.  

(1)  The alternator provides the electrical power for the MK23 once the engine is started.  It produces 28 volts and up to 150 amps of power.

(2)  The starter is a high-torque electric motor that is used to start the engine.  It requires 24 volts from the batteries in order to crank the engine.

11.  DRIVE TRAIN:
a.  Power from the engine is sent to the wheels via the drive train. 

b.  The drive train consists of several components.

(1)  The MK23 is equipped with an Allison HD4070 Automatic Transmission.  This transmission has seven forward gears, one reverse gear, and a neutral position.

(a)  The transmission starts in second gear when shifted from neutral.  Its default gear range setting is 7.  The transmission is controlled via a push-button shift selector panel located on the dashboard in the cab.  Depending on the driving conditions, it may be necessary to select a lower gear.  The number displayed on the panel is the highest gear setting for the transmission.

(b)  The transmission electronic control unit (ECU) controls the transmission’s operation.  It also communicates with the engine electronic control module (ECM) throughout the gear ranges.

(c)  The tachometer is used to monitor engine speed.  If the engine speed is too high, the operator can shift the transmission in to a higher gear.

(d)  The transmission fluid level is checked by removing the transmission dipstick.  If the transmission fluid level is low, additional fluid is added through the fill tube.   Both the dipstick and the fill tube are located behind the cab.

(e)  The MK23 uses transmission fluid in different grades depending on the climate to transfer power from the engine through the rest of the drive train as well as to lubricate and cool all the moving parts inside the transmission assembly.  The automatic transmission has a maximum capacity of 48 quarts.

(2)  MK series vehicles are equipped with a transfer. The transfer is used to provide power to the front axle, while maintaining power flow to the rear axles. 

(a)  The transfer uses OE/HDO 50 oil for lubrication. An externally mounted pump pressurizes the oil and sends it to various sections of the transfer. The Transfer uses 6 quarts of oil for lubrication. 

(b)  The transfer lock assembly is used to lock the forward and/or middle axles. The transfer lock assembly provides increased mobility in adverse operation conditions. 

(3)  All MK series vehicles are equipped with three differentials, one located on each axle. The job of the differentials is to transfer the drive force from the drive shafts to the axles. 

(a)  The differentials are part of the wall-to-wall drive feature of the MK23. They provide drive torque to every wheel on the MK23, depending on the transfer lock position.

(b)  The differentials used GO 80W-90 gear oil for lubrication. Gear oil lubricates all the differentials parts through splash lubrication. The intermediate differential uses 13 quarts, while the front and rear differentials use 10.5 quarts of gear oil.

(4)  Drive shafts or propeller shafts as they are sometimes called, are used to transfer torque from one drive train component to another in a smooth continuous rotation. 

(a)  There are four main drive shafts, three between the transfer and differential and one between the transmission and transfer.

(b)  Drive shafts contain flexible joints to allow the smooth transfer of power between components even when they are not positioned in a straight line.

(5)  The MK23 uses six axle half-shafts.  These half-shafts are designed like drive shafts that incorporate universal joints and constant velocity joint. The half-shafts transfer the driving force from the differentials to the wheel hubs. 



(6)  The hub assembly receives power from the half shaft. The hub is a ‘gear-type hub,’ meaning there are gears inside the hub assembly. This geared hub converts the rotation force received from the half shaft into additional driving torque. 

(7)  CTIS operation

(a)  When you select the MSS (Mud, Sand, Snow) terrain mode on the CTIS control panel/ECU, an electrical signal is sent to the indicator board, illuminating the driveline lock indicator light. Power will also be sent to the transfer solenoid valve and the inter-axle solenoid valve. When the valves become energized, air will flow to the transfer and inter-axle driveline locks.

(b)  When the EMER (Emergency) terrain mode on the CTIS control panel/ECU is selected, an electrical signal is sent to the indicator board where it will illuminate the driveline lock indicator light. Power will also be sent to the rear intra-axle solenoid valve. Once the solenoid valve is energized, it will open to allow air to flow and engage the rear intra-axle driveline locks.

(c)  For a full lock condition, or 6-wheel drive, you must push on the driveline lock switch. This sends an electrical signal to the CTIS control panel/ECU to illuminate the indicator light and to power the front Intra-axle solenoid valve. Once the solenoid valve is energized it will open allowing airflow to the front intra-axle driveline lock.

(8)  On MK25’s and MK28’s, which are equipped with a self-recovery winch, a power take-off (PTO) is used to provide power to the winch. 

(a)  MK25 and MK28’s are equipped with a hydraulic fluid reservoir, which is mounted behind the cab.  The hydraulic reservoir supplies fluid for the power take-off (PTO), which in turn powers the winch.  

(b)  The reservoir holds up to 15 gallons of fluid (including the filter).

12.  PNEUMATIC (COMPRESSED AIR) SYSTEM:
a.  The MK23 is equipped with a pneumatic (compressed air) system. 

b.  The air system’s primary purpose is to supply air power to the brake system.

(1)  The air compressor is a two-cylinder, single stage, reciprocating air pump. It is located on the left side of the engine above the power steering pump. It is gear-driven and is always operating while the engine is running. The compressor contains an emergency pressure relief valve that opens to prevent damage to the pump or air system. Normal system pressure is between 90 and 125 PSI.

(2)  The after-cooler is located to the rear of the battery box on the left side of the vehicle. The after-cooler is used to cool air exiting the compressor. The after- cooler is also equipped with a thermostatically controlled heater that prevents condensed moisture from freezing during extremely cold weather.

(3)  The air dryer is located to the rear of the battery box next to the after-cooler. The function of the air dryer is to collect and remove contaminated not filtered by the after-cooler. It also contains a heater for colder weather operation and is the final stage filtration for pneumatic system. 

(4)  The MK23 is equipped with two primary air tanks, which are located in the center of the vehicle. They run along the vehicle’s frame. Together the primary tanks supply air to be used by the air brake systems. Primary tank #1 supplies air to primary tank #2, automatic traction control (ATC) and the brake system.

(5)  The purge, supply and secondary tanks are located on the left side of the MK23, just below the battery box. 

(6)  Primary tank #2 supplies air to the rear brake system. This tank can be filled from the front emergency glad-hand located on the operators side. Primary Tank #1 will also be filled with air if this method is used.

(7)  The tank drain valves are used to drain the individual air tanks. These valves are used whenever air pressured needs to be removed for maintenance purposes. They are also used to drain the tanks of any accumulated moisture after daily operations. The air chuck is used to supply air to an air hose or air-operated tool when required.

(8)  The following explanation will give you a better understanding of air flow within the supply system.

(a)  With the engine running, the air compressor draws in and pressurizes filtered air from the intake manifold.

(b)  Pressurized air is sent to the after-cooler.  The after-cooler is used to cool, filter, and remove moisture from the air coming directly from the air compressor.  The air dryer is used to dry the compressed air received from the after-cooler.

(c)  Air is sent through a check valve at the supply tank.  Moisture not removed by the air dryer will condense in the supply tank and must be drained periodically.  At the same time, air is stored in the purge tank.

(d)  Air pressure exiting the air compressor is regulated using a governor.  The governor monitors air pressure in the supply tank.  When it reaches a pre-determined pressure, the governor unloads the air compressor.

(e)  The purge tank stores air pressure used to purge the after-cooler and the air dryer.  Air pressure is purged from the after-cooler and the air dryer when the governor is in the “unload” or cut-out” position.

(f)  When the governor piston shifts to “cut-in”, the pressurized air in the service line is released through the governor exhaust port.  The compressor is now allowed to produce compressed air to the supply and secondary tanks, which feed air to the primary tanks.

(9)  There are four glad-hands on the MK23. 

(a)  Two glad-hands are located in the front, under the hood.  These glad-hands are used to supply air to the towed vehicle from the towing vehicle.  

(b)  The other two glad-hands are located at the rear of the vehicle.   These glad-hands are used to supply air to a trailer or a vehicle being towed.

13.  BRAKE SYSTEM:
a.  The brake system uses air to transfer stopping power to each wheel.  All MK series vehicles use drum brakes on all wheels.  The drum brakes make up the base portion of the base brake system. 

b.  The service and parking brakes, anti-lock brake system (ABS), and automatic traction control (ATC) system are all parts of the same system.

(1)  The service brakes perform the normal stopping for the MK23.  However, both the ABS and ATC systems use components in the service brake system.

(2)  MK series vehicles are equipped with drum brakes on all axles.  Drum brakes use a circular braking surface, which resembles the top of a drum.  The components of the drum are housed inside the drum.

(3)  Each drum brake assembly uses two brake shoes, which provide the stopping force.  The brake linings are attached to the shoe webs by rivets.  Wedges (front brakes) and S-cams (intermediate and rear axle brakes) are used to apply the shoes against the drums.  Springs are used to pull the shoes back away from the drums.

(4)  The trailer brake feature supplies air to a trailer equipped with air brakes.  This function is controlled by a valve in the cab.  The trailer brake is also used if it becomes necessary to supply air to a vehicle that is being towed.

(5)  The parking brakes are part of the service brake system.  Pushing a valve on the cab instrument panel releases the parking brakes, while pulling the valve applies the parking brakes.

(6)  The anti-lock brake system (ABS) allows the MK23 to stop with better control in limited traction conditions.  The ABS uses valves, which vary the pressure to the drum brakes as needed.  During normal braking, the ABS is not in operation.  ABS only operates when it detects a wheel is approaching lockup.

(7)  The automatic traction control (ATC) system assists the MK23 in wheel slip conditions.  If the ATC detects excessive wheel spin, it will apply the brakes to slow the spinning wheel and also transfer some of the driving force to the wheels that have better traction.

14.  CENTRAL TIRE INFLATION SYSTEM (CTIS):
a.  All MK series vehicles are equipped with a central tire inflation system, referred to as CTIS.  The CTIS allows the operator to adjust tire pressure to compensate for terrain and cargo weight.

b.  The CTIS system uses the pneumatic system, engine control module, driveline lock, anti-lock brakes and automatic traction control to perform its function.  When you select a CTIS setting, the CTIS will make changes to the vehicle’s tire pressure as well as driveline lock configuration.

c.  When the operator of the vehicle selects a terrain mode and vehicle load weight setting on the CTIS control panel, the vehicle tires will automatically inflate or deflate to maximize performance.

15.  CHASSIS AND SUSPENSION:
a.  The chassis, suspension, and steering system form the base for the vehicle.  These systems work together to support the weight of the vehicle as well as any loaded cargo.

(1)  The chassis for the MK series vehicles is a formed channel, bolted construction design.  

(2)  It is made from heat-treated, carbon manganese steel that can withstand pressures of at least 10,000 PSI.

b.  The MK23 uses a 6-wheel independent suspension system.  The suspension system supports the vehicle’s weight as well as any loads.  It also cushions the ride and ensures that the wheels maintain contact with the road surface while turning, accelerating, and braking.  

(1)  The suspension includes a system of springs, shock absorbers, and other components.

(2)  The vehicle is equipped with six radial tires mounted on two-piece wheel (bolted together) assemblies.  The tires can be inflated and deflated by CTIS to provide traction for moving the vehicle.

c.  The chassis and suspension system work together to support the vehicle and its load.  The parts work to absorb bumps in the road while maintaining good traction.

d.  The steering linkage is made of inter-connected parts that move when the steering wheel is turned.  The rotating movement of the steering wheel activates mechanisms inside a steering gearbox.  The tie rods and other components transfer the steering wheel’s motion to the tires.  The steering wheel ratio is 18 to 1.

(1)  The vehicle uses an integral power steering system with a separate fluid reservoir.  There are two power steering gearboxes on the vehicle.  

(2)  The primary gear receives input from the steering wheel.  The secondary gear assists in translating steering wheel movement to the wheels.  

(3)  Power steering is actually power-assisted steering.  Manual steering is possible should the power steering system fail.

(4)  The hydraulic steering fluid reservoir is located on the left side of the engine.  Fluid may need to be added to keep the vehicle steering system operating properly.

16.  RECOVERY WINCH:
a.  The MK25 and MK28 are equipped with a recovery winch.  The recovery winch is used to free a mired vehicle.

b.  The controls for the winch are located in two locations.  The levers on the winch engage and disengage the drum.  A manual lever can be used to pay out or reel in the cable.  The controls inside the cab are used during vehicle recovery.  You will learn more about the operation of the winch and vehicle recovery in a later lesson.

17.  BATTERIES:
a.  The battery box is located on the left side of the MK series vehicles just aft of the cab.  This is the location for the batteries used to provide starting power to the vehicles.

b.  MK series vehicles can be equipped with up to four batteries.  

(1)  For most conditions, two batteries will be installed in the battery box.  

(2)  When the vehicle is used in extremely cold temperature, two additional batteries can be installed.  

(3)  Each battery is capable of providing 12 volts.  Because of the wiring pattern used, a maximum of 24 to 26 volts is supplied, depending on battery charge levels.

c.  The MK23 is equipped with a NATO slave receptacle.  The NATO slave connector allows the transfer of 24 volts of electrical power between two vehicles to start a vehicle with dead or low batteries.

18.  CTIS PANEL:
a.  The panel on the left side of the operator instrument panel is referred to as the CTIS panel.  The primary function of this panel is to control CTIS operation.  Other controls include the lights, windshield wipers and windshield washer.

(1)  The headlight switch is a three-position switch located in the upper left corner of the CTIS panel.  It turns the headlights and clearance/marker lights ON and OFF.  The center position turns on the clearance/marker lights only.  The up position turns the headlights on, while the down position turns both the headlights and the clearance/marker lights OFF.  

(2)  The blackout select switch is a two-position switch.  Changing the position of this switch changes the exterior lights between normal and blackout modes.  A smaller red switch is located on the lower half of the switch.  It is used to lock and unlock the blackout switch.  This prevents the accidental operation of regular headlights during blackout tactical operations.

(3)   The blackout light switch is a three-position switch.  It turns the blackout drive and service lights ON and OFF.  The center position turns on the blackout service and brake lights only.  The up position turns the blackout drive on, while the down position turns both the blackout drive and blackout service lights OFF.

(4)  The CTIS OFF switch is a two-position switch.  This switch is used to partially disable the CTIS system when operating in temperatures below 0 degrees F.  In most operating situations this switch should be in the down position.

(5)  The dash light dimmer switch is a three-position switch.  The center position provides low dash illumination, while the up position provides high dash illumination.  The down position turns the dash lights OFF. This is used when operating the vehicle using night vision goggles (NVG’s).

(6)  The windshield wiper control switch is a three-position switch.  This switch controls the operation of the windshield wipers.  The center position is used for low-speed operation of the wipers and the up position is used for high-speed operation.  The down position turns the windshield wipers OFF.

(7)  The windshield washer switch is a one-position momentary switch (automatically returns to OFF position when released).  When this switch is pushed, windshield washer fluid is applied to the windshield.

b.  The CTIS control panel is used to set the Central Tire Inflation System to the proper load settings for each type of terrain as well as the load.  The buttons on the left are used to select the vehicle load settings.  The buttons on the right are used to select the type of terrain.  When using the CTIS, select one load and one terrain setting.  The selected buttons will illuminate in the lower right-hand corner.

(1)  The over-speed indicator alerts the operator that the vehicle speed has exceeded the maximum allowable speed as determined by CTIS.  An audible alarm will sound when this indicator is lit.  The Check Tires indicator alerts the driver to possible significant damage to one or more tires.

(2)  Selecting the 7.1-15 Tons button adjusts tire pressure for full loads.  Because the MK23 is limited to 7 tons when operating off-road, this button is used only on improved, paved roads.

(3)  The 2-7.1 Ton button adjusts tire pressure for carrying partial loads.  This is the maximum setting for carrying cargo in Cross Country mode.

(4)  The 0-2 Tons button is selected when traveling empty or with light loads.

(5)  The RUN FLAT button is selected when one or more tires have sustained minor damage.

(6)  Selecting the HWY (Highway) button changes the tire pressure for travel over improved, paved roads.  The maximum allowable vehicle speed is 45 mph when this setting is selected.

(7)  Selecting CC (Cross Country) adjusts the tire pressure for travel over non-paved roads, secondary roads, and hard-packed surfaces.  The maximum speed for this setting is 40 mph.

(8)  The MSS (Mud/Sand/Snow) mode is used when traveling over soft surface trails, unimproved surfaces, and muddy, sandy, or snowy surfaces. Maximum speed in this setting is 15 mph.

(9)  The EMER (Emergency) button adjusts for extremely low tire pressure.  This button is used to help free a stuck vehicle or to travel short distances over terrain where low tire pressure is required.  Maximum vehicle speed in this setting is 5 mph.

19.  INSTRUMENT PANEL:
a.  The instrument panel is the center panel in the cab. It contains the indicators that monitor the systems on the vehicle.  

b.  Gauges 

(1)  The oil pressure gauge indicates engine oil pressure.  Normal readings will range between ??? and 60 PSI.  If the oil pressure falls below ?? PSI, the low oil pressure warning light will illuminate.

(2)  The water temperature gauge indicates coolant temperature inside the engine.  Normal gauge temperature readings will range between 180 and 220 degrees F.  

(3)  The transmission temperature gauge indicates transmission fluid temperature.  Normal transmission temperature will range between 160 and 250 degrees F.

(4)  The tachometer indicates engine operating speed in revolutions per minute (RPM) times 100.  That is, “8” means “800”.  The hourmeter indicates the total operating hours.  The engine will normally idle between 800 and 1000 RPM.

(5)  The speedometer indicates vehicle speed.  The odometer indicates total miles traveled by the vehicle.  The odometer also has a trip odometer feature, which can be used to measure the miles driven on a particular mission.  The trip odometer can be re-set by pressing the button between the tachometer and the speedometer.

(6)  The air pressure gauge indicates air pressure in the pneumatic system.  Normal air pressure should be between 90 and 125 PSI.  Unlike the other gauges, there are two needles in this gauge.  The red needle indicates air pressure in the primary system.  The green needle indicates the air pressure in the secondary system.

(7)  The battery voltage gauge indicates the state of charge of the batteries.  It also indicates the current voltage in the electrical system when the engine is running.  Normal voltage when the engine is running ranges from 24 to 30 volts.

(8)  The fuel gauge indicates the amount of fuel remaining in the tank.  The reading is based on the amount of usable fuel in the tank.

c.  The warning lights are used to visually alert the operator to potential problems with the vehicle.  They are also used to indicate when certain systems are engaged or functioning.

(1)  The turn signal indicators illuminate in green when the turn signal lever is moved to indicate that the operator intends to make a turn.  Only one selector will light at a time.  If the hazard switch on the steering column is activated, both turn signal indicators will flash.

(2)  The automatic traction control (ATC) light illuminates in amber when the ignition switch is turned on.  It remains lit until the operator presses the brake pedal when the system is configured for ATC.  It will flash slowly when the MSS mode is selected.  The light flashes rapidly when operating in highway mode when the ATC system is engaged.

(3)  The anti-lock brake system (ABS) light illuminates in red for a two-second period when the ignition switch is turned on.  The light will turn off if no ABS malfunctions are detected.  If a malfunction is detected, the ABS light will remain illuminated.  The light will blink when the ABS switch is activated.

(4)  The water temperature light provides a visual warning should the engine approach overheating.  The warning light works with the water temperature gauge and the check engine light.  The light will illuminate in red and a warning buzzer will sound when the water temperature reaches 235 degrees F.  The check engine light will also illuminate, alerting the operator to exit the road and shut down the engine to prevent major damage.

(5)  The transmission temperature warning light illuminates in red when the transmission fluid temperature reaches 300 degrees F.  A warning buzzer will sound when this light illuminates.

(6)  The check transmission light illuminates in yellow whenever the transmission fluid temperature reaches 250 degrees F or when it requires service.

(7)  The engine warning light illuminates in red when the on-board diagnostic system detects a situation that would cause significant damage to the engine and drive-train components if allowed to continue.

(8)  The parking brake light illuminates in red when the parking brake is engaged.

(9)  The oil pressure warning light illuminates in red if the oil pressure drops below 5 PSI.  A warning buzzer will sound and the check engine light will illuminate when this light illuminates.

(10)  The two low air pressure warning lights will illuminates in red in conjunction with the warning buzzer whenever the system air pressure is below approximately 70 PSI.  The low air 1 monitors the pressure in the secondary system (green needle) and the low air 2 monitors the air pressure in the primary system (red needle).

(11)  The check engine light illuminates in amber when the coolant temperature reaches 217 degrees F.  This light will also illuminate when the low oil pressure warning light illuminates.

(12)  The lube filter warning light will illuminate in amber when the oil filter requires service.

(13)  The low fuel warning light will illuminate when the fuel tank is low.

(14)  The fan off warning light illuminates in red when the fan ford switch is activated and the engine fan lockout is activated during fording operations.  Failure to deactivate the switch and re-engage the fan will cause the engine to overheat.

(15)  The high idle light will illuminate in red when the high idle switch is activated.

(16)  The high beam indicator light illuminates n blue when the vehicle headlights are in the high beam mode.

(17)  The driveline lock indicator lights illuminate in red to indicate the three-step locking sequence.  The lights will either illuminate or turn off in conjunction with the CTIS selection or when pressing the Driveline lock switch.  

(18)  The winch indicator light illuminates in amber when the winch is activated.

(19)  The vehicle is equipped with an audible warning buzzer/alarm.  The buzzer will sound to alert the operator of a problem with the vehicle.

20.  TRANSMISSION PANEL:
a.  The transmission panel is to the right of the instrument panel.

(1)  The engine high idle switch is a two-position switch.  When the switch is in the up position, the engine idle speed is raised to 1500 RPM.  This switch is used to quickly bring the engine up to operating temperature and to operate the winch.

(2)  The engine brake switch is a two-position switch.  When the switch is in the up position, the engine brake is engaged.  The down position turns the engine brake OFF.

(3)  The HIGH MED LOW switch is three-position switch.  The down position sets a low level of engine braking, the center position sets a medium level of engine braking, and the up position sets a high level of engine braking.

(4)  The winch ON switch is a two-position switch.  The up position activates power to the winch.  The down position turns the winch OFF.

(5)  The winch OUT/IN switch is a two-position momentary switch.  When the switch is held in the up position, the winch cable is fed out.  When the switch is held in the down position, the winch cable is pulled in.  Releasing the switch causes it to return to the center, neutral position.

(6)  The driveline lock switch is a two-position momentary switch.  Each time the switch is put in the up position, it will engage one additional level of driveline locks.  Each time the switch is put in the down position, it will disengage one level of driveline locks.  When the switch is released, it will return to the center, neutral position.  This switch overrides the automatic driveline settings determined by the CTIS.

(7)  The fan ford switch is a two-position switch.  The up position disengages the cooling fan.  The fan off light will illuminate to remind the operator that the fan has been turned off.  The down position allows the fan to operate normally.

(8)  The ABS diagnostic switch is a two-position switch.  The up position turns on the ABS diagnostics.  The ABS light will illuminate to remind the operator that the ABS diagnostics are operating.  The down position turns the ABS diagnostics OFF.

(9)  The ignition switch is a three-position rotary switch.  The switch is used to turn the vehicle on and off.  MK series vehicles use an electronic panel to operate the transmission.  The transmission gear selection panel allows you to control transmission operation.  Unlike most cars and trucks you may be familiar with, the transmission in an MK series vehicle does not have a “Park” setting.

b.  Transmission controls.

(1)  The selection display indicator displays the current transmission setting.  The display will show “N” for neutral, “R” for reverse, and a number for one of the seven forward gears.  The default setting for the transmission and selector is “&” when the D button is pressed.

(2)  The R (Reverse) button is selected to shift the transmission into reverse.

(3)  The N (Neutral) button is selected to shift the transmission into neutral.

(4)  The D (Drive) button is selected to shift the transmission into the forward driving gears.  The default setting is “7” when drive is first selected.

(5)  The MODE button is used to activate the power take-off (PTO) on the MK25 and MK28.  The button illuminates red when selected.  On the MK23 and MK27, this button is inactive.

(6)  The up and down ARROW buttons a re used to shift between the various forward gears.  Pressing the down arrow decreases the gear range by one level for each time the button is pressed.  Pressing the up arrow increases the gear range by one level for each time the button is pressed.  The number displayed in the selection display will change each time the buttons are pressed.

21.   AIR CONTROL PANEL:
a.  The air control panel is to the right of the transmission panel.  It monitors and controls the pneumatic system on the vehicle as well as cab airflow and temperature.

(1)  The cab fan control panel allows the operator to control the direction, freshness, and temperature of air entering the cab.

(2)  The air filter restriction gauge allows the operator to see if there is a reduced amount of air within the air intake system.

(3)  The trailer air supply control valve allows the operator to engage the trailer’s pneumatic brake system from inside the cab.  

(4)  The parking brake control valve allows the operator to engage and disengage both the vehicle’s and the trailer’s (if equipped) parking brake system when the vehicle is being parked.

b.  The 12-volt auxiliary receptacle provides power for diagnostic equipment.  It is NOT meant for powering personal electronic devices.

22.  SERVICE ACCESS PANEL:
a.  The service access panel is located on the right side of the vehicle’s cab.  The panel is removed when diagnostic service is required. 

b.  The test interface module/message information console (TIM/MIC) is part of the self-diagnostics for the vehicle.  It will normally be used by second echelon maintenance personnel.

c.  The circuit breaker/relay panel is located behind the service access panel.  This panel contains the circuit breakers that protect the vehicle’s electrical circuits.  The relays are used to control various on-board systems.

TRANSITION:  This section of the lesson has covered the various systems of the MK series vehicles.  During this section, you were presented with the following:


CTIS panel switches


Instrument panel gauges


Instrument panel warning lights


Transmission control panel switches


Air control panel switches


The service access panel

23.  CAB- AND FLOOR-MOUNTED CONTROLS:
a.  The MK23 has several cab- and floor-mounted controls. Many of these controls are used in the operation of the MK23.

(1)  The brake pedal is connected to a dual pressure control treadle valve.  Pressing on this pedal applies the service brakes.

(2)  The accelerator pedal is located next to the brake pedal.  The accelerator pedal is connected to the engine electronically.  This is considered a “drive-by-wire” system.

(3)  The steering wheel lock is located on the cab firewall next to the steering column.  The steering wheel lock is used to lock the vehicle’s steering wheel when the vehicle is to be left with no personnel to guard it.

b.  The MK series vehicle cab door is unique.  Since the vehicle sits so high, the handle to open the door from the outside is in the lower rear corner of the door, so the operator can open the door before climbing up on the side of the vehicle.

(1)  Once you have opened the door, you will need to use the steps to climb into the cab of the vehicle.  You will also need to use the cab door handles and the handrail to assist your entry and to ensure safety.  This is referred to as making “three points of contact”. 

(2)  The cab doors include a rifle mount and a hand crank.  The rifle mount is used to secure the operator and a-driver’s rifles while driving.  One rifle mount is on the operator’s door, and two are located on the passenger side door.  The hand crank allows you to raise and lower the windows.  Each door has one hand crank.

(3)  The interior door release latch is located on the side of the seat next to the door.  You will use this latch to open the door from the inside.

c.  Some MK series vehicles are equipped with an air-adjusted height selector.  The switch is located on the front left corner of the seat itself.  The operator may also adjust their distance from the pedals and steering wheel by moving the seat adjustment lever next to the height adjustment switch.

d.  All MK series vehicles are equipped with seatbelts, which are mounted to the sides of the seats.  The seatbelts can be adjusted to compensate for different operators.  The operator and passengers can adjust the seatbelt height as required.  

(1)  Remove the pin on the seatbelt rail and move the bar either up or down to the appropriate level for each person.  

(2)  Re-insert the pin back into the newly selected hole to secure the seatbelt rail.

e.  There are three controls mounted on the steering wheel and column.  Column mounted control allow the operator to activate important systems without reaching to the dash panel.

(1)  The steering wheel is used to control the direction of the vehicle.  The horn button is located in the center of the steering wheel.

(2)  The turn signal lever is located on the left side of the steering column.  This lever moves up and down.  Moving the lever up activates the right turn signal.  Moving the lever down activates the left turn signal.  The button on the end of the turn signal lever controls the high beam/ low beam modes of the headlights.

(3)  The hazard light switch is located on the right side of the steering column.  Pushing the switch in will turn the hazard warning lights on, pulling it back out will turn them off.

24.  MIRRORS:
a.  Mirrors are mounted on each door of the MK23.  They are used so the operator can see what is happening behind the vehicle.

(1)  The rear view mirror is the larger of the two mirrors.  The rear view mirror is used more frequently because it gives the operator a more realistic view of what is beside and behind the vehicle.

(2)  The spotter mirror is the smaller of the two mirrors.  It is used to see what is in blind spots, close to the side of the vehicle, or down near the tires.  It is important to remember that the spotter mirrors give a false sense of distance by making things appear further away than what they actually are.

25.  WINDSHIELD WASHER:
a.  The windshield wiper and washer system is very important to vehicle safety.  The windshield wipers keep the windshield clear of rain, snow, and other moisture.  The washer system is used to help remove dust, mud, and other dirt from the windshield.

b.  The windshield wiper fluid reservoir is located in the engine compartment, mounted on the passenger side of the firewall.

26.  LIGHTS:
a.  The MK23 has several exterior lights.  These lights are used to illuminate the ground in front of the vehicle as well as to make it visible to other vehicle.  Each light is important to the safety and operation of the vehicle.

b.  The clearance/marker lights on the MK23 are located at the top, rear, and sides of the vehicle. They are placed to make the vehicle visible to other drivers when operating on highways and paved roads.

c.  The front lights on the vehicle consist of two headlights located on the front hood.  Two composite lights are located on the front bumper.  The blackout drive light is also located within the front bumper.

d.  The rear lights of the MK23 consist of two composite lights assemblies.  These lights indicate the presence of the MK23 to other vehicles approaching from the rear.

e.  The reverse light and alarm on the MK series vehicles work in conjunction, even though they are separate components.  The reverse alarm is located under the cargo bed in front of the pintle hook.  These two components indicate that the vehicle is backing up.  When the blackout lights are engaged, these components are disengaged.

f.  The turn signal lamps are located in the top part of both the front and rear composite light assemblies.  There are also two turn signal indicators located on the sides of the hood and the sides of the rear of the vehicle.  When the hazard warning lights are engaged, all the turn signal lamps flash.

g.  The blackout lights on the MK23 are used in tactical conditions.  Blackout lights give off very low levels of light, making it hard for the naked eye to detect at night from a distance.

27.  TOWING:
a.  The pintle hook is mounted on the rear of the vehicle.  It is the connection point for towing a trailer or a tow bar for towing another MK vehicle.

b.  The inter-vehicle electrical connectors are used to connect the light control system of one vehicle to another.  The inter-vehicle cable connector on the rear of the towing vehicle can be connected to the inter-vehicle cable connector of the trailer or towed vehicle to operate turn signals and brake lights.

28.  MISCELLANEOUS:
a.  The fuel/water can bracket is located on the operator’s side behind the cab and in front of the bed of the vehicle.  This allows the secure transportation of a 5-gallon container of either water or fuel.

b.  The machine gun mount access hatch is located on the top of the cab above the passenger seat.  It can be opened from the inside to allow the operation of the machine gun when the mount and weapon are installed.

c.  The mud flaps are located around the vehicle.  They deflect water, snow, mud, and dirt thrown from the tires.  The rear mud flaps may need to be raised or lowered depending on the terrain.

d.  The Internal Standards Organization (ISO) locks are used to secure bulk items to the cargo bed.  These items may be water, fuel containers, quad-cons, or other cargo needed to be transported.
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