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STUDENT OUTLI NE

MAI NTAIN THE Al R I NDUCTI ON AND EXHAUST SYSTEM

LEARN NG CBJECTI VES

1. Termnal Learning Qbjectives:

a. Gven an LVS, TM 2320-20/12A, tools, and equi pnent,
perform second echel on mai ntenance on the engine air induction
system per the reference. (3521.13.07)

b. Gven an MK48, TM 2320-20/12A, tools, and equi pnent,
perform second echel on mai ntenance on the engi ne exhaust system
per the reference. (3521.13.08)

2. Enabling Learning Qbjectives:

a. Gven an LVS, TM 2320-20/12A, tools, and equi pnent,
inspect the air induction systemfor serviceability, per the
reference. (3521.13.07a)

b. Gven an LVS, TM 2320-20/12A, tools, and equi pnent,
service the air induction system per the reference.
(3521.13.07b)

c. Gven an LVS, TM 2320-20/12A, tools, and equi pnent, test
the air induction system per the reference. (3521.13.07c)

d. Gven TM 2320-20/ 12A and partial statenments pertaining
to the MK48 air induction system conplete the parti al
statenents to describe the procedures used to diagnose a
mal functioning air induction system (3521.13.07d)

e. Gven TM 2320-20/ 12A and partial statenments pertaining
to the MK48 air induction system conplete the parti al
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statenents to describe the procedures used to repair conmponents
of the air induction system (3521.13.07e)

f. Gven TM 2320-20/ 12A and partial statenents pertaining to
the MK48 air induction system conplete the partial statenents
to describe the procedures used to replace conponents of the air
i nduction system (3521.13.07f)

g. Gven an LVS, TM 2320-20/12A, tools, and equi pnent,
i nspect the exhaust systemfor serviceability, per the
reference. (3521.13.08a)

h. Gven an LVS, TM 2320-20/12A and partial statenments
pertaining to the MK48 engi ne exhaust system conplete the
partial statenents to describe the procedures used to di agnose a
mal f uncti oni ng exhaust system per the reference. (3521.13.08b)

i. Gven an LVS, TM 2320-20/12A and partial statenents
pertaining to the MK48 engi ne exhaust system conplete the
partial statenents to describe the procedures used to repair
conponents of the exhaust system per the reference.
(3521. 13. 08c)

j. Gven an LVS, TM 2320-20/12A and partial statenents
pertaining to the MK48 engi ne exhaust system conplete the
partial statenents to describe the procedures used to repl ace
unservi ceabl e conponents of the engi ne exhaust system per the
reference. (3521.13.08d)

4, METHD MEDO A A conbination | ecture and denonstration wll explain the
fol | ow ng:

a. Theidentification, location, and function of the conponents enpl oyed
inthe Detroit 8WO2TA engine air induction and exhaust systens.

b. The principles of operation of the Detroit 8VWO2TA engine air
i nduction and exhaust systens.

c. The organizational nai ntenance responsibilities relative to the
Detroit 8VO2TA engine air induction and exhaust systens.

d. The repair and di agnostic nai nt enance procedures that are required to
be acconpl i shed on the Detroit 8VO2TA engi ne exhaust systemat the
organi zati onal nai nt enance | evel .

INSTRICTOR S NOTE  Explain the instructional rating forns to students.
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5. BEVALLATION Followng the lecture, a conbi ned practical application
exerci se and perfornance test wll give you the opportunity to practice and
denonstrate your ability to performthe nai ntenance tasks that wll be

expl ai ned in the cl assroom

TRANSITION Are there any questions about what w il be covered, howthe
| esson wll be presented, or howyou w il be eval uat ed?

BODY ( H
1. | DENTIFI CATIQN LOCATI N AND FUNCTI ON OF THE GCMPONENTS EMPLOYED | N THE
DETRO T 8VO2TA ENG NE Al R I NDUCTT ON AND EXHALST SYSTEVG (10 MN

(SHONGHART 1, MK48 AR I NDUCTTI ON AND EXHALST SYSTEVS)

a. V@ wll beginwththe air induction system The air induction
systemenpl oys an air cl eaner assenbly, turbocharger, blower, aftercooler,
air restriction indicator, and the necessary hoses and ducts to route the
inlet air to the appropriate pl aces.

(SHONSLICE 1, A R QEANER ASSEMBLY)

(1) The air cleaner assenbly can be easily recognized by its
unusual |y shaped grill. The air cleaner assenbly is |ocated on the left side
of the vehicle, above the engine and behind the vehicle cab. As you know
the air cleaner assenbly renoves dust and other foreign natter fromthe inlet
air. The air cleaner assenbly consists of the foll ow ng naj or conponents:

INSTRICTOR S NOTE  Point to each conponent as it is di scussed.

(a) Superdone or pre-cleaner, as it is sonetines call ed,
(b) Prinary filter,
(c) Secondary filter,
(d) Dust bin, and
(e) A enum pan.
(2) The turbocharger is located on the right side of the engine,
above the right bank of cylinders. The turbocharger conpresses the inlet air

and delivers it under high pressure to the bl ower.

(3) The blower is nounted on top of the engine in the valley between
the cylinders. The blower is a conventional roots-type bl ower that forces
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the inlet air through the aftercooler and into the air box fromwere it wll
be blown into the cylinders.

(4) The aftercooler is sinply a radiator-1ike device that cool s and
condenses the air that was expanded by the action of the turbocharger so that
nore air can be forced into the cylinders. It is nounted in the engine
bl ock, under the bl ower.

(5 The air induction systemincludes the appropriate ducting to
ensure that only filtered air enters the conbustion chanbers.

(6) The last conponent in the systemthat we wll discuss is the air
restriction indicator. This device is located in the vehicle cab. The air
restriction indicator nonitors the condition of the air cleaner and provi des
a visual signal to the operator or nechanic when the air cleaner assenbly
becones restri cted.

TRANSI TITON  Next, we wil take a brief look at the exhaust systemthat is
used on the MK48.

b. The exhaust systemconsists of the exhaust nanifolds, exhaust pipes,
crossover pipe, a miffler, and the appropriate clanps to seal connection
poi nt s.

(1) The exhaust nanifolds are of the conventional type. The exhaust
nani fol ds col | ect the exhaust gases as they are expel |l ed fromthe individual
cylinders. There is one exhaust nanifold bolted to each cylinder head.

(2) Acrossover pipe and other sections of exhaust pipe carry the
exhaust gases fromthe nanifolds to the turbocharger and on to the muffler.
The crossover pipe is connected to the | eft exhaust manifold and to the
turbocharger adapter. Sections of exhaust pipe are connected fromthe right
nani fold to the turbocharger adapter and fromthe turbocharger to the
muffler. The crossover pipe is wapped wth an insulating naterial to
prevent burns if an operator or nechanic accidentally touches it while it is
hot .

(3) The nuffler serves the standard purpose; it muffles engi ne
noise. It is located above the right fuel tank. The muffler is fitted wth
arancapthat closes to prevent the entry of water when the engine i s not
runni ng.

TRANSITION Nowthat you are anware of the conponents that are enpl oyed in
the air induction and exhaust system let's see howthey work together to
ensure that the engine gets clean air and that the exhaust gases are carried
away fromthe engi ne.
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2. PRINJPLES G- CPERATION G- THE CETRA T 8VO2TA ENA NE Al R I NDUCTI AN AND
BEXHAUST SYSTEVG

(SHONVSLICE 2, AR QEANER CPERATI AN

INSTRICTOR S NOTE  use the transparency and trace the flowof inlet air
through the inlet air tubes and the filters;, also trace the exit path of the
heavy particles of foreign natter. (10 MN

a. Ar to support the conbustion process initially enters the air
i nduction systemthrough the Superdone. The Superdone is a series of
specially designed air inlet tubes.

(1) As you can see on the transparency, the directional vanes in the
air inlet tube start theinlet air rotating i n a countercl ockw se direction.

(2) The cyclonic action spins heavy contamnants into the dust bin,
while the air that has been cl eaned of heavy contamnants noves directly to
the prinary air filter. The Superd one renoves up to ninety-three percent of
the dirt entering the air cleaner.

(a) The heavy particles that were extracted fromthe inlet air
by the action of the air inlet tubes fell into a dust bin |ocated bel owthe
Super d one.

(b) Notice the two protrusions inside the dust bin. Thereis a
plug wth an orifice threaded into the outboard side of each of those
protrusions. Those orifices expel inlet air that is piped to themfromthe
inlet side of the bl ower.

(c) The streamof air comng out through the orifices bl ows out
particles of foreign natter that have fallen into the dust bin outboard of
their location. The particles that fall inboard of the orifices are drawn
out of the dust bin as aresult of the vacuumor |ow pressure created in that
area by the streamof air exiting the orifices.

(d) Theline that supplies air to the orifices is equipped wth
a check valve to prevent particles of foreign nmatter frombei ng drawn out of
the dust bin, through the orifices and on into the engine in the event that
the air cleaner assenbl y becones cl ogged.

(3) The prinary filter is a dry-type el enent nade of resin

i npregnated paper. The resin inpregnated el enent is designed to catch finer
dust particles than the Superdone i s capabl e of renoving.
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(4 HFHomthe prinary filter elenent, the inlet air passes down
through a secondary filter elenent for final filtration and then on to the
t ur bochar ger .

(5) The turbocharger conpresses the inlet air and then forces it
through ducting to the engine bl ower. The bl ower further increases the
pressure of the air and pushes it through an aftercooler and into an air box
| ocat ed between the cylinders.

(6) Wen theinlet ports in the cylinder are exposed by the dowward
noti on of the piston, clean air to sweep out the exhaust gases and support
the conbustion process is forced into the cylinder by the conbi ned action of
t he turbocharger and bl ower.

(SHONSLICE 3, AR RESTR CTTON | ND CATAR

(7) As was previously nentioned, there is an air restriction
indicator located in the vehicle cab; it is typical of curent mlitary ar
restriction indicators.

(@) The air restriction indicator is connected by a hose to the
air inlet duct. If the air cleaner becones restricted, the action of the
turbocharger and blower will create a vacuumin the air inlet duct. The
vacuumw | | be inposed on the air restriction indicator through the hose that
connects it tothe air inlet duct.

(b) There are four wndows in the air restriction indicator; two
snal | wndows and two that are larger. As the air cleaner becones
restricted, the vacuumcreated pulls down a red band inside the indicator.
The larger wndows are graduated in inches of vacuumand can be used to
neasure the relative anount of restrictioninthe air cleaner. Wen the red
band has noved down to a point where the small wndowis conpl etely covered
by the red band, the air cleaner nust be serviced.

(c) Theindicator is reset by pushing dow on its top.
TRANSITION A this point you shoul d have a good under standi ng of the
principles of operation of the air induction system Let's take a brief | ook
at how the exhaust systemworKks.
b. The exhaust systemis not as unique as the air induction system

(SHOWSLI CE 4, BXHALST SYSTRV)

(1) Wen the exhaust gases are forced out of the engine' s cylinders,
they are first routed to the exhaust nanifol ds.
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(2) FHomthe exhaust nanifol ds, the exhaust gases nust go to the
t urbocharger where they wll be used to drive the turbine that is integral to
the turbocharger. The exhaust gases fromthe | eft exhaust nanifold are
carried to the turbocharger by a crossover pipe. The gases fromthe right
nanifold are carried to the turbocharger by a short section of exhaust pipe.

(3) After the exhaust gases have done their job in the turbocharger,
they again enter an exhaust pipe and are routed to the muffler. As
previously stated, the muffler is of conventional design and purpose. The
nuf fl er expel s the exhaust gases into the atnosphere.

TRANSITION Nowlet's discuss those itens you wll be responsible for
nai ntai ning on the air induction and exhaust systens.

3. CGRGAN ZATI ONAL WA NTENANCE RESPONS Bl LI TTES RELATTVE TO THE CETRA T
8VO2TA ENA NE Al R | NDUCTT ON AND EXHALST SYSTEVG (5MN

a. The organi zational nai ntenance nechanic i s responsi bl e for inspecting
and/ or servicing the fol | ow ng:

(1) air restriction indicator,
(2) air cleaner assenbly and induction tubing, and
(3) the exhaust nanifolds, piping, and muffler.

b. The organizational nai ntenance nechanic is al so responsibl e for
repl acing the fol | ow ng:

(1) air restriction indicator,

(2) ar cleaner assenbly and internal filters,
(3 air induction tubing and rel ated hoses,
(4) exhaust nanifol ds and gaskets, and

(5) the exhaust piping and nuffl er assenbly.

TRANSI TITON  Next we wll cover the repair procedures for the air induction
system The first procedure is to service the air cleaner assenbly.

4. MANTAN THE BN NE A R | NDUCTI ON SYSTEM (27 MN

a. Inspect the Ar Induction Systemfor Serviceability
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(1) Msually inspect all castings and wel dnents for cracks.

(2) (heck all hose and ducting surfaces for broken or frayed fabric.
(heck for breaks caused by sharp kinks or rubbing agai nst other parts of the
vehi cl e.

(3 Inspect all clanps and fittings for danaged threads or |oose
connections that may allowunfiltered air to enter.

(4) Inspect all sealing surfaces for nicks, burrs or anything that
nay prevent proper sealing.

(SHONSLIDE 5, Al R (LEANER ASSEMBLY)

b. Service the Air Qeaner Assenbly. Wien servicing the air cleaner,
the foll ow ng procedures nust be fol | owed:

INSTRICTOR S NOTE ke an actual air cleaner to denonstrate servicing the
air cleaner and repl acenent procedures for the air cleaner el enents.

(1) Hrst, inspect the inlet face of the Superdone for the presence
of leaves or other debris that would restrict the entry of air intothe air
cl eaner assenbl y.

(2) Next, if thereis afilmof dust that exceeds 1/16 inch in
thi ckness on the Superdone's directional vanes, attenpt to renove it wth
conpressed air. |If the conpressed air fails to renove the dirt, wash the
Superdone in a solution of mld detergent.

(3) MNow check the orifices, also called positive pressure nozzl es,
inthe dust bin to nake sure they are not restricted. To do so, you w |
have to renove them

(a) After the Superdone is renoved, an 11/16 i nch socket on an
extension wth the proper drive handl e can be used to renove the orifices
fromthe dust bin.

(b) To clean the orifices, use a toothpick or pipe cleaner and
cl eani ng solvent. Renove any particles of foreign natter that have
accunul ated in the orifices and be sure to clean out any sludge that has been
deposited in the orifices.

(4 Oonplete the servicing of the air induction systemby inspecting

the prinary and secondary filters. The individual elenents cannot be
servi ced and shoul d be replaced if they are found to be contan nat ed.
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TRANSITION Snce | have just told you there is a requirenent to inspect the
Superdone and the filters | should tell you howto renmove them

c. Replacenent of the Ar Qeaner Henents

(1) The first elenent to renove is the Superdone. This can be done
by renoving the capscrews and nuts fromthe sides of the Superdone. Then
pul I the Superd one out.

(2) The next elenent to renove is the prinary filter el enent.
(a) Torenove this elenent, first renove the clanpi ng straps.
(b) Next, renove the sealing frane.
(c) Then lift the prinary filter el enent out of the pl enum pan.
(3) To renove the secondary filter elenent, all that is requiredis

to | oosen the capscrews and sw ng the hol ding tabs anway fromthe el enent, and
then lift the el enent out.

(4 Toinstall the filter elenents, the secondary el enent is
installed first, naking sure that the tabs are locked in place. Next, the
prinary filter is installed and then the Superdone. The installation
procedures are acconpl i shed in the reverse order of renoval. However, all of
the attaching nuts and capscrews nust be torqued to a specific torque val ue.

You shoul d consult your technical nanual to obtain the correct
speci fi cations.

(SHONSLICE 6, AR LEANER ASSEMBLY REPLACEMVENT)
TRANSI TITON  Next we wll cover the replacenent of the air cl eaner assenbly.

INSTRICTOR S NOTE  Instructor wll use slide to point out |ocation of
conponent s and repl acenent procedur es.

d. Replacenent of the Air deaner Assenbly

(1) Wen renoving the air cleaner assenbly. The follow ng steps
nust be perf or ned:

(a) Hrst, loosen the clanp that holds the air inlet ducting to
the air cleaner assenbly. Then slide the clanp back and renove the ducting
fromthe air cl eaner.

(b) Next, loosen the clanp and renove the hose to the dust bin.
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(c¢) Renove the worklanp fromthe bracket on the side of the air
cleaner. Lay the worklanp to the side so it is not in your way.

(d) Now nove to the back side of the air cleaner assenbly and
renove the capscrew and | ocknut that hold the inlet ducting hanger to the air
cleaner. A so, renove the capscrew and nut fromthe bracket that hol ds the
engi ne cool ant t ube.

(e) Wiile an assistant holds the air cleaner assenbly, finish
renovi ng the capscrews that hold the air cleaner to the support bracket.
(nce all capscrews have been renoved, lift out the air cleaner assenbly.

(2) Wth the air cleaner assenbly renoved fromthe vehicle, inspect
the dust bin hoses and el bows. |If they are danaged or deteriorated, they
nust be replaced. To facilitate reinstallation, note the position of the
el bows before you renove them

(3) Toreinstall the air cleaner assenbly, the fol |l ow ng procedures
nust be fol | oned:

(a) If the dust bin hoses and el bows were repl aced, the new
el bons nust be installed in the sane position the old ones were in before
renoval .

(b) Now position the air cleaner assenbly between the support
brackets and have your assistant start two of the capscrews. The air cleaner
shoul d be able to support itself. Fnish putting in the renai ni ng capscrews
and tighten themsecurely.

(c) n the back side of the air cleaner, position the bracket
for the engine coolant tube and install the retaining nut and capscrew

(d) Next, position the other hanger for the inlet ducting to the
air cleaner assenbly and install that capscrew and retai ning nut.

(e) Now gotothe side of the air cleaner and install the
wor kl anp back on its bracket.

(f) Last, install the hose back onto the dust bin and install
the air inlet ducting back onto the bottomof the air cleaner. 9 ide each
clanp onto the fittings and tighten themsecurely.

(SHOWNVSLICE 7, ARINET DUCT NG

TRANSI TITON  The organi zati onal nechanic i s responsi bl e for replacing the
ducting if it is determned to be unserviceabl e.
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e. FReplacenent of the Ar Inlet Ducting. This task is acconplished
using the fol |l ow ng procedures:

(1) Loosen the clanp on the air conpressor inlet hose |ocated in the
center of the intake ducting. Side the clanp back and renove the air inlet
hose fromthe ducti ng.

(2) Now renove the air restrictionindicator line and its fitting
fromthe intake ducting.

(3) Next, renove the support bracket fromthe back side of the air
cleaner. This procedure was previously covered.

(4) Once the support bracket has been renoved, | oosen the clanps at
the turbocharger and at the air cleaner assenbly. Separate the ducting from
the turbocharger and air cleaner and renove the conpl ete assenbly fromthe
vehi cl e.

(5 Note and nark the exact position of the duct hoses and how t hey
are put together. This wll save tine and probl ens when you have to install
the ducting back into the vehicle. Onhce the ducting is narked, |oosen the
renai ni ng cl anps and renove the individual ducting tubes and support bracket.

TRANS TION After you have careful |y inspected the conponents of the air
inlet ducting for cracks or deterioration, you nust reassenbl e and install
themback into the vehicle.

(6) Assenble and install the inlet ducting by reversing the order
used during renoval .

(a) Before you slide the clanps onto the ducting, lay out the
individual ducting tubes in their correct order. Now place the clanps onto
the individual ducting tubes and slide the tubes together. Tighten the
clanps just enough to hol d the conpl ete ducting assenbl y toget her, but not
too tight that it cannot be adj usted.

(b) Next, position the ducting into the vehicle and connect the
ends of the ducting to the turbocharger and the air cleaner assenbly. You
nay have to tw st the individual ducting tubes in order to get a proper
alignnent. Side the clanps to the ends and tighten themjust enough to hol d
the ducting in pl ace.

(c) Now line up the support bracket wth the back of the air
cl eaner assenbly and install it.
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(d) Nake any further adjustnents to the ducting to ensure it is
properly lined up. Now you can conpl ete the tightening of all the cl anps.

(e) To conplete this task, you nust reinstall the air
restriction indicator line and the air conpressor's air inlet hose to the
duct i ng.

TRANS TION That covers the air induction system Nowwe wll discuss the
exhaust system During this portion of the lecture, we wll only cover how
to inspect the conponents. The repl acenent can be acconplished by fol | ow ng
the procedures outlined in the technical nanual. V& wll begin by inspecting
t he engi ne exhaust nanifol d.

5. INSPECTI NG THE BENd Ne EXHALST SYSTEM

(SHONVSLI CE 8, BEXHAUST SYSTEV) (5 MN

a. Engine Exhaust Manifolds. Begin by examning around the exhaust
nani fol ds for | eaks which are indicated by bl ack soot marks. This woul d
indicate that the nanifold is | oose or the gasket is blown. A so check the
exhaust nanifold retaining nuts, exhaust nounting flanges, and cl anps for
| ooseness or danage.

b. Engi ne Exhaust and rossover P pes. To exanmine the exhaust pipe and
crossover pipe, look for |eaks which are indicated by bl ack soot narks around
the connections. A so, check that the exhaust pipe retaining clanps are
tight and that the pipe is in good condition.

c. Miffler. Conplete the inspection of the exhaust systemby inspecting
the nuffler.

(1) The nuffler should be securely nounted in pl ace and there shoul d
not be any holes init.

(2) The nuffler's heat shield should be securely attached to the
nuf f| er.

(3) Wiile inspecting the nuffler, check to nake sure that the rain
capisinposition and that it noves freely fromopen to cl osed.

6. DIAGCH S GF MLAUNCTI ONS | N THE CETRO T 8VO2TA ENG NE Al R | NDUCTI N AND
EXHAUST SYSTEVS (5 MN)

a. The vehicle technical nmanual addresses only one conpl aint for the
exhaust systemand that conplaint is "Determne the Cause of a Noi sy Exhaust
System™ To isolate that conpl aint you woul d proceed as fol | ows:
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(1) Check the muffler and exhaust pipes for danage or | oose
connect i ons.

(a) If they are danaged or |oose, repair or replace themas
needed.

(b) If there is no damage or no | oose connections, the exhaust
nani fol ds nust be checked.

(2) (eck the exhaust nanifol ds for danage or |ooseness. If they
are danaged or | oose, tighten or replace them

b. There are no diagnostic procedures in the nanual that pertain to
isolating faults in the air induction system However, as aresult of the
infornation that you have been provided, you know that problens can arise in
that system The najor cause of nmal functions wthin the air intake systemis
arestriction wthin the system

(1) Arestricted air filter wll be indicated by the appearance of a
red band in the wndows of the air restriction indicator. If the red band
appears, the Superd one nust be inspected to see if its air inlet tubes are
bl ocked and the prinary and secondary air filters nust be checked and
replaced if they are dirty.

(2) If large particles of foreign natter accunul ate in the
Superdone' s dust bin, that would be an indication that there is a
restriction inthe air line, check valve, or orifices that are conponents of
the positive pressure systemthat is designed to clean the dust bin. To
isolate that nal function, each of the conponents nust be i nspected.

REFERENCE:

TM 2320- 20/ 12A
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