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Testing and Adjusting . , ,
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~ Introduction

When the words "use agaln are in the description, the specification glven can be used to determine if
a part can be used again. If the part is equal to or within the specification given, use the part again.

When the word "perm1551ble" is #Ph desenptton the spec1ﬁcat10n given is the "maximum or
‘minimum’ ' tolerance permitted befo adjustment repair and/or new parts are needed.

S,

A comparison can be made between . measurements of a worn part and the specifications of a new
part to find the amount of wear. A part that is worn can be safe to use if an estimate of the remainder
of its service life is good. If a short service life is expected, replace the part.

SR

~ Reference: See 3406C Diesel Truck Engine SENR6546 for Specifications.

NOTE: Addltlonal troubleshooting mformatlon can be found in the Troubleshooting Guide,

SENR6521. . /:u A TS

BrakeSaver Troubleshooting ./.; o0 /7c8/
There are two operation checks that are fast and need no special equipment. One check is the Pull-
Down RPM Check to see if the BrakeSaver can give full braking force. The other check is the Klunk

Check to see if the valve spool in the BrakeSaver control valve has free movement. These two checks
‘give an approximate indication that the BrakeSaver has the correct operation.

Pull-Down RPM Check

NOTE: The engine must give rated horsepower for this test to have accuracy.

1. Actuate the brakes, put the transmission in NEUTRAL and operate the engine at high idle rpm
(accelerator pedal all the way down). |
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' 2. Make a record of the'engiﬁe rpm.
3. Put the BrakeSaver control to the full ON position.
4. Make arecord of the engine rpm with the BrakeSaver full on.

5. The engine rpm with the BrakeSaver full on must be 150 + 25 rpm less than the engine rpm with
the BrakeSaver off.

NOTE: If the difference in rpm is less than 125 rpm, the BrakeSaver is not giving full braking force.

NOTE: If the difference in rpm is more than 175 rpm, check the air pressure to the BrakeSaver
control valve. The air pressure must not be more than 345 kPa (50 psi).

"NOTICE

Do not run the engine at high idle rpm with the BrakeSaver ON for
more than 15 seconds at a time. Let the engine run a low idle with the
BrakeSaver off for five minutes to keep from getting the engine cooling
system too hot.

Klunk Check (check for free movement of the valve spool)

1. Run the engine until the truck air system is at its maximum pressure and then stop the engine.

2. Put the BrakeSaver in the full ON posmon before the air pressure in the truck air system gets below
480 kPa (70 psi).

3. Put the BrakeSaver in the OFF position. A noise ("klunk") must be heard at the BrakeSaver control
“valve as the valve spool hits the cover at the air inlet end of the control valve.

4. If the noise is not heard at the BrakeSaver control valve, remove and disassemble the control valve.
Inspect the valve for: :

* A damaged valve body .

* Damaged or worn springs in the valve spool.

* Damaged or worn valve spool.

* Damaged or worn O-ring seals or diaphragm in the control valve.

* Closed holes (small holes to feel pressure) in the side of the valve spool.

For specific problems, make reference to the BrakeSaver Troubleshooting Problem List.

BrakeSaver Troubleshooting Problem List

1. BrakeSaver Does Not Give Full Brakmg Force With The Selector Switch In The MANUAL
Position.
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2. BrakeSaver Does Not Give Full Braking Force With The Selector Switch In The
AUTOMATIC-MANUAL Position.

3. BrakeSaver Oil Temperature Is Too High.

4. BrakeSaver Does Not Turn OFF Or Become Empty.

5. Oil Leakage From The Flywheel Housing.

6. Oil Leakage From The Clutch Housing Or Transmission.

Indicator Holes For Troubleshooting

(1) Oil pressure from the BrakeSaver. (2) Oil pressure from the engine. (3) Oil pressure to the BrakeSaver. (4) Test point
for BrakeSaver oil temperature. (5) Oil pressure to the engine. (6) Air pressure hole from the control valve. (7) Oil
pressure to the cooler. (8) Oil pressure from the cooler.
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Problam: t SRARESAVER DOES NOT GIVE FULL BRAKING

FORCE WITH THE MGDE SELECTOR BWITCM IN THE
"MANUAL" POQEITION.

NOTE: The transmicsian must be in the correct gear ratio to
Iet the engine rpm he approximataly 2t D0 when the Brake-
Bavdr it in usa, Tao law rpm pravanis maximum begking
force in the Brake Savar,

F

Llf the BrakeSavar wet oparated &t the correct rpm, !

1

Check the sir prassura-&t the dir prassure gauge hole with the
mecia selrcipr switch (n thy MANUAL position and tha
BrakeSover fully ON,

. r |
| v 1

If the presgure gauge showe hass than 325 kPa (47 pai).

_if the pressure gauge shows & minimum of 325 kPa (47 psi)l
| ]

Chack vil prazeurs s TO BKSVR ang FROM BKS\'R gauge Cheek Far aic caming Fram the saleanid valve.
holse with the ArokaSaver fully ON.

T ]
r | L !
L . " - . [f ate it nat caming from M air is coming from the
H pressure differenceic 235 If preesure difierence is . .
45 kPa (34 # 5 pei, not 235 % 35 kPa (34 £ 5 tha solanaid valve, solenoid valw-i_
pei),
T Makn capairs vo the oheck
Make corrections given in valve.
tha KLUNK CHECK.
I Chack the air prassurs at 1he prassura reducing valve.
Chect oll presaure 211 FROM ENG gsags hole, T
r A 1 ] 1
If tha Bir prageureis a min. I the air precsure & les
Dil pratsure musi be a It a1l preassure 13 (e85 Ihen imuem of 325 kPa }47 pai], thgn 825 kPa (47 psi),
minimum of 205 kPa [3D 205 kPa (30 psi), .

pED, ]

'__.__l

Check ta sew if the bypars valva io the gil line from the ail

Makq an adjusiment ta the
prassucy redusing valwa,

mamp |s held open, -—-——.-1
’ I Chexk the air presture ot the menusi canteaol wahse.

[ ]

If bypass valve K not heid If bypaw valvg is held

ooen, ; apert, ' | |
I l { the aif prassury s a min- If the air pressure is les

: imum of 325 kPa (47 psi), than 325 kPa (47 psl),
Carrect oil leaks in tha Corract bypass valve,
BrakaSaver. ‘ I ]

Meke repairs to the manua
eontral valwe,

Corrgei alr (naka in the
Breke Savec contral valve.

Ca9e2IP

¢
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Problem: 2

SRAKEJAVER OOES NOT GIVE FULL BRA
KING FORCE WITH TKE .
TOR SWITCH W THE “AUTOMATIC-MANUAL" POSITION. MARE SELEE

mately 2100 when the BrakeSaver i
in {rm BrakeSavar,

NOTE; The transmiision must ba in the correct gesr ratio 1 let the enging ram be approki-
ey wie, Tog Iowe rpm prevents mskimam brsking larce

It the- Brake Saver wet oparated at the corract rpm,

i

Chack 1he airprassure 8l the 11 pressite gauge hele (G wilt the made .
: aelector sw
the AUTOMATIC.MANUAL position end Ihe SrakeSaver ON. ftef In

|

i s

il tha prassure geuge ehows 8 minimum of 305 KPa (47 ps)

|

Chaek oil praswre a1 TO BX5VR and FROM BKSVR gaupe
Ralst with Lhe BrakeSawr fully ON.

' |
L K presaura gauge showe less than 125 kPa (47 palh, I
l Check for electrical currens at the solenoid walve. ]
1

L

If tha wolenoid valve bas electrical curcent,

]

Muke correetinns given in
the KLUNK CHECK.

Check ol peesiung $1 FROM ENG gqaugn hale,

1

|

|

]
| 1 1
If pressura dilference is "o presgure cilfecence 1 L Check to hear wlgnord movemant. _I
235+ 35kPa (34 £ 5 pag noy 235X ASKPR(J4 5 |
g3il, { 3

1F snlenpid movement oan
e heard,

If $olgpgicl movement can-
not be heand,

—_— 1

I

Make a replacemeant of the
wolencid valve.

Cheek lor air coming from manual canteol valve.

minimura of 205 kPa (30
poly,

Oil pressure must be & T

- If oil pressure I1s less 1than
205 kPa [30 psiy,

o

pump is held open.

Chisck 10 sme if the bypans valve in the oil Kine Irom the oil

I{ air is not cominp from
the manusl control valve,

1) air is cominy feom the
manual control valve,

|

Maka rapairs 10 tha shach
Al

C39a24F1

r- 1
Jf bypass valve is nat held I bypass valve is held I
opem, : : open, Check air presure at the pressure reducing valve,
—_
| [ 1
Cormget ol gnks In the Cotreat brypais volve. 3 l
BrakaSzver. K fthe airpressure i pom- W rhe qir pressore is less
imum of 325 kPa (4T psl), than 325 kPa (47 psi),
]
Malk¢ an sdjusiment o the
pressure recucing valve.
——

L

Cherk the air pressure at the solenoid valve.

)

r

1

ITrhe-QIf pressura s amin-:
imum of 325 kFa [§7 ps0,

i (he #ic pressure 15 BES
than 325 kPa (47 P50,

T

1L

[

Corrett it baake in the
BeakeSaver sonifal valve.

Maks a rgplacernent of the
solpnpid v lve
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IF the salencid wvaive do=t not have elactrical current,

i

Check for glecrrical curremt 10 the mode wlector switch.

|

|

1

If the mode selector switch
has adectrigsl currant,

¥ mode selectar switeh
dogt not have elactrical

]

current,
|

Check for loose wire.

Check key switch.

Check (or ¢lectrical currgnt to thae ssxalerator pyheh,

|

If the accelerator switch
hea electrical eurrent,

IF the atcelerator awitch
cdoas not have eigcirical

A

current,

Check for |goge wire.

:

Make @ replacemant of the
mode selecior awitch,

Chack for glectrical current ra the clutch switch.

!

1

{f tha clucch swntch has
elecivical current,

¢ the clutch switch does
not have elactrical current,

|

|

Maka a raplacernent af 1he
clutch awitch, :

Cheek for logse wire.

Mske a raplacomant of tha
accelerator switch.
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Problem: 2 : BAAKESAVER OlL YEMPERATUAE IS TOD MIGH

-

NQOTE: Tha wanamission must be |n the corract gear 1Eo 10
Iat the enging mam be spproximatsly 2100 when the Brake-
Saver 1a in usa Toa &igh rpm will cavse the ail tp gat tog hat,

o

=

| If the BrakeSaver waes cperated at the carrect tcpm,

Chech the air preasurs Bt 1he Bir presavne gaugs hala
(6] with the BrakeSaver fully OM.

.

]

Page 7 of 113

L If the air presgure is (egs than 345 kPa (5D psih. L if the air pressure i8 more than 345 kPa (50 pal),

r

[ Miaka art adiunhra ] 10 the presturg reducing walve.

-

Chack ofl premure 8t TO CLA and FAOM CLA gauge halgs
with BrakeSaver fully QN.

1
| L
L It pressure diflerence is 195 £ 35 kPa [ 28 £ 5 psi), I¢ pressura diffarence is less than195 £ 35 kPa( 28 + 5 pai
l Inapect the tr'glne‘nucling system {or damage. J
]
Check gifl preture at TO BKSYA pnd FADM BKSVA gouge
hotes wath Brake Saver fully GN.
]
] )
If pressurg dilfarance is 235 * 35 kP (34 L 5 psi), 10 pressure difference is not 235 + 35 kPa (34 = 5 psi).
Make corrpclions given in the KLUNK SHECK.
Choek il pressuca at the FROM ENG gaupe hela,
1
[ 1

Qil presgure must be 8 sunimum of 205 kPa (30 psi}

i aff pressure i less than. 205 kPa (30 psi).

A

helG cpén.

Chpck to 328 (T bypass «alve in oil line from 1he oll pump i

1

held open,

{f the bypass valve is not

It the bYpMS vaive is held

—T

Carreet oil Jasks in the
BradeSaver.

C30626P1

[_ Cprrace bypess valva.
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Problgm: 4 ' BRAKESAVER DOES NOT TURN DFF GR BECOME

EMPTY

]

Put the shode ss(ector switch in the MANUAL posirion.

]

Check the aic pressure at the air prassura gaoge hole
(6] with Ine BrakeSaver OFF.

i B
ththe mér premure ia O kPa (D psi) J ’ If the air pratturg it not O kFa 0 psi]
Manu# eantrol vaive hes damage.
]
- Pul the mods salecttar switch m the AUTOMATIC.MANUAL
position,
Check air prassure at the sir pressure geuge hels with the
BrakeSaver OFF,
' I
1 1
It tha air aressure is O KPA {0 psil J If the air pressure is rot O kPa [0 psi)

WMake carrectinns given in the KLUNK CHEGK.

ESgtano g walve has damage.

' 630827P1
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Problem: 5

CIL LEAKAGE FROM THE FLYWHEEL HOUSING
{ i
1) :h.ro It lyakage with the BrakeSsver in tha ON potitien If there ia leekapn with the BcukeSaver in the OFF gosition,
anly, ' ) '

I

1

Ciecannect boh ande of the small oil sapply Yine lar the H
BrakeSaver sealk and put glugs in the holgs in the cylindar

damage.

The lérge O-ring saa) batwean tha stater and the houging has ’

block and the BrakeSaver.

|

Put the BrakeSower in the OFF positian.

Al

Opemats the enging.

CAN BE THE AESULT.

CAUTION: DO NOT RUN THE ENGINE FOR MORE
THAN FIVE MINUTES WITH THE Q(L SUPPFLY LINE
MOT CONNECTED OR BRAKESAVER SEAL DAMAGE

i

§

-

H the Igkage sops,

[

The froni seel, the fleeve
to $tator D-ring teal, or the
small O-ring teals Betwaen
1he housing pnct the statar
have demage.

I tha taakage dase not

stop.
|

Tha rear grgnikshalt segl
hay demage.

Prohlam: B

OIL LEAKAGE FROM THE CLUTCH HQOUSING OR

TRAMNEWISSION

‘BrakaSsver asalg and put plugs in the hples in tha eylinder

Dismonnect baih ends of the 2mell oil suppiy line tor the

dloek and tha BrakeSavar.

1

Put the BrakaSaver in the OFF ponitian.

~ CANBE THE RESULT,

}
Orxaprate the eqging.
CAUTION: DD MOT RUN THE ENGINE FOR MQRE
THAN FIVE MINUTES WITH THE &L SURPLY LINE
NEYT CONNECTED OR BAAKESAVER SEAL DAMAGE

[

I

1 the Igdkage stopt,

-

if the Isokage ciozs nat stop,

T

The casr sgal of thye BrakeSsvec ha damme.

Tha tegnsmigsion has 2 leak.

~ https:/sis.cat.com/sisweb/sisweb/techdoc/techdoc_print_page.jsp?returnurl=/sisweb/siswe... 9/21/2011
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Fuel System

Either too much fuel or not enough fuel for combustion can be the cause of a problem in the fuel
system. Many times work is done on the fuel system when the problem is really with some other part
of the engine. The source of the problem is difficult to find, especially when smoke comes from the
exhaust. Smoke that comes from the exhaust can be caused by a defective fuel injection nozzle, but it
can also be caused by one or more of the reasons that follow:

* Not enough air for good combustion.
* An overload at high altitude.
* (il leakage into combustion chamber.
* Not enough compression.

-* Fuel injection timing retarded.

Fuel System Inspection

A problem with the components that send fuel to the engine can cause low fuel pressure. This can
decrease engine performance.

1. Check the fuel level in the fuel tank. Look at the cap for the fuel tank to make sure the vent is not
filled with dirt.

2. Check the fuel lines for fuel leakage. Be sure the fuel supply line does not have a restriction or a
defective bend.

3. Install é, new fuel filter. Clean the primary fuel filter.

4. Remove any air that ‘may‘ be in the fuel system. Use the fuel priming pump to move fuel through
low pressure part of the system. Fuel with air will return to the tank through the fuel return line.

To remove air from the fuel injection lines, loosen the fuel line nuts at the through the head adapter
nozzles 1/2 turn. Crank engine with the starting motor until fuel without air comes from the fuel line
connections. Tighten the fuel line nuts.

NOTE: The fuel priming pump will not give enough pressure to push fuel through the orifice reverse
flow check valves in the fuel injection pumps.

Fuel TranSfer Pump

https://sis.cat.com/‘sisweb/sisweb/techdoc/techdoc _print_page.jsp?returnurl=/sisweb/siswe... 9/21/2011
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Fuel Lines
(1) Fuel inlet.

-With the engine operating at full load speed, the fuel transfer pump moves fuel through the secondary
filter and the fuel injection pump housing at approximately 240 kPa (35 psi).

To check the fuel transfer pump pressure, disconnect the fuel line (from the filter) at the fuel injection
pump housing inlet (1). Install a tee at inlet (1) and connect the fuel line to the tee. Connect a pressure
indicator to the tee and start the engine.

Minimum fuel pressures must be 70 kPa (10 psi) at low idle and 170 kPa (25 psi) at full load speed
(and engine under full load).

If thev‘fuel pressure is not above the minimum specifications, stop the engine. Make a replacement of
the primary and secondary fuel filters and check to make sure the fuel lines and hoses are not plugged
or damaged. o

Start the engine and again check the fuel pressure. If the fuel pressure is not above the minimum
specification, a repair or replacement of the fuel transfer pump is needed.

Checking Engine Cylinders Separately

An easy check can be made to find the cylinder that runs rough (misfires) and causes black smoke to
come out of the exhaust pipe.

Run the engine at the speed that is the roughest. Loosen the fuel line nut at a fuel injection pump. This
will stop the flow of fuel to that cylinder. Do this for each cylinder until a loosened fuel line is found
that makes no difference in engine performance. Be sure to tighten each fuel line nut after the test
before the next fuel line nut is loosened. Check each cylinder by this method. When a cylinder is
found where the loosened fuel line nut does not make a difference in engine performance, test the
injection pump and fuel injection nozzle for that cylinder.

Temperature of an exhaust manifold port, when an engine runs at low idle speed, can also be an
indication of the condition of a fuel injection nozzle. Low temperature at an exhaust manifold port is
an indication of no fuel to the cylinder. This can possibly be an indication of a nozzle with a defect.
Extra high temperature at an exhaust manifold port can be an indication of too much fuel to the
cylinder, also caused by a nozzle with a defect.

The most common defects found with the fuel injection nozzles are:
1. Steel wire brushing of nozzle tip.

-2, Orifice wear.
3. Dirty nozzle screen.

NOTICE

Do not test nozzles unless you have the correct service tools.

https:/sis.cat.com/sisweb/sisweb/techdoc/techdoc_print ~_page.jsp?returnurl=/sisweb/siswe... 9/21/2011
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Fuel Injector Testing

Testing of the injectors must be done off the engine. Use 5P4150 Nozzle Testing Group. For use of
the SP4150 Nozzle Testing Group, refer to Special Instructions, SEHS7292.

Fuel Injection vLines

Ca282

Fuel Injection Line Without Support Bracket
(1) A vertical line through the number one injection pump.

Clamp location dimensions are in reference to a vertical line through the number one injection pump.

https://sis.cat.com/s'isweb/si,sweb/techdoc/techdoc _print_page.jsp?returnurl=/sisweb/siswe... 9/21/2011
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Location | " Dimension
B 35+ 3mm (1.38 % 12in)
165 % 13 mm (6.50 51 in)
18?+1mm (7.36 £ .04 in)
187 = 3mm (7.36 % 12in)
282+3mm (11. 1{J+ Jd2iny
314+ 13 mm (12.36 £ 51 in)
45?+3mm{1?99+ 12m]
529 % 3mm (20.83 + 12in)

T.ojn|lmloclolar>

e

e . Al o o e G — i ——rrn — e —— —r —— — —

Fuel from the fuel inj ection pumps goes to the fuel injection nozzles through the fuel injection lines.

When fuel injection lines are disconnected or removéd, always put caps or plugs on the ends to keep

dirt out of the lines. When fuel injection lines are installed, be sure all clamps and dampers are
installed in their original location.’

Fuel injection lines which are bent, damaged or rubbing can leak and
cause a fire. Replace any lines which have damage or leaks that can not
be corrected when tightened to the correct torque.

htt}ﬁs://sis.cat.cOm/si__sweb/sisweb/techdoc/techdoc _print_page.jsp?returnurl=/sisweb/siswe... 9/21/2011
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-
v——

CA28:

Fuel Injections Lines With Support Bracket
(1) A vertical line through the number one injection pump.

The nuts that hold a fuel injection line to an injection pump must be tightened to the correct torque. If
the nut is loose, fuel will leak from the connection. If the nut is tightened too tight, the inside diameter
of the line will become smaller and cause a restriction to the flow of fuel in the line. Use a torque
wrench and a 5P0144 Fuel Line Socket to tighten the fuel injection line nuts to 42+ 7 N'-m (31 £ 5 1b

ft). |
4A WARNING

Be sure the fuel injection line clamps are installed in the correct
location. Incorrectly installed clamps may allow the fuel injection lines
- tovibrate and become damaged. The damaged lines may leak and cause
) ' ' a fire.

https://sis.cat.com/sisweb/si_sweb/techdoc/techdoc _print_page.jsp?returnurl=/sisweb/siswe... 9/21/2011
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: _T@OT H—J:_— _—Dim énsioﬁ_— T
A 35+ 3mm(1.38% .12in) 1
B 165 % 13mm (6.50 * 51in) |
C 187 = 1 mm (7.36 = .04 in)

i D 187 + 3mm (7.36 + .12 in)
E 282 + 3mm (11.10 + 12 in)

| F 283 + 3mm (11.14 = 12in)

| @ 529+ 3 mm (20.83 = .12 in)

Tighten metal-to metal clamps to a torque of ... 2.3 N'm (20 b in)

'NOTE: The 6V4980 Torque Screwdriver Tool Group is available for applying the correct torque.

Checking The Plunger And Lifter Of An Injection Pump

NOTE: There are no different size spacers available to adjust the timing dimension of the fuel
injection pumps. If the pump plunger or the lifter is worn, they must be replaced. Because there is no
_adjustment to the timing dimension possible, there is No Off Engine Lifter Setting Procedure.

When there is too much wear on the fuel injection pump plunger, the lifter may also be worn and
there will not be good contact between the two parts. To stop fast wear on the end of a new plunger,
install new lifters in the place of the lifters that have wear.

BY229M

Wear Between Lifter and Plunger

Fig. A. Illustrates the contact surfaces of a new pump plunger and a new lifter. In Fig. B the pump plunger and lifter have
worn considerably. Fig. C shows how the flat end of a new plunger makes poor contact with a worn lifter, resulting in
rapid wear to-both parts.

https://sis.cat.com/sisweb/sisweb/techdoc/techdoc_print_page jsp?returnurl=/sisweb/siswe... 9/21/2011
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An injection pump can have a good fuel flow coming from it but not be a good pump because of slow
t1m1ng that is caused by wear on the bottom end of the plunger. When making a test on a pump that
has been used for a long time, use a micrometer and measure the length of the plunger. If the length of

the plunger is shorter than the minimum length (worn) dimension given in the chart, install a new
pump.

| Fuel Pump Plunger |

‘Length (new) 5 77.423 + 0.013 mm
L ' - (3. 0481 % .0005 in)

Minimum length (worn) 77.397 mm (3 04?1 in)

Look for wear at the top part of the plunger. Check the operation of the plunger according to the
instructions for the Fuel Injection Test Bench.

Removal And Installation Of Fuel Injection Pumps

| . Tools Needed
9U5219 ' Englne Tool Group. . 1
| BT9198 ,Bracket Assembly

1

1U5426 Compressar Assembly” 1
6v4186  Timing Pin® | :
BTSEB'..". Wrench " 1
i

]

- 852244 'Extractor

b

6V7050. Compressor
* Part of 9U5219 Engine Tool Gmup

This procedure can be done with the fuel injection pump housing on or off the engine.

o Before the 6V7050 Compressor Group is used for the first time, or if the group has been
: dlsassembled make the following adjustment

1. Ani 1nJ jection pump that is to be used for this adjustment (or one that is to be removed or installed)
must have another injection pump installed next to it. The second injection pump serves as the
compressor mounting stud. If there are not two injection pumps next to each other, install two

~ injection pumps without the lifter springs. See Installation Of Fuel Injection Pumps for the correct
‘alignment of the pump at assembly.
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Adjustment of 6V7050 Compressor Group
A) 6V7015 Clamp. (B) Bracket assembly. (C) 4B2046 Nut. (D) 8T0937 Nut. (E) 2N3476 Screw.

2. Put bracket, assembly (B) over one of the pump bonnets.

3. Put the clamp ram on the center of the other injection pump bonnet with 2N3476 Screw (E) in
contact with the fuel line seat.

NOTE: The 6V7015 Clamp (A) should nof be locked down.
~ 4.Install and tighten 870937 Nut (D).

5. Adjust screw in or out until the top of bracket assembly (B) just starts to move when the clamp ram
is locked down.

6. Tighten 4B2046 Nut (C) to hold 2N3476 Screw (E) in position. .

Removal Of Fuel Injection Pumps

NOTICE

Before any parts are removed from the fuel injection pump housing,
thoroughly clean all dirt from the housing. Dirt that gets inside the
pump housing will cause much damage.

NOTE: The fuel rack must be in the zero (center) position before the fuel injection pumps can be
removed or installed. Follow Steps 1 through 5.
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Fuel Injection Pﬁmp Housing
(1) Plug (rack centering pin). (2) Cover (rack position indicator).

1. Remove plug (1) and cover (2) from the fuel injection pump housing.

Fuel Rack Againsf Timing Pin in the Zero Position
(3) 6V4186 Timing Pin. -

2.. Install the 6V4186 Timing Pin (3) in the top of the fuel injection pump housing. Make sure 6V4186
- Timing pin (3) engages in the slot of the fuel rack as shown.

Holding Fuel Rack in Zero Position
(3) 6V4186 Timing Pin. (4) 8T9198 Bracket Assembly. (5) 1U5426 Compressor Assembly.

3. Install 8T9198 Bracket Assembly (4) on the fuel injection pump housing. Make sure the lever of
the bracket assembly is engaged in the slot of the fuel rack.

' ,4; Install the 1U5426 Cbmpressor Assembly (5) all the way into the 879198 Bracket Assembly (4) to
- compress the spring.

5. Tighten the collet on 8T9198 Bracket Assembly (4) to hold 1U5426 Compressor Assembly (5).
Spring force now holds the fuel rack against 6V4186 Timing Pin (3) in the zero position.
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Fuel Injection Pump Housing _
(3) 6V4186 Timing Pin. (6) 8T5287 Wrench. (7) 6V7050 Compressor Group. (8) Retainer bushing.

6. Remove the fuel injectioh line from the pump to be removed and also the fuel injection lines on
each side of the pump to be removed.

[ dweane

There is spring force on the fuel injection pump plunger and barrel
assembly. Removal of retainer bushing (8) without the 6V7050
Compressor Group correctly installed can cause bodily injury.

7. Use 8T5287 Wrench (6)>to loosen retainer bushing (8) one quarter turn. Do not remove the bushing
at this time.

8. Install 6V7050 Compres’vsor Group (7) on the pump housing over 8T5287 Wrench (6). Lower the
screw in the compressor ram to the fuel line seat before the nut is tightened to hold the compressor
group in position. This centers the compressor group.

Fuel Injection Pump Housing
(3) 6V4186 Timing Pin, (6) 8T5287 Wrench. (7) 6V7050 Compressor Group. (8) Retainer bushing.

9. Use 8T5287 Wrench (6) to loosen retainer bushing (8) until it is out of the threads. Slowly raise the
compressor tool handle to release the spring force.

Fuel Injection Pump Housing
(9) 882244 Extractor.
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10. Remove the 6V7050 Compressor Group and the 875287 Wrench. Install 852244 Extractor (9) on
~the injection pump threads. Carefully pull the pump straight up and out of the pump housing bore.
. Remove the spacer from the pump housing bore. ‘

Be careful when an injection pump is disassembled. Do not damage the surface on the plunger. The
plunger and barrel are made as a set. Do not put the plunger of one pump in the barrel of another
. pump. If one part is worn, install a complete new pump assembly. Be careful when the plunger is put
- into the bore of the barrel. When injection pumps are removed from the fuel injection pump housing,
keep the parts together so they can be installed in the same location in the housing.

Installation Of Fuel Injection Pump

NOTICE

The fuel rack Must Be In The Center P0s1t10n before the correct
installation of an injection pump is possible.

1. Put the fuel rack in the center position. See Removal of Fuel Injection Pumps for this procedure.

,_ i&‘mewg% n Y
Fuel Injection Pump I‘n_stallationv

(1) 852244 Extractor. (2) Pump barrel. (3) Gear segment.

2. Put 8S2244 Extractor (1) on the threads of the fuel injection pump.

3. Make sure the lifter for the pump to be installed is at the bottom of its travel (can lobe is at its
~ lowest point).

4. Put the groove_in pump barrel (2) in alignment with the slot (groove) in gear segment (3).

5. Be sure the spacer is in position in the pump housing bore.
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Fuel Injection Pump Housing (Top View)
(4) Pin. (5) Dowel.

6. Carefully install the pump straight down into the pump housing bore.

- NOTE: The slot (groove) In gear segment (3) must be in alignment with pin (4) in the side of the
lifter and the groove in barrel (2) must be in alignment with dowel (5) in the housing bore.

Fuel Injection Pump Housing
(6) 6V4186 Timing Pin. (7) 8T5287 Wrench. (8) 6V7050 Compressor Group. (9) Retainer bushing.

7. Remove the 852244 Extractor. Put the O-ring seal, retainer bushing (9) and 8T5287 Wrench (7) in
position on the top of the injection pump. Install 6V7050 Compressor Group (8).

- 8. Slowly move the handle of the 6V7050 Compressor Group down to push the injection pump into
the bore.

NOTICE

The handle of the 6V7050 Compressor Group must move smoothly
down to the lock position. Do not force the handle if it stops. If the
handle does not move smoothly down to the lock position, raise the
handle, remove the 6V7050 Compressor Group, and repeat Steps 3

through 8.

9. Put the O-ring seal in posmon in the pump housmg bore. Use the 8T5287 Wrench to install the
retamer bushing.
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VIO.ﬁ Remove the 6V7050 Compressor Group. Tighten the retainer bushing to 270 + 13 N'm (199 + .10
Ibft). :

NOTICE

The bushing must be tightened to the correct torque. Damage to the
housing will be the result if the bushing is too tight. If the bushing is
, not tight enough, the pump will have leakage.

11. Install the fuel injection lines to the pump and tighten to 42 +7 N'm (31 + 5 Ib ft) Injection lines
in this section for more information.

Be sure the fuel injection line clamps are installed in the correct
locations. Incorrectly installed clamps may allow the fuel injection lines
to vibrate and become damaged. The damaged lines may leak and cause

a fire.

~ The following steps can be used to insure correct installation and operation of any number of
individual replacement pumps on most truck engines.

12. Remove or activate the shutoff solenoid if it is installed in the rack actuator housing.

-~ NOTE: The manual shutoff override lever can be used to move the shutoff solenoid out of the way so
- the fuel rack can be moved.

NOTE: To check the installation of a replacement pump, it is necessary to have full rack travel in
both directions. The actual zero location of the timing pin and rack are not used to check the
_installation of replacement pumps.

 Check Fuel Rack Travel
_ (6) 6V4186 Timing Pin. (10) 8T9198 Bracket Assgmbly.
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13, ‘Remov_e the cbmpfessbr and bracket assembly (10) from the fuel injection pump housing.

: C14681P1

Hlustration 1. Correct installation in full load position.

14. Raise the timing pin and move the rack to the full load position. Use finger pressure to be sure the
~rack is at full rack travel (beyond full load position).

15. If the fuel injection pump installation is correct, when the timing pin is lowered it will be on the
rack as shown in Illustration 1.

: 1.1 mm
e (075"
PER TOOTH

C14682P1

Ilustration 2, Incorrect installation, full load position restricted by less than full rack travel.
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- 16.1f the fuel 1nject10n pump 1nstallat10n is not correct, the timing pin position will be approximately
1.91 mm (.075 in) toward the slot for each tooth position out of alignment (see Illustration 2). This

- will reduce fuel rack travel, even though it may not affect the rack setting, because of additional rack
 travel at static conditions.

C14683P1

Tllustration 3. Correct installation at no load (fuel off) position.
17. Raise the timing pin and move the rack to the no load (fuel off) position.

. 18. If the fuel injection pump installation is correct, when the timing pin is lowered it will be in the
timing slot, less than 1.91 mm (.075 in) from the rear face of the slot as shown in Illustration 3.
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1.91 mm
(075"

C14684P1

Ilustration 4. Incorrect installation, fuel shutoff position restricted by less than full rack travel.

~19. If the fuel injection pump installation is not correct, the timing pin position will be more than 1.91
mm (.075 in) from the rear face of the timing slot in the rack (see Illustration 4).

~ 20. When all fuel injection replacement pumps are installed correctly remove 6V4186 Timing Pin (6)
from the fuel injection pump housing and install the plug.

21. Install the gaskét and cover over the fuel rack on the side of the fuel injection pump housing.

NOTICE

If one or more of the fuel injection pumps have been installed wrong, it
is possible for the engine to run out of control when started. When any
of the fuel injection pumps have been removed and installed with the
fuel injection pump housing on the engine, take the precautions (steps)
~ that follow to stop the engine if it starts to overspeed (run out of

control).
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Turbocharger Air'Inlet Opening
a. Remove the air cleaner pipe from the turbocharger leaving the air inlet open as shown.

| b. Set the gbvemor control at low idle. No pressure applied to the accelerator pedal (up).

Stopping the Engine

[ e

Be careful when plate is put against air inlet opening. Due to excessive
suction, the plate can be pulled quickly against air inlet opening. To
- avoid crushed fingers, do not put fingers between plate and air inlet
opening.

¢. Start the engine, and if engine starts to ovérspeed (run out of control), put a steel plate over the air
- inlet as shown to stop the engine.

Finding Top Center Compression Position For No. 1 Piston

S _ Tools Needed
958082 Turning Tool 1
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No 1 piston at top center (TC) on the compression stroke is the starting point of all timing
procedures

“NOTE: On some engines there are two threaded holes in the flywheel. These holes are in alignment
with the holes with plugs in the left and right front of the flywheel housing. The two holes in the

flywheel are at a different dlstance from the center of the flywheel so the timing bolt cannot be put in
the wrong hole. :

Locating Top Center (Left Side of Engine)
(1) Timing bolt. (2) Timing bolt location. (3) Storage location.

Locating Top Center (Right Side of Engine)
(4) Timing bolt location.

1. The timing bolt (1) is kept in storage at location (3) and can be installed in either the left side of the
engine at timing bolt location (2) or in the right side of the engine at timing bolt location (4).

‘Remove bolts and cover from flywheel housing. Remove the plug from the timing hole in the
flywheel housing.

Using 959082 Engine Turning Tool
(1) Timing bolt. (5) 959082 Engine Turning Tool.
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~ 2.Put tlmlng bolt (1) [long bolt that holds cover on the flywheel housing] through the timing hole in
- the ﬂywheel housing. Use the 959082 Engine Turmng Tool and 1/2 inch drive ratchet wrench to turn

the engine flywheel in the direction of normal engine rotation until the timing bolt engages with the
threaded hole in the flywheel.

NOTE: If the flywheel must be turned opposite normal engine rotation approximately 45 degrees.
Then turn the flywheel in the direction of normal rotation until the timing bolt engages with the
threaded hole. The reason for this procedure is to make sure the play is removed from the gears when
the No. 1 piston is put on top center.

* 3. Remove the front valve cover from the engine.

Checking No. 1 Inlet and Exhaust Valves

4. The inlet and exhaust valves for the No. 1 cylinder are closed if No. 1 piston is on the compression
stroke and the rocker arms can be moved by hand. If the rocker arms can not be moved and the valves
are slightly open the flywheel must be turned again.

Remove the timing bolt and turn the flywheel in the direction of normal engine rotation 360 degrees
* until the timing bolt can be installed. The No. 1 piston is now in the top center compression position.

Checking Engine TimmgWith 815300 Timing Indicator Group
And 8T5301 Diesel Timing Adapter Group

a— e "t et

Tools Needed e
- 8T5300 Tnmlng Indicator Group

| 875301 Diesel Timing Adapter Group
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-8T5300 Timing Indicator Group

(1) 8T5250 Engine Timing Indicator. (2) SP7366 Cable Assembly. (3) 6V2197 Magnetic Transducer. (4) 5P7362 Cable.
(5) 6V2199 and 6V3093 Transducer Adapters. (6) 8K4644 Fuse.

The 8T5300 Timing Indicator Group must be used with the 8T5301 Diesel Timing Adapter Group.

8T5301 Diesel Timing Adapter Group
(7) 5P7437 Adapter. (8) 6V2198 Cable. (9) SP7436 Adapter. (10) 6V7910 Transducer. (11) 5SP7435 Adapter. (12) 6V3016

Washer.

| A high pressure fuel line must be disconnected. To avoid personal
injury or: fire from fuel spray, the engine must be stopped before the
: fuel line is disconnected.

When checking the dynamic timing on an engine without a mechanical advance, Caterpillar
-recommends that the service technician calculate and plot the dynamic timing specifications first on a
worksheet like SEHS8140. See Special Instruction SEHS8580, for information required to calculate
the timing curve. For the correct timing specifications to use see the Engine Information Plate for the
performance specification number and make reference to the TMI (Technical Marketing Information)

or Fuel Settmg and Related Information Fiche.

 After the timing values are calculated and plotted, the dynamic timing should be checked with the

8T5300 Engine Timing Indicator Group. The engine must be operated from 1000 rpm (base rpm) to
high idle and from high idle to 1000 rpm (base rpm). Unstable readings are often obtained below 1000
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rpm. Record the dynarmc t1m1ng at each 100 rpm and at the specified speeds during both acceleration
and deceleratlon Plot the results on the worksheet.

Inspectlon of the plotted value will show if the fuel injection timing is within specifications and if it is
advancmg correctly '

1. See the Engme Information Plate for the performance specification number and make reference to
the TMI'(Techmcal Marketing Information) or Fuel Setting And Related Information Fiche for the
correct timing speciﬁcations to use'

- 2. Make reference to Operation Instructlons inside the lid of the 8T5300 Timing Indicator Group or
: Spec1al Instruction SEHS8580 for complete instructions and calibration.

The engine must be stopped before the timing indicator group is
installed. A high pressure fuel line must be disconnected and a probe
must be installed against the flywheel.

. Transducer In Position (Typical Example)
- (10) Injection transducer. (13) Fuel injection line (for No. 6 cylinder).

3. Loosen all fuel line clamps that hold No. 6 fuel injection line, and disconnect fuel injection line

(13) for the No. 6 cylinder at the fuel injection pump. Slide the nut up and out of the way. Put 5P7436
- Adapter (9) in its place and turn 5P7436 Adapter (9) onto the fuel pump bonnet until the top of the
_bonnet threads are approximately even with the bottom of the "window" in the adapter.

4; Put the 5P7435 Tee Adapter (11) on the injection transducer (10), and put the end of the 5P7435
‘Tee Adapter (11) in the "window" of the 5P7436 Adapter (9).

-+ 5, Put fuel injection line -(13) on top of 5P7435 Tee Adapter (11). Install 5P7437 Adapter (7), and
~ tighten to 42 +7 N-m (31 + 5 Ib ft).

6. Remove the plug from the flywheel housing. Install transducer adapter (5) into the hole the plug
- was removed from. Tighten only a small amount.
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Transducer In Position
“(3) Magnetic transducer. (5) Transducer adapter.

. Push magnetic transducer (3) into the pipe adapter (5) until it makes contact with the flywheel. Pull
it back out 1.5 mm (.06 in) and lightly tighten the knurled locknut.

8. Connect the éables from the transducers to 875250 Engine Timing Indicator (1). Calibrate and
make adjustments. For calibration procedure, make reference to Special Instruction SEHS8580.

9. Start the engine, and let it reach operating temperature. Then run the engine at approximately one-
half throttle for eight to ten minutes before measuring timing.

-10. Run the engine at the speeds required, and record the timing indicator readings. If the engine
timing is not correct, make reference to Checking Engine Timing By Timing Pin Method for static
adjustment of the fuel injection pump drive. If the timing advance is not correct, do the steps that

~ follow to make an adjustment.

Front of Engine _
(14) Access cover (for governor and fuel pump drive group).

11. Stop the éngine and remove access cover (14).
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Automatic Timing Advance Unit (Governor And Fuel Pump Drive Group)
(15) Locknut. (16) Screw. (17) Locknut, (18) Setscrew.

- 'Automatic Timing Advance Unit (Typical Example)
(15) Locknut. (16) Screw. (17) Locknut. (18) Setscrew.

12. If the adjustments are being made because of an engine horsepower rating change or for
‘replacement of parts, start with an initial setting as follows:

a. Adjustment screw (16) must extend out from the retainer approximately 27.9 mm (1.10 in).
b. Setscrew (18) must be below the end of screw (16) approximately 17.78 mm (.700 in) on an
engine with 11 degree timing advance and 19.05 mm (.750 in) on an engine with 10 degree
timing advance.

13. To adjust the speed where the fuel injection timing starts to advance, loosen locknut (15) and turn
- 'screw (16). Turn screw (16) clockwise to increase the speed where the timing advance starts. Tighten
- locknut (15) to a torque of 70 + 15 N'm (50 + 11 Ib ft).

’ Adjusf ‘Speed Where Advance Stops (Typical Example)
- (19) 6V2105 Tooel Group.

NOTE: If the speed where timing advance starts is adjusted, the speed where the automatic timing
advance stops should also be adjusted.

14. To adjust the speed where the fuel injection automatic timing advance stops, loosen locknut (17)
and turn setscrew (18) clockwise to decrease the stop speed. Tighten locknut (17) to a torque of 4.5 &
0.5 N'm (40 + 4 1b in). 6V2105 Tool Group (19) [part of 6V6070 Governor Adjusting Tool Group}
‘can be used to make this adjustment.

-15. After each adjustment, install cover (14) and recheck the automatic timing advance with the
* 8T5300 Timing Indicator Group.
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~16.1f t'he automatic timing advance unit cannot be adjusted to operate within the correct range, or the
operation of the unit is not smooth, repair or replace the automatic timing advance unit (governor and
fuel pump drive group).

Checking Engine Timing By Timing Pin Method

: | Tools Needed ]
959082  Engine Turning Tool |
- BV41 86  Timing Pin |
1U8271  Timing Advance Holding Tool
875300 Engine Timing Indicator Group
B8T5301 Diesel Timing Adapter Group

--------

—t | b | b | b | b

1. Put No. 1 piston at top center on the compréssion stroke. Make reference to Finding Top Center

Compression Position For No. 1 Piston. Remove the timing bolt from the flywheel and use 959082

Engine Turning Tool to rotate the crankshaft clockwise 45 degrees as seen from the flywheel end of
- the engine. - ' o

 NOTE: Thé crankshaft can be turned from the front of the engine by using a wrench on the vibration
~-damper bolts, if necessary.

Front of Engihe (Typical Example)
- (1) Access cover [for automatic timing advance (governor and fuel pump drive group)].

2. Remove timing advance access cover (1).
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| Timing Advance Unit (Typical Example)
(2) Retamer (3) Nuts. (4) Bolts

3. Loosen nuts (3) and remove retainer (2) and the flyweight spring from the timing advance unit.
‘ Make sure that the flyweight spring does not fall out and get lost.

NOTE: Do not loosen the locknuts and adjustment screws in the end of retainer (2). If the adJustment
screws are moved from their original settings, the dynamic engine timing must be set by using the
8T5300 Tlmmg Ind1cator Group after the static timing pin procedure is completed.

4. Loosen bolts (4) that hold the' tlmlng advance unit together.
S. Tighte’n bolts (4) to a torque of 1.8 + 0.3 N'm (16 + 3 Ib in). This puts a slight clamping force on the

- fuel pump drive gear to hold it in position. Also, the fuel pump camshaft can be turned or held in
~ position separate from the engine crankshaft. The drive gear is allowed to slip.

Fuel 1njection Pump -
* (5) Plug (timing pin hole).

6. Remove plug (5) from the fuel injection pump housing.

.- *Timing Pin Installed
- (6) 6V4186Timing Pin.

'7 With No. 1 piston 45 degrees before Top Center, slowly rotate the crankshaft counterclockwise (as
seen from the flywheel end of the engine) until 6V4186 Timing Pin (6) goes into the slot in the fuel
pump camshaft and the timing bolt can be installed in the timing hole in the flywheel.
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i

Install Holding Tool (Typical Exarhple)
~(3) Nut. (7) 1U8271 Holding Tool.

8. Install the 1U8271 Holding Tool (7) and push the timing advance unit piston back as follows:

- “a. Tum the knurled nuts on the holding tool out until each stud is 6.4 mm (.25 in) below the surface of
- the nut. :

b. Put 1U8271 Holding Tool (7) in position on the cap screws that hold retainer (2). Install and tighten
nuts (3) finger tight. Make sure that the four tangs on the loose inner ring of the holder tool are
- positioned at the corners of the four flyweights and flyweights are free to move.

c. Tighten the four large knurled nuts evenly by hand until a positive stop is felt. No external
component contact can be seen. The positive stop is the timing advance piston making contact at the
bottom of its travel. This step makes sure that the timing advance unit is in its most retarded timing
posmon

Tighten Drive Bolts And Remove Tooling (Typical Example)
(4) Bolts.

9, Tighten the four bolts (4) to-a torque of 55+ 7 N'm (41 +5 Ib ft).
10. Remove hoiding tool from the automatic timing advance unit.

11. Remove the timing p1n bolt from the flywheel and 6V4186 Timing Pin (6) from the fuel injection
pump housing.

12. Install the flyweight spring and retainer (2) on the timing advance unit. Make sure the spring is in
its correct'position and tighten the four nuts to hold the retainer in position.

13. Install access cover (1) on the timing gear housing and plug (5) in the fuel injection pump
- housing.
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14. If necessary, check the dynam1c timing of the engine with the 8T5300 and 8T5301 Tool Groups.
Make reference to Special Instructions, SEHS8580, for the correct installation and operation of the
tool groups. Also, see Checking Engine Timing With 8T5300 Timing Indicator Group And 8T5301
: Dlesel Tlmmg Adapter Group for the procedure to check the dynamic timing of the engine.

" Fuel Setting Procedure

, Tools Needed
-“.6.‘;}60?0 Governor Adjusting Tool Gr0up o | 1
BTUSOG_ Circuit Tester 1 .
871000  Electronic Position Indicator Graup 1
e (Opt;onp!!__ L

6V6070 Governor Adjusting Tool Group

NOTE‘: If the 8T1000 Electronic Position Indicator Group is used, make reference to Special
- Instruction SEHS8623 for information on the use of the tool group.

The ‘fuel. setting procédure can be used with the fuel injection pump and governor on or off the engine.

~ Fuel Injection Pump And Governor
(1) Cover (rack position indicator). (2) Plug (rack centering pm)

~ 1.Remove plug (2) and cover (1) from the fuel injection pump housing.
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Indicator And Centering Pin Installed

(3) 6V4186 Timing Pin. (4) 8T9198 Bracket Assembly. (5) 240762 Bolt (1/4-20 NC x 625 in). (6) 8H9178 Ground Body
Bolt (1/4-20 NC x 1.00 in). (7) 5P4814 Collet. (8) 6V6106 Dial Indicator.

- NOTE: If the 8T1000 Position Indicator Group is used instead of the dial indicator, use Step 3 for the
~installation of the probe. '

2. Install the rack positioh indicator as follows:

- a. Install the 5P4814 Collet (7) on the 8T9198 Bracket Assembly (4).

Slot In Fuel Injection Pump Rack
(9) Slot.

_b. Position the indicator arm in approximately the middle of its travel to make sure that it will engage
in slot (9) in the rack. Put 879198 Bracket Assembly (4) in position on the fuel injection pump
housing. o

e Install.8H9l7.8 Ground Body Bolt (6) first. Then install 2A0762 Bolt (5).
d. Be sure the indicatdr arm moves freely.
e. Put 6V6106 Dial Indicator (8) in'position in 5P4814 Collet (7).
f. Put the 938903 Contact Point on the 6V2030 Extension and install on 6V6106 Dial Indicator (8).

NOTE: The 988903' Contact Point will not go through the collet and must be assembled after the
indicator stem has passed through the collet.

g. Tighten 5P4814 Collet (7) just enough to hold the dial indicator.
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3. Insfall the rack position probe as follows:

a. Install the 5P4814 Collet (7) on the 8T9198 Bracket Assembly (4).

| ~b. Position the indicator arm in approximately the middle of its travel to make sure that it will engage
in slot (9) in the rack. Put 8T9198 Bracket Assembly (4) in position on the fuel injection pump

. housmg

- Install 8H9178 Ground Body Bolt (6) first. Then install 2A0762 Bolt (5).

d. Be sure the mdlcator arm moves freely

Probe And Centering Pin Installed
(3) 6V4186 Timing Pin. (4) 8T9198 Bracket Assembly. (5) 240762 Bolt (1/4-20 NC x .625 in). (6) 8H9178 Ground Body
Bolt. (1/4-20 NC x 1.00 in). (7) 5P4814 Collet. (A) 8T1002 Probe.

“e. Put probe (A) in position in 5P4814 Collet (7).
f. Put the 958903 Contact Point on the 6V2030 Extension and install on 871002 Probe (A).

~ NOTE: The 958903 Contact Point will not go through the collet and must be assembled after the
) .mdlcator stem has passed through the collet.

9. Adjust 8T1002~Probe (A) in 5P4814 Collet (7) so that the shaft can be moved through the entire
measurement range without reaching the end of the shaft travel. Tighten the collet.

" Position Fuel Injection Pump Rack
(10) 6V6151 Adapter. (11) 6V7942 Hook.

: 4. Remove the shutoff solenoid, if so equipped, or cover and install the 6V6151 Adapter (10).
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5. Move the governor control lever to the "LOW IDLE" position (rotate governor shaft
~ counterclockwise).

6. Install the 6V41 86 Timing Pin (3) in the top of the fuel injection pump housing. Push the timing
- pin in until contact with the fuel rack is made.

7. Use 6V7942 Hook (11) through 6V6151 Adapter (10) to push the sleeve and rack to the
"SHUTOFF" position. Make sure 6V4186 Timing Pin (3) engages in slot (9).

‘. Push Rack To Shutoff
(1) 6V7942 Hook. (12) Servo valve.

8. Move the governor control lever to the "FULL LOAD" position (rotate governor shaft clockwise)
and fasten it in this position. -

Pull Rack Against Tfming Pin
* (11) 6V7942 Hook. (12) Servo valve.

9, Use the 6V7942 Ho‘ok (11) to pull the sleeve and rack [through servo valve (12)] against the timing
pin.

Fuel Rack Against Timing Pin
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- 10. Adjust the 6V6106 Dial Indicator (8) in fhe collet to zero and tighten the collet. Make sure all
needles of the indicator are on zero.

- NOTE: If the Electronic Position Indicator Group is used, press the ZERO switch on the front panel.
This sets the display to zero.

~11. Remove the 6V4186 Timing Pin (3), 6V7942 Hook and release the governor control lever.

.
6V7941 Compressor Assembly
(13)Rod. . '

12. Turn rod (13) in the 6V7941 Compressor Assembly until the knob is approximately 25.4 mm
(1.00 in) aWay from the compressor body.

NOTE ‘"The 6V7941 Compressor Assembly is used to compress the overfueling spring through the
hnkage The overfuehng spring must be compressed to get an accurate fuel setting measurement.

~ Install The 6V7941 Compressor Assembly
(10) 6V6151 Adapter.(14) 6V7941 Compressor Assembly.

- 13. Install 6V7941 vCom‘pres'sor Assembly (14) in 6V6151 Adapter (10) as shown.
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7 Static Fuel Setting
~(13) Rod (part of 6V7941 Compressor Assembly) (15) 8T0500 Circuit Tester. (16) Insulated terminal.

14. Fasten the clip end of the 8T0500 Circuit Tester (15) to insulated terminal (16), and put the other
end to a good electrical ground '

NOTE: If the Electromc Position Indlcator Group is used, the built-in continuity tester can be used
instead of 8T0500 Clrcult Tester (15). Use the built-in tester only for static readings.

15. Hold the governor control lever in the "FULL LOAD" position (rotate governor shaft clockwise).
'~ 16. Turn rod (13) of compressor assembly in (clockwise) until the light in 8 T0500 Circuit Tester (15)

- goesoff and the dial indicator hands move an additional 2 mm in the negative (-) direction after the
. light goes out (2 complete revolutions of the large needle on the dial indicator).

NOTICE

DO NOT turn the rod any further in if the rod begins to tighten.
Damage to the governor can occur if the rod is turned in further.

NOTE: The static fuel setting (Step 18) and the static full torque setting (Step (19) must be within
'+ .25 mm of the setting on the Engine Information Plate. If the setting is within + .25 mm an
adjustment is not necessary. If the Engine Information Plate is gone or the Full Torque Setting is not
on the Engine Information Plate, see TMI (Technical Marketing Information) or Fuel Setting And
Related Information Fiche for the correct settings.

B Adjustment of Governor
~(17) Adjustment screw cover.

17. Remove adjustment screw cover (17) from the rear of the governor housing.

18. Sldle turn rod (13) out (cOuntefclockwise) until the circuit tester light just comes on. This is the
static fuel setting. See the Engine Information Plate or the Fuel Setting And Related Information
Fiche for the correct static fuel setting.

NOTE: When the rod is turned out, there can be a small initial movement of the dial indicator hands,

then, they will stop moving while the rod is turned out for approximately another 11/2 turns. Now the
*indicator hands will begin to move again and will follow the turning of the rod until the setting is
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reached. It is_:important that the rod be turned slowly so that the rack can follow the governor
- components..

o .NOTE: If rod (13) is turned out too fast, a wrong measurement can be read on the dial indicator as
the light comes on. Repeat Steps 16 and 18 to make sure the correct measurement is taken.

19. Cb_ntinue to turn the rod out until the indicator hand stops moving. Then turn the rod out two
additional turns. Push in on the rack stop collar to make sure it is in the correct position. The new
reading on the indicator is the full torque static setting.
Example: -

~ Static Fuel Setting =2.18 mm

“ Full Torque = 3.18 mm

- This means the torque rise setting is 1.00 mm. An addition of the fuel setting and the torque rise
setting is not necessary.

20. Seé the Engine Information Plate for the correct static full torque setting.

21, Determine how much the settings will have to be changed (see examples). Use the chart that
follows to determine how far the adjusting screws must be turned.
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Adjustmént Screw Chart

“Amount Of Turns Of
~Change - Adjustment Screw
3.00mm {.318in) 3%
2.79mm (110N 312
2.59 mm (.102 in} 314
~ 2.39 mm {.094 in) 3
2.21 mm (.087 in) 2%a
- 2.01mm (079 in) 217
1.80 mm (.071 in) 2V
1.60 mm (083 in) 2
1.40 mm (.055 in) 1%
119 mm ({047 in} 1%
0.99 rom {.039 in) 11/
0.79 mm (.031in} 1
0.61 mm (.024 in) Ya )
Q.41 mm {016 in) Y2
0.20 mm {008 in) %
Example #1
Actual Reading: 1.05 mm
~ Desired Setting: 1.25mm
 Ditference: 0.20 mm

Page 43 of 113

Since "desired setting" is higher than "actual reading," turn adjusting screw out (counterclockwise)

approximately 1/4 turn: Recheck the new setting and readjust if necessary.

: Eitample #2
Actual Reading: 2.77 mm
- Desired Setting: 185 mm
Difference: 0.92 mm
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- Since "desired setting" is lower than "actual reading," turn the adjusting screw in (clockwise)
- approximately 11/8 turns. Recheck the new setting and readjust if necessary.

Example #3

Actual Reading: -1.05mm
- Desired Setting: -1.25 mm
Difference: 0.20 mm

Negative numbers work differently than positive numbers. If one number (-1.25) has a larger digital
value than another one (-1.05), the first number (-1.25) is actually less than the other one. Therefore,
in this example the "desired setting” is lower than the "actual reading". Turn the adjusting screw in
(clockwise) approximately 1/4 turn. Recheck the new setting and readjust if necessary.

Example #4

Actual Reading: ~2.77 mm
Desired Setting: ~1.85 mm
Difterence: | 0.82 mm

' The "desired setting" is higher than the "actual reading". Turn the adjusting screw out
(counterclockwise) approximately 11/8 turns. Recheck the new setting and readjust if necessary.

Example #5

Actual Reading: +1.06 mm
Desired Setting; | -1.25 mm
Difference: 2.30 mm

The ,"des.ir‘e-d setting" is lower than the "actual reading". Turn the adjusting screw in approximately
27/8 turns. ”

| Example #6

Actual Reading: -1.05mm
- Desired Setting:  +1.25mm

Ditference: | 2.30 mm
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%"171;; "desired setting" is higher than the "actual reading". Turn the adjustihg screw out approximately
turns. '

_ Adjustment Of Fuel Setting v
“ (18) Fuel setting adjustment screw. (19) 6V2105 Rack Adjustment Tool Group.

Adjustment Of Full Torque Setting
(19) 6V2105 Rack Adjustment Tool Group. (20) Torque rise setting screw.

~ 'NOTE: If you are working from the side of the engine and cannot see the adjusting screws, use the
_ outer edge of the opening in the governor housing to guide the 6V2105 Tool Group onto the fuel
setting screw. Use the inner edge of the opening to guide the 6V2105 Tool Group onto the full torque
setting adjustment screw.

22. If both settings are to be increased, turn torque rise adjustment screw (20) out (counterclockwise)
. the 'same number of turns as fuel setting adjustment screw (18) is going to be changed. If the static
fuel setting is going to be decreased, it is not necessary to change the full torque setting at this time.

23. Use 6V2105 “Rack Adjustrhent Tool Group (19) to loosen the locknuts for adjustment screws and
to turn the adjustment screws.

24, Adjust the fuel setting screw the number of turns determined in Step 21. Always recheck the
‘setting after each adjustment and adjust again if needed.

NOTE: There is a zero tolerance for the fuel setting and full torque setting when an adjustment is
 made. ’

' 25. After the static fuel setting is correct, adjust the torque rise adjustment screw the number of turns
determined in Step 21. Always recheck the setting after each adjustment and adjust again if needed.
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FuelRatio Control And Governor Check

- . Tools Needed

2W9161 Manual Shutoff Group 1
6V4186 ~ Timing Pin _ 1
66070 Governor Adjusting Tool Group 1]

NOTE: The governor seals do not have to be cut or removed for the procedure that follows.

1. Install the rack position indicator to measure fuel rack movement. See Steps 1 and 2 in the Fuel
Setting Procedure for the correct installation of the tooling.

-~ 2.Tumn the englne start key to the ON position to activate the shutoff solenoid. Do not start the engine
at thls time.

3. Move the govemor control hnkage to the full FUEL ON position and hold or fasten it in this
' posmon

4. Install the 6V41 86 Timing Pin in the rack zeroing hole near the front of the fuel injection pump
housing. '

5. With the gbvern'or contfol lever in the full FUEL ON position, use a IN9954 Lever and move the
manual shutoff shaft slowly to the FUEL OFF position (counterclockwise). Watch and make sure the
timing pin drops and engages with the slot in the fuel rack.

- 6. Release the manual shutoff shaft and zero the dial indicator. Move the dial indicator in the collet to

- - zero and tighten the collet. Make sure all three needles of the indicator are on zero.

7. Remove the 6V4186 Timing Pin and watch the dial indicator movement. The indicator should
show movement in the FUEL ON direction. If no movement occurs repeat Steps 4, 5 and 6 to zero the

- indicator.

8. Release the governor control shaft and linkage.

Remove Bodst Line -
(1) Air Line,

9. Remove air line (1) from the engine. Put plugs over the openings to keep dirt out of the system.

: https://sis.cat.conﬂsisweb/siSweb/techdoc/techdoc _print_page.jsp?returnurl=/sisweb/siswe... 9/21/2011



i Advanced Full Text Search - SENR6547 - 3406C DIESEL TRUCK ENGINE Page 47 of 113

To help prevent an accident caused by parts in rotation, work carefully
: around an engine that has been started.

10. Start the engine and operate it for a minimum of five minutes to get the governor and engine up to
normal operating temperatures.

11. Check the leak down rate of the fuel ratio control (with the engine operating at low idle) as
~follows:

a. Connect a pressure indicator, a shutoff valve, a pressure regulator and an air supply to fitting.
b. Apply 70 kPa (10 psi) air pressure to the fuel ratio control.

- ¢ Turn the shufoff valve OFF end check the leak down rate. Leakage of 20 kPa (3 psi) in 30 seconds
‘ is acceptable ‘

d. If leakage is more than 20 kPa (3 ps1) in 30 seconds, the fuel ratio control must be repaired before
Steps 13 and 14 are done.

e. Keep 70 kPa (10 psi) air pressure on the fuel ratio control for Step 12.

- 'NOTE: Step 11 also activates the fuel ratio control for Step 12.

 Apply Air Pressure
(2) Fitting. (3) Cover.

12. From low 1dle rapidly move the governor control shaft to the full FUEL ON position and read the
measurement on the dial indicator. Read the indicator carefully because this reading will be a
maximum for only a moment. Make a record of the maximum dial indicator reading. If full
measurement is not reached, increase the air pressure to make sure there is full fuel ratio control
movement

NOTE: The fuel ratio control is activated and the maximum dial indicator reading is dynamic full

- torque setting of the engine. This setting is 0.5 mm (.02 in) greater than the static full torque setting
* given on the Engine Information Plate or later engines or in the TMI (Technical Marketing

Information) or Fuel Setting And Related Information Fiche.
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 NOTE: On some CARB approved engines or with fuel ratio controls out of adjustment, the fuel ratio
control can activate shortly after engine startup. At this time the dial indicator reading can be the

dynamic fuel ratio control setting. Continue the checking procedure to find the dynamic full torque
setting at Step 16.

R 13 Release all air pressure from the. fuel ratio control. Start at 900 rpm and rapidly move the governor
control shaft to the fuel FUEL ON position and read the measurement on the dial indicator. Read the
dial indicator carefully because this reading will be a maximum for only a moment. Make a record of

i the max1mum dial indicator reading. This is the dynamic fuel ratio control setting for the engine.

14. If the dynamic fuel ratio control setting is within + 0.25 mm of the specification given on the
'Engine Information Plate of in the TMI (Technical Marketing Information) or Fuel Setting And
Related Information Fiche, an adjustment is not necessary.

15. For adjustment of the control see Fuel Ratio Control Adjustment.

16. Check boost pressure that gives full torque rack travel as follow:

a. Connect a pressure indicator, a pressure regulator and an air supply to fitting (2).

- b. Apply 25 kPa (4 psi) air pressure to the fuel ratio control.

c. Start at 900 rpm and rapidly move the governor control shaft to the full FUEL ON position and
make a record of the maximum dial indicator reading.

- d. Repeat this procedure several times, each time increase the air pressure 5 kPa (.5 psi).

e. Make a record of the first air pressure setting that gives full torque rack travel. Full torque rack
travel was measured in Step 12.

f. This is the boost pressure that moves the fuel ratio control out of the rack control position. This
 pressure gives dynamic full torque rack travel. '

| Fuel‘Ratio Control A‘diustment

. Tools Needad
2W9161 Manual Shutoff Group - T
6v4186 Timing Pin A
6VB070  Governor Adjusting Tool GI:OI..IP o

‘NOTE: Before the governor seals are cut or removed, See Fuel Ratio Control And Governor Check
- to make sure an adJustment is needed

1. See the Engine Information Plate or the TMI (Technical Marketing Information) or Fuel Setting

And Related Informatlon Fiche for correct dynamic fuel ratio control setting specification before an
‘ adjustment is made.
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- 2. Install and zero the rack position indicator group. See Fuel Ratio Control And Governor Check for
thls procedure : :

~'Remove Boost Line
(1) Ar lie.

o Remove Cover .
(2) Fitting. (3) Cover

3. Remove arr line (1) and cover (3) from the engine.
| A WARNING

To help prevent an accident caused by parts in rotation, work carefully
around an engine that has been started.

4, Start the engine and operate it for a minimum of five minutes to get the governor and engine up to
‘normal operating temperature.
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(4) Valve eXtension. (5) Nut. (6) Retainer.

S. Hold retainer (6) in position and loosen nut (5). This keeps the fuel ratio control diaphragm from
turning when nut (5) is loosened or tightened.

6. Turn valve extension (4) to get the correct setting. A clockwise direction gives a more positive
setting. The counterclockwise direction will give a more negative setting. Several adjustments of
valve extension (4) may be needed to get the correct dynamic fuel ratio control setting.

7. After each adjustment is made, check the dynamic fuel ratio control setting. Start at 900 rpm and
rapidly move the governor control shaft to the full FUEL ON position and read the measurement on
the dial indicator. Read the dial indicator carefully because this reading will be a maximum for only a
moment. Make a record of the maximum dial indicator reading.

NOTE: If the correct dynamic fuel ratio control setting cannot be made with this adjustment the
‘internal governor linkage must be checked and adjusted or the fuel ratio control needs repair or
replacement. See Check And Adjustment Of The Fuel Ratio Control Linkage for the governor linkage
procedure.

8. After the correct adjustment has been made, tighten nut (5). Check the dynamic fuel ratio control
setting again.

9, Install the gasket and clo_ver (3) on the fuel ratio control. Tighten the bolts to a torque of 9 + 3 N'm
(7£21bft) ;

- 10: Apply 70 kPa (10 psi) air pressure to the fuel ratio control at fitting (2). This will fully extend the
fuel ratio control to get dynamic full torque

11. Check the dynamic full torque setting. Start at 900 rpm and rapidly move the governor control
‘ 'shaft to the: full FUEL ON posmon and read the max1mum measurement on the dial indicator.
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NOTE: If the dynamic full torque Setting cannot be reached a repair or replacement of the fuel ratio
control is needed. .

- 12. Stop the engine.
13. Install the wire and seal on the fuel ratio control.
14, Install.'air line (1) on the engine.

- 15. Remove the rack position indicator tooling.

Check And Adjustment Of The Fuel Ratio Control Linkage

. Tools Needad
BVB070  Governor Adjusting Tool Group 1

—— e o e o — S = = S — e —— —— -

6V6070 Govemor Adjusting Tool Group

The check and adjustment of the fuel ratio control l1nkage can be used with the fuel injection pump
and governor on or off the englne

NOTE: Start with Step 13 of this procedure if the governor adjusting tools have already been
installed to check the fuel setting. :

Fuel Injection Pump And Governor
(1) Cover (rack position indicator). (2) Plug (rack centering pin).
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| ‘ 1. Remove blug (2) and cover (1) from the fuel injection pump housing.

Indicator Andl Centering Pin Installed

(3) 6V4186 Timing Pin. (4) 879198 Bracket Assembly (5) 2A0762 Bolt. (6) 8H9178 Ground Body Bolt. (7) 5P4814
Collet. (8) 6V6106 Dial Indicator.

2. Instal-l_ the rack position indicator as follows:

a. Install the 5P4814 Collet (7) on the 8T9198 Bracket Assembly (4).

_Slot In Fuel Injection Pump Rack
(9) Slot.

b. Position the indicator arm in approximately the middle of its travel to make sure that it will engage
in slot (9) in the rack. Put 879198 Bracket Assembly (4) in position on the fuel injection pump
housing.
¢. Install 8,H917_8‘v Ground Body Bolt (6) first. Then install 2A0762 Bolt (5).

d. Be sure the indicator arm moves freely.

‘e.Put ,6V6106‘Dia1,I'ndi'cat0r (8) in position in 5P4814 Collet (7).
f. Put the 9S8903 Contact Point on the 6V2030 Extension and install on 6V6106 Dial Indicator (8).

NOTE-: The 958903 Contact Point will not go through the collet and must be assembled after the
indicator stem has passed through the collet.

- g. Tighten 5P4814 Collet (7) just enough to hold the dial indicator.
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 Position Fuel Injeéﬁon Pump Rack
(10) 6V6151 Adapter. (11) 6V7942 Hook.

*. 3. Remove the shutoff solenoid, if so equipped, or cover and install the 6V6151 Adapter (10).
4. Move the governor control lever to the Low Idle positibn (rotate governor shaft counterclockwise).

5 Install the 6V4186 Timing Pin (3) in the top of the fuel injection pump housing. Push the timing
pin in until contact with the fuel rack is made.

Push Rack To Shutoff
(11):6V7942 Hook. (12) Servo valve.

6. Use 67942 Hook (11) through 6V6151 Adapter (10) to push the sleeve and rack to the Shutoff
positidn. Make sure 6V4186 Timing Pin (3) engages in slot (9). ’

7. Move the governor control lever to the Full Load position (rotate governor shaft clockwise) and
fasten it in this position.

Pull Rack Against Timing Pin
(11) 6V7942 Hook. (12) Servo valve.
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8 Use the 6V7942 Hook (11) to pull the sleeve and rack [through servo valve (12)] against the timing
pin. S o '

Fuel Rack Against Timing Pin

9. Adjust the 6V6106 Dial Indicator (8) in the collet to zero and tighten the collet. Make sure all three
needles of the dial indicator are on zero.

10. Remove the 6V4186 Timing Pin (3), 6V7942 Hook and release the governor lever.

6V79»41v Compressor As'semb_ly
(13) Rod.

11. Turn rod (13) in the 6V7941 Compressor Assembly until the knob is approximately 25.4 mm
(1.00 in) away from the compressor body.

NOTE: The 6V7941 Compressor Assembly is used to remove clearance in the governor linkage to
get accurate fuel setting measurements.

Install the 6V7941 Compressor Assembly
. (10) 6V6151 Adapter. (14) 6V7941 Compressor Assembly.

12. Install 6V7941 Coinpressor Assembly (14) in 6V6151 Adapter (10) as shown.
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. R_’emove Fuel Ratio Control.
(15) Air supply line. (16) Fuel ratio control.

13. Remove air supply line (15) and fuel ratio control (16).

‘Remo_vé Orifice Screen Assembly
(A) Location (for screen assembly). -

: Fuei Ratio Governor Adjustment Check
(17)_ 6V2017 Governor Adjusting Tool. (18) 6V2105 Rack Adjusting Tool (outer part).

~14. Remove the orifice screen assembly from the governor housing at location (A). This screen must
be removed so 6V2017 Governor Adjusting Tool (17) can fit square against the governor housing.

NOTE: If the linkage needs any adjustrrient changes, install the outer part of 6V2105 Rack Adjusting
Tool (18) along the left side of the-governor, before bolts for tool (17) are tightened.

15. Move the governor control lever to the Low Idle position and install 6V2017 Governor Adjusting
Tool (17) as shown. o

16. _Mové the governor control lever to Full Load position and hold there.
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Checkirig Fuel Ratio Control Setting
- (14) 6V7941 Compressor Assembly.

'17. Turn the knob so the rod moves in 6V7941 Compressor Assembly (14) until the needles of the
dial indicator move approximately 1 mm (one revolution of the large needle).

18. Slowly turn the knob to move the rod out of 6V7941 Compressor Assembly (14) until the needles
of the dial indicator stop movement. This is the Static Fuel Ratio Control Lever Setting.

“NOTE: When the rod is turned out, there may be a small initial movement of the dial indicator
needles, then they will stop moving while the rod is turned out for approximately 11/2 turns more.
Now the indicator needles will begin to move again, and will follow the turning of the knob until the
setting is reached. It is important that the rod be turned slowly, so that fuel rack can follow the
movement of the governor components.

19. See the TMI (Technical Marketing Information) or Fuel Setting And Related Information Fiche
for the correct Static Fuel Ratio Control (lever) setting dimension, and compare it to the dial indicator
reading. The dial indicator reading must be within + .25 mm (.010 in) of the dimension given in the
Fuel Setting And Related Information Fiche or an adjustment is needed.

Tools For Linkage Adjustment
(18) 6V2105 Rack Adjusting Tool (outer part). (19) 6V2104 Hex Wrench.
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Location Of Linkage Adjustment
. (20) Adjustment screw. (21) Locknut.

20. If an adjustment is necessary, use 6V2105 Rack Adjusting Tool (18) to loosen the locknut (21)
and then use the 6V2104 Hex Wrench (19) (part of the 6V2105 Rack Adjusting Tool) to turn the
adjusting screw (20). Turn the screw out [counterclockwise (CCW)] to make the setting more
positive, or in [clockwise (CW)] to make the setting more negative. Be sure to tighten the locknut
after adjustment is complete. There is a zero tolerance for the linkage setting if an adjustment is made.

NOTE: The needles of the dial indicator will not follow the turning of the adjustment screw. It will
be necessary to do Steps 15 through 17 until the adjustment is correct.

- Adjustment Of Fuel Ratio Control Linkage
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Engine Speed Measurement

| | ~ Tools Needed |
| 9U7400 = Multitach Group 1
| 6v4850  Injection Line Speed Pickup Group 1
1 Part of 9U7400 Multitach Group

D13491

9U7400 Multitach Group

The 9U7400 Multitach Group can measure engine speed from a magnetic pickup on the flywheel
housing. It also has the ability to measure engine speed from visual engine parts in rotation.

- Use the Operator'é Mamial, NEHSO605, for the operating instructions used for this tool.

The 6V4950 Injection Line Speed Pickup Group is another diagnostic tool accessory that can be used
with the 6V2100 Multitach. It can be used on all Caterpillar Diesel Engines equipped with 6 mm (.25
in) single wall fuel injection lines. With this pickup group, engine speed can be measured quickly,
automatically and with anaccuracy. of £ 1 rpm.

Special Ihstruction',- SEHS8029 is with the group and gives instructions for use of the 6V4950
Injection Line Speed Pickup Group.

Go'veriior Adj ustments

NOTICE
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A mechanic with training in governor adjustments is the only one to
make the adjustment to the set point rpm.

Engine rpm must be-checked with an accurate tachometer. Make reference to Engine Speed
Measurement. ‘ ‘

 Low Idle Adjustment

"NOTE: T hé correct Low Idle rpm is given in the TMI (Technical Marketing Information) or Fuel
Setting And Related Information Fiche.

[ e

To help prevent an accident caused by parts in rotation, work carefully
around an engine that has been started.

Start the engine and run until the temperature of normal operation is reached. Check low idle rpm
with no load on the engine. If an adjustment is necessary, use the procedure that follows:

Low Idle Adjustment |
(1) Low idle stop screw.

1. To adjuSt the Low Idle rpm, start the engine and run with the governor control lever in the low idle
position. Loosen the locknut for low idle screw (1). Turn the low idle screw to get the correct low idle
rpm. Increase engine speed and return to low idle and check low idle speed again. Tighten the
locknut. ‘

Checking Set Point (Balance Point)

. The engine set point is an adjusted specification and is important to the correct operation of the
engine. High idle rpm is NOT an adjusted specification. Set point (formerly balance point) is full load
rpm plus an additional 20 rpm. Set point.is the rpm at which the fuel setting adjustment screw and

- stop or first torque spring just start to make contact. At this rpm, the fuel setting adjustment screw and
stop or first torque spring still have movement between them. When additional load is put on the
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engine, the fuel setting adjustment screw and stop or first torque spring will become stable against
each other. Set point is controlled by the fuel setting and the high idle adjustment screw.

 Thereisa new and more accurate method for checking the "set point", formerly called the balance
- point, of the engine. If the tools for the new method are not available, there is an alternate method for
checking the "set point".

Tools Needeii
SU7400 Multitach Group 1

- The 9U7400 Multitach Group can be used to check the set point. Operators Manual NEHS0605 gives
- instructions for installation and use of this tool group.

' D13491r ,

9U7400 Multitach Group ~
, Altern‘até Method
- . "Tools Needed )
8TO500 Circuit Tester o
QU7400 Muititach Group -~ | 1

NOTE: Do not use the vehicle tachometer unless its accuracy is know to be within + 1 rpm.
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If the set point is correct and the high idle speed is within specifications, the fuel system operation of
- the engine is correct. The set point for the engine is:

A. At 20 rpm greater than full load speed.

B. The rpm where the fuel setting adjustment screw stop or first torque spring just make
- contact.

- Use the procedure that follows to check the set point. Make reference to Techniques For Loading
- Engines in Special Instruction SEHS7050.

1. Connect a tachometer which has good accuracy to the tachometer drive.

Terminal Location
. -(2) Brass terminal screw.

2. Connect the clip end of the 8T0500 Circuit Tester to the brass terminal screw (2) on the governor
housing. Connect the other end of the tester to a place on the fuel system which is a good ground
connection. - ‘ :

[ e

Work carefully around an engine that is running. Engine parts that are
hot, or parts that are moving, can cause personal injury.

3. Start the engine.
" 4, With the engine at normal conditions for operation, run the engine at high idle.
5. Make a record of the speed of the engine at high idle.

6. Add load en the engine slowly until the circuit tester light just comes on (minimum light output).
- This is the set point.

7. Make a record of the speed (rpm) at the set point.

8. Repeat Step 6 several times to make sure that the reading is correct.
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9. Stop the engine. Make a comparison of the records from Steps 6 and 7 with Full Load Speed from
the Engine Information Plate. If the Engine Information Plate is not available, see the TMI (Technical
Marketing Information) or Fuel Setting And Related Information Fiche. The tolerance for the set
point is £ 10 rpm. The tolerance for the high idle rpm is + 50 rpm is chassis and + 30 rpm on a bare
engine. If the readings from Steps 5 and 7 are within the tolerance, no adjustment is needed.

NOTE: Engines will have the actual Dyno High Idle stamped on the Engine Information Plate. It is
possible, in some applications that the high idle rpm will be less than the actual lower limit. This can
be caused by high parasiti¢ loads such as hydraulic pumps, compressors, etc.

_Adjusting Set Point (Balance Point)

1. If the set point and the high idle rpm are within tolerance, no adjustment is to be made.

Re‘mové Cover -
(3) Cover.

2. If the set point rpm is not correct, remove cover (3).

Set Point Adjusfment :
(4) Locknut. (5) Adjustment screw.

3. Loosen locknut (4) and turn adjustment screw (5) to adjust the set point to the midpoint of the
tolerance. S

4. When the set'ipoint is: éorrect; check the high idle rpm. The high idle rpm must not be more than the
high limit of the tolerance.

If the high idle rpm is more than the high limit of the tolerance, check the governor spring and

flyweights. If the high idle rpm is less than the low limit of the tolerance, check for excess parasitic
‘loads and then the govemor'spring and flyweights.
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Dash Pot Adjus.tlnent

Adjustment Of Dash Pot
(1) Needle Valve.

“This adjustment controls the amount of restriction to oil flow into and out of the dash pot chamber.
Too much oil flow will cause the governor to hunt, and too little oil flow will cause a slow governor
action. -

1. Turn needle valve (1) in (clockwise) until it stops. Now, open needle valve (1) two full turns
- (counterclockwise). The exact point of adjustment is where the governor gives the best performance.

NOTE: Do not keep needle valve (1) fully closed. This can cause excessive overshoot on start up or
-load rejection. :

2. Check governor operation.

- With the engine running at medium (mid) speed, load the engine (at least one-quarter load) to find the
stability of the setting. Quickly remove the load. A slight overshoot of speed is desired, as it reduces

~ response time. The engine speed should return to smooth steady operation. If it does not have a slight

overshoot and return to a smooth steady operation, adjust the needle valve and repeat the above
procedure ‘

 Air Inlet And Exhaust System

ARestriction Of Air Inlet And Exhaust

~ There w111 be a reduction of horsepower and efficiency of the engine if there is a restriction in the air
_inlet or exhaust system

Air ﬂow through the air cleaner must not have a restriction (negative pressure difference measurement
_between atmospheric air and air that has gone through air cleaner) of more than 6.23 kPa (25 inches
of H,0).

Back pressure from the exhaust (pressure difference measurement between exhaust at outlet elbow
and atmospheric air) must not be more than 9.96 kPa (40 inches of H>0).
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i’:‘ o _,Measurement Of Pressure In Inlet Manifold

Tools Needed
- | 1U8470 - Engine Pressure Group 1

The efficiency of an engine can be checked by making a comparison of the pressure in the inlet
manifold with the information given in the TMI (Technical Marketing Information) or Fuel Setting

- And Related Information Fiche. This test is used when there is a decrease of horsepower from the
engine, yet there is no real sign of a problem with the engine.

The correct pfe'ssﬁre for the inlet manifold is given in the TMI (Technical Marketing Information) or
Fuel Setting And Related Information Fiche. Development of this information is done with these
conditions: '

a.bk 99 kPa (29.7 inches of Hg) barometric pressure.
b. 29°C (85°F) outside air temperature.
.35 APl rated fuel. '

On a turbocharged and aftercooled engine, a change in fuel rating will also change horsepower and
the pressure in the inlet manifold. If the fuel is rated above 35 API, pressure in the inlet manifold can
be less than given in the TMI (Technical Marketing Information) or Fuel Setting And Related
Information Fiche. If the fuel is rated below 35 API, the pressure in the inlet manifold can be more
- than given in the Fuel Setting And Related Information Fiche. Be sure that the air inlet or exhaust
“does not have a restriction when making a check of pressure in the inlet manifold.

Pressure Test Location
(A) Plugs (1/4 inch NPT).

Use the 1U5470 Engine Pressure Group to check the pressure in the inlet manifold.
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GJ18BSPY

1U5470 Engine Pressure Group

. This tool group has a indicator to read pressure in the inlet manifold. Special Instruction, SEHS8907
is with the tool group and gives instructions for its use.

‘Exhaust Temperéiture

| . ~ Tools Needed
- 123-6700 infrared Thermometer Il 1]

Use the 123-6700 Infrared Thermometer II to check exhaust temperature. The Operator's Manual,
NEHS0630, for the 123-6700 Infrared Thermometer II gives complete operating and maintenance

" “instructions for this tool.

Air-To-Air Aftercooled Systems

i : Tools Needed
FT1984  Air-To-Air Aftercooler Testing Group 1
FT1438 Dynamometer Testing Aftercooler L
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Visual Inspection

Inspect all air lines, hoses and gasket connections at each oil change. Make sure the constant torque
hose clamps are tightened to the correct torque. Check the truck manufacturer's specifications for the
~correct torque. Check welded joints for cracks and make sure all brackets are tightened in position and
~are in good condition. Use compressed air to clean cooler core blockage caused by debris or dust.
- Inspect the cooler core fins for damage, debris or salt corrosion. Use a stainless steel brush with soap
and water to remove corrosion.

Pressure air can cause personal injury.

When using pressure air for cleaning, wear a protective face shield,
protective clothing and protective shoes.

NOTE: When air to air aftercooler system parts are repaired and/or replaced, a leak test is
recommended. ‘

The use of winter fronts or shutters is discouraged with air to air aftercooled systems. Winter fronts
can only be used on truck models where tests have shown that the engine jacket water will overheat
before the inlet manifold air temperature is excessive. On these trucks, sensors and indicators or
alarms are installed to indicate engine operating conditions before excessive inlet manifold air
temperatures are reached. Check with the truck manufacturer on winter front and shutter application.

Air Svstem Restriction

Pressure measurements should be taken at the turbocharger outlet and inlet manifold. When the total
pressure drop of the charged air system at maximum air flow exceeds the following limits, the air
lines and cooler core must be inspected for internal restriction and cleaned, repaired or replaced as

© necessary. ‘ ‘

Air Cooling System Maximum Pressure Drop

Engine " Pressure Drop
8PN1409-UP (425 Hp} 15.2 kPa
: . | {61 inches of H,0)
AllOthers . 13.4 kPa
T (54 inches of H,0}

Turbocharger Failure
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Pressure air can cause personal injury.

When using pressure air for cleaning, wear a protective face shield,
protective clothing and protective shoes.

The maximum air pressure must be below 205 kPa (30 psi) for cleaning
: : purposes.

_If a turbocharger failure occurs, remove the air to air cooler core and flush internally with a solvent
that removes oil and other foreign substances. Shake cooler to eliminate any trapped debris. Wash

- with hot, soapy water; rinse thoroughly with clean water; and blow dry with compressed air in reverse
direction of normal air flow. Carefully inspect the system to make sure it is clean.

NOTICE

Do not use causﬁc cleaners or damage to the aftercooler core will
result.

Inleyt Manifold Pressure

‘Normal inlet manifold pressure with high exhaust temperature can be caused by cooler core fin
blockage Clean the cooler core fins, see Visual Inspection for the cleaning procedure to use.

Low mlet mamfold pressure and high exhaust manifold temperature can be caused by any of the
- conditions that follow:

1.A plugged air cleaner. Clean or replace the air cleaner as needed.
- 2. A blockage in the air lines between the air cleaner and turbocharger.

All restrictions must be removed.

3. Cooler core leakage. Pressure test the cooler core, see Aftercooler Core Leakage for the
correct procedure to use and repair or replace parts as needed.

- 4, Leakage from the pressure side of the induction system. Check and repair leaks.
5. Inlet manifold leak. Check for loose, missing and damaged fittings or plugs. Also check the
manifold to cylinder head gaskets.
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Aftercooler CorevLeak_agg |

D23264

“Using FT1984 Air-To-Air Aftercooler Test Group

(1) Regulator and valve assembly. (2) Nipple. (3) Relief valve. (4) Tee. (5) Coupler. (6) Aftercooler. (7) Dust Plug. (8)
Dust plug. (9) Chain. ’

A low ’power problem in the enginé can be the result of aftercooler leakage. Low power, low boost
pressure, black smoke, and/or high exhaust temperature can be the result of an aftercooler system
leakage.

NOTICE

Remove all air leaks from the system to prevent engine damage. In
some operating conditions, the engine can pull a manifold vacuum for
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short periods of time. A leak in the aftercooler or air lines can let dirt
and other forelgn material into the engine and cause rapid wear and/or
- ' damage to engine parts.

- A large cooler core leak often can be found by making a visual inspection. To check for smaller leaks,
‘use the following procedure:

1. Disconnect the air pipes from the inlet and outlet side of the aftercooler core.

2. Install couplers (5) and dust plugs (7) & (8) from the FT1984 Air-to-Air Aftercooler Test Group as
shown on each side of the aftercooler core. Installation of additional hose clamps on hump hoses is
- recommended to prevent the hoses from bulging while the aftercooler core is being pressurized.

Dust plug chains (9) must be installed to the aftercooler core or the
‘ radlator brackets to prevent possible injury while testing. Do not stand
in front of the dust plugs while testing.

3. Install regulator and valve assembly (1) on the outlet side of the aftercooler. Attach air supply.

- NOTICE

Do not use more than 240 kPa (35 psi) air pressure or damage to the
“aftercooler core can be the result.

4. Open air valve and preSsurize the aftercooler to 205 kPa (30 psi). Shut off air supply.
.5, Inspect all connections for air leakage.
6. System pressure should not drop more than 35 kPa (5 psi) in 15 seconds.

L If the pressure drop is more than specified, use a solution of soap and water to check all areas of
possible leakage and look for air bubbles. Replace hoses or repair the aftercooler core as needed.

[l s =
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To help prevent personal injury when the tooling is removed, relieve all
pressure in the system slowly by using air regulator and valve assembly
: .

8. After testing, remove FT Tooling and connect air pipes on each side of the aftercooler.

Dynamometer Test -

Air to air aftercooled chassis dynamometer tests, in hot ambient temperatures, can add a greater heat
- load to the jacket water cooling system, therefore the jacket water cooling system temperature must be
monitored. Also, monitor the inlet air temperature as it may need a power correction factor along with -
~fuel API, fuel temperature and barometric pressure.

NOTE: Refer to special instructions Truck Performance Diagnostic Guide, SEBD0808 and Using
The Caterpillar Performance Analysis Report (PAR) Program For On-Highway Truck Engines,
SEHS8025 for more detailed instructions concerning preparation of the truck, proper use of the
dynamometer and use of the Technical Information File microfiche.

For engine dynaymOmeter’ tests, use the FT1438 Dynamometer Testing Aftercooler. FT1438 provides
an air to water aftercooler to control the inlet air temperature to 43°C (110°F).

Crankcase (Crankshaft Compartment) Pressure

: . , Tools Needed |
B 872700 - Indicator Group 1

Pistons or rings that have damage can be the cause of too much pressure in the crankcase. This
‘condition may cause the engine to run rough. There will also be more than the normal amount of
fumes (blowby) coming from the crankcase breather. The breather can then become restricted in a
~ very short time, causing oil leakage at gaskets and seals that would not normally have leakage. Other
~ sources of blowby can be worn valve guides or turbocharger seal leakage. :
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8T2700 Indicator Group

‘The 812700 Indicator Group is used to check the amount of blowby. The test procedure is in Special
Instruction, SEHS8712. -

- Compression

.- An engine that runs rough can have a leak at the valves, or have valves that need adjustment. Removal
of the head and inspection of the valves and valve seats is necessary to find those small defects that do

- not normally cause a problem. Repair of these problems is normally done when reconditioning the
engine. . '

Cylinder Head
The cylinder head is a one piece casting with two inlet and two exhaust valves per cylinder. The
cylinder head has valve seat inserts (one insert has an integral air deflector), valve guides and bridge
dowels that can be removed when they are worn or have damage. Replacement of these components

‘can be made with the tools that follow.

NOTE: One inlet insert has a lip which has to be installed at a predetermined angle, make sure the
correct angle is obtained before installation.

Valves

Valve removal and installation is easier with use of the 551330 Valve Spring Compressor Assembly
and 581322 Valve Keeper Inserter.
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Valve Seat Inserts

Valve seat inserts can be removed and installed. For easier installation, lower the temperature of the
~ insert before it is installed in the head.

Valve Guid_es

Valve guides can be removed and installed. The counterbore in the driver bushing installs the guide to

the correct height. Use a 1P7451 Valve Guide Honing Group to make a finished bore in the valve

guide after installation of the guide in the head. Special Instruction, SMHS7526 gives an explanation
for this procedure. Grind the valves after the new valve guides are installed.

v.Che'cking Valve Guide Bores v

Use the 5P3536 Valve Guide Gauge Group to check the bore of the valve guides. Special Instruction,
-GMG02562 gives complete and detailed instructions for use of the 5P3536 Valve Guide Gauge
Group. ,

:Bridjge Dowel

Use a 5P0_944 Dowel Puller Gréup with a 5P0942 Extractor to remove the bridge dowels. Install a
new bridge dowel with a SP2406 Dowel Driver. This dowel driver installs the bridge dowel to the
correct height.

- Bridge Adjustment

When the head is disassembled, keep the bridges with their respective cylinders. Adjustment of the
bridge will be necessary after the valves are ground or other reconditioning of the cylinder head is

* done. The bridge should be checked and/or adjusted each time the valves are adjusted. To check for
wear use a dial indicator to measure the amount of wear on the bridge seat. Make sure the contact
point on the dial indicator is small enough in diameter to get an accurate measurement.
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C34654P1 L

Dimensions For Reconditioning Bridge Seat
(A) Minimum dimension after reconditioning ... 16.51 mm (.650 in). (B) Allowable wear before reconditioning ... 0.13
~mm (.005 in). '

- Use the bridge again if the wear is 0.13 mm (.005 in) or less. When the wear seat is worn more than

* the allowable limit, the worn surface of the seat can be ground flat. The maximum amount of material
that can be removed is 0.38 mm (:015 in). If the seat cannot be made flat, replace the bridge.
Reconditioning of the wear seat can only be done once.

Use the procedure that follows to make an adjustment to the bridge.

- NOTE: Valves must be fully closed.

Brldge Adjustment

1. Put engine oil on the bridge dowel in the cylinder head and in the bore in the bridge.
2. Insfcall the bridge with the adjustment screw toward the exhaust manifold.

3. Loosen the locknut for the adjustment screw and loosen the adjustment screw several turns. -
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4. Put a force on the bridge with a finger to keep the bridge in contact with the valve stem opposite the
adjustment screw. '

-8, Turn the ‘a_djustmentv screw clockwise until it just makes contact with the valve stem. Then turn the
adjustment screw 30 degrees more in a clockwise direction to make the bridge straight on the dowel,
and to make compensation for the clearance in the threads of the adjustment screw.

6. Hold the adjustment screw in this position and tighten the locknut to 30 + 4 N-m (22 + 3 Ib ft).

7. Put engine oil at the point where the rocker arm makes contact with the bridge.

Valve Lash Setting

-~ NOTE: Valve lash is measured between the rocker arm and the bridge for the valves.

Valve Lash Check: Engine Stopped
Exhaust \ 0.69 to 0.84 mm (.027 to .033 in)
et 0,30 to 0.46 mm (.012 to .018 in)

NOTE: When the valve lash is checked, adjustment is not necessary if the measurement is in the
range given in the chart for Valve Lash Check: Engine Stopped. If the measurement is outside this
range, adjustment is necessary. See the chart for Valve Lash Setting: Engine Stopped, and make the
setting to the nominal (desired) specifications in this chart.

" Valve Lash Setting: Engine Stopped
Exhaust . 0.76 mm (.030 in}
" lnlet | '0.38 mm (.015in)

e

; Valve Lash Check

-~ To make an adjustmént to the valve lash, turn the adjustment screw in the rocker arm. Valve lash
adjustments can be made by using the procedure that follows:
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1. Put No 1 piston at top center (TC) on the compression stroke Make reference to Finding Top
Center Compression Posmon For No. 1 Piston.

2 Make an adjustment to the valve lash on the inlet valves for cylinders 1, 2 and 4. Make an
adjustment to the valve lash on the exhaust valves for cylinders 1, 3, and 5.

Valve Adjustment

3. After eachv adj_ustment, tighten the nut for valve adjustment screw to 30 = 4 N-m (22 + 3 Ib ft), and
check the adjustment again.

4. Remove the timing bolt and turn the flywheel 360 degrees in the direction of engine rotation. This
‘will put No. 6 piston at top center (TC) on the compression stroke. Install the timing bolt in the
flywheel.

5. Make an adjnstment to the valve lash on the inlet valves for cylinders 3, 5, and 6. Make an
adjustment to the valve lash on the exhaust valves for cylinders 2, 4, and 6.

6. Remove the timing bolt from the flywheel when all adjustments to the valve lash have been made.

- FUEL SYSTEM
6§ 5 4 3 2 1 -
m . 1
ERCELEREX PR EX N E
O INLET VALVES
o EXHAUST VALVES
R D56439

Cylinder And Valve Location
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Jake Brake‘ Adjustmeht

NOTE: Slave piston lash is measured between the slave piston (both ends of the yoke) and the bridgé.

_ Slave Piston Lash Sét_ti;ig
| Brake Model . Lash Setting
L 346B 1,78 mm (.070 in)
| 346Cc 2.03 mm (080 in)
T [~ 7 170 mm (067 in)
On a-r—l—y model not st;(?wn,' see specifications on the brake serial
“number plate.

" Use the procedure that follows to make the adjustment:

Slave Piston Lash Adjustment (Typical Example)
(1) Screwdriver. (2) Adjustment screw. (3) Locknut. (4) Feeler indicators.

1. Put No. 1 piston at top center (TC) on the compression stroke. Make reference to Finding Top
- Center Compression Position For No. 1 Piston.

~2.'Loosen locknut (3). With screwdriver (1), turn adjustment screw (2) to make correct adjustment for
-cylinders 1, 3, and 5. ‘

3. After each adjustment, tighten locknut (3) to a torque of 22 N'm (16 1b ft) and check the slave
piston lash again.

NOTE: Be sure to 'éheck the lash with two feeler indicators (4) at the same time (one under each side
of slave piston).

4. Remove the timihg bolt and turn the flywheel 360 degrees in the direction of engine rotation. This
will put No. 6 piston at top center (TC) on the compression stroke. Install the timing bolt in the
flywheel. ~ -~ -

5, Make an adjustment to the slave piston lash for cylinders 2, 4, and 6.

- 6. Remove the timing bolt from the flywheel when all adjustments have been made.
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.Lubrication System

‘One of the problems in the list that follows w111 generally be an indication of a problem in the
lubrlcatlon system for the engme

‘f" Too Much Oil Consumptlon
* Qil Pressure Is Low

* Oil Pressure Is High

* Too- Much Bearing Wear

* Increased Oil Temperature

Too Much Oil Consumbtion

Oll Leakage On Qutside Of Engine

Check for leakage at the seals at each end of the crankshaft. Look for leakage at the oil pan gasket and
all lubrication system connections. Check to see if oil comes out of the crankcase breather. This can
be caused by combustion gas leakage around the pistons. A dirty crankcase breather will cause high
pressure in the crankcase, and this will cause gasket and seal leakage.

- Oil Leakage Into Combustion Area Of Cylinders

0Oil leakage into the combustion area of the cylinders can be the cause of blue smoke. There are four
p0551ble ways for oil leakage into the combustion area of the cylinders:

. 1.0il leakage between worn valve guides and valve stems.
2. Worn 6r damaged piston rings, or dirty oil return holes
3. Compression ring and/or .intermediavte ring not installed correctly.
- 4, Oil leakage past the seal ringé in the impeller end of the turbocharger shatft.

‘Too much oil consumption can also be the result if oil with the wrong viscosity is used. Oil with a
‘thin viscosity can be caused by fuel leakage into the crankcase, or by increased engine temperature.

' Measuring Engine Oil Pressure

- o Tools Needed
T1UB470 Engine Pressure Group | 1

‘An oil pressure indicator that has a defect can give an indication of low oil pressure.

. Thé 1U5470 Engine Pressure Group can be used to check engine oil pressure.
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C3180971

- 1U5470 Engine Pressure Group

This tool group has a indicator to read oil pressure in the engine. Special Instruction, SEHS8907 is
with the tool group and gives instructions for the test procedure.

1. Be sure that the engine is filled to the correct level with SAE 10W-30 oil. If any other viscosity of
~ oil is used, the information in the Engine Oil Pressure Graph does not apply.

Oil Manifold (Right Side Of Engine)
(1) Pressure test location.

khttps://si_s.cat.Com/sisweb/sisweb/techdoc/techdoc _print_page.jsp?returnurl=/sisweb/siswe... 9/21/2011



Advanced Full Text Search - SENR6547 - 3406C DIESEL TRUCK ENGINE Page 79 of 113

~oooil Pressure Indicator Connection (Left Side Of Engine)
) Pressure test location. -

- 2. Connect _the" 1U547_0 Engine Pressure Group to the main oil manifold at pressure test location (1) or
pressure test location (2).

- 3. Operate the engine to get'it up to normal operating temperature.
4. Keep the oil temperature constant with the engine at its rated rpm, and read the pressure indicator.
- NQTE»: Make sure engine oilvtel‘nvperé.ture does not go above 115°C (239°F).

- 5. On the Engine 0il Pressure Graph, find the point that the lines for engine rpm and oil pressure
intersect (connect). ‘
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6. If the results do not fall within the "ACCEPTABLE" pressure range given in the graph, find the
cause and correct it. Engine failure or a reduction in engine life can be the result if engine operation is
continued with oil manifold pressure outside this range.

NOTE: A record of engine oil pressure, kept at regular intervals, can be used as an indication of
possible engine problems or damage. If there is a sudden increase or decrease of 70 kPa (10 psi) in oil
pressure, even though the pressure is in the "ACCEPTABLE" range on the graph, the engine should
be inspected and the problem corrected.

Oil Pressure Is Low
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fCrankcase 0il Level

Check the level of the oil in the crankcase. Add oil if needed. It is possible for the oil level to be too

far below the engine oil pump supply tube. This will cause the engine oil pump to not have the ability
to supply enough lubrication to the engine components.

| Engine Qil Pump Doe‘s Not Work Correctly

‘The inlet screen of the supply tube for the engine oil pump can have a restriction. This will cause
cavitation (low pressure bubbles suddenly made in liquids by mechanical forces) and a loss of oil
pressure. Air leakage in the supply side of the engine oil pump will also cause cavitation and loss of
oil pressure. If the bypass valve for the engine oil pump is held in the open (unseated) position, the
lubrication system can not get to a maximum pressure. Engine oil pump gears that have too much

* wear will cause a reduction in oil pressure.

Engine Oil Filter Bypass Valves

If the bypass valve for the engine oil filter is held in the open position (unseated) because the engine
oil filter has a restriction, a reduction in oil pressure can result. To correct this problem, remove and
clean the bypass valve and bypass valve bore. Install a new engine oil filter to be sure that no more
debris makes the bypass valve stay open.

Too Much Clearance At Engine Bearings Or Open Lubrication System (Broken
Or Disconnected Qil Line Or Passage)

Components that are worn and have too much bearing clearance can cause oil pressure to be low. Low
- oil pressure can also be caused by an oil line or oil passage that is open, broken or disconnected.

Piston Cooling Jets

When the engine is operated, piston cooling jets direct oil toward the bottom of the piston to lower
piston and ring temperatures. If there is a failure of one of the piston cooling jets, or it is bent in the
~wrong direction, selzure ‘of the plston will be caused in a very short time.

To ehmlnate the poss1b111ty of damaging piston cooling jets during removal of the connecting rod cap,
the piston cooling jet assembly should always be removed. The wider connecting rod cap design,
cannot be removed without damaging the "double tube" piston cooling jet design.

Use the 5P8709 Piston Tool Group to check and adjust the alignment of piston cooling jets.

- NOTE: This tool grqup does not currently accommodate the "double tube" piston cooling jet design.

Ol Pressure Is High

Oil pressure will be hlgh if the bypass valve for the engine oil pump can not move from the closed
position. -
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Too Much BearingWear

When some components of the engine show bearing wear in a short time, the cause can be a
restriction in an oil passage.

~If the indicator for oil pressure shows enough oil pressure, but a component is worn because it can not

get enougI} lubrication, look at the passage for oil supply to the component. A restriction in a supply
passage will not let enough lubrication get to a component, and this will cause early wear.

Increased Oil Temperature

Look for a restriction in the oil passages of the engine oil cooler. If the engme oil cooler has a
restriction, the oil temperature will be higher than normal when the engine is operated. The oil
pressure of the engine will not get low just because the engine oil cooler has a restriction.

Also check the engine oil cooler bypass valve to see if it is held in the open position (unseated). This
condition will let oil through the valve instead of the engine oil cooler, and oil temperature will
- increase.

Cooling‘System

* This engine has a pressure type cooling system. A pressure type cooling system gives two advantages.
The first advantage is that the cooling system can have safe operation at a temperature that is higher
than the normal boiling (steam) point of water. The second advantage is that this type system prevents
cavitation (low pressure bubbles suddenly made in liquids by mechanical forces) in the water pump.
With this type system, it is more difficult for an air or steam pocket to be made in the cooling system.

The ceuse for increased engine temperature is generally because regular inspections of the cooling

system were not made. Make a visual inspection of the cooling system before a test is made with test
equlpment

Visual Inspection Of The Coeling System

1. Check coolant level in the cooling system.
2. Look for leaks in the system.,

NOTE: Water pump seals. A small amount of coolant leakage across the surface of the "face-type"
seals is normal, and required, to provide lubrication for this type of seal. A hole is provided in the
water pump housing to allow this coolant/seal lubricant to drain from the pump housing. Intermittent
leakage of small amounts of coolant from this hole is not an indication of water pump seal failure.

“Replace the water pump seals only if a large amount of leakage, or a constant ﬂow of coolant is
observed draining from the water pump housing.

3. Look for bent radlator fins. Be sure that air flow through the radiator does not have a restriction.

4, Inspect.the drive belts for the fan.
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5. Check for damage to the fan blades.
6. Look for air or chbustion gas in the cooling syétem.

7. Inspect the filler cap and the surface that seals the cap. This surface must be clean.

~ Testing The Cooling System

- Remember that temperature and pressure work together. When a diagnosis is made of a cooling
system problem, temperature and pressure must both be checked. Cooling system pressure will have
an effect on cooling system temperatures. For an example, look at the chart to see the effect of

- pressure and height above sea level on the boiling (steam) point of water.

A28417.2P1  COOLING SYSTEM PRESSURE
ALTVTUDE | -
L ‘ : §5 70 85 8

METERS . FEET : _ 1: v :! ‘: : 0 12 14 pSL

4300 14,000 -

3000 40,000 AN

N\
| \NEAVAR'ANY
e sma av e wh Ay
N

1200 2,000 |- N ‘ \
oo a0 MNARRN AN
' WMVABANRNNY

SEA LEVEL O _
"z T 9% 5 104 110 s r°C
180 190 200 20 270 230 240 250°F

~ BOILING POINT QF WATER

Test Tools for Cooling System

, ‘ Tools Needed

4C6500  Digital Thermometer Group 1

872700 Blowby/Air Flow Indicator Group 1
SU7400  Multitach Group ' 1

958140 Cooling System Pressurizing Pump Group 1
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4C6500.Digital Thermometer Group

- The 4C6500 Digital Thermometer Group is used in the diagnosis of overheating (engine hotter than
normal) or over cooling (engine cooler than normal) problems. This group can be used to check
temperatures in several different parts of the cooling system. The testing procedure is in Operating

- Manual, NEHS0554. -

C31391P

8T2700 Blowby/Air Flow Indicator Group

The 8T2700 Blowby/Air Flow Indicator Group is used to check the air flow through the radiator core.
- The test procedure is in Special Instruction, SEHS8712.
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D13491

9U7400 Multitach Group

The 9U74OO Multitach Group is used to check the fan speed. The Operator's Manual, NEHS0605, for
the operatlng 1nstructlons for this tool.

c81882M

988140 Cooling System Pressurizing Pump Group

The 9581 46 Cooling Systém Pressurizing Pump Group is used to test pressure caps and to pressure
--check the cooling system for leaks.
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A WARNING

DO NOT loosen the filler or pressure cap on a hot engine. Steam or hot
coolant can cause severe burns.

‘Checking Pressure Cap
—
, } _ Tools Needed ]
958140 Cooling System Pressurizing Pump Group 1

One cause for a pressure loss in the cooling system can be a defective seal on the radiator pressure
- cap.

44 WARNING

DO NOT loosen the filler or pressure cap on a hot engine. Steam or hot
coolant can cause severe burns.

Aﬁer the engine is cool, loosen the pressure cap and let the pressure out of the cooling system. Then
‘remove the pressure cap.
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Typical Schematic Of Pressure Cap
" /(A) Sealing surface of cap and radiator.

Inspect the pressure cap carefully. Look for damage to the seal or to the surface that seals. Any
foreign material or deposits on the cap, seal or surface that seals, must be removed.

The 958140 Cooling System Pressilrizing Pump Group is used to test pressure caps and to pressure
check the cooling system for leaks.

DO NOT loosen the filler or pressure cap on a hot engine. Steam or hot
coolant can cause severe burns.

To check the preSsufe cap for the pressure that makes the pressure cap open, use the procedure that
follows:

1. Remove the pressure cap from the radiator.
2. Put the pressure cap on the 958140 Cooling System Pressurizing Pump Group.
3. Look at the indicator for the exact pressure that makes the pressure cap open.

4. Make a comparlson of the readlng on the indicator with the correct pressure at which the pressure
i cap must open
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NOTE: The correct pressure that makes the pressure cap open is on the pressure cap and is also in the
‘Specifications module.

5. If the pressure cap 'is’defectii/e, install a new pressure cap.

- Testing Radiator And Cooling System For Leaks

- Tools Needed
988140 Coolrng System Pressurizing Pump Group 1

To test the radiator and cooling system for leaks, use the procedure that follows:

C e

DO NOT loosen the filler or pressure cap on a hot engine. Steam or hot
coolant can cause severe burns.

1. Remove the preséure cap from the radiator.
2. Make sure the coolant is over the top of the radiator core.
3, Put the 958140 Cooling System Pressurizing Pump Group on the radiator.

4. Operate the pump group and get a pressure reading on the indicator that is 20 kPa (3 psi) more than
the pressure marked on the pressure cap.

5. Check the rad1ator for outside leakage.

6. Chcck all connections and hoses for the cooling system for outside leakage.

7. If you do not see any outside leakage and the pressure reading on the indicator is still the same after
" 5 minutes, the radiator and cooling system does not have leakage. If the reading on the indicator goes

down and you do not see any outside leakage, there is leakage on the inside of the cooling system.
-"Make repairs as necessary.

- Indicator For Wate,lf Temperature

; . Tools Needed _
4CB500  Digital Thermometer Group 1
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e ne i

4C6500 Digital Thermorr_i'eter Group

- If the engine gets too hot and a loss of coolant is a problem, a pressure loss in the cooling system
could be the cause. If the indicator for water temperature shows that the engine is getting too hot, look
for coolant leakage. If a place can not be found where there is coolant leakage check the accuracy of
the indicator for water temperature. A temperature indicator of known accuracy can be used to make
this check. Also, the 4C6500 Digital Thermometer Group may be used.

[ waane —

Work carefully around an engine that is running. Engine parts that are
hot, or parts that are moving, can cause personal injury.
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- A33179P1

- Water Temperature Indicator

Start the engine and run it until the temperature is at the desired range according to the test indicator
or thermometer. If necessary, put a cover over part of the radiator or cause a restriction of the coolant
flow. The reading on the indicator for water temperature must be the same as the test indicator or

- thermometer within the tolerance range in the chart. '

' | Test Test
~ Pointer Thermometer Thermometer
, Position . ce F°
R 851077 150 to 170
i 2 99 t0 103 210 t0 218

" Water Temperature Regulators

1. Remove the regulator from the engine.

2. Heat water in a pan until the temperature is 98°C (208°F). Move the water around in the pan to
make it all the same temperature.

| 3. Hang the 'regulato‘r in the pan of water. The regulator must be below the surface of the water and it
must be away from the sides and bottom of the pan.

- 4.Keep the water at the correct temperature for ten minutes.
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- 5. After ten minutes, remove the regulator and immediately measure the distance the regulator has
opened. The distance must be a minimum of 10.4 mm (.41 in).

6. If the distance is less than 10.4 mm (.41 in), make a replacement of the regulator.

' Be_lt Tension Chart

_ _BELT TENSION CHART
GAUGE READING BORROVUGHS GAUGE NUMBER
BELT WIDTH
BELT Top BELT TEMNSIOH BELT TENSION
SIZE. » " oLD NE W
, : : INITIAL" - JUSED"me  JGAUGE NUNBER ({GA
_ MM JoIN N 1B N 0B GAUGE NUMBY
3/m 110.72 | 0.4312 | 445+/-22 {100+ /-5 [400+/-22 | 80e/-5 BT-33-85 BT-33=37
1/2 15.82 | ¢.547 |534+4/~22 | 120+ /~3 [400+/~4a | 90+ /=0 BT-11-45 BT-33~97
5v 14,88 | 0.62¢8 |53v4/-22 [1204/=5 [4DO+/=as | SO+/~1D BT-33-72 gT-33-72€
15/16 | 17.48 | 0.588 |534+/~22 [120+ /=5 |400+/=4a | 50+r—10 BT=33w-72 at-33=72C
3r¢ | 19.08 | D750 |934+/—22 | 120+ /-5 |40D+s-d4 | PO+/-T0 BT-33-72 BI-33-72C
15716 | 23.83 | 0.983 [534+/=~22 1120475 [4004/-14 [ DO/ 0 BT-331-72 BT-13-77
Ak |'27.92 | 1.0GY |800+/ =22 (18044 =5 {4BD+/—44 |VVO+ /-0 e BT-33-108
BPK 20.94 | 0.824 [667+/-22 |150+,~5 | 4B7¢/-aa {505+ /-0 mr——— BY-33-10%
_ MEASURE TENSION OF BELT FARTHEST FROM ENGINE
a BELT TENSION “INITIAL" is For o new b&lL.
¢o BELT TENSION “"USED™ Is far o heit wiih cver
38 minutes of gperalion al raled aspees. oIS

" Basic Block

Piston Rings

This engine has piSton grooves and rings of the KEYSTONE (taper) design. The 1U6431 Gauge
Group is available to check the top two ring grooves in the piston. For correct use of the gauge group

see the instruction card that is with the gauge group.
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1“‘31 KEYSTOFE PATON RING GHOO\‘E GALGE GROUP

T _.._GAUGES TO USE
- | PORE R TERMEDIATE
| SIZE TYPICAL ENGINES _ 7TOP GROOVE _GROOVE |
475" 3300, 674 ... . __ @ B FJ
547 | D343,1603 . ) l N
54 |[pM6DWBOMS . B A
S4% | 3406, 3400 3412 a T A
{with 18" \op ring) - N USE AGAIN IF ANY
5 ‘n . m. ym. 3‘12 ..-é- == " = i" LIGHr Ckh BE SEEN
1o L 1with rger 1op ring) N
547 " 34D6B Truck G A 1 \

: [1985UPY L. L, . R ‘
575 D343 . LT C
625 D353 I i e X e avemt I
F ]

mO o
l-.-t-
[}

170 mavy 3508, 3612 3516

CHECK GROOVES AT T\HO AQSITIONS. OGN MAJOH DIAMETEH 9(]’
FROM EACH PIN BORE B00OY OF GAUGE MUST ALWAYS BE OVER D NOT USE AGAIN
" CAST BAND (SEE DRAWINGS!

SEESS678-01

- C4802¢1

. Instructions For 1U6431 Gauge Group

Connecting Rods And Pistons

E Usé the 7M3 978 Piston Ring Expander to remove or install piston rings.
Use the 5P3526 Piston Ring Compressor to install pistons into cylinder block.
Tightén the connecﬁng rod nuts in the step seqﬁence that follows:
1. Put 4C5593 Thread Lubriéant on bolt threads and contact surfaces of nut and cap.
2. Tighteﬁ all nuts _to'90 + 8 N'm (66 £ 6 Ib ft).
‘3. Puta m‘ark on each nut and é’nd of bolt.
4. Tighten each nut 90 degrees + 5 degrees from the mark.

, The connecting rod bearings fit tightly in the bore in the rod. If bearing joints or backs are worn
(fretted), check bore size. This can be an indication of wear because of a loose fit.

ConnectingRod And Main Bearings

Connecting rod bearings are available with 0.63 mm (.025 in) and 1.27 mm (.050 in) smaller inside
‘diameter than the original size bearings. These bearings are for crankshafts that have been
"ground" (made smaller than the original size).

Maln bearings are available with a larger outside diameter than the original size bearings. These
bearings are for cylinder blocks that have had the bore for the main bearings "bored" (made larger
than the original size). The size available is 0.63 mm (.025 in) larger outside diameter than the

- original size bearings. -
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Cylinder Block

. - , , Tools Needed
1P3537  Dial Bore indicator Group 1

€31 8941

1P3537 Dial Bore Indicator Group

The bore in the block for main bearings can be checked with the main bearing caps installed without
bearings. Tighten the nuts that hold the caps to the torque shown in the Specifications module.
~ Alignment error in the bores must not be more than 0.08 mm (.003 in). Special Instruction,
SMHS7606 gives instructions for the use of 1P4000 Line Boring Tool Group for alignment of the
* main bearing bores. The 1P3537 Dial Bore Indicator Group can be used to check the size of the bores.
Special Instruction, GMGO00981 is with the group.

“ Cylind‘ér Liner Projection

NOTE: This procedure alleviates the need for the "H" bar to hold down liners during projection
measurements. '

Tools Needed
'8T0455  Liner Projection Tool Group 1
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3
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Cylnder Lin

C57723P1

Liner Projection Components
(1) Bolt. (2) Wasthier. (3) Washer,

" Components Needed

| ,
1tem | Part No. | Description | Quantity For | Quantity For
Be One Cylinder | Six Cylinders
1 7H3598 Bolt 8 26
& 26

| 2 | 8F148a | washer
3 |7k1977'| wWasher | 6

1 These are fabric material washers, an expendable item,
therefore you may wish to order more than the amount

26

indicated. :

Install clean llners or cyhnder packs (without the filler band or the rubber seals), spacer plate gasket

“and clean spacer plate.
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Install bolts and wéshers, as indicated previously, in the holes. Install all bolts or the six bolts around
the liner. Tighten the bolts to a torque of 95 N'm (70 Ib ft).
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Use the 8T0455 Liner Projection Tool Group to measure liner projection at positions indicated with

and A; B, C and D. Record measurements for each cylinder. Add the four readings for each cylinder
and divide by four to find the average.

""" Specifications ]
Liner Projection (0.025 to 0.152 mm
| . , (0.0010 to 0.0060 in)
- Maximum Variation 0.051 mm
In Each Liner = . {0.002¢ in) i
Maximum Average Variation 0.051 mm
Between Adjacent Liners (0.0020 in} .
Maximum Variation : 0.102 mm
Between All Liners ] (0.0040 in}

If the liner projéctions are out of specification, try rotating the liner or install the liner in another bore
to see if the measurements improve.

If the liner projections are all below the specifications or low in the range, 0.025 mm (0.0010 in) or
0.051 mm (0.0020 in), try using a thinner spacer plate (613189 or 614303). These plates are 0.076 mm
~ (0.0030 in) thinner than the regular plate and they will increase the liner projection, thus increasing
the fire ring crush. Use these spacer plates to compensate for low liner projections that are less than
0.076 mm (0.0030 in) or if the inspection of the top deck reveals no measurable damage directly
under the liner flanges, but the average liner projection is less than 0.076 mm (0.0030 in).

‘Do not exceed the maximum liner projection of 0.152 mm (0.0060 in). Excessive liner projection will
contribute to liner flange cracking.

With the proper liner projection, mark the liners in the proper position and set them aside.

When the engine 1s ready for final assembly, the o-ring seals, cylinder block and upper filler band
must be lubricated before installation.

NOTE: Apply clean engine oil immediately before assembly. If applied to early, the seals may swell
and be pinched under the liners during installation.

| Fvlv‘ywheel And Flywheel Housing

Tools Needed
8T5096  Dial Incicator Group 1

Heat the ring gear to install it. Do not heat to more than 315°C (600°F). Install the ring gear so the
_ chamfer on the gear teeth are next to the starter pinion when the flywheel is installed.
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Face Run Out (Axial EccentricftvLOf The Flywheel Housing

If any method other than given here is used, always remember bearing clearance must be removed to
get correct measurements.

v eer: B -~ @
MﬁéT?ﬁ | ’ ‘ \

8T5096 Dial Indicator Group Installed

c (TOP)

D578 A (BOTTOM)

Checking Face Runout Of The Flywheel Housing
(A) Bottom. (B) Right side. (C) Top. (D) Left side.
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1. Fasten a dial 1nd1cator to the crankshaft flange so the anvil of the indicator will touch the face of the
flywheel housing. v

2. Put a force on the crankshaft toward the rear before the indicator is read at each point.

- 3. With dial indicator set at 0.0 mm (.000 in) at location (A), turn the crankshaft and read the indicator
"at locations (B), (C) and (D).

4. The difference between lower and hlgher measurements taken at all four pomts must not be more
than 0.38 mm (.015 in), wh1ch is the maximum permissible face run out (axial eccentricity) of the
‘ ﬂywheel housing.

- Bore Runout (Radial Eccentricity) Of The Flywheel Housing

mo2mPs \

8T5096 Dial Indicator Group Installed

1. Fasten the dial indicator as shown so the anvil of the indicator will touch the bore of the flywheel
housing.

2, Wlth the dial indicator in position at (C), adjust the dial indicator to "0" (zero). Push the crankshaft
up against the top of the bearing. Write the measurement for bearing clearance on line 1 in column
'(C) in the chart for dial indicator measurements.

NOTE: Write the dial indicator measurements with their positive (+) and negative (-) notation
(signs). This notation is necessary for making the calculations in the chart correctly.

3. Divide the measurement from Step 2 by 2. Write this number on line I in columns (B) & (D).

4 Turn the crankshaft to put the dial indicator at (A). Adjust the dial indicator to "0" (zero).
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S SilTurn' the crankshaft‘counterclockwise to put the dial indicator at (B). Write the measurements in the

¢ (TOP)

D15716 e A (BOTTOM)

Checking Bore Runout Of The Flywheel Housing

-~ 6. Turn the crankshaft counterclockwise to put the dial indicator at (C). Write the measurement in the
- chart. . o B

7. Turn the crankshaft counterclockwise to put the dial indicator at (D). Write the measurement in the
- chart. ‘

CHART FOR DIAL INDICATOR MEASUREMENTS |

Position of
dial indicator
| No | A]B|cgo
Correction for bearing clearance | 0
- |Dial_ Indicator Reading I 0
{Total of Line 1t & 2 il G [ es| » | ae

sTotal Vertical eccentricity {out of round).

ssSubtract the smaller No. from the larger No. The difference is
the totul horizontal eccentricity.

D15721

- 8. Add lines I and 1 by columns
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9. Subtract the smaller number from the larger number in line I1I in columns (B) & (D). The result is
the horlzontal eccentr1c1ty (out of round). Line III, column (C) is the vertical eccentricity.

~10.0n the graph for total eccentricity find the point of intersection of the lines for vertical eccentricity

~and horizontal eccentricity.

11. If the point of intersection is in the range marked "Acceptable” the bore is in alignment. If the
point of intersection is in the ranged marked "Not Acceptable” the flywheel housing must be changed.

‘+0,30
{.012)

+0.25
(010)

1 0.20

{.008)

1 !{Pﬁ:}%]

+ 0.10
(.004)

t 005
(.002)

015733

ll

" Graph For Total Eccentricity

+

*0.30
{.012)

: o Face Runout (AXial Eccentricitv) Of The Flywheel

1. Install the dial indicator as shown. Always put a force on the crankshaft in the same direction
_before the indicator is read so the crankshaft end clearance (movement) is always removed.
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74912P1

: Cheéking Face Runout Of The_ Flywheel
2. Set the dial indicator to read 0.0 mm (.000 in).
3. Turn the flywheel and read the indicator every 90 degrees.

. 4. The difference between the lower and higher measurements taken at all four points must not be
more than 0.15 mm (.006 in), which is the maximum permissible face runout (axial eccentricity) of
- the flywheel. .
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Bore Runout (Radial Eccentricity) Of The Flywheel

 74910P2

- Checking Bore Runout Of The Flywheel
(1) 7TH1945 Holdmg Rod. (2) TH1645 Holdmg Rod. (3) 7H1942 Indicator. (4) 7H1940 Universal Attachment.

1. Install the dial indicator (3) and make an adjustment of the universal attachment (4) so it makes
contact as shown.

2. Set the dial indicator to read 0.0 mm (.000 in).
3. Turn the ﬂywheel and read the indicator every 90 d‘egrees

4. The difference between the lower and higher measurements taken at all four points must not be
more than:

Flywheel without BrakeSaver ... 0.15 mm (.006 in)

Flywheel with BrakeSaver ... 0.25 mm (.010 ih)
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74911P1

Checking Flywheel ClutchPilot Bearing Bore

5 Runout (eccentricity) of the bore for the pilot bearing for the flywheel clutch, must not exceed:
| Flywheel without BrakeSaver .0.13 mm (.005 in)
" Flywheel with BrakeSaver ... 0.25 mm (010 in)

-Vib’ration Damper |

Damage to or failure of the damper will increase vibrations and result in damage to the crankshaft and
‘may cause more gear train noise at certain engine speeds.

\ Vibratidn Damper
- (1) Alignment marks.

The vibration damper has alignment marks (1) on the hub and the ring. These marks give an
_“indication of the condition of the vibration damper. If the marks are not in alignment, the rubber part
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(between the ring and the hub) of the vibration damper has had a separation from the ring and/or hub
Install a new vibration ‘damper.

A used vibratiOn damper can have a visual wobble (movement to the front and then to the rear when
in rotation) on the outer ring and still not need replacement, because some wobble of the outer ring is

normal. To see if the amount of wobble is acceptable, or replacement is necessary, check the damper
with the procedure that follows:

1. Install a dial indicator, contact point and other parts as necessary to hold the dial indicator
stationary. The contact point must be perpendicular (at 90 degrees angle) to the face of the outer ring
- of the damper, and must make contact approximately at the center of the outer ring.

2. Push on the front end of the crankshaft so the end play (free movement on the centerline) is
removed. Keep the crankshaft pushed back until the measurements are done.

3. Adjuét the dial indicator to Zero.

4, Turn the crankshaft 360 degrees and watch the d1al indicator. A total indicator reading of 0.00 to

. 2.03mm ( 000.t0.080 in) is acceptable

'Electrical‘ System

Test ‘Tools For Electrical System

Tools Needed

4C4911  Baltery Load Tester - 1
GV?(}?{J Heavy-Duty Digital Multtmeter ‘ 1

Most of the tests of the electrical system can be done on the engine. The wiring insulation must be in
good condition, the wire and cable connections must be clean and tight, and the battery must be fu}ly
charged. If the on-engine test shows a defect in a component, remove the component for more testing.

The service manu_al Testing And Adjusting Electrical Components, REG00636 has complete
specifications and procedures for the components of the starting circuit and the charging circuit.
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4C4911 Battery Load Tester

‘The 4C4911 Battery Load Tester is a portable unit in a metal case for use under field conditions and
high temperatures. It can be used to load test all 6, 8 and 12V batteries. This tester has two heavy-duty
load cables that can easily be fastened to the battery terminals. A load adjustment knob on the top
permits the current being drawn from the battery to be adjusted to a maximum of 100 amperes. The
tester is cooled by an internal fan that is automatically activated when a load is applied.

The tester has a built in LCD digital voltmeter and amperage meter. The digital voltmeter accurately
- measures the battery voltage at the battery through tracer wires buried inside the load cables. The
digital amperage meter accurately displays the current being drawn from the battery under test.

‘NOTE: ‘Make reference to Operating Manual, SEHS9249 for more complete information for use of
- the 4C4911 Battery Load Tester. ’ '

i https://sis.Cat.com/siSWeb/sisweb/techd()c/techdoc _print_page.jsp?returnurl=/sisweb/siswe... 9/21/2011



| Advanced Full Text Search - SENR6547 - 3406C DIESEL TRUCK ENGINE Page 106 of 113

CHFIEP1

6V7070 Heavy-Duty Digital Multimeter

The 6V7070 Heavy-Duty Digital Multimeter is a completely portable, hand held instrument with a
- digital display. This multimeter is built with extra protection against damage in field applications, and
is equipped with seven functions and 29 ranges. The 6V7070 Multimeter has an instant ohms
indicator that permits continuity checks for fast circuit inspection. It also can be used for
- troubleshooting small value capacitors.

NOTE: Make reference to Special Instruction SEHS7734 for more complete information for use of
the 6V7070.

Battel_y .

[ i waine

"Never disconnect any charging unit circuit or battery circuit cable from
‘battery when the charging unit is operated. A spark can cause an

~ explosion from the flammable vapor mixture of hydrogen and oxygen

- that is released from the electrolyte through the battery outlets. Injury
' o to personnel can be the result.

Before any testing is done on the electrical system, the batteries should be checked for good
. connections and must be at least 75 percent (1.225 Sp Gr) fully charged.

- The battery circuit is-an electrical load on the charging unit. The load is variable because of the
condition of the charge in the battery. Damage to the charging unit will result if the connections
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| .(ei.ther posi.tive'or negative) between the battery and charging unit are broken while the charging unit
is in operation. This is because the battery load is lost and there is an increase in charging voltage.

- High voltage will damage, not only the charging unit, but also the regulator and other electrical
components. =

: Use the 4C4911 Battery Load Tester to load test a battery that does not hold a charge when in use.
Refer to Operating Manual, SEHS9249 for more detailed instructions on use of the 4C4911 Battery

Load Tester. See Special Instruction, SEHS7633 for the correct procedure and specifications to use
when testing batteries.

Charging System |

- The condition of charge in the battery at each regular inspection will show if the charging system
~operates correctly. An adjustment is necessary when the battery is constantly in a low condition of -
charge or a large amount of water is needed (more than one ounce of water per cell per week or per

every 100 service hours).

“When it is possible, make a test of the charging unit and voltage regulator on the engine, and use
wiring and components that are a permanent part of the system. Off-engine (bench) testing will give a
test of the chargmg unit and Voltage regulator operatlon This testing will give an indication of needed
repair. After repairs are made, again make a test to give proof that the units are repaired to their
original condition of operation.

To check for correct output of the alternator, see the Specifications module.

For‘ complete service information, refer to Service Manual Module, SENR3862, Delco Remy 27-SI
Series Alternators. This module is part of REG00636 Service Manual.

Before the start of on-engine testing, the charging system and battery must be checked as shown in the
‘Steps that follow:

1. Battery must be at least 75 percent (1.225 Sp.Gr.) fully charged and held tightly in place. The
‘Battery holder must not put too much stress on the battery.

2. Cables between the battery, starter and engine ground must be the correct size. Wires and cables
must be free of corrosion and have cable support clamps to prevent stress on battery connections
(terminals).

3. Leads, junctions,: switches, and panel instruments that have direct relation to the charging circuit
must give correct circuit control.

4. Inspect the drive components for the charging unit to be sure they are free of grease and oil and
have the ability to operate the charging unit.

Alternatdr Regulator Adjustment (SN5692 or 9X6796)

When an alternator is charging the battery too much or not enough, the charging rate of the alternator
should be checked. Make reference to the Specifications module to find all testing spec1ﬁcat10ns for
the alternators and regulators.
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5N5692 Alternator -

(1) Ground terminal. (2) Pulley nut.
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J

[

D88548

9X6796 Alternator - - ’
(1) Ground terminal. (2) Pulley nut. (3) Battery terminal.

No adjustment can be made to change the rate of charge on the alternator regulators. If rate of change
is not correct, a replacement of the regulator is necessary.

 Alternator Pulley Nut Tightening (SN5692 or 9X6796)

- Tighten nut that holds the pulley to a torque of 102 £ 7 N'm (75 + 5 1b ft) with the tools shown.

Tools To Tighten Alternator Puliey Nut

- (1) 8T9293 Torque Wrench. (2) 851588 Adapter (1/2 inch female to 3/8 inch male). (3) 2P8267 Socket Assembly. (4)
8H8517 Combination Wrench (1 1/8 inch). (5) 8T5314 Socket.

StartiILg System

~ Use the multimeter in the DCYV range to find starting system components which do not function.

Move the start control switch to activate the starter solenoid. Starter solenoid operation can be heard
as the pinion of the starting motor is engaged with the ring gear on the engine flywheel.
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If: the solenoid for the starting motor will not operate, it is possible that the current from the battery
did not get to the solenoid. Fasten one lead of the multimeter to the connection (terminal) for the
battery cable on the solenoid. Put the other lead to a good ground. A zero reading is an indication that

“there is a broken circuit from the battery. More testing is necessary when there is a voltage reading on
the multimeter.

The solenoid operation also closes the electric circuit to the motor. Connect one lead of the
multimeter to the solenoid connection (terminal) that is fastened to the motor. Put the other lead to a
~good ground. Activate the starter solenoid and look at the multimeter. A reading of battery voltage
- shows the problem is in the motor. The motor must be removed for further testing. A zero reading on
the multimeter shows that the solenoid contacts do not close. This is an indication of the need for
repair to the solenoid or an adjustment to be made to the starter pinion clearance.

~-Make a test with one multimeter lead fastened to the connection (terminal) for the small wire at the
solenoid and the other lead to the ground. Look at the multimeter and activate the starter solenoid. A
voltage reading shows that the problem is in the solenoid. A zero reading is an indication that the
- problem is in the start switch or the wires for the start switch.

Fasten one multimeter lead to the start switch at the connection (terminal) for the wire from the

battery. Fasten the other lead to a good ground. A zero reading indicates a broken circuit from the

battery. Make a check of the circuit breaker and wiring. If there is a voltage reading, the problem is in
- the start switch or in the wires for the start switch.

A starting motor that operates too slow can have an overload because of too much friction in the

engine being started. Slow operation of the starting motor can also be caused by a short circuit, loose
connections and/or dirt in the motor.

| Pinion Clearémce Adjustment (7T0796)

When the solenoid is installed, make an adjustment of the pinion clearance. The adjustment can be
made with the starting motor removed.
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B18109F 1

Connection For Checking Pinion Clearance
(1) Connector (from MOTOR terminal on solenoid to motor). (2) SW terminal (3) Ground terminal.

1. With the solenoid instaﬂed on the starting motor, remove connector (1).
2. Congect a battery, of the same voltage as the solenoid, to the SW terminal (2). |
- 3. Cdnnect the other s»idevof the battery to ground tenﬁinal 3).
4. Conﬂecf fora morhent a wire from the solenoid connection (terminal) marked MOTOR to the

-ground connection (terminal). The pinion will shift to crank position and will stay there until the
“battery is disconnected.

 AB2295P2
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Pinion Clearance Adjustment
(4) Shaft nut. (5) Pinion. (6) Pinion clearance.

5. Push the pinion toward the commutator end to remove free movement.
6. Pinion dearance (6)-inust be 8.3 t09.9 mm (.33 to .39 in).
’ 7. To adjust pinion clearance, remove plug and turn shaft nut (4).

8. ‘Aftef the adjustment is completed, install the plug over adjustment shaft nut (4) and install
‘connector (1) between th¢ MOTOR terminal on the solenoid and the starting motor.

~ Pinion Clearance Adjustment (7T0795)

- The solenoid position on the starting motor controls pinion clearance. If the solenoid position is
correct, the pinion clearance is correct. Do the following procedure to adjust the solenoid position.

C14121P1 ' ‘ o _ ) 3

. Solenoid Assembly
(1) Intermediate housing. (2) Solenoid mounting bracket. (3) Bolts. (X) 62.50 + 0.20 - 0.50 mm (2.46 + .008 - .020 in).

1. Check distance (X) between intermediate housing (1) and solenoid mounting bracket (2) with
calipers.

2. If distance (X) is not correct, loosen bolts (3) and move the solenoid until distance (X) is correct.
Solenoid mounting bracket (2) has elongated holes.

’ 3 Tighten bolts (3.) to 7 t0.10 N-m (5 to 7 1b ft) after the adjustment is correct.
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