Flg 17 ~ Cleaning Spray Tip Orifices Usmg
Tool J 4298 1

Fig. 18 - Cleaning Injector Body Ring with Tool J 21089

By R -va;mw

m uur'””

Tool J- 4986-01

i

mjury, ‘wear ‘agequs

8 : ﬂyv pl viTw uu- [

all of the passages Im the injector
eaﬁmg brush: I 8152 and rack hole
th

Careﬁxll , inse: reamer (J 21089) into the nng bore of
the injector body (Fig. 18). Turn the reamer in a clockwise
direction and remove any burrs inside the ring bore. Then,
wash' the mjector body in clean solvent and dry it with
compr&csed air.

Carefully, insert reamer J 4986—01 in the injector nut
(Fig. 19). Turn it in a clockwise direction a few turns, then
remove the reamer and check the face of the seat for reamer
contact over the entire surface. If necessary, repeat the
reaming procedure until the reamer does make contact with
the entire face of the seat.

Wash the injector nut in clean solvent and dry it with
compressed air. Carbon deposits on the spray tip seating
surfaces of the injector nut will result in poor sealing and
consequent fuel leakage around the spray tip.

When handling the injector plunger, do not touch the
finished plunger surfaces with your fingers. Wash the
plunger and bushmg with clean solvent and dry them with
compressed air. Be sure the high pressure bleed hole in the
side of the bushing is not plugged. If this hole is plugged, fuel
leakage will occur at the upper end of the’ bushing where it
will drain out of the injector body vent and rack holes, during-
engine operation, causing a serious oil dilution problem.
Keep the plunger and bushing together. as they are mated

After washing, submerge the parts in a clean receptacle
containing clean test oil. Keep the parts of each infector

assembly together.
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DETROIT DIESEL 53

Fuel Injector 2.1

Inspect Injector Parts
(Visual and Dimensional)

" NOTICE: Injector components manufactured
after January 1, 1988 may or may not be blued,
at the discretion of the manufacturer. Bluing has
no effect on a part’s performance or service life.

Follower:

Measure between the top of the follower and the slot.
This dimension must be 1.647 + .002" (Fig. 20).

Check the stop pin groove in the side of the follower to
be sure it is smooth and not damaged. The follower
should not be reused if there is more than .002” wear
on the top or if there is any other visible damage or
wear. : ' :

Follower Spring:

Examine the outside diameter of the follower spring
coils for wear caused by the rocker arms contacting the
coils. If worn, do not reuse.

Also, inspect for damage from rust pitting, nicks or
notches in the coils, broken coils, broken coil ends and
. notches under the coil ends. If damaged, do not reuse.

~Check the follower spring tension with sprmg Tester
T 29196.

The current injector follower spring (.142” diameter
wire) has a free length of approximately -1.504" and
should be replaced when a load of less than 70 1bs. will
compress it to 1.028”. The former spring wire was
.120" diameter.

It is recommended that at the time of overhaul, all
injectors in an engine be converted to incorporate the
current spring (142" diameter wire). However, in the
event that one or two injectors are changed, the
remaining injectors need not be reworked to
incorporate the current spring.

Fig. 20 - Injector Follower

Injector Body

Inspect the m]ector body threads, the bushing seating
surface and. the filter cap gasket sealing surfaces
fordamage. Thcn, mspect the rack hole, body seal ring

~ sealing surface. clamp radius and dowel pm

Fxlte.r Caps

Check the condition of the jumper line sea.lm g surfaces
on the filter caps, the copper gasket sealmg surfaces,

<+ the! threads and the fuel passage
. ...Control Rack

Check thc mjector control rack for straightness, the
teeth for wear and the width of the notch in the clevis.
Also, check the rack for nicks, burrs, rust and
hardness.

The notch in the clevis should be .3125" t0 .3145". A

.250" inside diameter bushing may be used to check
the rack for straightness, A slightly bent rack will not
pass freely back and forth through the: bore of the
bushing”

Gear and Gear Retainer: -

Inspect the gear and the gear retainer for nicks, burrs
or rust a.nd the gear teeth for wear. :

T7&8 thger Bushmg Assembly

Effectwe with injectors: manufactu:ed in October,
1985, theP & B (plunger: and bushmg) assemblms of all
diameter of the bushiﬁé that provides greater
resistance to scoring durmg injector operation.

Revised P & B assemblies are identified with a black
locating’ pin at the top of the bushings. Injector
assemblies containing revised P & B’s are date stamped
on the body with a “10-85" (for October, 1985) or later
build date. Revised P & B assemblies are physically
interchangeable with early P & B assemblies.
However, because of the increased :resistance to
scoring provided by the revised assemblies, DDC
recommends using the revised assemblies when
rebuilding fuel injectors.

NOTICE: Do not attempt to install .the
plunger of one P & B into the bushing of another
P & B and vise—versa. Since the components of
P & B assemblies are supphed as precision
matched sets, any attempt to mix them can result
in P & B seizure and serious injector damage.

Check the bushing lapped sealing surface for
scratches, the bushing internal diameter for scoring,
the condition of the dowell pin and check for corrosion
or varnish (Fig. 21).

{© Copyright 1990 Detroit Diesel Corporation
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2.1 Fuel Injector

DETROIT DIESEL 63

Fig. 21 - Exarmnmg Sealing Surface wnh a
Magnifying Glass

Advonced sage of Chipped ot The above condition

erosion coused by lower hatix. con be coused by
foreign matter in o wither lack of fuel
fuel due to improper at high speeds or
filtration. water in fuel.

Fig. 22 - Unusable Injector Plungers

Check the plunger for corrosion or varnish, scoring,
scratching or wear and chtps along the edge of the helix
(Fig. 22).

12.

13.

14.

15.

16.

17.

18.

Valve Spring:

Check the injector valve spring for wear on the coil
ends, broken coil ends and notches under the coil ends.
Then, check for corrosion, nicks and cavitation
erosion on the inside at approximately 1-1/2 coils
from the end.

Valve Stop: :

Inspect the valve stop for rust, burrs and varnish.
Check Valve:

Inspect the check valve for cracks and scratches on the
lapped surfaces or for corrosion and varnish.

Spray Tip: '

Check for cracks, enlarged spray holes and oxide scale
on the spray hole end. Then, check the nut—to—tip
sealing surface and the lapped sealing surface for
scratches. Do not reuse if there is scale, cracks or
enlarged spray holes,

Spill Deflector:

Inspect both ends of the spill deflector for sharp edges
or burrs,

Nut:

Check the ﬂut for .da;ﬁgiged threads, the condition of
the seal ring seating area, the condition of spray tip
seating area and the spray tip hole for bemg corroded
irregularly.

Part Thickness:

Check the minimum thlckness of the parts (see
Table 1)

Part Name -?::':;:2::
Spray Tip (shoulder) ' 199"
Check Valve Cage 163" — . 165"
Check Volve .022"
Valve Spring Coge 602"

TABLE 1 - MINIMUM THICKNESS (Used Parts)

Recondition Injector

If any of the injector parts listed below cannot be

reconditioned satisfactorily, use new parts. All parts must be
cleaned to be free of rust, varnish and carbon before reuse.

Follower:

=Resurface or replace if worn beyond dimensional
limits.

Follower spring:

mReuse unless damaged, worn or won’t meet test
specifications.

9. Valve Seat:
Inspect for cracks, corrosion or varnish and scratches
on the lapped sealing surfaces.

10.  Check Valve Cage:

Inspect the check valve cage for cracks, flatness and L
scratches on the lapped surfaces or for corrosion,
varnish and wear.

11. Injector Valve (Crown): 2.
Inspect the injector valve for scratches on the lapped
surface.

Page 10 May, 1990
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Fuel injector 2.1

10.

11.

12.

13,

14.

Injector Body:

aLap bushing seat.

aReblue.

sRepair damaged threads.

=Replace body if the clamp radius is badly worn or if
the threads are less than 909 good.

Filter Caps:

mRecondition tapered seat.

mClean and deburr hole.

sReblue.

mReplace if the threads or seahng surfaces are
damaged.

Control Rack:

s Deburr teeth — check for straightness.
mReplace if bent or the teeth show significant wear.

Gear and Gear Retainer

wDeburr, .
mReplace if cracked or significantly worn.

Bushing:

mReplace if scored, cracked or if residue cannot be
removed.

mLap the check valve seat (sealing) surface.

Plunger:

sClean — remove varnish. 7
»Replace if scored, chipped or scratched.

Valve Seat:

wLap both flat (sealing) surfaces.
»Lap edge of hole (Fig. 23).
mReplace.

Check Valve Cage:

mLap both flat sealin surfaces.
mReplace if cracked of too thin (see Table 1).

Injector Valve (Crown)
mReplace.
Valve Spring:

sReplace. Do not reuse unless thére is absolutely no
wear or damage.

Valve Stop

s Remove rust, burrs or varnish.
s Replace.

Check Valve:

sLap both flat (sealing) surfaces.
sReplace if scratched, cracked of badly worn.

Fig. 23 - Lapping Edge of Hole in Valve Seat Using
ToolJ 7174

15. Spray Tip:

sLap flat sealing surface.
wReplace if beyond flow limits i.e., eroded spray holes.

16.  Spill Deflector:

sRemove burrs..

sReuse’ if: the ends “are smooth and even and the
deﬂect ] 1s not cracked

17. Nut:

IRemove carbon from the seat.

sReblue;:

mReplace if the threads are damaged more than 10%
or if the small 1.D. is badly eroded.

Normally, new service replacement parts do not
require lapping prior to use. Wash the'service parts in clean
solvent to remove the solidified preservative. If the new parts
become nicked or burred during handling, then lapping will
be necessary to provide adequate sealing between the flat

parts.

The sealing surface of current parts are precision
lapped by a new process which leaves the surface with a dull
satin-like finish; the lapped surface on former spray tips was
bright and shmy It is not recommended or necessary to lap
the surface of a new current spray tip.

INJECTOR VALVE  VALVE VALVE SPRAY
BODY SEAT SPRING CAGE TIP

INJECTOR YALVE CHECK
VALYE STOP VALVE

2087

PLUNGER
BUSHING

Fig. 24 - Sealing Surfacas Which May Require Lapping
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DETROIT DIESEL 53

g Blocks J 22090

FILTER
CAP

GASKET

INJECTOR

of tissue placed on a flat surface and inspect the part.
Do not lap excessively.

When the part is flat, wash i 1t in clean solvent and dry it
with compressed air. . .

Place the dry part on thé-secb_nd block. After applying
lapping powder, move the part lightly across the block
in a figure eight motion several times to give it a
smooth finish. Do not Iap excessively. Again, wash the
part in cleaning solvent and dry it w1th comprcssed air.

Place the dry part on the third block.. Do not use
lapping powder on this block. Keep the part flat and
move it across the block several times, using the figure
eight motion. Lapping the dry part in this manner
gives the “mirror” finish required for easy inspection.

Wash all of the lapped parts in clean solvent and dry
them with compressed air.

CAUTION:To prevent possible personal
injury, wear adequate eye protectlon
and do not exceed 40 psi (276 kPa) air
pressure.

Assemble Injector

BODY 1. Secure the body in vise J 22396-1.
® 2. Insertnewfilter(s) in the top of thebody (Fig. 26). The
current production service filter (stainless steel wire
mesh pellet) is installed dimple end down, slotted end
up. The former service filter (fiberglass—filled nylon
cone) was installed with the pointed (cone) end up.
Fig. 26 ~ Details of Injector Filters and Caps and Thelr Insert a new filter in the inlet side (Jocated over the
Relatnve Locatlon SRR , injector rack) in an offset 1 injector. No filter is reqmred
at the outlet side (Fig. 27).
Lappmg 'nJGCtor Parts e 3. Place a new gasket on each filter cap. Lubricate the
) o - threads and install the filter caps (Fig. 28). Using a
_ If necessary, lap the sealing surfaces indicated in 9/16" deep socket and a torque wrench tighten the
(Fig. 24) as follows: . filter caps as follows: :
1. Clean the lappmg blocks (J 22090) with compr&ssed Non-blued cap on o
air. Do not use¢ a cloth or any other material for thls non-blued body ......... 62 1b—ft (84 N m) torque
purpose. _ : Blued cap on o
2. Spread a good quality 600 grit dry lappmg powder on bluedbody ............. 70 bt (95 N-m) torque
one of the lappmg blocks. Non-blued cap on blued -
body or blued cap on . ‘
3. Place the part to be lapped flat on the block (F:& 25) non-blued body ......... 62 Ib-ft (84 N-m) torque
and, using a figure eight motion, move it back and o
forth across the block. Do not press on the part; but use 4. Install clean shipping caps to protect the sealing
justenough pressure to keep the part flat on'the block. surfaces and to prevent dirt from entering the injector.
It is important that the part be kept flat on'the block at . o
all times. 5. Lubricate thread protector J 29197 with injector test
oil. Remove the injector from the vise and hold the
4. After each four or five passes, clean the lapping injector body, bottom end up: Place the protector over
powder from the part by drawing it across a clean piece the threads of the injector body. .
Page 12 May, 1990 © Copyright 1890 Detroit Diesel Corpc-u'ati-on
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Fuel Injector 2.1

INLET .

. STANDARD .INJECTOR
USE FILTER IN BOTH
INLET. AND OUTLET

OFFSET !N}ECTOR
FILTER REQUIRED ON
INLET SIDE ONLY
{ABOVE CONTROL RACK)

Fig. 27 — Location of Filter in Injector Body

Inétallihg' Filter Cap -

e Flg 28 -

6. Lubncate the new seal ring and place the new seal over

the nose of the protector and down onto the shoulder
of the injector body. Do not allow thc seal to roll or

twist.

® A new round (in cross—section) injector nut seal ring
replaced the former diamond—shaped ring, effective
approximately

with  injectors  manufactured

November 1, 1987. Only the round seal ring is

serwced
7. Remove the protector (J 29197).

8. Slide the control rack into the injector body.

i0.

Fig. 29 ~Inje
AssemplyiD

Rac Gear Spray T|p and Valve

Place the gear in the injector body so that the marked
tooth is engaged between the two marked teeth on the
rack (Fig. 29).

@© Copyright 1980 Detroit Diesel Corporation
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2.1 Fuel Injector

DETROIT DIESEL 563

11.  Place the gear retainer on top of the gear.
12.  Align the locating pin in the bushing with the slot in
the injector body, then slide the end of the bushing into
place.
13, Support the injector body, bottom end up, in injector
vise J 22396-1.
14. Install the spill deflector over the barrel of the bushing.
15. Insert the valve stop, valve spring and injector valve
into the valve cage. Fig. 31 - Tightening Injector Nut with Torque Wrench
. . Using Tool J 4983-01
16. Place the valve seat centrally on the top of the bushing. - '
_ . @20. Usesocket J 4983-01 and a torque wrench to tighten
17.  Place the valve cage and related parts (injector valve the injector nut as follows:
down) on top of the valve seat.
: Non-blued nut on
18. Locate the check valve centrally on the cage and place non-blued body .......... 50 Io-ft (68 N-m) torque
the spray tip over the check valve and against the valve Blued nut on
cage. ' bluedbody ............ ‘80 Ib-ft (108 N-m) torque
19. Lubricate the threads in the injector nut and carefully %_:iﬁglﬁ? :;ued
thread the nut on the injector body by hand. Rotate the g 1 Nem) t
spray tip between your thumb and first finger while non-blued body ......... 65 1b-ft (88 N-m) torque
threading the nut on the injector body (Fig. 30). 21.  After ass . s
. embling a fuel injector, always check the area
Tighten the nut as tight as possible by hand. At this between the nutgand the t':ody If the 3ea1 is still visible
point there should be sufficient force on the spray tip to after the nut is assembled, try another nut and a new
make it impossible to tm with your fingers. seal which may allow assembly.on the body without
extruding the seal and forcmg lt out of the body—-nut
crevice. :
-NOTICE: ..Do not exceed the speclﬁed torque
“Otherwise, the nut may be stretched-and resultin
- improper ‘sealing of the lapped surfaces in'a
. subsequent m]ector overhaul R

22. Tum the mjector over and push the rack a.ll the way in.

23.  Place the follower spring on the injector body.

24. Referto(Fig. 32)and place the stop pin on the injector
body so that the follower spring rests on the narrow
flange of the stop pin.

25. Refer to (Fig. 33) and slide the head of the plunger
into the follower.

26. Align the slot in the follower with the stop pin hole in
the injector body.

27. " Align the flat side of the plunger with the flat in the
gear. '

28. Insert the free end of the plunger in the injector body.
Press down on the follower and at the same time press

: : ST : the stop pin into position. When in place, the spring
Fig. 30 - Tightening Injector Nut by Hand will hold the stop pin in position.
Page 14 May, 1990 © Copyright 1990 Detroit Diesel Corporation
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GAGE

PLUNGER POSITION DAMPENING
LEVER 2 VALVE

PUMP
LEVER 1

ROCKER ARM Y
ENGAGEMENT
LEVER 3

i)+ LEVER 5
“UP-YALVE CLOSED
. FOR CLAMPING
DOWN VALVE OPEN

LEVER 4 TO RELEASE CLAMP

UP-FLOW TO CLAMP -

DOWN-FLOW TO INJECTOR 5706

FOLLOWER

FOLLOWER
SPRING

STOP

PIN
INJECTOR
BODY
CONTROL ——— Nut

RACK

SPRAY
TIP

PLUNGER

Fig. 33 — Injector Plunger, Fotlower and Relative

Location of Parts

Fig. 34 - Injector in Posmon for Testing W|th

Tester J 2301 O—A

Check Injector Ou.tp__ut

Perform the injebtd_f fuel output test using Calibrator
J 22410-A "as 'ou'tlined in" Section 2.0 — Shop Notes.

Check Atomlzatlon and Spray Pattern

Th1s t&st determmes spray pattern uniformity and
atomization.

1. Clamp the injector properly and purge the air from the
system (Fig. 34).

Move lever 4 down.

Position the injector rack in the full-firel position.
Place pump lever 1 in the vertical position.

Move lever 3 to the forward detent position.

The injector follower should be depressed rapidly
using pump lever 1 (at 40 to 80 strokes per minute) to
simulate operation in the engine. Observe the spray
pattern to see that all spray orifices are open and
dispersing the test oil evenly. The beginning and
ending of injection should be sharp and the test oil
should be finely atomized with no drops of test oil
forming on the end of the tip.

oW e W

Check Pressure Holding and
Test for Leaks

This test determines if the body-to bushing mating
surfaces in the injector are sealing properly and indicates
proper plunger—to-bushing fit.

1. Clamp the m_]ector properly in Tester J 23010-A and
purge the air from the system (Fig. 34).
Close The Thru-Flow valve, but do not overtighten,
3. Move lever 2 to the rear, horizontal position.

® Copyright 1990 Detroit Diesel Corporation
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Fig. 35 - Checking Rack for Freeness in Tester J 29584

4. Operate pump lever 1 until gage 1 slowly reaches
100-200 psi (689-1378 kPa), check for injector nut
seal ring leaks. Then, move lever 2 until the plunger
closes both bushing parts. Operate pump lever 1 and
increase the gage reading to 1500-2000 psi
{10 335-13 780 kPa). Check for leaks at the filter cap
gaskets and the body plugs. Allow the plunger to go
back to the normal position. Operate pump lever 1 and
bring the pressure up to 500 psi (3445 kPa). Note the
time for the pressure to drop from 450 psi to 250 psi
(3100 kPa to 1723 kPa). This should not occur in less
than 7 seconds. This test determines if the
body-to-bushing mating surfaces in the injector are
sealing properly.

5. To unclamp the injector use the following procedure:

a, Open the Thru-Flow valve to release the
pressure in the system.

b. Move lever 5 down to release the clampmg
pressure.

¢. Swing out the adaptor plate and remove the
‘injector after the seals in the clamping head are
free and clear of the injector filter caps.. -

d. Carefully, return lever 5 to the up (horizontal)
_position.

Check Rack Freeness and
Spray Tip Concentricity

Place the injector in Tester J 29584 (Fig. 35) and'
check rack freeness.

With the injector control rack held in the no—fue]
position, operate the handle to depress the follower to the
bottom ‘of its stroke, Then, very slowly release the pressure
onthe handle while moving the control rack up and down
until the follower reaches the top of its travel. If the rack falls
freely the mjector passw the test..

LI the rack does not faﬂ freely, loosen the m]ector nut,
turn the tip, then retighten the nut, Loosen and retighten the
nut'a couple of times, if necessary Generally, this will free
the rack. Then, if the rack isn’t free, change the injector nut.
In some cases it may be necessary to disassemble the injector
to eliminate the cause of the misaligned paris or to remove
dirt.

To assure correct alignment, check the concentricity
of the spray tip as follows:

1. Place the injector in Tester J 29584 (Fig. 35) and
adjust the dial indicator to zero.

2. Rotate the injector 360° and note the total runout as
indicated on the dial.

3. If the total runout exceeds .008", remove the injector
from the gage. Loosen the injector nut, center the spray
tip and tighten the nut to 55-65 Ib—ft (75-88 N-m)
torque. Recheck the spray tip concentricity. If, after
several attempts, the spray tip cannot be positioned
satisfactorily, replace the injector nut.

Box and Store Injector

If the reconditioned injector is to be placed in stock, fill
it with injector test oil J 26400. Do not use fuel oil. Install
shipping caps on both filter caps immediately after filling.
Store the injector in an upnght posmon to prevent test oil
leakage. _ . '

Install Injector

Before installing an mjector in an engine, remove the
carbon deposits from the beveled seat of the injector tube in
the cylinder head. This will assure correct alignment of the’
injector and prevent any undue strcss&s from being exerted
against the spray tip. :

Use injector tube bevel reamer J 5286-9 or a
cylinderical wire brush (Section 2.1.4), to clean the carbon
from the injector tube. Exercise care to remove ONLY the
carbon so that the proper tip protrussion is maintained. Pack
the flutes of the reamer with grease to retain the carbon
removed from the tube.
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Fuel Pipe Usage Torque
Endurion®-coated (1143.391bl\_li-nr;1)
Uncoated (: g%iz‘-i:,-)
Jacobs Brakes® (: :23?61:?:1.)
Load limiting devices (:: g%‘:“ir"n-}
+Not serviced. Available from Jacobs Manufscturing Company.

Be sure the fuel injector is filled with fuel oil. If

necessary, add clean fuel oil at the inlet filter cap until it runs
out of the outlet filter cap.

Install the injector in the engine as follows:

Insert the injector into the injector tube with the dowel
in the injector body registering with the locating hole
in the cylinder head.

Slide the rack control lever over so that it fully engages
the injector rack clevis.

Install the injector clamp, special washer (with curved
side toward injector clamp) and bolt. Tighten the bolt
to 20-25 Ib—ft (27-34 N-m) torque. Make sure that the
clamp does not interfere with the injector follower
spring or the exhaust valve springs.

NOTICE: Check the injector control rack for
free movement. Excess torque can cause the
control rack to stick or bind.

Move the rocker arm assembly into position and
secure the rocker arm brackets to the cylinder head by
tightening the bolts to the torque specified in
Section 2.0 — Specifications.

NOTICE: On four valve cylinder heads, there
is a possibility of damaging the exhaust valves if
the exhaust valve bridges are not resting on the
ends of the exhaust valves when tightening the
rocker shaft bracket bolts. Refer to Install
Rocker Arm and Shaft in Section 1.2.1 and note
the position of the exhaust valve bridges before,
during and after tightening the rocker shaft
bolts.

Install fuel pipes:

Remove the shipping caps. Align the fuel pipes and
connect them to the injectors and the fuel connectors.

NOTICE: DDC recommends that the original
fuel pipes not be reused. New flared end fuel
pipes should be installed. When installing flared
end fuel pipes, use fuel pipe nut wrench
J 8932-01 and “clicker” type torque wrench
J 24405 (calibrated in inch—pounds) to apply
proper torque and avoid damaging the fuel
pipes. Refer to the chart for torque
specifications. Fuel leakage from damaged or

improperly installed fuel pipes can cause lube oil
dilution, which may result in serious engine
damapge.

NOTICE: Because of their low friction
surface, Endurion® -coated nuts on fuel
jumper lines must be tightened to 130 lb—in
(14.69 N-m) torque, instead of the 160 Ib—in
(18.3 N-m) required with uncoated nuts. To
avoid possible confusion when tightening
jumper line nuts, do not mix lines with uncoated
and Endurion® -coated nuts on the same
cylinder head.

Jacobs brake jumper lines and jumper lines used with
load-limiting devices do not have coated nuts. Tighten
these to the values shown on the Chart.

NOTICE: Do not bend the fuel pipes and do
not exceed the specified torque. Excessive
tightening will twist or fracture the flared end of
the fuel line and result in leaks. Lubricating oil
diluted by fuel oil can cause serious damage to
the engine bearings (refer to Fuel Jumper Line
Maintenance & Pressurize Fuel System — Check
for Leaks in Section 2.0 — Shop Notes).

An indication of fuel leakage at the fittings of the fuel
injector supply lines and connector nut seals could be
either low lubricating oil pressure (dilution) or fuel
odor coming from the crankcase breathers or an open
oil filler cap. When any of the above are detected,
remove the valve rocker cover.

A close inspection of the rocker cover, cylinder head,
fuel lines and connectors will usually show if there is a
fuel leakage problem. Under normal conditions, there
should be a coating of lubricating oil throughout the
cylinder head area and puddles of oil where the fuel
pipes contact the connectors and where the fuel
connectors contact the cylinder head. If these areas do
not have the normal coating of lubricating oil, it is
likely that fuel oil is leaking and washing off the
lubricating oil.

Remove and replace the leaking fuel pipes and/or
connectors. Use new gasket(s) and reinstall the rocker
cover. Then, drain the lubricating oil and change the
oil filter elements. Refer to Section 13.3 (Lubrication
Specifications) and refill the crankcase to the proper
level with the recommended grade of oil.

Perform a comiplete engine tune—up as outlined in
Section 14. However, if only one injector has been
removed and replaced and the other injectors and the
governor adjustment have not been disturbed, it will
only be necessary to adjust the valve clearance and
time the injector for the one cylinder, and to position
the injector rack control levers.

® Copyright 1890 Detroit Diese! Corporation

May, 1990

SEC.2.1 Page 17






-

DETROIT DIESEL 53

2.1.1

FUEL INJECTOR
MECHANICAL UNIT INJECTOR (MUI)

NEEDLE VALVE

The fuel injector (Figs. 1 and 2) is a lightweight

compact unit which enables quick, easy starting directly on

diesel fuel and permits the use of a simple open type

combustion chamber. The simplicity of design and operation 1.

provides for simplified controls and easy adjustment No

high pressure fuel lines or complicated alr—fuel mixing or 2.

vaporizing devices are required.

OUTLET

The fuel injector performs four functions (Tlmes -

Atomizes — Meters — Pressurizes):

Aocurately times the moment of fuel injection.

Atomizes the fuel for vaporization and mixing with the
air in the combustion chamber.

Meters and injects the correct amount of fuel required
to maintain engine speed and to handle the load.

Creates the high pressure required for proper fuel
injection.

Combustion required for satisfactory engine operation

is obtained by injecting, under pressure, a small quantity of
accurately timed, metered and finely atomized fuel oil into

the combustion chamber.
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Fig. 1 - Fuel Injector Assembly

Fig. 2 — Cutaway View of Fuel injector
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Fig. 3 — Fuel Metering from No Load to Full Load

Metering  and timing during fuel injection is
accomplished by an upper and lower helix machined in the
lower end of the injector plunger. (Fig. 3)illustrates the fuel
metering from no load to full load by rotation of the plunger
in the bushing.

(Flg 4) illustrates the phases of injector operatlon by
the vertical travel of the injector plunger.

AN

Fig. 4 - Phases of Injector Operation Through Vertical
Travel of Plunger

The continuous fuel flow. through the injector serves,

in addition to preventing air pockets in the fuel system, as a
coolant for those injector parts subjected to high combustion
temperatures.

To vary the power output of the engine, injectors
having different fuel output. capacities are used. The fuel
output of the various injectors is governed by the effective
stroke of the plunger and the flow rate of the spray tip.

Since the helix angle and the plunger design
determines the operating characteristics of a particular
injector; it is imperative that the specified injectors are used
for each engine. If injectors of different types are mixed in an

engine, erratic operation will result and may cause serious

‘damage to the engine or to the equipment which it powers.

Each fuel injector has a circular disc pressed into a
recess at the front side of the injector body for identification
purposes (Fig. 1).

Each injector control rack (Fig. 2) is actuated by a
lever on the injector control tube which, in turn, is connected
to the governor by means of a fuel rod. These levers can be
adjusted independently on the control tube, thus permitting
a uniform setting or fine tuning of all injector racks,

The fuel injector combines in a siﬂgle unit all of the
parts necessary to provide complete and independent fuel
injection -at each cylinder.

®  New O-ring sealed fuel pipes are used on the
mechanical unit injectors in marine engines, effective with
units built approximately Apnl 1988.: These fuel pipes
feature a three—piece connector: (oollar, nut, o-ring seal) at
both ends (Fig. 38). The primary sealmg £lement is the
replaceable ﬂuoroelastomer (V 1ton) O—rlng seal

] To conform with this change, new connectors are
installed in the cylinder head and new fuel injectors with
redesigned filter caps are used. The connectors and caps have
a1/2" - 20 female thread to accept the 1/2"-20 male thread
on the fuel pipe nuts. :

] Flared tube d&lgn and O—rmg design fuel pipes are not
interchangeable on a“part—for—part basis. The new pipes,
connectors, and injector filter caps 1 must-be used together to
insure interchangeability.. The : mjector filter cap is not
compatible with the former nylon. cone fuel inlet filter. It
must be used w1th the current staml&ss steel mesh pellet
filter. : :

Operation

Fuel, under low pressure, enters the injector at the inlet
side through a filter cap and filter positioned over the racks
(Fig. 2). From the filter, the fuel passes through a drilled
passage into the supply chamber, that area between the
plunger bushing and the spill deflector, in addition to that
area under the injector plu_nger within the bushing. The
plunger operates up and down in the bushing, and is supplied

fuel through the two funnel—shaped ports in the bushing

wall.

The motion of the injector rocker arm is transmitted to
the plunger by the follower which bears against the follower
spring (Fig. 5). In addition to the reciprocating motion, the
plunger can be rotated around its axis by the gear which
meshes with the control rack. To accomplish fuel metering,
an upper helix and a lower helix are machined in the lower
part of the plunger. The helix relationship to the ports
changes with the rotation of the plunger.
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As the plunger moves downward, under pressure of
the injector rocker arm, some of the fuel under the plunger
moves into the supply chamber through the lower port until
the port is covered by the lower end of the plunger. The fuel
below the plunger continues to move up through a central
passage in the plunger into the fuel metering recess and into
the supply chamber through the upper port until that port is
covered by the upper helix of the plunger. With the upper
and lower ports both covered, the remaining fuel trapped
under the plunger is subjected to increased pressure by the
continued downward movement of the plunger.

When sufficient pressure is built up, it opens the flat
check valve. The fuel in the check valve cage, spring cage, tip
passages and tip fuel cavity is compressed until the pressure
force acting upward on the needle valve is sufficient to open
the valve against the downward force of the valve spring. As
soon as the needle valve lifts off of its.seat, the fuel is forced
through the small orifices in the spray t1p and atommed into
the combustion chamber.

When the lower land of the plunger uncovers the lower
port in the bushing, the fuel pressure below the plunger is
relieved and the valve spring closes the needle valve, ending
injection.

A pressure relief passage has been provided in the
spring cage to permit bleed-off of fuel leaking past the needle
pilot in the tip assembly.

Fig. b — Fuel Injector Mounting-

A check valve, directly below the bushing, prevents
leakage from the combustion chamber into the fuel injector
in case the valve is accidentally held open by a small particle
of dirt. The injector plunger is then returned to its original
posmon by the injector follower ‘spring. (Fig. 4) shows the
various phases of injector operation by the vertical travel of
the injector planger.

On the return upward movement of the plunger, the
high pressure cylinder within the bushing is again filled with
fuel oil through the ports. The constant circuilation of fresh
cool fuel through the injector renews the fuel supply in the
chamber, helps cool the injector and also effectively removes
all traces of air which might otherwise accumulate in the
system and interfere with accurate metering of the fuel. .

The fuel injector outlet opening, through which the
excess fuel oil returns to the fuel return manifold and then
back to the fuel tank, is directly adjacent to the inlet opening.

Changing the position of the helices, by rotating the
plunger, retards or advances the closing of the ports and the
beginning and endmg of the injection period. At the same
time, it increases or decreases the amount of fuel injected into
the cylinder. (Fig. 3) shows the various plunger positions
from no load to full load. With the control rack pulled out all
the way (ho injection), the upper port is not closed by the
helix until after the lower port is uncovered. Consequently,
with the rack in this position, all of the fuel is forced back into
the supply chamber and noinjection of fuel takes place. With
the control rack pushed all the way in (full injection), the
upper port is. closed shortly after the lower port has been
covered, thus producing a maximum effective stroke and
maximum injection. From this no injection position to firll
injection position (full rack movement), the contour of the
upper helix advances the closmg of the ports and the
beginning of injection.

General Instructions for Injector'Care
and Overhaul

The fuel injector is one of the most important and
precisely built parts of the engine. The injection of the correct
amount of fuel into the combustion chamber at exactly the
right time depends upon this unit. Because the injector
operates against high compression pressure in the
combustion chamber, efficient operation demands that the
injector assembly is maintained in first-class condition at all
times. Proper maintenance of the fuel system and the use of
the recommended type fuel filters and clean water-free fuel
are the keys to trouble-free operation of the injectors.

Due to the close tolerances of various injector parts,
extreme cleanliness and strict adherence to semce
instructions is required.

Perform all injector repairs in a clean, well hghted
room with a dust free atmosphere. An ideal injector room is
slightly pressurized by means of an electric fan which draws
air into the room through a filter. This pressure prevents
particles of dirt and dust from entering the room through the
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doors and windows. A suitable air outlet will remove solvent
fumes along with the outgoing air.

Provide the injector repair room with a supply of
filtered, moisture—proof compressed air for drying the
injector parts after they bave been cleaned. Use wash pans of
rust-proof material and deep enough to permit all of the
injector parts to be completely covered by the cleaning
solvent, when submerged in wire baskets of 16 mesh wire
screen. Use baskets which will support the parts so as to
avoid contact with the dirt which settles at the bottom of the
pans.

Rags should never be used for cleaning injector parts
since lint or other particles will clog parts of the injector
when it is assembled. A lint—free paper tissue is a suitable
material for wiping injector parts.

When servicing an injector, follow the general
instructions outlined below: '

1.  Whenever the fuel pipes are removed from an injector,
cover the filter caps with shipping caps to keep dirt out
of the injectors and prevent damage. Also, protect the
fuel pipes and fuel connectors from damage and the
entry of dirt or other foreign material.

2. Afier aninjector has been operated in an engine, donot
remove the filter caps or filters while the injector is in
the engine. Replace the filters only at the time of
complete disassembly and overhaul of an injector.

3. Whenever an injector has been removed and
reinstalled or replaced in an engine, make the
following adjustments as outlined in Section 14:

a, Time the injector.
b. Position the injector control rack.

4. Whenever an engine is to be out of service for an
extended period, purge the fuel system, then fill it with
a good grade of rust preventive (refer to Section 15.3).

5. When a reconditioned injector is to be placed in stock,
fill it with injector test 0il J 26400. Do not use fuel oil.
Install shipping caps on both filter caps immediately
after filling. Store the injector in an upright position to
prevent test oil leakage.

NOTICE: Make sure that new filters have
been installed in a reconditioned injector which
is to be placed in stock. This precaution will
prevent dirt particles from entering the injector
due to a possible reversal of fuel flow when
installing the injector in an engine other than the
original unit.

Remove Injector

1. Clean and remove the valve rocker cover. Discard the

pasket,

2. Remove the fuel pipes from both the injector and the
fuel connectors (Fig. 5).

NOTICE: Immediately after removal of the
fuel pipes from an injector, cover the filter caps
with shipping caps to prevent dirt from entering
the injector. Also, protect the fuel pipes and fuel
connectors from entry of dirt or foreign
material.

Crank the engine to bring the upper ends of the push
rods of the injector and valve rocker arms in line
horizontally. If a wrench is used on the crankshaft bolt
at the front of the engine, do not turn the crankshaft in
alefi-hand direction of rotation because the bolt could
be loosened.

CAUTION: To reduce the risk of
personal injury when barring over or
“bumping” the starter, personnel should
keep their hands and clothing away
from the moving parts of the engine as
there is a remote possibility the engine
couid start. ‘

Remove the two rocker shaft bracket bolts and swing
the rocker arms away from the injector and valves

(Fig. 6).

Remove the injector clamp bolt, special washer and
clamp.

Loosen the inner and outer adjusting screws or
adjusting screw and locknut on the injector rack
control lever and slide the lever away from the injector.

Fig. 6 — Removing Injector from Cylinder Head
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Fig. 7 - Checkind: :Ra'ck for Freeness in Tester J 28584

7. Lift the m_]ector from its_seat in- the cylmder head
(Fig. 6). . Te

8. Cover the mjector hole 1n the cyhnder head to keep
forelgn matenal out..’ v

9. 'Clean the extenor of, the mjector Wlth clean solvent
: and dry rt w1th compr&ssed air,

.CAUTION Te prevent posslble personal
injury, wear adequate eye protection
and do not exceed 40 psi (276 kPa) air
pressure.

Inspect and Test
Prior to Reuse

This inspection and test process is necessary if the
injector is being considered for reuse rather than complete
overhaul. Submerge the injector in clean solvent to wash it.
Blow dry with compressed air.

CAUTION: To prevent possible personal
injury, wear adequate sye protection
and do not exceed 40 psi {2768 kPa) air
pressure.

1. Inspect the following injector parts for external wear,
rust and corrosion.

Follower spring
Injector body
Body nut
Spray tip
Injector rack
Filter caps
2. Inspect the following parts for wear or abrasion
deterioration.
Top of the follower
Follower spring
Injector body
Spray tip orifices :
3. Check the rack for freeness and the plunger movement
in Tester J 29584,

With the injector control rack held in l:he no—ﬁJeI
position, operate the handle to depress the follower to
the bottom of its stroke. Then, very slowly- release the
pressure on the handle while moving the. control rack
up and down until the follower reaches-the top of its
travel (Fig. 7). If the rack falls freely, the injector
passes the test. If the injector fails the rack freeness
test, either the plunger is scored or there is a
misalignment of the body, bushmg or nut due to
irregular or dirty parts.

4. Check the injector for Jeaks using Tester J 23010-A as
outlined in Section 2.0 - Shop Notes.

5. Check the spray pattern, atomization and valve
opening pressure using Tester J 23010-A as outlined
in Section 2.0 — Shop Notes.

6. Perform injector fuel output test using Calibrator
J 22410-A as outlined in Section 2.0 — Shop Notes.

If the injector passes the above tests, it can be reused.

If the results of the above tests reveal marginal
performance, removal of the plunger may assist with further
diagnosis of internal injector problems. Plungers that reveal
scratches, score marks, abnormal wear, helix chipping or
other obvious damage would indicate that the injector
should not be reused.

Disassemble Injector

1. Support the mject"or‘upnght in injector holding fixture
J 22396 (Fig.: 8) and remove the filter caps, gaskets
and filters. - -7

Whenever a fuel mjector is dmassembled discard the
filters and gaskets and replace with new filters and
gaskets. In the offset i mjector, afilter is used in the inlet
side only. No filter is reqmred in the outlet side
(Fig. 9).- S

2. Compress the follower sprmg (Flg 10). Then, raise
the spring above the stop pin with a screwdriver and
withdraw the pin. Allow the spring to rise gradually.

© Copyright 1990 Detroit Diesel Corporation
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. STANDARD INJECTOR OFFSET INJECTOR

_ USE FILTER IN BOTH  FILTER REQUIRED ON
INLET. AND OUTLET INLET SIDE ONLY

{ABOVE CONTROL RACK)

Fig. 9 - Location of Filter in Injector Body

Fig. 10 — Removing Injector Followser Stop Pin

Fig. 12 -~ Removmg lnjector Nut Usmg Tool J 4983—01

Refer to (Flg ll) and remove the plunger follower,
plunger and spring as an assembly.

Using socket J 4983-01, loosen the nut on the m_]ector
body (Fig. 12).

Lift the injector nut straight up, being careful not to
dislodge the spray tip and valve parts. Remove the
spray tip, spring cage, valve spring, pnng seat, check
valve cage and check valve. ‘

When an injector has been in use for some time, the
spray tip, even though clean on the outside, may notbe

pushed readily from the nut with the fingers. In this
event, support the nut on a wood block and drive the

Page 6

© Copyright 1980 Detroit Diesel Corporation



K/:

DETROIT DIESEL 53

Fuel Injector 2.1.1

tip down through the nut, using tool J 1291-02
(Fig. 13).

6. Refer to (Fig. 14) and remove the spill deflector.
Then, lift the bushmg straight out of the injector body.

7. Remove the m]ecto: ‘body from the- holdmg fixture.
Turn the body upside down and catch the gear retainer
and gea.r in your hand as they fali out of the body.

8. ,Wlthdraw the mjector control rack from the injector
_body Also, remove the seal ring from the body.

Clean Injector Parts

Since most injector problems are the result of dirt
particles, it is essential that a clean area be provided on which
to place the injector parts after cleaning and inspection.

Wash all of the parts with a suitable c1eamng solvent
and dry thém with clean, filtered compressed air. Use lint
free towels to wipe off the parts. Clean out the passages,
drilled holes and slots in all of the injector parts.

CAUTION:To prevent possible personal
injury, wear adequate eye protection
and do not exceed 40 psi (276 kPa) air
pressure.

Fig. 13 — Removing Spray Tip from Injector Nut Using
Tool J 1291-02

Carbon on the inside of the spray tip may be loosened
for easy removal by soaking for approximately fifteen (15)
minutes in a suitable solutxon prior to the external cleaning
and buffing operation.

Clean the spray tip with tool J 24838 (Fig. 15).

NOTICE: Care must be exercised when
inserting the carbon remover J 24838 in the
spray tip to avoid contacting the needle valve
seat in the tip.

Wash the tip in solvent and dry it with compressed air.
Clean the spray tip orifices with pin vise J 4298-1 and the
proper size spray tip cleaning wire. Use wire J 21460-01 to
clean .0055" diameter holes and wire J 21461-01 to clean
.006" diameter holes (Fig. 16).

Before using the wire, hone the end until it is smooth
and free of burrs and taper the end a distance of 1/16" with
stone J 8170. Allow the wire to extend 1/8" from tool
J 4298-1. Ultra sonic cleaning is also an acceptable method.

The exterior surface of ‘an injector spray tip may be
cleaned by using a brass wire buffing wheel, tool J 7944. To
obtain a good polishing effect and longer brush life, the
buffing wheel should be installed on a motor that turns the
wheel at approximately 3000 rpm. A convenient method of
holding the spray tip while cleaning and polishing is to place
the tip over the drill end of the spray tip cleaner tool J 24838
and hold the body of the tip against the buffing wheel. In this
way, the spray tip is rotated while being buffed.

NOTICE: Do not buff the spray tip area
excessively. Do not use a steéls wire buffing wheel
or the spray tip holes may be dtstorted

When the body of the spr_;a_yltl_p is clean, lightly buff the
tip end in the same manner to clean the spray tip orifice area.

Wash the spray tip in clean solvent and dry it with
compressed air.

CAUTlON:To prevent possible personal
injury, wear adequate eye protectlon
and.do not oxceed 40 psl (276 kPa) air
pressure.

'Clean and brush all of the passagw in the injector
body, using fuel hole. cleaning brush' J 8152 and rack hole
cleaning brush J 8150. Blow out the passages and dry them
with compressed air.

Carcﬁdly, insert reamer ¥ 21089 in the injector body
(Fig.17). Turn it in a clockwise direction a few turns, then
remove the reamer and check the face of the ring for reamer
contact over the entire face of the ring. If necessary, repeat
the reaming procedure until the reamer does make contact
with the entire face of the ring. Clean up the opposite side of
the ring in the same manner.

© Copyright 1990 Detroit Diesel Corporaﬁon
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SPILL
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CAGE — CHECK VALVE
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GEAR
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~——___CONTROL

RACK

BODY " s

Fig. 14 - Injector Rack, Gear, Spray Tip and Valve
Assembly Details and Relative Location of Parts

Fig. 15 - Cleaning Injector Spray Tip with Tool J '2:4838

Carefully, insert reamer (J 21089) into the ring bore of
the injector body. Turn the reamer in a clockwise direction

Fig. 16 - Cleaning Spray Tip Orifices with
Tool J 4298-1

j n
i . 4892

Fig. 18 - Cleaning Injector Nut Lower End with
ToolJ 9418-56

and remove any busrs inside the ring bore. Then, wash the
injector body in ¢lean solvent and dry it with compressed air.

o NOTICE: Do not damage the injector body
ring during this operation. This spiralring forms
part of the injector body and is not serviced. If
the ring is damaged, the injector body must be
replaced. o

Remove the carbon deposits from the lower end of the
injector nut with reamer J 9418-5 (Fig. - 18). Clean the tip
seat with reamer J 9418-1. Use care to minimize removing
metal or setting up burrs on the spray tip seat. Remove only
enough metal to produce a clean uniform seat to prevent
leakage between the tip and the nat.
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Fig. 19 ~ Injactor Follower

Wash the injector nut in clean solvent and dry it with
compressed air. Carbon deposits on the spray tip seating
surfaces of the injector nut will result in poor sealing and
consequent fuel leakage around the spray tip.

When handling the injector plunger, do not touch the

finished plunger surfaces with your fingers. Wash the
plunger and bushing with clean solvent and dry them with
compressed air. Be sure the high pressure bleed hole in the
side of the bushing is not plugged. H this hole is plugged, fuel
leakage will occur at the upper end of the bushing where it
will drain out of the injector body vent and rack holes, during
engine operation, causing a serious oil dilution problem.
Keep the plunger/bushing together as they are matched
parts. .

After washing, submerge the parts in a clean
receptable containing clean test oil. Kesp the parts of each
injector assembly together.

Inspect Injector Parts
{Visual and Dimensional)

1. Follower

Measure between the top of the follower and the slot.
This dimension must be 1.647 + .002" (Fig. 19).

. Check the stop pin groove in the side of the follower to
‘be sure it is smooth and not damaged. The follower
should not be reused if there is more than .002” wear
on. the top or if there is any other visible damage
or wear.,

2. Follower Spring:

Examine the outside diameter of the follower spring
coils for wear caused by the rocker arms contacting the
coils. If worn, do not reuse.

Also, inspect for damage from rust pitting, nicks or
notches in the coils, broken coils, broken coil ends and
notches under the coil ends. If damaged, do not reuse.

Check the follower spring tension with spring Tester
J 29196.

The current injector follower spring (.142" diameter
wire) has a free length of approximately 1.504” and

should be replaced when a load of less than 70 Ibs. will
compress it to 1. 028” ‘The former spring wire was
120" diameter, :

It is recommendcd that at the time of overhaul, all
injectors in an engine be converted to mcorporate the
current spring (.142" diameter w1re) However, in the
event that one or.two injectors’ are changed, the
remaining injectors. need not be - reworked to
incorporate the current spring. R

Injector Body: ™

'Inspect the injector body threads, the bushing seating
. . surface ‘and the filter cap gasket sealing surfaces for
"1damage Then, inspect the rack hole, body seal ring

" . sealing surface, clamp radius and dowel pin.

Filter Cap:

Check the condition of the jumper line sealing surfaces
on the filter caps, the copper gasket sealing surfaces,
the threads and the fuel passage.

Control Rack

Check the injector control rack for straightness, the
teeth for wear and the width of the notch in the clevis.
Also, check the rack for nicks, burrs, - rust a.nd
hardness.

The notch in the clevis should be .3125" to .3145". A
250" inside diameter bushing may be used to check
the rack for straightness. A slightly bent rack will not
pass freely back and forth through the bore of the
bushing.

Gear and Gear Retainer

Inspect the gear and the gear retainer for nicks, burrs
or rust and the gear teeth for wear.

¢ 7. & 8. Plunger and Bushing Assembly:
o Effective 'with injectors manufactured in October,

1985, the P & B (plunger and bushing) assemblies of ail
fuel m_]ectors have a revised finish on: the inside
diameter’ of the bushing that provides greater
resistance to scoring during injector operation.

Revised P & B assemblies are identified with a black
locating pin at the top:of the bushings. Injector
assemblies containing revised P & B’s are date stamped
on the body with a “10-85” (for October, 1985) or later
build date. Revised P & B assemblies are physically
interchangeable with early P & B..assemblies.
However,: because of the increased resistance to
scoring - prov:ded by the revised assembhes, DDC
recommends using the . revised assemblles when
rebuilding fuel injectors.”

NOTICE: Do not attempt to mstall the
plunger of one P & B into the bushing of another
P & B and vise—versa. Since the components of
P & B assemblies are supplied as precision
matched sets, any attempt to mix them can result
in P & B seizure and serious injector damage.

© Copyright 1990 Detroit Diesel Corporation
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Fig. 20 — Examining Sealing Surface with'a
Magnifying Giass

7. Bushing:

Check the bushing lapped sealing surface for
scratches, the bushing internal diameter for scoring,
the condition of the dowell pin and check for corrosion
or varnish (Fig. 20). :

8. Plunger

Check the plunger for corrosion or varmsh scoring,
‘scratching or wear and chips along the edge of the helix

(Fig. 21).
9. Check Valve:

Inspect the check valve for cracks and scratches on the
lapped surfaces or for corrosion and varnish.

Advonced stage of Chipped at The above condificn
srosion cousad by lower helix. can be coused by
foraign matter in sither lock of fuel
fuel due to improper at high speeds or
filtrafion. ) weter in fual.

Fig. 21 - Unusable Injector Plungers

10.

11.

12.

13.

14,

i5.

i6.

17.

Check Valve Cage:

Inspect the check valve cage for cracks and scratches
on the lapped surfaces or for corrosion, varnish and
wear.

Valve Spring:

Check the injector valve spring for wear on the coil
ends, broken coil ends and notches under the coil ends.
Then, check .for corrosion, nicks and cavitation
erosion on the inside at approximately 1-1/2 coils
from the end.

NOTICE: A high V.OP. (valve opening
pressure) valve spring and seat are being used in
certain high output engine injéctors. The high
V.Q.P. spring is made of a thicker diameter wire
than the standard valve spring and has a smaller
inside diameter (.174" 1.D. vs .184" L.D.). A no.
15 (.180") drill may be used to distinguish the
two springs. The drill will fit into the standard
spring, but not into the high V.O.P. spring. The
high V.Q.P. spring seat can be distinguished
from the standard spring seat by its smaller
diameter post and the groove on the end of this

‘post. To ensure proper Operation, the high

V.0.P. spring and seat must be nsed together.-

Do pot mix injectors containing standard
springs and Seats with injectors having high
V.O.P. springs and seats in the same engine.

Spring Seat:

Check the surfaces for wear,

Spring Cage:

Inspect for cracks, corrosion or varnish and scratches
on the lapped sealing surfaces. Also, inspect the spring
seat surface and the needle valve seatmg surface for
wear,

Spray Tip:

Check for cracks, enla.rged spray holes, corrosion on
the outside diameter taper and oxide scale on the spray
hole end. Then, check the nut—to—tip sealing surface
and the lapped sealing surface for scratches. Do not
reuse if there is scale, cracks or enlarged spray holes.

Needle Valve:

Check the spray tip needle valve for erosion at the seat
shoulder, sératches and overheating (d1soolored)

Nut:

Check the nut for damaged threads, the condition of
the seal ring seating area, the condition of spray tip
seating area and the spray tip hole for being corroded
irregularly.

Spill Deflector:

Inspect both ends of the spill deflector for sharp edges
or burrs.

Page 10 - May, 1990
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DETROIT DIESEL 53

Fuel Injector 2.1.1

18. Part Thickness: d. If the needle valve lift is within limits, install a
new needle valve spring and recheck the valve
Check the minimum thickness of the parts (see opening pressure and valve action. Low valve
Table 1). . opening pressure or poor atomization with a new
_ spring and seat indicates the spray tip and needle
Port Nome ;.:’.;:::Ts : o val;e asst:rmbly should be replaced. .
Spray Tip {shoulder) 199" assify Spray Tip:
. g Match the plunger/bushing assembly with the proper
. Check Valve Cage 1637168 spray tip using Flow Gage J 25600-A (see Section 2.0).
Check Valve 022" S
Valve $pring Cage 602" Recondition Injector
MK . If any of the injector parts listed below cannot be
. TABLE 1 MlNIMUM THK-:KNESS (U\S?d Parts) reconditioned satisfactorily, use new parts. Al parts must be
19" Needle V alvc L i | | cleaned to be fref:: of rust, varnish and carbon‘be_fplfe reuse.
T 1. Follower:
Measure the needle valve lift, using tool J 9462-02 wResurface or replace if worn beyond dimensional
(Fig. 22} as follows: limits.
2. Zero the indicator by placing the bottom surface 2. Follower Spring: :
of the plunger assembly on a flat surface and sReuse unless damaged, worn or won’t meet test
zero the indicator dial. specifications. .
b. Place the spray tip and needle valve assembly 3. Body:
* tight against the bottom of the gage with the quill .
" - of the needle valve in the hole in the plunger. #Lap bushing seat.
aReblue.
c. While holding the spray tip and needle valve =Repair damaged threads.
assembly tight against the gage, read the needle »Replace body if the clamp radius is badly worn or if
valve lift on. the .indicator. The lift should be the threads are less than 90% good.
008" to. .018". .If it exceeds..018”, the tip 4. Filter Caps:
assembly must be replaced. If it is less than i
.008", inspect for foreign material between the : :gfc 9‘3‘_11?103 t;per;d lseat.
needle valve and the tip seat. can and deburr hole.
Rt e RS mReblue.
mReplace if the threads or sealmg surfaces are
_ damaged. :
5. Control Rack:
aDeburr teeth check for straightness. _
aReplace if the teeth show significant wear.
6. Gear and Gear Retainer:
uDeburr.
»Replace if ¢cracked or significantly worn.
7. Bus o S
if scored, cracked ‘or if residue’cannot be
8.
lReplace if scored, chipped or scratched
—— S 9. Check Valve:
Fig. 22 - Checking Needle Valve Lift with »Lap both flat (sealing) surfaces.
Tool J 9462-02 wReplace if scratched, cracked or badly worn.
© Copyright 1990 Detroit Diesel Corp.dra_tion May, 19_90 SEC. 2.1.1 Page 1
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10. Check Valve Cage:

s Lap both flat sealing surfaces.
sReplace if cracked or too thin (see Table 1).

11. Valve Spring:

mReplace. Do not reuse unless there is absolutely no
wear or damage.

12. Spring Seat:

mReplace if there is a hole worn in the rounded end
where the needle quill touches. -

13, Spring Cage:

sLap both flat (sealing) surfaces.
s Replace if cracked or too thin (see Table 1) or if the
needle has worn a pocket around the small hole.

14. Spray Tip:

mRegrind seat.

wLap flat sealing surface.

s Regrind the needle conicol seat.

»Replace if beyond flow limits i.c., eroded spray holes.

15. Nut:

s Remove carbon from the seat and tapered 1.D.
s Reblue.

mReplace if the threads are damaged more than 10%
~or if the small I.D. is badly eroded.

16.  Spill Deflector:

s Remove burrs.

mReuse if the ends are smooth and even and the
deflector is not cracked.

Normally, new parts do not require lapping prior to
use. Wash the service parts in clean solvent to remove the
solitified preservative. However, if new parts become nicked
or burred during handling, then lapping will be necessary to
provide adequate scaling between the flat parts.

CCIRRENT 587

Fig. 23 - Spray Tip Sealing Surface identification

BUSHING

CHECK VALVE SPRING NEEDLE
CAGE SEAT VALVE

o

INJECTOR
BODY VALVE

CHECK VALVE SPRING SPRAY
SPRING CAGE TP 3a48

Fig. 24 - Sealing Surfaces which May Requi.re Lapping

The sealing surface of current spray tips is precision
lapped by a new process which leaves the surface with a dull
satin—like finish; the lapped surface on former spray tips was
bright and shiny (Fig. 23). DDC does not recommended
lapping the surface of a new current spray tip.

Lapping _|_n_jector Parts

If necessary, lap the sealing surfaces indicated in
(Fig. 24) as follows:

1. Clean the lapping blocks (J 22090) with compressed
air. Do not use a cloth or any other material for this

puxrpose.

CAUTION To prevent pOSSlblB ‘personal

" injury, wear adequate’ eye ‘protection
and do not exceed 40 psi (216 kPe) air
pressure T

2. Spread a good quality 600 grit dry lapping powder on
one of the lapping blocks.

3. Place the part to be lapped ﬂat on the block (Fig. 25).
and, using a figure eight motiocn, move it back and
forth across the block. Do not press on the part, butuse’
just enough pressure to keep‘the partfﬂa ‘ e block. -
It is important that thc part be: ept ﬂat on ‘the block at
all times, Lo _ :

4.  After each four or five assaS,'_ n
powder from the part by d g i ACT
of tissue placed on a flat surface
Do not Iap excessively. .

5. 'When the part is flat, wash it in cleaning solvent and
dry it with compressed air.

CAUTION:To prevent possible personal
injury, wear adequate eye protectu)n
and do not exceed 40 psl (278 kxPa) air
pressure.

Page 12
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Fig. 25 - Lapping Spray Tip bn Lapping Blocks J 22090

6. Place the dry part on the second block. After applying
lapping powder, move the part lightly across the block
in a figure eight motion several times to give it a
smooth finish. Do not lap excessively. Again wash the
part in cleaning solvent and dry it with compressed air.

CAUTION:To prevent possible personal
injury. wear adequate eye protectlon
and do not exceed 40 psi (276 kPa) air
pressure.

7. Place the dry part on thc third block. Do not use
lapping powder on this block. Keep the part flat and
move it across the block several times, usmg the figure
elght motion. Lapping" ‘the dry part in this manner
gives it the “mirror” fimsh reqmred for perfect sealing.

8. Wash all of the lapped parts m clean solvent and dry

them with compressed air:.

CAUTION:To preven; ’-_possible porsonal
injury, wear adequate eye protectlon
and do not exceed 40 psi (276 kPa) air
pressure.

Assemble Injector
1. Secure the body in vise J 22396-1.

2. Insertnew filter(s) in the top of the body (Fig. 26). The
current production service filter (stainless steel wire
mesh pellet) is installed dimple end down, slotted end
up. The former service filter (fiberglass—filled nylon
cone) was installed with the pointed (cone) end up.

Insert a new filter in the inlet side (located over the
injector rack) in an offset injector. No filter is required
at the outlet side (Fig. 27).

3. Place a new gasket on each filter cap. Lubricate the
threads and install the filter caps. Tighten injector
filter caps with a 9/16" deep socket as follows:

FIETER
LS

Fig. 26 - Details of Injector Filters and Caps and Their
Relative Location

OUTLET

OFFSET INJECTOR
FILTER REQUIRED ON

INLET SIDE ONLY
{ABOVE CONTROL RACK)

STANDARD INJECTOR

USE FILTER IN BOTH
INLET. AND OUTLET

Fig. 27 - Location of Filter in Injector Body

Non-blued cap on
non-blued body ......... 62 Ib-ft (84 N'm) torque

Blued cap on
bluedbody ............. 70 1b~ft (95 N-m) torque

Non-blued cap on blued
body or blued cap on
non-blued body ......... 62 1b—ft (84 N-m) torque

Cap for O-Ring sealed
fuel pipe ............... 70 lb—ft (95 N-m) torque

® Copyright 1990 Detroit Diesel Corporation
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10.

1L

| Flg 28 -

Installlng Filter Cap

Install' clean slnppmg caps to protect the sealing
surfaces and to prevent dirt from entering the injector.

Lubricate the injector nut seal ring installer ¥ 29197
with injector test oil. Remove the injector from the vise
and hold the injector body, bottom end up. Place the
installer over the threads of the injector body.

Lubricate the new seal ring and place the new seal over
the nose of the protector and down onto the shoulder
of the injector body. Do not allow the seal to roll or
twist.

® A new round (in cross~section) injector nut seal ring

replaced the former diamond-shaped ring, effective
with  injectors - manufactured  approximately
November 1, 1987. Only the round seal ring is
serviced.

Remove the protector (J 29197).
Slide the control rack into the injector body.

Refer to (Fig. 29) and note the marked teeth on the
control rack and gear. Then, look into the body bore
and move the rack until you can see the drill marks.
Hold the rack in this position.

Place the gear in the injector body so that the marked
tooth is engaged between the two marked teeth on the
rack (Fig. 29).

Place the gear retainer on top of the gear.

SPIL
DEALECTOR

&———smm e
NEEDLE VALVE ——---_..5

a—_—SPRNG CAGE

SPRING SEAT ——————vgp
l..____.-vm.vs SPRING
CHECK VALVE ‘

CAGE . : : :
PP t———————— CHECK YALVE

INJECTOR / a

BODY

12.

13.

14.
15.

16.

Fig. 29 - Injector Rack, Gear, Spray Tip and Vaive
Assembly Details and Relative Location of Parts

Align the locating pin in the bushing with the slot in
the injector body, then slide the end of the bushing into
place.

Support the injector body, bottom end up, in injector

. vise J 22396-1.

Install the spill deflector over t_he barrel of thebushing.

Perform the spray tip test, as outlined in Section 2.0
using injector tip Tester J 22640-A before proceeding
with the m_]ector assembly

Place the check valve (without the 010" hole)
centrally on the top of the bushing. Then, place the
check valve cage over the check valve and against the
bushing. The check valve cage must not rest on the
check valve.
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1

4 : '
T=\ S
030" CHECK VALYE 025"

VALVE CAGE /

SPRING SEAT
LONG QUII.I. SHORI’ QUILL

12755

NEEDLE VALVE

FORMER DESIGN NEW DESIGN

17.

18777

. Fig. 30 - Comparison of Former and New Design

Injector Parts

The former, and new check valve and check valve cage
are not separately interchangeable in a former i mjector

(Flg 30).

Insert the sprmg seatin the valve spring, then insert the
_.assembly mto the cage, sprmg seat first.

'Place the spnng cage, spnng seat and valve spring

o ;assembly (valve sprmg down) on top of the check valve

o fiDo not use new deslgn needle valve spray tip with

19.

20.

e?2l.

22

; ‘_former deslgn spring seat (Frg 30)

Put the needle, tapered end down, into the spray tip
(Fig. 31). Then, place the spray tip assembly on top of
the spring cage with the quill end of the needle valve in
the hole in the spring cage.

Lubricate the threads in the injector nut and carefully
thread the nut on the injector body by hand. Rotate the
spray tip between your thumb and first finger while
threading the nut on the injector body (Fig. 32).
Tighten the nut as tight as possible by hand. At this
point there should be sufficient force on the spray tip to
make it impossible to turn with your fingers.

Use socket J 4983-01 and a torque wrench to tighten
the injector nut as follows:

Non-blued nut on :

non-blued body ..... ... 50 Ibft (68 N-m) torque
Blued nut on '

bluedbody ............ 80 Ib—ft (108 N-m) torque

Non-blued nut on blued
body or blued nut on
non-blued body ......... 65 Ib=ft (88 N-m) torque

After assembling a fuel injector, always check the area
between the nut and the body. If the seal is still visible
after the nut is assembled, try another nut and a new
seal which may allow assembly on the body without

extrudmg the seal and forcmg it out of the body-nut
crevice.

NOTICE: Do not exceed the specified torque.
Otherwise, the nut may bé stretched and result in
improper sealing of the lapped surfaces in a
subsequent injector overhaul.

23.  Turn the injector overand push the rack all the way in.

24. Place the follower spring on the injector body.

25. Refer to (F 1g 34) and place the stop pin on the injector
body so.that the follower sprmg rests on the narrow
ﬂange of the stop pm ' ,

26. Refer to (Flg 35) and shde the head of the plunger
into-the- follower o .

27. Align the slot in the follower thh the stop pm hole in
the’ m_]ector body :

28. Ahgn the ﬂat srde of the plunger w1th the flat in the
gear. L .

29. Insert the free end of the plunge'r in the injector body.
Press down on the follower and at the same time press
the stop pin into position. When in place, the spring
will hold the stop pin in position.

FOLLOWER . FOLLOWER
stoP ‘ FILTER -
c GASKET
PLUNGER
ST INJECTOR
- — BODY
GEAR
FILTER
GEAR
RETAINER
BUSHING
SPILL CONTROL
DEFI ECTOR RACK
LOWER PORT UPPER PORT
CHECK VALVE CHECK VALVE
~ CAGE
SPRING SEAT
NEEDLE VALVE
SPRAY TIP NUT 3639

Fig. 31 - Cutaway View of Fuel Injector
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Place pump lever 1 in the vertical position.
Move lever 3 to the forward detent position.

The injector follower should be depressed rapidly
using pump lever 1 (at 40 to 80 strokes per minute) to
simulate operation in the engine. Observe the spray
pattern to see that all spray orifices are open and
dispersing the test oil evenly. The beginning and
ending of injection should be sharp and the test oil
should be finely atomized with no drops of test oil
forming on the end of the tip.

Fig. 33 - Tightening Injector Nut with Torque Wrench
Using Tool J 4983-01
Check Injector Output
Perform the injector fuel output test using Calibrator

J 22410-A as outlined in Section 2.0 — Shop Notes.

Check Atomization and Spray Pattern

This test determines spray pattern uniformity and
atomization. .

1. Clamp the injector properly and purge the air from the
system (Fig. 36).

2. Move lever 4 down.

3. Position the injector rack in the full-fuel position.

FOLLOWER:

FOLLOWER SPRING—-i gi

FLUNGER

: a8 /svop PIN
. N ; 355

Sl

Fig. 35 - Injector Plunger; Foliower and Reiative

Location of Parts
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GAGE

PLUNGER POSITION DAMPEN|NG
LEVER 2 ALVE

GAGE1 .\

PUMP
LEVER 1

ROCKER ARM
ENGAGEMENT § Sl
LEVER 3

“UP-VALVE CLOSED
FOR CLAMPING
o DOWN VALYE OPEMN
‘LEVER 4 :
UP-FLOW TO CLAMP L Rﬂ-E‘.‘SE Clamp
DOWN-FLOW TO INJECTOR

Fig. 36 - Injector in Position for Testing with

Tester J4 23010—A
Check Pressura Holdmg and
Teost for Leaks '

This test determines if the body-to-bushing mating
surfaces in the injector are sealing properly and indicates

“proper plunger—to-bushing fit.

1. Clamp the injector properly in Tester J 23010-A and
purge the air from the system (Fig. 36).

2. Close the Thru—Flow valve, but do not overtighten.
3. Move lever 2 to the rear, horizontal position.

4, Operate pump lever 1 until gage 1 slowly reaches
100-200 psi (689-1378 kPa), check for injector nut
seal ring leaks. Then, increase the gage reading to
15002000 psi (10 335-13 780 kPa). Check for leaks
at the filter cap gaskets and the body plugs. Note the
time for the pressure to drop from 1500 psi to 1000 psi
(10 335 kPa to 6890 kPa). This should not occur in
less than 7 seconds. This test determines if the
body-to-bushing mating surfaces in the injector are
sealing properly.

5. Unclamp the injector.

6. Open the Thru-Flow valve to release pressure in the
system.

7. Move lever 5 down to release the clamping pressure.

8. Swing out the adaptor plate and remove the injector
after the nylon seals in the clamping head are free and
clear of the injector filter caps.

9. Carefully, return lever 5 to the up (horizontal)
position.

Check Rack Freeness and
Spray Tip Concentricity

Place the injector in Tester J 29584 (Flg 37) and
check rack freeness.

With the injector control rack held in the no-fuel
position, operate the handle to depress the follower to the
bottom of its stroke. Then, very slowly release the pressure
on the handle while moving the control rack up and down
until the follower reaches the top of its travel. If the rack falls
freely the injector passes the test.

If the rack does not fall freely, loosen the injector nut,
turn the tip, then retighten the nut. Loosen and retighten the
nut a couple of times, if necessary. Generally, this will free
the rack. Then, if the rack isn’t free, change the injector nuit.
In some cases it may be necessary to disassemble the injector
to eliminate the cause of the misaligned parts or to remove

To assure correct alignment, check the concentricity
of the spray tip as follows:

1. Place the injector in Tester J 29584 (Fig. 37) and
adjust the dial indicator to zero.

Fig. 37 ~ Checking Rack for Freeness in Tester J 29584

© Copyright 1990 Detroit Diesel Corporation
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2. Rotate the injector 360° and note the total runout as
indicated on the dial. - .

3. H the total runout exceeds .008”, remove the injector
from the gage. Loosen the injector nut, center the spray
tip and tighten the nut to 75-85 Ib-ft (102-115 N-m)
torque. Recheck the spray tip concentricity. If, after
several attempts, the spray tip cannot be positioned
satlsfactonly, replace the m_]ector nut.

Box and Store Injector

If the reconditioned injector is to be placed in stock, fill
it with injector test il J 26400. Do not use fue! oil. Install
shipping caps on both filter caps immediately after filling.
Store the.injector in an upright position to prevent test qil
leakage.

Install Injector

Before installing an injector in an engine, remove the
carbon deposits from the beveled seat of the injector tube in
the cylinder head. This will assure correct alignment of the
injector and prevent any undue stresses from being exerted
-against the spray tip.

Use injector tube bevel reamer J 52869 or a
cylindrical wire brush, Section 2.1.4, to clean the carbon
from the injector tube. Exercise care to remove ONLY: the
carbon so that the proper tip protrusion is maintained. Pack
the flutes of the reamer with grease to retain the carbon
removed from the tube.

Be sure the fuel injector is filled wiih fuel o
necessary, add clean fuel oil at the inlet ﬁlter cap untll it Tuns
out of the outlet filter cap. w7

Install the injector in the engme as follows

1. Refer to (Fig. 5) and msert the mjector into the
m]ector tube w1th :dowel pin in the injector body
registering w1th he locating hole in the cylinder head.

2. Slide the mjector rack control lever over so that it
registers with the m_]ector rack. B

3. Install the injector clamp, spec1a1 washer (with curved
side toward injector clamp) ‘and bolt. Tighten the bolt
t0'20-25 Ib—ft (2734 N - m) torque. Make sure that the
clamp does not interfere with the injector follower
spring or the exhaust valve springs.

¥ NOTICE: _'Check the injector control rack for
" free movement. -Excess torque can cauvse the
control rack to stick or bind.

4. Move the rocker arm aséembly into position and-
secure the rocker arm brackets to the cylinder head by

P

tightening the bolts to the torque specified in |
Section 2.0 — Specifications. ‘

NOTICE: On four valve cylinder heads, there
is a possibility of damaging the exhaust valves if
the exhaust valve bridge is not resting on the
ends of the exhaust valves when tightening the
rocker shaft bracket -bolts. Refer to Install
Rocker Arm and Shaftin Section 1.2.1'and note
the position of the: exhaust valve bridge before,
during and after - tlght g. the rocker shaft
bolts.

Install fuel plpm

® A, Flared end fuc] p1pm . Remove the injector shipping
caps. Align the fuel pipes and connect them to the
injectors and the fuel connectors.

NOTICE: DDC recommends that the original

fuel pipes not be reused. New flared end fuel

pipes should be installed. When installing flared

end fuel pipes, use. fuel: pipe nut wrench. .

J 8932-01 and “clicker” type torque wrench

J 24405 (calibrated in inch—pounds) to apply

proper torque and avoid damaging the fuel

pipes. Refer to the chart for torque
specifications. Fuel leakage from damaged or
improperly installed fuel pipw can cause lube oil (
dilution, which may result in serious engine :
damage. -

Fuel Pipe Usage Torque
. 130 Ib-in.
Endurion®-coated (14.69 N-m)
— 160 Ib-in.
d
| Uncoate {18.3 N-m)
- ) 120 Ib=in._
Jacobs Brakes _{13.86 N-m)
L . 160 Ib—in.
L |
oad limiting devices __{18.3N'm)

*Not sarviced. Available from J

bs Manufacturing Company.

NOTICE: Because of their low friction
surface, Endurion® -—coated nuts on fuel
jumper lines must be tightened to 130 Ib—in
(14.69 N-m) torque, instead of the 160 lb—in
(18.3 N-m) required with uncoated nuts. To
avoid possible confusion when tightening
jumper line nuts, do not mix lines with uncoated
and Endurion® -—coated nuts on the same
cylinder head.

Jacobs brake jumper lines and jumper lines used with  {
load-limiting devices do not have coated nuts. Tighten
these to the values shown on the Chart.
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NOTICE: Do not bend the fuel pipes and do
not exceed the specified torque. Excessive
tightening will twist or fracture the flared end of
the fuel line and result in leaks. Lubricating oil
diluted by fuel oil can cause serious damage to
the engine bearings (refer to Fuel Jumper Line
Maintenance & Pressurize Fuel System — Check
for Leaks in Section 2.0 — Shop Notes).

An indication of fuel leakage at the fittings of the fuel
injector supply lines and connector nut seals could be
either low lubricating oil pressure (dilution) or fuel
odor coming from the crankcase breathers or an open
oil filler cap. When any of the above are detected,
remove the valve rocker cover. A close inspection of
the rocker cover, cylinder head, fuel lines and
connectors will usually show if there is a fuel leakage
problem. Under normal conditions, there should be a
coating of lubricating oil throughout the cylinder head
area and puddles of oil where the fuel pipes contact the
connectors and where the fuel connectors contact the
cylinder head. If these areas do not have the normal
coating of lubricating oil, it is likely that fuel oil is
leaking and washing off the lubricating oil. Remove
and replace the leaking fuel pipes and/or connectors.
Use a new gasket and reinstall the rocker cover. Then,
drain the lubricating oil and change the oil filter
elements. Refer to Section 13.3 (Lubrication
Specifications) and refill the crankcase to the proper
level with the recommended grade of oil.

e B. O-ring sealed fuel pipes. Inspect fuel pipes and

connectors (Fig. 38) carefully. Fuel pipes may be
reused if they are not twisted, bent, distorted or
otherwise damaged. O-ring design fuel pipes are not
interchangeable with flared tube design fuel pipes on a
part—for-part basis. O-ring design fuel pipe
connectors and injector filter caps have a 1/2” - 20
female thread to accept the 1/2” — 20 male thread on
the fuel pipe nuts. These parts must be used together to
insure interchangeability.

NOTICE: To avoid fuel leakage, always use
new O-ring seals when replacing the fuel pipes
on an engine. Do not reuse seals.

Remove the injector shipping caps. Align the fuel pipes
and connect them to the injector filter caps and the
cylinder head connectors. Using “clicker” type torque
wrench J 24405 (calibrated in inch—-pounds), tighten
the O-ring sealed fuel pipe nuts to 143 Ib~in (16.16
N-m) torque.

Perform a complete engine tune—up as outlined in
Section 14. However, if only one injector has been
removed and replaced and the other injectors and the
governor adjustment have not been disturbed, it will
only be necessary to adjust the valve clearance and
time the injector for the one cylinder, and to position
the injector rack control lever.

FUEL PIPE

SEAL

INJECTOR FILTER CAP
CONNECTOR /@

L-6671

# Fig. — 38 O-Ring Sealsed Fuel Pipes, Connectors,

Injector Filter Caps

® Copyright 1990 Detroit Diesel Corporation

May, 1990

SEC. 2.1.1 Page 19






DETROIT DIESEL 53
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FUEL INJECTOR TUBE

Fig. 1 = Removing Injector Tube Usmg Tools J 6286-4A
and J 5286<5

. The bore in the cylinder head for the fuel injector is
directly through the cylinder head water jacket as shown in
Fig. 1. To prevent coolant from contacting the injector and
still maintain maximum cooling of the injector, a tube is
pressed into the injector bore. This tube is sealed at the top
with a neoprene ring (former). or fluorelastomer (current)
and upset into a flare on the lower side of the cylinder head to
create water—tight and gas—tight joints at the top and bottom.

e  The new service—only injector hole tube can be
distinquished from the former by the size of the large LD.
{1.198"-1.201" vs. 1.180" —1,183") and by the Detroit Diesel
logo plus the number “606” stamped on the top flange. The
former tube was marked with either “GM” or the Detmlt
Diesel logo on the top flange. -

o  The new tube takes less time to install than the former
tube because the larger 1.D. (inside diameter) of the new tube
does not require reaming. Reaming is only necessary at the
small I.D. and the injector nut seat. Reaming must be done
carefully and without undue force or speed so as to avoid
cutting through the thin wall of the injector tube.

NOTICE: Ethylene glycol base antifrecze is
recommended for use in all Detroit Diesel
engines. Methyl alcohol base antifreeze is not
recommended because of its effect on the
fluorcelastomer seal rings in the cylmdcr head.

. Repalr Leaking Injector Tube

To permit the repair of a leaking fuel injector hole tube
at the seal ring, without removing the cylinder head from the

cyimdcr block, a new m_]ector hole tube swaging tool J
28611-A is avaﬂable :

Before removing the fuel injector, pressurize the
cooling system at the radiator to verify the injector tube seal
ring leak. Then; with the fuel injector removed, insert the.
swaging tool ‘into the fuel injector -hole tube. The tool is
tapered and ﬂanged to prevent damage to the cylinder head
or injector tube. Hit the top of the tool moderately withaone
pound hammer two or three'blows, seating the tool. This will
cause the top edge of the injector hole tube to expand, thus
increasing the crush on the injector tube seal nng and sealthe
ledk: Install the fuel i injector and again pressurize the coolmg
system to verify the leak has been stopped

This tool was deslgned mamly for use on- engmas bmlt
between July, 1973 and August, 1977 with fuel injector hole
tube seal rings that may be pressure sensitive and, if so, could
take a heat set. The result being a coolant leak at the seal
ring.

The use of the swaging tool, as stated above, will
restore tension the the seal ring.

Remove Injector Tube |

When removal of an injector tube is required, use
injector tube service tool set J 22525 as follows:

1. Remove, disassemble and clean the sylinder head, as
outlined in Section 1.2.

2. Place the injector tube installer J 5286-4A in the
injector tube. Insert the pilot J 5286-5 through the

small opening of the injector tube and thread the pilot
into the tapped hole in the end of the installer (Fig. 1).

3. Tap on the end of the pilot to loosen the injector tube.
Then lift the injector tube, and pilot from the cylinder
head. .

Install Injector Tube

Thoroughly clean the injector tube hole in the cylinder
head to remove dirt, burrs or foreign material that may
prevent the tube from seating at the lower end or sealing at
the upper end. Then, install the tube as follows:

1. Lubricate the new injector tube seal ring with engine
oil and place it in the counterbore in the cylinder head.

NOTIC_E': DO NOT lubricate the outside of
the injector tube or inside the cylinder head
injector tube bore to facilitate installation of the
tube. Lubricant will cause the tube to turn
during reammg or rolling operations poss:bly
damaging the injector tube or reamers.

© Copyright 1990 Detroit Diesel Corporation
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2.1.4 Injector Tube

DETROIT DIESEL 53

Fig. 2 — Installing Injector Tube Using Tools J 5286-—4A

and J b286-5

L6673

Fig. 3 - Measunng Ciearance Between Installation Tool
and Top of Hole Tube Flange

2. Place the installer J 5286-4C in the injector tube.
Then, insert the pilot J 5286-5 through the small
opening of the injector tube and thread it into the
tapped end of the installer (Fig. 2). For proper
installation of any injector hole tube, the tool must
contact the tube at the bottom before it touches the

flange at the top.:The clearance at the top, between the
flange and the tool, should be .001" to .010" (Fig. 3).

3. Shp the mjecto fubé i mto the i injector bore gnd dnve it

head counterbore ' (msxde diameter) and o;itsy.de
dlameter of the mjector tube The tube ﬂange 1s 1 erely-

--:end to protrude up to' .120" above the cylinder head

. casting without sealmg ‘being affected. Sealing is-
“accomplished by compressing the O-ring seal between
the head Gounterbore and the outside diameter of the
1injector tube: The tube flange is merely. used-to retain
the seal ring in the head counterbore.

4. With the injector tube properly positioned in the
;cylmder head, upset (ﬂare) the lower end of the
mjector tube as follows

-a. Turn the cylinder head bottom side up, remove’

‘ the pilot J 5286-5 and thread the upsetting die
J 52866 into the: tapped end of the mstaller
J 5286-4C (F:g 4) :

b Then, using a _socket and torque wrench apply
approximately 30 Ib—ft (41 N-m) torque on the
: upsettmg die. '

¢. --Remove: the installing tools and ream the.
R mjector tube as outlined below. = = - ‘

Ream Injector Tube

After an injector tube has been installed in a cylinder
head, it must be finished in three operations: '

First, band reamed, as shown in Fig, 5, to. reoelve the
injector body nut and spray t1p SN

Second, sPot—faced‘ to remove excess stock at the lower
end of the injector tube.

Third, hand reamed, as shown in Fig. 6, toprovidea
good seating surface for the bevel or the lower end of the
injector nut.

. The new tube takes less time to install than the former
tube because the large I.D. (inside dlameter) of the new tube
does not require reaming. Reaming is only necessary at the
small 1.D. and the injector nut seat. Reaming must be done
carefully and without undue force or speed so as to avmd
cutting through the thin wail of the injector tube.

Page 2
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DETROIT DIESEL 53 injector Tube 2.1.4

Fig. 4 - Upsettlng !njector Tube Usmg Tools J 5286—4A Flg 6 Reamlng Injector Tuba for Injector Nut Usmg
and J'5286-6 : s TooIJ 5286 9 '

NOTICE The reamer should be turned in a
clockwise direction.only, both when inserting
and when withdrawing the reamer, because
movement in the opposite direction will dull the
cutting edges of the flutes. - ,

1. Ream the injector tube for the mjector nut and spray
tip. With the cylinder head right side up and the
m]ector tube free from dirt, proceed with the first
reaming operation as follows:

a. Place a few drops of hght cutting 011 on the
reamer flutes, then carefully position the reamer
¥ 22525-1 in the injector tube.

‘b.  Turn the reamer in a clockwise direction
(withdrawing the reamer frequently for removat
of chips) until the lower shoulder of the reamer
contacts the mjector tube (Flg 5) Clean ouf all
of the clups

2. Remove £Xxcess stock.

a.  With the cylinder head bottom side up, insert the
pilot of cutting tool ¥ 5286-8 into the small hole
of the injector tube.

b. Piaceafew drops of cutting oil on the tool. Then,

using a socket and a speed handle, remove the

. excess stock so that the lower end of the injector

Fig. 5 - Reaming Injector Tube for Injector Body Nut and tube is from flush to .005" below the finished
Spray Tip Using Tool J 225251 surface of the cylinder head.

© Copyright 1980 Detroit Diesel Corporation May, 1990 SEC. 214 Page. 3



2.1.4 Injector Tube DETROIT DIESEL 53

Then perform the second reaming operation as
follows:

a. Place a few drops of cutting oil on the bevel seat

of the tube. Carefully lower the reamer J 5286-9

" into the injector tube until it contacts the bevel
seat, PR

b. Make a trial cut by furning the reamer steadily
without applying any downward force on the
reamer. Remove the reamer, blow out the chips
and look at the bevel seat to see what portion of
the seat has been cut. .

c. Proceed carefully with the reaming operation,
w1thdrawmg the reamer occasmnally to observe

;the reammg progress. :

d. "Remove the chips from the m]ector tube and
using gage - J- 25521, continue the reammg
-operation until the shoulder of the spray tip is
flush to+ 014" ‘with the fire deck of the cylinder

head (Fig. 8). Then wash the interior of the

TR . : injector tube with clean solvent and dry it with
3. ;-'Ream the bevel seat in the l.IleCtOl' tube T  compressed air.

The tapered lower end of the mjector tube must e CAUTION: To prevent possible injury,
provide a smooth and true seat for the lower end of the wear adequate eye protection and do
injector nut to effectively seal the cylinder pressures not exceed 40 psi (276 kPa) air pressure.

and properly position the injector tip in the
combustion chamber. Therefore, to determine the
amount of stock that must be reamed from the bevel
seat of the tube, refer to Fig. 7.

Install gage J 25521 in the injector tube. Zero the sled

gage dial indicator J 22273 to the fire deck. Gage

J 25521 should be flush to .014” with the fire deck of
. the cylinder head (Fig. 8)..

Any fire deck resurfacing work must be done prior to
final injector tube seat gaging. Refer to Section 1.2 for
resurfacing instructions.

With the first reaming operation completed and the
injector tube spot—faced, wash the interior of the injector
tube with clean solvent and dry it with compressed air.

. CAUTION: To prevent possible injury,
wear adequate eye protection and do
not exceed 40 psi (276 kPa) air pressure.
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2.2

'FUEL PUMP

The _ positive displacement gear—type fuel pump
transfers fuel from the supply tank to the fuel-imjectors
(Fig. 1)- The pump circulatés an excess supply of fuel
through the injectors which purges the air from the system

and cools the injectors. The unused portion of fuél returns’ o
the fuel tank by means of a fuel return mamfold and fuel_.

return hne

On the In-line engine;"fﬁe fuel pump is' moﬁnted onthe

governor weight housing and is driven through a drive
coupling by the governor weight shaft. On the V-type
engme, the fuel pump is mounted on the flywheel housmg
and is driven by the accessory drive gear T

Certain engme apphcatlons use a h1gh-—capac1ty fuel

pump with 3/8” wide gears to increase fuel flow and reduce

fuel spill temperature. The high-capacity fuel pump and the
standard fuel pump with 1/4" wide gears may not be

completely mterchangeable therefore, when replacinig.a"

standard pump with a high—capacity pump, the appropnate
fuel lines and connections must be used. _

The fuel pump cover and body are posmoned by two'

dowels. The dowels aid in maintaining gear shaft alignment.
The mating surfaces of the pump body and cover are

perfectly flat ground surfaces. No.gasket is used between the

cover and body since the pump clearances are set up on the
basis of metal-to-metal contact. A very thin coat of sealant
provides a seal against any minute ‘irregularities in the
mating surfaces. Cavities in the pump cover accommodate
the ends of the drive and driven shafts.

PLUG. GASKET SPRING

Fig. 1 - Typical Fuet Pump Assembly

_ The fuel pump body is recessed to provide running
space for the pump gears (Fig. 2). Recesses are also provided
at the inlet and cutlet posmons of the gears. The small hole
“A” permits the fuel oil in the inlet side of the pump to
lubricate the relief valve at its outer end and to eliminate the
possibility of a hydrostatic lock which would render the
relief valve inoperative, Pressurized fuel contacts the relief
valve through hole “B” and provides for relief of excess
discharge pressures. Fuel reenters the inlet side of the pump
through hole “C” when the discharge pressure is great
enough to move the relief valve back from its seat. Part of the
relief valve may be seen through hole “C”. The cavity “D”
provides escape for the fuel cil which is squeezed cut of the

;gear teeth as they mesh together on the discharge side of the

pump. Otherwise, fuel trapped at the root of the teeth would
tend to force the gears apart, resulting in undue wear on the

gears, shafts, body and cover.

Two oil seals are pressed into the bore in the flanged
side of the pump body to retain the fuel oil in the pump and
the lubricating oil in the blower timing gear compartment
(Fig. 3). A small hole “E” (Fig. 2) serves as a vent
passageway in the body, between the inner oil seal and the
suction side of the pump, which prevents building up any fuel
oil pressure around the shaft ahead of the inner seal.

A higher temperature material lip type seal is now
being used in the fuel pumps. The new fuel pump seal is made
of a polyacrylate material, whereas the former seal is made of
nitrile. The new fuel pumps (with the polyacrylate seals) will
have the seals installed with the lips of the seals facing in the
opposite ditection of each other (Fig. 3). The former fuel
pumps have the seals installed with both seal lips facing the
mounting flange end of the pump. Both the polyacrylate and
former nitrile seals are interchangeable in a fuel pump. Only
the polyacrylate seals and fuel pumps with polyacrylate seals
will be serviced.

Some fuel oil seepage by the fuel pump seals can be
expected, both with a running engine and immediately after
an engine has been shut down. This is especially true with a
new fuel pump and/or new pump seals, as the seals have not
yet conformed to the pump drive shaft. Fuel pump seals will
always allow some seepage. Tapped holes in the pump body
are provided to prevent fuel oil from being retained between
the seals. Excessive fuel retention between the seals could
provide enough pressure to cause engine oil dilution by fuel,
therefore, drainage of the excess fuel oil is mandatory.
However, if leakage exceeds one drop per minute, replace the
seals.
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2.2 Fuel Pump

DETROIT DIESEL 63

PLUG  GASKET PIN SPRING

_ RELIEF VALVE

A —RELIEF VALVE VENT TQO SUCTION SIDE

B —PASSAGE TO HEAD OF RELIEF VALVE—
PRESSURE SIDE

C —PASSAGE FROM RELIEF VALVE—~

D _GEAR TEETH VENT CAVITY
£ —OIL SEAL VENT TO SUCTION SIDE

SUCTION SIDE o

DRIVEN BODY STEEL COVER DOWEL

Fig. 2 - Fuel Pump Valving and Rotati_on (Right'Hand Pump Shown) '

The drive and driven gears are a line-to-line to a .001”
press fit on their shafts. The drive gear is provided with a gear
retaining ball to locate the gear on the shaft.

A spnng—loaded relief valve incorporated in the pump
body normally remains in the closed position, operating only
when pressure on the outlet side (to the fuel filter) reaches
apprommately 65 psi (448 kPa).

Ope'ration

In operation, fuel enters the pump on the suction side
and fills the space between the gear teeth which are exposed
at that instant. The gear teeth then carry the fuel oil to the
discharge side of the pump and, as the gear teeth mesh in the
center of the pump, the fuel is forced out into the outlet
cavity. Since this is'a continuous cycle and fuel is continually
being forced into the outlet cavity, the fuel flows from the
outlet cavity into the fuei lines and through the engine fuel
system-unider pressure '

The pressure relief valve relieves the discharge
pressure by by—passing the fuel from the outlét side of the
pump to the inlet side when the discharge pressure reackes
approximately 65 to 75 psi (448 to 517 kPa).

_ The fuel pump should maintain the fuel pressure atthe
fuel inlet mamfold (see Section 13.2).

Remove Fuel Pump

1. Disconnect the fuel lines from the inlet and outlet
openings of the fuel pump.

2.  Disconnect the drain tube if used, from the fuel pump.

3. Remove the three pump attachmg bolt.s and mthdraw
the pump.

4.  Check the drive coupllng fork and, if broken or worn,
replace it wlt.h a new couphng '

Dnsassemble Fuel Pump

With. the fuel pump removed from the engme and
mounted in holdmg fixture J. 1508-10 as shown in Fig. 4,
refer to Frgs l:and 6 and dlsassemble the pump as follows:

1. Remove the eight cov: lts and mthdraw the pump
cover from the pump body Use care not to damage the
finished faces of the pump body and cover.

2. Withdraw the drive shaft, drive gear and gear retaining
ball as an assembly from the pump body.
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Fuel Pump 2.2

INNER OUTER
SEAL SEAL

OIL SEALS
IN FORMER
STANDARD

FUEL PUMPS

INNER  OUTER
SEAL SEAL

NN

.

‘—1.—-—0—

L-6094

h N
: [N\
REVERSED INNER
OIL SEAL IN CURRENT
STANDARD FUEL PUMPS

Fig. 3 _ Fué_l Pump Oil Seal Arrangements

Press the drive shaft just far enough to femove tﬁe steel

locking ball. Then invert the shaft and gear assembly
and press the shaft from the gear. Do not misplace the
steel ball. Do not press the squared end -of the shaft
through the gear as slight score marks will damage the
oil seal contact surface.

Remove the driven shaft and gear as an assembly from
the pump body. Do not remove the gear from the shaft.
The driven gear and s'haﬂ: are semced only as an
assembly. .

Remove the relief va.lve plug and copper gasket

Remove the valve sprmg, pin and rehef valve from the
valve cawtymthepump body SO

If the oil seals need replacmg, remove. them w1th oil
seal remover J 1508-13 (Fig. 5). Clamp the pump
bodymabenchwseandtap the end of the tool with a
hammer to remove the outer and inner seals.

NOTICE: Observe the posmon of the oil seal
lips before removing the, old seals to permit
installation of the new seals in the same position

(Fig. 3).

- HOLDING
FIXTURE

Fig. 4 — Removing Fuel Pump Cover
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2.2 Fuel Pump
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Inspection

Clean all of the parts in clean fuel oil and dry them with
compressed air.

¢ CAUTION: To prevent possible personal
injury, wear adequate eye protectlon
and do not exceed 40 psi (276 kPa) air
pressure.

Oil seals, once removed from the pump body, must be
discarded and replaced with new seals.

Check the pump gear teeth for scoring, chipping or
wear. Check the ball slot in the drive gear for wear. If

necessary, replace the gear.

Inspect the drive angd driven shafis for scoring or wear.
Replace the shafts if necessary. The driven shaft s semced as
a gear and shaft assembly only.

The mating faces of the pump body and cover must be
flat and smooth and fit tightly together. Any scratches or
slight damage may result in pressure leaks. Also, check for
wear at areas contacted by the gears and shafts Replace the
pump cover or body, if necessary.

The relief valve must be free from score marks and
burrs and fit its seat in the pump body. If the valve is scored
and cannot be cleaned up with fine emery cloth or crocus
cloth, it must be replaced.

Current standard fuel pumps (with 1/4" wide gears)
incorporate a 1/8" shorter pump body with three drain
holes, a 1/8" shorter drive shaft and a cover with a 3/8" inlet
opening. When replacing a former pump, a 3/8" x 1/4”
reducing bushing is required for the inlet opening and the
unused drain holes 'must be plugged.

Assemble Fuel Pump

Refer to Figs. 1, 2, 3 and 6 and assemble the pump as
follows:

1. Lubricate the lips of the oil seals w1th a light coat of
vegetable shortening, then install the oil seal in the
pump body as follows

a. Place theinner oil seal on the pilot of the installer
handle J 1508-8 so that the lip of the seal will
face toward the shoulder on the tool

When replacmg the former mtrlle fuel pump
seals with the current polyacrylate seals, install
them with the seal lips facing each other
(Fig. 3). S

b.  With the pump body supported on wood blocks
(Fig. 7), insert the pilot of the instalier handle in

the pump body so the seal starts straight into the
pump flange. Then drive the seal in until it
bottoms.

c. Place the shorter end of the adaptor J 1508-9
over the pilot and against the shoulder of the
installer handle. Place the outer oil seal on the
pilot of the installer handle with the lip of the seal
facing the-adaptor. Then insert the pilot of the
installer handle into the pump body and drive
the seal in (Fig. 8) until the shoulder of the
adaptor contacts the pump body. Thus the oil
seals will be positioned so that the space between

. them will correspond with the drain holes
located in the bottom of the pump body.

2. Clamp the pump body in a bench vise (equipped with
soft jaws) with the valve cavity up. Lubricate the
outside diameter of the valve and place it in the cavity
with the holiow end up. Insert the spring inside of the
valve and the pin inside of the spring. With a new
gasket in place next to the head of the valve plug, place
the plug over the spring and thread it into the pump
body. Tighten the 1/2"-20 plug to 18-22 Ib—ft (2430
N-m) torque.

3. Install the pump drive gear over the end of the drive
shaft which is not squared (so the slot in the gear will
face the plain end of the shaft). This operation is very
important, otherwise fine score marks caused by
pressing the gear into position from the square end of
the shaft may cause rapid wear of the oil seals. Press
the gear beyond the gear retaining ball detent. Then
place the ball in the detent and press the geax back until
the end of the slot contacts the ball.

4. Lubricate the pump shaft and insert the square end of
the shaft into the opening at the gear side of the pump
body and through the oil seals as shown in Fig. 9.

Fig. 6 - Removing Oil Seals Using Tool J 1608-13
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Fuel Pump 2.2

OlL SEALS GASKET - PUMPBODY . .

DRIVE
COUPLING

" DRIVE SHAFT

DRIVE GEAR PUMP
- COVER

GEAR DRIVEN GEAR

" RETAINING AND SHAFT
~ BALL '

RELIEF
VALVE

Fig. 6 — Fuel Pump Details and Relative Locati_bn.of Part;; (Ffith Hand Pump Shown)

5. Place the driven shaft and gear assembly in the pump
body. . ‘

NOTICE: The driven gear must be centered
on the shaft to give proper end clearance. Also,
the chamfered end of the gear teeth of the
production gear must face the pump body. If a
service replacement gear with a slot is used, the
slot must face toward the pump cover. '

6. Lubricate the gears and shafts with clean engine oil.

7. Apply a thin coat of quality sealant on the face of the
pump cover outside of the gear pocket area.

Then place the cover against the pump body with the
two dowel pins in the cover entering the holes in the
pump body. The cover can be installed in only one
position over the two shafis.

NOTICE: The coating of sealant must be
extremely thin since the pump clearances have
been set up on the basis of metal-to-metal
contact. Too much sealant could increase the
clearances and affect the efficiency of the pump.
Use care that sealant is not squeezed into the
gear compartment, otherwise damage to the
gears and shafis may result, :

Fig. 7 — Installing Inner Ol Seal Using Tool J 1508-8
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10.

1.

Flg 8- 1nstallmg Outer-Oil Seal Usmg Tools

J 1508-8 and J 1508-9°

Secure the cover in place with eight bolts and lock
washers, tightening the bolts alternately and evenly.

After assembly, rotate the pump shaft by hand to make

certain that the parts rotate freely. If the shaft does not

rotate frecly, attempt to free it by tapping a corner of
thc pump.

Insta]l 1/8" pipe plugs in the upper unused drain

holw

:'If the pump is not to be mstalled immediately, place

plastic shipping plugs in the _mlet and outlet openings
to prevent.dirt or other forelgn material from entering
the pump. L

Install Fuel Pump

1.

Afﬁ.x a new gasket to the pump body mounting flange
and locate the pump drive coupling over the square
end of the fuel pump drlve shaft

Install the fuel pump on the engme and secure 1t with
three nylon patch bolts. © S

To prowde mproved sealmg agamst leakage, nylon
patch bolts are used in place of the formcr bolt and seal

assemblm

If removed, mstall the inlet and outlet elbows in the
pump cover. Before installing, coat the threads lightly
with Gasoila, Permatex 2, or an equivalent
non-hardening sealant.

Fig. 9 - Installing Fuel Pump Drive Shaft and
Gear As;;@rhp_ly

o NOTICE: Do not use Teflon tape or paste on
fittings, since this can result in fuel pump cover (
- damage (crackmg) before the requlred torque is :
. reached. .

e To prevent sealant from entering the fuel system, do
not apply it to the first two (2) threads of the fittings.
Tighten fittings to the low end of the torque. If
necessary, continue ughtenmg until. alignment is
achieved, but do not exceed maximum torque Txghten
fittings to the followmg values:

Fitting Size . Tofqua :
1/4” 14-16 Ib-ft. (18-22 N-m)
3/8" | 18-22 b (24-30 N-m)
1/2" 20-25 Ib-ft. (27-34 N-m)

4. Connect the inlet and outlet fuel lines to the fuel pump.

5. Connect the fuel pump drain tube, if used, to the pump
body.

6. If the fuel pump is replaced or rebuilt, prime the fuel
system before starting the engine using PrimerJ 5956. (
This will prevent the possibility of - pump se:zure upon
initial starting.
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 FUEL PUMP DRIVE

CAMSHAFT GEAR

FUEL PUMP
'DRIVE GEAR
ASSEMBLY

THRUST WASHER

" GEAR & BUSHING
‘ASSEMBLY

HUB

THRUST WASHER

WASHER
‘ / DRIVE ADAPTOR

5001

" Fig. 1 = Typical Fuel Pump Drive Gear Mount_ing_and‘[iet_ails__(V—Type. Engina)

CAMSHAFT
| GEAR

DRIVE
ADAFTOR]

DRIVE
FORK

i
je——— ADAPTOR
! PLATE

Fig. 2 — Camshaft Drive for Fuef Pump
(6V Engine Shown)

On some V-type engines, the fuel pump is mounted on
the flywheel housing and is driven by an accessory drive gear.
The fuel pump drive consists of a gear, stationary hub and
drive adaptor (Fig. 1). The fuel pump drive gear rotates on

the stationary-hub attached ‘to the cylinder block and is
driven at approximately twice the engine speed by the
camshaft gear. On other.V-type engines, the fuel pump may
be driven by either camshaft by means of a drive fork and
drive adaptor (Fig. 2), in the same manner as the pump
mounted on the flywheél housing of the In—line engines.

The fuel pump on In-line engines is driven by the
governor weight shaft by means of a drive coupling. On some
engines, the fuel pump is mounted on an adaptor plate
attached to the flywheel housing. A drive adaptor attached
to the balance shaft gear registers with a drive fork on the fuel
pump shaft to provide a drive for the pump. Servicing of the
fuel pump and drive on an In-line engine is covered in
Section 2.2; the following applies only to a V-type engine.

To reduce the level of engine noise in the Series 53
engines, the pitch and pressure angle of the gear train and
accessory drive gears has been changed. Refer to
Section 1.7.1.

Lubrication

The fuel pump drive gear bearing (bushing type) is
pressure lubricated. Lubricating oil from the oil gallery in
the cylinder block flows through a drilled passage in the
block, around the gear retaining bolt, and through another
drilled hole in the gear hub to the bearing.
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2.2.1 Fuel Pump Drive

DETROIT DIESEL 53

Remove Fuel Pump Drive Gear
(V-Type Engine)

With the flywheel housing removed, remove the fuel
pump drive gear as follows:

1. Remove the bolts and detach the fuel pump drive
adaptor from the gear.

2. Loosen the fuel pump drive gear retaining bolt and
remove the bolt and washer, gear, thrust washers and
hub from the engine.

Inspection

Wash the drive gear and its related parts with fuel oil
and dry them with compressed air.

e CAUTION: To prevent possible personal
injury, wear adequate eye protection
and do not exceed 40 psi {278 kPa) air
pressure.

Inspect the thrust washers, hub and drive gear bearing
for wear or scoring. Parts which are excessively worn or
scored must be replaced, A pre-finished drive gear bearing
(bushing type) is available for service. A new bushing should
be pressed in flush to .010” below the gear face (both sides).
Examine the gear teeth and, if they are excessively worn,
scored or pitted, replace the gear and bushing assembly

Install Fuel Pump Drive Gear
(V-—Type Engine)

In_stall the fuel pump drive gear and its related parts-on
the engine as outlined below:

Lubricate the drive gear bearing, thrust washers and
hub with engine oil.

Assemble the fuel pump drive gear and thrust washers
on the hub. The oil grooves in the thrust washers must
face toward the gear. Note the position of the oil hole
in the hub. .

Do not ‘mix the former and the current hardened
gears on the same engine. Mixing the gears will result
in the excessive gear wear and may lead to serious
engine damage

NOTICE: : The hardened gears are used on 6V
turbocharged automotive engmes This change
became effective with engmc senal number
6D-229616.

Install the hub and gear assembly on the engine with
the small diameter of the hub entering the rear end
plate and the counterbore in the cylinder block, and
the fuel pump drive gear teeth in mesh with the
camshaft gear teeth. The oil hole in the hub should be
toward the bottom of the engine. -

Secure the gear and hub assembly in place with the
gear retaining bolt and washer. Tighten the 1/27-13
bolt to 71-75 Ih-ft (96-102 N-m) torque.

Check the clearance between the gear and the thrust
washer. The specified clearance between new parts is
between .005" and .018". 'The maximum- clearance-
between used parts must not' ‘exceed 0227,

Attach the fuel pump dnve adaptor to the gear w:t.h the
two bolts :
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2.3

FUEL STRAINER AND FUEL FILTER

(BOLT-ON TYPE)

achassd 3

Fig. 1 - Typical: Fuel Strainer and Fuel
F:Iter Moumlng

° A fuel strainer (pnmary) and fuel filter {secondary),
Fig. 1, are used to remove impurities from the fuel. The fuel
strainer is located between the fuel tank and the fuel pump.
The replaceable density—type element is capable of filtering
out particles of 30 microns (a micron is approximately

00004"). The fuel filter is installed between the fuel pump
a.nd the fuel inlet manifold. The replaceable paper—type
(cellulose) element (Fig. 2) can remove particles as small as
10 microns. Fiberglass elements can remove partlcles as
small as 5 microns.

NOTICE: A fuel tank of galvanized steel
should never be used for fuel storage, as the fuel
oil reacts chemically with the zinc coating to
form powdery flakes which quickly clog the fuel
filter and cause damage to the fuel pump and the
fuel injectors.

The fuel strainer and fuel filter are essentially the same
in construction and operation, and they will be treated as one
in this section.

INLET GASKET
PASSAGE B

OUTLET
PASSAGE

RETAINING
RING

ELEMENT ELEMENT

DRAIN L N
cocK \ SPRING

Fig. 2 — Fuel Filter Assembly'

The filter and strainer, illustrated in Figs. 3 and 4,
consist basically of a shell, a cover, and a replaceable filtering
element. The assembly is made oil tight by a shell gasket, a
cover nut or bolt, and a cover nut or bolt gasket.

The central stud is a permanent part of the shell and,
when the unit is assembled, extends up through the cover
where the nut or bolt holds the assembly together.

A filter element sets over the central stud inside the
shell and is centered in the- shell by the stud.

The former and current'cover assemblies are visibly
different. The cast letter “P” (primary) has been added to the
top of the strainer cover and the letter “S” (secondary) has
been added to the top of the filter cover.

Operation

Since the fuel strainer is between the fuel supply tank
and the fuel pump, it functions under suction. The fuel filter,
placed between the fuel pump and the fuel inlet manifold in
the cylinder head, operates under pressure. Fuel enters
through the inlet passage in the cover and into the shell
surrounding the filter element. Pressure or suction created
by the pump causes the fuel to flow through the filter element
where dirt particles are removed. Clean fuel flows to the
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2.3 Fuel Strainer and Filter

DETROIT DIESEL 53

interior of the filter element, up through the central passage
in the cover and into the outlet passage, then to the fuel inlet
manifold in the cylinder head.

If engine operation is erratic, indicating shortage of
fuel or flow obstructions, refer to Troubleshooting in
Section 15.2 for corrective measures.

Replace Fuel Stramer Or Fllter Element

The procedure for replacmg an element is the same for
the fuel strainer or fuel filter. Refer to Flgs 3 and 4 and
replace the element as follows C

NOTICE: Only filter clements desugned for
fuel oil filtration: should be used to ﬁlter the fuel.

- GASKET

SNAP RING

- PLUG
COVER
GASkET- -—*O

ELEMENT

U SPRING

1.

/ - DRAIN
SHELL L y COCK

Fig. 3 - Fuel Strainer Details and Relative Locatlon
of Parts

Fig. 4 — Fuel Filter Details and Relative Locatibn of Pan:s

With the engine stopped, place a container under the
strainer or filter and open the drain cock. Loosen the
cover nut or bolt just enough to allow the fuel oil to
drain out freely. Then close the drain cock.

NOTICE: The wiring harness, starting motor
or other electrical equipment must be shielded
during the filter change, since fuel oil can
permanently damage the electrical insulation,

While supporting the shell, unscrew the cover nut or
bolt and remove the shell and element. Also remove
and discard the cover nut retaining ring, if used

Page .2 May, 1990
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Fuel Strainer and Filter 2.3

3. Remove and discard the filter element and shell gasket,
the cover nut or bolt gasket, and, if used the cover bolt
snap ring.

Current strainers and filters do not incorporate the
cover bolt snap ring. This was eliminated to facilitate
replacement of the bolt gasket with each element
replacement.

4. Washtheshell ;horou'ghly with clean fuel oil and dry it
with compressed air.

CAUTION: Top ovent posslble personal
injury, wear"a equate eye protectnon
and do not excaed 40 psi (276 kPa) air
pressure. -

5. Examine the element seat and the retammg ring to
make sure they: have not slipped out of place. Check
the spring by pressing on the element seat. When
released, the seat -must return against the retaining
ring. _

The element seat, spnng, washer and seal can not be
removed from the strainer shell. If necessary, the shell

assembly must be replaced. However, the components
of the filter shell are serviced. Examine the filter
retainer seal for cracks or hardemng If necessary,
replace the seal.

The current strainer and filter elements mclude the

element, ‘the cover gasket and” cover bolt gasket. The

strainer element’ also mcludes both the forma and
y ,'current bolt gaskets

-‘ entrapped in the element’ and is conduclve to a fastf-‘-l'

place a. new gasket on the ¢ cover nut or bolt

8. .Place the shell and element in pos1t10n under the cover
Then thread the cover: bolt (or nut) in the center stud.

/i H __t.he shell and the gasket properly p0s1tloned,
en the cover bolt or nut Just enough to prevent fuel

10. Remove the pipe “p]ixg at the top of the cover and
complete filling of the shell with fuel. Fuel system
primer J 5956 may be used to prime the entire fuel
system.

11. Start the engine and check the fuel system for leaks.

'FUEL STRAINER AND FUEL FILTER

(SPIN-ON TYPE)

A spin—on type fuel strainer and fuel filter (Fig. 5)is
used on certain engines. The spin—on filter cartridge consists
of a shell, element and gasket combined into a unitized
replacement assembly (Fig. 6). No separate springs or seats
are required to support the filters.

. Replaceable paper type (cellulose} elements can
remove particles as small as 10 microns. Fiberglass elements
can remove particles as small as 5 microns.

The filter covers incorporate a threaded sleeve to
accept the spin—on filter cartridges. The word “Primary” is
cast on the fuel strainer cover and the word “Secondary” is
cast on the fuel filter cover for identification.

No drain cocks are provided on the spin—on filters.
Where water is a problem, it is recommended that 2 water
separator be installed. Otherwise, residue may be drained by

removing and inverting the filter. Refill the filter with clean
fuel oil before reinstalling it.

Filter Replacement

A 1" diameter twelve—point nut on the bottom of the
filter is provided to facilitate removal and instaliation.

Replace the filter as follows:

1. Unscrew the filter (or strainer) and discard it.

2. Fill a new filter replacement cartridge about
two—thirds full with clean fuel oil. Coat the seal gasket
lightly with clean fuel oil.

3. Install the new filter assembly and tighten it to
one-half of a turn beyond gasket contact.
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GASKET

FILTER

- Fig. 5 — Typical Spin-On Filter Mounting: -~ -

Fig. 6 — Spin-On Filter Details
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2.5.1

FUEL COOLER (V Engines)

A fuel cooler may be mounted in the raw water system,
between the heat exchanger and the raw water pump, so that
the fuel leaving the engine is cooled before it returns to the
fuel tank.

Fue! continually cycling through an engine causes the
fue! in the tank to become heated after extended operation.
Excessive fuel temperatures can affect engine operation. An
increase in the fuel inlet temperature above 90°F (32°C) will
resuit in a brake horsepower loss of approximately 2% per
20°F (11°C) increment fuel temperature increase.

Remove Fuel Cooler

1. Disconnect the flexible hoses at the fuel cooler.

2. Loosen the hose clamps and slide the hoses back on the
raw water pump tubes.

Clean Fusel Cooler

Clean the oil side of the cooler core first, then immerse
it in the following solution: Add 1/2 pound of oxalic acid to
each 2-1/2 gallons (9.5 liters}) of a solution composed of 1/3
muriatic acid and 2/3 water. The cleaning action is evident
by the bubbling and foaming.

Watch the process carefully. When bubbling stops
(this usually takes from 30 to 60 seconds}, remove the core
from the cleaning solution and thoroughly flush it with
clean, hot water. After cleaning, dip the core in light oil.

Pressure Test Fuel Cooler

After the fuel cooler has been cleaned, check it for
leaks by plugging one of the fuel openings with a 1/4” pipe
plug and attaching an air hose to the other opening. Apply
approximately 100 psi (689 kPa) air pressure and submerge
the cooler in a container of heated water (180°F or 82°C). A
leak will be indicated by air bubbles in the water. If leaks are
indicated, replace the cooler.

o CAUTION: To avoid personal injury
when making this pressure test, be sure
that personnel are adequately protected
against any stream of pressurized water
from a leak or rupture of the cooler core.

Install Fuel Cooler

Reverse the procedure for removing the fuel cooler.

FUEL OUTLET 6V-53
FUEL INLET 8Y-53

FUEL COOLER

FUEL INLET 6V-53
FUEL QUTLET 8vY-53

6!

L-5005

Fig. 1 — Fuel Cooler Mounting (V Engines)
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2.7

MECHANICAL GOVERNORS

Horsepower requirements on an engine may vary due
to fluctuating loads. Therefore, some method must be
provided to control the amount of fuel required to hold the
engine speed reasonably constant during load fluctuations.
To accomplish this control, a governor is introduced in the
linkage between the throttle control and the fuel injectors.
The following types of mechanical governors are used:

1. Limiting Speed Mechanical Governor.
2. Variable Speed Mechanical Governor.

Engines requiring a minimum and maximum speed
control, together with manually controlled intermediate
speeds, are equipped with a limiting speed mechanical
governor.

Engines subjected to varying load conditions that
require an automatic fuel compensation to maintain a near
constant engine speed, which may be changed manually by
the operator, are equipped with a variable speed mechanical
governor. However, a variable speed governor cannot be
used on an engine equipped with an Allison vehicle
transmission. Each type of governor has an identification
plate located on the control housing, containing the governor
assembly number, type, idle speed range and drive ratio. The
maximum engine speed, not shown on the identification
plate, is stamped on the option plate attached to the valve
rocker cover.

Check Governor Operation

Governor difficulties are usually indicated by speed
variations of the engine. However, it does not necessarily
mean that all such speed fluctuations are caused by the
governor. Therefore, when improper speed variations are
present, check the engine as follows:

1. Make sure the speed changes are not the result of
excessive load fluctuations.

2. Check the engine to be sure that all of the cylinders are
firing properly (refer to Section 15.2). If any cylinder
is not firing properly, remove the injector, test it and, if
necessary, recondition it as outlined in Section 2.1 or
2.1.1.

3. Check for bind that may exist in the governor
operating mechanism or in the linkage between the
governor and the injector control tube.

With the fuel rod connected to the injector control tube
lever, the mechanism should be free from bind throughout
the entire travel of the injector racks. If friction exists in the
mechanism, it may be located and corrected as follows:

1. If an injector rack sticks or moves too hard, it may be
due to the injector hold-down clamp being too tight or
improperly positioned. To correct this condition,
loosen the injector clamp, reposition it and tighten the
clamp bolt to 20-25 1b—ft (27-34 N-m) torque.

2. An injector which is not functioning properly may
have a defective plunger and bushing or a bent injector
rack. Recondition a faulty injector as outlined in
Section 2.1 or2.1.1.

3. An injector rack may bind as the result of an
improperly positioned rack control lever. Loosen the
rack control lever adjusting screws. If this relieves the
bind, relocate the lever on the control tube and
position the rack as outlined in Section 14.

4. The injector control tube may bind in its support
brackets, thus preventing free movement of the
injector racks to their no—fuel position due to tension
of the return spring. This condition may be corrected
by loosening and realigning the control tube
supporting brackets, If the control tube support
brackets were loosened, realigned and tightened, the
injector racks must be repositioned as outlined in
Section 14,

5. A bent injector control tube return spring may cause
friction in the operation of the injector control tube. If
the spring has been bent or otherwise distorted, instalil
a new spring.

6. Check for bind at the pin which connects the fuel rod
to the injector control tube lever; replace the pin, if
necessary.

If, after making these checks, the governor fails to
control the engine properly, remove and recondition the
governor.
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DETROIT DIESEL 53

2.7.1

LIMITING SPEED MECHANICAL GOVERNOR

In-Line Engine

The hmltlng speed mechanical governor performs the
following functions (Fig. 1):

1. Controls the engine idle speed.
2. Limits the maximum operating speed of the engine.

The mechanical engine governors are identified by a
name plate attached to the governor housing. The letters
D.W.-LS. stamped on the name plate denote a
double—welght limiting speed governor

The governor is mounted on the rear end plate of the
engine and is driven by a gear that extends through the end
piate and meshes with either the camshaft gear or the balance
shaft gear, depending upon the engine model.

Operation

The governor holds the injector racks in the advanced
fuetl position for starting when the throttle control lever is in
the idle position. Immediately after starting, the governor
moves the injector racks to the posmon reqmred for 1dlmg

The centrlfugal force of the revolvmg governor low
and high speed weights is converted into linear motion which
is transmitted through the riser and operating shaft to the
operating shaft lever. One end of this lever operates against
the high and low speed springs through the spring cap, while
the other end provides a moving fulcrum on which the
differential lever pivots,

When the centrifugal force of the revolving governor
weights balances out the tension on the high or low speed
spring  {depending on the speed range), the governor
stabilizes the engine speed for a given setting of the speed
control lever. '

In the low speed range, the centrifugal force of the low
and high speed weights together operate against the low
speed spring. As the engine speed increases, the centrifugal
force of the low and high speed weights together compresses
the low speed spring until the low speed weights are against
their stops, thus limiting their travel, at which time the low
speed spring is fully compressed and the low speed spring
cap is within .0015" of the high speed spring plunger.

Throughout the intermediate speed range the operator
has complete control of the engine because the low speed gap
is closed and the low speed weights are against their stops,
and the high speed weights are not exerting enough force to
overcome the high speed spring. As the speed continues to
increase, the centrifugal force of the high speed weights
increases until this force can overcome the high speed spring

and the governor ag'aiﬁ takes control of the engine, limiting
the maximum engine speed. .

A fuel rod, connected to the differential lever and the
injector control tube lever, provides a means for the governor
to change the fuel settings of the injector rack control levers.

The engine idle speed is determined by the force
exerted by the governor low speed spring. When the
governor speed control lever is placed in the idle position, the
engine will operate at the speed where the force exerted by
the governor low speed weights will equal the force exerted
by the governor low speed spring.

Adjustment of the engine idle speed is accomplished by
changing the force on the low speed spring by means of the
idle speed adjusting screw. Refer to the nme-up section for
idle speed adjustment.

SE CONTROL §
BRI HOUSING [l

WEIGHT ;
HOUSING|

- Fig.. 1 - Governor Mounting
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2.7.1 Limiting Speed Governor

DETROIT DIESEL 53

iDLE SPEED
ADJUSTING SCREW

HIGH SPEED

GAP ADIUSTING ‘
SCREW SPRING RETAINER

. TYPE A

GAP ADJUSTING. J cims

SCREW HIGH SPEED

'SPRING RETAINER

IDLE SPEED
_ ADJUSTING SCREW

)

TYPE B
V1746

Fig. 2 - Differences Between Industrial and Vehicle,
Type Governor Assembiias '

The engine maximum no-load speed is determined by
the force exerted by the hlgh speed spring. When the throttle
control lever is placed in the:maximum speed position, the
engine will operate ata speed where the force exerted by the
governor high spéed welghts wﬂl equal the force exerted by
the governor hlgh speed sprmg _ _

Adjustment ‘of the mammum no—load speed is
accomphshed by changlng the tension on the high speed
spring. Refer to the tune—up sectlon for the maximum
no-load speed adjustment o

Lubrlcatlon

The governor is lubncated by oil splash from _the
engine gear train and by a pressure line on current engine
models, The oil passes through the governor. ‘weight housing
onto the shaft and weight assémblies. The oil is distributed to
the various moving ' parts w1thm the. governor "by' the
revolving welghts Surplus oil drains- from ‘the governor
through holes in the governor beanng retamer ‘back to the
engme gea.r tram ' .

Remove Governor from3 ngme

Before removmg the governor from the engine, the
operation should be checked as.outlined in Section 2.7. If
the governor fails to control ‘the engine properly after
performing these checks, remove and recondition it.

- 1. | ‘Disconnect the linkage to the governor control levers.

2. Remove the governor cover and gasket.

3. Detach the spring housing from the governor housing
by removing the two bolts and lock washers.

4. Loosen the high speed spring retainer lockhut with
spanner wrench J 5895 and remove the sprmg
assembly (Fig. 2).

5. Loosen the fuel rod cover hose clamps.

6. Clean and remove the rocker cover from the cyhnder
head. - .

7. Disconnect the fuel rod from__the injector control tube
lever. Remove the clip that holds the fuel rod to the
differential lever and lift the fuel rod from the lever.

8. Detach the fuel pump by dnsconnectmg the fuel lines
and remong the three bolts. Also, dlsconnect the
lubricating oil line, if used. ‘

9. Remove the five bolts from the governor weight
housing and the two bolts from the governor control
housmg e .

10. Detach the governor and gasket from the engine. | E

Dlsassemble Govarnor Cover

1. . .Remove the return Sprmg and chp from a single lever

cover only, then loosen the governor speed.control

. lever retaining bolt and lift the control lever from the
speed. control shaft (Fig. 3). .

2. Remove the retammg ring and washer. Withdraw t.he
speed control shaft from the cover.

3. Remove the seal ring from the cover. The single lever

" cover has the seal ring at the top of the cover. The

double lever cover has the sea} ring at the bottom of the
cover.

4. Loosen the governor stop lever retannng bolt and lift
" 'the lever from the stop lever shaft

5. ‘Remove the retaining ring and washers and w1thdraw
the stop lever shaft from the cover. : :

6. _Re_r_no_ve the seal ring from the top of the cover.
Disassemble Governor Weight Housing

1. . Remove the gear retaining nut from the shaft, then
remove. the gear, key and spacer from the shaft.

2. _Remove the small screw holdmg the beanng reta.mer
in place S

3. Turn the bearing support until the large opemng is
centered over the fork on the operating shaft. '
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DETROIT DIESEL 53 Limiting Speed Governor 2.7.1
: . 5.  Lift the shaft and Welght assembly out of the governor
RETAINING * LOCK - weight housing; T
RING

. WASHER :
. EABOLT

A

FITTING

SPEED —g
CONTROL

LEVER \ S,

P

RETAINING
WASHERS

- BOLT AND LOCK

RETAINING 3

T RING — WASHER
RETAINING. o
WASHER/? Q

- COVER LA . :- v
SCREW > . : SEAL RING -
LOCK \

WASHER
COVER -

STOP LEVER

ROLL SEAL___O

SHAF
PINS :RING - T
= _pIN

Fig.3 - Governor Cover Details and Relative
Location of Parts :

- -Fig. 4= Rmovmg-Fork from Operating Saft
4. Lift up on the weight shaft until there is enough
clearance for a.5/16" socket wrench to be placed on

the screws that hold the fork to the operating shaft
(Fig. 4). Then remove the two screws and ‘washers.

6. Remove the screw and washers holding the bearing in
the control housing and lift the shaft assembly out of
the housing, :

7. Place a rod approximately 18" long through the
control housing and knock the plug out of the bottom
of the welght housmg

8. Remove the snap ring and press the bearmg from the
weight housing. : :

9. Remove the spring clip and washer from the governor
operating shaft - lever and remove the governor
differential lever. :

10.  Press the bearing and operating__shaﬁ lever from the
operating shaft, if necessary. .

11. Ifnecessary, dlsassemble the control housmg from the
weight housing.

Disassemble Welght Shaft Assembly
1: Press the bearing retmner from the welght shaft.

2. If necessary, remove the snap nng and press the
bearing from the bearing retainer. . R

3. Remove the weight pin retainers from the governor

- weight pins, then drive the pins out of the carrier and

weights. Drive the pins out of the carrier ﬁ'om the
weight pin retainer end. : :

Remove the governor weights. Punch mark the carrier
at the retainer end of the welght pins so the pins may be
placed in the proper posmon when remstallmg the
weights in the carrier. = -

4.  Slide the riser and beanng assembly from the shaft. Dd.
-+ mot disassemble the bearing since the riser and bearing
are Servmed only as.an asscmbiy

Inspectlon

Immerse all of the governor parts in a suitable cleaning
fluid to loosen and remove all foreign material. Use a bristle
brush and compressed air as necessary to ensure cleanliness
of all parts. :

. ‘CAUTION: To/ prevent possible personal
injury, wear adequate eye protection
and do not exceed 40 psi (276 kPa) air

. pressure.

Examine the. beanngs for any mdlcatnons of corrosion
or pitting. Lubricate each beanng with light engine oil; then,
while holding the bearing inner race from turning, revolve
the outer racé slowly by hand and check for rough spots.
Replace the bearings if rough or tight spots are detected.

" The lower governor drive components have been
revised to reduce the clearance between the riser and the
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weight shaft. With this change, additional lubrication is
provided to the governor by an oil line connected between
the oil gallery in the cylinder block and the governor weight
housing. When replacing the riser assembly, shaft and
carrier assemblly, or the complete governor assembly, the
new oil line must be installed to prowde adequate
lubrication. _ o

Examine the riser thrust bearing for excessive wear,
flat spots or corrosion. If any of these conditions exist, install
a. new. riser and bearing assembly. Examine the weight
carrier pins for wear and replace them if necessary.

* Inspect the weight carrier, weights and retaining pins
for wear. The current smgle—we:ght carrier Teplaces the
former double-weight carrier.

Inspect the fuel pump drive end of the weight shaft.
Replace the shaft if the end is worn or rounded.

Inspect the bushing in the weight housmg Replace the
bushing if it is worn excessively.

Inspect the spring seits, plungers, adjusting screws,

lock nuts and other parts of the control housing for defects
that mlght aﬁ‘ect governor operation.

Assembla Governor Cover

New mechanical governor cover assembha with
serrated shafts are bcmg used on In—-lme 53 engmw

The limiting speed governor cover assemblies include a
new, longer 7/16" diameter speed control shaft and -2 new
3/8° diameter serrated st0p lever shaft (Fig. 3). The
serrations on the shafts ensure positive clamping between the
serrated levers and the shafts and prevent any shppage Four
serrations on the stop lever shaft of the limifing speed
governor are elimindted, This allows ‘certain customers to
design a mating lever with missing serrations which will
provide a fixed position for particular requirements. Levers
with missing serrations are not provided. The former and
new cover and shaft assemblies are interchangeable on'a
governor, and only the new assemblies will be serviced. Since
the new serrated shafts can be used with the former cOvers,
only the new serrated shafts will be serviced.

1. Place a new seal ring in the counterbore of the cover
(Fig. 2). The single lever cover has the seal ring at the
top of the cover. The double lever-cover has the seal
ring at the bottom of the cover..

2. Lubricate the speed control shaft with engine oil, then
slide the shaft through the cover. Install the washer
and retaining nng on the shaft.

3. Place the speed contro! lever over the shaft and secure
it with the bolt and lock washer.

4. On double lever covers, lubricate the stop lever shaft
- with engine oil, then slide the shaft through the cover.

5. Place the seal ring in the counterbore of the shaft
opening, then install the washers over the shaft. Lock
the shaft in place with the retaining ring.

6. Place the stop lever on the shaft and secure it with the
bolt and lock washer,

Assemble Controt Housing

1. Installa1/8" pipe plugin the tapped hole in the side of
the control housing.

2 If necmsarj assemble the control housing to the
weight housing, using a good quahty sealant between
the tube and the housings.

3. Install the governor operating shaft lower bearing,
numbered side out, in the weight housing. Install the
snap ring to secure the bearing (Fig. 5).

4. Apply a quality sealant around the edge of a new plug
and tap it in place.

5. Start the governor operating shaft upper bearing over
the upper end of the operating shaft. Support the lower
end of the shaft on the bed of an arbor press. Use a
sleeve and press down on the inner race of the bearing
until it contacts the shoulder of the operating shaft.

6. Place the operating lever on the shaft with the flat
surface on the shaft registering with the flat surface on
the lever. Press the lever tight against the bearing on
the shaft.

7. Laubricate both bearings with engine lubncatmg oil.
Insert the lever and operating shaft assembly in the
control housing. Guide the lower end into the bearing.

8. Secure the upper Opcratmg shaft bearing with the
round head retaining screw and washers.

9. Place the fork on the operating shaft with the two cam
faces facing the fuel pump.

10. Secure the fork to the operatlng shaft w1th two screws
and lock washers. :

il. Place the dlﬂ'erentm! lever over the operating shaft
lever pm and secure 1t in place w1th a washer and
Spring pin. - s ‘

Assemble Governor Welght and
Shaft Assembly

1. Ifthe carrier was removed from the weight shaft, press
the carrier on the shaft so as to allow a clearance of
001" to .006" between the shaft shoulder and the rear
face of the carner

2. Press the governor wclght shaft bearing into the

bearing retainer by pressing on the outer race of the
bearing (Fig. 6).
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Limiting Speed Governor 2.7.1

/ HOUSING

BUFFER SCREW

TUBE

WEIGHT

BEARING HOUSING

PLUG

: '_: Q& SNAP RING

BEARING SPRING PIN
RETAINING ——
SCREW . _
LOCK NUT-
é\ DIFFERENTEAL
LEVER
GAP ADJUSTING
scmsw
OPERATING SHAFT
OPERATING LEVER
. BEARING
tock yut E . CONTROL

Fig. 5 — Governor Hquéi‘néé}'énd Relative
_Location of Pants

3. Install the snap ring in the retainer with the flat side of

the ring facing the bearing.

4.  Press the bearing retainer on the weight shaft until the

bearing is against the shoulder on the shaft.

NOTICE: To prevent any damage, press only
on the inner race of the bearing.

10.

11

12.

13.

Place the riser on the weight shaft.

Position the low speed weights, identified by the short
cam arm and three center laminations, each
approximately 9/64" thick, on the weight carrier.
Drive the weight pins in place and mstalI the weight
pin retainers.

Install the high speed weights in the same way. The
high speed weights-are identified by the long cam arm
and three center laminations; the middle lamination is
3/16" thick and the outer ones are 1/8" thick.

The weight pins must be reinstalled in the same
positions from which they were removed.

Slide the shaft and weight assembly into the Weight
housing with the riser bearing placed behind the fork.

Turn the bearing retainer until the large opening is
over the fork on the operating shaft. Tighten the two
screws holding the fork to the operating shaft with a
5/16" socket wrench.

Turn the l;earing.'re_ta.iz.xcr until the counterbored hole
in the retainer and housing lineup. Install the screw to
secure the bearing retainer to the weight housing.

Place the drive gear spacer on the shaﬁf; Install the key
in the keyway and place the gear on-the shaft.

"Tap the gear until the spacer is agamst ‘the bearing.

Install the drive gear retaining nut and tighten it to
125-135 Ib—ft (170-183 N-m) torque.”

Check the backlash between the governor drive gear
and the camshaft or balance shaft gear. The backlash
should be .0030” to .0050" between new gears and

should not exceed .0070" between used gears. If
- necessary, “loosen and readjust the rear end plate to

bring gear lash within specifications.

install Governor

Refer to Fig. 1 and install the governor on the engine

as follows:

1.

~ Attach the fuel rod to the differential lever and secure

it in place with a washer and spring pin.
‘Attach a new gasket to the governor weight housing.

Insert the end of the fuel rod through the hose and
clamps and into the opening in the cylinder head and
position the governor weight housing against the
engine rear end plate; the teeth on the governor drive

-gear must mesh with the teeth on the camshaft gear or

balance shaft gear. Refer to Section 1.0 for allowable
backlash.

Install the three 12-point head bolts with copper
washers in the governor weight housing next to the
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cylinder block. Install the two remaining bolts with
steel washers and lock washers. T 1ghten the bolts to 35
Ib—ft (47 N-m) torque.

5. Install the two governor control housmg attachmg

bolts and lock washers. Tighten the bolts to 10-12 Ib-ft
{14-16 N-m) torque.

6. On current engines,'install the lubricating oil line and

ﬁttmgs to the welght housmg and the cyhnder block.

7. Align and tighten the hose clamps on the fuel rod

COVETS.

8. Attach the fuel rod to the injector control tube lever

w1th a pin and cotter pin.

. Assemb}e the industrial governor spring mechamsm as

follows:

~a. Thread the spring retamer locknut on the

" retainer.

b. . Thread the idle speed ad_}ustmg screw on the

governor spnng plunger.

12.

13.

Thread the spring retainer and spring assembly into
the governor; the locknut should be finger tlght until
an engine tune-up is performed.

Use a new gasket when installing the governoi' cover
and lever assembly. Be sure the speed control shaft pin
engages the slot in the differential lever and the stop
lever is in the correct position. Secure the cover with
four screws and lock washers

e CAUTION: Before startmg an englne

after an engine -speed -control
adjustment or after -removal of the
engine governor cover and lever
assembly, the technician must
determine that the injector racks move
to the no-fuel posltlon when the
governor stop lever is placed in the stop
position. Engine overspeed will result if
the injector racks cannot be positioned
at no fuel with the governor stop lever.
An overspeedmg engine can result in
engine damage whlch could cause
personal injury.

¢. Place the high s spring over the governor 14. Install the returp spnng and spnng chp (single lever
peed cover only).
: _spnng plungcr
. 15. Add all purpos peed control shaft
d.  Lubricate “and mstall "the “spring piunger through the gr i top of the shaft. At
assembly in the spring retainer and secure it with temperatures above 30°F (1°C) use a No. 2 grade
a locknut so that approxunately 1/4" of the idle grease and a No. I' grade grease below  this
speed adjusting screw extends beyond the nut. temperature.
¢ Lubricate and insert the Sprms seat, low speed 16. Connect the’ hnkage to the 'ovemor control levers.
spnng and the spring cap in the Ope.n end of the A :
spring plunger. ‘ | 17. Insta]] the fuel p__ _
10. Thread the spring retainer and spring assemb]y inte 1& as"?%ftﬁned in Section 14.
the governor housmg and t:lghten the locknut finger
tight until an engine tune-up is performed. -
11. Assemble the vehicle governor spring mechanism as
follows:
WEIGHT
a. Back off the locknut at the outer end of the BEARING &
adjusting screw to within 1/16” of the slotted SNAP RING
end of the SCTEW. L CARRIER
b.  Slip the shims, if used, and the high speed spring Wf,"ﬁHT
over the plunger. Position the retainer over the RETAIMER. _BEARING
high speed spring and insert the a.d_]ustmg screw \ _ RETAINER
into the plunger : L,
. ' B o WEIGHT
¢: Position the seat and cap on the ends of the low PIN, s035
- speed spring and insert the assembly into the
hollow end of the plunger.
d. Insert the spring and plunger assembly into the .
control housing and tighten the retainer nut with Fig. 6 - Governor Weight Details and Relative
spanner wrench J 58935, Location of Parts .
Page 6 May, 1980 © Copyright 1990 Detroit Diesel Corporéti'on

(

e
K



DETROIT DIESEL 53

2.7.1.1

LIMITING SPEED MECHANICAL GOVERNOR

6V Engine

BLOWER
" GOVERNOR

FLYWHEEL
HOUSING

GOVERNOR
WEIGHTS

DRIVE
SUPPORT

Fig. 1 - Limiting Speed Governor and Drive on 6V-53
Engine

The limiting speed mechanical governor, illustrated in
Fig. 1, performs the following functions:

1. Controls the engine idle speed.
2. Limits the maximum operzifing speed of the engine.

The double—weight governor, identified by the letters
D.W.-L.S. stamped on the governor name plate, is mounted
between the engine blower and the flywhee] housing (Fig. 2).
One end of the governor weight shaft is splined to a drive
plate attached to the driven blower timing gear to provide a
means of driving the governor. The other end of the shaft is
supported by a bearing in the blower drive support (Fig. 1).

The governor consists of four basic subassemblies: a
cover and lever assembly, governor housing, spring housing,
and a weight and shaft assembly.

Operation

Two manual controls are provided on the governor: a
stop lever and a speed control lever. In the RUN position, the
stop lever holds the fuel injector racks near the full-fuel
position. When the engine is started, the governor moves the
injector racks toward the idle speed position. The engine
speed is then controlled manually by moving the speed
control lever.

JBLOWER DRIVE SUPPORT

Fig. 2 - Governor Mounting on 6V-53 Engine

Current governor covers include a longer serrated
shutdown shaft and lever to provide positive clamping
between the serrated levers and shafts. The longer shaft also
has provisions for a yieldable speed control lever.

To limit fuel input during engine start—up, when the
speed control lever is in its idle position, the turbocharged
engines use a starting aid screw (Fig. 7).

The centrifugal force of the revolving governor
weights is converted into linear motion which is transmitted
through the riser and operating shaft to the operating shaft
lever. One end of this lever bears agamst the governor spring
cap while the other end prov1d&s a moving fulcrum on which
the d:fferenna.l lever pivots.

‘In the low speed range; the centrifugal force of the low
speed weights and the high speed weights operates against
the low speed spring. As the engine speed increases, the
centrifugal force of both pairs of weights compresses the low
speed spring until the low speed weights have reached the
limit of their travel, at which time the low speed spring is
fully compressed and the spring cap is within 0015" of the

high speed spring plunger.

Throughout the intermediate speed range, the
operator has complete control of the engine because both the
low speed spring and the low speed weights are against their
stops, and the high speed weights are not exerting enough
force to overcome the high speed spring. :

© Copyright 1990.Detroit Diesel Corporation
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-Removmg or Installing Blower Dnve Support

As the engme speed contmuts to increase, the
centnfugal force of the high speed welghts increases until this
force overcomes the high. speed spring and the govemor
agam takes control of the engine, limiting the maximum

engine speed.

Fuel rods are connected to the differential lever and
the injector control tube levers through the control link lever.
This ‘arrangement provides a means for the governor to
change the fuel settings of the injector control racks.

To stop the engine, the speed control lever is moved to
the idle speed position and the stop lever is moved to the
no—fuel position and held there until the engine stops.

Adjustment of the governor is covered in Section 14.

Lubrication

The governor is Iubricated by a spray of pressurized
lubncatmg oil from the blower rear end plate to the blower
timing gears which distribute this oil to various parts of the
governor. Oil splash from the gear train provides lubrication
for the governor weights and shaft. Excess oil overflows into
the gear train compartment and returns to the crankcase,

Remove Governor From Engine

Check the governor as outlined in Section 2.7 and, if it
fails to control the engine properly, remove and disassemble
it for further inspection.

Since the governor is mounted between the blower and
the flywheel housing, the blower and blower drive support
assemblies must also be removed. Remove the governor as
follows:

K §———— PIE PLUG

(] SPEED
CONTROL
STOP LEVER LEVER

SPACER

iy RETAINING
) RING

WASHERS
/ O"’_—“sm RING

RHMNIN% |

WASHERS - &L BEARING

STOP LEVER

THROTTLE
SHAFT ASSY,

Fig. 4 — Governor Cover Details and Relative
Location of Parts

Disconnect the linkage to the governor control levers.

Remove the seven attaching screws and lock washers
and detach the governor cover and lever assembly
from the governor housing. Remove the cover gasket.

Take out the two bolts and copper washers and remove
the spring housing (or cover) and gasket from the
governor housing.

Loosen the high speed spring retainer lock nut (type
“A” governor, Fig. 6)with a spanner wrench. Remove
the spring retainer and withdraw the spring retainer,
idle speed adjusting screw, high speed spring, spring
plunger, low speed spring, spring seat and spring cap
as a unit,

Page 2
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DETROIT DIESEL 53 Limiting Speed Governor (6V) 2.7.1.1

11. Remove the governor weight shaft and carrier
assembly from the blower drive support, using pry bars
if necessary.

12. Remove the blower and governor housing assembly as
outlined in Section 3.4.

i3. Remove the six attaching bolts and lock washers and
detach the governor housing from the blower rear end
plate. Remove the gasket.

Disassemble Governor

Before removing any parts from the governor, wash
the entire unit in clean fuel oil, dry it with compressed air and
inspect for worn or damaged parts which may be repaired or
replaced without complete disassembly.

¢ CAUTION: To prevent possible personal
injury, wear adequate eye protection
and do not exceed 40 psi (276 kPa) air

; pressure.
Fig. 5 — Removing Governor Cover Bearing Using
ToolJ 21967-01 _ GOVERNOR BUFFER LOCK
' HOUSING

SCREW NUT
GASKET \

On engines 'equipped with the type “B” governor
(Fig. 6), remove the spring retainer with spanner
~wrench.J 5895 and withdraw the spring assembly.

5. Loosen the hose clamps and slide the hoses back on the
fuel rod covers.

6. Remove the. valve rocker covers from the cylinder ADJUSTING

heads. SCREW
SPRING SPRING \ LOW SPEED
7. Disconnect the lower fuel rods from the injector RETAINER '\ PLUNGER SPRING
IDLE SPEED HIGH SPEED SPRING  SPRING
control tube levers and from the lower (threaded) ends ADILSTING SCREW Foh gl Pyl
of the upper fuel rods. TVPE A
8. Remove the threaded pins that connect the fuel rods to .
the control link lever and remove the upper fuel rods. GOVERNOR SHIMS BUFFER Lock
HOUSING SCREW NUT

9. Remove the blower drive support (Fig. 3) as outlined GASKET
in Section 3.4. The governor weight and shaft
assembly will be removed with the blower drive

support. . SPRING

10. Check the clearance between the gear and each of the
fully extended weights (Fig. 18). If this clearance is
less than .100”, the weights or carrier are worn and

must be replaced. ADJUSTING

. SPRING SCREW
NOTICE: The current weight carrier is PLUNGER SPRING
hardened in the weight stop areas and the stop IDLE SPEED HIGH SPEED 'SPRING  SPRING
area on the low speed weights has been increased ADJUSTING SCREW SPRING SEAT CAP 12203
with the use of new center laminations to prevent TYPE B
wear which could allow the weights to open
beyond limits and strike the blower drive gear. Fig. 6 — Governor Spring Assemblies
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Disassemble Governor Cover

Refer to Fig. 4 and disassemble the governor cover as

follows:

1. Remove the pipe plug from the throttle shaft.

2. Loosen the clamping bolt and remove the speed
control lever.

3. Remove the spacer from the throttle shaft.

4. Remove the retaining ring and two seal retaining
washers and withdraw the th:ottle shaft assembly from
the cover,

5. Remove the seal ring from the cover.

6. Loosén the clamping bolt and remove the stop lever.

7. Remove the retaining ring and two seal retaining
washers and withdraw the stop lever shaft from the
cover.

8. Remove the seal ring from the cover.

9. Wash the governor cover with clean fuel oil and
inspect the needle bearings for wear or damage. If the
bearings are satisfactory, removal is unnecessary.

10. If the bearings are to be removed, place the governor

cover on an arbor press and press them out with
bearing remover J 21967-01 (Fig. 5).

Disassemble Governor Springs

Refer to Fig. ¢ and disassemble the governor spring

assembly as follows:

L

Remove the low speed spring cap, spring, and spring

10.

11.

Remove the spring pin and washer from the control
link lever pin (Fig. 7) and withdraw the control link
lever and washer.

If the bearings require replacement, support the
control link lever on a sleeve placed on the bed of an
arbor press. Then, press the bearings out of the lever
with tool J 8985 (Fig. 8).

Remove the spring pin and washer from the pin in the
operating shaft lever ,and remove the diﬂ'erential lever.

Remove the plug at the bottom of the govemor
housing. - . .

Remove the set screws, if used from the governor,
operating fork.

Remove the opcratmg shaft upper bearmg retalmng
screw and washer. '

Remove the operating shaft lower bearing by placing
the inverted governor housing on the bed of an arbor
press; use wood block(s) to prevent damage to the

‘dowel pins in the housing. Press on the shaft, using a

rod small enough to pass through the bearing, until the
bearing is free of the shaft. Then, withdraw the bearing.

Place an end wrench between the operating fork and
the governor housing; also place a rod on the end of the
operating shaft and press the shaft out of the fork

(Fig. 9).

Withdraw the operating shaft, operating shaft lever
and bearings.

Press the shaft from the operating shaft lever and
beanngs

Disassemble Governor
Woeights and Shaft

Remove the retaining rings from the governor weight
pins (Fig. 10). Then, drive the pins out by tappingona
punch held against the grooved end of the pins.
Remove the governor welghts

Press the shaft from the govcrnor weight carrier
(Fig. 11).

Slide the governor riser and bearing assembly from the
shaft. Do not remove the bearing since the bearing and
riser are serviced only as an assembly.

seat from the spring plunger.
2. Depressthe high Spéed spring By hand and remove the 1.
idle speed adjusting screw lock nut.
The spring retainer and high speed spring (and shims)
may then be withdrawn. Remove the idle speed adjusting
screw from the spring plunger, 2.
Disassemble Governor Housing 3,
1. Remove the governor buffer screw and spring.
Page 4 ‘May, 1990
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SPRING PIN

SPRlNG PIN
/SHER R émxsusk
UNK PIN m\ﬂ (_Akmo DEFFERENTIAL

)

LEVER

\

OPERATING
SHAFT LEVER

CONTROL
LINK LEVER

BEARING ‘_@
WASHER -—

"BEARING RETAINING
SCREW & WASHERS

\BEAR'NG

' o LOCK NUT
OPERATING - L 0/
SHAFT
. , P~ BUFFER
SCREW
: - T __BUFFER

- SPRING

OPERATING
FORK

CONTYROL LINK
LEVER PIN

HOUSING

GASKET

BEARING PLUG

Fig. 7 - Governor Housing Details and Relative Location of Parts

® Copyright 1990 Detroit Diesel Corporation May, 1990 SEC. 2.7.1.1 Page b



2.7.1.1 Limiting Speed Governor {6V}

DETROIT DIESEL 53

Fig. 8 - Removing Bearings from Control Link Lever _
Using Tool J 8985

Disassemble Blower Drive -

1. Remove the snap ring and the thrust washer from the
blower drive gear shaft (Fig. 12). Slide the shaft and
gear from the blower drive support. :

2.  Press the drive gear from the shaft and réx:hﬁve the key.; '

3. Tapthe governor weight shaft bearing from the blower - O

drive support. If the bearing is a tight fit, drive the plug

from the support and, using a spacer against the outer :
race of the bearing, press or tap the bearing from the -~ [EE

support.

Inspection

Clean all of the parts with fuel oil and dry them with
compressed air. R

e CAUTION: To prevent possible personal
injury, wear adequate eye protection
and do not exceed 40 psi (276 kPa) air
pressure.

Inspect all of the bearings. Replace corroded or pitted
bearings. Revolve ball bearings slowly by hand. Replace
bearings which indicate rough or tight spots.

Examine the riser thrust bearing for excessive wear,
flat spots or corrosion. If any of these conditions exist, instafl
a new riser and thrust bearing assembly.

Inspect the control link lever, needle bearings and
control link lever pin for wear. Replace worn parts. If a new
control link lever pin is required, remove the old pin and
press the new pin in the governor housing; the pin must
project 1.055” to 1.060” above the boss in the housing.

. Examine the weight carrier, weights and pins. Replace
worn parts. The current weight carrier is hardened in the
weight stop areas and the stop area on the low speed weights
has been increased with the use of new center laminations.

* Inspect the governor springs, spring seat, spring cap,
plunger, spring retainer, adjusting screws and other parts of
the governor housing for wear.

Check the serrations on the governor weight shaft and
the drive plate on the blower timing gear for wear. Replace
worn Parts.

Assemble Governor Cover

Refer to Fig. 4 and assemble the governor cover as
follows:

1. Placethe cover, with the inner face down, on the bed of
an arbor press. Start a needle bearing straight into the
bearing bore of the cover, with the number side of the
bearing up. Then, insert bearing installer J 21068 in
the bearing and press the bearing in until the shoulder
on the tool contacts the cover (Fig. 13).

Fig. 9 — Removing Governor Operating Fork

Page 6
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LOW SPEED PIN RETAINER
WEIGHT
GOVERNGR
WEIGHT SHAFT RISER & BEARING BEARING‘

CARRIER

HIGH SPEED
WEIGHT

WEIGHT PIN 4054

Fig. 10 — Governor Walght Details and Relatwe Location
of Parts -

2. - Turn the cover over and start the second bearing,
number side up, in the bearing bore, Press the bearing
in flush with the cover with tool J .21068.

NOTICE: To prevent possible damage do not

use impact tools to 'i.nstall needle bearings. 6.

3. Install the pipe plug‘ in the tapped hole in the throttle
shaft. 7

4. Pack the needle bear_ings with grease. Then, slide the
throttle shaft assembly through the bearings, with the
fulcrum lever pin seated in the slot on the underside of
the cover. _

5. Install a new seal ring on top of the upper bearing.
Then, install the two seal retaining washers and the
retaining rmg A .0329”:thick, 33/64” 1.D. x 43/64" 9.
O.D. seal ring back-up washer is used in  place of the '
lower washer on certam governor covers.

Fig. 11 - Removing Shaft from Waight Carrier

Lubricate the stop lever shaft with engine oil. Then,
slide the shaft through the cover.

. Install a new seal ring over the shaft. Then, instal] the

two seal retaining washers and the retaining ring. A
0329 thick, 25/64" LD. x 17/32" O.D. seal ring
back-up washer is used in place of the lower washer on
certain governor covers.

Install the .078" thick spacer over the speed control
shaft and against the retaining ring.

Install the stop lever -and speed control lever, then
tighten the clamping belts. Be sure the speed control
lever contacts the spacer.

GASKET BLOWER THRUST
DRIVE SMAFT WASHER
—=-K3
== )
SNAF
RING PLUG

GEAR GASKETY
BLOWER DRIVE

GEAR SHAFT

BEARING KEY

BLOWER
DRIVE SUPPORT

GOVERNOR
WEIGHTS & SHAFT ...

. Fig. 12 — Blower Drive Support Assembly Details and Relative Location of Parts
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_Fig. 13 — Installing

Vernor.Cover Bearings Usmg
Tool J 21068

Assemble Governor Housing

Refer to Fig. 7 and assemble the governor housing as

follows:

L

6.

Start the upper operating shaft bearing, number side
up, on the end of the shaft. Support the lower end of the
shaft on an arbor press. Place a sleeve on the inner race
and press the bearing against the shoulder on the shaft.

Start the operating shaft lever, with the pivot pin'up, on
the end of the shaft with the flat on the shaft registering
with the flat in the lever bore. Use a sleeve to press the
lever tight against the bearing.

Insert the lever and shaft assembly through the top of
the governor housing. Position the operating fork over
the lower end of the shaft, with the finished cam
surfaces facing toward the rear of the governor
(toward the governor drive).

Support the operating shaft and governor housing on
the bed of an arbor press with the upper end of the shaft
resting on a steel block (Fig. 14). Align the flat in the
fork with the flat on the shaft, then piace a sleeve over
the shaft and against the fork. Press the fork tight
against the shoulder on the shaft. Install the set screw
and lock screw, if used, in the fork.

Start the lower operating shaft bearing, number side
up, on the end of the shaft. Place a sleeve on the inner
race and press the bearing against the shoulder in the
housing. ' '

Lubricate both bearings with engine oil.

Fig. 14 - Ihstalling Governor Operating Fork on Shaft

GOVERNOR
OPERATING

Fig. 15 - Installing Bearings in Contro! Link Lever Using
' Tool J 21068 -

Apply a good quality sealant ardund the edge of a new
expansion plug and tap it in place in the housing.

Secure the upper operating shaft bearing in place with
a retaining screw and flat washer.

Place the differential lever over the pivot pin in the

" operating shaft lever (Fig. 7). Secure the lever with a

washer and spring pin.

Page 8
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10.

11.

12,

Fig. 16 - Installing Weight Carrier on Shaft
Using Teol J 8984

Fig. 17 - Installing Blower Drive Gear on Shaft
If previously removed, install the gap adjusting screw
and lock nut in the tapped hole in the operating shaft
lever.

Support the control link lever on a steel spacer on the
bed of an arbor press. Start one bearing, number side
up, in the lever and press it flush with the lever with
tool J 21068 (Fig. 15). Invert the lever and install the
second bearing in the same manner.

Place the washer on the control link lever pin in the
housing. Pack the needle bearings with grease and
install the lever, with the tapped end of the link pin
holes down, over the pin in the governor housing
(Fig. 7). Secure the lever with the washer and spring
pmn. :

13.

Thread the buffer screw into the governor housing
until it extends 9/16" to 5/8" beyond the governor
housing and install the lock nut.

NOTICE: The buffer screw.. on early
governors threaded into a splined lock nut which
was installed (inside the housing) in a drilled
hole in the governor housing. The current buffer
screw threads into a tapped hole in the housing
and is secured with alock nut which is installed
from the outer side of the housing. - -

Assemble Governor Welghts and Shaft

Refer to Flg 10 and assemble the governor weights

and shaft as follows

1.

Lubricate the governor weight shaft with clean engine
oil and slide the riser assembly over the shaft, with the
bearing end toward the serrated end of the shaft. Pack
the bearing with grease.

Use installer ] 8984 as illustrated in Fig. 16 and press
the shaft into the weight carrier. The tool will properly
position the carrier on the shaft.

Position the low speed weights, identified by the short
cam arm, on opposite sides of the weight carrier. Drive
the weight pins in place and install the retaining rings.
To install a'weight pin correctly, push the grooved end
through the smaller hole in the carrier and through the
weight. Then, drive the knurled end in just enough so
the retaining ring cah be installed on the pin.

Install the high speed weights in a similar manner. The
hlgh speed weights are identified by the long cam arm.

Assemble Blower Drive

Refer to Fig. 12 and assemble the blower drive as

follows:

I

Place the blower drive support, with the inner face up,
on the bed of an arbor press. Start the governor weight
shaft bearing, numbered side up, into the bore of the

“support. Place a suitable sleeve against the outer race
“and press the bearing agamst the “shoulder of the

blower drive support.

Place the steel thrust washer on the end of the blower
dpve gear shaft and secure it in place with the snap
ring. '

Lubricate the blower drive gear shaft with engine oil
and install it in the blower drive support.

Install the key in the shaft, then place the blower drive
support on an arbor press. Lubricate the inner
diameter of the blower drive gear and start it straight
on the shaft, with the keyway in the gear aligned with
the key in the shafi. Place a spacer over the gear and
press the gear on the shaft until a .005” feeler gage may
just be withdrawn (Fig. 17).

© Copyright 1990 Detroit Diesel Corporation
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6.  Slide the fuel rod cover hoses in place and secure them
with the hose clamps.

7. Assemble the governor springs as follows:

.. 100" MINIMUM WITH
WEIGHTS FULLY EXTENDED

TYPE A (Fig. 6):
a. Thread the lock nut dn the spring retainer

b. _Thread the 1dle spwd ad]ustmg screw mto the
w spnng plunger '

C. Place the hlgh speed- spnng ‘over the sprmg
plunger (with the close wound coils towa.rd the
_idle screw end of the plunger).” Do

d. - Lubricate the spring and plunger assembly 'with
engine oil. Then, install the spring and plunger_
assembly in the spring’ tetainer and secure it in
place with a lock nut. Appronmately 1/4" of the
idle speed adjusting scréw should extend beyond
the lock nut.

Fig. 18 — Minimum Clearance Between Blower Drive
Gear and Governor Weights

5. Place a support under the inner race of the bearing in
the blower drive support and start the weight end of
the governor weight shaft into the bearing. Press the
shaft in until the shoulder on the shaft contacts the
inner race of the bearing. Press the shaft in straight to R

. avoid brinelling the bearing. S f. Place anew gasket over the spring retainer and

thread the retainer and spring assembly into the
6. Applya good quahty sealant on the edge of the cup phng y

governor “housing. Tighten the lock nut
plug and press the plug in flush with the blower drive finger—tight until *the engme tune—up is

support. performed

7. Check the clearance between the fully ‘extended
governor weights and the blower drive gear. This
clearance must not be less than .100" (Fig. 18).

e. Lubricate and insert the spring seat, low speed
spring, and spring cap in the open end. of the
spring plunger.

TYPEB (Flg 6)

Install Governor a Thread the idle speed adjustmg screw into thc
‘spring plunger

_ _ o . b. - Reinstall the original shims over the spring
1. Attach a new gasket to the governor housing and place plunger.
the housing against the blower rear end plate. Secure

Install the governor on the engine as follows:

the governor housing to the blower with six bolts and

lock washers.

Install the blower and governor assembly on the engine

as outlined in Section 3.4.

Install the blower drive support assembly as outlined

in Section 3.4 under Install Blower in 6V Engine.

Insert the upper fuel rods through the fuel rod covers,
hoses and clamps and attach the fuel rods to the
governor control link lever. Then, thread the link pins

into the lever.

Attach the lower fuel rods to the injector control tube

levers and to the upper fuel rods.

c.  Place the high speed spring over the spring
plunger.

d. Lubricate the spring and plunger assembly with
engine oil. Then, place the spring retainer over
the plunger and secure it with a lock nut.
Approximately 1/4" of the idle speed adjusting
screw should extend beyond the lock nut.

e. Lubricate and insert the spring seat, low speed
spring and spring cap in the open end of the
spring plunger.

f. Thread the retainer and spring assembly into the
governor housing. The cover and gasket are tobe
installed after the engine tune-up is performed.
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DETROIT DIESEL b3 ' Limiting Speed Governor (6V) 2.7.1.1

8. Place a new gasket on the governor housing and install assemble, the technician must
the cover and lever assembly. Make sure the control determine that the injector racks move
link lever engages the pin on the differential lever. to the no-fuel position when the
Also, be sure the pin in the speed control shaft enters governor stop lever is placed in the stop
the slot in the differential lever and that the pin in the position. Engine overspeed will result if
stop lever shaft is engaged between the stop on the the injector racks cannot be positioned
underside of the cover and the vertical extension of the at no fuel with the governor stop lever.
control link lever. Then, secure the cover with seven An overspeeding engine can result in
screws and lock washers. engine damage which could cause
personal injury.
. E#;"rﬂoal\:: B:‘Logr;:tar::;gedan :;‘r?t"'_:; 9. Connect the linkage to the governor control levers
adjustment or after removal of the after the engine tune-up s performed.
engine governor cover and lever 10. Perform an engine tune—up as outlined in Section 14.

© Copyright 1990 Detroit Diesel Corporation May, 1990 SEC. 2.7.1.1 Page 11
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2.7.1.2

LIMITING SPEED MECHANICAL GOVERNOR

8V ENGINE

The limiting speed mechanical governor, illustrated in
Fig. 1, performs the following functions:

1. Controls the engine idling speed.

2. Limits the maximum operating speed of the engine.
The double-weight gov_ern.b_r,'.ident'ifiﬂd by the letters
D.W.-L.S. stamped on the governor name plate, is mounted
on the front end of the blower and is driven by the left-hand
helix blower rotor shaft (Fig. 2).

The governor consists of four basic sub-assemblies: a
cover and lever assembly, governor housing, spring housing,
and a weight and shaft assembly.

The turbocharged engines use a starting aid screw
threaded into the gap adjusting screw. The starting aid screw
is threaded in the low-speed gap adjusting screw:so that its
head contacts the governor housing wall (Fig. 1).-Both the
gap adjusting screw and the starting aid screw have a nylon
locking patch on the threads in place of lock nats.

Operation -

- Two manual controls are provided on the governor: a
stop lever and a speed control lever. In the RUN position, the
stop: lever holds the fuel injector racks near the full-fuel
position. When the engine is started, the governor moves the
injector racks toward the idle speed position. The engine
speed is then controlled manually by moving the speed
control lever.
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Fig. 1 - Limiting Speed Governor for 8V-53 Engine
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DETROIT DIESEL 53

Fig. 2 -~ Governor Mounting

The centrifugal force of the revolving governor
weights is converted into linear motion which is transmitted
through the riser and operating shaft to the operating shaft
Jever. One end of this lever bears agamst the governor spring
cap while the other end provides a moving fulerum on whlch
the differential lever plvots

The centrifugal force of the governor weights is
opposed by the governor springs. Load changes or
movement of the speed control lever momentarily creates an
unbalanced force between the revolving weights and the
tension on the high speed spring or low speed spring
(depending on the speed range). When the forces reach a
balanced condition again, the engine speed will be stabilized
for the new speed setting or new load.

In the low speed range, the centrifugal force of the low
speed weights and the high speed weights operates against
the low speed spring. As the engine speed increases, the
centrifugal force of both pairs of weights compresses the low
speed spring until the low speed weights have reached the
limit of their travel at which time the low speed spring is fully
compressed and the spring cap is within .0015” of the high
speed spring plunger.

Throughout the intermediate speed range, the
operator has complete control of the engine because both the
low speed spring and the low speed weights are against their
stops, and the high speed weights are not exerting encugh
force to overcome the high speed spring.

As the engine speed continues to increase, the
centrifugal force of the high speed weights increases until this
force overcomes the high speed spring and the governor
again takes control of the engine, limiting the maximum

engine speed.

o ; ' SPEED
STOP =3 m-——cormm

LEVER LEVER
GREASE
b F———— rmine

RETAINING 6 e

RING \ SPACER
e RETAINING

RING
WASHERSTQ WASHERS

SEALRING—0
© &p——————SEAL RING

PRIN

WASHER
THROTTLE
SHAFT ASSY.
STOP
LEVER
SHAFT

Fig. 3 — Governor Cover Details and Relative
Location of Parts

Fuel rods are connected to the differential lever and
the injector control tube levers through ‘the control link
operating lever and the connecting link (Fig, 1). This
arrangement provides a means for the governor to change
the fuel settings of the injector control racks.

To stop the engine, the speed control lever is moved to
the idle speed position and the stop lever is moved to the
no—fuel position and held there until the engine stops.

Adjustment of the governor is covered in Section 14,

Lubrication

The governor is lubricated by a spray of cil from a
passage in the blower end plate. The revolving governor
weights distribute this oil to all parts of the governor which
require lubrication. Excess oil returns to the engine
crankcase through passages in the blower end plate and the
cylinder block.
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Limiting Speed Governor (8V) 2.7.1.2

J 21967-01

Fig. 4 - Removing Governor Cover Bearings

Remove Governor From Engine

Check the operation of the governor as outlined in
Section 2.7 and if it fails to control the engine properly,
remove and disassemble it for further inspection.

The blower and governor must be removed together as
outlined under Remove Blower (8V-53) in Section-3.4.1.
Then remove the governor from the blower as outlined under
Remove Accessories from Blower (8V-53) in Section 3.4.1,

Disassemble Governor

Before removing any parts from the governor, wash
the entire unit in clean fuel oil, dry it with compressed air and
inspect for worn or damaged parts which may be repaired or
replaced without complete disassembly.

injury, wear adequate eye protection : -
and do not exceed 40 psi (276 kPa) air

Disassemble Governor Cover

Refer to Fig. 3 and disassemble the governor cover as
follows:

1. Loosen the clamping bolt and remove the stop lever.

2. Remove the retaining ring and withdraw the two
washers from the stop lever shaft assembly.

3. Note the position of the stop lever shaft assembly and
the lever return spring. Then withdraw the shaft,
washer and spring

4. Remove the seal ring.

Loosen the clamping bolt and remove the speed
control lever,

Remove the spacer from the throtile shaft.

Remove the retaining ring and withdraw the two
washers from the throttle shaft assembly.

8. Withdraw the throttle shaft assembly. Remove the
grease fitting from the shaft.

9. Remove the seal ring.

10. Wash the governor cover with clean fuel oil and
inspect the needle bearings for wear or damage. If the
bearings are satisfactory, removal is unnecessary.

11.  If the bearings are to be removed, place the governor
cover on an arbor press and press them out with
bearing remover J 21967-01 (Fig. 4).

Disassémble Governor Springs

Refer to Fig. 5 and disassemble the governor spring
housing as follows:

1. Remove the two retaining bolts and copper washers
and withdraw the spring housing from the governor.

2.  Loosen the spring retainer lock nut with a spanner
wrench. Remove the spring and retainer assembly
from the governor. Remove the fasket.

e CAUTION: To prevent possible personal ., =~ > Remove the spring cap and low speed spring.

4. Loosen the lock nut and remove the idle speed
*- -adjusting screw. Then withdraw the high speed spring

pressure. ; - " and plunger from the spring retainer.
SPRING  SPRING HIGH SPEED ADJUSTING : SET GASKE? - SPRING HOUSING BOLT
jp SEAT SPRING PIN - EW . . " RETAINER i :
FORMER ' f
LOW SPEED PLUNGER ADJUSTING RETAINER  LOCK LOCK e
SPRING SCREW LOCK NUT  NUT WASHER

Fig. b - Governor Spring Assembly Details and Relative Location of Parts
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2.7.1.2 Limiting Speed Governor (8V) DETROIT DIESEL 53 |
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Fig. 6 - Governor Housing Details and Relative Location of Parts
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Limiting Speed Governor (8V) 2.7.1.2

Fig. 7 — Removing Control Link Laever Bearings

Fig. 8 Removung Governor Operatmg Fork

Dlsassemblo Governor Housmg

Refer to Figs. 6 and 9 and dxsassemble the governor

housing as follows:

L

Remove the large plug and gasket from the governor
housing to provide access to the weight shaft bearing.

' Strarghten the tang on the lock washer and remove the

weight shaft bearmg retaJmng bolt washer and lock
washer.” .

Withdraw the weight, riser and shaft assembly.

Remove the weight shaft bearmg from the governor
housing.

10.
' . for further use, removal is unnecessary.

f'-__11.

12.

13.
14,

15.

16.

Loosen the lock nut and remove the buffer screw.
Remove the two link pins from the control link lever.

Remove the spring pin and washer and remove the

' connectmg link.

Remove the spring pin and washer and remove the

. dlﬁ'erentlal lever.

Remove the control link lever shaft retainer and screw.
Then withdraw the control link lever, shaft and two
washers from the governor housing.

Examme the needle bearings. If they are satlsfactory

If the beanngs require replacement, support the
control link lever on a sleeve placed on the bed of an
arbor press. Then press the bearings out of the lever
with bearing removetr J 8985 (Fig. 7).

Remove the operatmg shaﬁ bearing retaining screw
and washer. .

Tap the small cup plug out of the housmg

Place the governor housing, upside down, on wood
blocks on the bed of an arbor press. Then place an end
wrench between the operating shaft fork and the boss

inthe housmg Insert a rod through the cup plug hole

in the housing and against the end of the shaft, then
press the shat’t out of the fork (Fig. 8)

Withdraw the operatmg shaft beanng and lever
assembly. < -

If the operating shaft bearing reguires replacement.
use-a small puller to remove the lever- from the shaft

Disassemble Governor Welghts
and Shaft SR

Refer to Fig. 9 and disassemble the governor Welghts

as follows:

L

Remove the riser thrust bering and riser tube from the
welght shaft B

Remove the retammg rmgs from the we1ght pins. Then

2.
" drive the pins out of the carrier and the weights by
- tapping ‘on the grooved end of the pins. Remove the
governor weights. -
Inspectuon

Clean all of the parts (except the operatmg shaﬁ

bearmg) with fuel-oil and dry them with compressed air.

e CAUTION: To prevent possible personal

injury. woar adequate oyo protectlon
and do not excoed 40 psn (276 kPa) alr
pressure.

©. Copyright 1990 Detroit Diosel Corporation
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LOCK
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GOVERNOR HOUSING

WEIGHT

LOW SPEED
PIN RETAINER  WEIGHT
SHAFT AND
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RISER HIGH SPEED WEIGHT
THRUST BEARING 4226 WEIGHT PiN

Fig. 9 - Governor Weight Details and Relative Location of Parts

NOTICE: The operating shaft bearing is
sealed and must not be cleaned with fuel 011 or
other cleaning agent.

Inspect all bearings. Replace corroded or pitted
bearings. Revolve ball bearings slowly by hand; replace
bearings which indicate rough or tight spots. The operating
shaft and bearing are serviced only as an assembly

Examine the riser thrust beanng for excessive wear,
flat spots or corrosion.

Inspect all of the levers, pins, shafis, governor weights
and springs. Replace worn or damaged parts.

Assemble Gevernor Cover

Refer to Fig. 3 and assemble the governor cover as
follows:

1. Place the cover, with the inner face down, on a spacer
on the bed of an arbor press. Start a needle bearing
straight into the bearing bore of the cover, with the
number side of the bearing up.- Then insert bearing
installer J 21068 in the bearing and press the bearing
in until the shoulder on the tool contacts the cover
(Fig. 10).

2. Turn the cover over and start the second bearing,
-number side up, in the bearing bore. Press the bearing
in flush with the cover with tool J. 21068. :

NOTICE: To avoid bearing damage, do not
use nnpact toois to install needle beanngs

3. Install the grease fitting in the throttie shaft.

4. Pack the needle bearings with grease. Then slide the
throttle shaft assembly through the bearings, with the
fulerum lever pin seated in the slot on the underside of
the cover.

5. Install a new seal ring on top of the upper bearing,
Then install the two seal retaining washers and the
retaining ring.

6. Place the large washer ‘over the stop lever shaft. Then
place the spring,’ with the hook end down, over the
shaft. Insert the shaft in the cover with the lever against
the stop in the cover; position the spring with the hook
behind the lever and the upper extended end of the
spring located between the lever stop and the shaft boss
in the cover

7. Insta.llanewsealnngovertheshaﬁ Thenmstallthe
two seal retaining washers and the retaining ring.

8. Install the .078" thick spacer over the speed control
shaft and against the retammg nng

9. Install the stop lever and the speed control lever
tighten the clamping bolts. Be sure the speed control
lever contacts the spacer.

Assembie Governor Housing

Refer to Fig. 6 and assemble the governor housmg as
follows:

1. Start the operating shaft lever on the shaft with the flat
surfaces aligned and press the lever flush w1th the top
of the shaft,

2. Insert the shaft, bearing and lever assembly in the
governor housing.

Page 6
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Limiting Speed Governor (8V) 2.7.1.2

L Place the dlﬁ'erentlal iever over the

) 21068 NS

" Fig. 10 - Installing Governor Cover Bearings

.- Place the housing nght side up on the bed of as arbor

press.

‘Align the flat surfaces and start the operating shaft
fork on the shaft with the finished cam surfaces of the
fork facing toward the rear of the governor. Insert the
threaded end of tool J,21995-2 through the cup plug
hole in the housing. Then thread the knurled nut
J 21995-1 on the end of the fool so the fork resis on the
nut. Use a rod of smgab]e length and diameter and
press the shaft into the fork until the fork is flush with
the end of the shaft (Fig. ‘11). Remove the tools.

Install the Operatmg shaft beanng retmmng screw and
washer. .

. - Apply a ‘good quahty sealant to a new cup plug and

' press. the plug in the govemor housmg ‘

. pm in the

S .operatmg shaft lever and secure it w1th a washer and
, sprmg pln :

X . _prrev:ously removed, mstall the gap adjustmg screw
and lock nut in the tapped hole in the operatmg shaﬁ:
lever.

Support the control link lever on a steel spacer on the
bed of an arbor press. Start one bearing, number side
up, in the lever and press it flush with the lever with
tool J 21068 (Fig. 12). Invert the lever and install the
second bearing in the same manner.

10

12,
13.

Flg 1 1 - Installmg Governor Operatmg Fork

NOTICE: To avoid bearing damagé do not
use impact tools to install needle berings.

Pack the needle bearings with grease, place a washer
over each bearing and insert the control link lever
between the two bosses in the housing (Fig. 1). Insert
the control link lever shaft, then insert the shaft
retainer in the notch of the shaft and fasten 1t to the
housmg w1th the retaining screw.

‘Place the connectmg pin in the control link lever, then
place the connecting link over the connecting pin and
the pin in the differential lever. Secure the link to the
differential lever with a washer and spring pin.

Thread the short link pin into the control link lever.
Install the buffer screw and lock nut.

Assemble Governor Springs

Refer to Fig. 5 and assemble the governor springs as

follows:

L.

Thread the lock nut on the high speed spring retainer
approximately 1-1/2". Place the high speed spring
over the spring plunger with the loosely wound end of
the spring against the shoulder of the plunger.

Insert the plunger and spring assembly in the spring
retainer. Thread the idle speed adjusting screw
approximately 1/2” into the tapped end of the plunger.
Thread the lock nut on the idle speed adjusting screw.

Insert the spring cap in one end of the low speed spring
and the small end of the spring seat in the other end of
the spring.

©® Copyright 1990 Detroit Diesel Corporation
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2.7.1.2 Limiting Speed Governor (8V)

DETROIT DIESEL 53

Insert the spring seat end of the spring, cap and seat
assembly in the spring plunger, with the spring seat
against the shoulder on the idle screw.

Place the spring housing gasket over the springs and
against the shoulder on the spring retainer lock nut.
Then thread -the spring retainer in the governor
housing, with the spring cap against the gap adjusting

screw in the operating shaft lever. Tighten the lock nut.

. Tlie spring housing may be installed after the engine
o tune—-up (Secuon 14) is performed

Assemble Govornor Walghts

Refer to Flg 9 and assemblc thc we:ghts shaft and

riser as follows:

1.

Position the low speed welghts 1dent1flod by the short
cam arm, On opposxte sides of the weight carrier. Drive
the weight pins in place and install the retaining rings.
To install a weight pin correctly, push the grooved end
through the smaller hole in the carrier and through the
weight. Then drive the knurled end in just enough so
the retaining ring can be installed on the pin.

Instail the high speed _weights in a similar manner.

Lubricate the weight shaft with clean engine oil and
slide the riser tube on the shaft. -

Pack the riser thrust bearing w1th grease. Then
assemble the bearing on the weight shaft, with the

' beanng race havmg the smaller msxde dlameter against
- theriser.

Insert the shaft, weight and riser”assenibly in the
governor housing.

Support the splined end of the shaft on the bed of an
arbor press. Start the weight shaft bearing in the
governor housing and over the end of the shaft. Place a
sleeve against the inner race and press the bearing in
the housing and against the shoulder on the shaft. -

Place a flat washer and lock washer over the bearing
retainer bolt. Thread the bolt into the tapped end of the
shaft and tighten it. Bend the tang on the lock washer

_ _agamst the flat on the head. of the bolt.

Place a gasket against the weight shaft bearmg Clean
the plug with solvent to rémove any oil of grease before
applying the sealant. Apply a sealant such as Loctite
grade H, HV, HVW or equivalent onto the threads of
the governor housing and the plug. Thread: the plug
into the housing and tighten the plug to 45 lb—ﬁ (61
N*m) torque.

Install Governor .

1.

Refer to Section 3. 4 1 and attach the governor to the
blower as outlmed under ‘Attach Accessories o
Blower (8V-353)...

Install the biower and 'govemor assembly as outlined
under Install Blower (8V-53) in Section 3.4.1.

CAUTION: Before starting an engine
after an engine speed control
adjustment or after removal of the
engine governor cover and lever
assembly, the technician must
determine that the injector racks move

" to the no-fuel position when the
. _governor stop lever is placed in the stop
B ‘posmon Engine overspeed will result if

the injector racks cannot be positioned
at no fuel with the governor stop laver.

“An; ovorspeedlng engine can result in

engine damage which could cause

'F"ig._ 12

personal |njury

Install the crankcase breather assembly as outlined in
Ventilating System, Section 4.8.

Perform and engine tune-up as outlined in Section 14;

- Installing Control Link Lever Bearings
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_2.'7.1 3

LIMITING SPEED MECHANICAL GOVERNOR

(Variabie Low—Spered)'
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Fig. 1 - Cable Operated Governor Spring Housung
: ’ and Components .

The variable low—speed lu:mtmg speed mechanical
governor used on In-Line and .6V-53 highway vehicle
engines is of the double-weight type. It is used where the
same engine powers both the vehicle and the auxiliary
equlpment for unloading bulk products (such as cement,
grain or liquids) and a 500 to 1200 rpm idle speed range is
desired during the auxiliary operation. A service kit is
available to convert the short spring pack 6V-53 double
weight limiting speed governor assembly to a cable operated

Governor identification is provided by a name plate
attached to the governor housing. The letters V.L.S.L.S.
stamped on the name plate denote a variable low—speed
limiting speed mechanical governor.

® Conversion kits which provide existing limiting speed
governors with variable low speed-limiting speed capability
are available from DDC parts distributors.

Operation

During hlghway operation, the governor functlons asa
limiting speed governor, controllmg the engine idling speed
and limiting the maximum operating speed. At the
unloading area, the throttle is left in the idle speed position
and the speed adjusting handle, on the cable operated
governor (Fig." 1), is turned to the speed required within the
above range to operate the auxiliary equipment. For the air
operated governor (Fig. 3), the engine speed is changed to
the speed required by increasing or decreasing the air supply
pressure to the governor. The governor then functions as a
variable speed governor, maintaining a constant speed when
the load is constantly changing, during the unloading
operation. Before resuming highway operations, the speed
adjusting handle on the cable operated governor must be
turned back to the stop, then turned ahead about
one—quarter of a turn. The air operated govemor s air supply
pressure must be vented before resuming ‘highway
operations.

Lubrication

The governor is lubricated in the same manner as the
limiting speed mechanical governor ~(Section 2.7.1 or
2.7.1.1).

Check Governor Operation

Governor difficulties should be checked out in the
same manner as outlined in Section 2.7. If, after making the
checks, the governor fails to control the engine or auxiliary

variable low-speed limiting speed governor for 500-1600 equipment properly, - it should -be removed and
rpm idle speed range for auxiliary operations. reconditioned. - s -
© Copyright 1990 Detroit Diesel Corporation May, 1 290 SEC. 2.7.1.3 Page .1




2.7.1.3 Variable-Speed Limiting Speed Governor

DETROIT DIESEL 53

CABLE OPERATED GOVERNOR

Remove Governor From Engine

1. Disconnect the manual control flexible shaft from the
governor spring housing.

2. Remove the governor following the same procedures
outlined in Section 2.7.1 or 2.7.1.1,

Disassembie Governor

The variable low—speed limiting speed governor is
similar to the limiting speed governor with the exception of
the spring housing and its components. _Therefore,
disassemble the governor as outlined in Section 2.7.1 or
2.7.1.1, then disassemble the spring housmg and its
components (Flg 1) as follows:

1. Clamp the ﬂange of the governor housing in a vise
equipped with soft jaws.

2. Remove the two bolts and lock washers securing the
spring housing to the governor housing and withdraw
the spring housing and gasket.

3. Remove the adjusting. coupling from the adjusting

4. Ho]d the adjusting lock nut with a wrench and back off
the retainer and adjusting shaft.

5. Unscrew the adjusting shaft from the retainer.

6. Unscrew the idle adjusting lock nut from the end of the
high—speed spring plunger.

7.  Unscrew the high—speed spring retainer lock nut and
remove the high-speed spring retainer, plunger and

spring along with the low—speed spring plunger, inner

and outer springs and low—speed: spring cap as an
assembly from the governor housing. -

8. Remove the high-speed spring retainer and spacer
assembly and spring from the high-speed 'spring
plunger. Remove the low—speed spring cap from the
opposite end of the high-speed spring plunger and
remove the low—speed spring plunger along with the
inner and outer low-speed springs.

The high-speed spring retainer on early engines did
not include a spacer. If the shaft sticks in the retainer,
replace it with the current retainer and spacer
assembly.

REMOVE 45"

=] _

s -

Fig. 2 — Rework Former Plunger a_nd Cap

Inspect Governor Parts

Wash all of the parts in clean fuel oil and dry them with
compressed air, then inspect them as outlined in
Section 2.7.1 or 2.7.1.1.

~ o CAUTION: To prevent possible personal
injury, wear adequate ey’a 'protaction
and do not excaad 40 psi (276 kPa) air
prassure '

Assemble Governor

During assembly, lubricate all spring housing
components and - needle -bearing assemblies with
MIL. G3278A, Aero Shell 7A grease, or equivalent (special
grease for high and low temperature Opemtlons)

Assemble the governor as outlined in Section 2.7.1 or
2.7.1.1, then assemble the spring housing and components

(Fig. 1).

To assure a 500 rpm idle speed, the spring seat chamfer
has been removed from the low—speed spring plunger and
cap. The internal chamfer has been removed from both ends
of the coil of the outer low—speed spring. A hlgh idle
condition could be the result if an unchamfered spring did
not seat properly due to the chamfer on the former plunger
and cap. To correct this condition, install a current
(modlﬁed) plunger and cap, or remove the 45° chamfer from
the spring seat area of the plinger and also the 45° x .035"
chamfer on the cap (shaded area, Fig. 2).

NOTICE: A chamfered spring should not be
used with an.unchamfered plunger and cap,
"because a severe wear condition will result. :

1. Thread the spring retainer lock nut on the high-speed
spring retainer approximately 1 1/2°.

2. Place the high-speed spring on the high-speed spring
plunger.

3. Insert the high-speed spring and plunger assembly in
the high-speed spring retainer.

4. 1Insert the low-speed spring plunger into the
high-speed spring plunger.
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Variable-Speed Limiting Speed Governor 2.7.1.3

5. Place the inner and outer springs in the lower end of
the high-speed spring plunger, over the low—speed
spring plunger.

6. Install the low-speed spring cap over the end of the
inner low—speed spring and into the end of the
high-speed spring plunger and install the assembly in
the governor housing. Place the spring housing gasket
in position before mstalbng the assembly.

7. Thread the idle speed adjustmg lock nut on the '

threaded end of the high-speed spring plunger
approximately 1/27.

8. Screw the ad_]ustmg shaft into the adjusting shaft

retainer all the way in as shown in Flg 1.

9. Install the adjustmg retamer and shaft onto the
high—speed spring plunger. Turn down the adjusting
retainer against the idle speed adjusting lock nut.

10.  Instail the adjusting coupling and spring housing after
the governor adjustments {Section 14.3.3) have been
performed.

Instail Governor

Install the governor as outlined in Section 2.7.1 or
2.7.1.1, then connect the manual control flexible shaft to the
governor spring housing (Fig. 1).

¢ CAUTION: Befora starting an engine
- after an " engine speed controi
adjustment or after removal of the
engine . governor cover and lever
- -assembly, = "the - technician  must
_determine that the injector racks move
10 the no-fuel position when the
- governor stop lever is placed in the stop
position. Engine overspeed will result if
the injector racks cannot be positioned
at no fuel with the governor stop lever.
An overspeeding engine can result in
engine damage which could cause

. personal injury.

Adjust the governor as outlined in Section 14.3.3.

AIR OPERATED GOVERNOR

Remove Governor From Engine

1. Disconnect the air controls from the governor spring
housing.

2.  Remove the governor following the same procedures
outlined in Section 2.7.1 or 2.7.1.1,

Disassemble Governor

The air operated variable low-speed limiting speed
governor is similar to the limiting speed governor with the
exception of the spring housing and its components.
Therefore, disassemble the governor as outlined in Section
2.7.1 or 2.7.1.1, then disassemble the spring housmg and its
components (Fig. 3) as follows:

1. Clamp the flange of the governor housmg in a vise
equipped with soft jaws.

2. Remove the two bolts and lock washers securing the
spring housing to the governor housing and withdraw
the spring housing and gasket. Discard the gasket.

3. Loosen the 5/16"-24 idle speed jam nut and remove
the idle speed adjusting screw, seal ring and nut as an
assembly. Discard the seal ring.

4. Hold the 1/2"-20 jam nut on the high-speed spring
plunger with a wrench and unscrew the air cylinder
cap, retainer ring, pin, piston, air cylinder and seal ring

as an assembly from the end of the high-speed spring
plunger.

a. Dlsengage the retainer ring from the air cyhnder
and remove the air cap and piston from the air
cylinder.

b. Remove the seal ring from the piston, Discard
the seal ring.

5. Unscrew the high-speed spring retainer lock nut and
" rtemove the high—speed spring retainer, plunger and
“spring along with the low speed spring plunger, inner
and outer springs and low-speed spring cap as an
assembly from the governor housing.

6. Remove the l:ugh—speed spring retainer and spacer
assembly and spring from the hlgh—speed spring
plunger. Remove the low-speed spring cap from the
opposite end of the high-speed spring plunger and
remove the low-speed spring plunger along with the
inner and outer low-speed springs.

Inspect Governor Parts

Wash all of the parts in clean fuel oil and dry them with
compressed air, then inspect them as outlined in
Section 2.7.1 or 2.7.1.1,

e CAUTION: To prevent possible personal
injury, wear adequate eye protection
and do not exceed 40 psi (276 kPa) air
pressure.
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2.7.1.3 Variable-Speed Limiting Speed Governor

THREE WAY CONTROL VALVE FOR MAXIMUM AND MINIMUM
IDLE CONTROL OR THREE' WAY PRESSURE REGULATING
YALVE FOR VARIABLE IDLE SPEED CONTROL. GOVERNOR
IDLE CYLINDER MUST BE VENTED TQ OBTAIN MmINimUm 1DLE.

AIR SUPPLY

VALVE

REF: SCHRADER PART NO.

THREE WAY CONTROL

-41493-1000 |

VALVE REF. SCHR

NS

SELF BLEED PRESSURE REGULATING

ADER PART NO. 3562-2000
WILLIAMS AIR CONTROLS "CO. -
PART NO. WM 148

GOVERNOR

SPRING RETALNER SEAL AlR 1DLE SPEED
GASKET  RETAINER RING RING PISTON  CYLINDER  JAm NUT
HIGH ID.LE 1DLE \:&YT]YT
SPRING SPEED  SPRING.~ SPRING {w £l il :
CAP SPRING  (INNER] (OUTER) Y \ _
e — ] SEAL  SPRING
k RING  HOUSING
1 IDLE SPEED
=== ADJUSTING
GOVERNOR ~ ——¢ - - SCREW
HOUSING = A e
RETAINER HiGH HIGH  pIn AIR IDLE
LOCK NUT  SPEED SPEED CAP SPEED
" PLUNGER  JAM NUT PLUNGER
AIR OPERATED VARIABLE LOW SPEED LIMITING SPEED GOVERNOR
GOVERNOR
AIR SUPPLY 178" NPT

TWO WAY CHECK VALVE-PERMITS FLOW ONLY:

TO GOV. FROM HIGHEST PRESSURE SIDE

REF: WILLIAMS AIR CONTROLS CO. PART WM.97

BENDIX.-WESTINGHOUSE PART NO. 217698
SCHRADER PART NO. 3330

OPTIONAL COMBINATION CONTROL TO PROVIDE
EITHER MAXIMUM & MINIMUM IDLE CONTROL OR -
YARIABLE IDLE SPEED CONTROL. AGAIN, THREE WAY
TYPE VALVES. ARE USED TO VENT GOVERNOR WHENEVER

THE VALVES ARE CLOSED TO THE SUPPLY

OPTIONAL COMBINATION AIR CONTROLS

12750

Fig. 3 - Air Operated Variable Low Speed Limiting Speed Governor and Air Controls’
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Assemble Governor

During assembly, lubricate all spring housing

components with MIL. G3278A, Aero Shell 7A grease, or
equivalent (special grease for high and low temperature
operations).

Assemble the governor as outlined in Section 2.7.1 or

2.7.1.1, then assemble the spring housing and components

(Fig.
1.

3) as follows:

Thread the spring retainer lock nut approximately
1-1/2" onto the high-speed spring retainer.

Place the high—speed spring on the high-speed spring
plunger. '

Insert the high-speed spring and plunger assembly in
the high—speed spring retainer.

Insert the low-speed spring plunger into the
high—speed spring plunger.

Place the inner and outer springs in the lower end of
the high-speed spring plunger, over the low-speed
spring plunger.

Install the low—speed spring cap over the end of the
inner low-speed spring and into the end of the
high—speed spring plunger and install the assembly in
the governor housing. Place the new spring housing
gasket in position before installing the assembly.

If removed, thread the 1/2"-20 high—speed spring jam
nut approximately 1/2” onto the threaded end of the
plunger.

10.

11.

Place a new seal ring on the piston and assemble the
piston and air cap in the air cylinder. Secure them in
the air cylinder with the retainer ring.

Screw the air cylinder assembly onto the high—speed
spring plunger and against the high-speed spring
plunger and jam nut.

Place a new seal ring on the idle adjusting screw and
install the adjusting screw and jam nut in the air
cylinder.

Install the spring housing after the governor
adjustments (Section 14.3.3) have been performed.

Be sure and lubricate the bore of the spring housing
with grease as stated previously.

Install Governor

211

Install the governor as outlined in Section 2.7.1 or
1, then connect the air controls to the governor spring

housing (Fig. 3).

CAUTION: Before starting an engine
after an engine speed control
adjustment or after removal of the
engine governor cover and lever
assembly, the technician must
determine that the injector racks move
to the no-fuel position when the
governor stop lever is placed in the stop
position. Engine overspeed will result if
the injector racks cannot be positioned
at no fuel with the governor stop lever.
An overspeeding engine can result in
engine damage which could cause
personal injury.

Adjust the governor as outlined in Section 14.3.3.
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