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RECONDITIONING NEEDLE VALVE INJECTORS

DESCRIPTION

The most important part of the fuel system
is the unit injector, which is a high
pressure fuel metering pump and spray
valve combined in one housing,

It is located and seated in a tapered hole
in the center of the cylinder head, withthe
spray tip protruding slightly below the
bottom of the head, It is positioned in the
head by a dowel and held in place by an
injector hold-down crab and nut, A cross-
section of the unit injector and names of
the various parts is shown in Fig. 1.

The external working parts of the injector
are lubricated by oil from the end of the
injector rocker arm adjusting screw. The
internal working parts are lubricated and
cooled by the flow of fuel oil through the
injector.

The main working parts of the injector
are: rack, gear, plunger, follower, spring,
and needle valve,

The plunger is given a constant stroke re-
ciprocating motion by the injector cam
acting through the rocker arm andplunger
follower. The timing of the injection
period during the plunger stroke is set by
an adjusting screw at the end of rocker
arm. Fig, 2 shows flow of fuel during one
downward stroke.

Rotation of the plunger b'y means of the
rack and gear, controls the quantity of
fuel injected into the cylinder during each

stroke. Rack position is controlled by the

'governor through the injector layshafi and
- linkage. The gear is keyed with a sliding

fit to the plunger to allow plunger vertical
movement,

The helices near the bottom of the plunger
control the opening and closing of both
fuel ports of the plunger bushing. Rotation

- of the plunger regulates the time thatboth
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Fig., 1 — Unit Injector, Cross-Section
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ports are closed during the downward
stroke, thus controlling the quantity of fuel
injected into the cylinder as shown in
Fig. 3. As the plunger is rotated from
idling position to full load position, the
pumping part of the stroke is lengthened,
injection is started earlier, and morefuel
is injected.

Proper atomization of the fuel is accom-
plished by the high pressure created by
the downward stroke of the plunger, which
forces fuel past the needle valve and out
through the spray holes in the tip of the
injector.

TOP OF STROKE BYPASS POINT

BOTH PORTS OPEN
TO ADMIT FUEL

FUEL BELOW PLUNGER
ESCAPES THROUGH
UPPER PORT. NO
EFFECTIVE STROKE

CYLINDER

INJECTION STARTS

BOTH PORTS CLOSE
FORCING FUEL INTO

Filters at the fuel inlet and outlet connec-
tions protect the working parts of the
injector,

MAINTENANCE

Special equipment, tools, fixtures, and
gauges called out in the maintenance pro-
cedures are listed at the end of the M.I,
with their part number,

When servicing the injectors, clean condi~
tions must be maintained. Foreign ma-
terial in any form is the most common
cause of injector failure. When an injector

i
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Fig. 2 — Pumping Action Of Injector Plunger
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Fig, 3 — Fuel Control Plunger Rotation



is in an engine it is protected against dirt,
dust and other foreign materials by the
various filters employed. When an injector
is in storage it is protected by the filters
which seal the body openings, whichinturn
are protected by a shipping block or plastic
caps.

However, anentirely different set of condi-
tions is encountered when it becomes
necessary to disassemble aninjector for
repair or overhaul. Under these conditions,
care should be exercised for proper hand-
ling of the parts and toprovide the cleanest
possible working facilities.

The mechanics working on the injectors
must protect the parts by careful handling,
as some parts are so finely finished that
the slightest burr or scratch can make
them unfit for use. It is important also,
that the hands and the apparel of the
mechanic be clean,

DISASSEMBLY

When disassembling an injector, care must
be taken not to damage any of the parts,
As parts are removed, place them in a
parts pan and keep them separate from
other injector parts., Many of the com-
ponents are matched and are notl usable
with other injectors.

1. Clamp injector in vise in upright
position, Fig. 4, and remove the ship-
ping block or plastic caps, if installed.

2. Remove the fuel filter caps using a
3/4" socket, Remove and discard
gasket and filter elements,

3. While manually compressing the fol-
lower spring, insert a small rod be~
tween coils of spring and push "stop
pin” in to release the follower., The
spring can now be unloaded by gradu-
ally allowing the follower to move
upward.,

M.L 418

Injector

Filter Caps

8276
Fig. 4 — Preparation For Disassembly

4, Carefully lift the follower and plunger
from the injector, Fig. 5. Disengage
the plunger from the follower and
remove the follower spring,

5, Invert the injector in the vise. Using
wrench, loosen the injector nut, Fig. 6.
Unscrew the nut by hand and lift it
straight up so as not to disturb the
parts underneath,

6. After the nut is removed, Fig. 7, the
exposed stacked parts canbe removed,

NOTE: Occasionally the spray tip sticks
in the nut and is removed with the
nut, If the spray tip cannot be
pressed out with the fingers, it can
be removed by setting the nut on a
block of wood and using a short
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length of brass tubing to drive out
the spray tip. The inside diameter
of the brass tubing must be large
enough so that only the outer edge
of the spray tip is contacted bythe
tubing,

7. Remove the spill deflector and plunger
bushing by liffing them straight up.
Insert the previously removed plunger
into its mating bushing, but in a re-
versed position so that plunger enters
bushing at the end of bushing opposite
end with guide pin.

Fig., 6 — Loosening Injector
Nt

Follower

Plunger

Fig. 5 — Removing Follower - Fig. 7 — Removing Injector
And Plunger Nut



8. Remove and discard the body to nut
seal ring.

9. Release the injector body from the
vise and holding free hand at bottom,
invert the body to remove the gear
retainer and gear, After the gear is
removed, the injector rack can be
withdrawn from the body, Fig, 8.

CLEANING

In preparation for cleaning the parts of the
disassembled injector, a perforated
carrying basket should be provided for
each injector. The cleaning containers
may be conventional baking pans made of
rust proof material of such size to ac-
commodate all parts of one injector, or a
large cleaning tank is available which is
divided into four large cleaning compart-
ments.

The physical dimensions of the cleaning
tank are approximately 5' long by 2' wide
and each compartment is 12" deep and
equally spaced the length of the tank, The
hood of the tank has provisions for an air
filter and exhaust fan,

The parts of each injector can remain in
the perforated carrying basket and be
placed into either the cleaningtank or pan,
This will allow the cleaning solution to
drain when the bagket is removed, The
cleaning containers should also have a
removable screened or perforated frame
at the bottom to keep injector parts above
the contaminants which settle inthe clean-
ing containers.

The four cleaning containers should con-
tain the following solutions:

Container No. 1

This container holds a non-phenolic,
non-chlorinated, oil-soluble, water-
miscible, liquid-type soap solution
which when diluted with four parts of
a petroleum distillate-type solvent
forms a solvent-emulsion cleaner.
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Fig. 8 = Removing Injector Rack,
Gear And Retainer

Sufficient liquid should be added to
cover all parts. Leave disassembled
parts in this container about fifteen
minutes, Carbon and lacquer must be
completely removed from all parts.

Container No. 2

The second container is filled with
clean solvent or mineral spirits. This
is used for rinsingparts after removal
from the first container and after
secondary cleaning,

Container No. 3

The third container is usedfor storing
parts after they have been cleaned and
inspected, until they are ready for
reassembly, Fill container with
enough fuel oil or injector testing~rust
procfing oil to completely cover all
the injector parts.

Container No. 4

The fourth container is filled with the
same kind of oil as used in No.3, The
solution in this container is not used
until reassembly of the injector parts
is about to begin, Justpriortoassem-
bly, the partis removed{rom container
No., 3 and blown off with filtered
compressed air. Immediately after
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blowing off, the part is dipped into
container No. 4 solution and assembled
in the injector without further drying,
The oil that adheres to the part after
dipping provides rust proofing and/or
initial lubrication.

After the parts have scaked in container
No. 1 and rinsed in container No. 2, they
should be dried with compressed air, and
cleaned further as outlined in the follow~
ing procedure,

NOTE: Care must be taken while wire
brushing the following parts, not
to wire brush their lapped sur-
faces.

BODIES

1. Apply abrasive disc (11/16" diameter
- 60 grit emery disc) to seating tool.
Mount the seating tool in a motor
driven chuck and remocove any carbon
from inside diameter flat on gear side
of the body,

2. Apply abrasive disc (13/16" diameter
- 60 grit emery disc} to seating tool
and apply seating tool in motor driven
chuck. Remove any carbon from the
inside diameter flat on follower side
of body, Fig. 9.

Abrasive Disc

Seating Tool

3. Using magnetized reamer, Fig, 10,

clean out oil passages in the body. A
pin vise may be used to hold the
reamer, There are two other passages
besides the two fuel passages at the
bottom of the body namely: the vent
passage at the back, and the passage
whose entrance is opposite the shallow
timing gauge hole,

Fig. 10 — Reaming Bedy Fuel
Passages

4, Buff external surfaces {exceptbottom)

on a soft wire buffing wheel,

5. Wash off entire body being sure that

all carbon particles areremoved, Use
brush (1" diameter china bristle) to
clean the body. Using compressed air,
blow out fuel passages and dry the
hody.

6. Place body on a clean surface or pan
for inspection.

a27e

Fig, 9 — Cleaning Flat, Gear Side Of Body
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INJECTOR NUT

1. Clean external surface of the nut by
buffing on the soft wire buffing wheel,

2. Using nut reamer, Fig, 11, clean
carbon from inside diameter of the nut
and spray {ip seating surface.

3. Wash nut inside and out using brush
and solvent, Dry nut with compressed
air and place with body for inspection.

t2972

Fig. 11 ~ Reaming Injector Nut
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INJECTOR RACK

Buff the rack on soft wire wheel, being
careful to clean thoroughly between rack
teeth. Wash the rack in solvent and blow
dry.

INJECTOR GEAR

1. Clean gear teeth and ouiside surface
by buffing. Clean inside using 7/16"
diameter wire brush mounted in a
motor driven chuck.

2. Wash gear in solvent, then dry and
place with other items.

PLUNGER BUSHING

1, If required, lightly buff the external
surface of the bushing, taking care to
avoid the lapped end,

2, Using soft bristle brush and solvent,
wash bushing bore and external sur-
face. Dry with compressed air.

PLUNGER

1. ¥ required, lightly buff only the upper
half of the plunger. Do not buff on the
lapped lower portion of the plunger.

2, Wash the plunger using solvent and
brush, paying careful attention to the
helical grooves, Dry with compressed
air and clean tissue,

NOTE: After plunger and bushing are
cleaned, insert plunger in its ma-
ting bushing with the plunger placed
into the end of bushing opposite
the end containing the guide pin,

SPILL DEFLECTOR

Lightly buff the spill deflector to remove
carbon, if required, Using brush and
solvent, wash entire part. Dry with com-
pressed air,
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SPRAY TIP

1, Buff external surface of spray tip on
the soft wire buffing wheel, taking care
to avoid the lapped surface.

2, Clean spray tip bore, valve seat, and
the guide O.D, on the valve with sol-
vent to remove lacquer and carbon,

3. Clean out spray holes in tip, Fig, 12,

a, Apply short length of 011" wire to
pin vise, About 1/4" of wire should
extend beyond vise jaws,

b. Hone wire end to a point to remove
any burrs, using abrasive stone,

c. After cleaning holes with wire, wash
gspray tip in solvent and blow dry.

GEAR RETAINER

1. Buff external surface of gear retainer
on. soft wire buffing wheel. Remove
any carhon from the inside diameter,
using 1/2" diameter wire brush moun-
ted in motor driven chuck.

3, Using solvent, wash the retainer and

blow dry with compressed air,

SPRING CAGE
1, Buff outside surface, except lapped
surface, using soft wire wheel.

2. Remove any carbon from the inside
diameter, using 7/16" diameter wire
brush mounted in a motor driven chuck,

- 3. Wash in solvent and blow dry with
compressed air,
SPACER
1, Using magnetized reamer, ream out
fuel passage in the spacer.

2, Buff spacer surface, except lapped
surfaces, on soft wire buffing wheel.

Fig, 12 — Checking Spray
Tip Orifice

3. Wash in solvent and dry with com-
pressed air,

REMAINING PARTS

1. Clean the parts listed below by buffing
on soft wire wheel:

Filter Caps
Filter Springs

Follower
Follower Spring
Valve Spring

2, Wash each in solvent and dry with
compressed air,

EMERGENCY MEASURES

1, Filters - The old filters should be dis-
carded when reconditicning injectors.
However, if itis necessaryduetoparts
shortage to reuse old filters, they
should only be cleaned by gentle slosh-
ing in the cleaning solvent.

CAUTION: Do not use a brush or com-
pressed air on these filters.

2. Copper Gaskets - Copper gaskets often
become hard and lose their sealing
ability, so they should be discarded
after use, However, if it is necessary
to reuse them, they should be cleaned
and annealed.

-8 -
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To anneal copper gaskets, heat them
to a dull cherry color, 1200° F.
(649° C.) to 1500° F, (816° C,) and
quench them quickly in water,

INSPECTION

BODIES

The injector bodies should be carefully
inspected for any burrs, metal slivers or
bad threads, The body and all drilled
passages should be clean. On injectors
equipped with calibrating slides, remove
slide from body before inspecting, Check
slide for same conditions as body.

PLUNGER AND BUSHING

Plunger should be clogely examined for
scores and scratches on the lapped sur-
face. The helices should be inspected for
chipping or eroding, Scored surface on
the plunger is easily seen, but the bushing
requires a good light such as provided by
an otoscope, Fig. 13, to see evidence of
scoring. For any of these defects, reject
the plunger and bushing. Refer to Fig. 14
for examples of plunger defects whichare
cause for rejection, It may be necessary
to remove light lacquer buildup or oil
stains from the plunger and bushing by
polishing., Procedure for polishing these
parts is given under "Lapping of Injector
Parts,"

In addition to being free from burrs,
scratches, scores, or other imperfections,
the plunger and bushing must be absolutely
clean, To test for cleanliness, insert the
plunger in its bushing and spin {he bushing,
If both the plunger and bushing have been
properly cleaned, the bushing will spin
freely.

NOTE: The plunger and bushing must be
absolutely dry while making this
test, If the bushing does not spin
freely, the cleaning operations
should be repeated, or the parts
replaced.

Fig. 13 — Otoscope

Plunger and bushing should always
be kept together as they are manu-
factured only in matched sets. If
these parts should become mixed,
due to error in handling, lightly
etched identification numbers will
be found in the undercut below the
head of fhe plunger and on the out-
side surface of the bushings. The
same number will be etched oneach
mating piece, This number will be
different on each assembly and has
no meaning except to identify the
parts as being matched sets.

NUT

Inspect the outside of the nut for deep
scratches or gouges on the seating sur-
faces, or pits around the spray tip end.
Any of the above defects, that appear on
the flat surface adjacent to the spray tip,
may be removed by refinishing to 6.870"
overall length. The inside spray tip seat-
ing surface must be free of scraiches or
burrs and be clean., Discard nut if im-
perfections are present on inside of nut,

CONTROL RACK AND GEAR

These parts should be free from burrs
and rough spots so that the rack willmove
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13189
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Fig, 14 — Examples Of Chipped And Scored Plungers

freely when the injector is assembled,
Make sure that the rack is straight by
checking against a straight edge. The
rack must be straight so as not to bind in
the injector during operation,

SPRAY TIP ASSEMBLY

1. Replace needle valve in spray tip, if
removed, and check valve action, If
movement of valve is sticky, remove
valve from spray tip and check guide
0.D. on valve and spray tip bore for
scoring and pitting, Reject assembly
if either condition is observed,

2. Check valve and valve seat for spalling,
nicks, and scratches. Reject badly
spalled valves. Refer to Fig. 15foran
example of spalling on needle valve,
If the spray tip condition is satis~
factory, but the valve is not, the spray
tip can be reworked and a new valve
ingtalled.

3. Inspect center hole and spray orifices
for cleanliness and burrs.

4, Inspect the three fuel supply holes for
obstructions and burrs. Inspect the

- 10 -

lapped surface for a highmirrorfinish,
and for scratches or cracks.

5, Check each spray tip orifice with a

- ,014" wire, Reject any spraytip which
will accept the wire in any orifice,

6. Place spray tip in air flow gauge,

Fig. 16, set air pressure to 30 psi as
indicated at bottom right side of gauge,
and check air flow through orifices in
tip. Air flow should register within

131719

Fig. 15 — Example Of Spaliing
On Needle Valve

g — -~



13172

Fig, 16 — Injector Tip Air
Flow Gauge

the green area on gauge fo indicate
acceptable tip. Instructions for gauge
operation are provided with the gauge.

7. Assemble needle valve to spray tip
making sure that the needle is seated
in the tip.

8, Place the spray tip assembly in the
dial indicator gauge, Fig, 17, and
measure the valve lift, The lift being
the difference in height between the
upper lapped surface of the spray tip

g

Fig, 17 — Dial Indicator Gauge

M.1, 418

and the shoulder of the needle valve,
If the lift exceeds ,020", replace the
spray tip assembly.

SPRING CAGE

Check that the wear on the bottom of the
spring cage, where the needle valve
shoulder makes contact, does not exceed
002", A new spring cage is required if
wear exceeds limit,

VALVE SPRING

New valve springs should be used when the
injectors are rebuilt, However, if due to
parts shortage it is necessary to reuse
springs, they should be inspected as
follows:

1, Determine if the spring has taken a
set or shortened, This is done by
comparing spring length with an unused
spring of the same part number, If
there is a noticeable difference in
length, do not use the old spring.

2. The outside of the spring should be
examined for bright marlks which would
indicate that the coils have rubbed hard
against the wall of the spring cage.
Also check spring for pitting or
erosion., A valve spring in either
condition should not be used except in
exireme emergency.

RECONDITIONING PROCEDURES
LAPPING OF INJECTOR PARTS

As previously stated, the injector valve
assemblies and their related parts are
subjected to full injector fuel pressure,
Each of these parts has at least one sur-
face making contact (sealing) with an
adjacent part., These sealing surfaces
must be clean, brightly polished and
absolutely flat, so that when the injector
is assembled and operated, each joint
will withstand full injection pressure with-
out leaking,

-11 -
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The required high polish and flatness is
attained by hand lapping the parts on
suitably prepared "lapping plates". This
is an operation that requires some degree
of skill, Since this gkill can only be
attained by actually lapping parts, it is
recommended that some time be spent in
practicing the lapping operations, using
scrap parts before lapping parts intended
for use in injectors,

To ensure the best quality of finished
lapping work requires use of correct lap-
ping plates that are kept in proper condi-
tion. The lapping plate set consists of
three lapping plates, 8" x 8" x 1", ina
covered wooden box, The lapping surface
of each plate is grooved into 1/8" squares
separated by 1/64" grooves. The plates
should be kept covered in the box when
not in use.

Continued use of the lapping plates tends
to cause worn or low spots to develop, and
sometimes the plates become scratched.
Imperfections of this kind are evident
when a plate is held under a strong light,
When such defects are present, the lapping
surfaces of the plates must be refinished.

Refinishing Lapping Plates

To refinish the lapping plates, sprinkle
some lapping powder (600X), or equiva-
lent, on one of the plates and add sufficient
light machine oil to make a lapping paste,
Place another plate on top of this plate
face to face, and work them together.
Alternate the plates from time to time.
For example, assuming the plates are
numbered 1, 2, and 3, work No, 1 and
No. 2 together, then No, 1 and No, 3, and
finally No, 2 and No, 3 together. Continue
this procedure until all plates are perfectly
flat and free of imperfections. After the
surfaces have been refinished, clean all
lapping paste from the plates by rinsing
in fuel oil and washing, using a soft bristle
~ brush,

It is good practice where considerabile
lapping work is done to devote some time
each day to refinishing the plates. This
procedure ensures the platesbeinginfirst
class condition at all times.

Lapping Procedure

Avoid unnecessary lapping of injector
parts, It frequently happens that when an
injector is disassembled for repairs,
many of the lapped surfaces still retain
their mirror finish, When parts arefound
to be in good condition, set them aside and
lap only the parts which require cleaning
or removal of mirror defects. New re-
placement parts also should be polished

by lapping.

1. Lap following parts on the lapping
plates:

Body assembly seat Spring cage
Plunger bushing Spacer
Flat check valve Spray tip

2, Clean off lapping plate using com-
pressed air. Do not use a cloth or
other material for this purpose.

3. Sprinkle some lapping powder on one
of the lapping plates. (A common salt
shaker is good for this purpose.)

4. Place the part to be lapped flat on the
plate, as shown in Fig, 18, moving it
back and forth across the plate using
a figure "8" motion. Do not exert too
much pressure on the part, but suffi-
cient to keep the part flat, Rotate the
part in hand 10 to 30 degrees every
few seconds to produce an even smooth
surface. When the part is flat and
clean, wash it in solvent and dry with
compressed air,

5. To provide a mirror finish on the
lapped surface, lap the part on the
second plate dry. Do not use any lap-
ping powder, Make several figure "8"
passes with part,

-12 -
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3314
Fig, 19 — Polishing Injector
Bushing Bore
8050

Fig, 18 — Lapping Injector Parts tissue held in the hand, Fig, 20, The
plunger is then worked back and forth
NOTE: I the body assembly seat has a through the tissue using a rotary
nick or low spot which cannot be motion. When the plunger and mating
removed through normal lapping, bushing have been thoroughly cleaned
place No, 320 grit aluminum oxide and polished, the bushing should be
cloth on lapping plate and make as able to be spun around the inserted
many figure "8" passes with the plunger, It is important inmakingthis
body assembly as required to re- check that both the plunger and bushing

move defect. Then lap to required are absolutely dry and clean.

finish,

After the injector parts have been
lapped and polished, they should be

Polishi ing And Plunger
olishing Bushing g washed in solvent to remove all com-

The bushing and plunger are polished pound, They then should be blown dry
using jewelers rouge paste and toilet with clean compressed air. Place
tissue. The paste is made by mixing a them in cleaning container No, 3 in
small amount of jewelers rouge and min- preparation for assembly of the in-
eral spirits. jector,

1. Polishing Bushing

To polish the injector bushing, wrap a
sufficient amount of toilet tissue
around a small diameter rod so that
it may be inserted into the bushing
bore. Apply a small amount of the
jewelers rouge paste to the toilet
tissue and insert into the bushing
bore, Fig, 19, Work bushing back and
forth over tissue, using a rotary

motion,

2, Polishing Plunger
The plunger is polished using some of T aans
the jewelers rouge paste on toilet Fig, 20 — Polishing Injector Plunger

-13 -
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Lapping Spray Tip NOTE: The spray tip has a 60° seat angle

Lap needle valve spray tip, if required,
Improper seating is indicated by drip or
poor spray pattern at the "pop" test or
when under pressure, and lack of chatter
during the "pop" test.

1, Flush spray tip clean and dry with air
hose,

2, Select the proper lapping tool from set,

NOTE: The 21 lapping tools are graduated
in increments of .0001" from
.2170" through ,2190" diameters.
Select the tool which has a light
wring fit with the spraytip in order
to maintain seat-to-bore concen-
tricity of .0001",

3. Place a small amount of 800 grit
lapping compound on the 60° lap seat
of the lapping tool. Place tool into

while the needle plunger is 62°,
Therefore, the assembly will show
only a hairline bearingarea. When
reworking, consider the lift di-
mension of ,012" - ,018",

7. ¥ bright rubbing marks are on the

shank, lap the pilot diameter of the
needle valve as follows, Insert upper
stem of needle valve into chuck and
spin at 350 RPM maximum. Do not
chuck needle on lapped pilot diameter,
Apply a very small quantity of lapping
compound to the spinning valve with
the tip of the finger. Rub back and
forth across the lapped diameter with
the tip of the finger just long enough
to remove any bright rubbing marks
on the needle valve shank, If needle
valve seat has soft deposits or lacquer,
touch with finger and clean the same
as described for the pilot diameter.

spray tip, Use extreme cautiontopre- CHECKING VALVE OPENING PRESSURE

vent the tool with compound from
touching the side walls of the ,2170"
- .2190" diameter since this will de~
stroy the selective fit of the plunger
and spray tip and will be cause for
rejection.,

4. With the lapping fool properly posi-
tioned in the spray tip, revolve the
lapping tool between the thumb and
index finger, applying a light pressure
while revolving. Lift the tool slightly
each turn to permit the compound to
be drawn under the lap. Three orfour
complete revolutions should reseat the
tip.

[+
.

Carefully remove the lapping tool from
the tip making sure to wash all of the
compound from the tool. Wipe dryand
replace in box. Flush all compound
from the internal passages of the spray
tip, and dry with air hose,

6, Visually ingpect seat, using otoscope.

-14 -

1. Agsemble needle valve to test fixture,

Fig, 21, and connect test pump fuel
line,

13177

Fig. 21 — Injector Valve
Test Fixture



2, Actuate pump handle at approximately
40 smooth even strokes per minute,
observing pressure gauge until open-
ing pressure is obtained. The opening
pressure should be hetween 2200 -
3400 psi.

A finely atomized spray at the tip will
result. Rapid closing of the needle
valve will produce a sharp "chatter'.

3. If the valve opens without producing a
finely atomized spray or the valve
seats without producing the sharp
"chatter", make several rapid strokes
with the pump to dislodge any foreign
material from the needle valve seat,
If the needle valve fails to function
properly, dirt on the seat or a defec-
tive seat may be the cause, Misalign-
ment can also cause sluggish valve
action. To correct misalignment,
loosen injector nut and rotate the tip
180° with finger tips. Repeat Step 2.

ASSEMBLY

In preparation for the assembly of the
injector, remove the parts which have been
previously cleaned, inspected, and re-
conditioned, from cleaning container No, 3,
Blow the individual parts off with com-
pressed air, and place them in a clean
dry parts pan or on clean paper,

As each injector part is selected for
assembly as subsequently outlined, dip the
part in container No. 4, containing the
injector test and rust proofing oil or fuel
oil. After dipping the part in container
No. 4, do notblow off, but leave it wet. The
liquid retained on the part will provide
rust protection and/or lubrication during
assembly.

The assembly sequence is as follows:

1. Insert the injector rack into the body.
Position the rack so the two marked
teeth are centrally located in the body
bore as viewed from the thread end
(bottom) of the body.

-15 =
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On injectors equipped with calibrating
slides, assemble the slide so that the
end of the slide is flush with the face
of the injector body.

Apply rack gear to mesh with the rack
so timing mark on the one gear tooth
is between the marked teeth of the rack.
Timing markings should be facing the
assembler when looking down at the
parts from the thread end of the body,
as shown in Fig, 22. The use of a
flashlight or illuminated magnifying
glass greatly facilitates the timing of
rack and gear, as otherwise it is
difficult to see the markings.

Fig, 22 — Location Of Timing
Marks On Rack And Gear

After gear is correctly applied to the
rack, clampthe body, thread end up, in
the injector vise,

Apply gear retainer on top of the gear,

Position the bushing on the body so
locating pin enters the slot inthe body.

Pilace spill deflector over the bushing,

Apply new body seal as shown in Fig.
23.

After dipping each part into container
No. 4, assemble the spacer, check
valve, check valve cage, valve spring,
valve spring seat, and valve spring
cage, see Fig. 24, Carefully position
this assembly with spacer end on bush-
ing.
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Fig, 23 — Applying New
Body Seal

After dipping the spray tip assembly,
Fig. 25, place it in position so that
needle valve enters valve spring cage
and rests on valve spring seat.

Place the injector nut carefully over
the stacked parts, Fig. 26. Screw nut
down by hand, then finally tighten to
120 ft-lbs using special injector nut
socket and torque wrench.

Invert the injector in the vise, nut end
down and reclamp in the vise,

Apply two new fuel filters in place in

. the body. Then apply filter springs and

filter caps, using new filter cap gas-
kets. Torque filter caps to 40 fi-lbs
with torque wrench.

Apply follower spring in place on
injector body.
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10, Install stop pin, spring, and their re-

tainer in the follower, Slide the plun-
ger into the cutout at the bottom of
the follower.

11, With the roller end of the rack to the

left side of the injector, position the
rack so that the circumscribed groove
on the rack (1" from end) is approxi-
mately flush with the face of the in-
jector body.

12, Position the flat side of the plunger to

the right side and align the stop pin
with the stop pin slot in the body.

13. Place the follower and plunger as-

sembly into the body, Fig., 27.

14, Depress the stop pin and press down

on top of the follower. I necessary,

Valve Spring Cage

Valve Spring Seat

Valve Spring

"‘_—————Check Valve Cage

- Check Valve

11095

Fig. 24 — Injector Sub-Assembly
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Spray Tip

Needle Valve

11096
Fig, 25 — Spray Tip
Assembly

Fig. 26 — Installing Injector Nut

11094
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Follower

Plunger

Fig. 27 — Plunger And
Follower Installation

move rack slightly in or out until
plunger engages with rack gear.

15, Continue pressing on follower until
stop pin enters slot.

16. Apply the shipping block or plastic
caps over the body stud to protect the
open filter caps.

17. Place injectors in holding rack, Fig.
28, in preparation for testing,

TESTING

In order to ensure efficient engine per-
formance, injectors should be tested when-
ever removed from an engine, regardless

-17 -
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Fig. 28 — Injector Holding Rack

of the reason for removal. In addition, it
is advisable to test all injectors in an
engine during each annual inspection. It
is recommended that injectors be tested
with the same oil used for protection
againgt rust as given under "Storing
Injectors."

It is important that the individual doingthe
testing understands the basiec principles
of injector operation and testing pro-
cedures in order to prevent acceptance of
defective injectors and rejection of good
ones, Instructions inthe use of the injector
test stand and an outline of each separate
test procedure along with abasic explana-
tion of operation follows.

These instructions cover the testing of all
needle valve injectors using the test stand
shown in Fig, 29, The procedures are not
applicable to other types of testing equip-
ment, since injector leakoff rates vary
greatly in proportion to the volume of fuel
contained in the high pressure portion of
the test stand.

SETTING UP TEST STAND

Basically, the stand consists of a fuel
reservoir, filter, high pressure pump,
pressure gauge, and necessary connecting
lines and fittings to supply fuel fo the
injector under test, The test stand should
be set up as instructed by the manufac-
turer. Inspect carefully for dirt or foreign

material in the tank and lines. Fill the
tank with clean fuel and operate the pump
to purge all free air from the system.
Investigation has shown that the viscosity
of the fuel oil used in the test stand has a
marked effect on the test results obtained.
Regular fuel oil may be used provided the
viscosity is not less than 32 8,8.U, at
100° F. Do not reuse fuel oil which has
been pumped through the injecfors into the
plastic bowl.

CHECKING TEST STAND

Install the test block inplace of an injector
in the stand and pump up pressure to2000
psi, as indicated by the gauge, After five
minutes, the pressure should not have
dropped below 1975 1bs., Release the block
and recheck at 500 and 1000 psi, These
pressures should hold one minute with no
apparent gauge drop. Make these tests

with the pressure shutoff valve, Fig. 29,

open all the way. If the tests are satis-
factory, all injector tests may be made
without using the shutoff valve. If the
preceding tests indicate leakage in the
stand, repeat the tests, closing the shutoff
valve before timing the leakoff rates, If
the tests are satisfactory with the shutoff
valve closed, it will be necessary to use
the shutoff valve when making the injector
holding pressure test.

" Clamping Wrench

Injector

Popping
Lever

¢} 1 Pressure Shut-Off=Vu!ve

5621

Fig, 29 — Injector Test Stand
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When placing a newtest stand in operation,
or after removing and replacingthe gauge,
fuel tank, filter, or pump, for any reason,
the test block should be installed and
pressure raised to 2500 psi and vented at
least six times before making an opera-
tional check,

TEST STAND OPERATION

The operator must consider the test stand
as an instrument, ratherthan atool. Every
effort should be made to make the manual
operation of repeated tests the same. The
following general information is provided
to help in obtaining uniform operation:

General Information

1. When operating the pump, use a rate of
approximately 40 smooth strokes per
minute, This provides a fuel rate to
operate the check valve smoothly and
to circulate fuel within the injector.

2, When using the popping lever, do not
use such force as to damage either
the injector or the lever. Do not
permit the lever to fly up freely.

3. In making holding tests, do not pump
the stand above 2500 psi.,

4, Test stands regularly in use should be
checked daily for leaks, using the test
blocks,

5. Fuel oil used for testing should not be
reused.
INJECTOR TESTS

Preparation

‘1. Install the injector in the test stand.

2, Fill the injector withfuel oil, butdonot
connect the fuel line from pump to
injector at this time,

3. Set the injector rack at maximum fuel
output position (minimum rack lengthj.
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4, "Pop'" the injector with the popping
lever, Fig. 29, using spproximately
40 smooth even strokes per minute,
A finely atomized spray should show at
each of the six holes in the tip. Rapid
closing of the needle wvalve should
produce a sharp "chatter",

If the valve opens without producing a
finely atomized spray, or the wvalve
seats without producing the sharp
"chatter", make several rapid strokes
with the lever to dislodge any foreign
material on the wvalve seat., If the
needle valve still fails to function
properly, a stuck needle, dirt on the
valve seat, or a defective valve seat
may be the cause.

Holding Pressure and Leak Test

1. All injectors loge pressure due toleak-
age at any of several points, but this
leakage must be controlled during in-
jector manufacture to prevent engine
lube oil dilution, The holdingpressure
test will qualify injectors having speci-
fied leakoff rates, providing this leak-
age is at the proper point and is
satisfactorily controlled.

2, Manually hold the test stand fuel line
block on the injector. Pump until fuel
is discharged from filter cap on oppo-~
gite side, to remove air, Tightenblock
securely to injecfor. Apply 1800 to
2000 psi pressure to the injector. No
leakage is permitfed at the nut tobody
seal, filter cap gasket, body plugs, or
between spray tip and injector nut.

3. Used injectors should be qualified on
the pressure holding test by timingthe
interval for a drop in pressure from
2000 psi to 1500 psi, If thisintervalis
less than 20 seconds, repeat the test,
but close the pressure shutoff valve on
the test stand immediately after es-
tablishing the 2000 psi pressure, This
is to ensure that the leak-downtimeis
not being affected by possible leakage
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in the test stand itself, If the timed
interval for the pressure drop from
2000 psi to 1500 psi is still less than
20 seconds, the injector should be re~
jected, Do not attempt to "pop" the
injector, except withthe poppinglever,

Rack Freeness Test

1. The rack engages with a small pinion
on the injector plunger and serves to
rotate the plunger with respect to two
ports in the injector bushing, which
regulates the amount of fuel injected
with each stroke of the plunger. Bind-
ing of the rack is generally caused by
damaged gear teeth, scored plunger
and bushing, or galling of rack itself,
A binding rack may cause sluggish or
erratic speed changes and overspeed
trip action.

2, To be considered satisfactory, the rack
must fall in and out through full fravel,
by its own weight, when injector is held
horizontally and rotated about its axis,

Binding Plunger Test

1. Failure of the injector plunger tomove
up and down freely indicates scoring of
the plunger and bushing, or weak or
broken spring. A binding plunger will
cause erratic cylinder firing and, in
extreme cases, overspeed trip action,

2. Place injector in test stand but do not
attach the fuel line, Place rack in the
full fuel position and pump all the fuel
out of the injector with injector popping
lever, Fig, 29, When all of the fuel has
been removed, depress the injector
plunger to full extent of its travel and
release popping lever, Plunger should
return to the top of its stroke with a
definite snap action. Repeat this test
with the rack in the half fuel and no
fuel positions. Care should be used in
the test to prevent the plunger from

snapping back so violently that the
plunger stop pin is hroken,

CALIBRATING INJECTOR OUTPUT

If it is desired to calibrate the output of
the injectors after reconditioning, it will
be necessary to use a calibration stand
such as shown in Fig, 30.

The calibration stand will enable the
user to:

1. Check all injectors for output.

2, Obtain specified output by interchang-
ing components of injectors not
equipped with calibrating slides,

The data for checking output on the
referenced stand is listed on thefollowing
page. Procedures for setting up and
operating the calibration stand are in-
cluded with the stand,

12719

Fig. 30 — Injector Calibration
Stand
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INJECTOR OUTPUT

CALIBRATION DATA

Calibration

Test Oil

4 8 5 P B B a & s 8 0 P S s S S e 8 s

Test Oil Temperature ......cceevee
Test Oil Pressure ¢« o v e v ceaeovoeree
TeStStandSpeed-o..oo---c--o----

Injector Output

Low Output Injectors ...........

5228565 Needle Valve

5228540 Needle Valve

High Output Injectors

5228605 Needle Valve

5228810 Needle Valve with Calibrating Slide

Medium Quiput InjectorTs . o v e s e coaces

5228800 Needle Valve with Calibrating Slide

LI I O I IR TN I O I I I

5228750 Needle Valve with Calibrating Slide

Part No. 8332467

EMD Test and Storage Oil
Part No, 8203258 - 50 gallons
Part No. 8219007 - 5 gallons
or
Fuel Qil with viscosity of 32-34 sec,
Saybolt at 100° F,

95° F, -105° F,
35 psi
835 RPM

183-1897 CC/400 strokes at .875"
rack length

219-230 CC/400 strokes at .875"
rack length '

184-195 CC/300 strokes at 1.00"
rack length

REPLACING INJECTOR FILTERS

Injector filters should not be disturbed or
removed except during injector recon-
ditioning (when all parts are completely
washed), or in the event of fuel stoppage
to the injector.

STORING INJECTORS

When injectors are not to be used for
a considerable length of time, they

should be protected against rust by using
a stable, noncorrosive straight-runpetro-
leum distillate in the kerosene volatility
range, It is also recommended that in-
jectors be tested using this oil. If this
is done, treatment will be taken care
of at time of injector test. After treat-
ment, the injectors should be stored in
the protective holding rack, Fig, 28,
until needed,

EQUIPMENT LIST

Wrench, Nut . ......¢c000cacecaase
Brush, Body . « e v s s s s e v s sseessnse
Brush, Plunger bushing, . + + s s+ e s 0 s 0 s »
Vise, Pin . .. i it e it i v e s e s nnnonas
Vise, Spray tip cleaning wire « s e e e s 0 o &
Stone, Spray tip wire abrasive . ...... .

& » ® 5 & % 9 ¢ 0 8 P PP B E P e 8 800 s

* & B F S BB PES S eE e s

L B N R 2 L I I B I I I B Y I I B BB )

Part No,

. 8032655
. 8069986
. 8069987
. 8069988
. 8065989
. 8070961

# & & &8 ® & P 5 5 PP S E S T S S 8P s
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Wire, Spraytipcleaning ... .o e vt o 0o v v
Wrench, Torque (100 fi~1bs) . o v o v s e s o o 4 &
Rack, Injector holding. + v v v e e e e v v 00 v s
Wrench, Torque (200 ft-1bs) . o v v v v e v v s s »
Plate Set, 1.apping . v v e s e e v v e v e v eenes
Reamer, Body fuel 0il passage v v v v v v v e v
Tool, Body seating, ...... csecsvenone
Disc, Abrasive (use with 8201443) ce e
Socket, Nut . . v v i v v v v venon
Tool, Body burring. « v v c e v v o e e v eenoaes
Disc, Abrasive (use with 8201446), ., ..... .
Vise, Injector .. .v it vt vonronnene
Rouge, Jewelers (11b.can) . v..veeeeesn
Powder, Lapping (600X). o v v e « v v o0 0 vs e
Cleaner, Liquid (55 gal. bbl.) « v v v v v v v v s s
Solvent, Liquid (55 gal. bbl.)e v v e o v e v v 00 s
Stand, Test . o v v v e e vevensseecarnonns
Tank, Cleaning (drawing available on request)
Oil, Test (S5 gal. can}. v v o e e e e v vcwnoess
(50 gal, drum - 8203258)
Brush, Spring cageand gear. . ....... ...
Fixture, Valvetest. . . . . v vt v v v e e v v nws
Reamer, Nut....,....o000e... e e c oo
Bulb, Light (usein8330339)....... 04" .
Otoscope. . v v v v v v v v
Stand, Injector calibration.............
Gauge, Spray tip air flow. . o v e e v v v v 0 v v w

Gauge, Dial indicator . ......c0o0 v v evwen
Injector reconditioning room construction drawing.
Injector storage box construction drawing. ......
Set, Lappingtool ... .. c0cteercssansscaco

LI I I 3

. & s

°

* .

. a

.

. »

.

.

Part No,

. 8122519
. 8157120
. 8159228
. 8173332
. 8191188
. 8194040
. 8201443
. 8201444
. 8201445
8201446
. 8201447
. 8201448
. 8201456
. 8201459
. 8201460
. 8201461
8202944
8204639
8219007

. 8236901
. 8276319
. 8291642
8330338
. 8330339
. 8332467
. 8360398
. 8360447

. File #470
. File #207
. File #687
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