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REPAL R AUM NS HLEL | NJECTARS

LEARN NG GBJECTI VES

1. Termnal Learning (bjective: Gven a Qunmins fuel injector, the required
common and special tools, test equipnent, repair parts, shop supplies, TMO9-
2320-272-34, Qurmins service bulletins, and Hartridge operating and servicing
nmanual s, per information contained in the references, repair the fuel
injector. (8.2.3)

2. BEnabling Learning (pjectives: Gven a Qunmns fuel injector, the
requi red conmon and special tools, test equipnent, repair parts, shop
suppl i es, TM9-2320-272-34, Qunmins service bulletins, and Hartridge
operating and servicing nanual s, per infornation contai ned in the references:

a. disassenble the fuel injector, (8.2 3a)
b. inspect the di sassenbl ed conponents, (8.2.3b)
c. repair or replace the unserviceabl e conponents, (8.2.3c)
d. assenble the fuel injector fromserviceabl e conponents, and (8. 2.3d)
e. test the fuel injector. (8.2 3e)
QUTLI NE

1. GOMPCE T1ION AND CES GN GHARACTER STIGS F AU NS ALAL | NJECTARS

a. Description

(1) The PT injector is a sinple nechanical unit which recei ved fuel
fromthe fuel punp under pressure. The injector neters and injects fuel
through the small injector cup spray holes into the conbustion chanber.
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(2) The general description "PT injectors” is used only to indicate
that the injector is used wth the PT fuel system The PT or pressure/tine
concept derives its nane fromtwo of the three prinary variables affecting
the anount of fuel that is netered per cycle in the Qunmins fuel system

(a) The "P' refers to the pressure of the fuel at the inlet
of the injectors. This pressure is controlled by the fuel punp and is
referred to as rail pressure.

(b) The "T" refers to the tine available for fuel to flow
intothe injector cup. This tine is controlled by engi ne speed through the
canshaft and injection train.

(c) The third variable affecting the anount of fuel netered
per cycle is the size of the passage through which fuel is allowed to flow
referred to as fl ow area.

(3) The PT injectors are separated into two basi c groups; those
which are cylindrical in shape wthout a flange for nounting and those whi ch
are flange nounted in the cylinder head.

b. The fuel injector conbines, inasingle unit, all the parts necessary
to provide fuel injection at each cylinder. Those parts are:

(1) The cup, is located in the |lower part of the injector. It
contains the eight spray hol es through which fuel is injected into the
conbust i on charber .

(2) The cup retainer is also |located on the | ower portion of the
injector. It provides a place for other conponents to be install ed.

(3) The check ball is seated on the upper part of the barrel. It
is asteel ball that allows fuel to flowin only one direction.

(4) The screen nounts over the orifice plug, filtering the fuel
before it enters the injector.

(5 The orifice plugis an Allen head threaded plug wth a snal |
orifice drilled through it.

(6) The fuel inlet is an orifice plug | ocated under the screen.

(7) The spring retainer is |ocated between the stop screw and
spring.
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(8 The locknut is used to secure the adjusting screw after the
adj ustnent i s nade.

(9) The top stop adjusting screwis used to adjust the travel of
the return spring, which in turn, controls the plunger upward novenent.

(10) The injector link, as its nane inplies, links the injector to
the rest of the injection train.

(11) The spring is nounted on top of the adapter and under the
spring retainer. Qnce pressure is released fromthe plunger, it nust push
t he pl unger back up.

(12) The adapter is the largest part of the injector. It provides a
place to nount all the other parts.

(13) The fuel return or outlet port is |located slightly above and
opposite the fuel inlet.

(14) There are three "O rings. They forma seal between the
injector and the cylinder head. The two areas are seal ed off fromthe inlet
and outlet fuel passages by the "O' rings.

(15) The plunger is two separate pieces of netal pressed together.
The shiny portion of the plunger and the inside of the barrel are nated
surfaces. |If one or the other is to be replaced, they nust be replaced as a
set.

(16) The barrel is located inside the cup retainer. It contains
drilled fuel passageways and an openi ng through which the plunger can pass.

(17) The drain port is located in the barrel and allows the fuel to
flowout the return when the netering orifice is cl osed.

(18) The netering orifice hole is located in the cup end of the
injector barrel. It allows fuel to enter the injector plunger bore and cup.
This orifice hole is fixed in size and nust not be altered.

(19) The plunger netering edge is the | ower shoul der to the pl unger
and is what opens and cl oses the netering orifice.

(20) The top stop injector parts are the sane as the standard PT-D
except for the fol | ow ng:

(a) The adapter is longer to accoomodate the stop. The
pl unger coupling top is smaller, allowng it to pass through the stop.
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(b) The injector spring washer, adjustable stop screw and
the stop screw | ocknut are parts required only for the top stop injector.
These itens are used to limt the upward travel of the injector plunger

spring.
2. PRNJPLES OF CPERATION GF THE QUM NS PT-D RUEL | NJECTCR

a. onbustion required for satisfactory engi ne operation i s obtai ned by
injecting, under pressure, a snall quantity of accurately tined, netered and
finely atomzed fuel oil into the conbustion chamber. The fuel injector
perforns those four functions: netering, pressurizing, timng, and
at om zi ng.

(1) It neters and injects the correct anmount of fuel required to
nai ntai n engi ne speed and to handl e the | oad.

(2) It creates the high pressure required for proper fuel
i nj ection.

(3) It accurately tines the nonent of fuel injection.

(4 It atomzes the fuel for vaporization and mxing wth the air
in the conbustion chanber.

b. The injector plunger is actuated by rotation of the canshaft injector
|obe. Wen the camfollower roller is on the inner base circle, the injector
return spring has lifted the injector plunger, uncovering the netering
orifice. Renenber, the period of tine the netering orifice is uncovered is
referred to as netering tine.

c. Wen the camfollower roller is on the outer base circle, the
downwar d novenent of the injector plunger has overcone the injector return
spring, closed the netering orifice, and injected the netered fuel into the
conbustion chanber. The injector plunger is now seated in the injector cup.

d. Fuel entering the injector flows through the wre nesh filter screen
and the adjustabl e orifice |ocated beneath the filter screen. The size of
the adjustable orifice determnes the flowrate through the injector and,
therefore, the pressure at the netering orifice. Any change in pressure at
the netering orifice changes the anount of fuel netered and, therefore, the
power output of the engine.

e. Fomthe adjustable orifice, fuel flows down an internally-drilled

passage in the injector adapter and barrel, unseating a check ball,
continuing its flowtoward the netering orifice. The purpose of the check
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ball is to prevent the reversal of fuel flow as the plunger noves dowward
across the netering orifice during decel erati on and shut down.

f. The tine during which the netering edge uncovers the netering
orifice, isthetine available for fuel to flowinto the cup. This begins as
the camfollower roller travels down the retraction ranp toward the i nner
base circle of the canshaft injector 1obe. As this occurs, the injector
return spring lifts the injector plunger, uncovering the netering orifice.
During this tine, flowthrough the drain port is bl ocked by the injector
pl unger .

g. Metering of fuel occurs during the entire tine the camroller is on
the inner base circle. Wth continued canshaft rotation, the camroller
travel s up the injection ranp. The upward novenent of the push rod pushes the
i njector plunger dowward, and closes off the netering orifice, conpleting
the netering cycle. Shortly after the netering orifice is closed, the drain
port is uncover ed.

h. Wth further canshaft rotation, the injector plunger continues its
downward travel as the camroller continues up the injection ranp. The point
at which the plunger nakes contact wth the fuel is determned by the vol une
of fuel inthe cup. This neans that the beginning of injection varies wth
the level of fuel inthe injector cup. Wth an increased fuel |evel, the
injector plunger contacts the fuel earlier, thus advancing the begi nni ng of
i nj ection.

i. Fuel wll be injected when the pressure exerted on the fuel by the
downwar d novenent of the injector plunger exceeds conbustion chanber
pressures. Injection ends when the plunger bottons in the cup. Shortly
bef ore reaching the outer base circle of the injector |obe, the roller
travel s over the camnose, which effects a positive ending of injection.

j. Wth injection conpleted and the injector plunger bottoned in the
cup, the camroller is nowon the outer-base circle of the canshaft injector
lobe. Wiile this is happening, the drain groove on the injector plunger has
aligned the drain passages in the injector barrel, permtting fuel to flow
out of the drain port and return to the tank.

3. PROCEDURES REQJ RED TO REPALR AND TEST THE PT-D AUEL | NDECTCR

a. Instructions

(1) Detailedinstructions for repairing the injector are contai ned
inthe nanual that was issued to you at the beginning of this bl ock of
instruction. Followthose instructions carefully to effect those repair
procedures on the training aid injector to which you have been assi gned.
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(2)

(3)

the repair steps |isted.

Have the instructor assigned to your station check your work at
each point designated in this student outli ne.

Refer to TM9-2320-272-34 for the procedures used to perform

Wse the index to locate the instructions in the

nanual and read the instructions careful |y before performng each task.

b. D sassenbl e the Injector

(1)
(2)
(3)
(4)
(5)
(6)

barrel .
(7)
(8)
(9)

Renove t he pl unger.

Renove the top stop | ocknut
Renove the spring retainer,
Renove the cup retai ner.
Renove the injector cup.

Turn the adapter and barrel

Renove the check bal | .
Renove all three "O' rings.

Renove the adjustabl e inlet

ST Have instructor initial.

and adj usting screw

and spri ng.

over and lift the adapter off the

orifice.

c. dean and I nspect |njector Conponents

(1)
(2)

d ean the injector conponent

I nspect the plunger for pitt

Measure the flange thi ckness.

(3)

I nspect the barrel.

S.

ing, wear, cracks, and | ooseness.

STCP  Have instructor present before proceedi ng.

(4)

I nspect the cup and check the spray pattern.
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(a) Install the injector cup into the adapter of the
Hartridge 290 injector tester, and raise the clanp | ever to the cl anped
posi ti on.

(b) Mve the "ONGFF' ball valve to the "GFF" position.

(c) Sart theinjector test stand and adj ust the pressure
regul ator on the tester to show 8 to 10 psi on the pressure gauge.

(d) Mve the "ONGFF' valve to the "ON' position.

(e) (pserve the spray pattern of the injector cup to see
whi ch scribed line the spray pattern is nearest to.

(f) Conpare this mark wth that found wth the known angl e

cup.
(g) Mve the "ONGF' valve to the "GF" position.
(h) Lower and renove the cup fromthe tester.
(5) (heck squareness of spring. Measure spring free
| ength and check spring | oad.

(6) Inspect spring retainer and neasure for wear.
ST Have instructor initial.

d. Assenbl e the Injector

(1) Install the check ball into barrel.

(2) Hace the adapter on the barrel .

(3) Install the cup.

(4) Install the cup retainer.

(5 Install the adjustable inlet orifice.
STCP  Have instructor initial.

e. Testing PT-D I njectors

(1) Performa plunger alignnent test.
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(2) Performa plunger sticking test.
(a) Oonnect the tester to a shop air supply of at |east 30

psi .

(b) Hacethe injector, wthout spring, into the tester wth
the cup in the | oner bearing.

(c) Loosen the set screwon the torque wench stemand set
the pl unger cone one inch above the plunger surface, then retighten the set
Screw

(d) Activate the air cylinder and adjust the pressure
regulator to 30 psi. It can be plus or mnus 2 psi.

(e) Rotate the injector adapter wth the torque wench and
observe the readi ng on the torque wench.

(f) If the force required to rotate the adapter is greater
than 2 inch-pounds, renove the injector and put it back in the | oadi ng
fixture. Loosen and retorque the retai ner to specifications.

ST Have instructor initial.
(3) Performthe cup-to-plunger tip test.

(a) Install and lubricate the three "O rings and the
pl unger .

(b) Donot install theinlet orifice screen, clip, spring,
spring retainer, stop screw and | ocknut. These itens nust be renoved for
the followng tests.

(c) Install the injector into the adapter pot, P/ N 3375395,
wth the bal ance feed orifice facing towards the air hookup on the adapter
pot .

(d) Install the injector plunger extension, PN 3375397, in
the top of the injector plunger and tighten the knurled knob to | ock the
pl unger extension in pl ace.

(e) Install the link, PPN 3375396, into the adapter, PN
3375397.

(f) Insert the conplete assenbly into the injector guide,
link end first, and secure it wth the | ocking | ever.
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(g) Atach the hoses to their proper fittings on the adapter
pot, P/N 3375395. The white hose is the supply line and the bl ack hose is
the drain. The white hose goes toward the injector cup.

STP Have instructor initial.

(h) Adjust the air pressure to 60 psi, and adjust the hand
crank to read 200 pounds on the | oad gauge.

(i) Wththe air supply valve "GFF," turn the tip seat
pl unger | eakage valve "QON "

(j) Turn the air supply valve "ON" and | ook for bubbles in
t he bubbl e checker .

(k) 1If no bubbl es appear wthin 10 seconds or if the tine
bet ween bubbl es is nore than five seconds, the cup to plunger seating is
acceptable. If the test is unacceptable, retorque the cup retai ner and
performthe test again.

(4) Performthe barrel-to-plunger test.

(a) Recheck both the air pressure and | oad cel | gauges. Mke
sure the air pressure is still remaining on 60 psi and the | ocad cel |
renai ning on 200 pounds.

(b) Zero the dial indicator.

(c) Keeplight pressure on the | oad cell plunger toward the
dia indicator while turning the crank and back out the hand crank until the
dia indicator reads .048 of an inch.

(d) Turn the air supply valve "GF."

(e) Turn the tip seat plunger |eakage valve "QON"

(f) Turn the air supply valve to "ON' and gently rotate the
injector plunger in small increnents. Vdtch the flow neter for the highest
readi ng.

(g0 For a PI-D3/8 inch plunger, if the | eakage exceeds 4.5
on the flowneter, the barrel and plunger nust be repl aced and the test

per forned agai n.

(5) Performa check bal |l |eakage test.
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(a) Mke sure the plunger is still inthe retracted position,
.048 of aninch on the dial indicator, and that all valves are in the "CF"
posi ti on.

(b) Turn the check bal|l |eakage and the air supply val ve
"ON" Adjust the air supply to 60 psi on the air pressure gauge. bserve
the flowneter, if the reading exceeds 8.5 units, the seat nust be reworked.

(c) Adjust the air supply to read 80 psi on the air pressure
gauge, and observe the flowneter. If the reading exceeds twel ve units of
| eakage, the seat nust be reworked. If the reading is 10, that is one "1"
unit.

(d) Turn the air supply and check bal | |eakage val ve "G, "
and renove the injector fromthe tester.

STCP Have instructor initial.

(6) Hrst, renove the plunger, then install the spring and spring
retainer. Now reinstall the plunger and screwthe stop screw and | ocknut
assenbly into the injector until the | ocknut contacts the adapter. This wll
give you a starting point for the adjustnent. Renenber, when you
di sassenbl ed the injector you only broke the torque on the | ocknut and never
renoved it fromthe stop screw |If you did renove it, then install the stop
screw and | ocknut until you have approxi mately two threads show ng on the
stop screw

(7) The only itens left toinstall are the inlet orifice screen and
retaining clip. However, do not install themat this tine. You wll install
the screen and clip after the flowtest has been conpl et ed.

(8 Adjust the top stop plunger travel using setting fixture no.
3375160.

(a) Mve the dial indicator extension out of the way so it
does not get danmaged.

(b) Install the injector inthe setting fixture. The wench
flats on the adapter wll locate the injector in the fixture. The cup nust
be centered over the cup seat. |If you have one of the ol der setting
fixtures, you wll have to use the body wench to hold the injector in the
fixture and keep it fromturning.

(c) Adjust the cup seat up against the injector cup. Torque
the seat to 115 i nch- pounds.
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(d) The dial indicator extension nust be in contact wth the
pl unger flange. However, nake sure you do not position it on an etched part
of the surface.

(e) Bottomthe injector plunger in the cup wth the fixture
handl e and set the dial indicator to zero.

(f) Sowy release the plunger and observe the travel
required until the plunger spring retainer contacts the injector top stop
adjusting screw Wen you rel ease the plunger, nake sure you do not lift up
the lever. The weight on the | ever simul ates zero | ash when the injector is
in the engi ne.

(g) Bottomthe plunger again and adj ust the stop screw up or
down wth the stop screwwench until the travel is equal to the
specifications for the injector or wthin plus or mnus .0005 of an inch of
that specification.

(h) Qnce you have the travel set, torque the | ocknut to 55
foot-pounds. Recheck the travel after torque is obtained to nmake sure it was
not changed by tightening the | ocknut.

(9) The followng instructions are procedures for using setting
fixture no. 3822696 to adjust the top stop plunger travel.

(a) Mve the deadwei ghts swtch to the "RA SE' position and
the plunger swtch to the "UNNQAD' position. ke the air pressure adj ust
knob adjust the pressure to 80 psi. This pressure nust be naintained at all
tines. Mve the diginatic indicator and diginatic presetter power swtches
to the "ON' position.

(b) Install the hol ding bracket, part no. 3822726 into the
flat nmachined areas of the fuel supply groove. Install the injector plunger
link, part no. 205462, into the injector.

(c) Install the injector intothe setting fixture. GCenter
the injector over the fixture stop nut. Adjust the stop nut up agai nst the
injector cup. Torque the stop nut to 115 i nch-pounds.

(d) Mve the clanp handles to the "DOM' position. This
allows the 25 pound deadwei ghts to be used. Myve the deadwei ghts swtch to
the "LOMR' position. This will lower the center plunger dow agai nst the
injector link. Mve the plunger swtch to the "LOAD' position. This wll
activate the air cylinder and bottomout the plunger in the cup.

(e) Push the "I/M selector button on the digimatic indicator
so the "IN is shown. Push the up/down direction selector button on the
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indicator so the "DOM' arrowis shown. The "IN and "DOMN' arrow nust be
shown for U S custonary val ues.

(f) Each setting fixture wll have its own preset value. The
preset val ue conpensates for the difference in the position of the diginatic
indicators fromone fixture to another. You wll find the preset val ue
located on the control panel in inches. Press the "PSET" button on the
dignatic presetter. Use the nuniber keys on the presetter to enter the
fixture preset value. The indicator wll now show the preset val ue and a
"P.

(g) Press the "LOAD' button on the presetter and wait 5
seconds or until the indicator shows the "DOM' arrow and "IN'. These
syniol s nust be shown before you proceed wth the setting, or the travel
readings wll be incorrect.

(h) Wen the correct synbol s are di spl ayed, nove the pl unger
swtch to the "UNLOAD' position and the indicator wll read out the plunger
travel. The travel wll be given as a negative nunber.

(i) If the plunger travel is incorrect, use the adjusting
tool and turn the stop screw up or down until the indicator shows the desired
travel reading. Then torque the | ocknut to 55 foot-pounds.

(j) Qneck the plunger travel again to nake sure that it did

not change when the I ocknut was torqued. If the travel is not correct,
adj ust the stop screw agai n and recheck.

(k) Once the travel is set, nove the deadwei ghts swtch to
the "RAI SE' position to nove the deadwei ghts and center plunger off the
injector link. Loosen the fixture stop nut fromthe injector cup and renove
the injector fromthe fixture. Renove the |ink and bracket fromthe
injector.

STG?  Have instructor initial.
(10) Performan injector flowtest.

(@) Turn the nain swtch on the control panel to the "QN'
posi ti on.

(b) Select the correct injector adapter and link fromthe
accessory box | ocated on the front of the injector test stand.

(c) Assenble the adapter and link to the injector.
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(d) Load the injector by raising the guard and pl aci ng the
injector, adapter, and link into the test stand.

(e) The two milled cutouts in the adapter nust align wth the
two parallel bars that protrude fromthe clanp plate.

(f) The cup of the injector nust be supported by the vee
bl ock which is attached to one of the parallel bars. The link nust rest in
the vee support plate, between the cambox tappet and the back of the clanp
pl at e.

(g) Lower the injector guard.

(h) PRull the clanping val ve toward the injector cup until it
is against its stop. This wll automatically cause the correct sealing and
clanping load to be applied to the injector. The clanpi ng control val ve
lever in the clanp position prevents the guard frombeing rai sed.

(i) Check the test stand parts alignnent. A stanped |ine on
the seal cylinder flange and a square notch cut out of the steel strip which
covers it nust be lined up. If the stanped Iine and notch are not |ined up,
the wong adapter and |ink have been install ed.

STP Have instructor initial.

(j) Check to ensure that the "O ring in the self-sealing
valve, inthe fuel arm is in position. The adapter positions the injector
orifice plug correctly for the self-sealing valve in the fuel arm Wen the
fuel armis lowered, the self-sealing valve wll lift off its seat and al |l ow
test oil to be fed into the injector orifice plug.

(k) Mke sure the fuel line valve is open and | ower the fuel
arm Lock the fuel armin position.

(1) Check to see if test oil is flowng fromthe injector
drain port.

(m Take several readings until the flow stabilizes. Wen
the netering unit or the injector is cold, the readings wll vary. Press the
nai n drive "START" button.

(n) Press the "METER NG button. The dial wll display the

flowof the injector in cubic centineters per stroke. Wen readi ngs
stabilize, stop the nain drive by raising the fuel arm
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(o) Ater the notor has stopped, press the "METER NG butt on,
set the dial indicator to zero wth the adjusting screw |ower the fuel arm
torestart the drive, and press the "METER NG butt on.

(p) wétch the snall hand on the dial indicator to see if it
turns nore than one revolution. Read the output of the injector. The snall
hand nakes one revol ution for each 250 cubic centineters of fuel per 1,000
strokes. The large hand nakes one revol ution for each 10 cubic centineters
of fuel per 1,000 strokes.

(gq) If the fuel delivery is greater than the specification, a
neworifice plug nust be installed. If the fuel delivery is |ess than the
specification, the orifice can be adj usted by burni shi ng.

(r) The test stand is designed to permt burnishi ng w thout
renoving the injector fromthe test stand. Insert the burnishing tool point
intothe orifice and push in on the tool until it clicks. Then, using the
sane procedures, recheck the fuel flow

(s) Wen the correct fuel flowis achieved, renove the
injector fromthe test stand.

STAP Have instructor initial.

STUDENT REFERENCES

TM 9- 2320- 272- 34
Qunmins Service Bulletin No. 3379071- 05
HA 290 Qunmins Injector Test Sand (perating and Servicing Manual
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