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LEARN NG BJECTT VE

1. Terminal Learning (pjective: Gven a Robert Bosch VE type fuel injection punp,
the required coomon and special tools, test equi pnent, repair parts, shop suppli es,
Robert Bosch technical literature, and Hartridge 2500 operating, servicing, and
spares nanual, per infornation contained in the references, repair the fuel injection

punp. (8.2.6)

2. Enabling Learning (pj ectives: Gven a Robert Bosch VE type fuel injection punp,
the required coomon and special tools, test equi pnent, repair parts, shop suppli es,
Robert Bosch technical literature, and Hartridge 2500 operating, servicing, and
spares nanual, per infornation contained in the references:

a. disassenble the fuel injection punp, (8. 2 6a)
b. inspect the disassentl ed conponents for serviceability, (8.2 6b)
Cc. repair or replace the unserviceabl e conponents, (8.2.6c)
d. assenble the fuel injection punp fromserviceabl e conponents, and (8. 2. 6d)
e. calibrate the fuel injection punp. (8.2 6e)
QJILINE

1. DOES GN GHARACTER STTGS AND PR NJ ALES - GPERATI ON OF THE ROBERT BOBSH TYFE \VE
RB_ | NJECTI ON PUMP

a Design Qharacteristics

(1) Because of their adaptability, the VE distributor injection punps can
be used in a wde range of applications. They are used in diesel powered passenger
cars, light and heavy trucks, farmtractors and even stationary installations such as
for driving punps and el ectrical notors. In mlitary equi pnent, VE distributor punps
are used extensively in engineer equi pnent such as bul | dozers, forklifts, and scoop
| caders. The denands pl aced on them in effect, establish punp design. Because the
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\E punps are adaptabl e, their influence on rated engi ne speed, power output, and
nounting i s rather easy to change to suit particul ar needs.

(2) The type VEdistributor punp has a singl e punp-cylinder and pl unger.
Fuel delivered by the plunger is apportioned by way of a distributor groove to a
nuner of ports correspondi ng to the nunber of cylinders in the engine. The
distributor punp houses, in asingle unit, five functional groups.

(a) Avane-type supply punp that supplies fuel fromthe tank to the
injection punp cavity.

(b) Ahigh-pressure punp wth distributor that produces injection
pressure, noves, and distributes the fuel to the cylinders.

(c) A nechanical governor that controls engi ne speed by varying fuel
delivery at various control ranges.

(d) An electronagnetic shutoff valve that interrupts fuel delivery to
stop the engi ne.

(e) Aninectiontimng unit that adjusts the beginning of injection
accordi ng to engi ne speed.

(f) The distributor punp can al so be equi pped wth vari ous
suppl enent ary functions to acconmodat e speci fic engi ne characteristics. The punp we
have di spl ayed i s an exanpl e of suppl enentary functions. It has a nanifol d-pressure
conpensat or (LDA) used to adjust the full-1oad fuel delivery in turbocharged di esel
engines. It also has a hydraulic cold-start injection advance (KB used to increase
cavity pressure for cold start up.

(3) Thedstributor fuel injection punp is engine driven at hal f crankshaft
speed. It nust be positively driven so that the injection punp i nput shaft is
synchroni zed wth the engine piston notion; this is acconplished by using a toot hed
belt, pinion, helical gears or a chain.

(4 Dstributor punps are produced for both cl ockw se and count er - cl ockw se
rotation. This neans that depending upon the direction of rotation, the injection
sequence varies, although the ports are always supplied wth fuel intheir geonetrical
order. To avoid confusing the sequential order of the ports wth cylinder nuniers,
they are labeled, A B G etc. The rotational direction of the punp wll be stanped
on the nanepl ate. Look at the nanepl ate on your punp and you wll see R381-5. The R
stands for right-hand rotation and the 381-5 is the nodel nuniber. |If it was stanped L
381-5, it would nean | eft-hand rotation. The rotationis to be vienwed fromthe drive
end.

b. Rincipl es of (peration

(1) Fuel is drawn through the inlet port |ocated in the bottomof the punp
housi ng by the vane-type supply punp. However, if the fuel tank is so | ocated that
the fuel cannot be drawn by the supply punp, you coul d have an external supply punp
used to supply fuel totheinlet port.
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(2) The supply punp delivers a virtually constant flowof fuel to the
injection punp cavity. To obtain a defined pressure | evel proportional to engi ne
speed, a pressure control valve is required. Wth this valve, pressure can be set to
correspond to a particular engine speed. This neans that the punp cavity pressure
increases along wth rising engine speed. Aportion of the fuel flows through the
pressure control val ve and returns to the suction side of the punp. For cooling and
self-ventilation of the distributor injection punp, sone fuel al so flows through the
overflowrestriction on the governor cover and back to the fuel tank.

(a) The pressure control valve is nounted very close to the supply
punp and connected wth the upper recess by a bore. It is a spring | oaded slider
val ve wth whi ch the punp housi ng pressure can be varied according to the quantity of
fuel being delivered. |f fuel pressure exceeds a preset val ue, the val ve piston opens
the return circuit and allows fuel to flowback to the punp suction side. If fuel
pressure is too low this return circuit remains closed. The val ve openi ng pressure
is determned by adjusting the spring prel oad.

(b) The overflowrestrictionis screwed into the governor cover of
the distributor punp. It allows a variable quantity of fuel fromthe punp cavity to
return to the fuel tank through a snall bore. For the overflowfuel, this restriction
offers a flowresistance that assists in naintaining fuel pressure in the cavity.
Because precisely defined pressure is required in the cavity, the overflowrestriction
and pressure control val ve are designed so they are precisely natched to each ot her.

(3) Asthedistributor plunger noves fromtop to bottomdead center, its
rotary-reciprocati ng notion opens the inlet bore in the distributor head by neans of a
netering slit inthe plunger. Fuel under pressure in the punp cavity then fl ows
through this bore into the high pressure chanber at the end of the distributor
plunger. Then notion reverses, and as the plunger progresses toward top dead center,
theinlet boreis closed by the plunger. Wth further notion the distributor groove
opens a precisely defined outlet bore inthe distributor head. Fuel under pressure
that has built up in the high pressure chaner and the interior bore now opens the
pressure val ve and is forced through the pressure line to the injection nozzl e.

(4 The working stroke is thus conpl eted as soon as the transverse cut of f
bore of the plunger reaches the edge of the control spool. After this point, no nore
fuel is delivered to the nozzle and the pressure val ve closes the line. Fuel returns
through the cutoff bore to the punp cavity as the plunger conpletes its travel to top
dead center. As the plunger returns, its transverse bore is closed at the sane tine
the next control slit opens the fuel inlet bore. The high pressure chanber is once
againfilled wth fuel and the cycle repeats for the next cylinder.

(5 The pressure valve is afluid controlled, plunger type, opened by fuel
pressure and closed by its return spring.

(a) The pressure val ve closes the injection line off fromthe punp
and has the job of relieving the injection Iine by renoving a defined vol une of fuel
after the delivery phase. It al so determnes the precise point at which the injector
nozzl e closes at the end of injection. A the sane tine, stable pressure and
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condi tions between the injection pul ses are created, regard ess of the quantity of
fuel beinginected at that particular instant.

(b) Between plunger delivery strokes it is closed; pressure |ine and
distributor head outl et bore are thereby separated. During delivery, the valve is
lifted fromits seat by the high fuel pressure. Fuel then flows via | ongitud nal
slitsinto aring groove and through the pressure val ve body, the pressure line and to
the injection nozzle. As delivery concludes, the plunger cutoff bore opens, pressure
on the high pressure side falls to that of the punp cavity and the pressure val ve is
closed by its spring.

(6) The variabl e-speed governor controls id e speed regul ation, naxi numno-
| oad speed, and nai ntai ns interned ate speeds as determned by the driver.

(a) The input shaft drives the governor assenbly, which consists of a
centrifugal -wei ght housi ng and the wei ghts thensel ves, as well as the governor spring
and lever assenbly. FRadial notion of the centrifugal weights is translated into axial
novenent of the sliding sleeve. The force acting on this sleeve and its position
i nfl uence the position of the governor nechani sm

(b) Inturn, the governor nechanismconsists of a control |ever,
tensioning | ever and starting lever. The control lever is pivoted in the punp housi ng
and can be adjusted by the full -1 oad adjusting screw The starting and tensioni ng
lever also rotate relative to the control |ever.

(c) The starting lever has a ball pinonits underside that engages
wth the control spool. The starting spring is attached toits upper end. A the
upper end of the tensioning lever is aretaining pin over whichis fitted theide
spring. The governor spring is also hooked into the end of the retaining pin. A
lever and the control |ever shaft connect to the engi ne speed control |ever.

(d) Interaction of spring and sl eeve force defines the governor
position; control novenent is transferred to the control spool, thus determining the
quantity of fuel delivered by the distributor plunger.

(e) Inthe starting position, wth the engine stationary, the
centrifugal weights and sliding sleeve are intheir initial position. The starting
lever is noved to the starting position by its spring and pivots around the pivot pin.
A the sane tine, the control spool on the distributor plunger is heldinits starting
position by the ball pin of the starting lever. This set of conditions neans that the
pl unger has a large stroke (naxi numdelivery = starting delivery) before delivery
ends. (nhce starting begins, it takes only a nodest rotational speed to affect the
centrifugal weights and nove the sliding sleeve agai nst the weak starting spring. The
starting | ever again pivots around the pivot pin, reducing delivery autonatically to
theide level.

(f) A anide wth the engine running and the accel erator pedal
rel eased, the engine speed control lever isinitside position against its stop, the
ide adjusting screw Id e speed is chosen so that the unl caded engi ne runs reliably.
@ntrol is by theid e spring on the retaining pin, wich counteracts the force from
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the centrifugal weights. This balance of forces determnes the control spool's
position wth reference to the plunger cutoff bore, and therefore the length of the
delivery stroke. A engine speeds above idle, the springis collapsed and therefore
no | onger effective.

(g A engine speeds above idle the starting and idl e springs are
col | apsed and have no nore effect on governor action; the governor spring now assunes
this function.

1 By pressing the accel erator pedal, the driver noves the
engi ne speed control lever into a position corresponding to a desired hi gh speed.
Thi s novenent stretches the governor spring by a certain anount, wth the result that
spring force now exceeds that of the centrifugal weight.

2 @vernor spring tension pulls the starting and tensi oni ng
| evers, which pivot around the pivot pin and nove the control spool into a position
that increases fuel delivery. Increased engine speedis the result. The centrifugal
wei ghts then swng outward due to the increased speed and nove the sliding sleeve in
opposition to the governor spring tension. The control spool, however, rem@ins inits
"full" position until balance is attai ned.

3 If engine speed continues to increase, the weights swng
farther outward and sl eeve forces becones domnant. Nowthe starting and tensi oni ng
levers pivot around the pivot pin noving the control spool inits stop direction so
that the cutoff bore is opened earlier. Delivery can be reduced all the way to
nmni numin this process, which puts a cap on engi ne speed.

4 Therefore, for each position of the engine speed control
lever, there is a preci se engi ne speed range between full -1 oad and no-1oad; as | ong as
the engine is not overloaded. The result is that the governor, working wthin the
paraneter of its speed droop, naintai ns the engi ne speed dictated by the accel erator

pedal .

(h)y For engine braking in a dowhill operation, the conditions are
reversed. The engine is driven by the vehicle; engine speed tends to increase. The
vei ghts swng outward and the sl eeve pushes against the starting and tensi oni ng
levers, which in turn nove the control spool toward |less fuel delivery. This
continues until the snaller delivery corresponds to the newload condition, at the
extrene fall to zero. |If the engine is conpletel y unl caded, naxi numid e speed is
reached.

(7) The hydraulic timng-advance device is built into the underside of the
distribution punp, at right angles to the punp longitudinal axis. The tinmng piston
is guided by the punp housing. Onh one side of the pistonis afuel inlet bore, onthe
other side a spring. Asliding block and an actuati ng pin connect the piston wth the
roller ring.

(&) Thetimng pistonis heldinitsinitia position by a prel cad
spring. During operation, fuel pressure in the punp cavity is regul ated proportional
to engi ne speed by the pressure control val ve and the overflowrestriction, as a
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result, the piston side opposite the spring is under the sane pressure, which
i ncreases Wth increasi ng engi ne speed.

(b) Wen engi ne speed reaches approxi nately 300 rpm fuel pressure
reaches a val ue sufficient to overcone the spring prel oad and nove the ti mng pi ston.
This axial piston notionis transmtted via the sliding block and pin to the roller
ring, which rotates in bearings. This aters the arrangenent of the campl ate and
roller ring so that the rotating camplate is lifted at an earlier point intine by
the rollers. Therolers wththeir ring are thus turned by a specific angle rel ative
to camplate and distributor plunger. This angl e can be as nuch as 12 degrees of
canshaft rotation or 24 crankshaft degrees.

(8 Inthe VEdistributor punp, fuel shutoff can be acconplished
nechanical ly or electrically.

(a) The nechanical fuel shutoff is alever assenbly, nounted in the
governor cover and consisting of outer and i nner stop | evers on a coomon shaft. The
outer stop lever is actuated by the driver. Both stop levers then rotate, the inner
one comng into contact wth the governor starting lever. Inturn, the starting | ever
rotates on the pivot pinforcing the control spoon intoits "stop" position. Nowthe
cutoff bore of the distributor plunger is open; the plunger no | onger delivers fuel,
and the engi ne stops.

(b) Because it is nore convenient for the driver, electric shutoff
viathe vehicle ignition swtch is fast replacing the nechani cal arrangenent. The
solenoid valve that interrupts fuel flowis installed onthe distributor head, top
side, intheinjection punp. Wen the ignition swtchis on, the sol enoid holds the
valve off its seat and thus the inlet bore to the high pressure chanber, open. VWhen
the ignition swtchis turned off, the nagnetic field col | apses and the spring cl oses
the valve. Nowthe inlet bore is closed;, no nore fuel reaches the pl unger.

2. DEMONSTRATI ON AND PRACTT CAL APALI GATI ON ON REPAI R OF THE ROBERT BOSCH TYFE VE AL
I NJECTI ON PUMP

a. Dsassenbly of the Fuel Runp

(1) The nunbers in parentheses reflect the itemnuniber of each itemas
illustrated in figure No. 1, page No. 1\ H26 of this handout. You wll have to refer
tofigure No. 1 throughout the repair procedures in order to correctly identify each
itemto be renoved or installed.

(20 Wlock the drive shaft (12).

(a) UWhscrewthe shaft locking pin (393) 1/8 inch.
(b) Install the spacer (394) on the shaft |ocking pin (393).

(c) Retighten the shaft |ocking pin (393) agai nst the spacer (394).



(3) Renove the nut (206), |ockwasher (207), and key (205) fromthe drive
shaft.

(4 (Check the drive shaft bushing for excessive wear.

(a) Fasten dia indicator hol der KDEP 1128 wth a dia indicator to
the punp flange locating collar. The dia indicator should be positioned at nine
o clock on the drive shaft.

(b) Preload the dial indicator approxinately 2.Onmand zero the
gauge.

(c) Mve the shaft back and forth by hand, noting the readi ng on the
dial indicator.

(d) Once you have the reading, reposition the dial indicator ninety
degrees fromthe first neasurenent, prel oad and zero the gauge.

(e) Take a reading while noving the shaft up and down.

(f) If either reading exceeds a naxi umof O.25mnm repl ace the
housi ng.

(5 Break the torque on the hex nut (90) and renove the full -1 oad adj usting
screw (88) wth hex nut (90), washer (87), and Gring (91).

(6) Release the spring tension fromthe large spring (220) on the control
lever (72). Ulhscrewthe Allen head screw (75) and renove the top | ever (304) wth the
spring (306), large flat washer (305), and | ockwasher (73).

(7) Note the location of the locating nark on the control shaft (68) in
relation to the narks on the lever assenbly (72). It nust be installed in the sane

posi ti on.

(8) Renove the |over lever assenly (72) and large spring (220) wthits
two retai ners (325) and (329).

(99 Renove the four Allen head screws (123) fromthe cover (67/1).

(10) Lift the cover (67/1) slightly and push the control |ever shaft (68)
through the cover. Set the cover aside and unhook the governor spring (122) fromthe
control lever shaft. Renove the Oring (66) and washer (69) fromthe control |ever
shaft.

(11) Uhhook the governor spring (122) fromthe retaining pin (806). Renove
the retaining pin, spring seat, and id e spring (806).

(12) Renove the gasket (92) fromthe cover. Release the tension fromthe
nechani cal shutoff lever spring (67/9). Renove the nut (67/13), |ockwasher (67/6),

V-7



lever (67/12), spring (67/9), and spacer (67/11). FRush the shutoff |ever shaft (67/8)
through the cover, renove the washer (67/4), and Qring (67/10).

(13) Break the torque on the governor shaft nut (107). Position the punp
drive shaft end down and renove the governor shaft (108). Take care not to | ose the
thrust washer and shimfromunder the flywei ght assenbly. Lift out the flywei ght
assenl y (112) and renove the thrust washers (111) and shi m(110).

(14) Renove the central screw plug (130) on the distributor head wth socket
KOEP 1080. Renove the Gring (129).

(15) Renove the delivery val ve hol ders (58), delivery val ve springs (56),
spacers (57), and delivery val ves (55).. Keep all conponents of each outl et together.
They nust be reinstalled intheir origina outlets. Renove the copper gaskets (54),
usi ng extractor hook KCHP 2938.

(16) Renove the screws (60). Renove the distributor head (50), bei ng
careful not to drop the correction | ever springs (106), guide pins (49), shins (822),
and spring seat (47). The plunger nay stick in the distributor head, causing the
springs, guide pins, and shing to fall out. Renove the Oring (51) fromthe
distributor head.

(17) Hace the distributor head in a vise and renove the el ectrical shutoff
sol enoid (240) and Oring (807).

(18) Lift out the punp plunger together wth the netering sl eeve, shim
(50/5), thrust washer (50/6), spring seat (50/7), and plunger return springs (804).
Renove the prestroke shim(52) under the plunger foot.

(19) Wil e supporting the governor |ever assenbly (95), renove the ping
screws (104) and copper gaskets (105), using socket KOHP 1087. Renove the governor
| ever assenly (95), consisting of the starting | ever, tensioning | ever, and
correction | ever.

(20) Renove the camplate (29). Renove the drive disc (27).

(21) Dsnantle the tinng device by renoving the timng piston cap (37) wth
shing (821). Renove the Oring (30) and spring (34). Renove the cover plate (39) and
Oring (36). Renove the retaining clip (803). Turn the drive shaft so the drive
tangs are at right angles to the connecting pin. Push the connecting pininto the
center of theroler ring. Renove the timng piston (31) wth the slider (32).

(22) Push the drive shaft (12) up through the punp housing. Renove the
woodr uf f key (13), governor drive gear (16), and rubber buffers (15). Renove the
drive shaft thrust washer (17).

(23) Renove the supply punp as fol | ows:

(a) Uhscrewthe countersunk screws (10) fromthe supply punp retai ner
plate (9).
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(b) Insert supply punp hol der KDEP 1097 agai nst the supply punp
retaining plate (9). Wiile holding the tool against the plate, tilt the punp
dowwar d.

(c) Tap gently on the housing wth a nallet and et the retainer (9),
supply punp inpel ler wth vanes, and eccentric ring (7) slip down and out of the
housing. Hace inpeller retai ner KCEP 1101 over the supply punp inpeller to keep the
vanes in pl ace.

(24) Position the punp horizontally. Uhscrewthe pressure regul ator (135)
wth socket KCHP 1086, and renove the Orings (133 and 134). If you shoul d have to
di sassentl e the pressure regul ator, use sleeve pull er KOEP 1027 to renove the sl eeve.
Then renove the plunger and spring.

(25) Renove the drive shaft oil seal (3) fromthe housing, using pull er KDEP
1114.

b. Inspect Fuel Punp Gonponents

(1) Thoroughly clean all parts in sol vent.

(2) Mike sure al fuel passageways are open and free of any nateria that
could cause a restriction to fuel flow

(3) Inspect each itemunder the light and nagnifier. There are no
neasurenents to be nade during your inspection of the conponents to deternine the
anount of wear. However, the inspection of conponents shoul d i ncl ude | ooki ng for
excessi ve wear patterns. A so the control edges of the punp pl unger nust give a sharp
appear ance.

(4 If the distributor head, punp plunger, or netering sl eeve are to be
repl aced, all three conponents nust be repl aced as a set.

(5 Explain and denonstrate to the instructor the procedures for inspecting
t he conponent s.

STP Have instructor initial.

c. Assently of the Fuel Punp

(1) During reassenbly, all parts should be coated wth test oil and all O
rings should be coated wth petroleumjelly.

(2) Pesstheol seal (3) intothe punp housing. Ater the sea is
installed, nount the punp housing in the injection vise and position the punp wth the
drive end up.

(3) Hace the supply punp retaining plate (9), inpeller wth vanes, and
eccentric ring (7) on supply punp hol der KCEP 1097. Note that the two hol es opposite
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one another on the eccentric ring are not equal |y spaced to the inner wall of the
ring.

(a) Hace the eccentric ring on the supply punp hol der wth the fuel
passage hol e towards you.

(b) The direction of rotation for this punp is tothe right, Ron the
nane pl ate, so the narrow space nust be on the right.

(c) The curved edge of the inpeller vanes nust be towards the
eccentric ring.

STP Have instructor initial.

(d) Insert the supply punp frombel ow Mke sure that the fuel
passage hole is toward the governor side of the punp. Be careful not totilt the
eccentric ring. Db not renove the tool yet. Repositon the punp, drive end down, and
w thdrawthe tool .

(e) (heck that all three holes inthe retainer plate line up wth the
hol es in the eccentric ring and the punp housi ng. The fuel passage hol e nust be
tonard the governor side. Secure wth the countersunk screws (10). Torque to 2
Newt on net ers.

(4 Instalation of the drive shaft assenfoly.

(a) Assentl e the governor drive gear (16) onto the drive shaft (12)
so the recess in the gear faces toward the tangs of the drive shaft.

(b) Lubricate the newrubber buffers (15) wth petroleumjelly and
press in by hand.

(c) Wse petroleumjelly to stick the thrust washer (17) and woodr uf f
key (13) on the drive shaft.

(d) Position the punp horizontally.

(e) Install assenbly sleeve KEEP 2939 on the end of the drive shaft.
Insert the drive shaft into the punp housi ng so the woodruff key engages wth the

keyway in the supply punp i npel | er.
(f) reposition the punp, drive end down.
(5 Installation of the camroller and timng advance assentl i es.

(@) Therolers nust not fall out or be interchanged. If this should
happen, the heights of the rollers nust be neasured. The difference in the roller
hei ghts nust not be nore than 0.02rmfromnaxi numrol | er height to nmininumroller
height. Qrrect by interchanging the roller assenblies until the tol erance can be
net .
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(b) Weninstalling the rollers, the convex washer nust be on the
outside of the rollers, wth the curved edge facing the outer ring.

(c) Insert the connecting pin (803), hole end first, into the roller
ring, wth the hole vertical .

(d) FRotate the drive shaft so the drive tangs are parallel to the
timng piston bore.

(e) CGarefully lover the roller ring (802) into the punp housi ng so
the connecting pin points toward the timng pi ston bore.

(f) We petroleumjelly to stick the slider (32) into the timng
piston (31).

(9) Insert the tinmng piston into the housing so the recess for the
return spring is on the sane side as the fuel return bore. The hole in the slider
should point toward the roller ring.

(h) Push the connecting pininto the slider to the timng pi ston and
secure it wth the retaining clip (803). Hace the retaining clip (803) over the
retaining pin.

(i) Gheck the timng piston for free novenent.
SI?  Have instructor initial.

(j) Position the cover (39) and gasket (36) to the housing with two
screws (38) torqued to 6 Newton neters.

(k) Refer to the appropriate test specifications sheet on page |\AH
25 to determne if thereis a shimpack dinension listed for this particular punp. It
wll be listed as the SYS dinension. As you can see, there is no dinension listed for
this punp. However, there will aways be at |east one shimat each end of the tining
piston spring. If you were working on a VE punp that had a dinension |isted, you
vwoul d neasure the original shimpack (821) renoved fromthe punp and adjust the
thickness as required to obtain the dinension listed Vé wll use the two shins
renoved fromour punp.

(I) Insert one thick shimin the tining piston and install the timng
pi ston spring (34).

(m Install the Gring (30) and cover (37) wth the renaining tining
piston shim(821). Secure themwth screws (40) torqued to 6 Newton neters.

(6) If the pressure regul ator (135) was disassenbl ed, reinstall the spring
and plunger into the regulator. Gently tap the retaining sleeve into the pressure
regulator until it is flushwth the end of the regulator body. Install new Orings
(133 and 134) on the pressure regul ator. Using socket KCHP 1086, screwin and torque
the pressure regulator to 8 Newton neters.
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(7) Install the drive disc (27) inthe roller cage, wth the recess faci ng
up.

SIP Have instructor initial.

(8 Insert the camplate (29) so the plunger drive pinis aigned wth the
woodr uff key in the drive shaft.

(9 Check the plunger spring pretension.

(a) The plunger spring pretension is neasured as the di stance between
the nachi ned surface of the distributor head and the top of the pl unger.

(b) Ht thedia indicator in holder KDEP? 1088. Frel oad the dial
indicator and zero it on a flat surface plate.

(c) Hacethe guide pins (49) into the distributor head (50).
Install the origina shins (822), spring seats (47), and plunger return springs (804)
on the gui depi ns.

(d) Hace the spacer (50/5), thrust washer (50/6), and spring seat
(50/7) onthe punp plunger. dide the plunger into the distributor head.

(e) Hldthedstributor head horizontally, keeping al conponents in
contact wth one another wthout conpressing the spring. Seat the dia indicator
hol der squarely on the nachi ned surface of the distributor head and subtract the
reading on the dial indicator fromthe prel oad setting to determne the distance to
the top of the plunger.

(f) Qnmpare this distance wth the val ve given in the test
speci fication sheet, page IVH25. It wll belisted as the KF di nensi on.

(g0 Adjust the distance by changi ng shins (822) between the gui depi ns
and the spring seat. e only one shimon each side. Both shins nust be the sane
thickness. If there is a choice between towdifferent thicknesses of shins, use the
thi cker shim

STP Have instructor initial.

(h) Renove the plunger wth the spring seat, thrust washer, and shim
fromthe distributor head.

(10) Check the governor |inkage assently (95) ball stud for freedomof
novenent in the netering sl eeve socket.

(11) Side the netering sl eeve onto the plunger so the relief bore is toward
the plunger foot.

(12) R ace the original prestroke shim(52), renoved during di sassenbl y, on
the camplate. Db not use anything to hol d the prestroke shimin place.
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(13) A ace the plunger wth spacer, thrust washer, spring seat, and netering
sl eeve on the camplate so the drive pin engages in the plunger foot and the prestroke
shimfits in the recess or the plunger foot.

SIP Have instructor initial.

(14) Install the governor |lever assenbly (95). Screwthe pin screws (104)
wth copper caskets (105) into the housi ng, using socket KDEP 1087. Mke sure the pin
screws engage the | ever assently and torque themto 10 Newon neters. Engage the
lever assenly ball in the netering sl eeve socket.

(15) Hace the plunger return springs (804) on the | ower spring seat.
Install the guide pins (49) wth spring seats (47) and shins (822) in the pl unger
return springs.

(16) Ganp the distributor head in a vise wth soft jaws. Screwin and

torque the electrical shutoff solenoid (240), wth a newOring (807), to 40 Newion
neters.

(17) Installation of distributor head (50).
(&) Install anewQring (51) on the distributor head.
(b) FRotate the | ower spring seat so the plunger springs are at the

correct angle to aline the guidepins wth their respective holes in the distributor
head.

(c) Sick the correction lever springs (106) in the distributor head
wth petroleumjelly.

(d) Without cocking, |ower the distributor head onto the plunger and
into the punp housing. Mke sure the control |ever ball stays engaged in the netering
sl eeve.

(e) To prevent excessive strain on the plunger, tighten the
distributor head nounting screws (60) evenly to 11 New on neters.

STP Have instructor initial.

(18) Srewthe central screwplug (130) wth Oring (129) into the
distributor head wth socket KOEP 1080 and torque to 60 Newton neters.

(19 Install the delivery valves (55) wth copper gaskets (54), springs
(56), spacers (57), and delivery val ve holders (58) intheir origina |ocation.
Torque the delivery val ve holder to 35 Nevton neters.

(20) Position the governor shaft shim(110) and thrust washer (111) in the
punp housi ng.
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(21) Assentl e the flyweight carrier (112) wth flywei ghts (805), washer
(114), and guide bushings (115 wth end plug (117). Position the flywei ght assenbl y
in the punp housi ng.

(22) Srewthe governor shaft (108) wth Gring (109) into the punp housi ng
until a distance of 1.5 to 2. Oomfromthe housing surface to the end of the governor
shaft is established.

(23) Measure the axial play of the flywei ght assenbly wth a feel er gauge
between the stop pin and the flyweight carrier. It should be 0.25to 0.45nrm  To
adj ust the anount of play, exchange the governor shaft shim(110) wth a different
si ze.

STP Have instructor initial.

(24) Position the punp horizontal |y and | ock the governor shaft in position
wth nut (107) torqued to 25 Newton neters.

(25 Check the starting fuel di nension.

(a) Munt gauge bl ock KCEP 1084 on the punp housi ng, using the cover
screws (123). The recess on the gauge bl ock shoul d be on the bottom facing the
correction lever. The correction lever wll be pressing agai nst the gauge bl ock.

(b) PRush the tensioning | ever toward the drive end agai nst its stop
pininthe punp housing. Hold the starting | ever agai nst the tensioning | ever, naking
sure the tensioning | ever stays against its stop pin. Wth a feel er gauge, neasure
the gap between the gui de bushing end plug and the starting | ever.

(c) Qnmpare this value wth the value listed on the test
speci fication sheet on page IVMH24. 1t wll belisted as the M5 di nensi on.

(d) If the starting fuel dinensionis not correct, it is adjusted by
exchangi ng the gui de bushing end plug (117). To exchange the end plug, position the
punp wth the drive end down, unscrewthe governor shaft, and renove the gui de
bushing. PFush out the end pl ug fromthe gui de bushing using a suitabl e tool and
install a newone. Reinstall the guide bushing and recheck the starting fuel
di nensi on.

SIG?  Have instructor initial.
(e) Renove the gauge bl ock fromthe housi ng.
(26) Installation of the nechanical shutoff device.
(a) Race the shim(67/4) on the shutoff |ever (67/8) and push the

shaft through the cover fromthe inside. Position the Gring (67/10), shim(67/11),
and tensi on spring (67/9) on the outside of the cover, over the shaft.
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(b) Insert the 27. 7nmspacer bl ock KDEP 1130 between the i nsi de edge
of the cover and the internal shutoff lever. Hbld the |ever agai nst the spacer bl ock.
Install the shutoff control lever (67/12) on the shaft so the snal | est possibl e gap
exi sts between the | ever and the cover. Secure the control |ever wth | ockwasher
(67/6) and nut (67/13) torqued to 5 Newton neters.

(c) Measure the gap wth a feel er gauge and nake a note of the
distance for later use when naki ng the final adj ustnent.

(d) Position the end of the tension spring (67/9) in the hole of the
control |ever (67/12).

STP Have instructor initial.

(27) Haceide spring and retai ner (806) on the retai ning pin and push the
pin through the tensioning lever. Gnnect one end of the governor spring (122) to the
retaining pin and the other end to the control |ever shaft (68). The end of the
spring connected to the control |ever shaft shoul d have the spring hook openi ng
poi nti ng dowwar d.

(28) Hace the shim(69) and Oring (66) on the control |ever shaft (68).
Use assenbl y sl eeve KDEP 2937 to install the Oring. Install the gasket (92) in the
groove of the cover. Push the control |ever shaft up through the punp cover bushing,
bei ng careful not to danage the Oring or bushing. Secure the cover wth the screws
(123) torqued to 6 Newton neters.

(29) Rotate the control |ever shaft counterclockw se until spring tensionis
felt. Positionthe control lever return spring (2200 wth retainers (325 and 329)
over the control lever shaft. Position the bottomlever (72) on the shaft so that
aignnent narks noted during disassenbly are lined up. PRosition the spacer (305),
| ockwasher (73), and upper lever (304) wth spring (306) on the shaft. Install the
flange nut (75) and torque it to 5 Newton neters.

(30) Position the upper end of the return spring (220) on the tang of the
[over control lever (72).

(31 Install anewQring (91) onthe full-load stop screw (88). Screwthe
full-load stop screwinto the housing until it bottons, then back it out one full
turn. Torque the nut (90) to 25 Newton neters.

(32) Install theinlet fitting (246) wth gasket (245) and torque to 20
Newton neters. Install the return fitting (136) wth gaskets (251), hand tight.

(33) Adjust the nechanical shutoff |ever (67/12) novenent.
(a) Insert a feeler gauge of the sane thickness established during
assenfl y between the cover and shutoff lever. sing a caliper, neasure the di stance

fromthe support bracket to the shutoff lever. Hld the shutoff |ever against the
stop adj usting screw (67/17) and neasure the di stance agai n.
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(b) Subtract the two readings; thisis the total novenent of the
shutoff lever. Adjust the stop adjusting screwuntil the total novenent is 225 to
22.0mm
SIP Have instructor initial.

d. H-ecal | br-atl on H(xedures kkkhkkkkkkkkkhkkkkkkkkk

(1) Munt the fuel punp to the test stand.
(@) Instal the nounting flange to the universal - nounting bracket .

(b) Munt the punp to the nounting flange and install the drive
coupl ing on the punp drive shaft. Secure the coupling wth a | ock washer and nut.

(c) 9ide the punp toward the test bench drive until the drive tangs
of the punp drive coupling are engaged wth the jaws to the test bench drives
coupling. Secure the nounting bracket wth the through bolts and nuts. To lock the
jaws of the test bench drive coupling on the punp drive coupling tangs, tighten the
4rm A | en head screw

(d) Renove the timing piston cover plate and install the timng probe
adapter part no. AE3/4/2, inits place, on the punp.

(e) Ater renoving the overflow fitting, position a banjo, part no.
AP 269/1, wth a copper washer on each side over the overflow port. Install a banjo
adapter, part no. AP 145 through the banjo and copper washers into the punp
housing. Position another banjo part no. AP 237 wth a copper washer on each side
on the banjo adapter. Install the overflow fitting through the banjo and copper
washers into the adapter.

(f) Qnect a line from the bottom banjo connector to the 11 bar
auxiliary gauge on the test bench.

(g Qnnect the Thermister Fpe Assentbly part no. 167-11-34 to the
top banjo connector and the return line fromthe Thermster Hpe Assenbly to the back
| eakage connector on the test bench. Gnnect the tenperature lead fromthe Thermster
H pe Assenbly to the G2l sius socket on the test bench.

(hy Wing another banjo connector part no. AP 237 wth two copper
washers and a banjo bolt, part no. AP 144, connect the supply line fromthe inlet
fitting of the punp to the test oil supply 1-4 bar connector on the test bench.

(i) Set the volts on the conputer screen.
(j) Test the electrica shutoff device to nake sure the solenoid is
working & the voltage given in the test specification sheet. You should be able to

hear the solenoid click on and off as you connect and disconnect the electrical
connection. It wll be checked again later during the test specification checks.

V- 16



(20 Performthe plunger pre-stroke check. On punps wth a specified |ift
to port closure, the pre-stroke dinension is checked hydraulically on the test bench.
This check is not necessary on zero pre-stroke punps, because the plunger position is
adj usted duri ng assentl y.

(a) Ater renoving the central screw plug bleeder screw nount the
pre-stroke neasuring device wth extension, and dia indicator.

(b) Wth the punp plunger at bottom dead center, preload the dial
indicator and clanp it in place.

(c) Sart the test ol systemon the test bench. Hace a drip pan
under the overflowtube and head assenbl y.

NOE Test ol wll flow out of the overflow tube of the neasuring device and the
outlet ports of the head as soon as you adjust the test oil feed pressure. You shoul d
try to performthe next step as quickly as possibl e.

(d Adjust the test oil feed pressure to 0.35 bar. Munually rotate
the punp in the proper direction until the flow of fuel fromthe tube slows to drops.
Note the reading on the dial indicator and turn off the test oil system

(e Subtract the reading noted during the test and the prel oad
setting. Qnpare the value wth the pre-stroke value listed under "Sart of
delivery," on the appropriate test specification sheet.

(f) Qorrect any deviation by inserting the correct plunger pre-stroke
shimunder the plunger foot. The punp nust be partially di sassenbl ed in order to
change the pre-stroke shim

1 If the reading was too high, late port closure, insert a
thicker shim

2 If thereading was too low early port closure, insert a
thinner shim

(g0 Wen the pre-stroke is correct, renove the pre-stroke neasuring
device and install the bl eeder screwwth a new copper washer seal in the central
screw pl ug.

(3) onpl ete precalibrati on connections and checks.

(a) Qnnect the test lines fromthe nozzles to the punp. Back of f
the | ow speed and hi gh speed stop screws.

(b) Adjust the test oil tenperature to 40C

(c) Hold the control |ever against the high speed stop screwwth a
tensioning spring and adjust the test oil feed pressure to the required pressure
listed on the test specification sheet.
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(d) Slect theinjectors onthe screen for the injectors used.
(e) Select the netering node (Gilibration).

(f) Run the punp at about 100 rpm And bleed the air fromthe test
l'i nes.

(g0 Vérmup the punp for about 10 mnutes at 1000 rpm The punp nust
deliver fuel at thistine. If the punp does not delivery fuel, screwin the full-Ioad
stop screw If this does not work, the punp nust be checked for a nechani cal defect.

NOIE Mke sure conputer learns the firing order. The nozzles on the screen wil
turn bl ue.

e. Glibrate Fuel Punp. Refer to the test specification sheet, page M1-29, for
the setting values. The test specifications in parentheses are the val ues used when
testing a used punp.

(1) Wth the control lever held agai nst the high- speed stop screw run the
punp at the full-load speed. Adjust the full-load fuel delivery wth the full-1oad
screwto approxi nately the give val ue.

(2) Zero timng advance on the test bench.
(3) St the supply punp pressure and tining piston travel .
(a8) Runthe punp at the speed |isted under "Ti nming-device travel " and
"SQuppl y-punp pressure.” Note the supply punp pressure on the 14 bar pressure gauge
and the timing piston travel on the tinmng piston travel gauge.
(b) Achange in supply punp pressure wll affect the tining piston
travel. Adjust the pressure regulator to attain the supply punp pressure and tinming
pi ston advance given in the test specification sheet.

(c) Toincrease the supply punp pressure, us tool KCHP 1092 and press
the plug in the pressure regul ator.

(d) To reduce the supply punp pressure, the plug in the pressure
regul ator nust be drawn back.

1 Renove the regul ator and disassentl e it per the instructions
covered during the repair of the punp.

2 Ater you have the regul at or di sassenl ed, use a suitabl e
tool and press the plug back flush wth the regul ator body.

3 Reassenbl e the pressure regulator and install it back in the
punp.
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4 Adjust the supply punp pressure to the value listed on the
speci fication sheet.

(e) If the specified timng piston travel cannot be attained wthin
the supply punp pressure tol erances, the travel nay be adjusted wthin the tol erances
of the timng piston shimpack. If the timng piston travel cannot be attai ned by
adj usting the shins, replace the tinmng pi ston spring.

(4 Set the full-load delivery.

(a) Wth the control |ever against the high-speed stop screw run the
punp at the | ower full-load speed.

(b) Adjust the full-load delivery wth the full-load stop screwto
the value listed under "Full -1 ocad delivery" on the test specification sheet.

(5 St the lowid e-speed regul ation.
(&) Return the control lever to the | owspeed stop screw
(b) Runthe punp at the |isted speed and check fuel delivery.

(c) Adjust the fuel delivery, wth the | owspeed stop screw until
the value listed i s obtai ned.

(6) Set the full-1oad speed regul ation.

(a) Wth the control |ever agai nst the hi gh-speed stop screw run the
punp at the |isted speed.

(b) Check the fuel delivery and adjust the hi gh-speed stop screwto
obtain the correct fuel delivery.

(7) Measure the overflow quantity.

(a) Measure the overflowquantity over a ten second period at the
appropriate speed and conpare it wth the test specification sheet.

(8 (Check the starting fuel delivery.

(a) Qnnect the test line fromoutlet "A' to atest nozzle set to 196
bar openi ng pressure.

(b) Run the punp at the speed given under "Sart." Geck the fuel
delivery, it nust be wthin the quantity specification |isted.

(c) If the starting fuel delivery is not attained, the starting fuel

dinension (M9 nay not be correct. Recheck the starting fuel dinension and correct as
necessary.
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(d) Insufficient fuel delivery nay al so be caused by an excessively
vorn pl unger .

(9 Performthe injection punp specifications checks.

(&) MNowthat the setting val ues are correct, run the punp through the
speci fication checks listed on the test specifications sheet. PRerformthe checks in
the order listed and at each speed |i sted.

(b) The tining device and supply punp pressure can be checked at the
sane tine at each speed.

(10) Performlock timng. This punp is equipped wth lock timng to ensure
that the punp wll beintine wth the engine, sothe fuel delivery isinthe firing
order of the engine.

(&) If the punp housing does not have a timng nark, reinstall the
prestroke neasuring device while the punp is still nounted to the test bench.

(b) Wth the delivery port of the plunger lined up wth outl et port
D rotate the drive shaft inthe direction of rotati on 1. 5nmnfrombottomdead center.
Hold the shaft in this position, renove the | ockscrew spacer, and torque the | ockscrew
to 30 Newton neters. This is listed under the "Sart of delivery" block on the test
speci ficati on sheet.

(c) If the punp housing has a tining naker, after the punp is renoved
fromthe test bench, rotate the drive shaft until the keyway of the drive shaft is
aligned wth the timng nark.

(11) Renove the punp fromthe test bench.

(a) Renove the prestroke neasuring device and the timng piston
travel gauge.

(b) Reinstall the bl eeder screwand copper plate wth Oring.

(c) Dsconnect and renove all lines and fittings and store themin
their proper place.

(d) Renove the punp. Ensure the lock timing is correct and the | ock
screwis torqued to 30 Nevton neters. Install newtanper-proof seals where required.

SIP Have instructor initial.
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Tenper at ure Gauge
Return Line to Back Leakage

Bar
Spply Line to Test Ol Supply

=
e

Housi ng Pressure Line to Aux Gauge 14

263 CESIRPITON PART Nb. Qy RAEVARS
1. lhiversa Munting Bracket AB 28/1 1

2. Munting Hange APB 148 1

3. DOive Gupling ADC 30.2 1

4. OQerflowQifice Srew 1 463 456 303 1 Mrked "QJr
5.  Test Nozzl e Hol der Assy. SO 4010 6

6. Test Line 1 880 750 017 6 6x2x840 nm
7. Tining A ston Gauge BEEP 450\E 1

8. Prestroke Device 1

0. Bxt ensi on 1

10. Dal Indicator 1

11. 1

12.

13.

BOBH I NJ. - PUMP TEST SFEOH CATTONS (Note inst. in renarks col unm)

Test sheet
Edition

Repl aces
Glibrating oil

I nj ection punp
Type nunier

Qust oner - speci fi ¢ i nfornati on
QAust oner

BEngi ne

Pover k:
Speed 2/ ni:
TEST BENOH REQU REMVBENTS
Glibrating -oil

return tenp. C

w t h t her nonet er
electronical ly

Inlet pressure, bar: : 0.3

Gl i brati ng nozzl e- hol der
assentol y

Qpeni ng
pressure bar :

: AM5, 9 V6
1 20.04.90

. 1904113

. \E 6 12F1050 R381-5
. 0 460 426 157

. a@C

6Bl

93
2100

: 1688 901 027

250...253
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Perforated-pl ate

di anet er mm 0.5
Test injector tubing : 1 680 901 027
Qut si de di anet er © 6
x Vel | thickness D2
X Length nm 840
Sart of delivery
Prestroke mm 0O, 3
(fromBDQ: + -0,02(0, 04) Record
readi ng.
Sart of delivery block
A ston stroke mm 1,5
nm + -0, 02(0, 6)
Qutl et - D
I nj ection-punp setting val ues
Test specifications in parent heses
Ti ming- devi ce travel :
Speed Ynmn: 750
Setting val ue mm 3,4...3,8 Record
novenent .

SQuppl y-punp pressure:
Speed Ymn: 750
Setting val ue bar: 3,5..4,1 Record pressure.
Full-1oad del . wout charge press:
Speed Ymn: 750
Del. quantity cnd/:

1000H 64,5...65,5 Record del i very.
D sper son cn®/: 4,0

1000H 4,5 Record di spersi on.
Low i d e speed regul ati on:
Foeed Umn: 375
Del. quantity cnd/:

1000H 10,2...12,0 Record del i very.
D spersi on cn®/: 55

1000H (7,0) Record di spersi on.
Full -1 oad speed regul ati on:

U nmn: 1100
Del. quantity cnd/:
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1000H 46,0...52,0 Record del i very.

Sart:

Run test stand at 500 to relearn firing order

Speed Yrmn: 100

Del. quantity Do

mnd 1000H 46,0...52,0 Record del i very.
cn®/ 1000H 70,0

| nspect i on-punp test specifications
Test specifications in parent heses

Ti ming-devi ce characteristic:

1st speed Umn: 500
TD travel mm 1,5..23

mm(1,2...26) Record novenent .
2nd speed Ymn: 750
TD travel m 3,4...3,8

mm(2,9...4,3) Record novenent .
3rd speed Ymn: 1050
TD travel mm 5,0...58

mm(4,7...6,1) Record novenent .
Suppl y- punp pressure characteristic:
1st speed U nmn: 500
Suppl y- punp
pressure bar: 2,4...3,0 Record pressure.
2nd speed Ymn: 750
Suppl y- punp
pressure bar: 3,5...4,1 Record pressure.
3rd speed Ymn: 1050
Suppl y- punp
pressure bar: 4,6...5,2 Record pressure.
Qrerflow quantity at overflow val ve:
1st speed U nmn: 500
Qeerfl ow ©41...83
quantity cn®/ 10s: (26...98) Record overfl ow
2nd speed Unmn: 1050
Qrerfl ow » 55...138
quantity cn®/ 10s: (40...153) Record overfl ow
Del i very-quant. and breakaway char:
1st speed Unmn: 1250
Del. quantity cn®: 0,0...30 Record del i very.

1000H -
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2nd speed

Del. quantity
3rd speed
Del. quantity
4th speed
Del. quantity
5th speed
Del. quantity
6t h speed
Del. quantity

Zero delivery (stop):

Mech. shutof f:

Speed
Del. quantity

Hect. shutoff:

Speed
BAB

Del. quantity
NaX.

Id e delivery:

1st speed
Del. quantity

2nd speed
Del. quantity

1/ nn:
cnd/:
1000H
1/ nmin:
cnd/ :
1000H
1/ mn:
cnd/ :
1000H

1/ min:
cnd/ :
1000H
1/ nn:
cnd/:
1000H

1 mn:
cnd/ :
1000H

1/ mn:
vol t:
cnd/:

1000H

1/ mn:
cnd/ :
1000H
1/ mn:
cny/ :
1000H

Autonatic starting fuel delivery:

1st speed
Del. quantity

2nd speed
Del. quantity

1/ nmin:
cnd/ :
1000H
1/ nmn:
cnd/ :
1000H

1130

15,0...

1100

46,0. ..
(43,0..

1050

60, 5. ..
(59,0...

62,0...
(60, 0. .

750

64, 5. ..
(62,0...

52,0
.55, 0)

63,5
65, 0)
65,0

.67,0)

65, 5
68, 0)

..3,0
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Record del i very.

Record del i very.

Record delivery.

Record del i very.

Record delivery.

Record del i very.

Record del i very.

Record delivery.

Record del i very.

Record del i very.



Shutof f el ect ronagnet :

ar-in

mn. vol tage : 20,0
Rated vol t age : 24,0
Mbunt i ng and assentl y di nensi ons:

Desi gnat i on

K nm -

KF mm 5,0...5,4
|V} mm 1,3...1,7
Renar ks:

: CDC #391 6933
Heavy-duty fuel -injection punp for O-engines: only test
usi ng timng-devi ce-travel neasuring device wth netal
j acket .

STUENT REFEHRENES

Robert Bosch Technical Instruction for VE Runp

Robert Bosch Repair Instruction for VE Runp

Robert Bosch Test Instruction for VE Runp

Hartridge 2500 (Qperating, Servicing, and Spares Manual
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