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| General information
I

Introduction

Lovol Phaser series and Lovol 1000 Series engineghe latest

development from Tianjin Lovol Engines Co., Ltd. ejhhave

inherited the nearly 100 year's engine productiepegience in

European and world leading technology. For the nefedlobal

power, they are designed and developed the clagsigeer with

European heritage and modern latest technology.

To ensure that you use the relevant informationyfour specific

engine type, refer to "Engine identification" orgpal.05.

Two methods are used to indicate dangers.

Warning indicates hazards or hazardous procedures whidd cou
result in serious injury.

Caution indicates hazards or hazardous procedures whigld co
result in injury to engine.

Remark indicates important information without hazards.

PASH
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| General information

How to care for your engine

Warning! Read the "Safety precautions"” and
remember them. They are given for your protection
and must be applied at all times.

This handbook is to assist you to maintain and atper
your engine correctly.

To obtain the best performance and the longest life
from your engine, you must ensure that the
maintenance operations are done at the intervals
indicated in "Preventive maintenance". If the ergin
works in a very dusty environment or other adverse
conditions, certain maintenance intervals will hawve

be reduced.

Renew the filter elements and lubricating oil regiyl

in order to ensure that the inside of your engine
remains clean.

Ensure that all adjustments and repairs are done by
personnel who have had the correct training.

Lovol distributors have this type of personnel &alze.

You can also obtain parts and service from yourdlLov
distributor.

The left and right sides of the engine are as feen
the fly wheel.
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| General information

Safety precautions

These safety precautions are importantyou must refer also to the local regulations in¢bentry of use. Some
items only apply to specific applications.

1.04

Only use these engines in the type of applicatiwwhich they have been designed.

Do not change the specification of the engine.

Do not smoke when you put fuel in the tank.

Clean away fuel which has been spilt. Material WHhias been contaminated by fuel must be moved#iea
place.

Do not put fuel in the tank while the engine fuusléss it is absolutely necessary).

Do not clean, add lubricating oil, or adjust thgiee white it runs (unless you have had the coiraating;
even then extreme caution must be used to prengmy).

Do not make adjustments that you do not understand.

Ensure that the engine does not run in a locatioergit can cause a concentration of toxic emission
Other persons must be kept at a safe distance thieilengine or equipment is in operation.

Do not permit loose clothing or long hair near nmgvparts.

Keep away from moving parts during engine operatittention: Some parts cannot be seen clearlyavhil
the engine runs.

Do not operate the engine if a safety guard has aoved.

Do not remove the filler cap of the cooling systetnile the engine is hot and while the coolant islem
pressure, because dangerous hot coolant can iaudjsd.

Do not allow sparks or fire near the batteries €esgly when the batteries are on charge) becdesgadses
from the electrolyte are highly flammable. The éattfluid is dangerous to the skin and especiallyhie
eyes.

Disconnect the battery terminals before a repamase to the electrical system.

Only one person must control the engine.

Ensure that the engine is operated only from tmérobpanel or from the operator's position.

If your skin comes into contact with high-pressfurel, obtain medical assistance immediately.

Diesel fuel and lubricating oil (especially usedbricating oil) can damage the skin of certain pesso
Protect your hands with gloves or a special satutioprotect the skin.

Do not wear clothing which is contaminated by lahting oil. Do not put material which is contamaht
with oil into the pockets.

Discard used lubricating oil in a safe place tospré contamination.

Ensure that the control lever of the transmissiowedis in the "out-of-drive” position before thagne is
started.

Attention shall be especially paid when maintenasareied out under bad conditions.

The combustible material of some components of dhgine (for example certain seals) can become
extremely dangerous if it is burned. Never allog thurnt material to come into contact with thenstar with
the eyes.

When checking pressure of the parts in water babetyg barrier shall be used to protect the opesat®ecure
the seal plug of the part to be checked with safetywire.

Don't contact compressed air with your skin. If yakin comes into contact with compressed air, inbta
medical assistance immediately,

Turbocharger works at high-speed and high tempexaiieep the fingers, tools or other chips awaynftbe
inlet and outlet of the Turbocharger and avoid aotst with the hot surface.

Fit only genuine Lovol parts.
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. . op . TA------ Turbocharged air-intercooled engine
Engine identification Engines used for generator sets have a similaersyst
of model identification, for example:

Phaser series for vehicle use consists of a rafige ¢-003TG 1004TG. 1006TAG
both four and six cylinder engines. Each type of 1003------3 cylinder engine
cylinder will have four basic engine types, natiyral 1004------4 cylinder engine

aspirated, compensated,  turbocharged  andlO06------- 6 cylinder engine
turbocharged/intercooled. T--mmmmmeee Turbocharged

TA--------- Turbocharged, but with an air to water
There are different model variations within each intercooler
cylinder type. G---mmeee- Generator set

Identification of the various models is by a systein In this handbook, the different engine types are
similar power output, for example: indicated by their code letters, which are thet five
Phaser 110T — a 4-cylinder engine with a rate dutpuletters of the engine number as indicated below:
power of 106 horsepower.
“T” indicates Turbocharged.
Pharser 210Ti --- 6 cylinder engine with a ratetpat

power of 210 horsepower. @
“Ti" indicates turbocharged and intercooled engine.
Phaser110Ti-30 Phaser160Ti-30

110------ 4-cylinder engine with rated output o61ifp

160------ 6-cylinder engine with rated output of 1g®

Te-mmmmm- Turbocharged engine

Ti— Turbocharged air-intercooled engine

30 — — In conformance with the Emission

requirements of GlII (EULI). PAG4

1000 series consists of a range of three, foursiand
cylinder engines. Each type of cylinder will hawaif
basic engine types, naturally aspirated, compedsate
turbocharged and turbocharged/intercooled.

There are different model variations within each BB  Three cylinder, turbocharged
cylinder type. Identification of the various modéds BC  Four cylinder, compensated

by a system of numbers and letters, for example: BD  Three cylinder, turbocharged/intercooled.
BE Three cylinder, turbocharged/intercooled

Code letters Engine type
BA  Three cylinder, naturally aspirated

1006—6TW _ .
1006--eemmev 6 cylinder engine AA  Four cyll.nder, naturally aspirated
- S 6 liter engine YB  Four cylinder, turbocharged
T--mmm--- Turbocharged AC  Four cylinder, compensated
TW---mmmee Turbocharged, but with an air to water ~ AD  Four cylinder, turbocharged/intercooled.

intercooler to cool the induction air between the AE

. Four cylinder, turbocharged/intercooled.
turbocharger and the cylinders

1004D-4TA. 1006D-6TA YA  Six cylinder, naturally aspirated
1004------4 cylinder engine YB Six cylinder, turbocharged
D--neeeee in conformance with the emission YC Sixcylinder, compensated

requirement of USA Tier3 YD Six cylinder, turbocharged/intercooled.

Y 4 liter engine YE Six cylinder, turbocharged/intercooled.

e -Turbocharged 1.05
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Lifting device for engine

Without coolant, lubricant oil and gearbox, the maxm weight of the engine varies according to défe
equipments. The following minimum lifting capac#tiare recommended to be adopted for lifting devices

3 cylinder engine-------- 360 Kg
4 cylinder engine-------- 500 Kg
6 cylinder engine-------- --- 600 Kg

The preparation before lifting:

® Permitted types of lifting devices and correctifit capacity must be used during lifting the engibering
vertical lifting, the lifting device shown in pho{d) is recommended, which directly connect thagling (A1)
of the engine. Don't lift the engine with singlagi

® Before lifting the engine, check the sling ring éamage and fastener. The tightening torque diithee screw
of the sling ring is 44N.m, 4.5kg.f.m

® In order to protect the rocker cover, ensure tedespace between the sling hook and the rockerr.cove

® During lifting the relative heavy parts, such adinder body, cylinder cover, balancer, flywheel bimg,
crankshaft and flywheel, use lifting device or abt@ssistance.

1.06
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2 Engine Views
=

Introduction

Lovol Phaser Series and 1000 Series engines altefdruspecific applications
and the views which follow do not necessarily matohr engine specification.

Location of engine parts

Front and left side view of YB engine (A)
. Filler cap for lubricating oll

. Fuel filter

. Lubricating oil cooler

. Fuel injection pump

. Lubricating oil dipstick

. Drain plug for lubricating oil
. Crankshatft pulley

. Drive belt

. Water pump

10. Fan

11. Water outlet

12. Front lift bracket

13. Atomiser

© 00 N O Ol WDN P
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2 Engine Views

Rear and right side view of YB engine (A)

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Induction manifold
Alternator
Lubricating oil filter
Fuel pump
Lubricating oil sump
Startermotor
Flywheel housing
Flywheel
Turbocharger
Exhaust manifold
Rear lift bracket

® ®

®

@® O

PA3IS
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2 Engine Views
=

Location of engine parts (for generator set)

Front and left side view of YB engine (A)
1. Filler cap for lubricating oil
2. Fuel filter

. Lubricating oil cooler

. Fuel injection pump

. Lubricating oil dipstick

. Drain plug for lubricating oil

. Lubricating oil filter

. Crankshatft pulley

. Drive belt

10. Water pump

11. Fan

12. Water outlet

13. Front lift bracket
14. Atomiser

© 00 N O O~ W

FAIA

Without water tank, air filter and its accessories.
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2 Engine Views
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Rear and right side view of YB engine (A)

15. Turbocharger

16. Exhaust manifold
17. Water tank

18. Generator

19. Bracket

20. Lubricating oil sump
21. Startermotor

22. Flywheel housing
23. Flywheel

24. Air filter

25. Rear lift bracket
26. Induction manifold
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3 Instruction for operation

How to start the engine

Several factors affect engine start, for example:

The power of the batteries.
The performance of the starter motor.
The viscosity of the lubricating oil.

The installation of a cold start system.

Diesel engines need a cold starting aid if theytarstart in

very cold conditions;

Diesel engines need a starting aid if they aretdd 1 very

cold conditions. Normally, your vehicle or your rhate will

be fitted with the correct equipment for your regiof

operation.

For the Phaser/1000 Series engines, these systems a

Fuelled starting aid:

An electrically operated device which ignites a cifie

amount of diesel fuel in the induction manifold ander to

heat the induction air.

Attention: If the engine has not run for several weeks, see
"Attention" on page 7.02.

3.02



3 Instruction for operation

How to start a warm engine

1.

If the engine is equipped with a manual stop congrasure that
it is in the "run” position.

Adjust the engine speed control to the quarter qesition.
Turn the start key to the "HS" or "S" position togage the
starter motor;

Allow the start key to return to the "Ft" positicas soon as the
engine starts. Always ensure that the engine aamtestmotor

are stationary before the starter motor is engagedh.

How to start a cold engine

1.

If the engine is equipped with a manual stop conénasure that
it is in the "run" position.

Adjust the engine speed control to the maximum dpesition.
Turn the start key to the "S" position to engagedtarter motor.
Allow the key to return to the "R" positron, whemetengine
starts. Then adjust the engine speed control tagetven idle
speed.

If the engine does not start in 30 seconds, allmstart key to
return to the "R" position for another 30 seconidsen engage

the starter motor again for a maximum period o§86onds.

PGOD4A

PGO04

Attention: Ether type fuels must not be used at the sameasne

a fuelled starting aid.
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3 Instruction for operation
I

How to start a cold engine with the fuelled startiig aid

1. If the engine is equipped with a manual stop conénasure that it is in the "run” position.

2. Turn the start key to the “H” position (A) and keefhere for 15 seconds.

3. Adjust the engine speed control to the maximum dpesition.

4. Turn the start key to the "HS" to engage the stantgor. Allow the Start key to return to the "Rdgition when
the engine starts. Then adjust the engine spedtbttmgive an even idle speed,;

5. If the engine does not start in 15 seconds, tuersthrt key to the "H" position and hold it theoe 0 seconds.
Then engage the starter motor again.

How to stop the engine

Attention: It is recommended that a turbocharged enginensatwapproximately 1000 rev/min at a reduced laad f

2-3 minutes before it is shut down. This will alléle turbocharger to cool.

Adjust the engine speed control to the minimum dyeesition.

According to the equipment fitted, either turn #rgine start key to the "O" position (3.03/A) oegte the manual

stop control. If a manual stop control is used,

Ensure that the control returns to the "run" pogitifter the engine has stopped. Also ensurelibatrigine start key

is turned to the "O" position.

Adjustment of engine speed range

The idle or maximum speed settings must not begdby the engine operator because this can datnegsgine

or transmission. The warranty of the engine caaffexted if the seals on the fuel injection pumg laroken during

the warranty period by a person who is not apprdmetovol.

Running-in

Attention:

® Do not operate the engine at high speeds withouti@ad.

® Do not overload the engine.

A gradual running-in of a new engine or POWER EXQMZ2E engine is not necessary. Prolonged operatitigtedt

load during the early life of the engine can caugeicating oil to enter the exhaust system. Maximioad can be

applied to a new engine as soon as the engine istpuservice and the coolant temperature hasegha minimum

of 60°C (140F ) .

The engine will benefit if the load is applied ass as possible after the engine is put into servic

Turbocharged engines

Because of the power characteristics of the turaghd engine it is necessary to maintain a higlnergpeed when

you climb a gradient. To ensure that the engimmioverloaded at low engine speeds engage a lpsear

Altitude

If the naturally aspirated engine is to run at hitude above 600 m (2,000 ft), the fuel delivegndie changed to

reduce fuel consumption and smoke. Lovol can dinepercentage of fuel reduction necessary if detdilengine

application and ambient conditions are given.

3.04
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/1 Preventive maintenance
I

Preventive maintenance period

Attention: During driving at short distance and frequentlytstg and stopping, the number of operation is more

important than driving distance.

These preventive maintenance periods apply to geecanditions of operation. Check the periods gilkgrthe
manufacturer of the equipment in which the engiménstalled. If necessary, use the shorter periddisen the
operation of the engine must conform to the loegliations these periods and procedures may ndszlddapted to

ensure correct operation of the engine.

It is good preventive maintenance to check foradg@akand loose fasteners at each service.

These maintenance periods apply only to engindsatiesoperated with fuel and lubricating oil whmdnform to the

specifications given in this handbook.

4.02



/1 Preventive maintenance

L
Schedules
A. First service at 20/40 hours or at 1000/2000 km
B. very day or every 8 hours
C. Every 500 hours or six months
D. Every 1500 km or 250 hours
E. Every 5000 km or 1000 hours
The schedules which follow must be applied at therizal (km, hours or months) which occurs first.
A|/B|C|D|E
o e Check the amount of coolant
° Check the concentration of coolant (2)
° ° Check the drive belt(s)
Clean the sediment chamber and the strainer dtiidift pump
° ° Check for water in the fuel pre-filter (1)
° Renew the fuel filter element(s)
e | Ensure that the atomisers are checked (3)
° Ensure that the idle speed is checked and adjusiet, necessary (3)
° Check the amount of lubricating oil in the sump
o |0 Check the lubricating oil pressure at the gauge (1)
° ° Renew the engine lubricating oil (4) (5)
° ° Renew the canister(s) of the lubricating oil fil(d)
e | Renew the filter of the closed breather system
Clean the air cleaner or empty the dust bow! ofaindilter
o | o | o - extremely dusty conditions
- normal conditions
° Clean or renew the air filter element, if this Ima$ been indicated earlier
Ensure that the turbocharger impeller and turba@gratompressor casing are cleaned
e (2
° Clean the compressor air filter (1)
e | Ensure that the exhauster or compressor (1) ikekde@)
° e | Ensure that valve tip clearances are checked gndted, if it is necessary (3)
e | Ensure that the alternator, starter motor, etccheeked (3)
QD) If there is one fitted.
(2>  Antifreeze shall be renewed every 2 years. It rhastenewed every 6 month, if using coolant inhibito
replace antifreeze.
3) By a person who has had the correct training.
(4>  The lubricating oil and the filter canister(s) mbstrenewed every 250 hours or 12 months for agupdics
where the engine normally runs at full load foripgs of more than 20 minutes.
(5>  The oil change interval will change with the sulpleontent of the fuel (see the table below andfhel

4.03

Specification in section 5). The interval to chatige canister of the lubricating oil filter is raffected.

Fuel sulphur content (%>) Oil change interval
<0.5 Normal
0.5-1.0 0.75 of normal
>1.0 0.50 of normal




/1 Preventive maintenance
I

How to drain the cooling system

Attention: Do not drain the coolant while the engine is tit and the system is under pressure because dasger

coolant can be discharged.

1. Ensure that the machine is on level ground.

2. Remove the filter cap of the cooling system.

3. Remove the drain plug from the side of the cylinbleck (A or B) in order to drain the engine. Erestinat the
drain hole is not restricted.

4. Open the tap or remove the drain plug at the botiarthe radiator in order to drain the radiatothé radiator
does not have a tap or drain plug, disconnectdise at the bottom of the radiator.

5. If the lubricating oil cooler (C) is installed tlwever of the filter but on the cylinder body, it stie drained and
flushed. For this, disconnect the hoses (C1, CZhertop of the cooler and flush it by connectiogttap (C1)
until clean water flow out of the inlet (C2).

Attention: If the cooling system will not be instilled aftéughing, then draining the lubricant oil cooler anstill

165ml (1/3 pints) antifreeze. When the vehicle mgyif water flowing out then this method can prvieeezing.

6. If necessary, flush the system with clean water

7. Install the hose onto the top of the cooler antefaghe clamp.

8. Fit the drain plugs and the filler cap. Close théiator tap or connect the radiator hose.

9. As for some engine types for agriculture use, dnhe cylinder plugs on the cylinder sides are rfiediinto a
switch controlling water release, so as to empttartt and be suitable for specific agricultural iesvment.

PA359
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I

How to check the drive belt(s)

Renew a belt if it is worn or damaged. If twin keadre fitted, they must be renewed together.

0 ensure maximum belt life, it is recommended thaelt tensioner gauge is used to check the bedide. Fit the
gauge (Al) at the centre of the longest free lelagith check the tension. If a "Burroughs” gaugeseduthe correct
tension is 355 N 36 kgf. If the tension is 220 Nk&2 or below, adjust it to 355 N 36 kgf as indedtelow:

If a gauge is not available, press down the beth wie thumb at the centre of the longest freetleagd check the
deflection (B). With moderate thumb pressure - 46Blkgf - the correct deflection of the belt isrhfn.
If twin belts are fitted, check/adjust the tensamthe tighter belt.

The adjustment of belt tension

1. Loosen the pivot fasteners (B1) of the alternatat the adjustment link fasteners (B2).

2. Change the position of the alternator to give thieext tension. Tighten the pivot fasteners ofahernator and
the adjustment link fasteners.

3. Check the belt tension again to ensure that itiliscerrect. If a new belt is fitted, the belt ®an must be
checked again after the first 20 hours of operation

4.05
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I

How to clean the gauze strainer of the fuel lift pmp

1. Loosen the fastener (A2) and remove the cover @intl jA4) from the top of the fuel lift pump (A3nd remove
the gauze strainer (A1).On some turbocharged @agti engines, it will be necessary to remove thalldneat
shield (A4) which is fitted above the pump. Remtive fuel pump (B), then remove the joint and fued, mnd
then wash them with clean diesel oil.

2. Carefully wash all the sediment from the lift pulbmy.

3. Clean the gauze strainer, joint and cover.

4. Assemble the lift pump. Use a good joint and enshia¢ the lift pump body and the cover are fittedether
correctly. Because leakage at this point will lefirzto the fuel system. On some turbocharged &dgr engines,
fit the heat shield.

5. Eliminate the air from the fuel system through fitier vent point (see page 4.11).

Fuel pre-filter
If a fuel pre-filter is fitted between the fuel taand the engine, check the filter bowl for wateregular intervals and

drain as necessary.
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I

How to renew element(s) of the fuel filter

There are three types of fuel filter element in:use

Attention: it is important that only the genuine Perkins ffikér element is used. The use of a wrong elencant
damage the fuel injection pump.

The separate element is held between the filtest had the bottom cover (A).

The canister type where the filter element hastarnal thread (B2) at the top is fastened to @atthed adaptor (B1)
in the filter head (B).

A fuel filter with a quick release canister (C) Hzeen introduced on certain engines. Some engmeefittad with a
pre-filter of the same type. This filter is fitte@xt to the main filter, but connected in the feydtem before the fuel
lift pump. Both of the filter elements must be remed at the same time.

This filter may has one or two filter elementstvi filer elements used, both of them must be reteat the same
time.

h PAZ71B
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I

How to renew element(s) of the separate element typ

1. Clean the outside surfaces of the fuel filter asgdgntf a drain tap (A4) is fitted to the bottom tbfe filter bowl,
drain the fuel from the filter.

2. Hold the bottom cover of the filter element anctasle the setscrew (A3) which is fitted throughfilter head

(A1) above the centre of each element.

Lower the bottom cover of the filter.

Remove the element (A5) and discard it.

Clean the inside surfaces of the filter head arnti®fcover.

Renew the seals (A2) and (A6) and lightly lubriciem with clean fuel.

Put the bottom cover under the new element and th@lcelement squarely to the filter head. Ensua¢ tife

element is fitted in the centre against the jainthe filter head. With the assembly in this positiengage and

tighten the setscrew.

8. Eliminate the air from the fuel filter (see pag&2).

No o ko
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How to renew element(s) of the canister type

Thoroughly clean the outside surfaces of the filtek fassembly.

Loosen the drain device at the bottom of the fi{fgt) and allow the water/fuel to drain into a abie container.
Use a strap wrench or similar tool to loosen therftanister and remove the canister.

Ensure that the threaded adaptor (B1) is secuteifilter head and that the inside of the headeaan.

Lubricate lightly the top seals of the new canistéth clean fuel. Fit the new canister to the filleead and
tighten, by hand only.

6. Eliminate the air from the fuel filter (see pag&?).

o N
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How to renew element(s) of the quick release cangsttype

Attention:

It is important that only the genuine Lovol fudtdr element is used. The use of a wrong elememideanage
the fuel injection pump.

Do not allow dirt to enter the fuel system. Befareonnection is disconnected, clean thoroughhatka around
the connection. After a component has been disatedgfit a suitable cover to all open connections.
Thoroughly clean the outside surfaces of the filtek fassembly.

Loosen the drain device (C5) at the bottom of teister (C3) and allow the water/fuel to drain iatsuitable
container.

Remark: If the drainage equipment has not been instailesh release the cap on the top of the filter (RBmove
the nylon block and lower the fuel level, thus lgsekage of fuel can be avoided when loosing thegleng.

© ® N O

10.

11.
12.

Turn the sediment bowl (A4), to the left and remthe bowl, if one is fitted.

Turn the clamp ring (A2) to the left and remove dagnp ring.

Remove the canister from the filter head by a diped downwards, and discard the old canister (A3)
Ensure the filter head is clean and push the nenstea (A3) fully into the filter head.

Fit the clamp ring (B1) and turn it fully to theyhit to fasten the canister (B) to the filter head.
Remove the sediment bowl (A4) and thoroughly clis@ncover of the bowl.

Check the two 'O' ring seals of the sediment bawkc for damage and, if necessary, renew them.
Clean the threads of the sediment bowl fastenegtore the bowl to the canister turn the bowy/ftdlthe right
and tighten by hand only.

If the nylon block used for lowering the oil leves been removed, install it in canister and seitwereap.
Eliminate the air from the fuel filter (see pagé2).

iDL

L PA271B k PAZ71A
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I

Atomiser fault

Warning!

® |f your skin contacts the high-pressure fuel, seeklical assistant immediately.

® Keep away from moving parts during engine operat®omme moving parts cannot be seen clearly whie th
engine runs.

An atomiser fault can cause an engine misfire.

In order to find which atomiser is defective, oferthe engine at a fast idle speed. Loosen antktighe union nut

of the high-pressure fuel pipe at each atomiseremthe union nut of the defective atomiser is loesk it has little

or no effect on the engine speed.

How to renew an atomiser

Attention: Do not allow dirt to enter the fuel system. Befareonnection is disconnected, clean thoroughlatea

around the connection. After a component has besomhected, fit a suitable cover to all open catinas.

1. Remove the fuel leak off pipe.

2. Remove the union nuts of the high-pressure pipe fifte atomiser and from the fuel injection pump Ao
not bend the pipe. If necessary, remove the pgmus.

3. Remove the atomiser flange setscrews and remowiatige (A2), the atomizer (A6) and its seat waqiéar).
Remove the dust seal (A5) and the spacer (A4) iatlief spacer and a new dust seal onto the newisgom

4. Put the new atomiser in position with its spacemvrdust seal and a new seat washer. Ensure thdti¢he
leak-off connection (A3) is not toward the engiRi.the flange and engage the flange setscrewsrgisat the
atomiser is not tilted and tighten the flange getss evenly and gradually to 12 Nm 1,2 kgf m..

Attention: Do not tighten the nuts of the high pressure pipege than the recommended torque tension. If tisere
a leakage from the union nut, ensure that the @ipmrrectly aligned with the atomiser inlet. Dot nighten the
atomiser union nut more, as this can cause aa#striat the end of the pipe. This can affect thed telivery.

5. Fit the high-pressure fuel pipe and tighten thenmiuts to 22 Nm 2,2 kgf m.. If necessary, fit fiiyge clamps.

6. Renew the aluminum washers and fit the leak-ofé pip

7. Operate the engine and check for leakage of fukbim
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/1 Preventive maintenance

How to eliminate air from the fuel system

There are two methods to eliminate air from theé $ystem according to the type of pump fitted:

Bosch rotary EPVE

Bosch In-line MW

If air enters the fuel system, it must be elimiddbefore the engine can be started. Air can ehéesystem if:
The fuel tank is drained during normal operation.

The low-pressure fuel pipes are disconnected

A part of the low-pressure fuel system leaks duengine operation. If air enters the fuel systenmust be
eliminated before the engine can be started. Télesftstem must be eliminated before the enginebeastarted.
In order to eliminate air from the fuel system,q&ed as follows:

Attention. The fuel of the engine must not contaminate thénengompartment. A oil-dripping plate shall be ptit
the bottom of the engine and remove the used figalrding to the local regulations.
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Air elimination in fuel system of thefuel injection pump fitted with Bosch EPVE

1. Loosen the vent plug on the top of the twin elenfeel filter (A1). If a single element filter is ed, loosen the
banjo connection bolt which is fitted on the tophué filter (B1).

2. Operate the priming lever on the fuel lift pump @itil fuel, free from air, comes from the filteemt point.
Tighten the vent plug or the banjo connection bolt.

Remark: If the drive cam of the fuel lift pump is at theipt of maximum cam lift, it will not be possible bperate

the priming lever. In this situation, the crankshmafist be turned one revolution.

3. Ensure that the manual stop control is in the "pwsition. If an electrical stop control is usadntthe start key
to the "R" position.

4. Loosen the vent screw of the fuel pipe (D1) offtie injection pump (B1).

5. Operate the priming lever of the fuel lift pump iuftel, free from air. Conies from the vent screp{ighten
the vent screw(s).
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Attention: A wrench shall be put on the nut head of fuelleaitisty aid device to prevent the movement during
tightening or loosing the union nut.

6. If the fuel pipe on the fuelled starting aid hagstemptied, loosen the union nut (Al) at the fuedtarting aid
(if one is fitted) and operate the lift pump uriti€l, free from air, comes from the connection.ht@n the union
nut at the starting aid. A wrench shall be put ba hut head of fuelled starting aid device to pnéube
movement during tightening or loosing the union nut

Attention: Do not tighten the nuts of the high pressure pipege than the recommended torque tension. If tisere
a leakage from the union nut, ensure that the @ipmrrectly aligned with the atomiser inlet. Dot nighten the
atomiser union nut more, as this can cause actsitriat the end of the pipe. This can affect thed flelivery.

7. Loosen the union nuts of the high-pressure pip&3 @8two of the atomisers. If a manual stop cdrequipped,
ensure that it is in the "run" position. Operate larter motor until fuel, free from air, comesnfr the pipe
connections. Tighten the high-pressure pipe coiorectip to 22N, 22Kg.f.m.

8. The engine is now ready to start.

9. If the engine runs correctly for a short time ahdnt stops or runs roughly, check for air in thd fystem. If
there is air in the fuel system, there is probablgakage in the low pressure system.

k PAO12
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How to eliminate air from the fuel system of thefuel injection pump fitted with In-line PB

If air enters the fuel system, it must be elimidatefore the engine can be started. Air can eheesystem if:
® The fuel tank is drained during normal operation.

® The low-pressure fuel pipes are disconnected

® A part of the low-pressure fuel system leaks dugngine operation.

In order to eliminate air from the fuel system,q@ed as follows:

Attention. The fuel of the engine must not contaminate theénengompartment. An oil-dripping plate shall be put
at the bottom of the engine and remove the usddbtwerding to the local regulations.

1. Loosen the vent plug on the top of the twin elenfieel filter (A1) by turning it 2-3 turns and opégahe lift pump
until fuel, free from air, comes from the connestiighten the vent plug.

2. Loosen the banjo connection bolt which is ditte the top of the filter (B1) and operate thegiimp until fuel,
free from air, comes from the connection. Tightezbanjo connection bolt.

3. If the fuel pipe on the fuelled starting aid hastemptied, loosen the union nut (Al) at the faediarting aid (if
one is fitted) and operate the lift pump until fuleée from air, comes from the connection. Tightte® union nut at
the starting aid. A wrench shall be put on thehredad of fuelled starting aid device to preventrttvement during
tightening or loosing the union nut.

4. Ensure that the stop control is in its "run"ifos and the speed control in its full positionp&ate the starter
motor. Reduce the speed of engine when the engime If the engine runs correctly for a short tiame then stops
or runs roughly, check for air in the fuel systdfithere is air in the fuel system, there is prdpableakage in the
low pressure system.
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Self-vent method:

This method is used on the Lucas and all Stanafiygiénjection pumps. Vent screws are not fittedntese pumps.

Attention: Although some fuel injection pumps will eliminaaé automatically, below procedure shall be followe

to remove air from the fuel system after emptyingl for the main parts has been removed:

Ensure that fuel has been added to the tank otithdéakage has been corrected.

1. Release the vent plug (B) on the fuel filter head.

2. Operate the priming lever of the fuel lift pump (@jtil fuel, free from air, comes from the ventesg(s).Tighten
the vent plug.

Remark: If the drive cam of the fuel lift pump is at theipioof maximum cam lift, it will not be possible tperate

the priming lever. In this situation, the crankshmfist be turned one revolution.

3. |If the fuel pipe on the fuelled starting aid hagmemptied, loosen the union nut (Al) at the faeditarting aid
(if one is fitted) and operate the lift pump ufiti€l, free from air, comes from the connection.htén the union
nut at the starting aid. A wrench shall be put be hut head of fuelled starting aid device to pn¢wvibe
movement during tightening or loosing the union nut

4. Loosen the union nuts of the high-pressure pipé&3 éBtwo of the atomisers.

Attention: Do not tighten the nuts of the high pressure pipege than the recommended torque tension. If tisere

a leakage from the union nut, ensure that the @ipmrrectly aligned with the atomiser inlet. Dot nighten the

atomiser union nut more, as this can cause actstriat the end of the pipe. This can affect thed felivery.

5. Put the switch of the electric systeri3, 03/A) to the “ON” position. If a manual stop control egpéd, ensure
that it is in the "run" position. Operate the starnotor until fuel, free from air, comes from fipe connections.
Tighten the high-pressure pipe connections up i, 22Kg.f.m.Return the switch to its “OFF” position

6. The engine is now ready to start. If the enginesraorrectly for a short time and then stops or maughly,
check for air in the fuel system. If there is airthe fuel system, there is probably a leakagbenidw pressure
system.
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How to renew the lubricating oil

1. Operate the engine until it is warm.

2. Stop the engine, remove the sump drain plug (A8)ien"O" ring and drain the lubricating oil frorhet sump.
Ensure that the "O" ring is not damaged. Fit trerdplug and its "O" ring and tighten the plug tb18m, 3.5
kgf m.

3. Fill the sump to the "MAX" mark on the dipstick (A®ith new and clean lubricating oil of an approggdde,
see page 5.03.
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How to renew the canister(s) of the lubricating oifilter

Attention: The canister contains a valve and special tubegare that lubricating oil does not drain from fitter.
Therefore, ensure that the correct Lovol POWERPA&Tister is used.

The filter can have one or two canisters. Whendawauaisters are fitted, both must be renewed atahedime.

1.
2.

No o ko

Put a tray under the filter to retain spilt lubtiog oil.

Remove the filter canister with a strap wrenchimilar tool. Ensure that the adaptor (Al) is seduaréhe filter
head. Then discard the canister.

Clean the filter head.

Add clean engine lubricating oil to the new canistdlow the oil enough time to pass through thefielement
Lubricate the top of the canister seal with cleagire lubricating oil.

Fit the new canister and tighten it by hand only.ridt use a strap wrench.

Ensure that there is lubricating oil in the sump.tGrbocharged engines, ensure that the engineatitart and
operate the starter motor until oil pressure isaiigtd. To ensure that the engine will not stathegiput the
manual stop control in the "stop" position or diseect the electrical stop control of the fuel itige pump. Oil
pressure is indicated when the warning light isngxtished or by a reading on the gauge.

Operate the engine and check for leakage fromiltee #Vhen the engine has cooled, check the willen the
dipstick and put more oil into the sump, if necegsa
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How to renew the closed breather system

1.

Release the hose clips and remove the breather (Aah).

Remark: If it is necessary, remove the breather body (A4pcker cover, so as to insert gauze strainer.

oD

6.
7.

Remove the plastic gauze strainer (A2) and clewatilit clean kerosene.

Clean the breather body with clean kerosene.

Renew the "O" ring (A3) if necessary.

Check that the inside of the breath pipe is cléfathe pipe is not clean, release the flange setesrand remove
the pipe. Wash the pipe with kerosene and dryth \eiw pressure air.

Install the breather cover back to the breatheylaod ensure it has been secured installed.

Fit the breather pipe and tighten the hose clips.

Remark: Breather body is secured into the rocker covehbyad. If it is necessary to renew the breathemakte,
use a “C” wrench to hold the flange of the bottantobse the thread.
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Air cleaner
Attention: Never use gasoline to clean the air cleaner. Aalpiet type air cleaner is shown at A.
The wet type air cleaner must be drained at aldsitaterval. The container and element (A1) mestleaned with

kerosene or with another suitable fluid. Do not gasoline. Check that the seal (A2) is not damagetrenew it, if
necessary. Fill to the indicated level (A2) wittadeengine lubricating oil.

k PGO10
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Air filter

Environmental conditions have an important effattite frequency at which the air filter needs serviCertain air
filters have a separate dust bowl (A1) which mestleaned at intervals. The amount of dust in thel shows if it
has been removed at the correct time for the dondiof operation. Do not let dust completelytlié bowl, because
this will reduce the life of the filter element (A2

Certain air filters have automatic dust valves (Bipugh which dust is expelled from the filter.eTfubber dust
valve must be kept clean. Ensure that the siddheof/alves close completely together and that ttaey separate
freely.

If a restriction indicator (C) is fitted, it wilhidicate precisely when the air filter element nesgtsice. This prevents
the premature removal of the filter element whieluses extra cost or late removal to the elemerthatan cause
loss of engine power.

The filter element must be cleaned or renewed daogto the manufacturer's recommendations.

Restriction indicator

The restriction indicator for these engines mustkwat a pressure difference of 508/558 mm of wgtarge. It is
fitted on the air filter outlet or between the filter and the induction manifold.

When the red warning indicator (C1) is seen throtighclear panel (C2) after the engine has stopthedair filter
element must be removed for service.

After a clean element has been fitted, press thbaubottom (C3) or the button (C4) of the redtrictindicator to
reset the red warning indicator.

h PB020
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How to check the valve tip clearances
Three cylinder engines

The firing sequence of three-cylinder engine 2,3, When No.1 cylinder is on its upper dead centmr can adjust

the valves indicated with bold font below and titrwith 360 degrees.

Three cylinders: inlet*exhaust® exhaust" inleteifilexhaust

eauuu e f“";’
'“-:. :f

T

P
Ei:
.P"

Inlet exhaust Inlet exhaust Inlet exhaust

1(0@*\@ ojolio j

k PA050

No. of 1 2 3
Cylinder and
Valve 1 2 3
Valve
I=inlet valve I E E I
E=Exhaust valve
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How to check the valve tip clearances

These are checked between the top of the valveatenthe rocker lever (A), with the engine hot@idc The correct
clearances are 0,20 mm (0,008 in) for inlet valed 0,45 mm (0.018 in) for exhaust valves. Thee/glositions are
shown at (B).The order of the valve positions &@s at the table below.

Remark: Number 1 cylinder is at the front of thgiee.

Four cylinder engines

1. Turn the crankshaft in the normal direction of tiata until the inlet valve (B8) of number 4 cylindbas just
opened and the exhaust valve (B7) of the samedwihas not closed completely. Check the clearapictse
valves of number 1 cylinder and adjust them, i§ hecessary.

2. Set the valves of number 2 cylinder (B3 and Bdindgated above for number 4 cylinder. Then chetji&t the
clearances of the valves of number 3 cylinder (B&% BR6).

3. Set the valves of number 1 cylinder (B1 and B2)Thkeck/adjust the clearances of the valves of eurdb
cylinder (B7 and B8).

4. Set the valves of number 3 cylinder (B5 and B6)rirbbeck/adjust the clearances of the valves of murib
cylinder (B3 and B4).

o
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No. of 1 2 3 4
Cylinder and
Valve 1 2 3 4 5 6 7 8
Valve

I= inlet valve I E E I I E E I
E=Exhaust valve
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Six cylinder engines

Turn the crankshaft in the normal direction of tiota until the inlet valve (A12) of number 6 cyliadhas just
opened and the exhaust valve (A1l) of the samadsiihas not closed completely. Check the cleasaotcthe

valves (B1 and B2) of number 1 cylinder and adjosin, if it is necessary.

Set the valves of number 2 cylinder (A4 and A3)nalicated above for number 6 cylinder. Then chedjk&t the

clearances of the valves of number 5 cylinder (A8 A10).

Set the valves of number 4 cylinder (A8 and A7) leheck/adjust the clearances of the valves of rurib
cylinder (A5 and A6).

Set the valves of number 1 cylinder (Al and A2)Tleheck/adjust the clearances of the valves of rurfib
cylinder (A1l and Al12).

Set the valves of number 5 cylinder (A9 and Al1O&Tltheck/adjust the clearances of the valves ofoeurf

cylinder (A3 and A4).

Set the valves of number 3 cylinder (A5 and A6)Tleheck/adjust the clearances of the valves of rumb
cylinder (A7 and A8).

S Q,
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No. of

Cylinder and
Valve 1 2 3 4 5 6 7 8 9 10 11 12

Valve
I= inlet valve [ E E 1 1 E E 1 I E E 1
E=Exhaust valve
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Fuel specification

To get the correct power and performance from yemgine, use good quality fuel. The recommended fuel
specification for Lovol engines is indicated below:

Cetane number-------------------- 50 minimum
Viscosity --------------- 2.5/4.5 qd at 40C
Density 0.835/0.8bkgl/litre
Sulphur 0.2% of n®s, maximum
Distillation 85% at 36°C

Cetane numberindicates ignition performance. A fuel with a lowtane number can cause cold start problems and
affect combustion.
Viscosity is the resistance to flow and engine performaacebe affected if it is outside the limits.
Density: A lower density reduces engine power, a highesithieincreases engine power and exhaust smoke.
Sulphur: A high sulphur content (not normally found in Epeo North America or Australasia) can cause engine
wear. Where only high sulphur fuels are availables necessary to use a highly alkaline lubriggtirl in
the engine or to renew the lubricating oil moreirently. See page 4.03
Distillation: This is an indication of the mixture of differengdnocarbons in the fuel. A high ratio of light-whig
hydrocarbons can affect the combustion charadtevist
Low temperature fuels Special winter fuels may be available for engiperation at temperatures below0 . These
fuels have a lower viscosity and also limit the i@mation in the fuel at low temperatures. If wakmation occurs,
this could stop the fuel flow through the filter.

If you need advice an adjustment to an enginenggtti to the lubricating oil change periods whicaynbe necessary
because of the standard of available fuel, corysuit nearest Lovol distributor.

The selection of diesel firstly should be basedhenenvironmental temperature at which diesel engirio be used.
Light diesel with high pour point shall be usedit south area; light diesel with low pour poinakie used in cold
north area.

The water content and mechanical impurity shallaBefew as possible or else the early constructioh zart
corrosion in filter shall be occurred.

The pour point of diesel shall be less then theirenmental temperature by at least 6€10 , thus suenthe
necessarflowability.

Under normal environmental temperature, No. O-Eseli may be chosen, for example, No. 10 light tiese be
chosen and No. 3-5 diesel can be chosen in colth.nbine specifications of light diesel made in ehare listed in

table 2-1.
Specifications of light diesel

Residua Sulfur | Ash Flash | Pour | Mecha-| Water
Cetane Distillation Temperature ViSCOSity carbon % % point point nical Content

number % < < (close ‘C |impurity| %

Name 50% 90% 95% . E M < cup) < % Not
(not less (not (not (not 10-6 > larger

than) higher | higher | higher m2/S than

than) | than) | than)

#10 50 300 355 365 |1.2-1.67] 3-8 0.4 0.2 .025 60 10 None | Trace
#0 50 300 355 365 |1.2-1.67] 3-8 0.4 0.2 .025 60 0 None | Trace
#-10 50 300 355 - 1.2-1.67] 3-8 0.3 0.2 .025 60 -10 None | Trace
#-20 50 300 355 - 1.15-1.67 2.5-8 0.3 0.2 .025 60 -20 None | Trace
#-35 50 300 - 350 |1.15-1.67 2.5-8 0.3 0.2 .025 60 -35 None | Trace

The diesel must be clean; a relative long-termrsedt or filtration with silk cloth shall be carriedit to remove the
mechanical impurity before using.
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Lubricating oil specification

If you need advice an adjustment to an enginengetii to
the lubricating oil change periods which may beessary
because of the standard of available fuel, congaoitr
nearest Lovol distributor.

The selection of diesel firstly should be based tha
environmental temperature at which diesel engin® ise
used.

Recommended SAE viscosity grades

&g
-

0
86

0 S
104 122°F

10 2
50 68

Ambient temperature

Use only a good quality lubricating oil to the redat
specification as shown in the table below.

Attention: The type of lubricating oil to be used may be|
affected by the quality of the fuel which is avhl& For
further details see "Fuel specification" on padi25.

Remark

Recommended SAE viscosity grades
Ambient temperature

Always ensure that the correct viscosity
grade of lubricating oil is used for the
ambient temperature range in which the
engine will run as shown in photo (A) and
the chart below.

Specifications
_ APICC/ISE| ccMmc
Engine type CCMC GB11123 | GB11123
API| CC/SE D4
D4 CF CD

Naturally aspirated

(1)

Turbocharger

Turbocharged 4 cylinder Phaser engi
which compliedo the European emissi
regulations

Turbocharged 4 cylinder Phaser engi
which compliedo the European emissi
regulations

Individual pump engine

(1) Itis not recommended during the first 1000/2000 km
(600/1200 miles) or 20/40 hours of operation, ror f

light-load applications.
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Coolant specification

The quality of the coolant which is used can hageeat effect on the efficiency and life of the kg system. The
recommendations indicated below can help to mairgajood cooling system and to protect it aganost fand/or
corrosion. If the correct procedures are not ukedol cannot be held responsible for frost or csiwmao damage.

1. Ifitis possible, use clean soft water in the emol

2. If antifreeze mixture, other than Lovol antifreemixture, is used to prevent frost damage, it masthan
ethanediol base (ethylene glycol) with a corrogidnibitor. It is recommended that the corrosioniliitior is of
the sodium nitrite/sodium benzoate type. The ardife mixture must be an efficient coolant at albigmt
temperatures and it must provide protection agaimsbsion. It must also have a specification asi@s good as
the requirements of the standards of BS.6580 or MXDBO.

LOVOL antifreeze exceeds the requirements of tlevalstandards. The quality of the antifreeze cdatarst be
checked at least once a year, for example, atabmbing of the cold period. The coolant must beeveed every two
years.

The antifreeze mixture must consist of equal qtiestdf antifreeze and water. Concentrations ofentiban 50% of
antifreeze must not be used because these cahatfersely the performance of the coolant.

3. When frost protection is not necessary, it is atilladvantage to use an approved antifreeze mikggause this
gives a protection against corrosion and also sdtse boiling point of the coolant. If an antifredg not used,
add a correct mixture of corrosion inhibitor to thater. Renew the mixture of water and corrosidibitor
every six months or check it according to the iitbibmanufacturer's recommendations.

Attention: Certain corrosion inhibitor mixtures could causendge to some engine components.

When the diesel engine is used &t,he coolant shall be prevented from freezingetmIrelative parts burst. The
engine type which use closed cycle cooling systeay use antifreeze with property pour point or beeawith hot
water, but the water shall be exhausted once biopdr. See table 2-3 for common antifreeze forsnjufar
reference

During preparing the antifreeze, attention shalphil to fire safety due to the flammability of @ime glycol and
alcohol. Before using antifreeze, clean the dstde the cooling system preventing the productfomesv chemical
sediments to influence the cooling effect.

Formula of antifreeze

Pour poiniC
Name ethylene Alcohol Glycerol Water Unit <
glycol
60 40 -55
ethylene glycol 55 45 Volume -40
antifreeze 50 50 percentage -30
40 60 -22
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O Fault diagnosis

Problems and possible causes

Possible causes

Problem Checked by the user Checks by the workshop
personnel
The starter motor turns the engine tob, 2, 3, 4
slowly
The engine does not start / 5 6, 7, 8 9, 10, 11, 12 34, 35, 36, 37, 38, 40, 42,
13, 14, 15, 17 43, 44
The engine is difficult to start 5 7, 8 9, 10, 11, 12, 13 | 34, 36, 37, 38, 40, 42, 43,
14, 15, 16, 17, 19 44
Not enough power 8, 9, 10, 11, 12, 13, 16, 17, | 34, 36, 37, 38, 39, 42, 43,
18, 19, 20, 21 44, 61, 63, 64
Misfire 8, 9, 10, 12, 13, 15, 20, 22| 34, 36, 37, 38,, 39, 40, 41,
43,
High fuel consumption 11, 13, 15, 17, 18, 19, 21, | 34, 36, 37, 38, 39, 40, 42,
22 43, 44, 63
Black exhaust smoke 11, 13, 15, 17, 19, 21, 22 | 34 36, 37, 38, 39, 40, 42,
43, 44, 61, 63
Blue or white exhaust smoke 4, 15, 21, 23 36, 37, 38, 39, 42, 44, 45,
52, 58, 62
The pressure of the lubricating oil is tpd, 24, 25, 26 46, 47, 48, 50, 51, 59
low
The engine knocks 9, 13, 15, 17, 20, 22, 23 36, 37, 40, 44, 46, 52, 53,
60
The engine runs erratically 7, 8 9, 10, 11, 12, 13, 15, | 34, 38, 40, 41, 44, 52, 60
16, 18, 20, 22, 23
Vibration 13, 18, 20, 27, 28 34, 38, 40, 41, 44, 52, 54
The pressure of the lubricating oil is tpd, 25 49
high
The engine temperature is too high 11, 13, 15, 19, 27, 29, 30 | 34, 36, 37, 39, 52, 55, 56,
32 57, 64
High crankcase pressure 31, 33 39, 42, 44, 45, 52
Bad compression 11, 22 37, 39, 40, 42, 43, 44, 45,
53, 60
The engine starts and stops 10, 11, 121
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O Fault diagnosis

Code list of possible causes

© 00 N O Ol WDN P

10
11
12
13
14
15
6.

17.
18.
19.
20.
21.
22.
23.

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

. Battery capacity low.

. Bad electrical connections.

. Fault in starter motor.

. Wrong grade of lubricating oil.

. Starter motor turns engine too slowly.
. Fuel tank empty.

. Fault in stop control.

. Restriction in a fuel pipe.

. Fault in fuel lift pump.

. Dirty fuel filter element.

. Restriction in air filter/cleaner or inductiepstem.

. Air in fuel system.

. Fault in atomisers or atomisers of an incorgue.

. Cold start system used incorrectly.

. Fault in cold start system.

Restriction in fuel tank vent.

Wrong type or grade of fuel used.

Restricted movement of engine speed control.
Restriction in exhaust pipe.

Engine temperature is too high.

Engine temperature is too low.

Incorrect valve tip clearances.

in wet type air cleaner

Not enough lubricating oil in sump.

Defective gauge

Dirty lubricating olil filter element.

Fan damaged.

Fault in engine mounting or flywheel housing.
Too much lubricating oil in sump.

Restriction in air or water passages of radiato
Restriction in breather pipe.

Insufficient coolant in system.

Vacuum pipe leaks or fault in exhauster.
Fault in fuel injection pump.

Too much oil or oil of a wrong specificationuised

35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.

55.

56.
57.
58.
59.
60.
61.
62.
63.
64.

Broken drive on fuel injection pump.

Timing of fuel injection pump is incorrect.
Valve timing is incorrect.

Bad compression.

Cylinder head gasket leaks,

Valves are no! free.

Wrong high-pressure pipes.

Worn cylinder bores.

Leakage between valves and seats.

Piston rings are not free or they are wornrokén.
Valve stems and/or guides are worn.
Crankshaft bearings are worn or damaged.
Lubricating oil pump is worn.

Relief valve does not close.

Relief valve does not open.

Relief valve spring is broken.

Fault in suction pipe of lubricating oil pump.
Piston is damaged.

Piston height is incorrect.

Flywheel housing or flywheel is not aligned
correctly.

Fault in thermostat or thermostat is of an firext
type.

Restriction in coolant passages.

Fault in water pump.

Valve stem seal is damaged (if there is otedijt
Restriction in sump strainer.

Valve spring is broken.

Turbocharger impeller is damaged or dirty.
Lubricating oil seal of turbocharger leaks.
Induction system leaks (turbocharged engines).

Turbocharger waste-gate does not work corréiftly

there is one fitted).
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7 Engine preservation
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Introduction:
The recommendations indicated below are designgurdeent damage to the engine when it is withdrémem

service for a prolonged period.

Procedure:

1. Completely clean the outside of the engine.

2. The system can be kept full with normal fuel b thel must be drained and discarded at the etfiecdtorage
period together with the fuel filter element(s).

3. Operate the engine until it is warm. Then correakbhges of fuel, lubricating oil or air. Stop timgi@e and drain
the lubricating oil from the sump.
Renew the canister(s) of the lubricating oil filter
Fill the sump to the full mark on the dipstick witbw and clean lubricating oil
Drain the cooling system, see page 4 04. In o@@ratect the cooling system against corrosiohijtfivith an
antifreeze mixture with the function of anti-corims
Operate the engine for a short period in ordeirtulate the lubricating oil and the coolant in #rggine.

8. Clean the engine breather pipe and seal the et gifipe.
Remove the air filter. Then, if necessary, remdwve pipe(s) installed between the air filter anduittbn
manifold or turbocharger. Seal the manifold ortimbocharger with waterproof tape.

10. Seal the manifold, the vent pipe of the fuel tankhe fuel filler cap with waterproof tape.

11. Disconnect the battery. Then put the battery iafie storage in a fully charged condition. Before ltattery is
put into storage, protect its terminals againstazion.

12. Remove the drive belts and put them into storage.

If the engine protection is done correctly accogdio the above recommendations, no corrosion damale

normally occur. Lovol Engines (Tianjin) Co., Ltdeamot responsible for damage which may occur wineengine is

in storage after a period in service.

Attention:

After a period in storage, but before the enginstésted, operate the starter motor with the engtop control
(3.03/A) or (3.03/B) in the stop position until gtessure is indicated. Oil pressure can be indlietken a low
pressure warning light is extinguished. If a soldnstop control is used on the fuel injection purntpmust be

disconnected for this operation.
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8  Parts and service
_ e ——————————————

Introduction:

If problems occur with your engine or with the campnts fitted onto it, your Lovol distributor canake the

necessary repairs and will ensure that only theecoparts are fitted and that the work is doneexly.

Service literature:

Workshop manuals and other service publicationdu@ing: Parts illustrators, User’'s handbook, Sarwiandbook,
Handbook for after service of Lovol engine, CD $arvice and maintenance or wall charts, etc. paaglable from

your Lovol distributor at a nominal cost.

Training:
Local training for the correct operation, servicel averhaul of engines is available at certain Lalstributors. If

special training is necessary, your Lovol distrilbutan advise you how to obtain it at the Lovol iBeg (Tianjin)

Co., Ltd.
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9 Engine data
I ——

Engine data

Number of cylinders

BA, BB, BC, BD, BE «--tcotcirriiiiiiiii i 3
AA, AB, AC, AD, AE -t i i 4
YA, YB, YC, YD, YE -+t 6
Cy”nder arrangement ........................................... in-line

Induction system

BA, AA, YA: - -+ - NatUral aspirated

BB, AB, YB::iioeiieiiiiiiii e - TUIboCharged

BC, AC, Y tteterrerrtnattntnt ettt ranamnanananenes Altitude compensated

BD, AD, YD :seereremriiemiieiiaiiieiis st e - TUrbOCharged/intercooled

BD, AD, YD :oeererermrinariieiiiiiiiiin s e TUFbOCharged/intercooled with ifdiglénjection

pump

COMDUSHION SYStEM -+« rvxreerenrenett e Direct injection
NOMINAI DO -+ -+ ccrrrrrreeriieeeeiinnesmmmmmmmnnn e e aneeee a2 100 MM

[ 18] = PR o J A 0 oY 0o
Compression ratio

AA, AC, YA'YC ............................................. 1651
AB, AD, YB, YD trorroiii el 16.0-1
YD (latest engine equipped with “Fastram piston’---17.25 1
AE, YE oo e 175
BA, BB - ceeeeeetttttit e 17.5
Cubic capacity

BA, BB, BC, BD, BE :t::toeerrrereiiiiiiiiiiiiiniiniannn: tres--3 i
AA, AB, AC, AD, AE ttctiitiiiiiiiiii e res--4 lit
YA, YB, YC, YD, YE :tt:tteterritirriuiiiiiiiiiiniiiiean, tres--6 li

Firing order

BA, BB, BC, BD, BE ::treereerrerieinaniiiiieiiainnnnn3enenn] 2,
AA, AB, AC, AD, AE -icteriieieiieiiaiiiiiieinaienne 2.1 3.4
YA, YB, YC, YD, YE -« rttrerretmemammnnananennnnanens 3,6,245,

Valve tip clearance (hot or cold)

Lubricating oil pressure (minimum at maximum engspeed and normal engine temperature)
Engines without piston cooling jets ----«-+-===xx==------...207kN/. 1kgf/cnf
Engines with piston cooling jets ------ -+« «emssmne- ... 280kRI/EN5kgf/cnf

Direction of rotation---«+++++=+srrerererr .o Clockwise from the front
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10 Fuel pump e

The Adjustment of the Static Fuel Pump Timing of Lnear Pumps (homemade)

Based on the instructions in Page 17A.04 in thekéfmp Manual, make marks to indicate the posititrenw
the piston of the first cylinder is at top deadteenThe marks should be made on the gear housiwey and the
pulley respectively.

Dismount the high-pressure fuel pipes of the figdinder, and pull the fuel amount control bart®raximum
position. Turn the crankshaft clockwise viewed frtime front end of the engine, until the piston loé first
cylinder reaches TDC.

Turn the crankshaft anticlockwise at an angle @&rd@0°. Then turn the crankshaft clockwise slowlganwhile
observe the fuel level in the fuel outlet valve. #@on as the fuel level begins to fluctuate, intiticathe
beginning of fuel supply of the first cylinder, yshould stop turning the crankshaft. Measure tlygedmetween
the line on the gear housing cover and that orbdiepulley, namely the fuel supply angle. If tlagtér line is
before the former line, then the fuel is supplie@ddvance. Otherwise, the fuel supply is retarded.

The fuel supply angles of various types of engameslisted below.

Engine type | 10T 135Ti 160Ti 180Ti 210Ti 230Ti
Pump type 7100 VE 7100 7100 7100 7100
Fuel Pump | 10°#1° 0—1.35 mm| 8°1° 8°+1° 8°+1° 8°+1°
Timing

Engine type | 1004-4 1004-4T | 1006-6T 1004-4TW| 1004-4TA | 1006-6TW
Pump type AD AD AD VE VE AD

Fuel Pump | 18°1° 12°41° 16°+1° 0—0.3mm | 0—0.4 mm | 14°+1°
Timin

Attention:

For The Fuel Pump Timing of different Engine typentact perkins lovol Engine (Tianjin) co.,Ltd

If the fuel supply angle is not desirable, theoah be adjusted by using the holes on the flangeirap end
after loosening the nuts on the pump bracket aadlidimge at pump end. The fuel supply angle caindreased
by leaning the pump toward the engine. Otherwigaiit be decreased. Corresponding to 1mm distangedno
by the outer edge of the pump flange, the fuel sugpgle will be adjusted at about 1°CA.

Once the fuel supply angle becomes suitable, tige oruthe flange at the pump end, and the bolthempump
bracket, should be screwed down to the requireguigorThen repeat step 3 and check the fuel supplga

Note: the arc length corresponding to 1°crank angl®360(mm) D—pulley diameter (mm).
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Introduction to the Linear Pumps Made in China

s

e, T A

""'\-\. -
s Tk

The fuel circuit of the pump is shown in Fig. 1.

The pump camshaft is driven by the engine throbghshaft coupling or transmission gears.

Driven by the camshatft, the fuel supply pump subksfuel from the tank and supply it to the filkgith a pressure of
1.8 to 2.5 kg/cm2. Finally the fuel flows to theftnousing in the pump body.

The plunger piston is lifted with the turning oétbamshatft. As a result the fuel pressure keepsasing.

The high-pressure fuel is pumped by the fuel pungbigjected into the combustion chamber after flayvihrough
the fuel pipes.

The amount of the fuel supplied by the pump iseast twice the amount of the fuel injected. Soekeessive fuel
can flow through the overflow valve to the fuelkan case the fuel pressure is larger than theiredjwalue.

The excessive fuel injected by the injectors (it edso lubricate the injector body) flows to thelftank through the
overflow valve on the injector body.
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Air-Discharge of the Fuel System and other Relevarihformation

Fuel

Low quality fuel will impair the fuel pump and affethe engine performance, so only the fuel reconted by

the engine manufacturer should be used.

Only the clean fuel with right viscosity grade shibloe used.

The plunger piston, fuel outlet valve and injectslsuld be lubricated with fuel of right viscosisade.

If the fuel viscosity grade is too low, the compotsemight be choked.

If the fuel viscosity grade is too high, the contimrs will be influenced.

Due to the extremely small clearance between moparts, particulates such as dust and iron rustoailse

serious abrasion of the fuel injection system.

In order to keep the fuel clean, the fuel filteogll be maintained or replaced regularly. And thel tank

should be maintained regularly.

® High concentration of sulfur in the fuel will do fna to the fuel pump. The sulfur dioxide formed tigh
burning, will combine with water and turn into suift acid, which in turn will corrode the fuel pungmd
relevant components. So only the fuel with low @meation of sulfur should be used.

® The water in the fuel will cause the inner partre fuel pump to corrode, as a result the movintspaight be
choked.
So make sure there is no water in the fuel.

® [f there is carbon residual on the injector, thgiea performance will be affected. So the fuel wihian leave
less carbon residual after burning should be used.

Fuel filter
Considering the negative effect of the foreign saiose in the fuel, the fuel should be suitablefid.
Obey the instructions about fuel filter.

Eliminate air from the fuel system and start fuelirg
After installation of the fuel pump, the air in theel system from the fuel tank to injectors sholédeliminated
during the initial running. The air in the fuel Wilecrease the power output and startability, andse unstable idle
speed.
The fuel lift pump on the fuel supply pump is udedeliminate air from the fuel system during théidh
runnings.
1. Completely loosen the nut on the fuel lift pump.
2. Open the overflow valve or loosen the air-blee@woon the fuel filter.
3. keep running the fuel lift pump, until there are mabbles in the fuel flowing out of the overflowlva or
air-bleed screw air-bleed screw
4. close the overflow valve or fasten the air-bleee\sc
5. Open the overflow valve on the fuel pump and caito run the fuel lift pump, until there is no bilds in the
fuel flowing out of the overflow valve.
6. Run the start motor until the engine is started.
Thus the air elimination and start fueling is coetedl.
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PB fuel pumps, RSV governors and electronically taidled governors are applied on the diesel engines
manufactured by Tianjin Lovol Engines Co., Ltd.,igthare used on the electric generating sets.

Characteristics of PB pumps:

The basic geometric data of PB pumps and A typepsuane the same, so the two types can be counteyetha
The plunger are integrated with discreteness hgusmit can bear larger pressure.

The integral sealing is waterproof and dustproof.

The rectangular drawbar of P pumps is applied.

The pump body, camshaft and bearings are speoitiforced to bear larger pressure.

o gk wbdpE

Moving parts as discreteness and tappet stem canibstalled from the top of the pump. Disassengbbhthe

camshatft is not necessary when changing the viileeparts.

Major Technical Data of PB Pump

cylider number 4-8

plunger diameter 9-12 mm

camshatft lift 1011 12mm
maximum delivery quantity 230 mm/cycle
maximum speed 1800 rev/min
maximum pressure at pump outlet 950 bar

suitable engine power output 45kWi/cylinder (max)
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Structure of PB Pump

Fuel outlet valve seat

Fuel autlet valve

Washer

L ront and rear liner bushing

& Plunger bushing

Plunger
Spning upper seat

Drawbar

jacket

Plunger spring
Spring lower seat

Camshaft

Purmp housing

Pushing rod
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Notices on Adjustment and Use of PB Pump

1. Important adjustment of the pump should be caroetl on special test bench according to the technica
documents. And wrong adjustment may cause heavgeats.

2. When adjust the pump, the temperature of provihguud diesel should be kept with the range of23and 40
C.

3. When adjusting the pretravel, washers of the sdmnukrtess should be placed on either side of thegeu
Otherwise the drawbar will not move smoothly aratate, and other malfunction will also occur.

4. The plunger, fuel outlet valve and nozzle coupkhgments are of special accuracy, which may bealest by
any dust in the fuel. Therefore, the fuel filtedanel tank should be cleaned periodically to kbepfuel clean.
Forced or splashing lubrication system is appliedhe PB pump. In the former case, lubricant nexda filled
at the pump side. However in the two cases, betoreing the pump (before being mounted on theltesth or
engine), lubricant specified by the engine manufacshould be filled into the pump body until igeto flow
out of the overflow outlet. If the lubricant is nfiled, the bearings, camshaft and pushing rody ima

destroyed.
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Structure of RSV Governor:
Starting spring
Front hopsing |Governor hand lever

Taoihed bir Idle speed or

; brake limit screw
Toothed bar linking

Spring hanger A

&

Governor lever
: Welded bracket
Governor spring

Spring rocker

- Flyweight Float lever Total fuel quantity limit screw

Governor bushing

Structure of RSV Governor
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Theory of RSV Governor

RSV governor is of mechanically eccentric type. Gogernor drawbar device can be simplified intaank block

device, and the brake device can be simplified &ntolling guide rod device. The pulling force bétspring can be
changed through rotating the spring lever via goehandle, thus the speed range can be changesh ®étjusting
the speed, the torque generated by the pullinggfofgovernor spring on the governor lever is edquahe torque of
centrifugal force at the specified speed. The strokgovernor hand lever and flyweight can be tmitied to the

toothed bar through the lever device. The total Guentity limit screw and calibrator are mountedtie governor
body. The idle speed stabilizing device is moumtettie rear housing. The adjusting screw on thimgpever is used

to change the speed governing rate within a cersige.
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Electronic governor(used for 1006 TAG)

Basic system illustration

~apeed control nnit
Control battery , i

e
; |
~ = i
yo— Speed sensoe
_..--."' i } . P julis FETSE0E
r | ' »
; I — %,
o T T
Pewer switch £ R
- . 1 [ gt
i ! L
e b b
S j—_ — = Speed peasoring ©lyehee]
_— P =
/ é S
i {"‘
salenoid actuaion 4 Stop button
[dle and ratad ¢|.F."'-:'-.| changs over gwitely

[he composition of basie sysvem |1lustratlon
The principle on electronic speed governing
The solenoid actuator is an actuator of electrgoiernor which can control the output displacenudrihe actuator
through controlling a coil current in the solenaickuator. The electronic actuator drives diredtly high-pressure
fuel pump rack on the engine, thus it can contnel fuel delivery to the engine and thereby the dp&be speed
controller is a full electronic device which camtol the engine speed with a rapid and accuraporese to the

instantaneous load variation, its reliability igtmiand can stand up to ambient interference arthendngine.
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The use and maintenance of the turbocharger
Tianjin Lovol individual pump engine adopts the GARRETT Turbo charger. Then
take the Garrett Turbocharger as an example to condict description.

1. the work principle of a turbocharger
1.1 The work principle and function
® The turbine in the turbocharger is propelled byehgine’s exhaust gas, which in turn drive the casgor.
Thus the intake air amount and pressure will beeied and the combustion will be improved.
® The fuel economy will be improved. The exhaustyt@h will be decreased. The power output will be
enhanced plateau boost.
1.2 lubrication systems
the function of the lubrication system
® to cool the turbine
® {0 lubricate the gear system
® to provide support for the rotor dynamic balance.
1.3 sealing system
the sealing of the turbocharger is a dynamic ohe. Sealing system will function well only when #regine is
running and the air pressure inside the comprdsagsing and turbine housing is built up and is ergbgan the oll
pressure of the middle body. All the reasons wheeld to fail building up air pressure or largergssure of the
middle body than that in both turbine housing mayse a leakage in the turbocharger.

2. Instructions for operation

2.1 The turbocharger should be lubricated with madubricating oil, and the oil grade should be @Dabove. All
the lubricating oil should flow through a filter weh can prevent all particulates with a size ofrd®@um.

2.2 The turbocharger should be lubricated beforghgder the following circumstances:

® The engine has been out of work for a long time.
® After changing lubricating oil or maintenance (indihg discharging lubricating oil). Within 3 to 4=nds after
the engine is started, the oil pressure at theotirdrger inlet should be about 69 kPa (0.7kgfjcm

3. When the engine is running with load, the ludtiiieg oil pressure at the turbocharger inlet shdddwithin the
range from 196 kPa to 392 kPa (2.11 kgfitm4 kgf/icnf) when the engine is running under the maximumueroy
at higher speed.
4. The lubricating oil inlet temperature shoulduseally under 100C , and should not exceedd 2Mder any cases.
5. Neither liquid sealing strip and joint, nor tiusealant should be applied to the sealing position
6. The engine should not be running idle for a [t (over 20 minutes).

If the gas pressure in the turbine and comprasstmo low, and the turbocharger axle is rotatim@ low speed,
the lubricating oil in the center housing may l&atk the turbine and compressor housing.
7. It is strictly forbidden to run at the mode aicteleration—stop—running idle”.
8. The engine should first run idle for 3 to 5 ma@sito build up the lubricating oil pressure. letkngine is
accelerated once it is started, the turbocharger @@l have to work at the maximum speed withoatng fully
lubricated, and as a result it will be damaged.
9. The engine temperature and speed should beasdecdrgradually from their maximum values within $tminutes
before the engine is stopped. When the power oatptdrque output reach their maximum values, thbdcharger
temperature and speed is also the highest. Theenitiee should run with light duty or idle for a ileth meantime
the lubricating oil pressure and the amount offlaiving through cooling system should be kept canstThis can
prevent the turbocharger from running in shortutsricating oil, and prevent the lubricating oilthle gear and center
housing from being burnt and leaving the residue.
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Intake and exhaust system

1. The maximum vacuum degree at the compressanihien new air filter is applied:

® Medium-duty diesel engine: 3 kPa (0.03 kgffrm

® Heavy-duty diesel engine: 3.5 kPa (0.036 kgfjcm

2. When the vacuum degree at the compressor ixteeels 6.5 kPa (0.064 kgf/@mthe air filter canister should be
cleaned or replaced

3. The exhaust pressure at the turbine outlet shuatlexceed 10 kPa (1kgf/@mWhen exhaust brake is applied, the
exhaust pressure limit should be as specifiedarofieration manual.

4. the exhaust temperature at the turbine inletilshoot exceed 70T .

By-pass valve actuator:

1. he set and calibration of the overall pressurdefty-pass valve actuator is done in the specgétutions of the
turbocharger manufacturers, and the customersher people are not authorized to do so.
2. it is strictly forbidden to use the outer pushimgl rof the by-pass valve actuator as a handle whmnnig the

turbocharger, otherwise the flexibility and durabilvill be affected.

Daily check

Note: the check should not be done until the engine adecbdown. The engine should not run when the cleirk

process to prevent possible casualty.

1. check the pipes connecting the air filter and taHawger, as well as the turbocharger and intakeeaxhdust
manifolds.

check the fuel inlet and return pipes. Check whethe connecting bolts are loose.

check the quality of lubricating oil. Clean or charthe canister if necessary.

check the air filter. Clean or change the canifteecessary.

o > W N

check the crankcase breather to ensure the prasgheecrankcase is in the normal range.

Periodical maintenance:

The lubricating system, intake and exhaust systesmsuld be maintained periodically according to the

manufacturer’s instruction.
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The fault diagnosis of a turbocharged diesel engine

Do not dismount the turbocharger once you suspecalfunctions. You are expected to diagnose the
fault (refer to the “fault diagnosis table”), filkde reason and get rid of the fault.

Based on the experiences, to simply replace thmtiarger without finding the reason, will cause th
same problems to occur again.

The fault diagnosis of a turbocharged diesel engine

Problem
> o =y o =y ° = =
S 5 | &| | & | ° 3 &
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QG 5 2 & Q & & ist of possible causes and solution
=3 QO 3 g & S Q Q
=] S = @ o ) ® )
Q 2 S ® = o o o
sl 2| S| x| | 8| 8| 2
) 3 o = a » 2 2
) o 2 o =) ) )
® S - = 5 = =
%) g 8 @ (] ]
c — —
S| 2| 3| 5| 8| &
S o) =1 '% a possible causes solution
24
@ e
. . Change the fuel element according to the
o o o o o dirty fuel filter element .
manufacturer's recommendations
Unsmooth air flow in | Remove the foreign substance or replace
(] [ ] [ ] () [ ] () . )
the compressor inlet. | damaged parts if necessary.
° ° ° Unsmooth air flow in | Remove the foreign substance or replace
the compressor outlet.| damaged parts if necessary.
° ° ° Unsmooth air flow in | Remove foreign substance according to the
the compressor inlet. | Users’ Manual.
Air leakage in the pipe )
o Replace the sealing parts or fasten the fastengers
o between the air filter .
if necessary.
and compressor.
Air leakage in the pipe )
) Replace the sealing parts or fasten the fastengers
o o o o o between the engine an|
if necessary.
Compressor.
Air leakage in the
interface of the cylindel Replace the gasket or fasten the fasteners if
] o ] ] o i
head and intake necessary.
manifold.
Unsmooth air flow in ) .
) Remove foreign substance according to the
[ ] o [ ] [ ] () () the engine exhaust
] Users’ Manual.
manifold.
Unsmooth air flow in .
Remove foreign substance or replace degraded
o o o the muffler or exhaust ]
. parts according to the Users’ Manual.
manifold downstream.
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Problems (continue)
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Air leakage in the interface

Replace the gasket or fasten the fastener

ne

the

ne

] o o o of the cylinder head and )
. necessary according to the Users’ Manual..
exhaust manifold.
Air leakage in the interface
o Replace the gasket or fasten the fastener
o ([ ([ ([ of the turbine inlet and
) ) necessary.
intake manifold.
Air leakage in the exhaust o )
) Eliminate the phenomenon according to t
o pipes downstream the
) Users’ Manual.
turbine.
Unsmooth flow in the fuel )
) Remove the foreign substance or replace
([ J ([ J o @® | return pipe of the )
exhaust pipe.
turbocharger.
° ° ° ° Unsmooth flow in the Remove foreign substance according to t
crankcase breather. Users’ Manual.
Dust or coke accumulation o ) o
) Replace the lubricating oil and oil filter.
([ J ([ J o @® | inthe turbocharger center
) Overhaul or replace the turbocharger.
housing.
° ° Wrong adjustment of the Replace or adjust relevant components
fuel pump or injectors. according to the Users’ Manual.
o ) Replace abraded parts according to the
([ J o Wrong timing of the engine
Users’ Manual.
Gasblowby caused by the
[ ] () [ ] [ ] () @ | abrasion of the piston rings| Repair the engine as required.
or cylinder liner.
Inner problems of the ) ) )
([ J o ([ J ([ J o ([ J ] ) Repair the engine as required.
engine (gas valve, piston).
Dust accumulation on the ) o
Find the reason and eliminate the cause.
(] (] ] (] (] (] o ® | compressor blades due to o ) o
] ) Replace the lubricating oil and oil filter.
unfiltered air.
Find the reason, and overhaul or replace
o o ([ J ([ J o ([ J o @® | Damaged turbocharger.

turbocharger as required.
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Main reasons for the damage of turbochargers:

® problems related to lubrication

® foreign matters entering the turbocharger

® the turbocharger running at a high temperature

® poor operation or maintenance
Through carefully checking the damaged parts doochiarger and correctly analyzing their workingditans, the
causes of the problem can be found definitely. deecit is difficult to find the causes in a sham¢, it is very
important to look for the reason for every sing@ndition. If the turbocharger is damaged by ousatdrs, and
repaired without find the cause, then the replg@ats will also be damaged with unknown causes.

The causes will be analyzed below one by one:

1. If air leakage exist between the air outlet #redair inlet of the engine.
2. If air leakage exist at the pipe between thendet of the turbo and the air outlet of the ex¢tang pipe.
3. Too long idle speed
4. Too high oil pressure or oil level in the craage; Restriction in breather pipe of crankcase.
5. Too much blow-by of the engine.
Notes:
1. If a turbocharger has intact appearance, flexibior and no impeller friction that suggests that turbocharger is
in a good status.
2. Most of the returned undamaged turbochargemngecessarily changed for misjudgement of oil leakag

Problems related to lubrication:

1. use of dirty lubricating oil: dirty lubricating oWill cause abrasion of rotating shafts, bearings laearing saddle
bores. The rotor dynamic balance is affected. Analiy the turbocharger is damaged. The lubricatigvill be
contaminated due to following factors:

a. The olil filter does not fulfill requirements, omoquality canister is used.

b. The canister is broken, or the filter in the mailngallery is choked causing the oil to flow thrdugy-pass
valve.

c. The lubricating oil is not changed as required. Amelmain oil gallery is not cleaned before thengjea

d. Foreign substance enters the oil gallery duringasspment of the turbocharger or pre-lubricating.

e. The seal gum or sealing gasket fragments entenéie oil gallery.

2. Shortage of lubricating oil: the function of tidating oil in the turbocharger is lubricating atwbling. The
shortage of lubricating oil will first affect theacling capacity, overheat of turbocharger, rotob@aring damage,
rotor dynamic balance is affected and turbochagydamaged. Possible reasons for the shortagdocdting oil:

a. The lubricating oil is not changed as required. Ttheicating oil with viscosity grade lower than CBs a
result, the lubricating oil is coked and malfunogo

b. The engine stops immediately after running at togtd, causing overheat of rotor and bearings, gpkin
lubricating oil, and turbocharger damage.

c. The engine runs with load without first runningeidifter it is started. Or the engine is not preitsgtied
before the turbocharger is replaced, causing ther @ run without enough lubricating oil and the
turbocharger is damaged.

d. The fuel pipes or lubricating olil filter is chokatie oil pump malfunctions or the oil pressureis.|

3. Aged lubricating oil cause damage of the turlaogér.

4. Low quality or deteriorated lubricating oil.
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5. Oil leakage:
Oil leakage is a common fault. The fault shouldiz@nosed and eliminated in time to avoid malfuorctf
turbocharger. Possible reasons for oil leakagberturbocharger:
a. The air filter or intake manifold is choked, caugsagxcessive vacuum degree.
b. The fuel return pipe of the turbocharger is berdamaged.
c. The carbon residual is accumulated in the fuelrveseof center housing, causing unsmooth fuelmetu

Foreign substance entering turbochargers

1. The compressor surface is damaged by foreign sutesentering the former through intake manifolciofilter.
a. Poorly sealed intake pipes, causing intake ainterehe compressor without being filtered.
b. The air filter is not replaced as required or pgaality filter element is used, causing poorlydiitd air.
c. Foreign substance enters the intake pipes upstieaimrbocharger during engine maintenance.
2. The turbine is damaged by foreign substance framaest manifolds. For example:
a. Damaged parts fragments enter the turbine withesthgas.
b. Something as bolts drop into the exhaust manifdidéng its installation, and they enter the turbiith the
exhaust gas.

Every foreign substance will influence the rotomdsnic balance, causing the rotor to choke or mjashaft to
break.

Abnormal noises
1. gas leakage noises:
® In the engine exhaust manifold, turbocharger twlaind exhaust pipes. Can be judged by exhaussirace
® In the engine intake manifolds and turbochargergressor. Can be judged using soap solution.
2. mechanical noises:
® The rotor dynamic balance is damaged.
® The blades touch the turbocharger housing.
® Fasteners become loose.
3. Surge: choked intake air; wrong application.

Excessive temperature

Regardless of engine running or stop, even highitguabricating oil will be decomposed due to egs&e
temperature. As a result, carbon residual will angate in the whole space of center housing, btackhe oil
gallery and even the pipes. Moreover, the lubmgptdil will carry the carbon residual to the begrigystem,
corroding the working surface, influencing the dymabalance, and damage the turbocharger. Gereaabms for
excessive temperature:

® excessive exhaust gas temperature

® excessive lubricating oil temperature

® stopping the engine when it is still hot

®  blocked air filter

® use of low quality lubricating oll
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The Use and Maintenance of the Hydraulic Pump
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Hydraulic pump
I

The use and maintenance of hydraulic pumps

To take YBZ2 series steer vane pump as an example.

As the power source of steering, the pump is slditfaly the steering systems of trucks, as welltherovehicles
and industrial machines. The advantages include gasformances, compact structure, low noise, biilia and
durability. Flow control valves are installed iretpump, the flow rate of which varies within thega of 10L/min
and 20L/min. safety valves are installed in thenrepipes with adjustable pressure, the maximumtoth is 14MPa.
The safety valves prevent the hydraulic system fosarioad.

Working medium: to ensure the performance of thdrdmlic pumps, N46 antiwear hydraulic oil or 15\WZAD
diesel is recommended in summer or temperate regighile N32 antiwear hydraulic oil is recommendedvinter
or cold regions. If other types of fluids are usth@jr viscosity should be within the range of 28t ~40mnis.

Required working temperature: 10 to80

Filter efficiency: 2@um.

Use and maintenance:

as a high precision pump, steer vane pump shoulgsed and maintained correctly to ensure its peidoce

and durability. The following rules should be dtsiobeyed:

1.1 use correct types of hydraulic oil, otherwise ¢fficiency and durability of the pump will bdeafted.

1.2 The hydraulic oil must be kept clean. The hyticaoil should be changed, and oil tank, filtedapipes
should be cleaned carefully after 2500km runningn@i vehicles. Thereafter the hydraulic oil shobodd
changed for every 20000km running. Meantime thesbibuld be checked frequently, and the filter
elements should be replaced periodically.

1.3 The vacuum of the oil suction parts of the pwipuld be no less than 15kPa.

1.4 Frequently check for leakage, abnormal runniogfision or noises, to find and eliminate malftiogs in

1.

time.
2. Common faults and solutions:
phenomena | reasons Solutions
the oil is not| The filters or pipes are blocked. Replace therfdement, clean the pipes pr
sucked or change the fluid.
pressurized | Leakage in the pipes causes air to enter the pur@bpeck or fasten relevant threaded
(the actuator connections or change sealing parts| to
does not| prevent air from intruding. Open the
work) junction of fuel pipe to deair.
Enlarged clearance between worn componei@beck relevant parts and repair.
causes leakage.
Too low oil viscosity. Use fluids with suitable gissity.
Too low oil level. Add oil to required level.
oil leakage in| Loosened joints or damaged sealing parts. Fastepadbd connections or replace
interfaces sealing parts.
loud noises | Air intrudes the pump. Check whether there is lgaka relevant
parts. Add oil in the junctions, decreased
noise will indicate a leakage. Fasten the
junctions or replace sealing parts.
Serious resistance or even jam in the sucti@hneck the flow and capacity of the filter.
pipe.

3. Preservation
The blades should be stored in a dry warehouseoutitborrosive gas. It is strictly forbidden to gtdhem in

high temperature or the temperature undeifG20

check for possible corrosion. Replace anti-cor®éivids if necessary.
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Tianjin Lovol individual pump engine adopts theHuber EGR valve electric control

system, it will be explained as follows.

The work principle, dismantlement and notices of ER induction system

I. EGR (Exhaust Gas Recirculation) working prineipl

1. EGR working principle

ECU controls the electromagnetic valve to openBfzR valve at a appropriate time according to roteti speed,
loading and outlet water temperature of the eng8mall amount of exhaust gas enters induction syskeough
EGR valve where exhaust gas mixes with fresh airtaen enters into cylinder for combustion. Thabbrmmount
of exhaust gas enters cylinder as mixed gas fobastion not only can reduce the total amount obesgked gas but
also reduce the content of NOx in exhaust gass kniown that NOx is generated under high tempezratund
enriched oxygen,, thus EGR may inhibit the genematf NOXx and furthermore reduce the content ofxN@
exhausted gas. However, excess exhausted gased ges for combustion also can affect the ignitioaracteristics
of mixed gas and thus affect the dynamic perforraasfcengine, especially when the engine is in atléow speed
and in low temperature, thus the recycling exhalgis may apparently affect the performance ofetigine. So,
under above condition, ECU control can prevent estedd gas from recycling and thus avoid the perfmca of
engine being affected. But when the engine’s sjpeégyond a certain rotational speed and its lgadéaches to a
certain temperature, ECU may let small part of ested gas into recycling and the recycling amotirgxbausted
gas can be different according to different rotaiospeed, loading temperature and temperaturehafusted gas,
thus realize the minimum content of NOXx in exhadigtas.

¢ A A

rotational speed signal

Compressofr Worm gear
position signal of throttle
o
| signal of water temperature
Y EGR valve
Engine

2. Working principle of post-processing
The type of post-processing is Oxidation catalgtiaverter which mainly converts the soluble orgamimponent in
exhaust particulated.
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3. Schematic diagram of EGR electric units
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Technical requirement:
1. Start the maircable of the motor (the thi
line in the diagram), the total resistance car
be over 0.0034 ohm.

1003 Sk 2. The maximum voltage drop in coil circuit
1§NI g the starting motor shall not be over 1.0v

3. If the key switch is in its “preheating”
condition, contact pointsD—®@® are mad
connection, contact point§D—®@ @ ® are
made connection if it is in “Run” conditiomnc
contact pointsD—®@ are made connectior
it is in “Run” condition, and any contact poin
not connected if it is in “ OFF” condition.

4. Keep the cablas short as possible dur
layout.

5. Important suggestions: in order to avoid
damage of generator:

5.1 Never remove any adaptor if the mac

1 Storage battery
2 Temperature control switch is not shutdown or the switch is not turn off.
3 stop electromagnetic valve on fuel injection pum 5.2 Ensure the position prior to dismantling
4 current meter installing adaptor.
5 starting motor 5.3 Never test the current by ignition
6 Kk g't h 5.4 Confirm correct electrode and voltage.
ey switc
7 y I ¢ 5.5 Never install with arc welding
smafl generator 5.6 The generator can not be run if the sto
8 Relay battery is not installed or it is not magnetized.
9 instrument indicator switch
10 for connecting EGR electromagnetic valve
11 Temperature sensor for cooling water
12 position sensor of throttle
13 power cable
14 water thermometer
15 water temperature sensor
16 oil pressure gauge
17 oil pressure sensor
18 oil pressure alarming light
19 water temperature alarming light
20 This pre-heating system is optional, additieodlition may be chosen.
21 12V heating plug
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4. ECU Wiring principle diagram

5 00r 816 L YV HOSOE XITA00

no3 R
t_.ﬂ F
QPG 'O} "BLGLZSL "0U GV b e
BLEZ00-10 "0V ISGNY| J0RUSE LSS0 Si0a ) (o1 ot 05
0051
nrwoa €9 - ——=r=2 L]
0022129 00 "Cuild HANAOEOITINS 2B () Z T
oo SO0 "SR HIPAULOY
©,0,0, 9ufis 10sues ¢ Towv] 49
POCLZ0-10 "0V QY rrues <] ¢ S0 ORGPV 9
OHEA HOT INI-D] J000% o wo.-., T 52
o ]
(NS D) Amp o vOgIUNRY( __.Wx ] 68
£l
M 0PSO “JaRu Y T B
ORG-Z ofeuns "r L8 D0F 526 | VU HIS08 z 9
PITIC0 0 "0U JOQN} 0B IMEIDILNN, WEKRCD v b ﬁ.ﬁ...u..mﬂm g
008t
SO DOUSIN
VOS2 rwwod SNV
vonpfy [+ e £
e H v
AV Mg [s] b .
ol

13.04



13 EGR induction system RN

[l Introduction of main elements

3.1 Sensors
Signal of rotational speed: acquire the signahatw point of the little generator.

(A) Accelerator position sensor
It is mounted an the fuel pump and the signal qpiaed at the handle shaft. Its figure and pararsetes as follows:

Connector 3 poles o
P A % F

3..5 -

-
(=]
[
J I
-
1
A T
b=
Centering

== i . - low
02) 310uw _ = ==k i 5| orange J| 3 i Py
/ . 2| red 2 |l E |
5 7 "\ = = — 1 h ] = 1 .,'
l = =R\ ul o T [T % |
) |. - 1 1 ¥
 — '\.‘. .'I..-' m
o il | =3
'
02) 300u=| | iy by -~
) ) LT | 1 Shaft in electrical middle position
Fabric protection tube pe
02 Langolflex PAS.S black _'20':__
! 3
bBrown orange R X
l 10 4
(W)
2 (Wiper)
red
1]
1] 83
Traval - A0

iDirection of rotaban CW)

Volt

throttle position sensor

uel injection pump
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(B) Water temperature sensor:
The signal is acquired near the water outlet;igpsré and parameters are as follows:

0 280 130 093, 57.6
0281002 170

19

o15
q; ||

201

32,0

Kennlinie.

1

-
L=
[

...

o
[ )
|

Widerstand &

"

o
[ 35
[

R{3)

10 I I N I A I
. - - — =20 0 20 40 &0 80 100 120nC

Temperatur &

water temperature sensor

(C) Position sensor of valve: (see the EGR valegmdim in 13.07).
ECU provides a position signal to EGR valve acaaydo rotational speed, position of throttle arghal of water
temperature, meanwhile, EGR valve send a feedbgoklso ECU, then ECU will modify the output signa
according to the feedback signal and finally thetifeack signal will basically keep consistent with butput signal.
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3.2 ECU:

ECU shall be used in a closure, dry and clean enrient.

3.3 Harness

The range of application temperature: €0105C

3.4 Post-processing system

The DOC shall be cleaned up regularly to prevenessive carbon accumulation to affect the perfoomanf engine.

3.5 EGR valve:

Technical parameters:

Exhaust gas flow Maximum flow &Qkg/h with AP=50hPa

Air leakage volume withAP=600hPa <0.5 kg/h

Maximum allowable environmental temperature -466°C

Maximum allowable temperature of actuator 200

Range of exhaust gas temperature at exhaust gad 50 - 550C

Rated current 1.5A

Maximum allowable acceleration axial/radial direati 30g
Mass 0.7kg

Feedback of position signal Available

Position installation (relative to perpendiculamel)  Within £85°

Temperature requirements

The inlet temperature at EGR valve shall not ba 8&C, or else the valve may be damaged; and the exgaast
temperature shall be above 180to avoid carbon accumulation. For the valve elatiimy the carbon deposit
automatically under the temperature of above’@0@ is recommended that the inlet temperatureahtevshall
reach this temperature regularly to eliminate cardbeposit.

Max. allowable temperature of valve parts:

position sensor 176
Driving motor 206C

transmission box 260

valve guiding axle 35¢C

mixing chamber 40T

exhaust inlet 55T
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Notices:
In order to avoid water accumulation in valve iesiiGR, the direction of the inlet of the inner abf valve must
face downward as the lowest point. The valve mashbtalled within the +/-85elative to perpendicular direction.
See the figure.

Wrong installation:

EGR valve arrangement diagram:

Ll
L]
: heat conduction gasket
i '
N e 5 ! 0
AN :
s I .. -
= N | s
==y | : :
Mixture of air and exhaustgas @ ! 3 -\b\‘u\ air
N o e T ".-_-- \' e e s N .
RSN —— k\“%hx‘h;eﬁmam Y

A
ﬁ

exhaust gas

AN N 0 A A R A A A A A AR AN
L]
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Il Installation and dismantlement of EGR valve and EGR cooler

Dismantlement:
1. Disconnect the inlet hose (3) and outlet ho3eRay attention not to let water splash onto t&REvalve (1) and
electric elements.
2. Loosen the bolts on the inlet and outlet of E€&Rler and then loosen the bolts on the coolerdata®). Finally
remove the cooler (7) and its bracket.
3. Keep the inlet and outlet of the EGR cooler devard; let remaining water inside the EGR coolewflaut.
4. Disconnect the harness in the EGR valve ancelotise bolt connecting EGR valve and inlet elbow.

Installation:

1. Install the bracket of EGR cooler onto the ehauipe. Place the EGR cooler on the bracket andyficonnect
the ends of the EGR cooler and the bracket andthetholts of EGR pipe.

2. Connect the hoses of the inlet and outlet oBG& cooler.

3. Insert the EGR valve into the hole on the iellstow. Firmly connect the bolts of the EGR valvel dhe inlet
elbow. Connect the harness of the EGR valve.

1 EGR Valve

2 Inlet elbow

3 inlet hose of EGR cooler
4 outlet pipe of EGR cooler
5 EGR cooler bracket

6 Outlet hose ofEGR cooler
7 EGR cooler

8 Inlet pipe of EGR cooler
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IV Fault display — fault indicator

Calibration software can recognize various faultthe system. Each fault has its correspondingipyriand flash
code. The flash code of the fault of highest ptyouiill be displayed by the fault indicator.

The flash code consists of a sequence of shoré §0IS second) and a long pulse (1.5 second).Hageltowing
figure.

0.55 1.55

oM

OFF

4

0.55

The number of short pulse is exactly same withgttaele number of priority. The fault with the highpsority is of
the smallest priority grade number. For examplelt isaused by excessive current is of the highestity, but with
smallest grade number of priority. This means thatfault indicator will display two short pulsesdathen a long
pulse. Meanwhile, any other fault (of the loweiopity) will not be displayed by the fault indicator

Fault grade
. Fault reason Fault type
(Priority)
2 Excessive current(Electric EGR valve) Self-haglin
3 Position sensor of Electric EGR Self-healing
4 TPS position sensor Self-healing
5 Sensor for Water temperature Self-healing
6 Deviation of controller(PID) Without self-healing
9 Fault of electric EGR valve(high zero point) Wiith self-healing

Some faults may be self-healing but some can netliéhealing. The faults which can not be selflingehave to be
resolved by resetting system, for example, extimgtieignition. Please refer to all the faultsdistn the table.
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