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1.0

INTRODUCTION

Draeger provides a range of breathing-air systems which are completely
self-contained, fully mobile and specially designed to deliver breathing
guality compressed air to operatives wearing air-fed respiratory
equipment when working in hazardous atmospheres such as occur in
the nuclear, petrochemical, pharmaceutical and other industries. The
systems provide breathable air conforming EN 12021.

The MAC4000 is a fast towing unit with a three-cylinder, water-cooled
diesel engine, driving a rotary vane compressor mounted on a
subframe. A fully automatic back-up system is incorporated which
maintains the air supply from reserves stored in three 9-litre cylinders.

When the air reserve in the cylinders falls below a permissible level,
audible and visible alarms sound/flash at which time all breathing-air
apparatus wearers should immediately evacuate to a safe area.

The unit has a centrally-mounted lifting eye and is enclosed within a
steel canopy which allows the correct air flow and access to all
necessary parts for both running and service. The unit is also sound
attenuated to ensure that the noise level is within the European
regulations of <97LWA.

A hinged high-level air intake is provided which, in the operational mode,
Is pivoted to the vertical. Off site the intake tube is lowered to the
horizontal position. The unit should be operated on reasonably level
ground and sited to prevent the re-entrainment of exhaust gases into the
inlet. It should also be kept well away from other polluted or toxic
atmospheres.

Simple precautions and attention to the operation and maintenance
instructions ensure that the unit provides high-quality air and trouble-free
operation over a long period.

IMPORTANT

A qualified attendant should be in charge of the equipment during operation and
ensure that it is operated only, and strictly, in accordance with these instructions.

The attendant should check that all hoses are laid out without kinks or tangles, are
safe from interference or damage, and orifices of all couplings are clear of dirt.

If the unit switches over to cylinder supply, the attendant should immediately
instruct the operatives to leave the hazardous area.
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2.1 MAC4000 ON SITE

MAC 4000 Didge

MOBILE BREATHING W“'m 22
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2.2 INSTRUMENT PANELS

Ignition switch Glow plug Hour meter Vent valve
lamp

Unregulated LP alarm Demand

supply indicator  mask supply HIP HP cylinder
pressure pressure alarm pressure
lamp

PAS:MAC4000 -3-

End of Panel

Low fuel level
warning

High temperature
warning

4 x CEJN and 1 x »%"
Dyna-Quip couplings
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2.3 GENERAL INFORMATION

ENGINE

COMPRESSOR

AFTERCOOLER

FILTRATION

CHASSIS

TOWING HITCH

BATTERY

CAPACITY

NOISE LEVEL

STANDARD FEATURES

GAUGES SHOW

LAMPS SHOW

AUDIBLE ALARMS

VISUAL INDICATOR

Kubota D722 BB-EC, 3-cylinder, water-cooled diesel engine
Hydrovane rotary vane 037C-V05

Outlet temperature within 5°C of ambient

Purifies air to breathing quality conforming to EN 12021

A pressure swing dryer reduces the dewpoint to —40°C and
includes a CO and CO, suppression dryer.

To full EEC regulations without brakes (braking optional)

50 mm ball

12 volt DC — 66AH Negative earth

25 c¢fm (708 I/min) @ 100 psi (7 bar)

<97 LWA. (Better than 77dBA @ 4 metres)

Chalwyn engine overspeed valve - Lifting bale - Spark arrestor
High-level air intake - Hours run meter

Fully automatic ‘fail-safe' reserve from high-pressure cylinders
with start up protection - Engine shut-down activated by either
high temperature compressor oil or low engine oil pressure
Fuel tank 28 litres with level indication

HP cylinder pressure - System pressure - Regulated pressure

Glow plug lamp and low fuel warning

Primary air supply failure - Air reserve inadequate and low fuel
level

Shows changeover to HP reserves ' Flashing beacon shows
with main audible alert and lamp shows with the low fuel alarm

OUTLETS - 4 off CEJN profile and 1 off %2" Dyna-Quip couplings
WASTES - All discharges from filter autodrains are gathered into a
container for proper disposal
QUALITY - The MAC4000 is manufactured in accordance with our Quality
Assurance Procedures approved to ISO9001/EN29001
3 CYLINDER FUEL FREE AIR MAXIMUM HP DIMENSIONS (approx)
WATER- CAPACITY DELIVERED at WORKING CYLINDER
COOLED 8.5 BAR/100 psi PRESSURE CAPACITY LENGTH WIDTH HEIGHT WEIGHT
DIESEL Litres hrs | l/min cfm | Bar psi Litres mm mm mm kgs
8 KW at approx Maximum
2300 RPM 28 8 | 610 215 | 10 145 200/300 bar 3055 1500 . 660
3x9
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3.0 SAFETY PRECAUTIONS GENERAL

WARNING

Run the engine in a well-ventilated area. The machine should be as
level as possible in both planes whilst in operation.

Operate unit at least 1 metre away from buildings and flammable
objects.

Do not smoke or allow flames in the refuelling area.

Avoid inhaling the exhaust fumes. Diesel engine exhaust fumes contain
a variety of toxic and asphyxiant gases. Do not run the unit except
when it is positioned down-wind from the work site.

If any fuel is spilt make sure the area is dry before starting the engine.

Many parts, especially the exhaust muffler and spark arrestor if fitted,
become very hot during operation and remain hot for a while after
stopping the engine. To avoid burns or fire hazards, always let the unit
cool before transporting, storing, or servicing.

Do not attempt any work on the compressor until the engine has been
stopped and the system completely depressurised. Wait until the
pressure gauge reads zero.

Do not insert any object through the fan guard rings. Serious damage to
the compressor and personal injury could result.

If changing the oil when the compressor is still warm, take necessary
precautions to avoid contact of hot oil with the skin. Dispose of used ol
with due regard to the environment.

Be aware of the location of the nearest fire extinguishers and their
method of operation. Great care should be taken not to spill fuel,
especially near a hot exhaust.

For safe operation prior to towing the compressor — see section 4.3.

PAS:MAC4000 -5- MAR 2011



4.0

4.1

4.2

4.3

OPERATING INSTRUCTIONS

This machine is only to be used by fully trained personnel in possession
of a current approved operator’s certificate.

SITING

Never run the engine in an enclosed or confined area. The unit should
be operated on reasonably level ground and sited to prevent the re-
entrainment of exhaust gases and other toxic atmospheres. The
compressor should be positioned so that the draw bar points down wind,
taking account of the wind direction and the likelihood of pollution from
the worksite and other local emissions. The following points should also
be taken into consideration; communications between the standby man
and the BA wearer, the route of the supply hoses.

PRE-OPERATION DAILY CHECKS
Check:-

for leaks

fuel level

engine and compressor oil levels

the unit should be level in both planes during checks and in
operation

o dispose of collected condensate in a safe manner

TOWING THE COMPRESSOR

Check the towbar and coupling. Check that wheels are secure, tyres
are in good condition and inflated correctly.

Connect lighting cable to towing vehicle if applicable. Check correct
operation of all lights.

Raise the prop stand fully and lock.
Ensure breakaway cable is secured to towing vehicle (where fitted).

Release the handbrake.

PAS:MAC4000 -6- MAR 2011



4.4 START UP PROCEDURE

4.5

Raise canopy and carry out pre-start checks as manual.

Close canopy.

Place the wind direction indicator on the air intake.

Raise air intake to vertical position and orientate unit so that the tow bar
points downwind.

Open canopy door.

Turn ignition switch key clockwise, first position is ‘ON’ (alarm sounds),
second position is engine glow plug; for a cold engine hold in this
position until glow plug’s light goes out.

Turn key switch to 3™ (start) position. An automatic unload system will
keep the compressor working on low pressure for at least 30 seconds or
until the engine is warm (in cold weather this could take several
minutes). When the compressor is ready the low-pressure warning lamp
will extinguish.

Ensure the vent valve is closed then open HP cylinder valves by turning
valves anticlockwise to fully open and then back half a turn — HP alarm
will sound until more than 50 bar shows on the gauge.

Check the cylinder contents gauge is above 150 bar (2,200 psi).
Close the door on the canopy.

Connect Respiratory Protective Equipment.

The breathing air unit is now ready for use.

SHUTDOWN PROCEDURE

Ensure the machine is not supporting life.

Disconnect all outlet hoses.

Run machine for 3 to 4 minutes unloaded.

Open door on canopy

Check pressures and turn off HP cylinders.

Note: If cylinder pressures are below 150 bar (2,200 psi) they must be
recharged or replaced before subsequent use.

PAS:MAC4000 -7- MAR 2011



Stop engine (HP alarms will sound).

Vent trapped air from HP system by opening the vent valve on the
centre cylinder.

Lower air intake and close door on canopy.

PAS:MAC4000 -8- MAR 2011



WARNINGS

IF A WARNING ALARM SOUNDS,
IMMEDIATELY EVACUATE ALL BREATHING
APPARATUS WEARERS TO A SAFE AREA

AN AUDIBLE AND VISUAL ALARM SHOWS:

1 Low compressor pressure

2  Malfunction of compressor or engine
3  Excessive demand

4  Restricted air intake

5  Low cylinder pressure

6  Low fuel level

7  Residual pressure from the cylinders remains after ignition is
turned off

FOR FURTHER INSTRUCTIONS AND DETAILED SERVICING METHODS
CONSULT OPERATOR'S HANDBOOK.

DO NOT ATTEMPT UNAUTHORISED REPAIRS.

REFER ANY FAULTS TO THE HIRE COMPANY.

PAS:MAC4000 -9- MAR 2011



5.0 WARNING SEQUENCES

5.1 Warnings are given by a combined siren and flashing beacon.
Awareness of low fuel is signalled by an audible alarm and lamp.

5.2 Ifthe primary compressor pressure drops to 8 bar, the siren sounds and
the high-pressure cylinders automatically come into operation.

If the cylinder pressure drops to about 40 bar, the siren sounds to warn
that the reserve supply is running low.

If the primary air supply is restored, the system reverts to normal mode
and cylinder supply ceases. However, if cylinder pressure has by then
dropped to 40 bar, the siren continues to warn of low emergency supply.

Similarly, in the event of leakage from cylinders with a pressure drop to
about 40 bar, the siren sounds even though primary pressure is normal.

5.3 If low engine oil pressure or high compressor oil temperature is

detected, the primary supply is shut down and the reserve automatically
brought online.

PAS:MAC4000 -10- MAR 2011



6.0 MAINTENANCE

6.1 QUICK REFERENCE

MAC 4000 — Service Schedule (excluding pre-start checks)

Operation

Period

Every
Day

Every
50
hrs

Every
100
hrs

Every
200
hrs

Every
400
hrs

Every
500
hrs

Every
800
hrs

Annually

Every
1000
hrs

Every
1500
hrs

Every
2000
hrs

Every
3000
hrs

Compressor — Hydrovane VO5

Check ail level

Clean air intake
filter

Clean oil cooler

Change air intake
filter

Change oil (Fluid
Force 2000)

Clean oil filter

Change unloader
valve seals

Change MPV
seals

Change vacuum
valve seals

Compressor drive
belt check

Engine — Kubota

D722

Check oil and fuel
levels

Check fuel pipe
and clamp bands

Change engine oil

initial
[ ]

Clean air intake
filter

Clean fuel filter

Check fan belt
tightness

Battery electrolyte
level

Replace oil filter
cartridge

Check radiator
hoses and clamp
bands

Check air intake
line

Replace fuel filter
element

Replace fan belt

Drain sediment
from fuel tank

Replace air intake
element*

Check valve
clearances

Check fuel
injection nozzle
(pressure)

PAS:MAC4000

-11 -

MAR 2011




Period

Qm Every | Every | Every | Every | Every Every Every Every Every Every | Every
Day | 50 100 200 400 500 800 Annually | 1000 1500 | 2000 | 3000
hrs hrs hrs hrs hrs hrs hrs hrs hrs hrs

Check water .
jacket (radiator
interior)
Check injection .
pump
Check fuel °
injection timer
Breathing-air Filtration
Change prefilter R
element
Change duplex .
filter coalescing
element
Change duplex max °
filter carbon °
element
Change Hopcalite °
element
Change final .
stage carbon
element
Check and clean °
autodrains
Pressure Swing Dryer
Service-required-lamp is illuminated automatically after 10,000 running hours.
General
Check operation of .
Chalwyn valve
Check warning max °
alarm settings °

SERVICE PARTS
Description Qty Part N® Service Interval
Pre-filter element 1 FIL0O346 2000 hours/12 months
Duplex element — coalescing 1 FIL0347 2000 hours/12 months
Duplex element — activated carbon 1 FILO348 1000 hours/6 months
Compressor air intake filter element 1 FILO059 2000 hours/12 months
Engine oil filter cartridge 1 FIL0236 200 hours KIT0278
Fuel filter element 1 FIL0237 200 hours
Engine air filter element 1 FILO225 800 hours/12 months
Engine fan belt 1 BEL0041 400 hours
Hopcalite filter element 1 FILO450 2000 hours/12 months
Carbon element 1 FILO451 2000 hours/12 months
Compressor service kit KM71 1 KIT0229 2000 hours
Compressor separator change kit KS71 1 KIT0014 6000 hours
2000-hour mineral oil 5 litres | OIL0O001 2000 hours
HPO High temp synthetic olil 5 litres | OIL0032 2000 hours
Drive belt 1 BEL0034 1000 hours
1 amp fuse 1 ELE0628
2 amp fuse 1 ELE0629
3 amp fuse 1 ELE0630
Wind direction indicator 1 INDOO61
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6.2.1 Compressor

GENERAL HEALTH AND SAFETY PRECAUTIONS
(continued)

When Operating the Compressor

1.  When in automatic mode the compressor will re-start without
warning.

2. If an automatic re-start device is fitted (allowing the
compressor to start when power is re-applied), or operation is
controlled from a remote location, additional warnings will be
required.

3. Do not remove any plugs or release pipework when the
compressor is running.

4. Do not attempt to open the starter enclosure while the
compressor is operating.

5. Beware of hot surfaces, both the air-end and electric motor are
designed to run at elevated temperatures.

6. Compressed air is potentially dangerous and can be fatal if
misused. Do not allow compressed air jets, discharged from any
pipe or nozzle, to make contact with your body.

7. Wear safety glasses and suitable clothing when using, or
working in an area where compressed air is being used.

8. Hazardous vapours/fumes can be produced if compressed air
is used to remove chemicals, cleaning agents and lubricants from
equipment and components. Suitable respiratory and extraction
equipment may be required in these circumstances. Never use
compressed air for cleaning personal clothing.

9. Do not use air directly from compressors for breathing
purposes. If the air is to be used for human consumption then it
must be subjected to further treatment to ensure that the levels of
contaminants, odour and moisture meet the requirements of
BS 4275 1974

10. We recommend that the air supply to hand held air guns is
regulated to a lower pressure (refer to local Health and Safety
regulations).

11. Do notinsert any object or part of body through any opening of
the compressor enclosure. Serious personal injury and/or damage
may result.

12. Never run the compressor when any covers or guards are
missing, unless advised to do so in this handbook.

Potential Oil Health Hazards

This section relates to Fluid Force oil. For other lubricants
refer to the Health and Safety Instructions issued with the
relevant product.

1. There are no significant hazards associated with this product
when properly used and in the application for which it was
designed. Frequent and/or prolonged skin contact may give rise o
skin irritations and it is recommended that protective gloves are
worn. The carcirogenic action of mineral oils should be brought to
the attention of all users. *

2. Theoilmaybe hot so take care when carrying out oil changes.

3. Do not keep oily rags in pockets or wear contaminated
clothing. Do not inhale fumes or vapours. Do not swallow. Avoid
eye contact.

4. Always wash hands after use and before eating, drinking, or
smoking.

5. Ingestion - Do not induce vomiting because of the risk of
aspiration. Wask mouth out with water. Give % pint milk. Seek
immediate medical attention.

6. Skin Contact- *Mildly irritating. Remove by wiping. Wash with
soap and water. Apply emolliert cream.

PAS:MAC4000
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7. Eye Contact - “Mildly irritating. Flush with copious amounts of
warm water. Seek medical advice if necessary.

8. Aspiration - If there is any suspicion of aspiration into the
lungs (for example during vomiting) admit to hospitalimmediately.

9. Inhalation - Remove from exposure into fresh air. If
necessary give artificial respiration or oxygen. Seek medical
advice.

10. Pressure injection - Obtain immediate medical attention,
even if injury appears minor.

* See Cautionary Notice SHW 397 ‘Effects of Mineral Qil on the
Skin’ and MS(B) 5 ‘Skin Cancer Caused by Oil’ published by
the Health and Safety Executive.

11. Spillage - Soak up with absorbent clay.

12. Waste Disposal - Qil, condensate, filter elements etc. should
be disposed of in accordance with local regulations. Do not allow oil
to contaminate water supplies.

Warnings, Cautions and Notes
1. Warning

‘WARNING' is used in the text of this handbook to identify specific
hazards which can cause injury or death. This type of hazard is
identified below.

Risk of electric shock

>

Risk of hazard or danger

Risk of hot surfaces

Pressurised vessel

> B

Pressurised component or system

> B

Unit is remotely controlled and may
start without warning

>

Eye Protection Must be worn

®

Dust protection must be worn

Read the instruction manual

O ®

Do not operate the machine without
the guard being fitted.

©

2. Caution

'‘CAUTION' is used in the text of this handbook to identifv rcorrect
procedures which can cause damage to the compresso-

3. MNotes

'NOTE' is used in the text of this handbook to draw z==rtion to
specific points of importance.
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6.2.2 Replacing compressor intake filter

Securing
clip (2 off)

Filter cover

Dust
discharge
valve

Filter
element

a) Release the securing clips retaining the intake filter cover
b) Remove the intake filter cover
c) Remove the filter element and replace

d) Refitthe intake filter cover ensuring that the dust discharge valve points
directly downwards

PAS:MAC4000 -14 - MAR 2011



6.2.3 Checking the Oil Level

Always observe safety precautions when working on the compressor. See page 5

Every Day
Checking the Qil Level

1 Check the oil level when the compressor is cold (prior to start up), stopped
and at zero pressure.

2 Oil should fill the sight glass (A).

3 Top up, if necessary, using an APPROVED OIL.

Topping Up the QOil

1 Ensure the compressor is depressurised. The pressure gauge must read
zero.

2 Slowly unscrew the filler plug (B). If there is any escape of oil or air, DO
NOT CONTINUE REMOVING THE PLUG UNTIL ALL THE PRESSURE IS
RELEASED.

3 Remove the filler plug (B) and bonded seal (C).

4 Top up with an APPROVED OIL to the top of the filler hole.

5 Fit bonded seal to the filler plug. Refit and tighten the filler plug.

PAS:MAC4000 -15- MAR 2011



6.3.1 Engine
ENGINE OIL

A

CAUTION

To avoid personal injury:

® Be sure to stop the engine before
checking and changing the engine oil and
the oil filter cartidge.

® Do not touch muffier or exhaust pipes
while they are hot; Severe burns could
result. Always stop the engine and allow
it to cool before conducting inspections,
maintenance, or for a clo'nning procedure.

® Contact with engine oil can damage your
skin. Put on gloves when using engine oil.
If you come in contact with engine oil,
wash it off immediately.

NOTE:

»
1.

Be sure to inspect the engine, locating it on a
horizontal place. If placed on gradients, accurately,
oil guantity may not be measured.

Be sure to keep the oil level between upper and
lower limits of the oil gauge. Too much oil may
cause a drop in output or excessive blow-by gas. On
the closed breather type engine in which mist is
sucked through port, too much oil may cause oil
hammer. While too little oil, may seize the engine’s
rotating and sliding parts. (The closed breather is an
option.)

Checking level and adding engine oil
Check the engine oil level before starting or more
than five minutes after stopping.

Detach the oil level gauge, wipe it clean and
reinstall it.

Take the oil level gauge out again, and check the oil
level.

B_

1418

(1) Oil filler plug
(2) Oil level gauge

PAS:MAC4000

[Lower end of oil level gauge]
{A):Engine oil level within this
range is proper.

- 16 -

If the oil level is too low, remove the oil filler plug,
and add new oil to the prescribed level.

After adding oil, wait more than 5 minutes and
check the oil level again. It takes same time for the
oil to come down to the oil pan.

Engine oil quantity

Modals Oil pan depth :
#101mm (3.98in.)| 121mm (4.76in.)
211 251L
Z482-€ (0.55 U.S.gal) | (0.66 U.S.gal.)
D662-E 32L 38L
D722-E (0.84 U.S.gal.) (1.0 U.S.gal.)
36L
D782:E - (0.95 U.S.gal.)

%101mm(3.98in.) oil pan depth is optional.

Qil quantities shown are for standard oil pans.

IMPORTANT:

Engine oil should be MIL-L-2104C or have
properties of API classification CD grades or
higher.

Change the type of engine oil according to the
ambient temperature.

. SAE30 or SAE10W-30

above 25C (77°F) SAE10W-40
. . . . SAE20 or SAE10W-30
0Cto25C (32°Fto77°F) SAE10W-40
below 0°C ” SAE10W or SAE10W-30
WIERZE) SAE10W-40

When using oil different from the previous one, be
sure to drain all the previous oil before supplying it
into the crankcase.
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6.3.2 Changing the Engine Oil

[l Changing engine oil

CAUTION

To avoid personal injury:

® Be sure to stop the engine before draining
engine oil.

® When draining engine oil, place some
container underneath the engine and
dispose it according to local regulations.

® Do not drain oil after running the engine.
Allow engine to cool down sufficiently.

1. Change oil after the initial 50 hours of operation
and every 100 hours thereafter. ,

2. Remove the drain plug at the bottom of the engine,
and drain all the old oil. Drain oil easier and
completely while the engine is hot.

(=

B-1424
(1) Oil drain plug

3. Add new engine oil up to the upper limit of the oil
level gauge.
Changing interval thereafter

Oil pan depth
101mm (3.98in.) 121mm (4.76in.)
75 Hrs 100 Hrs

PAS:MAC4000 -17-

Il Replacing the oil filter cartridge

CAUTION

To avoid personal injury:

® Be sure to stop the engine before
changing the oil filter cartridge.

® Allow engine to cool down sufficiently, oil
can be hot and cause burns.

1. Replace the oil filter cartridge. Oil filter cartridge
should be replaced, as following operation hours.

Oil pan depth
101mm (3.98in.) 121mm (4.76in.)
150 Hrs 200 Hrs

2. Detach the old oil filter cartridge with a filter
wrench.

3. Apply a film of oil to the gasket for the new
cartridge.

4. Screw in the cartridge by hand. When the gasket
contacts the seal surface, tighten the cartridge
enough by hand. Because, if you tight the cartridge
with wrench, it will be tightened too much.

B-'420

(1) Qil filter cartridge
Remove with a filter wrench
(Tighten with your hand)

5. After the new cartridge has been replaced, t~e
engine oil level normally decreases a little. Thus,
run the engine for a while and check oil leacs
through the seal before checking the engine cil
level. Add oil if necessary.

NOTE:
® Wipe off any oil sticking to the machine complete .
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6.3.3 Fuel

FUEL

Fue! is flammable and can be dangerous. You should
handle fuel with care.

A

CAUTION

To avoid personal injury:

® Do not mix gasoline or alcohol with diesel

fuel. This mixture can cause an explosion.

Be careful not to spill fuel during

refueling. If fuel should spill, wipe it off at

once, or it may cause a fire.

® Do not fail to stop the engine before
refueling. Keep the engine away from
the fire.

® Be sure to stop the engine while refueling
or bleeding and when cleaning or
changing fuel filter or fuel pipes. Do not
smoke when working around the battery
or when refueling.

® Check the above fuel systems at a well
ventilated and wide place.

® When fuel and lubricant are spilled, refuel
after letting the engine cool off.

® Always keep spilled fuel and lubricant
away from engine.

.Fuel level check and refueling
Check to see that the fuel level is above the lower
limit of the fuel level gauge.

2. [fthe fuel is too low, add fuel to the upper limit. Do
not overfill.

No.2-D is a distillate fue: oil of lower volatility for
engines in industrial and heavy mobile service.
(SAE J313 JUN87)

Grade of Diesel Fuel Oil According to ASTM D375

i Carbon
Flash Point, \é\{at.erand Residue on, Ash,
5 ediment, ;
F — 10 percent weight
(°C) volum Residuum, %
= %
Min Max Max Max
125
(52) 0.05 0.35 I 0.01
Distillation| Viscosity |
Tempera- | Kinematic | Viscosity Sulfur,|[COPPer Cetane
tures, °F cSt or Saybolt, weight Strip Num-
; 2 SUS at Corro-
(°C) 90 % | mm¥/s at 100 °F % sion ber
Point 40 °C
Min | Max | Min | Max  Min [Max| Max | Max | Min
540 | 640
(282)(33g)| 19 | 4.1 |32.6/40.1| 0.40 | No.3| 40

The cetane number is required not less than 45.

PAS:MAC4000
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IMPORTANT:

® Besure to use a strainer when filling the fuel tank,
or dirt or sand in the fuel may cause trouble in the
fuel injection pump.

® For fuel, always use diesel fuel. You are required
not to use alternative fuel, because its quality is
unknown or it may be inferior in quality, and
kerosene, which is very low in cetane rating,
adversely affects the engine. Diesel fuel differs in
grades depending on the temperature.

® Be careful not to let the fuel tank become empty,
or air can enter the fuel system, necessitating
bleeding before next engine start.

[l Air bleeding the fuel system

A

Air bleeding of the fuel system is required if;

e after the fuel filter and pipes have been detached
and refitted;

® after the fuel tank has become empty; or

® before the engine is to be used after long storage.

CAUTION

To avoid personal injury;

® Do not bleed a hot engine as this could
cause fuel to spill onto a hot exhaust
manifold creating a danger of fire.

[PROCEDURE]
1. Fill the fuel tank to the fullest extent. Open the fuel
filter cock.

2. Loosen air vent plug of the fuel filter a few turns.
3. Screw back the plug when bubbles do not come up

any more.

4. Open the air vent plug on top of the fuel injection
pump.

5. Retighten the plug when bubbles do not come up
any more.

B-1422
(1) Fuel filter cock (A"ONT
(2) Air vent plug B TOF="

(3) Fuel filter pot
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6.3.4 Checking the Fuel Pipes

[l Checking the fuel pipes

CAUTION

To avoid personal injury:

¢ Check or replace the fuel pipes after
stopping the engine. Broken fuel pipes
can cause fires.

Check the fuel pipes every 50 hours of operation. When

if;

1. If the clamp band is loose, apply oil to the screw of
the band, and tighten the band securely.

2. If the fuel pipes made of rubber became worn out
replace them and clamp bands every two years.

3. Ifthe fuel pipes and clamp bands are found worn or
damaged before two years'time, replace or repair
them at once.

4. After replacemeht of the pipes and bands, ait-bleed
the fuel system.

IMPORTANT:

® When the fuel pipes are not installed, plug them at
both ends with clean cloth or paper to prevent dirt
from entering. Dirt in the pipes can cause fuel
injection pump malfunction.

8-1423
{1)Clamp band
(2)Fuel pipe

[l Cleaning the fuel filter pot
Every 100 hours of operation, clean the fuel filter in a
clean place to prevent dust intrusion,

1. Close the fuel filter lever.

B-1422
(1) Fuel filter lever (A) "OFF*
{2) Fuel filter pot (B) "ON*

2. Remove the top cap, and rinse the inside with
diesel fuel.

3. Take out the element, and rinse it with diesel fuel.

4. Aftercleaning, reinstall the fuel filter, keeping out of
dust and dirt.

5. Air-bleed the injection pump.

IMPORTANT:

® Entrance of dust and dirt can cause a mulfunction of
the fuel injection pump and the injection nozzle.
Wash the fuel filter cup periodically.

F-7065 . =)

(1) O ring

(2) Filter element
(3) Spring

(4) Filter bow!
(5) Screw ring
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6.3.5

IMPORTANT:
® When the anti-freeze is mixed with water, the anti-
freeze mixing ratio must be less than 50%.

Vol % Freezing Point Boiling Point 3%
Anti-freeze C - c ‘F
40 —-24 -12 106 222
50 —37 —-34 108 226
#* At 1.013X10°Pa (760mmHg) pressure

(atmospheric). A higher boiling point is obtained by
using a radiator pressure cap which permits the
development of pressure within the cooling
system.

NOTE:

® The above data represent industry standards that
necessitate a minimum glycol content in the
concentrated anti-freeze.

When the coolant level drops due to evaporation,
add water only to keep the anti-freeze mixing ratio
less than 50%. In case of leakage, add anti-freeze
and water in the specified mixing ratio before fill in
to the radiator.

Anti-freeze absorbs moisture. Keep unused anti-
freeze in a tightly sealed container.

Do not use radiator cleaning agents when anti-
freeze has been added to the coolant. (Anti-freeze
contains an anti-corrosive agent, which will react
with the radiator cleaning agent forming sludge
which will affect the engine parts.)

[l Radiator cement

As the radiator is solidly constructed, there is little
possibility of water leakage. Should this happen,
however, radiator cement can easily fix it. If leakage is
serious, contact your local KUBOTA dealer.

PAS:MAC4000
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AR CLEANER

As the element of the air cleaner employed on this
engine is a dry type, never apply oil to it.

1. Open the evacuator valve once a week under
ordinary conditions — or daily when used in a
dusty place — to get rid of large particles of dust
and dirt.

Wipe the inside air cleaner clean with cloth or the
like if it is dirty or wet.

Avoid touching the element except when cleaning.
When dry dust adheres to the element, blow
compressed air from the inside turning the
element. Pressure of compressed air must be
under 686kPa {7kgf/cni, 99psi).

When carbon or oil adheres to the element, soak
the element in detergent for 30 minutes, then wash
it several times in water, rinse with clean water and
dry it naturally.

After element is fully dried, inspect inside of the
element with a light and check if it is damaged or
not. (referring to the instructions on the label
attached to the element.)

Replace the element every year or every six
cleanings.

B-1428
(1) Air cleaner body
(2) Element

(3) Wing bolt

(4) Evacuator valve

(5) “TOP" mark

(6) Dust cup

IMPORTANT:

® Make sure the wing bolt for the element is tight
enough. If it is loose, dust and dirt may be sucked,
wearing down the cylinder liner and piston ring
earlier and thereby resulting in poor power output.
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6.4 APPROVED OILS

6.4.1 Compressor — Hydrovane VO4

Fluid Force Red 2000 oil for 2000-hour oil change (ambient temperature
range 0°C to +40°C). (OIL0001)

Note 1: Not to be mixed with any other type of lubricant.
Note 2: For applications where the compressor is stored or used

outside in winter then we recommend using Fluid Force Blue HPO
synthetic compressor oil. (Available from Draeger.)

6.4.2 Engine

Use a high detergent, premium quality motor oil. SAE 10W-30 or SAE
10W-40 are recommended for general all temperature use.
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6.5 OVERTEMPERATURE SHUTDOWN

The unit is fitted with a solenoid-operated fuel line shut off system which
is activated in the event of either overtemperature compressor oil or low
pressure engine oil.

Problem

Engine will not start
1. Is there enough fuel?

2. Compressor
depressurised ~

not fully

3. If engine has previously
stopped on over-
temperature shutdown ~

Engine stops running when
4. Has it run out of fuel?

5. Did it shutdown through
overtemperature of

Solution

Top up fuel tank

Wait 3 minutes, check
compressor pressure gauge and
try again

Allow to cool before starting

Fill up fuel tank

Check compressor for over-
temperature which could be low

oil or debris blocking the oll
cooler matrix. Fuel stop valve will
automatically reset when
temperature has reduced.

compressor?
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6.6 BAFILTRATION

Iltem | Description Part N© Service Interval

1 Pre-filter element FIL0O346 2000 hours/12 months

2 Duplex element — coalescing FILO347 2000 hours/12 months

3 Duplex element — activated carbon FIL0059 1000 hours/6 months

4 Hopcalite element FIL0450 2000 hours/12 months

5 Final carbon element FILO451 2000 hours/12 months
PAS:MAC4000 -23- MAR 2011




6.7 CHALWYN VALVE

DESCRIPTION

A range of spring loaded poppet valves designed to automatically stop an engine by closing down the air
intake should excessive overspeeding occur.

The closing force on the valve is provided by the intake air flow passing through. As the air low increases,
the closing force builds up. This is resisted by a spring, the predload on which is adjustable such that at a
given air flow the resulting force overcomes the spring resistance and causes the valve to close. Once closed
the valve will not reset to the open condition until the engine stops.

This type of valve may be fitted to either naturally aspirated or turbocharged engines. It should be noted
however that for a given valve setting the repeatability of the actual shut down speed has a greater scatter in
the case of a turbocharged engine. However, ‘unléss for special reasons a precisely repeatable shut down
speed is required, adequate protection from excessive overspeed and potential resulting damage is still
achieved.

SELECTION

Bendix Type ‘D’ valve range is dimensioned as below:

Valve Type | A B C D E WEIGHT
& Bore Size MIN MAX Kg
D458 135 48 70 86 74 19 0.9

ADJUSTER\
- i

LOCKNUT -
ol v B
USE SPANNER HERE - 10mm
WHEN ADJUSTING f E 1

0=
)

R |
[ib’ﬂ _.\

‘AIR =
FLOW

|

A
O
Al

Notes:
Dimension ‘B’ is selected within the range given ‘o mateh the engine air intake oipework.
* For larger valve sizes see ‘Spindle” Type Vcive data sheets.
* For integral cir cleaner and manual shut down options see relevant data sheets.
In order to select the correct veive build, your lecal Chalwyn agent will require the following informatize
(a] Engine type
(b) Engine rating (power crd speed).
| [c) Outside diameter of the =ngine intake pige into which the Chalwyn valva is to be fined

| [ses 'Fifting "
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6.7.1 Adjustment

ADJUSTMENT

Once the Chalwyn valve is installed, adjustment of the overspeed frip seffing is carried out using the adjuster
and locknut [refer to diagram). Basically rotating the adjuster clockwise will increase the engine speed at
which automatic shut down occurs.

As supplied, the valve will be adjusted such that shut down will generally occur well below the engine high
idle speed. To increase the shut down speed to the required sefting proceed as follows:-

1. Start engine. Slowly accelerate. Note speed at 6. Repeat the above steps "2’ to ‘5" until the first

which shut down occurs. sefting at which the engine does not shut down
’ at high idle speed (i.e. maximum throttle, no load).
2. Remove hose at air inlet to Chalwyn valve to Then either:

expose the adjuster and locknut (see diagram).
a) Use the results of shut down speed versus

3. Release locknut. Turn adjuster clockwise one adjuster sefting os a calibration check to make a
turn. Tighten locknut. final adjustment to give the required setting
(typically 10% to 15% over high idle).
4. Refit inlet hose to Chalwyn valve. or
b] If a very precise sefting is not required, turn the
5. Start engine. Slowly accelerate. Note speed at adjuster a further one turn clockwise fo take the
which shut down occurs. shut down obove high idle speed by a suitable

margin. When using this sefting procedure it
may be found that the engine occasionally shuts
down during the normal operation. If so, turn
the adjuster clockwise by a further one half turn.

7. Ensure the adjuster locknut is fully tightened.
(Use a thread lock adhesive on the locknut

threads).

Notes:

Turbocharged Engines.

When sefting up a valve on a turbocharged engine using the preceding method, it may be found that of
high power outputs, the engine will shut down at a lower speed than required. If this occurs, further small
adjustments in steps of one half turn clockwise should be made until the problem is eliminated.

Insufficient Adjustment.
Should there be insufficient adjustment to set the shut down speed at the required level contact your
Chalwyn agent for supply of a stronger valve spring.

Jammed Valve.
If in the course of adjusting the valve it jams on its seat, release by turning CLOCKWISE viewed from
adjuster end of valve.
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6.7.2 Maintenance

MAINTENANCE

The recommended routine maintenance period is three months. This period is dependent on the
operating conditions of the engine and, by experience, may need to be varied.

Routine Maintenance Valve Reconditioning
1.Disconnect intake pipework and release the valve ~ When excessive wear is noted or the valve
from any support brackets efc. to allow it to be damaged it should be returned to Chalwyn
removed. Equipment for appraisal and reconditioning.

(All such work is dealt with on an urgent basis.)
2.Inspect the valve internally for cleanliness. If
necessary, clean in paraffin or white spirit taking
normal precautions. Dry the valve thoroughly.

3. Check there is no excessive wear and that the
valve moves smoothly over its complete operating

stroke. DO NOT LUBRICATE.

4. Refit valve. Check valve setting based on the
" Adjustment” instructions given herein.
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6.8

PRESSURE SWING ADSORPTION DRYER

Introduction

These packages provide a complete air treatment package for
breathing-air applications as follows:-

a) Heatless desiccant drying for the removal of water vapour
b)  Adsorbent for the removal of CO,
c) Integral after filtration for the removal of particulate matter.

The dryers are of the double adsorber type, fully automatic in operation
and continuously rated.

The method of reactivation is ‘HEATLESS'.

Two vertically mounted desiccant packed adsorbers form the nucleus of
the plant.

The valve body between the two adsorbers incorporates the following
features:-

a) Aninlet shuttle to divert the air to one adsorber or the other.
b)  Outlet non-return shuttle.

Attached to the valve body is a control panel which houses the
programme timer.

Mounted on the control panel are:-

Two activation air outlet valves, complete with silencers

“Power On” lamp

“Service” lamp, which illuminates after 5,000 hours run, to indicate that
the dryer requires servicing. (See Maintenance Section.)

Operation

The air to be dried is diverted to the pertinent adsorber by the inlet
shuttle, within the valve body.

The air then passes through the desiccant cartridge where oil vapour,
water vapour and CO, are adsorbed. The air then leaves the cartridge
via the particulate filter.

The air then passes down the central tube and leaves the system via the
non-return shuttle.
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Whilst one adsorber is on drying duties the other is reactivating.

A small bleed of air is passed from the drying adsorber to the activating
adsorber via the bleed orifice incorporated in the non-return valve.

This very dry air passes through the desiccant in the opposite direction,
desorbing the previously adsorbed water.

The moist purge air leaves the activating adsorber via the activation
valve and silencer.

After pre-set time (depending on the cycle time) the activating valve will
close and while the purge air is still flowing, the activated adsorber will
slowly pressurise to the same pressure as the outlet of the drying
adsorber.

After a further 15 seconds (approximately) changeover will occur.

The inlet valve will divert the air to the freshly reactivated adsorber.

Operation Seguence

Sequence Top Bottom

Bottom Activating Full line pressure (drying) Activation valve open
Pressure below 10 psig

Bottom Pressurising Full line pressure Activation valve closes.
Pressure increases to the same
as adsorber 1.

Changeover

Sequence Top Bottom

Top Activating Activation valve open.
Pressure below 10 psig. Full line pressure (drying)

Top Pressurising Activation valve closes.
Pressure increases to same as | Full line pressure
adsorber 2.

Fault Finding

Failure to changeover:

Excessive air from solenoid valves
e Check orifice is clear in non-return valve
Check unit for leaks
Check inlet and on-return shuttle for wear and debris
Check inlet air pressure
Replace silencers
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Dryer fails to sequence
e Replace timer

Dryer fails to dry correctly

Check inlet temperature is not too high
Check inlet flow is not excessive

Check inlet pressure is not too low

Replace cartridges

Check pre-filtration and associated autodrain
Check sequence

Maintenance

After 5,000 hours of operation the service lamp will illuminate thus
indicating the need for routine overhaul.

Always ensure that the dryer is isolated electrically and pneumatically,
and pressurised.

After overhaul press the reset button on the PCB to clear the service
lamp.

Every 5,000 run hours change the silencers.
Every 10,000 hours change the cartridges and valve kit as follows:-

e Unscrew cartridges from body and remove end caps

e Remove outlet NRV and shuttle seals* from centre bore
Unscrew the hex plug and remove inlet shuttle, shuttle seals and
plug seal

Drop in the new inlet shuttle seals and shuttle, fit new plug seal
Screw in the old hex plug

Screw in the new cartridge complete with new ‘O’ rings
Replace the old end cap complete with new ‘O’ ring

Drop in the new shuttle seal — NRV — shuttle seal in centre bore
Screw in the new cartridge complete with new ‘O’ rings
Replace the old end cap complete with new ‘O’ ring
Re-pressurise and check for leaks

*Smaller models in the range have rubberised washers on either side of
the shuttles. Larger models do not.
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