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FOREWORD

Diesel engines have today assumed a position of importance in the
field of power development. Because of their inherent characteristics of
high thermal efficiency, they have become the answer to a long standing
demand for more economical power. The entry of CONTINENTAL
MOTORS CORPORATION into the Diesel field was made only after
extensive research had enabled them to prodice a Diesel engine which

would maintain the reputation earned in over 50 years of leadership in .

the internal combustion engine industry.

Continental Red Seal Diesel engines are designed for rugged serv-
jce and are simple to service and maintain; they are capable of pro-
ducing smooth dependable power, with excellent fuel economy.

Good operation and a planned maintenance program as outlined in
this manual are of vital importance in obtaining maximum engine per-
formance, and long engine life, The instructions on the following pages
have been written with this in mind, to give the operator a better
understanding of the various problems which may arise, and the man-
ner in which these problems can best be solved or avoided.

The operator is cautioned against the use of any parts, other than
Genuine Continental Parts for replacement or repair. Genuine Continen-
tal parts have been engineered and tested for their particular job, and
the use of any other parts may result in unsatisfactory performance and
short engine life. Likewise, Continental distributors and dealers, be-
cause of their close factory relations, can render the best and most
efficient service.

[ontinental Motors [orporation
MUSKEGON., MICHIGAN
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Figure T — ZD 129 Diesel

Figure 2 — GD-157 Diesel

Figure 2A — JD 382 Diesel
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Figure 2B — ED 201 Diesel
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Figure 3 — HD 260 Diesel

Figure 4 — JD 382 Diesel
with a l.unch_esfer Bolancer
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Figure 5—HD260 Diesel,
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{Fuel Injection Side)
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FOUR CYLINDER DIESEL ENGINE SPECIFICATIONS
MODEL ID-129 GD-157 GD-193 ED-201° HD-260** J0-382
No. of oyl 4 4 4 4 .4 |
Bore ond stroke 3, x 3% 3% x 4% 3y, x 4% 3%, x 4% W4 x5V, 4,xb
Displacement cu. in. 129 157 BT 201 260 382
Corhp. ratio 16.25:1 15.54:1 16.8:1 15.5:1 15.0:) 15.0:1
H. P. BHP 34 ot 2000 39 at 2000 525 af 2000 | 458 ot 2000 | 593 ot 2000 | 72.5 of 1600
Mox. Torque Ib, . 95 ot 1200 113 ot 1200 154 at 1200 145 ot 1100 188 at 1100 276 at 1000
Oil Pressure Normel
at 1800 RPM 30-40 30-40 30-40 10-20 30-40 30-40
Min. at Idling 7 7 7 7 7 7
Firing order 1-3-4-2 1-3-4.2 1-3-4-2 1-3-4-2 1:3-4-2 1.3-4-2
Main brg. frt. W x1-7/16 | 2 x119/32 | 2% x119/32 2% x 1% 7 x 1Y, M x 2
dr. 2% x 1Y, 2 x 13 2% x 1% 2% x 2 7y x2-5/16 3V, x 2%

rear

Conn. rod brg.
Dia. and length

0il Capatity {Qts.)
Cronkease only

Gil Fifter

Total
Fuel Copacity (Gal.)
Wafer Capacity (Gal.)

Valve clearance (Hot and Mdling)
Intake

Exhaust

Weight —Bare Engine

2 x1-17/32

Yy x 1Y,

5
1
]

13

4%

012 hot
.012 hot

395

2% x 1.25/32

21/16x1-5/16.

13

014 hot
014 hot

515

2% x1-25/32

Wy x1-5/16

13

014 hot
014 hot

400

2% x1-15/16

2y x1-9/16

|}

014 hot
014 hot

650

7 x21/16

W, x 1-13/16

15

014 hot
.014 hot

A4

A, x 2-11/32

2%, x1-13/16

N

17

014 hot
.04 hot

90

NOTE

* Data for ED-208 same as ED-20% except: 3'K,” Bore — 208 ¢u. in. Displacement 57.3 H.P. @ 2000 — 154.5 Max. Torque @ 1400

** Dato tor HD-277 same as HD-260 except: 4" Bore — 277 cu. in. Displacement 72.9 H.P. @ 2000 — 204 Max. Torque @ 1200
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. INFORMATION FOR ORDERING PARTS

When ordering parts, refer to the engine name plate attached to side of the cylinder Biock, which lists
the model and serial number. In most cases a specification number is listed. This data is of vital im-
portance in obtaining the correct parts: always include this information on your parts order.

" SERIAL NO,. i
. " .

PATENTS:
1.817.390
1,.985.294-
2013157
2,137,802

 CONTINENTA

HD260 297 16966}

MOTORS GORRIN.
'DETROIT & \WUSKEGON. MICH.

MODEL \ispPEC. ENGIRE NO.

1.743.276
1.975.990
2.011.784
2.080.662

O

1.605.040
1.809.965
1.985943
2034397

1.724.599
1,975,989
2.003.984
2.065.630

Vi§ oi-w pulg)

D S s

T oL AINTER

PET CLEARANCE EXH1

[P S

Figuré 7—Nameplate -
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SECTION |
GENERAL INFORMATION

ELEMENTARY PRINCIPLES OF DIESEL ENGINES

In order to dispel any mystery there may be
with regard to the diesel engine and how it oper-
ates, let us take a moment to compare any one of
our Continental Red Scal Dicsel Engines with
its gasoline counterpart.

Mechanically, the two are alike. Both have
pistons moving up and down in cylinders with
conhecting rods attached to a crankshaft con-
verting the reciprocating motion of the pistons
into a rotary motion; valves in the cylinder heads
operated by a camshaft and push rods; the in-
take valve to admit air into the cylinder and the
exhaust valve to permit the disposition of burned
gases. The camshaft is driven through a train
of timing gears so that the opening and closing
of the exhaust and intake valves are properly
timed with the stroke of the piston and crank-
shaft,

The cngines are so much alike in. exterior
appearance that the only way most people are
able to distinguish between them is to look for
the carburetor and distributor on the gasoline
engine or injection pump on the diesel.

Both operate on mixtures of liguid fuel and
air inside the combustion chambers. The ignition
of these mixtures under pressure and the subse-
quent expansion furnishes the power to drive the
piston downward on its power stroke. The one
big difference between the two types of engines
lies in the way the fuel is handied and combus-
tion brought about.

In a gasoline engine desired proportions of
fuel and air are mixed in the carburetor before
entering the cylinder through the intake valve.
In a diesel engine, air is drawn into the cylinder
through the intake valve and is compressed and
at the proper time a measured quantity of fuel is
injected into this air thus forming a combustible
mixture which is self-ignited due to the tempera-
ture of the compressed air.

To further illustrate this, on page 8§ we
show what actually takes place in the gasoline
and diesel engines during the four strokes in any
onc cylinder. In a gasoline engine the suction or

downward stroke of the piston draws in a com-
bustible mixture of air and gasoline which is com-
pressed in the upward stroke, then ignited by an
electric spark whereupon the cxpansion of this
compressed mixture begins, forcing the piston
down on the power stroke and upward on the
exhaust stroke which follows.

In the diesel engine, the piston on the
down stroke draws in clean pure air which is
compressed on the upward stroke. At the proper
instant, fuel is injected into this compressed air
which then ignites from the heat of compression
causing the expansion of the mixture, which
forees the piston down on the power stroke and
up on the exhaust stroke. The compression ratio
of diesel engines is twice that of gasoline engines,
and it is the heat generated by the comparatively
rapid compression of the air, which ignites the
fuel as it is sprayed in under high pressure.”
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4 CYLINDER DIESEL

INTAKE

Air only is drawn into
the cylinder through the
open intake valve by the
suction created by the

DOWNWARD moving

piston.

STROKE

m N P o F -

4 CYLINDER GASOLINE

INTAKE

The properly propor-
tioned mixture of gaso-
line and air formed by
the carburetor is drawn
into the c¢ylinder through
the open intake valve by
the suction created by.
the DOWNWARD mov-
ing piston.

COMPRESSION

The intake valve is now
closed and the air in the
cylinder is highly com-
pressed by the UPWARD
MOVING piston, This
high compression of the
air raises the tempera-
ture to between 900° and
1000° F.

INJECTION AND
COMBUSTION

At a definite point, short-
ly . before the piston
reaches the top of its
stroke, fuel is injected
into the cylinder by the
spray nozzle, The fuel is
ignited by the heat of the
highly compressed air.

POWER

'The expansion of the

gases resulting from the
burning of the fuel ex-
erts pressure on top of
the piston, driving it
DOWNWARD.

EXHAUST

Ag the piston passes the
bottom of its stroke the

" exhaust valve opens and

the burnt gases are ex-
pelled by the now UP-
WARD moving piston,

. The intake wvalve opens

about the time the pis-
ton reaches the top of its
stroke and a similar se-
guence of events also re-
ferred to as “cycle” re-
peats itself.

Z20=wummUITON

COMPRESSION

The intake valve is now
closed and the mixture
of gasgoline and air is
compressed by the UP-
WARD moving piston.

’

ZO==OMimZ=
Z20-~M—=2Z6 -

IGNITION AND
COMBUSTION

At a definite point, short-
ly before the piston
reaches the top of its
stroke, an electric spark
from the spark plug ig-
nites the compressed
mixture,

mmgO0w

POWER

The expansion resulting
from the combustion of
the air-fuel mixture ex-
“erts pressure on top of
the piston, driving it
DOWNWARD, -

-~ t» & P I X m

EXHAUST

As the piston passes the
bottom of its stroke the
exhaust valve opens and
the burnt gases are ex-
pelled by the now UP-
WARD moving piston.
The intake valve opens
about the time the piston
reaches the top of its
stroke and z similar se-
quence of events also re-
ferred to as “cycle” re-
peats itself.

Figure 8 — Comparison Befween Diesel and Gasoline 4 Cycle Operation.
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It is a well known fact that the tendency in
gasoline engine design is to increase compression
ratios in order to obtain more power and greater
efficiency out of the engine without increasing
the bore and stroke. Compression ratios are how-
ever limited by the octane number of fuels avail-
able and the desire to keep combustion chamber
temperatures down to prevent pre-ignition. A
diesel engine is not controlled by these conditions,
consequently, compression ratios in the neighbor-
hood of 15 to 1 can be used with entire satisfac-
tion since there is no possibility of the air in this
engine igniting until injection of the fuel pro-
vides a combustible mixture, This high compres-

THE CONTINENTAL DIESEL ENGINE

gion in a diesel causes the temperature of the air
to rise under compression to approximately 900°
Fahrenheit, which is far above the ignition point
of the fuel, thus igniting the mixture.

To summarize, both engines are heat engines
of the internal combustion type, the power in each
case being developed from the expansion of the
mixture of air and fuel after ignition occurs.
Since the expansion is directly related to the com-
pression, the diesel is able to deliver a greater
amount of work using a given quantity of fuel,
This is basically the reason for its superior effici-
ency, which results in its saving in fuel cost.

THE CONTINENTAL DIESEL ENGINE

Continental Red Seal Diesel Engines are the
four-stroke cycle type and developed to operate
efficiently on Commercial Diescl IFuels, which,
when injected into the combustion spaces, are
ignited by the heat of compression, without other
ignition aids. _

In order to clarify the features of Continental
Design, we will go through a complete cycle of
events for one cylinder, even though it means re-
peating, to a certain extent, information given in
a previous section.

1. The piston on its downward stroke, draws
in a charge of clean fresh air, through the
open intake valve and intake manifold which is
unrestricted except for the oil bath air cleaner.

2. On the upward or compression stroke, the
air is foreced into the combustion chamber and
energy cell where it is compressed approximately
15 to 1. Compressing it to this high ratio, raises
its temperature to Wetween 900° and 1000° F,

3. Near the top of the compression stroke,
at a predetermined point, fuel is injected into the
combustion chamber under pressure of approxi-
mately 1800 pounds per square inch. Fig. 9. Thi

Figure 9—Fuel Injecied into Combustion Chamber

injection takes the form of a solid core passing
directly from nozzle “C” across the combustion
chamber “B" into the opening of the energy cell
“A’, This solid core is surrounded by a conical
spray which upon entering the heated air in the
combustion chamber, ignites and starts the com-
bustion.

The air and fuel trapped in the energy cell
likewise ignites, Fig. 10, but due to the design

of this assembly, which is made of special steels,
the rapidly built up pressure is trapped and-is
permitted to expand only through the metered
opening, back into the combustion chamber where
its application against the head of the piston con-
tinues well through the power stroke.
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THE CONTINENTAL DIESEL ENGINE

W

it e s i

Figure 11
Power Stroke

-

It is this reaction, wherein the full pressure
of combustion is not permitfed to reach the piston
in one heavy, sharp build up of power, but in-
stead iz controlled and extended over a longer
portion of the downward stroke, that provides
foundation for the name Cushioned Power,

4. Near the end of the power stroke, the ex-
haust valve opens and as the piston starts up on
the fourth and final stroke of the cycle, the
burned gases are forced out through the exhaust
system.

This design makes it possible to build a Diesel
Engine that is comparatively light in weight,
without sacrificing power or engine life.

T

)

Z

UO; CUSHIONED POWER DIESEL

18

Ld

o

- ATMOSPHERIC

— PRESSURE ,

Figure 12
“Cushioned Power” Controlled Combustion pressure

DIRT
IS THE WORST ENEMY
OF A DIESEL ENGINE
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SECTION 1l
FUELS & LUBRICATION

FUEL OIL RECOMMENDATIONS

Diesel fuel oil selection, handling and filtration is of great importance. The fuel not only supplies
the energy for all the work done by the engine but it also lubricates the parts of the fuel injection
system which operate with very close tolerances. Fuel oil that contains water, abrasives or sulphur in
excess of our recommended specifications can cause extensive damage to the engine,

DIESEL FUEL OIL SPECIFICATIONS

Continental Red Seal Diesels have been designed and developed to use Grade #2D Diesel Fuel 0il '
which can be a eracked residual, a blend or preferably a straight-run distillate having the following
fuel characteristics:

" Industrial and
Effect Agricultural
Diesels 1800 RPM Max,

Diesel Fuel
Characteristics

APL Gravity @ 60° F 20 - 40

Lower Gravity Fuels contain more heat Units/Gal.

Indicative of Ignition Quality, Higher number —

Cetane Number better Starting and Idling.

40 minimum

Volatility :

b . . To prevent premature vaporization during hot
Initial Boiling Point

weather operation.

220° F Minimum

580°F. maximum
650°F. maximum
T0O0°F. maximum

509 recovery
90% recovery
End Point

covery Temperatures,

Higher end points only partially burn, causing
build up of deposits in energy cell and nozzle,
causing pintle sticking and smoke.

Lower 5 recovery indicates heavy oil fractions to
cause smoke and poor combustion.

Distillation Recovery 98 %

Sulphureus acids corrode and increase engine

o .
wear. 5% maximum

Total Sulphur

Corrosion (Copper)
3 hours @ 212°F.

Discoloration or pitting on polished copper strip

shows same effect on engine parts. pass test

{ )
{ J
{ )
| |
{ )
{ }
{ }

10°F. below lowest
anticipated operating
temperature.

i Fuel Oil must be in fluid state to prevent clogging
POI.II: Point due to congealing wax.

WARNING: The Grade #2D Diesel Fuel Qil should not be confused with the #2 Furnace 0il which has
no definite limits on ash eontent, sulphur content and Cetane value,
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FUELS AND LUBRICATION

Grade #1D Diesel Fuel Oil is a distillate fuel
oil of higher volatility which may be used in our
engines except those having Bosch APE pumps.

Buy fuel only from reputable refineries and
distributors and specify fuel for high-speed diesel
engine operation which meets the above specifi-
cations.

WARNING

. Bosch A.P.E. Injection Pumps require
#2 Diesel Fuel 0il to insure adequate lubri-
cation of the pump assembly.

HANDLING AND STORAGE

Fuel should always be strained’or filtered he-
fore being put into the supply tank — as it is
easier and cheaper to remove dirt from the fuel

BEFORE it finds its way into the engine fuel -

systen.

The storage tank should be constructed for
‘fuel oil storage with provision for removal of ac-
cumulated sludge and water — which should be
done at regular 10-day intervals.

In addition, the fuel should be filtered be-

tween the storage tank and the dispensing pump.
Double filtering is preferable and the filter equip-
ment should be maintained as recommended by
the manufacturer,

The open end of the dispenser funnels, meas-
_ures and containers should he covered, when not
in use, to prevent the entrance of dirt or moisture,
and should be kept serupulously elean at all times.

| PRIMARY FILTER

| FILTER __ R

Figure 13—Two Stages of Filtration with the
Roosa Pump

FUEL SYSTEM PRECAUTIONS

1. Fill the fuel tank at the end of each day
to keep condensation to a minimum. When empty-
ing a drum of fuel oil, agitate it as little as possi-
ble and leave about 1” of fuel, which may contain
sediment or water, in the bottom of the drum.

2. 5Shut off fuel supply valve at fuel tank
when disconnecting lines—to save needless waste
of fuel. ,

3. Bosch pumps must have 10# minimum fuel
pressure delivered to the fuel injection pump inlet
]:hrough the final-stage filter. Pressure may be de-
termined by using a gage with a tee connectmn at
pump inlet. Roosa pumps must have 10# mini-
mum vacuum at pump inlet. '

4. Drain first stage fuel filter daily, This will
also prevent ice damage to the filtering element
where freezing temperatures are encountered.

5 DO NOT USE WASTE OR LINTY
RAGS AROUND FUEL CONTAINERS OR FUEL
INJECTION EQUIPMENT.

6. Use of clean fuel and daily care of the first-
stage filter will prolong the life of the final-stage
filter. For further details see Section VI Fuel
Injection.

Figure 14—Fuel Tank Shut-Off Valve
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LUBRICATION RECOMMENDATIONS

Diesel Engines operate with much higher
pressures in the combustion chambers than their
gasoline counterparts. Diesel fuels have much
higher end points, that is, heavier ends of fuel
which do not vaporize readily and burn com-
pletely. This results in a tendency to form de-
posits in the combustion area as well as in the
ring grooves which could cause clogging of energy
cells, rings sticking in the grooves and poor per-
formance in general with resuitant rapid wear
and increased maintenance expense.

To counteract these conditions, the choice of

fuels and lubricating oils must be made according
to the specifications. Fuels and Fuel Specifications
have been dealt with on pages 11 and 12,

Oils used in the Lubrication System must
have certain qualities to provide a satisfactory
oil film on friction surfaces to minimize wear,
to protect bearings from corrosion and to keep
engines free from harmful deposits.

Lubricating Oils for Diesel Engines are com-
pounded with additives to provide this protection.
They are better able to resist oxidation resulting
from the higher operating pressures found in the
Dicsel and at the same time hold combustion by-
products in suspension until removed when the
oil is drained.

Diesel Engines are generally used in heavy
duty operation. The American Petroleum Insti-
tute have classified oils for two types of service:
DG and DS — General Service and Severe Serv-
ice depending on the type of operation.

FOR SERVICE DG (DIESEL GENERAL)

As the name indicates, this D.G. oil is for
use in General or Ordinary service where diesel

fuel oil with less than .4% sulphur is used with -

normal engine operation and maintenance.

FOR SERVICE DS (DIESEL SEVERE)
This o0il is o be used when the diesel fuel
oil has over .4% sulphur content coupled with
severe operating conditions under heavy loads and

high temperature conditions or very light or in-
termittent operation at low temperatures.

While oils in this category are, by no means,
a safeguard against failure to follow proper main-
tenance procedures, they*are absolutely necessary
where operating conditions approach those out-
lined in the preceding paragraph.

LUBRICATING OIL CHART FOR
FOUR CYLINDER DIESELS

OFERATING CONDITIONS

TEM.- S5.AE.
PERR‘&I‘(%IE NORMAL SEVERE NUMBER
Below 10° F | Service DG Service DS [10W or 5W-20*
10° to 32° F | Service DG Service DS (20 or J0W-30*
32° to 90° F | Service DG Service DS |30 or 10W-30*
Above 90° F| Service DG Service DS |30 or 10W-30*

As in other internal combustion engines,. oils
must be selected as to S.AE. number grades in
accordance with the atmospheric temperature
where the engine is to be operated.

Except for the break-in period, designated
elsewhere in this manual as the first 50 hours,
select the grade of oil as shown in the above
chart.

While we are not in position to recommend
any particular brand of oil, there are numerous
reputable oils which meet the specifications, such
as Socony Mobil 0Qil Company’s Delvac, 900-
Series for Service DG and Delvac S200-Series for
Service DS.

If oils designated for Service DG or Service
DS are not readily available, an “HD" high deter-
gency oil of any reputable brand may be used as
4 temporary expedient until the desired type is
obtained,

*These are called ‘““multi-range viscosity” or
“cross graded” oils. An SAE 10W-30 oil such as
Mobileil Special for. example, has {1) free flow-
ing characteristics at low_temepratures for easy
starting"(2}- the rapid distribution of an SAE
10W oil (3) the necessary body of an SAE 30 oil
at operating temperatures.

Since these oils reduce combustion chamber de-
posits, engine life is lengthened. The greater de-
tergency keeps engine working parts free from
harmful deposits under severe operating condi-
tions
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ENGINE LUBRICATION SYSTEM

CONTINENTAL DIESEL ENGINES have full
pressure lubrication through drilled passages in

the cylinder block and erank shaft to all main and '

connecting rod bearings as well as to the timing
gears and overhead valve rocker arms, the over-
flow from which lubricates the tappets. The oil
pressure is automatically regulated by a spring
loaded Relief Valve,

Figure 15—Lubrication Diagrom

[The camshaft has been moved up in order to
simplify the Schematic drawing!

The gear typeoil pump is driven off the crank-
shaft gear and has several times the capacity re-
quired by the engine —the excess being by-
passed. Oil iz supplied the pump by a suction tube
with a screened inlet which picks up clean oil
without any residue which may have settled in the
bottom of the pan.

Y 7 ¥

- s o Sl CIPSTIC K ESg
QiL PUMP DRIVE 3 — s
HIGH LEVEL gt i

LOW' LEVEL ¢

Ea " .
-~ OIL PRESSURE RELIEF VALVE:'
"OIL BY PASS
Ol SCREEN 7

Figure 16—Sectional View of By-Pass Qil Pump

To insure piston pin lubrication and prevent
piston scuffing during the warm-up period in
cold weather — the large end of the connecting
rods have drilled spurt holes pointing toward the

e A I
-]

LA

- SPURT

A 1. f S s
Figure 17—Connecting Rod Spurl Hole
{Looking al engine from rear)

thrust side of the pistons.. These line up with the

oil hole in the erank pin so that once each revolu-

tion oil is sprayved on the cylinder wall for lubri-

cation. Rocker arm lubrication is pressure fed
from the crankshaft intermittently,

A by-pass type oil filter is provided to remove

dirt and foreign elements from the oil, a percen-

Figure 18—0Qil Filter
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tage of which is passed through the filter during
operating period. The removal of grif, sludge and
foreign particles causes filter elements to clog
and become ineffective unless they are replaced
at regular intervals,

Qil filter elements or cartridges should be re-
placed at every oil change or approximately every
50 hours of operation.

OIL CHANGE FREQUENCY

Engine oil does not “wear out.” However,
heavy-duty detergent oil in Diesel engines be-
comes contaminated from by-products of com-
bustion, dirt, water and unburned fuel entering
the crankcase, and the detergents holding the
carbon particles in suspension in the crankcase,

In normal industrial operation, the Continental
Diesel engines should have the oil and filter ele-
ment changed after every 50 hours of operation.
The oil should be drained when the engine is at
normal operating temperature.

OiL PUMP

The oil pump (Fig. 18) on the four cylinder
diesels is mounted on the front bearing cap. It is
a gear type pump driven by the timing gear on
the crankshaft. ’

This pump rarely gives any trouble; if it does
it can be readily removed and either repaired or
replaced with a new one.

The normal oil pressure is 30 to 40 Tbs.* and

at-idling speed should not fall below 7 Ibs. If the
pressure fluctuates or falls below these limits,
STOP THE ENGINE IMMEDIATELY and find
the cause of the trouble. Refer to trouble shooting

AIR CLEANER

Diesel engines, when operating, consume sev-
eral thousand cubic feet of air per hour. Since
dusty air is full of abrasive matter, the engine
would soon wear excessively if the air cleaner did
not collect the dust in the oil cup.

Since air cleaners are not 1009 efficient,
their efficiency is DECREASED by the lack of
proper servicing.

Proper servicing means eleaning thoroughly
and refilling with new oil, and maintaining air
tight connections between the air cleaner and in-
take manifold so that all air entering the engine is
filtered,

*On the ED series this is 10-20#.

ENGINE LUBRICATION SYSTEM

The number of hours an engine may be per-
mitted to run before the air cleaner is serviced
depends entirely on operating conditions, and no
definite interval can be established, In extremely
dusty operations, this might be once or twice a
day, while in dust protected areas, the air cleaner
should be serviced when changing the oil.

Dirt or foreign particles removed from the air
settle at the bottom of the air cleaner oil sump.
This deposit must not be permitted to build up
to any quantity, - - s

The speed at which this builds up indicates
how often the air cleaner should be serviced.

IT REQUIRES ONLY A COMPARATIVELY
SMALL QUANTITY OF ABRASIVE DUST TO
WEAR OUT AN ENGINE. The rapidity with
which this occurs depends on the maintenance
the engine and its equipment receive. A planned
air cleaner servicing program will increase the’
effective life of your engine,

Figure 19—Air Cleaner
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operated on the following running-in sched-
ule to assure better seating of pistons, rings intermittently only, for periods of not

and bearings before heavy duty service un- more than 10 minutes at a time.
der full operating load. '

1. Fill crankcase with SAE 10W-30 oil to

“RUNNING-IN"” A NEW OR REBUILT DIESEL ENGINE

New or rebuilt Diesel engines should be short periods. And for the next 10-
hours it may he operated under full load

3. At end of first day’s operation — while

high level mark—-reg‘ardless of outdoor warm: _
temperature, (1) Torque down cylinder head studs to
. 'ﬁ L] ]
. Start engine and run-in at following specl ca!:mns
schedule: (2) Adjust intake and exhaust valve
clearances.

145 hour warm-up period at 800 RPM (no
load). Check for leaks, oil pressure and
water temperature.

14 hour at 1000 RPM — no load.

(3) Check cooling system hoses and fan
beit tension and make needed adjust-
ments from initial settings.

% hour at 1200 RPM — 14, load. 4. After 50 hours operation

1 — .

/2 hour at 1500 RPM — 14 load. (1) Change crankcase oil in accordance

Y hour at 1800 RPM — 14 load. with recommendations,

During the first 10 hours, do not operaté (2) Make 50 hour preventive malnte-
at more than 34 load and then for only nance inspection.

10.

TEN “MUSTS” FOR CONTINENTAL DIESEL USERS
Use only #2D Diesel Fuel 0il — that meets specification shown on Page 11.

Use Lubricating Qil of recommended grade for operation.
Change filter element each time oil is changed.

Maintain 165-185° F operating temperatures—wﬂl pay dividends in economy, performance

and engine life,
Check for leaks — fuel — 0il — water — air in fuel lines,

Avoid “Lugging” — Operating engines in recommended range provides increased performance
and reliability.

Governor Setting — Use accurate hand tachometer and maintain recommended low and high
speed settings '

Cleanliness — of fuel 011 and- its handling is most impertant to provide trouble:free operatlon

~and the added dividend in long life of the fuel injection system.

Fuel Injection Equipment — has very close tolerances and should only be repaired or cal-
ibrated by trained personnel having proper tools. The injection pump gives long service
and. is the last thing to suspect, as a source of trouble. .

. Idling Engine — Slow engine down to low idle for approxxmately 5 mlnutes before stoppmg_ )

" engine, but do not allow it to run for pro]onged periods at idle.

Follow recommended preventive maintenance program.
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SECTION 1li
OPERATION

OPERATING INSTRUCTIONS

The person operating the engine naturally as-
sumes responsibility for its care while it is being
operated. This is a very important responsibility
since the care and attention given the engine goes
a long way in determining how long a period it
will operate satisfactorily before having to be
shut down for repairs.

The several operations established for care and
maintenance of a Continental Red Seal Diesel En-
gine are comparatively simple but instructions
set forth in the following paragraphs must be
followed without deviation, in order that expen-
sive shut down and repairs will not occur
prematurely.

The entire aim in setting forth these instruc-
tions is to give you the benefit of knowledge and
experience gained over a long period of collabora-
tion between Engineering Research and Field
Service,

INSTRUCTIONS
FOR STARTING ENGINE

BEFORE ATTEMPTING TO START THE
ENGINE, CHECK:

1. Lubricating oil level in crankcase.

Figure 20—Bayoel Oil Gauge Rod

A dipstick or oil bayonet gauge iz located on
the left hand side of the engine near the lower
flange of the erankcase.

It is marked “H” for high and “L” for low,
and oil level must be mamtamed between these
marks at all fimes.

If the engine is new or rebuilt, the crankease
must be filled to the high level mark. An engine
that has been in operation but has been shut
down for at least one hour, may require the ad-
dition of ¢il to bring level to the “H” mark, but
do not overfili,

CAUTION: When adding oil always use
the same make and grade as that in the
crankcase, If, in case of emergency, it is nec-
essary to mix oils, run engine only until a
new supply c¢an be obtained, then drain
crankcase and refill with new oil.

2. Supply of coolant in system.

Cooling system must be filled with water or
a solution of water and permanent type anti-
freeze in accordance with seasonal requirements.

If water, only, is used or if anti-freeze does
not econtain rust inhibitor, this must be added

Figure 21—Location of Coolant Filler
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to coolant in proportion to capacity of cooling
system.

3. Fuel Supply.

Be sure there is a sufficient quantity of good,
clean fuel.

Good fuel is that which falls well within the
specification listed.

,' Clean fuel means fuel that has been stored,
transported and handled using every possible
precaution to keep from picking up dirt or for-
eign materials,

It is ‘éasier to keep dirt out of the fuel than
to remove, once it is there.

4. Water, Fuel and 0Oil Connections.

Examine carefully all connectiens to he sure
there are no leaks or possibility of leaks devel-
oping. due to loose fittings or worn and chafed
lines or hoses.

Figure 22—Checking Water, Fuel and Oil Connections

5. Storage Batteries.

Electrolyte or water, as it is more commonly
called, must be 34" above the plates. -

Specific gravity must be 1.250 or higher.
Check with hydrometer,

Terminals and cable connections must be
tight and clean, free from corrosion. Normally, all
batteries are grounded on the positive side,

6. Clutch.

If engine is connected to its load through a
clutch, this must be released to lighten load on
starter and battery.

felureH Lever] .

i”'iifs"_;g,&'s"é‘ :

Figure 23—Release Load on Clutch Lever

7. Ability to erank engine with starter,
Crank engine 1 or 2 times with the starter
to be sure assembly is free,

STARTING PROCEDURE

1. If the engine is new or rebuilt or if fuel filters
have heen serviced or any low pressure lines dis-
connected, fuel system must be bled to remove
any air that may have become trapped in the
system.

Make sure shut-off valve in bottom of fuel
tank is in open position,
2. Bleed the entire Fuel Inlet, System. Detalled
instructions-for bleeding the four types of Injec-
tion Systems are given in the following, and, while

the basiec procedure is the same, they differ just
enough that we will take each individeally,

Make sure shut-off valve in bottom of fuel
tank is in OPEN pogition,

3. With fuel stop control pulled out in fully closed
position crank engine over several times with
Starter,
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Figure 24—Power Unit Conlrols -

Move fuel stop to wide open position and open
throttle approximately 30%. .

Turn engine over with starter again and it
should start without difficulty. If it fails to start
consult trouble shoeting section.

Do not keep starter engaged for more than
15 seconds. IT engine fails to start in that period,
release starter button and wait 20 to 30 seconds
before repeating operation.

When engine starts, immediately check oil
pressure on gauge, If for any reason pressure
fails to register within thirty seconds, pull out
stop control and stop engine immediately. Inves-
tigate reason for failure.

Figure 25—Correct QOperating Oil Pressure Range*
*{On the ED series it is 10-20#)
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With satisfactory oil pressure, adjust throt-
tle to control engine speed at approximately 1000
RPM. Always allow it to run until coolant tem-
perature reaches 160° F. before any load is
applied.

Figure 26—Correct Operating Temperature Range

3. Check engine or unit after starting,

While engine is running idle to warm up, in-
spect carefully for leaks or indications of leaks
in fuel lines, oiling system or cooling system.
Tighten or make any repairs necessary,

When engine is thoroughly warmed up, slow
down to 600 RPM and allow it to idle for approx-
imately 8 minutes then stop by pulling out shut-
off control. :

Remove cylinder head cover and retorque
cylinder head stud nuts, and rocker arm support
retainer nuts to specification shown on page 105,
section X. :

Start engine, allow it to idle at 600 RPM, and
check tappet clearance. Adjust, if required, to
specification,

Reassemble eylinder head covers and tighten.

Engine i3 now prepared for limited operation
under load. -
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OPERATING ‘‘DO’S” AND “DON’TS”

- DONY
Don’t permit a Diesel Engine to operate with a
cooling water temperature less than 160° F, A
cold running engine will smoke and fuel striking
cold cylinder walls, condenses and washes oil
from surfaces as it travels downward to dilute
oil in crankcase. ‘

DO

Do maintain water temperature control hy using
the correct thermostat in the cooling system or
shutter to limit air circulation through radiator.

Don’t operate a Diesel Engine full throttle at low
RPM. Lugging an engine in this manner reduces
its efficiency and shortens its life,

Do keep the speed up in a desirable operating
range. Horsepower increases as the speed, so ar-
range gear or belt ratio to permit engine to do
the weork with a minimum of effort.

Don’t permit a Diesel Engine to idle for prolonged
periods. Idling at low EPM means low tempera-
fures in combustion chamber and poor combus-
tion, causing carbon formation in energy cells
and on nozzle tips and the possibility of sticking
valves and piston rings.

Do idle the engine at approximately 100 RPM
to warm up and at 600 RPM for service checking
or cooling down after period of operating under
load, otherwise shut engine off when not in use.

Don’t stop a Diesel Engine immediately after
completing a period of operation under load where
temperatures throughout the engine have possi-
bly reached the maximum,

Do idle the engine at 600 RPM for 5 minutes to
permit engine parts to cool and femperatures to
equalize over the engine before stopping.

Dorn’t neglect to change oil at regular intervals
and don’t use inferior grades of oil.

Do change the oil as prescribed in service in-
structions and use only H.D. cils of the correct
S.AE. number that meets specifications.

Don’t fail to clean and service the air cleaner as
needed. Diesel engines-have no throttling control
on the air infake consequently it i{s taking in a
full charge at all times, '

Do clean and service the air cleaner to maintain
its efficiency. Deposit must not be permitted to
build up, to any quantity, in oil cups. The rapidity
with which this builds up, indicates how often
the air cleaner should bhe serviced,

Don’t neglect your Diesel by failing to follow
the comparatively simple instructions for Operat-

-ing and Maintenanes, as set forth in defail in the

pages of this manual.

Do follow Operating and Maintenance Procedures
and thus obtain the maximum performance and
economy with a minimum of repairs and expen-
sive down-time,
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CHECK AFTER STARTING NEW
OR REBUILT ENGINE

1. While engine is running idle to warm up, in-
spect carefully for leaks or indications of leaks
in fuel lines, oiling system or cooling system.
Tighten or make, any repairs necessary.

2. When engine is thoroughly warmed up, slow
down to 600 RPM and allow it to idle for approx-
imately 3 minutes then stop by pulling out shut-
off control.

3. Remove cylinder head cover and retorque
cylinder head stud nuts, and rocker arm support
retainer nuts to specification shown in section X.

4. Start engine, allow it to idle at 600 RPM, and
check tappet clearance. Adjust, if required, to
specification.

5. Reassemble cylinder head covers and fighten.
Engine is now prepared for limited operation
under load.

COLD WEATHER OPERATION

The requirements for satisfactory cold
weather operation of Diesel engines differ some-
what from those of gasoline engines. This is
brought about, to a large extent, by a difference
in the fuels.

The Diesel engine depends on the heat from
the air compressed in the combustion chamber to
ignite the fuel when it is injected into this air.
It requires a temperature of approximately 900°
Fahrenheit in the combustion chamber to insti-
tute this combustion process.

Sub-zero operations require special #2 Die-
sel fuel oil of the type MIL-F-896 Class 3 which
will permit operation to - 40° F. In emergency,
when this fuel is not available, the regular fuel
may be diluted with high quality kerosene up to
50%.

With engines standing out in temperatures be- -

low freezing, difficulty may be expected in rais-
ing the temperature of the air in the combustion
chamber to the point where it will ignite the
fuel even though compression pressures do meet
the required minimum of 825 bs. per square inch,
and the starter will turn the engine over at a de-
sirable minimum of 130 RPM. '

To meet this need, we have provided cold
starting equipment with which we actually inject
a metered quantity of ether base starting-fluid
Into the air entering the combustion chamber in
order to get the engine started, after which it
rapidly develops enough internal temperature to
continue running on the regular fuel.

LUBRICATING OILS —
Special for Cold Weather Starting
The new type multi-gr aée oils are well suited

as aids to cold-starting on Diesels as well as on all
Internal Combustion Engines.

These oils are classified as bW-20 and 10W-30.
It means that the first one when cold has viscosity
and other characteristics similar to a regular
8. AE. 5W which is ideal for cold starting with its
reduced drag and better lubricating possibilities.
Then as the engine warms up and the temperature
of the oil rises, it assumes the characteristics of
an S.A.E. 20 oil, to better withstand the heat and
friction of normal operation. The same thing
holds true with the 10W-30, so choose your oil
with atmospheric temperatures at which the en-
gine is expected to operate in mind and let this
indicate the top number grade of oil. For example,
if for normal operation, the specification calls for
an S.A.E. 30, then choose the 10W-30 for its cold
starting characteristics,

COLD WEATHER STARTING —
below 32°

Diesel engines in general start weil without
the use of “aids” above 40°F as the cranking
speeds are adequate to generate enough heat by
compression to ignite the fuel when injected into
a cold combustion chamber.

A fully charged battery @ 0°F has only 40%
of its capacity @ 80°F and the stiff engine oil
increases the required cranking power 250% —
coupled with the fact that a diesel engine must
ignite the fuel from heat of compression — ade-
quate battery capacity and fully charged condi-
tion is a must in cold starting.

To meet this need, we have available the fol-
lowing cold starting aids: (1) electric manifold
heater which heats the air in the intake manifold
or (2) an ether-primer arrangement which in-
jects an ether-base fluid into the intake manifold,
which readily ignites to start the engine.
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Wiring Dingram including Manifold Heater ‘

ELECTRIC MANIFOLD HEA]’ER' (6) —Unscrew knurled cap “E” to clean pune-
(TO O°F} turing tool and filfer screen — removing

any particles of broken capsule as they

This is a 1000 watt, heavy-duty, nichrome are soluble in n_misture and clog orifice.

wire electric heater — which screws into an adap-
ter elbow connection fo the intake manifold inlet.

The starting procedure is to initially energize 1/8 Pipe Tap Cutlet
the heater ahout 2 minutes —then crank the
engine, If the engine does not start in 15 sec-
onds, repeat the operation.

Manifold heaters and solenocid switches are )

81/32 Dia. i

available in 12, 24 and 32 volt systems. Ep ‘
ETHER-PRIMER ARRANGEMENT : Drepenser and Spray Nozale
USE THE FOLLOWING PROCEDURE: 1/4 Pipe Top

Punciuring Tool

{1) —Unscrew upper chamber B: insert a fluid
capsule and screw upper chamber back
in place.

(2)—Pull cap A and plunger to top of stroke
and then to bottom of stroke, which pune-
tures the capsule and releases the fluid.

(3)—Unlock prir:ner pump plunger by turning

" knob “D" to the left.

(4)—Crank engine with starter and at the
same time pump the primer plunger one E
full stroke, then a few strokes slowly
until engine runs normally on regular fuel
and all fluid in the chamber is used up.

(5)—Lock primer pump plunger at bottom of

1/8 0,0, Tubing
Prinmter Pumyp to Spray Nozzle

1/8 Pipe Tap Inlet

Primer Pump .i;
ot

Intake Manlfold Cover

4-7/32 Dia. Holes 1/8 O, I, Tubing
in Panel Puncturing Teol to Primer Pump

5 |

r', L 1/8 Pipe Tap D

. ) . Figure 27A
Ether Cold Weather Stusting Equipment

In connection with installation and use of

stroke and remove and discard empty cap- this ether fluid start.mg_j equipment, - there "are
sule from chamber “C”, and screw upper certain precautions which should be called to your

chamber “B" tightly in place. attention at the same time:
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CAUTION!

Starting fluid is highly inflammable, ex-
plosive and toxic. Gelatin capsules dissolve in
water and soften at high temperatures.
Therefore, safe handling of fluid, capsules
and plunger requires extreme caution to
avoid the following:

(1) —Exposure of fluid and capsules to
open flames, sparks or hot surfaces,

{2)—Spillage or leakage of fluid.
(3)—Breathing of fumes from fluid.
{4)—Contact of capsules with water.

(5)—Storage of capsules in tempera-
tures above 120° F.

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

MAINTENANCE OF EQUIPMENT
DURING COLD WEATHER

Certain maintenance operations must be
checked more carefully in cold weather, than dur-
ing the summer operation which includes: the
thermostats and water temperature control must
be maintained so that the engine is warmed up as
quickly as possible to 180° and remains at this
minimum or above during operation. .

Fuel Filters—must be checked more often,
particularly the’ primary stage filter, to remove
all the moisture and condensation separated from
the fuel, otherwise this may freeze and stop the
fuel fiow, thus necessitating a roadside repair or
& possible service call for help.

Clean fuel—handled by a reliable source hav-
ing a cetane number of 40 minimum, for Indus-
trial, and 50 minimum for Transportation, is a
definite requirement for easy starting and effi-
. clent operation, We cannot caution you too seri-
ously about obtaining fuel from a reliable source.

The distillation range of fuel has to be con-
trolled as well, otherwise there may be a large
quantity of the heavier ends in the higher distil-
lation ranges that do not vaporize readily.

To insure against .condensation in the fuel
tank, fill to capacity at the end of each operating
period.

Drain off about 1 pint of fuel from bottom of
fuel tank sump, before starting engine for the
day’s operation, thus removing any water or sedi-
ment that has gettled out during the time the en-
gine was not running.
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MAINTAIN CRANKCASE
ABOVE 135°F.

Sludge formation at low temperatures is a
close second to dirt to cause engine damage and
wear. This is formed by the piston blow-by gases .
mixing with the fine oil mist in the erankcase and
condensing on a cold surface. This condensation
forms both a sulphuric and sulphurous acid which
combines with the oil to hecome a highly injurious
sludge.

This dew point is about 135° F. — when
crankcase temperatures are higher, the contami-
nated gases remain in gaseous form and the engine
operates clean — however temperatures below this
will result in injurious sludge formation.

It is vitally important therefore to maintain
oil and crankcase temperatures above 135° F., as
shown on the following chart:

REACTION WITHIN ENGINE CRANKCASE TO

TEMPERATURES DURING OPERATION
T

CLEAN ENGINE
OPERATION

SLUDGING,
ETCHING OF PARTS,
¢[ RING AND VALVE
STICKING AND
|BURNING OF

| BEARINGS.

7 SLUDGE AND
FREEZING OF OIL
SCREENS AND

' |PUMPS RESULTING
IN BURNED BEAR-
INGS AND STRIP—

- IPED PUMP GEARS.

DEGREES FAHRENHEIT

Figure 27B
Crankcase Temperalure Reactions

When sludging conditions prevail, 'the oil
should be examined daily and changed as it may
freeze, or clog the inlet strainer and cause bearing
failures,
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SECTION 1V
PREVENTIVE MAINTENANCE

In order {o obtain maximum efficiency from
yvour diesel engine, a definite maintenance pro-
gram should be set up and followed. Haphazard
maintenance will only lead to faulty engine per-
formance and shortened engine life.

Moving parts in the engine are all subject
to wear; however, wear can be retarded by care-
ful operation and a planned maintenance pro-
gram, The importance of such a program cannot
be overemphasized, since it has a direct bearing
on the effective life of your engine.

In general, Diesel operation demands careful
attention to the cleanliness of air, fuel and oil
as well as the maintenance of operating tempera-
fures between 165° - 185° F.

The following pages, covering DAILY, 50,
250, and 500 hour maintenance, have been worked
out with our field service division as “minimum
requirements” to keep vour engine in first-class
mechanical condition,

[V oy e

€ Over-all Visual Inspection of Engine

Figure 28—Check Paints for Possible Leakage

Look for evidence of fluid leakage on floor, eyi-
Inder head and block, indicating loose fuel, 0il or
wafter connections — tighten if found.

@ Check 0il Level of Engine

PREVENTIVE MAINTENANCE SCHEDULES

The dipstick indicates the high and low oil level
in the crankcase — make allowance for additional
oil drainage back into oil pan if engine has not
been stopped over one half hour. Since the most
efficient oil level is between the two dipstick lev-
els, DO NOT ADD OIL. UNTIL OIL LEVEL AP-
PROACHES THE LOW MARK ON DIPSTICK
AND THEN ONLY ENOUGH TO BRING IT TO
HIGH LEVEL — NEVER ABOVE,

DO NOT OPERATE THE ENGINE WITH
OIL BELOW THE LOW OIL LEVEL MARK

Bosch APE fuel injection pumps of the
multi-plunger type with integral governor have
separate oil sumps that must be filled with oil
to the level plugs in hoth the pump and gover-
nor -base.

Bosch PSB pumps of the single-plunger type
are engine lubricated and require no attention,

Roosa Master Pumps are self-lubricated
pumps and also require no special attention as far
as lubrication is concerned.

€ Check Coolant

Fill radiator with clear water or recommended
anti-freeze solution to normal level mainiained

due to expansion when heated. Visually inspect

fan and belt for condition and adjustment.
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Figure 30

0 Fill with Clean Fuel Oil

Should be done at end of day’s operation to pre-
vent condensation forming in tank. Clean filler
cap and area around spout before filling to pre-
vent entrance of dust into fuel system — which
is harder {o remove than prevent.

Use only Diesel fuel oil that meets Continental
recommended specifications,

© Check Air Cleaner

Remove air cleaner oil
cup and note quantity
of sediment—if required,
clean and refill with en-
gine oil to level, Visually
inspect air cleaner con-
nections to manifold. The
[arger volume of air used
in Diesel engines empha-
sizegs the importance of
clean air entering the
cylinder.

Figure 31—Air Cleaner

® Drain water and sediment from primary fil-
ter — remove drain plug in bottom of filter and
drain out water and sediment until fuel runs clear.
Then replace plug and tighten.

& e [
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€) Check oil pressure

Note o0il pressure gauge,
which should indicate
30-4¢ pounds pressure*
at full throttle and a mini-
mum of 7 pounds pres-
sureatidling speed. Shut
down engine if not with-
in this range and follow
detailed instructions out-
lined under lubrication
system, Section II.

@ Note any unusual noise

‘g ¥ - e

Figure 34

Operators familiar with daily engine operation
soon become alert to any noise not normally pres-
ent. This is very valuable in correcting defects
in the early stages and preventing expensive re-
pairs or delays.

Due to the operating pressure on the pistons
being approximately three times that of gasoline
engines, allowance must be made for increased
combustion knock associated with all diesel
engines,

B EVERY 50 HOwrs §

€ Repeat DAILY operations outlined —
Follow Previous Instructions

€ Change Crankcase 0il and Qil Filter Element
Engine life is dependent upon clean oil being cir-
culated to all moving parts; therefore, the fre-
quency of oil changes and oil filter replacement
is very important and should be made at regular,
scheduled periods,

*ED series is 10-20#.
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Frgure 35-—-01! Pan Dram P.'ug & Inspeciion
Hole Cover

The crankcase oil must be changed after
50 hours service and when the oil is at running
temperatures so that complete drainage will result.

Remove the oil filter element at the same
time. Thoroughly clean-the filter can, cover and
sealing surfaces and replace element and cover
gasket.

Check for cover leakage under full oil pres-

sure after replacement,

€ Clean Primary Fuel Oil Filter

EDYE HIH TO '5ASSEMBLE!
cabars

Figure 36-—Sectional View of Primary Filler

Remove the cover and element — clean thor-
cughly in fuel oil or solvent and reassemble, mak-
ing certain that all connections are tight to
prevent leakage of air into fuel system on the
suction side, which would affect operation.

@) Clean Air Cleaner
and replace oil in cup

Remove bottom half of
air cleaner — clean thor-
g oughly and fill with new
engine cil to oil level
shown on cup. Replace
cup and check all con-
nections. Be sure that no
unfiltered air can enter
the engine intake man-

“Figure 37 - ifold.
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0il Drain
Check Oil Level

l

01l Drain  {Governor)

Figure 38

© Drain and fill with new oil in Bosch APE

(multi-plunger) injection pump
Remove drain plug in side of housing and drain
all oil and fuel, Then replace plug and fill housing
through the oil gauge rod hole until oil flows out
the level plug — then replace level plug.

The Bosch mechanieal governor should be
drained by means of the drain plug in the side of
the housing. Replace plug and add engine oil
until oil flows out level plug on side of governor.
Allow it to drain down to level before replacing
plug. — Too much oil will affect governor opera-
tion. . .
NOTE: Bosch PSB single-plunger type and
Roosa-Master injection pumps are self-lubricated.

® Check Fan Belt
Tension

Check condition of fan
belt; note alignment and
check belt tension svhich
should allow 34” to 1
deflection on long span.

Figure 39
Fan Belf Tension

€) Check Battery

F ture 40-—theckmg Baftery
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Check specific gravity of each cell. This should
be at least 1.250, Add distilled water, if required,
to raise level 34” above the separators.
Particular attention should be given battery
during cold weather. The cranking power of a
fully charged battery @ 80° F is reduced 50%
at 0° F; yet the power required to crank the
engine is 215 times greater at 0° F than at 80° F.

@ Lubricate Starter and Generator

LUBR CATE WITH ENGINE CQIL, 8 TO 10 1‘-.“:.‘

Figure 41—Generator, Lubrication Points

Apply 8 -10 drops of engine oil to each cup.

- —
8 TO 10 DROPS OF ENGINE OIL!" |

! ' ‘z\:; Sl il, J[

Figure 42—Starter Lubrication Poin}

© Lubricate Power Take-off

L
o~ 3
K :
#
o
&4 0 -
!:
! a [LusriICATE WiTH BALL BRG. GREASE | J

Figure 43—Power Tuke-Off Lubrication Points
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Lubricate with grease gun the clutch throw-out
bearing and output shaft bearing with approved
ball bearing grease, such as Mobilgrease No. 5.
{On some models, there is a zerk fitting on the
end of the shaft}.

EVERY 25 HOURS ‘

@ Repeat DAILY and 50-HOUR operations ac-
cording to previous outlined instructions.

€ Clean Exterior of Engme

~d .
.

t

sl ey

o

thure 44—Clean Engme

Use steam if available otherwise some solvent
can be used to wash down the engine.

& Adjust Valve Tap-
pet Clearance

Check and adjust if nec-
essary to specified clear-
ance both intake and
exhaust valves after the
engine has warmed up to
running temperature,

" Turn the rocker arm
adjusting serews in or
out until the correct feel-
er gauge clearance is ob-
tained. If adjustments
are made while the en-
gine is idling use exira
caution in judging the
correct ““feel” for proper
clearance.

FJgure 45—Adﬂuhng
Yalve Tappet Clearance
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.. @ Check Injection
~+ Pump Timing to Engine

Detailed instructions are
given under Section 6 —
Fuel Injection System —
for the various types of
injection pumps used on
Continental Red Seal
Diesel engines.

Injection Pump Timing
Marks (PSB Pump}

© Check Engine for even running and Exhaust
Smoke for indication of Poor Combustion

Uneven running is generally due to air in the lines
or fauity nozzles and black exhaust smoke can
generally be traced to poor or excessive fuel; wrong
injection pump timing to engine or the energy
cells carboned up. Blue smoke indicates heavy oil
consumption and white smoke indicates “missing”
cylinders. (Further details are given in Chapter
6 under Fuel Injection.}

# It this smoke is ¢nrountered, stop engine And investigate cause.

EXHAUST SMOKE CHART

I\?ll:ln?ll:r Color Explanation
w | D Clear No smoke visible, only heat
O distortion of ohjects through
E exhaust gus vapor.
: 1 Trace Very faint smoke
v
Q2 Light Definite smoke visible with-
= Gray out any doubt
w .
ol 3 Dark Gray  Usual maximum considered
< Haze desirable for continuous op-
eration .
4% Black Not desirable for continnous
operation )
B Heavy Soot color—possible flame or
Black glow present, dependent on
length of exhaust line
Figure 47
) Check Governor Seiting with Hand
Tachometer

An accurate hand tachometer should be used at
the front end of the crankshaft to set the gov-
ernor and to check the accuracy of the tachom-
eter mounted on the engine. The high speed
setting should meet the particular requirement of
normal operation and under no conditions should
it exceed the speed recommended for the engine.
The idling speed should not be lower than 600
RPM and for prolonged idling, the speed should
be increased to 800 - 1000 RPM.

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

Figure 48—Hand Tachomeler in Operation

€) Check Safety and Thermal Controls

Diesel engines can only be stopped by shutting off
either the fuel or the air — usually the simplest
way is to shut off the fuel with a solenoid shut-off
valve in the low pressure fuel feed line to the in-
iection pump.

& Watar Tamporatyrs Bulb o Cylinder Haod.

é Masual Cantrol Knob, Turn knob fa "On™ parilion, As
1000 o1 anglne darc ond il Pressure buildt up 1o nar-
mal, arcow will aulomelically move to “Kun". Enpine

FUEL WALVE will than oparaja ¢ontinuaucly ynboss Gil prassury drope
ar woter remp. rises fa exiremes or cantrol knab bt man-
ually movad tm “CA" pesition,

éing!m all prazsure line.
15 WRE
VOUAGE
FEGLLATOR
1\_'bﬂm
214 WIRE SOLENGG

Figure 49—Safefy Conirols

This valve opens when the knob on the safety
switch is turned to START and holds open in the
run position unlesg abnormal high water tempera-
ture or low oil pressure breaks the electric circuit
and permits the plunger to drop thus shutting off
the fuel. This shut-off is so designed that the fuel
pressure of the supply pump acts to hold the
valve tightly closed.

When fuel! does not flow through this valve
with the button turned to START position — re-
move one wire and make and break the circuit,
noting whether the plunger rises and falls, indi-
cating that it is free. If you are unable to detect
movement, disassemble and clean, after which
reassemble it carefully. Holding it in the hand
and tipping it first one way and then the other
— vou should feel the plunger action.
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Assemble it to the engine in a vertical posi-
tion with solenoid up and the mounting screws
below or it will not function since the valve must
close by gravity.

The best engine performance is obtained with
water temperatures of 165°-185°F — which can
only be obtained with proper operation of the
thermostats and shutter control. If temperatures
are not in this range check fan belt tension and
thermostat opening by heating in water as shown
in Section V.

P EviRr 500 HOuRs 4

@) Repeat DAILY, 50 HOUR and 250 HOUR
operation outlined.

{ DRAIN PLUG

Figure 50—0Qil Screen in Pan

Remove hand hole cover from oil pan sump
and clean screen — the pump inlet screen can
easily be removed from the cover for cleaning, If
the oil pressure indicates lower than normal pres-
sure, usually the sereen will require cleaning. This
is very important as further clogging of the
screen would prevent the main and connecting rod
bearings from receiving sufficient oil.

€ Check Engine
Mounting

Check engine mount-
ings and bolts — tighten
if required — inspect
mounting biscuits for
condition (if used) and
tighten mounting bolts,
as they will wear the
brackets and supports if
left loose. Replace defec-
tive mountings or bolts
as required,

Figure 51
Check Mounting Bolts

() Inspect Manifold Assembly

PREVENTIVE MAINTENANCE SCHEDULES

~ v} -

Figure 52—Manifold
Check and tighten manifold nuts to recom-
mended forque — exhaust, intake and water man-

ifold should be checked for leaks and tighten as
required. '

© Check Cylinder Head Nuts

i Y il

Figure 53—Tightening Cylinder Head Nuis with
Torque Wrench

Tighten if necessary in the recommended se-
quence and to the torque shown in the charts in
the Limits and Clearance Section.

0O Replace Secondary

Fuel Filter or Element
The life of the injection
pump is entirely depend-
ent upon the cleanliness
of the fuel passing
through the secondary
fuel filter.

In order to assure ex-
treme cleanliness as well
as adequate pressure, this
filter or element must be
replaced as a unit on a
scheduled 500-hr. basis
or when the minimum
pressure at the pump
inlet connection is 10
pounds.

This is dependent upon
the service conditions
and the initial cleanness
of the fuel entering the

Figure 54
Secondary Fuel Filter
{ln some models
this is used as a final

tank. stage filter)
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€) Clean and Check Injector Nozzles

FUEL RESERVOIR

K2

. .. - "HLTER
NOZZLE CONNECTIONS \um F

1

‘‘‘‘‘ H
i)
i
PUMP ASSEMBLY

¥~ NEEDLE VALVI

t

MOUNTING BASE:

Figure 55—Nozxzle Testing Fixture

Remove all nozzles and check for opening.

pressure (1750-1850 pounds) and spray pattern.
Clean thoroughly and adjust if necessary. Clean
hands, tools and working conditions are a “must”
to do a good job of checking and reconditioning
nozzles.

~ Before removing nozzles wash externally with
fuel oil. Disconnect both high pressure and
overflow lines and close openings. The nozzles are
then to be tested for leakage, opening pressure
and spray pattern .according to the detailed in-
structions given under Chapter VI Fuel System.

- CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

@ Compression Check

¥

Cylinders

Check compression of each cylinder using
special gauge assembly with adapter to replace
nozzle holder.

Pressures obtained should not vary more
than 25 pounds between cylinders or fall below
325 pounds to avoid starting difficulty.

©) Check Starter and Generator Brushes and
Commutator

Figure 57—Checking Starter & Generator Brushes

Remove cover band of the starter and generator
to inspect the commutator and brushes. The com-
mutators should be cleaned with 00 sand paper or
stone (never use emery cloth) and if worn or
found to have high mica — it should be removed,
turned and undercut 14.”. Replace all brushes
that have worn approximately 14 the original
length.

The starter drive should be cleaned, inspected
and lubricated with dry graphite so that full en-
gagement results.
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SECTION V
COOLING SYSTEM

The function of the cooling system is to pre-
vent the temperatures in the combustion chamber,
which may reach as high as 3500°F, from dam-
aging the engine and at the same time keep the
operating temperatures within safe limits,

Maintaining the cooling system efficiency is
important, as engine temperatures must be
brought up to and maintained within satisfac-
tory range for efficient operation, — but must be
kept from overheating, in order to prevent dam-
age to valves, pistons and bearings.

CONTINENTAL DIESEL
COOLING SYSTEM

Continental Diesel Engines operale most effi-
ciently with water temperatures of 165° - 185° F.
and a thermostat and by-pass system is used to
control these temperatures.

The thermostat valve remains closed and
only allows the water to recirculate within the
engine itself until normal operating temperatures
are reached. This provides for both rapid and
even temperature increase of all engine paris
during the warm up period. When desired tem-
perature is reached, the thermostat valve opens
and allows the water to circulate through both
the engine and radiator or heat exchanger,

RADIATOR FILLER CAP
RADIATOR

THEAMOSTAT

Thermostat Open, Waler
Circulating through BOTH
Engine and Radiator

Figure 58—Thermostat
Flow Conirol
Thermostal Closed, Wa-
ter Re-Circulafing through
Engine ONLY

The cooling water is circulated by a water
pump located at the front of the engine block.
The coolest water enters the pump from the
lower or suction epening, then is directed through
integral distribution passages cast in the cylinder
head, to the areas in and around the valve seats

FLANGE
ADJUSTMENT
SCREW

\%

Figure 59—Water Pump

and combustion chamber. This method provides
that the coldest water reaches the parts in the
engine subjected to the highest temperatures.

The cylinder walls, in turn, are cooled by
convection currents only, which keeps the cylinder
barrels at a more uniform temperature and there-
by greatly reduces crankcase oil dilution and
sludge formation.

Upon leaving the cylinder head, the water en-
ters the thermostat housing in which is mounted
the by-pass type thermostat which controls the
opening to the radiator or heat exchanger. Upon
being discharged from the thermostat housing,
the water enters the radiator or heat exchanger,
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COOLING SYSTEM

depending upon the application, where it is cooled
before re-entry into the engine.
' i

¥
F

Lk i 1 \
Figure 60—Cooling by Conveclion and Pump
Circulation

EXPANSION OF WATER

' Water has always been the most commonly
used coolant for internal combustion engines be-
cause it has excellent heat transfer ability and is
readily obtained everywhere. Like all liguids
it expands when heated, the rate of expansion be-
ing 14, pint per gallon when the temperature is
raised from 40° to 180° F.

For example: If a 4 gallon cooling system is
filled completely full of water at 40° F, 1 pint will
be lost through the radiator overflow pipe by the
time the water temperature reaches 180° F,

WATER FILTERS

In some areas, the chemical content of the
water is such, that even the best of rust inhibi-
tors will not protect the cooling system from the
formation of rust and scale.

There are instances where this corrosive ele-
ment has eaten holes through cast iron parts such
as water pump impellers and bodies. This condi-
tion is caused by electrolysis taking place in the
parts involved.

Where these conditions exist, water filters,
such as those made by the Perry Co. and the
Fram Corp., should be incorporated in the asgsem-
bly to remove these troublesome elemenis and
offset the electrolytic action.

-

EFFECT OF ALTITUDE ON COOLING

Water boils at 212° F under atmospheric
pressure at sea level. This pressure becomes less
at higher altitudes and the reduced pressure
canses water and other liquids to boil at a lower
temperature. The following chart shows the

effect on boiling point of water and anti-freeze
solution:

;
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Figure 61 —ERect of Altitude on Boiling Point of
Caolant

ANTI-FREEZES

Water freezes at 32° F., forms solid ice and
expands about 9% in volume — which causes tre-
mendous pressure and serious damage when al-
lowed to freeze inside the cooling system.

When operating temperatures are below 32° F.
an anti-freeze liquid must be added which will
lower the freezing point a safe margin below the
anticipated temperature of outside air.

Anti-freeze solutions come in 3 general types
and may be used in the following proportions by
volume to withstand the temperatures indicated:
For example, 1 quart of aleohol to 3 quarts of
water for 10°T.:
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OPERATING TEMPERATURE RANGE

TYPES OF ANTI-FREEZE

32° to 10°F | 4-10° to —10°F | —10° to —30°F

PLAIN ALCOHOL — (evaporates easily) — Check '
with Hydrometer and replenish often. — If spilled on

paint wash thoroughly immediately.............. ... 1 to 3* 4 to 9 5 to 8
METHYL ALCOHOL COMPOUNDS — such as Mohil

Freezone, ete., (evaporates less easily) — Check and _

replenish- occasionally. ..oooveemoooeeee e 1tod 2t b 1to1l
ETHYLENE GLYCOL — such as Mohil Permazone,

{permanent type) — When there are no leaks add

water only to make up for evaporation....... S 1to4 2to 5 1to1l

NOTE: While the above list includes in-
formation on three types of generally used
Anti-Freeze, the Ethylene Glycol or Perma-
nent Type will be found to be the most de-
sirable and likewise the most economical be-
cause of the temperatures desirable to main-
tain for efficient operation,

CORROSION INHIBITORS

Water forms rust due to its natural tendency
to combine chemically with iron and air in the
system. Rust inhibitors for water are inexpen-
sive, simple to use and make cleaning and flush-
ing necessary only after long perieds of opera-
tion.

The most commonly used are either a 3%
addition of soluble oil or commercial corrosion
inhihitors such as Mobil Hydrotone that are read-
ily available at low cost. The addition of corrosion
inhibitors are not necessary if an anti-freeze con-
taining a rust inhibitor is used.

RADIATOR

The radiator or heat exchanger consists of
a series of copper tubes through which the cool-
ing water is circulated. In standard radiator
design fing are connected to the copper tubes to
give an extended surface through which heat can
be digsipated. It is important that these tubes
be kept clean on the inside and the fing free of
dirt on the outside so that maximum heat trans-
fer can take place in the radiator,

Blowing out between the fins of the radiator,
using compressed air, in a direction opposite to

that of the fan circulated air, will serve to keep .

the cooling surfaces of the core free of dirt and
other particles, ’

*Example: 1 qt. of alcohol to 3 qts. of water.

Every 500 hours of operation the radiator
and cooling system should be well cleaned and
flushed with clean water. (See Radiator Drain.)

RADIATOR OUTLET HOSE
, RADIATOR DRAIN

Figure 62—Radiator Drain

Wherever possible, only soft clean water should
be used in the cooling system, Hard water will
cause scale to form in the radiator and the engine
water jackets and cause poor heat transfer.
Where the use of hard water cannot be avoided,
an approved water softener can be used.

CLEANING COOLING SYSTEM

Deposits of sludge, scale and rust on the
cooling surfaces prevent normal heat transfer
from the metal surfaces to the water and in time
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COOLING SYSTEM

render the cooling system ineffective to properly
maintain normal operating temperatures. The
appearance of rust in the radiator or coolant is
a warning that the corrosion inhibitor has lost
its effectiveness and should be cleaned before
adding fresh coolant.

Dependable cleaning compounds should be
used. Follow the procedure recommended by
the supplier. This is of prime importance because
different cleaners vary in concentration and chem-
ical compositions. After cleaning and flushing,
the system should be filled with an approved an-
ti-freeze compound containing. a rust and corro-
sion inhibitor or water with a corrosion inhibitor.

REVERSE FLOW FLUSHING

Whenever a cooling system is badly rust-
clogged as indicated by overflow loss or abnorm-
ally high operating temperatures, corrective
cleaning by reverse flow flushing will most effec-
tively remove the heavy deposits of sludge, rust
and scale. The reverse flow flushing should he per-
formed immediately after draining the cleaning
solution and it is advisable to flush the radiator
first, allowing the engine to cool as much as
rossible.

Beverse flush the radiator, as follows:
1. Disconnect the hoses at the engine,
9. Put radiator cap on tight.

_-CAP CLOSED

Figure 63—Reverse Flushing Radiator

3. Clamp the flushing gun in the lower hose
with a hose clamp.,

4. Turn on the water and let it fili the
radiator.

5. Apply air pressure gradually, to avoid
radiator damage.

6. Shut off the air, again fill the radiator with
water and apply air pressure — repeat until the
flushing stream runs out clear,

7. Clean and inspect radiator cap.

To Reverse flush the engine water Jacket

1. Remove the thermostat.

2. .Clamp the flushing gun in the upper hose.

3. Partiy close the water pump opening to
fill the engine jacket with water before applying
the air, _

4. Follow the same procedure outlined above
for the radiator by alternately filling the water
jacket with water and blowing it out with air
(80# pressure) until the flushing stream is clear.

Figure 64—Reverse Flushing Engine

TESTING THERMOSTAT

Remove Water Pump Header as shown in
illustration. Refore testing clean and examine
the bellows for rupture or distortion. If the valve
can be pulled or pushed off its seat with only a
slight effort when cold or it does not seat prop-
erly, the unit is defective and should be replaced.
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INSTALL WITH &
I cELLOWS DOWN

|
Figure 65—installing Thermostat

The thermostatic operation can be checked
in the following method:

1. Hang thermostat by its frame in a con-
tainer of water so that it does not touch the
bottom.

2, Heat the water and check temperature
with a thermometer.

3. If the valve does not start to open at
temperatures of 165-175°F or if it opens well be-
fore the 165° point is reached the thermostat
should be replaced.

When replacing the thermostat in the water
outlet elbow, be sure seal is in place, and seal seat
as well ag the counterbore is clean.

Assemble new gasket to pump body or spacer.
Thermostat flange must seat in counterbore with
rasket sealing contact between it and the pump
body.

PRESSURE CAF SEAL CONTACT

COOLING SYSTEM

_— 100

il
|
i
|

THERMOSTAT

Figure 66—Checking Thermosiat

RADIATOR PRESSURE CAP

Many operations use a pPressure cap on the
radiator to prevent overflow loss of water during
normal operation. This spring loaded valve in the
cap closes the outlet to the overflow pipe of the
radiator and thus seals the system, so that pres-
sure developing within the system raises the boil-
ing point of the coolant and allows higher tem-
peratures without overflow loss from boiling. Most
pressure valves open at 4 pounds, allowing steam
and water to pass out the overflow pipe, however,
the boiling point of the coolant at this pressure is
225°F at sea level. When a pressure cap is used
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COOLING SYSTEM

an air tight cooling system is necessary with par-
ticular attention to tight connections and a radi-
ator designed to withstand the extra pressure.

tor by hand until the belt is just snug. Under no
consideration should a pry bar be used on the
generator to obtain fan belt tension or damage to
the hearings will result.

When adjusted correctly the fan belt should
have between 34" to 1” deflection on the long side.

CYLINDER BLOCK WATER DRAINS
- When the, cooling system iz to be completely
drained, there are one or two drain plugs on the

] ]
T INDICATOR TUBE K
WATER JACKET DRAIN HOLE SRR .

*

e M

Figure 67—Fan Belt Adjusting Flange

FAN BELT TENSION :
. When ‘tightening fan belts, loosen the gen-
erator adjusting bolts and pull out on the genera-

i
i
{H 14t
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i
i

i

i

. it
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il
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Hil

Figure 69—Cylinder Drain Plug

right hand side of the cylinder block depending
upon engine models, which drain all cooling water
which might be trapped in the base of the block.

I
i1

1
[,
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CAUTION: OVERHEATEDP ENGINE
Never pour cold water or cold anti-freeze
into the radiator of an over-heated engine.
Allow the engine to cool and aveid the dan-
ger of cracking the cylinder head or block.
Keep engine running while adding water.

I

i
i
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1
7
i
7

Z
74
TLLLL,

OVERCOQOLING
Continuously low operating temperature
wastes fuel, increases engine wear and causes oil
sludge and corrosion of engine parts.
Over-cooling may be caused by operating
conditions such as excessive idling, low speeds and
light loads during cold weather. Partly covering
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the radiator or use of a thermostatic or manually
controlled shutter will improve this condition.
Improper thermostat or shutter operation can also
result in over-cooling, Temperatures should be
regulated to maintain 165° - 185° operating tem-
perature. ' ’

WATER PUMP

The water pump is located in the front of
the cylinder block and is driven by the fan belt
from the crankshaft pulley. The inlet of the water
pump is connected to the lower radiator connec-
tion and the outlet flow from the pump is through
integral passages cast in the cylinder head,

No lubrication of the pump is required as
the bearings are of the permanently sealed type
and are packed with special lubricant for the life
of the bearing.

The water pump requires no attention other
than bearing replacement when they show exces-
sive looseness or if a water leak develops which
shows a damaged or badly worn seal that needs
replacement. '

REMOVING WATER PUMP

The water pump assembly can be removed
from the engine as a unit for service or repair
in the following manner:

1. Remove fan by taking out four cap screws,

Figure 70—Water Pump Removal

COOLING SYSTEM

2. Loosen generator so that fan belt can be
slacked off enough to slide over pulley.

3. Remove nuts (14) and lockwashers (15)
holding the pump support (4) to the front of the
block and remove the pump assembly,

DISASSEMBLY OF WATER PUMP

1. Remove the bolt from the impeller hub
and using a puller, remove the impeller from the
shaft. Do not pound or drive on the pump shaft
or the carbon seal on shaft will be damaged,

1. Impeller 9, Screw

2. Gasket 10. Adjusting flange
3. Seal Assembly 11. Locknut

4, Support 12. Lockwasher

5. Bushing . 13. Screw

6. Shaft & Bearing Assembly 14. Nut ’

7. Snap Ring 15. Lockwasher

8. Fan Hub 16, Stud

Figure 71—Water Pump Disassembly (HD & JD Series)

2. Remove the impeller snap ring and the seal
assembly (3) can be lifted from the impeller hub.

3. Where removal of the shaft (8) is re-
quired for inspection, loosen the Allen set screw
(9) and pull the fan hub (8) from the shaft using
a puller. :

4. Remove the snap ring (7), then the shaft
and bearing assembly (6) can be pressed out of
the pump body toward the front end.
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. Bushing
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. Fan Hub
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. Nut

. Lockwasher
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. Gasket

. Inlet Elbow

Figure 72—Water Pump Disassembly (GD157]

REASSEMBLY AND INSTALLATION

1. Reassemble pump, replacing worn or failed
parts and reverse above instructions.

Seal contact surface must be smooth and flat,
regardless of whether it is on a replaceable bush-
ing or machined directly in the iron of the sup-
port. The bushing may be replaced, if scored or
cut, but either of them may be refaced and
polished for further use,

A light film of lubricant applied to the face
of the seal will facilitate seating and sealing,

2. Use thick soapsuds on both the seal and
shaft when assembling in order to prevent dam-

- age to the seal.

3. Mount pump assembly on block using a
new housing gasket.

4. Install fan belt and adjust belt tension to
have 34” to 1” deflection on long side, Pull out
the generator by hand, as bearing damage will
result with a pry bar.
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SECTION Vi
FUEL INJECTION SYSTEM

The fuel injection system of a Diesel engine
‘is of paramount importance in the functioning of
that type of engine. There is no carburetion sys-
tem and there is no ignition system; the injection
system takes the place of both in one way or
another.

It draws the fuel from the supply tank,
forces it through the filters, places it under the
high-pressure required for mechanical atomiza-
tion, meters it with great accuracy, distributes it
in the proper sequence to the various cylinders,
commences the individual injections with fine pre-
cision in timing, and produces uniformly through
the nozzles the correct pattern of spray for the
combustion chamber.

The injection system of a Diesel engine in-
cludes (a) an injection pump assembly complete
with fuel supply pump and speed governor, (b)
fuel filters, (c¢) high-pressure steel lines con-
necting the pump discharge outlets to the nozzles,
and (d) nozzle holder and nozzle assemblies, one
for each cylinder. Not the least of these are the

BLEEOIA SCREW LE HOLDER

NDZLLE LEAR OFF Lovdl

FIRAL BTAOE
FRTER
PRLSSURE HELTILE
GALUGE

8
-]
3
2
E

_o_
o
-]

PRIMARY FLTER

Figure 73A

Schematic View of Fuel Supply System
with APE Pump

filtration elements, as fine particles of dirt in the
fuel are extremely destructive to high-pressure
pumps of any description, and a final-stage filter
capable of stopping particles down to 2 microns
prevents premature wear. '

Careless or too frequent removal of elements
of the fuel injection system for “inspection” or
“cleaning” is generally far more harmful than
beneficial, due to the danger that dirt will enter
the exposed connections and the possibility of mis-
handling the equipment through lack of knowl-
edge of its design and construction. Various of its
components are made with the utmost precision
and may be easily damaged when removed.

CAUTION: There should be no tamper-
ing with the injection pump assembly, or
removal of it for inspection, unless engine
operation is seriously impaired and the cause
of the difficulty is directly traceable to the
pump unit.

It should be borne in mind that miner
troubles, such as suction leaks at joints in the
supply line to the transfer pump, can cause erratic
engine behavior. It is unlikely that the injection
pump itself would require overhaul before it has
several thousand hours of operation.

All injection pumps should be calibrated and
repaired at authorized service stations, unless
factory trained personmnel are available with the
proper tools and test equipment.
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BOSCH APE MULTI-PLUNGER TYPE INJECTION PUMPS

Bosch APE Fuel Injection Pumps are of the
constant-stroke, cam-actuated, lapped-multi-
plunger type and are driven at half engine speed.
Their purpose .is to meter the fuel accurately and
to deliver it precisely at a definite time under
1800 pounds pressure to the spray nozzles by
which it is injected into the respective cylinder
of the engine.

Filler Breather Cap. Filler 8reather Cap

Shut OFF Laver
Fowmrd: QFF

Fusl Inlet

Transfer Pump Fuel Inlet

Check Ol Level

L
Figure 74—Boasch APE Pump

Transfar Fump Fuel Outlet 01l Drain  {Governor) Y

PUMP LUBRICATION

The lower or cam compartment of this pump
should be filled initially with a good grade of
engine lubricating oil to the height of the oil
level plug, and this compartment should be
drained and refilled whenever the engine crank-
case oil is changed. A drain plug is provided on
the front of the housing and is clearly indicated.

Presence of fuel oil in the camshaft compart-
ment of the APE pump is to be expeected and
should not be a source of werry. The lubricating
properties of the fuel are ample to meet require-
ments, and slight leakage of it down past the
lapped fits of the plungers is quite normal. The
purpose of filling the cam compartment initially
with lube oil is to insure the presence of an oil
supply there at the outset. The purpese of drain-
ing and refilling the cam compartment at the time
of engine crankcase oil change is to clear away
any accumulations of sludge or moisture.

On Continental Diesels, the APE pumps are
fitted with cam compartment overflow tubes in
order that the surplus leakage fuel may be con-
veyed automatically to some convenient point of
collection or disposal,

When such overtlow tubes are not pro-
vided, it will be necessary for the operator peri-

odically to open the oil fevel plug and allow the
surplus oil to drain off. The frequency with which
this service must be performed can be determined
only by experience.

Erratie engine performance, attributed to the
injection pump, only after all other factors have
been eliminated, may often be eaused by a sludg-
ing condition within the injection pump. Thor-
oughly clean the pump externally with fuel oil to
prevent entrance of dirt during subsequent opera-
tions. Open oil drains on both governor (if used)
and pump housing and allow the oil to drain.

Carefully remove the inspection cover from
the pump and the top cover from the governor
housing and examine internal condition of both
units. If reddish-brown sludge deposits or gummy
oil conditions are noted, the units should be
flushed, employing a pressure or squirt gun using
fuel oil, or other solvents.

Actuate the control rack while flushing to as-
sure complete removal of all deposits from the
gear segments within the pump and governor
linkages. After flushing allow units to drain, then
refill with clean engine oil fo the proper level.
Lightly spray springs and gear segments with oil
and replace covers.

The injection pump and governor are pro-
vided with breather caps. These should be tightly
covered when engines are cleaned with pressure
type cleaners to prevent the entrance of steam
or water into the injection pump.,

FUEL SUPPLY PUMP

In the conventional multi-plunger injection
pump of the APE type, the fuel supply pump
{Type SPA) is of the self-regulating, plunger type
pump capable of building pressure up to a prede-
termined point controlled by the plunger return
spring. The pump is not normally required to self-
regulate, however, because fuel is ordinarily cir-
culated back to the supply tank through an over-
flow valve on the injection pump which is set at a
lower pressure.

1t is preferable to employ a fuel supply sys-
tem of the return-flow type, in which the pres-
sure is limited by a spring-loaded overflow valve,
usually placed on the injection pump opposite its
fuel inlet connection. Such an overflow valve
adjusted to about 15 pounds per square inch, per-




Page 42

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

FUEL INJECTION SYSTEM

mits the fuel to pass entirely through the injec-
tion pump gallery and back into the supply tank.

Thus any air or gas which may have en-
tered the system will be carried away. An acecu-
mulation .of air or gas within the gallery can
easily become troublesome,

T—INJECTION PUMP CAM

CHAMBER 1IN
BACK OF
FLUNGER:

QUTLET
Figure 75—A8osch Fuel Supply Pump
(SPA)

The direction of fuel flow is always indicated
by an arrow inscribed on the supply pump hous-
ing. Some fuel supply pumps are provided with
a hand-prime feature for manually filling the low
pressure fuel lines between the supply pump and
the injection pump before the engine is started.

Difficulties with the fuel supply system, often
laid to the supply pump, may often be traced fo
such causes as clogged fuel filters or air leaks into
the fuel lines as a result of loose connections at
the various line fittings. Dented, badly crimped
or spongy supply lines cause high fuel flow re-
strictions. “Defective overflow valves may algo
contribute to impaired engine operation. In some
isolated cases, dirt may be lodged under supply
pump valves. Thig can readily be checked by re-
moving spring retaining nuts and examining

"valves and seats.

Ingertion of a 30 pound pressure gauge
at outlet side of supply pump with engine run-
ning will further aid to isolate troubles. Satis-
factory supply pump operation will be obtained
with a2 minimum pressure reading of 10 lbs. By
inserting gauge hetween secondary and final stage
filter, a clogged unit can easily be determined.

BOSCH MECHANICAL GV TYPE GOVERNOR (APE PUMP)

The prime purpose of the governor is to
serve as 3 means for presetting and maintaining
within close limits any desired engine speed regu-
lation within the idling and maximum speed
range, irrespective of engine load.

In addition, the governor controls the engine
idling speed to prevent stalling and the maximum
speed to prevent racing. ‘

In the event that minor changes in engine
speed are necessary, ready adjustments by means
of stop screws are provided on the side of the
governor as shown below, This adjustment should
be made by competent personnel only and with
accurate hand tachometer,

‘memm‘

SREATHER CUP

stop tever  LNRET, T e BUMPER SPRING ADJUSTING SCREW

A

= /// B
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@ @ HIGH SPEED ADJUSTING SCREW
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T

PERATIMNG LEVER STOP PLATE

RAIN PLUG

Figure 76—GV Type Mechanical Governor
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ADJUSTING THE TYPE
GV GOVERNOR ON THE ENGINE

HIGH-SPEED ADJUSTMENT

Changes in engine speeds should be made
only when necessary to conform with speeds
given in your engine manufacturers operating
manual. The adjustments are originally set and
sealed by the engine manufacturer for your pro-
tection, '

Warm up the engine thoroughly before at-
tempting to make any governor adjustments.

The illustration shows a governor being ad-
justed for high idle speed. The bumper spring
has been withdrawn and the operating lever, in
this case at the rear of the pump and not show-
ing in the illustration, has been moved clockwise
- toward full load position until the stop plate on the
lever shaft has contacted the high speed adjusting

bR ]

\\ B w
SPEED CONTROL LEVER

Fiqure 77—High Speed Adjustment

screw, This screw is always the one nearer to the
injection pump regardless of the governor mount-
ing.

When the engine reaches its maximum speed,
check by means of a tachometer whether this is
the high idling speed as specified in your instrue-
tion manual. If the speed is too low, raise the
high speed adjusting screw and, if the speed is
too high, lower the screw.

After the correct speed is obtained, secure
-the adjusting screw by means of the lock nut and
re-check the speed, making sure that the stop
plate on the governor operating lever shaft is in
contact with the adjusting screw,

FUEL INJECTION SYSTEM

HIGH IDLE BUMPER SPRING ADJUSTMENT

This illustration shows the adjustment of the
high idile bumper spring. With the engine still
operating at the high idle speed, the bumper

Figure 78-—High Idie Bumper Spring A’diusl‘menl‘

spring adjusting screw should be turned in until
the spring just touches the fulcrum yoke assembly

without any appreciable increase in engine speed.

If the pump control rack oscillates rapidly
back and forth at high idle speeds, screw in the
bumper spring slightly further until the control
rack is reasonably steady. Re-check the engine
speed with a tachometer and be sure that no ex-
cessive speeds have resulted from the bumper
spring adjustments. It may be necessary to lower
the high speed adjusting screw slightly.

LOW IDLING SPEED ADJUSTMENT

INlustrated below is a governor being adjusted
for low idle speed. Move the operating lever in
the direction of less speed until the engine reaches
the correct idle speed. Hold the operating lever
in this position and screw in the idle speed ad-
justing screw until its lower end touches the stop
plate on the operating lever.
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Y
O 5:cc0 CONTROL LEVERR

Figure 79—lLlow Speed Adjustment

The neminal idling and maximum speeds con-
trolled by the governor cannot be varied to any
great extent because they depend entirely upon
the characteristics of the spring combination con-
tained in the governor unit. If the governor ad-
justments are not sufficient to obtain the desired
speeds, an American Bosch authorized service sta-
tion should be consulted.

BOSCH PSB INJECTION PUMP

The American Bosch type PSB Fuel Injec-
tion Pumps are of the constant-stroke, single dis-
tributing-plunger, sieeve-control type, the plunger
being actuated by a cam and tappet arrangement

‘which also carries gearing for the distribution
function.

The purpose of the pump is to deliver accu-
rately metered quantities of fuel oil under
high pressure to the spray nozzles thru whieh
the fuel is injected into the engine cylinders, at
a definite timing in relation to the engine firing
cycle and within the required injection period.
This pump is designed to reduce initial cost and
to simplify servicing, both objectives being

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

reached thru a substantial reduction in the num-
her of required parts. PSBE type pumps are driven
at engine speed.

An integral governor, of the mechanical-
centrifugal type, is used with this pump to con-
trol fuel delivery as a function of speed. It is
driven directly off the rear of the pump camshaft
without gearing.

A gear-type fuel supply pump is provided for
direct attachment to the pump at the front, driven
from the distributor drive gear on the eamshaft.

Wy 7 £ B!

f1 To lncreaae'Spraed
@3‘ (Shown In Idle Position}

=\

Tra.ufter Pump Inlet Transfer Pump Qutlet

Lube O Inlet

VFigure 80—Bosch PSB Fuel Injection
Pump & Governor

This type PSB pump is a self-contained unit
and requires no periodic lubrication check because
lubrication is provided from the engine lube oil
system; strict adherence to manufacturer’s speci-
fications regarding engine oil change and main-
tenance of engine oil filters is therefore of special
importance.

A small Inbe oil filter is provided within
the pump itself but solely for the protection of
the lower lapped section of the plunger. This
little filter requires no servicing unless the
entire pump is to be subjected to a major over-
haul and should otherwise not be disturbed, Re-

DRIVE .GEAR.

POSITIVE i
DISPLACEMENT
PUMPING GEARS

_}';NLET OUTLET
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moval of the filter without completely dismantling
the injection pump would invariably prove harm-
ful because any deposits around the filter could
be dislodged and trapped in the lubrication oil
passage.

PSB injection pumps use SGB type positive
displacement gear type fuel supply pumps. It is
essential that in an installation of this type a
permanent bleed or spring-loaded overflow valve
be used to allow fuel cir¢ulation and prevent dam-
age lo the low-pressure system.

To accomplish manual priming the fuel system
with this gear type of pump when no hand primer
is provided, it is suggested that the fuel supply
pump with its inlet and outlet lines in place be
removed from the injection pump. Then by man-
ually rotating the driven gear in the normal direc-
tion of rotation, the fuel system can be primed.
The following illustration shows the use of the
hand primer which is available to provide easy
priming of the fuel system,

4 3 L ) 2

Figure 82—Hand Primer in Operation

Difficulties with the fuel supply system, often
laid to the supply pump, may sometimes be traced
to such causes as clogged fuel filters or air leaks
into the fuel lines as a result of loose connections
at the various line fittings, Dented, badly crimped
or spongy supply lines cause high fuel flow re-
strictions. Defective overflow valves may also
contribute to impaired engine operation.

FUEL INJECTION SYSTEM

The SGB type fuel supply pump used with
PSB pumps can be checked for proper operational
efficiency by ingerting a gauge in the fuel inlet -
line to the injection pump gallery. The supply
pump must be capable of producing a minimum
gauge reading of 10 lbs. with the engine runnigg.

In either case, by inserting a gauge between
secondary and final stage filter, the clogged unit
can easily be determined.

BOSCH PSB PUMP BY-PASS SYSTEM

It is essential in this installation that a per-
manent bleed or spring-loaded overflow valve be
used to allow fuel circulation and prevent damage
to the low-pressure system, ‘

There is a safety by-pass in the system be-
tween the fuel supply pump and the secondary
filter. When the secondary filter becomes inop-
erative due to being blocked by dirt and other for-
eign material it has filtered from the fuel, it will
cause the fuel to recirculate through the primary
filter. In the meantime, the engine will stop for
lack of fuel. _

The use of this safety by-pass and recircula-
ting tube in the fuel supply system is for the pro-
tection of the fuel injection pump and its very
accurately machined working parts. If the final
stage filter were to break down and allow passage
of fuel containing pieces or particles of dirt into
the injection pump, the life of this latter equip-
ment would be definitely shortened.

V2" DIA.

LEAK-OFF FROM NOZILES
OVERFLOW TO TANK

P58 INJECTION PUMP

SECONDARY

Figure 83—Bosch PSB Pump By-Pass System
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INTERNAL SPRING GOVERNOR
FOR USE WITH PSB PUMP

The governor, whose weight agsembly is af-
tached o the camshaft, iz considered an infegral
part of the pump. This governor is of the variable
speed, mechanical, centrifugal type, The gover-
not action is acecomplished thru flyweights acting
against a movable sleeve which is backed up by
springs loaded in the opposite direction.

The assembly consists of an aluminum hous-
ing (A), attached to the rear of the pump hous-
ing with cap screws, containing a shaft and
weight assembly, sliding sleeve, control springs,
fulerum lever, operating shaft assembly and stop
plate.

The shaft and weight assembly comprises a

" spider pressed onto an extension of the camshaft

(B) and two movable weights (C) pinned on op-

posite sides of the spider. The weights swing
freely about their pins.

The sliding sleeve (D) moves freely on the
governor shaft and hag a ball thrust bearing (E)
on the front against which the fingers of the
weights bear. There is a slot on each side of the

*sleeve to receive the pivot pins of the fulerum
lever; counterbores at the rear receive the two
governor springs.

The fulerum lever (F) has two pivot pins
" which slide in the slots on the sleeve. These pins
may be located in an alternative set of holes to
vary the closeness of governor regulation. The
control rod extension (G) is connected to the fop
of the fulerum lever and transmits the governor
movement to the control sleeve in the hydraulic
. head. The stop plate (H) is screwéd into the top
of the housing; the smoke limit cam (I) at the
top of the fulerum lever bears against this in
operation,
The two governor springs {J) {(outer for low
speed control, inner and outer for high speed
control) are held into the sliding sleeve by an

easily removable cover (K) which screws onto the

back of the housing.

The operating shaft assembly extends thru
the governor housing and is intended for connec-
tion to the engine control thru linkages,

Easily accessible on the outside are a stop
plate and limiting screws for adjusting idling and
full-load speeds. Inside the governor, the shaft is
connected to a yoke (L) thru a torsion spring
acting on an ear on the shaft and an ear on the

fulerum lever, these being loaded fowards each
other. The yoke ig in turn pinned to the fulerum
lever and serves as a second fulerum point.

A % B - w s
Figure 84—Internal Spring Governor—PSB Pump

ADJUSTING THE PSB GOVERNOR
ON THE ENGINE

HIGH SPEED ADJUSTMENT _

Changes in engine speeds should be made
only when necessary to conform with speeds given
In your engine manufacturers operating manual.
The adjustments are originally set and sealed by
the engine manufacturer for your protection.

Warm up the engine thoroughly before at-
tempting fo make any governor adjustments,

IMustrated below is a governor being ad-
justed for high idle speed. The speed control lever,
has been moved counterclockwise toward full load

Figure 85—High Speed Adjustment
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position until the stop plate on the lever shaft has

When the engine reaches 1ts maxunumn.
speed, check by.means of a tachometer whether
this is the high idling speed as specified in your
instruction manual. If the speed is too low, raise
the high speed adjusting screw and, if the speed
is too high, lower the screw. After the correct
speed is obtained, secure the adjusting screw by
means of the lock nut and re-check the speed,
making sure that the stop plate on the governor
operating lever shaft is in contact with the ad-
justing serew. :

LOW IDLE SPEED ADJUSTMENT

Illustrated below is a governor being ad- Fiqure 86—Low Speed Adjustment
justed for low idle speed. Move the speed control
lever e¢lockwise in the direction of less speed until The nominal idling and maximum speeds
the engine reaches the correct idle speed. Hold in controlled by the governor cannot be varied
this position and turn the adjusting serew until its E?rggyu%?;iatt}fgtcel?:fr:g&l};ggig?% %ﬁgeggrglg"
12::; end touches the stop plate on the operating, combination contained in the governor unit.

ROOSA-MASTER FUEL INJECTION PUMP

GENERAL INFORMATION: - tical or horizontal pesition.
Roosa-Master Fuel Injection Pumps are a The pump is extremely simple, having no ball
single cylinder, opposed plunger, inlet metering, bearings, no lapped surfaces, no gears and no

distributor type and operate equally well in a ver- complicated springs. The basic model has about

AR R e, ’

-

ECCENTRIC BUSHING
—

§|
Figure 87 i
Raosa “D"” Pump Instailation
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80 parts and only 3 main rotating members, which
revalve on a common axis and include the drive
shaft, distributor rotor and transfer pump.

The Roosa-Master Pump is self-lubricated as
well as cooled by the filtered fuel ¢il flowing
through the pump assembly and operates on
either No. 1 or No. 2 Diesel fuel oil. The pump
and its accessories are enclosed in an oil-tight
cofnpartment in which slight pressure is main-
tained, t}lus preventing the entrance of dust, water
or any foreign matter.

The transfer pump supplies an excess of fue]
which is returned to the fuel tank along with any
air that is trapped in the pump body. The design
of the pump makes engine reversal impossible,
since there would be no transfer pump pressure.

There are the following two types of Roosa-
Master Injection Pumps:

Model “D” Pumps — Having integral mechan-
ical governors which are normally used on
all 4 cylinder Continental Diesels.

Model “E” Pumps— Are controlled by external
governors independent of the pump to meet
special conditions.

All 4 cylinder Continental Diesels drive the
Roosa-Ma_ster Pumps in a vertical position from
the timing gears at one-half engine speed.

Model “D” Pumps have the one piece shaft
adapter drive or the two-piece shaft with tang
drive and eccentric bushing — which provides
micrometer adjustment of backlash.

The Roosa-Master Pumps have the following
special equipment available to further improve op-
eration and control,

Automatic Advance — Provides variable in-

jection timing to aid cold starting and per-
formance during accelerating leads,

|
o
|

|

_

Figure 88

One Piece Drive Two Piece Drive

Electric Fuel Shut-Off — Can he furnished
with 12- 24 or 32 volt electric solenoid fuel
shut-off on all “D” pumps, They are fur-
nished to be “Energized to Shut-off” or
“Energized to Run”,

Speed Droop Device — Provides an external
adjustment screw at the rear of the pump
-housing to control the governor spring sen-
sitivity and improve close regulation.

The above accessories are further explamed
in detail later.

COMPONENTS AND FUNCTIONS

The Model “D” pump with integral mechan-
ical governor consists of the following eight main
parts, which function as follows and are shown
below :

(1) DRIVE SHAFT which is retained in
pump drive assembly, engages the’dis-
tributor rotor (2) and revolves this rotor
in the hydraulic head (6).

(2) DISTRIBUTOR ROTOR — the major ro-
tating assembly ; contains the drilled fuel
passages and at the drive end has a dia-
metric bore containing two plungers (4).

Its other end drives the rotor of the
transfer pump.

(3) TRANSFER PUMP — is the 4-vane pos-
itive displacement type which supplies
fuel to the metering device at an even
and predetermined pressure,

(4) PUMP PLUNGERS — The plungers are
closely fitted in the bore and are actu-
ated toward each other simultaneously
by an internal cam ring (5) through roll-
ers and shoes which are carried in guide
slots in the flanged end of the rotor.




(5)

(6)

(1

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

INTERNAL CAM RING —is a station-

ary ring located in the housing. As the
entire rotor (incorporating the plungers)
turns in the hydraulic head (6) opposing
lobeg in this cam ring force the plungers
inward and causes the fuel between the
rollers to be ejected from the pump.

HYDRAULIC HEAD—contains the bore
in which the rotor revolves; the meter-
ing valve (12) bore and the outlet ports
for connecting the nozzle lines. The rotor
shaft is very closely fitted to its eentral
bore and must remain a mated assembly.

END PLATE — This assembly houses
the fuel inlet connection, fuel strainer,

Figure 89
Roosa “D" Pump

(8)
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the transfer pump pressure regulating
valve, and acts as a cover for the trans-
fer pump. :

GOVERNOR — of the flyweight or me-
chanical type — is built in the pump
assembly and is capable of close speed
regulation. The centrifugal action of the
weights in their retainer (9) is trans-
mitted through a sleeve (10) to the gov-
ernor arm {(11) and through a positive
linkage to the metering valve (12).

The metering valve (12) is positively closed to
shut off fuel through a solid linkage by the inde-
pendently operated shut-off lever (13).
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FUEL FLOW

Fuel is drawn from the supply tank into the
pump through the inlet strainer (1) by the trans-
fer pump (Z).

The transfer pump output greatly exceeds
the injection requirements so a large percentage
of fuel is by-passed through the regulating valve
(3) back to the inlet side.

The transfer pump pressure then forces fuel
through the axial passage (4) into an annular
groove . (b}, milled around the rotor shank, and
through the metering valve (6) in a quantity de-
termined by engine demands.

As the rotor revolves, one of its charging
ports (7) comes into registry with passage (8),
permitting the fuel to enter the axial passage to
the pumping cylinder (2). The in-flowing fuel
forces the plungers (10) outward, a distance pro-
portionate to the quantity to be injected on the
following stroke. :

If only a small amount of fuel is admitted

Figure 90
Roosa Fuel Flow Diagram

into the pumping cylinder, as at idling, the plung-
ers move out very little. As additional fuel is
admitted, the plunger siroke increases to the max-
imum guantity as limited by the leaf spring ar-
rangement (11).

At this point (charging) of the cycle, the
rollers {12) are in the “valley” or relieved part of
the cam ring, between lobes. The fuel is trapped
in the cylinder for a very slight interval after
charging is complete. This is caused by the fact
that the charging port has passed out of registry
with passage (8) and the rotor discharge port
(13) has not yet come into registry with an outlet
port (14) in the hydraulic head.

Further rotation of the rotor brings its dis-

" charge port into registry with an outlet port at

which point the rollers simultaneously contact the

opposing cam lobes and the plungers are forced

towards each other. The fuel trapped between the

plungers is forced from the pump through one of

the outlet ports to a high pressure injection line.
i
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CENTRIFUGAL GOVERNOR

In the centrifugal governor, shown below, the
movement of the fiyweights against the governor
thrust sleeve rotates the metering valve. This ro-
tation varies the registry of the metering valve
slot with the passage to the rotor, thus controlling
the flow of fuel to the engine,

This type of governor derives its energy from
the centrifugal action of the flyweights pivoting
on thejr outer edge in the retainer. Centrifugal
force tips them outward, moving the governor
thrust sleeve against the governor arm, which
pivots on the knife edge of the pivot shaft, and is
connected through a simple positive linkage to the
metering valve.

L

THROTTLE

GO
PRlNG

BGOVERNOR
ARM

&5

1 e LI S
METERING VALVE

PIVOT

The force on the governor arm caused by the
centrifugal action of the flyweights is balanced by
the compression type governor spring, which is
manually controlled by the throttle shaft linkage
in regulating engine speed.

A light idle spring is provided for more sensi-
tive regulation at the low speed range. The limits
of throttle travel are set by adjusting screws for
proper idling and high speed positions.

A light tension spring allows the stopping
mechanism to close the metering valve without
overcoming the governor spring force. Only a
very light force is required to rotate the metering
valve to the closed position,

RETAINER

THRUST

Figure 91
Roosa Centrifugal Governor

GOVERNOR AND THROTTLE ADJUSTMENTS

There are no internal adjustments of the
governor. Since the centrifugal force of the fly-
weights increases with engine speed, the desired
governed speed iz obtained by balancing this force
with the correct governor spring combination.
For this reason, close governor regulation can only
be obtained within 2= 100 RPM of the existing
governed speed. If changes greater than this are
required — new, correct springs must be used.

The idling (7) and high speed (2) screws
shown on Fig. 92 provide the idling and governed
speed adjustments,

The engine speed is increased to the governed
speed by moving the throttle lever in a clockwise
direction. The throttle lever is held in place by
the 2 Allen head screws and may be moved to any
position desired. -
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1. Fuel inlet

2. High Speed Adj.

3. Torque Screw

4. Automatic Advance

5. Nozzle line connection
6. Throttle lever

7. 1dling Screw

8. Fuel Oil Return to Tank
9. Stop Lever

Figure 92
Roosa "D Pump

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

TORQUE CONTROL

Torque is commonly defined as the “lugging
ability” of an engine. The engine can burn more
fuel at the lower speeds while still maintaining
the combustion chamber efficiency it had at
higher speed — which would resuit in higher
torque in the infermediate speed range.

TORQUE
CONTROL SCREW

METERING
VALVE ARM

* Figure 93
Torque Control

For example, consider a crawler tractor being
used as a bulldozer to level land on a construction
job. The operator, being busy with clutches and
blade controls, sets the engine throttle for the
desired travel speed. As the blade picks up its
load, the demand on the engine increases and en-
gine speed slows. If the torque tends to increase
at reduced speed due to a greater amount of fuel
being injected into the cylinder, then the engine
can handle the greater load easily without the
operator “jockeying” the throttle. This desirable
feature is called “torque back-up” and is incorpo-
rated in the Roosa Master Pump. ‘

This adjustment is made during the factory
dynamometer power test by carefully adjusting
the torque control screw go that the power output
follows the engine curve and provides the torque
back-up desired for the application,

The torque screw contacts the metering valve
arm and rotates the metering valve which changes
the quantity of fuel delivery.

Turning the torgue-screw in, or clockwige
(Fig. 92) will reduce the fuel; turning out or
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counter-clockwise, will increase the fuel. The ad-
justment is factory-sealed and should not be tam-
pered with except in emergency field work “to
compensate for fuel viscosity variations which
would be indicated by low power or foo heavy ex-
haunst smoke. Any adjustments in the field should
be made in inerements of 1/16 turns as it is very
sensitive,

FUEL INJECTION SYSTEM

CAUTION: In general, torque adjustments
should be made only during a dynamometer
or bench test so actual fuel delivery can be
determined.

AUTOMATIC ADVANCE

The Roosa Master design permits the use of
a simple hydraulic servo-mechanism, powered by
oil from the transfer pump, to rotate the normally
stationary cam ring to advance injection timing.
Transfer pump pressure, increasing with speed,
operates the servo-advance piston against spring
pressure as required along a predetermined tim-
ing curve.

OPERATION

Controlled movement of the cam in the pump
housing is induced and limited by the action of
the hydraulic and spring loaded pistons of the
automatic advance against the cam advance screw.

During cranking, the cam is in the retard po-
sition, since the force of the spring is greater than
transfer pump pressure. As the engine RPM and
transfer pump pressure increases, oil entering the
advance housing behind the hydraulic piston
moves the cam. Any amount of advance may be
provided up to 10 pump degrees.
valve is provided to offset the normal tendency of
the cam to return to the retard position during
injection.

Solencid Fuel Shut-Off

A ball-check

There are no adjustments required on this
unit, other than correct assembly of parts.

‘ Spring

A !I’I'I.’/

"j}ﬁ@\@;ﬂl“;\,ﬁ\,\i; .

foﬁ%‘/._ /\,‘

Cam ring

Pump Housing

Figure 94
Roosa Avutomatic Advance

ELECTRICAL SHUT-OFF

The Electrical Shut-Off may be furnished for
“energized to run” operation or “energized to
shut-off”. This device is housed within the gov-
ernor control cover; the external dimensions of
the pump do not change. Solenoids are available
for 12 - 24 or 32-volt operation.

CAUTION — Use . Solenoid for cnrrect oper-
ating voltage,
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OPERATION

Energized to run: De-energizing the coil al-
lows the shut-down coil spring to open the shut-
down arm. - The lower end of the arm moves the
governor linkage hook, rotating the metering
valve to the closed position cutting off the fuel.
Generally we use “energized to run” in order to
insure more protection.

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

Energized to shut-off: Energizing the coil
overcomes the force of the shut-down coil spring,
pulling the shut-down arm in and causing the tab
on its lower end to contact the governor linkage
hook. This moves the linkage hook against the
governor linkage spring tension, retating the me-
tering valve to its closed position and cutting off
the fuel.

VARIABLE SPEED DROOP DEVICE

In generator set applications an external ad-
justment screw at the rear of the pump housing
controls regulation by controlling governor spring
sensitivity. This device decreases or increases the
effective length of the governor control spring.

OPERATION

Turning the adjustment screw clockwise de-
creases the speed droop by shortening the effec-
tive length of the control spring. This increases
the spring rate and lessens governor sensitivity.
Turning the adjustment screw counterclockwise
has the opposite effect.

Figure 96
Speed Droop Device

HAND PRIMER PUMP

%

§
s
N:

sj Il
s \\ \\\\\\("’f
Figure 97

Roosa Hand Primer

The hand primer pump is used primarily for
filling the fuel supply system completely after it
has been opened for changing filters or servicing
the pump. Its secondary function is to prevent
fuel from draining out of the system while the
engine is not in operation. It is always mounted
on the inlet side of the system between the pri-
mary and the secondary filters.

OPERATION

Operation of the plunger knob with the con-
nection at the pump inlet fitting loosened, purges
air from the system. The arrangement of check
valves in the primer body prevents fuel from
draining out of the system when not in operation.

CAUTION: Do not mount primer on pres- -
sure side under any circumstances.
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NOZZLE ASSEMBLIES

Nozzle holder assemblies are located in the
cylinder head of a Diesel engine, one per cylinder,

Figure 98
Bosch and C. A. V. Nozzles

very much ag spark plugs in a gasoline engine.
The function of these assemblies is to receive the
metered quantity of fu€l from the injection pump,
atomize ‘it mechanically, and direct it into the
‘engine combustion chamber in a definite spray
pattern and in such manner as to produce the
most efficient engine performance.

The unnecessary removal of nozzle and
holder assemblies is inadvisable for a num-
ber of reasons. Nozzle and holder assemblies
should be allowed to operate undisturbed until
such time as faulty engine performance is encoun-
tered and is directly traceable to these assem-
blies. Servicing then should be performed only by
competent personnel, with proper equipment.

NOZZLE HOLDERS

The nozzle holder is used to hold the nozzle
in its correct position in the cylinder head and
provide a means of conducting fuel oil to the
nozzle, The holder also contains the spring and
necessary means of pressure adjustment to pro-
vide proper action of the nozzle valve.

Two types of nozzle holders are used, Ameri-
can Bosch and C.A.V. The American Bosch holder
is gecured to the eylinder head by two round head
slotted cap screws and a hold-down yoke,

The CAV holder is secured to the cylinder

head by (2) round head slotted cap screws.

The component parts of the nozzle holder, as
shown in Fig. 99, consist of a steel holder body
with drilled passages for conducting the fuel from
the inlet connection to the nozzle. .

The lower end of the body is provided with
an accurafely ground and lapped surface which
makes a leak-proof and pressure-tight seal with
the corresponding lapped surface at the upper end
of the nozzle,

Sectional View of Nozzle and Nozxzle Holder

Nozzle opening pressure for Continental
Diesels is 1750-1850 pounds. This is adjustable by
turning screw under the cap.

Operation of the nozzle and holder assembly
is simple and positive. The metered quantity of
fuel from the injection pump enters the holder
through the inlet connection and passes through
ducts to' the pressure chamber just above the
nozzle valve,

At the instant the pressure of fuel acting on
the differential area of the valve exceeds the pre-
determined spring load, it will lift the valve from
its seat and fuel will flow from the nozzle until
delivery from the pump ceases. Then, a positive,
instantaneous cut-off of fuel occurs as the valve
is snapped to its seat by the spring force. This
action eliminates the possibility of after dripping
or dribbling.

A certain amount of seepage of fuel between

YALVE BORY

FUEL DUCT

VALVE SEAT\ ot

PINTLE/ l

oy e

RE CHAMBER
Figure T00
Section of Pintle Type Nozzle

PRESSY
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the lapped guide surfaces of the nozzle valve and
its body is necessary for lubrication. This leakage
accumulates around the spindle and in the spring

" compartment, from which it drains back te the
tank through the leak-off connections.

PINTLE TYPE NOZZLES

Continental Diesels use Pintle type nozzles
as shown in figure 100,

The nogzle valve has an extension at its
lower end called the Pintle, which protrudes
through the close fitting hole in the nozzle body.
This causes the injected fuel to pass through an
annular orifice or pressure chamber, which pro-
duces a cone-shaped spray having a solid core.
The nominal included angle of the spray is 12
degrees.

The projection of the pintle through the ori-
fice induces a self-cleaning effect and increases
the service life without attention.

C.AV. and American Bosch nozzles may be
used on either nozzle holder.

NOZZLE SERVICING AND TESTING

Nozzle trouble is ecaused by dirt, water and
fuel impurities which corrode or clog the small
orifice and cause sticking of the needle valve and
damage to the lapped surfaces — again empha-
sizing the need of clean fuel to the nozzles,

e g

e NOLIIE HOLDER,,

iy

L. .. .= . o
Figure 101
Side View of Nozzle Holder and Nozile

Misfiring of a cylinder is usually due to a
faulty nozzle — which can be located by loosen-
ing the high pressure line fitting, on each nozzle
in turn, which allows the fuel to escape and not
enter the cylinder. The nozzle least affecting the
engine performance is the one with the faulty
nozzle. Use two wrenches: one to hold the fitting
in the nozzle holder and one to loozen the nut,
since the assembly of the fitting must not be
disturbed.

REMOVAL

Clean the side of the engine before discon-
necting the injection pipes, Use clean fuel to flush
the injection pipe fittings so that there is no pos-
sibility of dirt entering the injection system. Pro-
ceed as fellows to remove the injection nozzles:

1. Disconnect the fuel injection lines from
the pump and nozzles. As each pipe is removed
plug the pump opening and cap the nozzle,

Important: Both the plugs and caps must he
clean. Tape the ends of the injection tube.

Note: Plastie plugs and caps are recom-
mended for keeping nozzle and pump openings
clean. (Kit No. HD260T-195.)

Figure 102
Removing Nozzle Holder Assembly

2. Remove No. 1 nozzle holder assembly first.
Remove the two screws securing it to the cylin-
der head. Remove the nuts from the leak-off fit-
ting on No. 1 and No. 2 nozzles. Rotate the No, 1
nozzle clockwise and remove the leak-off tube.
Remove the nozzle assembly.

CAUTION: Do not strike nozzle tips
against hard surface or damage will result.

3. Remove remaining nozzles in the same
manner.
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TESTING

Nozzles and holders should not be disassem-
bled unless testing shows that cleaning or other
service is needed. Adjustment of the opening
pressure may be made without removing the noz-
zle from the holder by adjusting the screw shown
in Figure 99.

Use a special hydraulic nozzle tester, bolted
to a bench and include a small fuel oil supply tank
with filter o that only clean.oil enters the nozzle.
(Fig. 103.)

A high pressure injection line is used to con-
nect the cutlet of the nozzle tester to the nozzle.

CAUTION: Keep hands away from noz- |
zle spray: the high velocity may puncture
the skin and cause blood poisoning.

The nozzle test gage should not be sub-
jected tq shock pressures so keep the gage
valve open only when reading pressure,

1, Close gage valve and work pump handle
several sharp strokes to dislodge any carbon or
dirt particles in nozzle cavities.

2. Open gage valve, work pump slowly and
observe opening pressure. If not. between 1750-
1850 pounds/sq. irch, remove holder cap, loosen

locknut and turn adjusting screw — IN to raise-

or OUT to lower the opening pressure. (Fig. 103).
(New springs should be set 1900-1950 pounds/sq.
inch to allow for set.) It is desirable fo have all
nozzles set as nearly alike as possible in the same

engine,
FUEL RESERVQIR

NOZZLE CONNECTIONS

Checking Nozzle Qpening Pressure

FUEL INJECTION SYSTEM

3. Maintain a pressure of 1450-1500 pounds
and watch for dribble from spray orifice, indicat-
ing a bad seat, or “weeping” around cap nut, indi-
cating a leak between the holder and valve body
lapped surfaces.

GOOD

Nozzle Spray Patterns

Figure 104

4. Close gage valve and observe spray char-
acteristics while working the tester about 100
strokes per minute. “Flags”, heavy ends, deflected
core, or spray pattern that is not symmetrical are
undesirable and require repair or replacement of
faulty parts. A target 12” from the nozzle end,
with bullseye level with pintle — will show any
deflection of spray pattern.

DISASSEMBLY AND
CLEANING NOZZLE

1. Clamp holder in a soft-jowed vise, remove
nozzle cap nut and remove nozzle assembly. If the
valve cannot be pulled from the body with the
fingers, heat in water or scak in solvent until it
can be easily removed.

Figure 105
Removing the Nozzle Valve From Nozizle Body

CAUTION: Do not permit the polished noz-
zle surfaces to contact any hard substance.
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Figure 106
Cleéaning Nozzle Cavify

2. The nozzle valve can be cleaned with mut-
ton tallow used on a soft cloth or a felt pad. The
valve may be held by its stem in a revolving chuck
during this operation. A piece of soft wood well
soaked in oil, or a brass wire brush, will be help-
ful in removing carbon from the valve,

Hard or sharp tocols, emery cloth, crocus
cloth, grinding compounds, or abrasives of any
kind must never be used in the cleaning of nozzies.

3. The inside of the nozzle body can be
cleaned with brass scrapers included in the clean-
ing kit or if these-tools are not available, by form-
ing a piece of soft wood, soaked in oil, with a point
corresponding to the nozzle valve seat angle. Clean
the nozzles with a wood splinter. Figures 106 and
107:

i
|

]
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Figure 107
Cleaning Nozzle Orifice.

4. Clean the outer surfaces (except the area
which contacts the holder) of the nozzle body
with a fine brass wire brush. Do not use any hard
tool to scrape carbon from the area around the
orifice.

5. Clean the lapped surface of the nozzle
body on a lapping plate as follows: (See Fig. 108).

Figure 108
Cleaning the Lapped Surface of the Nozzle Halder

DO NOT use abrasives of any kind!
a. Clean the lapping plate with a clean cloth.

b. Coat the lapping plate surface with clean
mutton tallow. Be sure the entire surface
15 coated,

c. Wipe the nozzle body with a clean soft
cloth and coat the lapped surface with
clean mutton tallow.

d. Place the lapped surface of the nozzle
body on the lapping plate as shown in Fig.

108, and move in a circular motion being
careful to hold even pressure on the noz-
zle body so that the entire surface will
make contact. This cleaning operation will
remove carbon or discoloration and leave
a mirror finish. Scratches, nicks or pitting
cannot be removed and may cause leakage.




CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

Page 59

6. Clean the exterior of the nozzle holder,
with the nozzle cap nut in place to protect the
lapped surface. (Fig. 108A))

7. Clean the lapped surface of the nozzle by
the same procedure used to clean the lapped sur-

face of the nozzle hody.

Figure TO8A
Cleaning the lapped Surface of the Nozzle Body

8. Clean the nozzle cap nut, being sure that
all carbon is removed from the flange contacting
the nozzle body.

9. Inspect the spindie and spring for damage
or wear. If any pitting or corrosion is found on
the spring, it must be discarded. Figure 109.

. ' Figure 109
Removing Spring and Spindle From the
Nezzle Holder

FUEL INJECTION SYSTEM

REASSEMBLY

1. Flush the holder, being sure all passages
are clean. Clamp the holder in a vise as shown in
Fig. 110. - '

CENTERING SLEEVE— o [N

WERENCH——v——y-. I %

NOZZLE HOLDER——» [

Figure 110
Nozzle Assembly, Using Centering Sleeve

Important: Each part of the nozzle assem-
bly must be flushed with clean diesel fuel before
it is assembled; cleanliness is of utmost impor-
tance.

CAUTION: Do not touch any polished
(lapped) surface with the fingers after flush-
ing. Moisture from the fingers is very
corrosive.

2. Flush the valve and nozzle body and test
for freeness of valve in body. If both parts are
clean the valve should slide in the body from its
own weight if it does not reclean both parts,

3. Place the nozzle in the nozzle cap nut and
install on the holder. While the nut is still loose
place the nozzle centering sleeve (Fig. 110) in
position and use a box end wrench to partially
tighten the nozzle eap nut. Finish tightening the
nut with a deep socket and torque wrench. Torque
to 60 to 65 ft. lbs. Be very careful not to damage
the pintle.

4. Place the spindle in position, being sure it
is properly sealed on the valve stem. Hold the
holder with the nozzle end down, place the spring
in position and screw the spring cap nut into place
finger tight. Place the lock nut gasket in position
and install the lock nut. Do not tighten.

5. Adjust nozzle for opening pressure; check
for spray pattern and leaking. (Fig. 104.)
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INSTALLING NOZZLE

1. Clean carbon and dirt from counterbore
and gasket seat in the cylinder head before in-
stalling nozzle holder assembly — as small carbon
particles on seating surfaces will cock assembly
and permit blow-by. A special reaming tool or
round piece of wood or brass, properly shaped
may be used. '

2. Crank engine with starting motor to blow
out particles.

3. Place a new soft copper washer over the
nozzle body and carefully insert nozzle so that the
tip does not strike the wall.

IMPORTANT
4. Tighten hold-down screws evenly so
as not to bind or cock and tighten to 14-16
ft. 1bs. torque. '

FUEL FILTERS

Clean Fuel is a Must in Diesel operation and
the fuel oil passes through two and in some in-
stallations three stages of filtration before enter-
ing the fuel injection pump. Extreme conditions
may require even a parallel bank arrangement of
filters to provide longer filter change periods —
when clean fuel is not available,

Continental Diesels equipped with Roosa-
Master injection pumps have both the primary
and secondary filters installed between the fuel
tank and the transfer pump inlet — so that all
the filters are on the suction side,

Engines equipped with Bosch injection sys-
tems have the primary filter installed between the
fuel tank and fuel supply pump inlet and the see-
ondary filter in the fuel line between the supply
pump outlet and the injection pump inlet.

PRIMARY FILTERS

Two types of primary filters are used which
include the metal “Edge-Type” filter having .002
spacing and the cotton-waste type—both of which
remove water and the solid particles from the
fuel oil.

The metal-edge filter has a drain plug, which
should be drained daily and after 50 hours opera-
tion, the filter should be disassembled and thor-
oughly cleaned in fuel oil or solvent.

5. Reassemble high-pressure and leak-off
connections and tighten, always holding the fitting
with a wrench to keep it from turning while tight-
ening -the nut.

NOZZLE MAINTENANCE
PRECAUTIONS:
1 — Do not remove nozzles if operating satis-
factorily except at unit overhaul periods.

2 — Do not change nozzle opening pressures
from manufacturer’s standard.

3 — Use clean, filtered #2 Diesel Fuel Oil.
4 — Operate engine within 165°-185° F range

and avoid overheating due to faulty cool-
ing system or excessive loads.

REMOVE NUT -TG DISASSEMBLE
& CLEAN

Figure T11TA
Edge Type Primuary Fiiter

Figure 1118
Replaceable Primary Filter
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When reassembling the filters, use a new gas-
ket to prevent air leaks into the fuel system as
filters located on the suction side of the pump
have leaks that are very hard to locate.

Suction leaks may be detected by pressuriz-
ing the lines and noting leaks or coating all con-
nections with aniline dye and noting any coloring
of the return line flow fo the tank. Another
method is to install a vacuum gauge in a tee at
the pump inlet and with the engine running, close
the fuel supply valve at the tank (tight) and note
over 15" vacuum — which should hold; any sud-
den drop indicates a bad suction leak, which should
be checked until found.

The cotton-waste type primary filter is very
effective In filtering water, gums and solid parti-
cles. This filter has a replaceable element, which
is serviced by removing the top and renewing the
gasket with reassembling.

SECONDARY FILTERS

Two types of secondary filters are used: one
which is sealed and non-cleanable and the other
has a replaceable element or cartridge. Both are
capable of removing particles of 2 microns
(.000078").

SEALED FEEL T

-rox Fina. 5TAGE orthatiowoney IS

Figure 171C
Sealed Secondary Fuel Filter

The frequency of secondary filter replace-
ments is dependent upon operating conditions and
the quality and cleanliness of the fuel. Clogging
or excessive deposits of contaminents on the filter
" element restricts the fuel flow and necessitates
periodic replacement.
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The secondary filter should normally be serv-
iced every 500 hours or when the following re-
striction check indicates the following:

Roosa Injection Pump — Vacuum gauge lo-
cated in tee at pump inlet is below 107,

Bosch Injection Pump — Pressure gauge lo-
cated in tee at pump inlet is below 10 psi.

Various types and sizes of filters are avail-
able for special conditions. Only filters recom-
mended by Continental should be used on their
engines to insure that they are adequate and also
capable of withstanding the required suction or
pressures without damage to the filter element.
I & T W?‘q
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Figure 111D
Replaceable Secondary Fuel Filter

REMEMBER — IT IS BOTH EASIER
AND LESS EXPENSIVE TO KEEP
DIRT OUT OF THE FUEL OIL THAN

TO REMOVE IT.

FUEL PIPING ARRANGEMENTS

The best fuel supply arrangement is with the
fuel tank mounted higher than the injection pump
and filters — which provides gravity feed to the
filters and pump.

When the fuel supply tank is lower than the
filters and injection pump an auxiliary electric
supply pump is generally recommended, and in
addition a hand primer, located between the pri-
mary and secondary filter to prevent drain-back
to the tank when the unit is not operating.
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The fuel supply lines should be 34" copper be piped to the tank and never back to the inlet,

tubing minimum when under 10 feet and 14”  as its fuel flow cools, lubricates and purges air
copper tubing for lines over 10 feet. The return from the pump.
lines should be 5 4” minimum tubing. It must also
—4—{, = INJECTION NOZZLE
LEE&%FF" 4 HIGH PRESSURE LINE
—) > >
HAND PRIMER
SECONDARY OR 4
FINAL FILTER PRIMARY
, FILTER | b d
INJECTION
PUMP FUELTANK
T ¥
. ) Figure 111E N SEDIMENT]
Schematic Drawing Showing Fuel Piping and Filfration t—Sowie

TIMING OF INJECTION PUMP TO THE ENGINE

Injection pumps must be installed on the engine in accurate alignment and timed to correct rela-
tion with the crankshaft for proper engine operation with maximum power and economy and to
prevent complaints of hard starting, overheating, uneven running and excessive smoking,

Timing a fuel injection pump to a Diesel engine is similar to and even more simple in operation
than timing a gasoline engine ignition system — yet both require precision to insure the correct
timing as recommended by the. engine manufacturer,

TIMING BOSCH APE TYPE PUMP 1. Turn engine until #1 piston is on compres-

) sion stroke and pointer seen through the fly-
TO ENGINE wheel housing timing hole, Fig. 113, is at

The simple steps required to correctly time the following mark on the flywheel rim cor-

the Bosch APE injection pumps to the Continen- responding to maximum governed speed
tal four-cylinder Diesels follow: operated:

Bosch APE Type Pump Timing to Engine

Filler Breather Cap

Shut o7 Lever Industrial Engines

Filler Breather Cap—, .

o s RPM | GD-157 | HD-260*] JD-382
v — 4| PRI Jk. 55 800 | 24° BTDC | 25° BIDC
T a gy 1 v 1000 | 26° BTDC | 27° BTDC
i s 7 ' 1200 | 28° BTDC | 29° BTDC [3214° at 1350

1400 | 30° BTDC | 31° BTDC
1600 | 32° BTDC | 33° BTDC
1800 | 34° BTDC | 35° BTDC
2000 | 36° BTDC (- -

NOTE: Make certain that #1 Piston is on

compression stroke by turning both Push
I Rods by hand — indicating both valves are

Figure 112 closed.

APE Pump : *Also HD277

Transfer Pump Fual Inlet

Transfer Purop Fuel Outlel
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TIMING BOSCH PSB TYPE FUEL PUMP
TO ENGINE

1. Remove rocker arm cover and turn engine
over until the #1 Piston is on compression stroke
and the pointer seen through the opening in the
fiywheel housing is aligned with the mark on the
flywheel rim corresponding to the maximum En-
gine Governed Speed Operated:

Figure 113—Fiywheel Timing Marks

§

3

DEGREES B.T.D.C.

800 GD-157 | ED-201* [HD-260**| JD-382
2. Remove pipe plug or inspection plate in the RPM 16° 18° 21°
injection pump drive adapter. The mark, or 1000 18° 20° 240
pointer, (late models) on the front end of 1200 20° 22° 26°
pump should line up with mark on driven 1400 22° 24°
gear flange with the correct flywheel setting 1500 24° 28°
for governed speed. If it doesn’t, remove 1600 24° 26°
‘ _ 1800 26° 280
2000 28°

*Also ED-208.
**Also HD-277.

NOTE: Make certain that #1 Piston is on
Compression stroke by turning #1 Valve Push
Rods by hand indicating both valves of #1
cylinder are closed.

2. Remove control cover by removing (2) re-
taining screws. Check Pump Plunger Drive Gear

REMOVE PIPE PLUS TQ CHECK TIMING MARKS

£

Figure 114—Timing Marks — Injection
Pump to Adapter

front adapter plate, loosen serews which hold
gear to the flange, turn shaft so marks line
up — then tighten screws securely.

Figure 115—Adjusting Pump Timing to Engine

for tooth which has a beveled top face and painted
red which should be visible in window opening.
(If not visible disconmect pump and turn pump
drive gear to relocate),

NOTE BEVELED TOOTH

Figure 116 — Bosch PSB Pump Timing
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3. Remove timing hole plug or inspection
plate on top of pump drive housing and check if
line on hub of pump drive gear is in alighment
with pump timing pointer. If not — loosen ad-
justing screws; turn hub with 34" socket to com-
plete alignment and tighten adjusting studs
securely,

Figure 117—Pump Timing Mark and Pointer

INSTALLING AND TIMING
ROOSA-MASTER INJECTION PUMPS
TO ENGINE

TIMING ROOSA-MASTER PUMP TO ENGINE
(WITHOUT REMOVAL)

1. Turn engine until #1 Piston is on compres-
sion stroke and pointer seen through flywheel
housing hole is at the following mark on the
flywheel rim corresponding to maximum governed
speed operated:

NOTE: Make certain that #1 Piston is on
Compression stroke by turning both Push Rods
BY HAND indicating that both valves are closed.

2. Remove timing hole cover in pump hous-
ing and check if the timing line on the drive plate
lines up with the timing line on the cam ring. Fig.
118,

Figure 118 — Roosa-Master Pump Timing

If adjustment is required, loosen mounting
nuts and turn assembly by hand so that timing
marks line up.

Turn engine over two revolutions and re-
check to make sure all backlash is eliminated in

gear train.

ROOSA TIMING CHART

ENGINE ZD-129 GD-157 . GD-193 - ED201 & ED208 | HD260 & HD277
R.P. M. Standard A:;‘;:‘::ic Standard ﬂ"}:;":cl:t Standard ?‘;3:‘::'!“ Standard A:(;':::::E Standard Aﬁ?::;ﬁ?c
= — —
1000 18° I Y 18° 19°
1200 20° 19° 20° 21°
1400 22° 21° 22° 23"
1600 24° 23° 29° 24° 25°
1800 26° 17° 25° 19° 30° 20° 26° 27"
2000 28° 1%° 27° 31° 22° 28° . 29° -
2200 29° 31° 25°
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TIMING PROCEDURE AND
INSTALLATION INSTRUCTIONS WHEN
2-PIECE DRIVE IS USED WITH
ECCENTRIC BUSHING

This improved drive with eccentric bushing
permits pump removal without disturbing timing
and micrometer backlash adjustment.

Figure 119—Roosa Model “D" Pump with
two-piece drive shaft and eccentric bushing

LOCATING HOLES FOR DOWEL PINS TQ VARY ADJUSTMENT

Figure 120—Dowel locating holes in block

Figure 122—Checking backlash of pump drive gear

FUEL INJECTION SYSTEM

1. Turn engine until No. 1 pisten is on the
compression stroke and pointer seen thru flywheel
housing hole is at the correct degree mark on the
fiywheel rim, Check timing chart for standard
timing information; for special applications, —
refer to customer’s specification.

2. Install the drive gear in the eccentric hush-
ing adapter with the adapter seal.

Figure 121-=Installing Bushing

3. Use a dial indicator gage to check backlash
of the pump drive gear. Measure at the drive slot
with the gage positioned approximately at the
pitch diameter of the gear. Backlash should be
.004 to .006 inch. (Fig. 122))

o
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4. Remove the timing line cover from the
pump and turn the drive ghaft so that the timing
line on the governor weight retainer is in align-
ment with the timing line on the cam. (Fig. 123.)

- i ot
i TMING WOLE
. .

Figure 123—Timing marks aligned

5. Install the seal ring on the eccentric bush-
ing adapter and place the pump in position on the
engine, (Fig. 124.)

Figure 124—Eccentn: bushing, showmg pump
seal and shaft

Note: To reduce backlash, lift the eccentric
bushing adapter off the locating pin and turn
it clockwise to next locating hole. (Fig. 124A.)
If this does not provide correct adjustment,
move the locating pin to one of the other holes
provided in the crankcase. There must be a
minimum of .004 backlash.

NCH Asé“‘%ﬁcxmsa

Flgure 124A—Eccenl'rlc bushing for conirol of
pump gear backiash

Note: The Model “D” pump drive shaft using
the eccentric bushing and drive gear has an off-
center tang and slot which prevents installation 'of

" the pump 180 degrees out of time.

6. Turn the pump as necessary to bring the
pump timing lines into perfect alignment, then in-
stall and tighten the mounting nuts.

7. Turn the crankshaft 2 revolutions, turning
up to the timing marks specified, and recheck the
pump timing marks. Adjust if necessary and re-
place the timing cover on the pump.

STORAGE OF FUEL INJECTION
EQUIPMENT

When an engine is to be out of service for
a long period, protect the fuel injection equip-
ment as follows:

1 — Before final shut-down — empty fuel
tank and fill tank with a 5 gallon mixture
of 50% high grade SAE 10 lube oil and
pure white kerosene,

2 — Run engine on this mixture about 30
minutes or until blue exhaust smoke in-
dicates complete filling of the fuel sys-
tem with this mixture.

3 — Drain and completely refill camshaft,
spring and governor compartments of
the APE type pump with the same oil.
Tag engine with notice that the system
has been filled with storage oil.

—~
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MODEL ‘“‘E”’ ROOSA PUMP WITH ENGINE GOVERNOR

governor with linkage as shown in Fig., 125 to

The Model “E” Pump is basically the same as
the Model “D” Pump except that it does not have
a built-in governor — it uses an engine cam gear

—_——

The Cam Gear Governor is adjusted as follows:

(a)

(b}

(c)

(d)

(e)
(f)

(g)

With governor spring (4) hooked to the gov-
ernor lever (1) pull sliding variable speed
control (5) wide open until it hits the stop
bracket (8) (Fig. 125).

Connect the governor rod (6) to the pump
throttle arm (17} with the cotter pin (10),
washer (11), spring (12), washer™ (13) in
place on the rod; and the rubber grommet
(14), steel bushing, and nut (16) in place,
{Screw nut down until flush with head.)

Move pump throttle arm (17) until it barely
contacts the spring loaded metering valve —
holding in this position, check hole alignment
in clevis (3). Adjust so pin (2) will drop
freely — then increase rod length 114 turns
of the yoke. Insert pin and cotter pin and
tighten clevis lock nut.

Disconnect the governor spring from governor
lever and check linkage for free movement or
excessive play.

Reconnect governor spring (4).

Check operation and if desired speed range is
not obtained, loosen nuts (7) and (9). Stop
bracket (8) may then be moved to rear to
increase speed and forward to reduce speed.
When checking — keep variable speed control
(b} tightly against stop, maintaining full
spring tension.

Idle speed adjustment (18) — turn set screw

clockwise to increase idling speed and counter-
clockwise to decrease idling speed.

Figure 125 — Engine Cam Gear Governor

X o~

actuate the pump throttle arm.

END PLATE  gcppen

FUEL INLET

TRANSFER PUMP

HYDRAULIC HEAD

LR R RRARY

CAM RING

F126 — Roosa

OSTRIBUTCOR ROTOR

TORQUE CONTROL 3CREW

PUMP PLUNGERS

S @)
DRIVE SHAFT SEALS
DRIVE SHAFT

“E" Model Pump
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SECTION VI
ENGINE REPAIR AND OVERHAUL

This section includes instructions for repairs
and overhaul of the eomponent units of Conti-
nental Red Seal four cylinder Diesel engines.

Provide a clean place to work and clean the
engine exterior before you start disassembling —
dirt causes engine failures.

Many special tools have been developed to
save time and assuré good workmanship—which
are shown in Section XI and are available at your
Continental . distributor.

Use only genuine Red Seal parts in Conti-
nental Diesel engines as years of development and
testing have gone into these specifications to as-
sure maximum life and performance.

CYLINDER HEAD

The eylinder head is the most important part
of the engine assembly since it contains the com-
plete combustion chamber including valves, fuel
injection nozzles, energy cells and cored passages
for air, exhaust and water flow.

REMOVING THE CYLINDER HEAD
1. Drain water from engine and disconnect
radiator or heat exchanger outlet hose.

2. Remove cylinder cover by taking_out the
screws holding it to the rocker arm supperts.

3. Remove rocker arm shaft assembly and

push rods. Grip the push rods and snap them

Figure 127—~Removing Rocker Arm Shaft Assembly

it
o B S

sideways out of the tappet sockets as shown in
the illustration. This method serves to brealk the
hydraulic connection and permits lifting the push
rods out and leaving the tappets in place. (If
tappets are lifted out of the guides they will have
to be reagsembled through the opening in the
block if only the cylinder head is removed for
servicing.) ‘

. ’ i

Figure 128—Snapping Push Rod out of Ball Socket
of Tappet

Figure 1'29-—D|'5conne;:ﬁng Nozzle Leak-OFf Line
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4. Disconnect the injection and leak-off lines
at both the nozzle and pump connections and im-

Figure 130-—Capping Nozzle Connection

ALWAYS COVER OPENINGS WITH PROTECTIVE CAPS AT ANY TIME
WHEN LINES ARE DISCONNECTED. THIS WILL PREVENT ANY
DIRT OR FOREIGN MATTER FROM ENTERING

Figure 131—Capping Injection Pump High Pressure
Connections

mediately cap the fittings to prevent dirt entering.

5. Loosen and remove the nuts holding the
eylinder head to the block.

6. Lift the cylinder head off the engine and
carry fo a clean bench for further disassembly.

ENGINE REPAIR AND OVERHAUL

# 4Bt

f

Figure 132—Cylinder Head Assembly Showing Studs

DISASSEMBLY OF CYLINDER HEAD

1. Remove all carbon from combustion areas
using scraper and wire brush.

2. Using a C type valve spring compressor,
remave the valve spring retainer locks, retainers

Figure 133—Removing Valve Springs with "C"
Type Valve Spring Compressor

and springs and placing all parts in a container
of solvent.
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3. Remove the valves in order and place them cell retainer against the cap and the energy cell
in a rack with holes numbered for both intake firmly against the seat — then remove the cap.
and exhaust so they will not be mixed in handling. :

i EXHAUST INTAKE

Figure 134—Valves in Rack

4, Clean the cylinder head thoroughly with
a solvent or degreasing solution and blow it off
with air pressure. Inspect carefully for cracks.

5. Remove hex-head plug holding the energy

Figure 136

6. Remove the injection nozzie assemblies by
removing the slotted nuts and clamps and pull
the nozzle holder as instructed in the fuel injec-
tion section.

7. Pull the energy cells with special tool as
shown in illustration,

NOTE: Should difficulty be experienced
in pulling the energy cell due to being firmly
embedded in the counterbore and held there
by carbon — use a brass drift with a spheri-
cal head inserted through the nozzle opening
and give it a sharp rap with a hammer while
tension is applied with the puller, Never use
a steel or similar metal drift or one without
a spherical nose as damage will result to the
conical enfrance of the metered opening.

VALVE GUIDES
1. Clean the valve stem guides, removing lac-
quer or other deposits by running a valve guide

-

Energy Cell with Special Tool cleaner or wire brush through the guides.

Figure 135—Pulling
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2. Check guides for wear by using “Go and
No-Go” plug gauge or a telescope gage and 17
micrometer. Replace all guides that are worn bell-
mouthed and have increased .0015 in diameter.
See Limits and Clearance Section for maximum
diameter permissible to determine actual amount
the diameter has increaged. Remove all valve
guides when necessary by pressing them out from
the combustion chamber gide.

INT, “A” EXH. “B”
ZD-129 2544 2%
GD-157 2154, 2154,
GD-193 2154, 2154,
ED-201, ED-208 2264, 2254,
HD-260, HD-277 2e7s, 2194,
JD-382 250, 314

P

F

o, ki Far:
from

FlUr I?emow’ng Valee Guides
Combustion Chamber Side

3. Replace worn guides as required by press-
ing in new guides from the combustion side to
the correct depth below the cylinder head contact
surface as given in the Limits & Clearance Chart,.

4. Ream new valve stem guides to size given
in Limits and Clearance Chart, using a straight
reamer ground to correct size and having a pilot
which will properly locate it and keep it from
wandering from the original reamed hole.

ENGINE REPAIR AND OVERHAUL

EXHAUST

CYLINDER HEAD CONTACT SURFACE
Figqure 138—Diagram showing Valve Guide Location

CAUTION

Ferrox coated guides are mow used on
some models; these are pre-reamed and do
NOT require reaming after installation.

VALVE SEAT INSERTS

1. The exhaust valve seat insert is held in
place by a shrink fit,

Inspect all exhaust valve inserts in the head
and replace any that are loose, cracked or other-
wise damaged. Use puller for removing faulty
insert as shown in illustration,

INSERT PULLER

ENERGY CELL RETAINER PLUG (5

TR

Figure 139—Exhaust Valve Seat Insert Removail Tool

2. When required to replace with new insert,
clean and counterbore for .010 larger insert using
counterbore tool with correct fitting pilot.
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' Figure 140—Removing Exhaust Valve Seat Insert

When machining the counterbore, be sure to
oo deep enough with the tool to clean up the bot-
tom so that the insert will have full contact to
carry away the heat.

Continental does not recommend installing
new inserts having the same outside diameter as
the one removed. The following chart shows the
dimensions of Standard Inserts and counterbores:

l——— A — >

Inside Diameter . | Qutside Dizmeter

E;(ﬂ-gle of Co:'[‘;t)e rhore 0'f-1(r_asfrt Press Fit
ZD-129|1.187/1.186 1.190/1.189 |.004/.002
GD-157(1.3245/1.3235 |1.3285/1.3275|.005/.003
GD-193}1.3245/1.3235 |1.3285/1.83275(.005/.003
ED-201 (1.438,/1.437 1.442/1.441 1.005/.003
HD-260 | 1.5545/1.5535 |1.5585/1.5575}.005/.003
JD-382 |1.688/1.687  |1.692/1.691 [.005/.003

* Also ED-208
** Also HD-277 -

Insert may then he installed in the counter-
bore using a piloted driver, tapping in place with
very light hammer blows, without the possibility
of shearing the side walls. This assures it being
seated firmly on the bottom of the counterbore
after which it should be rolled or peened in place,

VALVES

1. Inspect valves for condition and replace
any that are “necked”, cracked or burned, also
any on which valve stems are bent or worn more
than .002. Reface or replace all valves.

2. All valves having less than 509% margin
thickness (outer edge of valve head) after re- .
facing has been completed must be replaced. To
check thig dimengion, compare the refaced valve
with a new valve.

3. Check all refaced or new valves in V-

.blocks with indicator to determine if the contact

~ ]

Figure 141-—Insert and Counferbore

DIMENSIONS OF STANDARD INSERTS
AND COUNTERBORES

When OVERSIZE inserts are used, dimensions
of the insert and counterbore increase propor-
tionately (.010, .020, .030 — depending on the
oversize.

New insert installation should have .002-
004 press fit. Chill insert in container with dry
ice for 20 minutes before assembling,

ﬁ . " face is true with the stem within .002, If not,

repeat the refacing operation.

ORIGINAL REFACED

IF AREA"A" IS LESS THAN 50 % OF

ORIGINAL | DISCARD VALVE -

Figure 142—Alowable Head Thickness of Refaced
Valves
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Figure 143—Grinding Intake Valve Seafs

) L -

R ¢ pifias
#
' IR

Figure 144—Grinding E

xhavust ¥V

alve Seat

ENGINE REPAIR AND OVERHAUL

Figure 145—Checking Intake Valve Seal Run-Ouf

4, Grind the intake and exhaust valve seats
in the head in accordance with instructions in
your limits and elearance chart and before re-
moving the arbor, indicate the seat. Total indica-
tor reading must not be more than .002”. Use a
pilot having a solid stem with a long taper, as all
valve seats must be ground concentric and square
with either new or worn valve stem guide holes.

5. After the valves and seats have been re-
faced and reground, coat the seat lightly with
Prussian blue and drop the valve into position, os-
cillating it slightly to transfer the blue pattern
to the valve face. This should show a contact
width of 1/16” to 3/32" and should fall well within

Figure 146—Method of Narrowing Valve Seats
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the width of the valve face, leaving at least 1/64”
on either side where the blue does not show, If
the contact is over 3/32” wide, the seat in the
head may be narrowed by using a 15° stone to
reduce the outside diameter or using a 60° or
75° stone to increase the inside diameter.

Never allow valves to set down inside the seat.

After the narrowed-down seat is brought
within specifications, the seat should be retouched
lightly with the original stone to remove burrs or
feathered edge.

“A poor valve grinding job cannot be
corrected by valve lapping.”

. 6. Coat the valve stem with a light film of
engine oil.

VALVE SPRINGS

Figure 147—Vulive Spring Tester

1. Check all valve springs on a spring tester
to make sure they meet specifications regarding
weight and length. Springs, when compressed to

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL

the “valve open” or “valve closed” length, must
fall within the specifications shown on the chart
when new, and must not show more than 10%
loss to re-use.

2. Reassemble the valves and springs in the
head with the retainer and retainer lock. The
close wound coils of the valve spring should con-
tact the eylinder head.

3 : . \ R
OIL HOLE TO OVERHEAD MATCHES UP WITH HOLE IN
ROCKER ARM SHAFT SUPPORT BRACKET. i

Figure 148—Vaive Assembly (Note Close Wound
Coils Contact Head)

ENERGY CELLS

1. Clean all carbon and any other deposit
from the energy cell counterbore being careful
not to damage the large diameter angular seat on
which the energy cell body makes contact.

Figure 149—Cleaning Energy Cell Mefering Holes
with Special Reamer
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2. Clean the energy cell body exterior as you
would an exhaust or intake valve on the outside.
Clean the inside chambers and passages using the
scraper ahd drill provided in the tool kit to re-
store it as nearly as possible to new condition.

&

ENERGY CELL CLE
B R

Figure 150—Cleaning Energy Cell with Special
Scraper

3. The contact surface where the capseatson
the body must be clean and free from any dirt or
scratches. Then Iap, with valve grinding com-
pound, the cap to the body so that it will make an
air tight seat,

EMERGT CELL CAP,
4 T
LAP THIS SURFACE TO SEAT IN COUNTERBEORE e

Figure 151—Seciional View of Energy Cell Parts

4. Lap the energy cell body into the head
with valve grinding compound using the puller
or a piece of wood of such size that it can be
screwed into the thread in the energy cell, — and
lap in same manner as you would lap a valve in
a cylinder head.

ENGINE REPAIR AND OVERHAUL

Important — This must be an airtight
seat, since it is a point at which the energy
cell is sealed into the head and any leakage
will cause burning of the surrounding metal
in a short time.

5. Reassemble the energy cell in the eylinder
head, first the body and cap, the retainer and
finally the screwed-in cap or plug with a hex-head.
Tighten and torque to specifications since there
must be no possibility of any leak from the com-
bustion chamber at either the seat where the
body contacts the head or the contact surface be-
tween the cap and the body.

INJECTION NOZZLES

The injection nozzles inject the metered
amount of fuel received from the injection pump
into the combustion chamber. For efficient per-
formance and maximum economy the injection
nozzles must inject the fuel in a definite spray
pattern—at 1750-1850 pounds pressure and with-
out the nozzle dribbling due to leaking of the
nozzle valve. -

1. All the nozzles previously removed during
head disassembly should be cleaned, tested and
repaired under clean conditions by competent
workman following the procedure outlined in the
Fuel Injection Section VI before assembling them
into the head.

2. Clean the nozzle recess in the cylinder
head with the special reaming tool before insert-

Figure 152—Cleaning Nozzle Recess in Cylinder Head
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ing the nozzle holder assembly. There must be no
carbon particles on seating surface which will tilt
the assembly or permit blow-by. No hard or sharp
tools should be used — a round piece of wood or
brass properly shaped can be used if special
reamer is not available.

3. Always use new injector gaskets and in-
sert the nozzle tip carefully so that it does not
strike the wall.

4. Tighten the holder clamp nuts evenly to
prevent binding the nozzle valve and torque
down to 14-16 ft. Ibs. Use special “T" handle tool
provided in kit for this purpose if torque wrench
is not available.

ROCKER ARMS

1, Inspect the rocker arm shaft for wear. If
the shaft has “shoulders” on it due to wear, re-
place. Blow out oil holes with air.

2, Examine rocker arms for cracks, condition
of valve contact surface and worn bushings. Re-
place all defective rocker arms or any having
over 005 clearance between shaft and arm,

3. Inspect the rocker arm brackets for cracks
or other damage,

VALVE PUSH RODS

1. Inspect push rods for bends or twists and
examine the ball and cup ends for excessive wear.
Replace rods that are faulty or excessively worn.

Figure 153—Push Rod inspection for Bends

2. To prevent damage to push rods, replace
after the eylinder head is installed.

CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL
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INSTALLING HEAD

1. Make sure that gasket contact surfaces on
the head and block are ciean, smocth and flat.

Figure 154—Checking Cylinder Head Flatness
- (.004 maximum)} Lengthwise

Check flatness with straight edge and feeler
gauge in three positions lengthwise and five cross-
wise., The maximum permissible is .004 low in the
center lengthwise, gradually decreasing towards
the ends, or .003 crosswise or in localized low
spots. Cylinder head or block must be resurfaced
if these limits are exceeded.

Figure 155—Checking Cylinder Head Flatness
{.003 maximum) Crosswise
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Use new cylinder head gasket which is pre-
coated, thus no cement is required. :
When difficulties are encountered with gasket
sealing, coat hoth sides of gasket with heat resist-
ing aluminum paint and assemble immediately.

2. Using a chain hoist, lower the cylinder
head assembly evenly over the studs, then pull all
cylinder head cap screws up snug with speed
wrench.

£y ;
7y

Figure 156—Tightening Cylinder Head Siuds with
o Torque Wrench

3. Tighten with torque wrench ir} recom-
mended sequence to the correct torque shown
in Limits & Clearance Chart by going over them

Figure 157—Cylinder Head Tightening Sequence

two times before pulling them down to the final
torque specification on the third round,

CYLINDER BLOCK

In all of the 4 eylinder Diesel engines ex-
cept the GD-193 model, the cylinder barrels are
- replaceable sleeves, commonly termed the “wet-
type”, meaning that they complete the water
jacket of the cylinder block when they are as-
sembled in place. The GD-193 has dry sleeves,

ENGINE REPAIR AND OVERHAUL

/’::\! i\ / |
. Figure 158—Sectional View of Cylinder

When cylinder bores of wet-sleeve engines
are worn more than 008 it is more economical to
replace the sleeve and use a standard piston and
ring agsembly instead of reboring the ecylinder
and assembling an oversize piston. When worn
less than .008, a set of service rings may be used
to restore the engine to satisfactory operating
condition.

\ 1 o s . Do

lFigure 159—Deposits c;n Cylinder Sleeve before
Cleaning
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CHECKING BORE WEAR 3. Check in same manner the top of the ring

1. Clean the ring of carbon from around the travel area approximately 14" below the shoulder.
top of the cylinder bore formed above the travel
of the top ring.

2, Determine the original diameter of the
cylinder barrel by checking this unworn area
with a pair of inside micrometers at intervals of
approximately 45°,

P ——

Figure 160—Measuring Original Diameler of Sleeve

Figure 162—Measuring Bore Wear %’ Below
Shoulder

4, The maximum difference in the above
checks, indicates the amount of cylinder bore
wear. If less than .008, reringing will be suitable
and if over .008 resleeving is recommended,

RE-RINGING (For bore wear less than .008)

1. Ridge ream the cylinders to remove the
unworn area at the top so that the new rings
when assembled will not bump and distort both
themselves and the piston lands.

Several good makes of ridge reamers are

available which will ream the top of the bore in
direct relation to the worn area so that should the
worn area be off center slightly there will be no
partial ridge remaining,
With the head removed, there is no compression
on the sleeves to keep them from turning and it
may be necessary to make some form of clamp to
hold them in place while ridge reaming,

A flat piece of steel with a slot can 'be
slipped over one of the cylinder head studs and

Figure 16]—Measvring Original Diameter of Sleeve
with Bore Gauge
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3. Remove the cap screws holding the con-
necting rod caps to the rod. Keep the caps and
bolts in numerical order so that when the pistons
and rods are removed from the engine, the cap.
can be reassembled and kept with its mating part.

4, Push the pistons and connecting rods up
through the top of the cylinder, carrying with
them all the carbon and metal chips left from the
cleaning and ridge reaming operation. When do-
ing this, every precaution must be taken to pre-
vent damage to cylinder bores by the sharp cor-
ners and rough edges of the connecting rods and
bolts.

Figure 163—Ridge Reaming Top of Cylinders

with the outer end resting on the milled surface
of the block, it can be drawn down on the flange
of the sleeve to hold it firmly in position.

2, Drain the crankcase and remove the oil
pan.

Figure 165—Breaking the Cylinder Wall Glaze

5. Break the glaze on the cylinder bores by
using a glaze-breaker or other means in order to
assure quick seating of the new piston rings —
protect the crankshaft with oily (not dirty) rags
during the glaze breaking operation.

The glaze breaker may be run up and down
the cylinder bore while turned with an electric
Figure 164—Removing Connecting Rod Cap drill until the shiny surface is removed, after
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which these surfaces must be thoroughly cleaned
by wiping with a clean oiled rag which will pick
up the small particles of dust that are embedded
in the pores of the iron.

Failure to do this cleaning carefully, raises
one of the big objections to using a glaze breaker
or other means for roughing up the cylinder
bores so the new rings will seat. If the glaze
is not removed, we have no assurance as to when
the rings will begin to function properly and con-
trol the oil; therefore, we must recommend that
this be done —but done with care — and the
bores thoroughly cleaned afterwards.

6, Check the pistons for excessive ring groove
wear usually found in the top groove, which can
be salvaged by installing a ring groove insert as
furnished by several piston ring manufacturers.
Some of them provide tools so that this job can
be done manually in a shop not equipped with
machines for this purpose.

1. WORN RING GROOVE 1. REMACHINED AING 3. RESTORED RING GROOVE
GROOVE WITH. INSERT AND PISTON RING
ASSEWBLED

RE-SLEEVING BLOCK (Wet-Sleeve Type)
When the bore wear measures over .008 or
bores are badly scored or damaged, re-sleeving is

Figur 6—um-Acﬁnn Sieeve Pulier

recommended, using standard piston and ring as-
semblies, which are available in complete kits in-
cluding sleeves, pistons, piston pins, rings and pis-
ton pin retaining rings.

1. Pull the sleeves, using a puller of the type
shown in the illustration which makes this a
simple, easy operation,

2. Clean out the counterbore thoroughly, re-
moving all rust and scale to permit metal to metal
contact of the new sleeve with the block, -

3. Clean the lower seal contact so that the
new seals when assembled will not 'be torn or
damaged by particles of rust or corrosion pro-
truding from the machined surfaces.

Figure 167—<Cylinder Section Showing Seals

4, A new sleeve should first be dropped in
place in the eylinder block, without the seals, to
determine the amount it protiudes above the top
of the block.

Lay a straight edge across the top of the
sleeve and use a feeler gauge to measure the
height. This amount should be from .001 - .004,
thus permitting a slight pressure build-up where
the gasket contacts the sleeve, assuring a good
seal at this point.

It may be necessary to shift the sleeve from
one bore to another until the desired projection is
obtained or shims of .0015 and .003” thickness are
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around inside two or three times, allowing the
seal to slide back in place without a twist.

FLINER HEIGHT ABOVE BLOCK ,001" - . 004" SHIMS'

o

Figure 168—Height of Sleeve Above Block

available which, when assembled around the
| sleave, will raise it the desired amount.

5. Remove the sleeve, selected for each bore,
and assemble new seals in the grooves provided

Y -
Figure 170-—Installing Sleeve in Block

6. Thoroughly lubricate the seal with either
petroleum - jelly or hydraulic brake fluid, after
which the sleeve may be dropped back into the
bore te a point where it is resting on the seal.

7. Press the sleeve in place with the palm of
the hand, a simple operation, when the seal con-

001 TO 004 ABOVE BLOCK]

DO NOT TWIST SEAL |

Figure 169—Assembling Seals on Sleeve

The seals must not be twisted during assem-
bly; otherwise they are very likely to leak.
To prevent any possibility of twist slip the fingers
under the seals, sliding them out of the grooves : : -
in the cast iron sleeve and running the finger Figure 171—Sleeve Pressed in Place
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tact bore in the block and the chamfer on the
upper corner of the bore is thoroughly cleaned.

Figure?72—5ecnon Showing Sleeve Installed

PISTONS

Check the piston fit in the bore using a half-
inch wide strip of feeler stock, of the thickness
specified in the Limits and Clearance Chart, the
Tecler being attached to a small scale of approxi-
mately 15 lbs. capacity.

Figure 173—Checking Piston Fit in Bore

When the correct fit is obtained you must be
able to withdraw the feeler with a pull of 5-10
pounds on the scale, the feeler inserted between
the piston and the cylinder midway between the
piston pin bosses where the diameter of the pis-
ton is the greatest. Check the fit of the piston
when it is approximately 2” down in the cylinder
bore in an inverted position,

PISTON FIT WITH 5 TO 10-LB. PULL

Zb129 . . . . . . . 003
GD157 . . . . . . . .04
GDh193 . . . . . . . .005
ED201, ED208 . . . . .004
HD260, HD277 . . . . .04
JD3gz . . . . . . . .005

Figure 174—Piston Fit Charf

PISTON RINGS .

Check the piston rings in the cylinders for
gap regardless of whether you are using a service
set of piston rings in cylinder bores which have
been ridge reamed and roughed up or if you are
using new cylinder liners,

Figure 175—Checking Ring Gap

To do this, insert a piston in the eylinder bore
in an inverted position and then insert each ring
one at a time about 2” down in the bhore and
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bring the bottom edge of the piston up against
the ring to square it up in the cylinder bore.

Check the gap between the ends of the ring
with a feeler gauge in accordance with specifica-
tions shown in the Limits and Clearance chart. If
any of the rings do not have enough gap, they may

Figure 176—Filing Piston Ring to Increase Gap
be filed either in a ring filing fixture or by clamp-

ing the file in a vise and holding the two ends
against opposite sides of the file.

ENGINE REPAIR AND OVERHAUL

Tapered piston rings must be installed with
“top” side up as shown in illustration.

PISTON RING GAPS

Figure 177—Install Tapered Rings with *'Top'’ Side Up

010 - .020

ZD129 .

GD157 . 010 - .020
GD193 . . 010 -.020
ED201, ED208 . .010-.020
HD260, HD277 . 010 -.020
JD382 . 012 -.023

PISTON PINS

Check the bushing in.the upper end of the
connecting rod for wear, If worn and you are us-
ing the original pistons with a service set of rings,
an oversize piston pin may be obtained in
003 or .005" oversize,

The piston pin hole in the piston and the
bushing in the connecting rod may be honed to
increase their diameter to obtain the desired fit
as shown in your Limits and Clearance Chart.

Note that while the chart specifies a light
push fit of the pin in the piston, there is a definite
clearance of the piston pin in the connecting rod.

" - , ...

Figure Presing in Piston Pin Bushing

CONNECTING ROD

Replace the bushing in the connecting rod if
new pistons and sleeves are used. Using an arbor
press, press out the old bushing and press in the
new one — after which the bushing must be
honed to obtain the correct fit of the pin in the

. bushing as shown on Limits and Clearance Chart,

If there is an excess of stock in the piston pin
bushing, it may be reamed first, then honed, In
any event, the final operation shouid be done with

- a hone to obtain the desired fit with better than

75% bearing area on the pin.
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PISTON AND CONNECTING ROD ASSEMBLY

1. Assemble the pistons on the connecting
rod by first heating them in some form of oven
or in hot water to a minimum temperature of °
160°F. When hLeated, the piston pin will enter the
piston very easily and can be tapped through the
connecting rod and into place without distorting
the piston,

The snap rings must be asgsembled in the
grooves, making sure they are fully seated in

place.

i 7 - e ™ i L SR
ETAINING RING - “* [ CONMECTING ROD CaP |

54 .

Figure 179—Checking Connecting Rod for Twisi

2. The piston pin hole in the connecting rod
must be parallel to and in plane with, the large
bore in the bearing end of the connecting rod.

Figure 180—Checking Connecting Rod for Alignment

This may be .checked on a fixture with the
piston pin assembled in the rod before assembling
the piston; but regardless of this preliminary
check, the completed piston and rod assembly
must be rechecked and there must not be more
than .002” twist or out of squareness checked over
a spread of approximately 4 inches.
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The connecting rod can be bent or twisted to
meet this specification.

Figure 181—Checking Connecting Rod Assembly for
S5quareness and Twist

RECOMMENDED METHOD OF
INSTALLING PISTON RINGS

1. Grip the conneeting rod in a vise with lead
lined jaws to hold the piston firmly and roll each
ring in its groove to be sure there are no burrs
or other interference with the free action of the
ring in the groove.

2. Hold the ring tool with recess side up and
place the ring in with the bottom side up. Note:
Start with the lowest ring first.

3. Position ring in the tool so the expanding
fingers will fully engage both ends.

4, Apply pressure on handles so ring is com-
pletely expanded. Pass the expanded ring and tool
recessed side down over the piston fo the proper
groove.

ENGINE REPAIR AND OVERHAUL

[V s s

Figure 182—Installing Rings with Ring Expander
Tool

5. Cheek the ring side clearance at various
positions with a feeler in accordance with the
tolerances shown on the Limits and Clearance
Chart.

If any of the rings lack eclearance in the
grooves they can be removed and lapped on a flat
plate, using crocus cloth to narrow them down
within the desired clearance.

i

Figure 183—Checking Ring Clearance in Groove

kS

CRANKSHAFT AND MAIN BEARINGS
1. Remove starting jaw and washer and re-
move the crankshaft pulley with a puller.

2. Remove the screws holding gear cover to
the front of the block as well as those holding the
injection pump drive housing to the gear cover.
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3. Remove the oil pump suction tube prepara-
tory to checking the crankshaft journal and
main bearing clearances. -

4 N . —— R AL

Figure 184—Inspecting Main Bearing and Crankshaoft

4. Remove each main bearing cap, one at a
time, and inspect the bearing and crankshaft
journal.

The main bearings, being lined with a lead-
base babbitt, will naturally be a very dark gray,
almost black in color.

If there is any .indication of flaking out,
scoring or actual wear, — they .must be replaced.

Figure 185—Removing Upper Half of Bearing with
Special Tool

5. If the visual inspection appears satisfac-
tory, they should be removed and checked for
thickness using a ball micrometer.

To remove the upper half of the bearing shell
use a special tool obtainable at most parts houses,
which is a pin with an angular head. It may be
inserted in the oil hole of the crankshaft and as
the crankshaft is turned in a clockwise direction,
the head of this pin picks up the bearing shell and
forces it out of the bore in the block.

Figure 186—Measuring Bearing Thickness

The thickness of the bearing shells are given
in the Limits and Clearance Chart, and if this
thickness has heen reduced more than .0005, the
‘bearing shell must be replaced,

Figure 187—Replacing Upper Half of Main Bearings
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6. The crankshaft is either tocco-hardened or-

nitrided and is subject to very little wear and
normally safe to use unless it is scored and cut for
lack of lubrication.

AVOID INSUFFICIENT
. . SHARP
1/8"to 5/32"R. CORNENS -FILLET
RIGHT WRONG WRONG

Figure 188—~Crankshaft Fillet Radii

If visual inspection of the crankshaft shows
no indication of excessive wear or scoring, the
clearance of the bearing should be checked, using
a plece of feeler stock 14” wide and approx-
imately 14” shorter than the length of the bear-
ing, dressing all edges carefully to be sure there
are no burrs to mark the bearing.

] ki

.
e
P
-

")
F
5, )

. FEELER - STOCK |

o,

.

Figure 189—Checking Bearing Clearance with
Feeler Stack

7. Check each bearing, one at a time, by lay-
ing the above piece of feeler stock (the thickness
of which should be equivalent to the maximum
clearance permissible in the bearing) lengthwise,
in the bearing shell, on a film of ¢il. Then assem-
ble the bearing cap and tighten the screws,
torquing them to the-specifications, — then try to
turn the crankshaft by hand to determine whether
or not you can feel a drag.

If a definite drag is felt and the piece of
feeler stock is equivalent to, but no more in thick-
ness than the maximum clearance specified, you
may be sure that neither the crankshaft or bear-
ing are worn excessively as far as clearance is
concerned.

When using new bearings and the crankshaft
is not worn, checking with a piece of féeler stock
as outlined above should lock up the crankshaft,
making it possible to turn only by use of a bar
or wrench,
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Figure 190—Cecking Bearing Clearance with
Plastigage

The same check can be made by using a piece
of Plastigage of the diameter specified to check
certain clearances.

By placing this Plastigage in the bearing and
tightening it in place, the width of the Plastigage
after crushing determines the bearing clearance
ag shown on the accompanying chart. When using
this method DO NOT TURN the crankshaft as
that would destroy the plastigage.

If crankshaft is scored, or worn enough so
that new bearings will not fit with the required
clearance, it should be removed and reground.
Toceo-hardened crankshafts may be reground to
decrease the diameter a maximum of .040. A re-
duetion of more than .040 reduces the hardened
area beyond limits of safety.

Nitrided Crankshafts are hardened over all
surfaces to .015”-.025" depth and the bearing sur-
faces are only polished after this process.

CAUTION: Nitrided shafts must not be re-
ground without re-nitriding.

Preferably, they should be exchanged at
our dealers when replacement is required.

Before shaft is reground, it must be checked
for straightness and straightened to be within
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002 indicator reading. When reground, fillet radii
must be within limits and must be perfectly
blended into thrust and wearing surface. (See
Fig. 188)

8. Connecting rod bearings and crank pins
may be checked in the same manner with one ex-
ception; instead of trying to turn the crankshaft
when the connecting rod bearing is tightened on
it with a piece of feeler gauge assembled, try to
move the connecting rod from side to side.

When the connecting rod is perfectly free, it
will have from .006 to 010" side play and can be
moved by a light touch of the fingers, With feeler
stock assembled having a thickness equal to the
maximum specified clearance, enough drag should
be felt so as to require pressure to move the rod
from side to side. .

~ Using new bearing shells and feeler stock
equivalent to the speeified c¢learance in thickness,
if the crank pin is not worn you will quite prob-
ably have to use g hammer to move the rod from
side to side, indicating that the clearance is well
within the specification range.

Figure 191—Removing Crank Gear

CAMSHAFT

1. Using a pu]le1 remove the cam and crank
gears.

2. Remove the screws holding the camshaft
thrust plate to the block which will permit pulling
the camshaft forward out of the hearings,

3. Using a14” wide piece of feeler stock with
edges dressed to remove any burrs, check the fit

of the camshaft journal in the beanng hole or )

bushing,
If the clearance exceeds 50% greater than

the specified maximum, you must then determine
where the wear has occurred, This can be done by
measuring the bearing journal with micrometers,
and if the wear is found to be on the Journals the
camshaft should be replaced.

As an alternative, if the camshaft is in good
condition otherwise and has no scores -or damage
to the cam lobes, — the journal may be ground
undersize and then built up with hard chrome
plate and ground to the original diameter or if
necessary an oversize diameter.

If wear is found to be in the bushings instead,
these must be replaced using precision service
bushings which requlre no reaming, only care in
assembly to line up the oil holes and not to damage
the hushings as they are being pressed in.

Figure 192-—Checking Backliash of Timing Gear

TIMING GEARS

1. Timing gears and timing gear fits must be
checked carefully while 'the engine is being over-
hauled. To check the fit, use a screw driver to
force the mating teeth as far apart as possible
and check this clearance with a feeler gauge. If
this clearance is .002” or greater, or if the gear
teeth are badly scuffed and worn, the. gear must
be replaced. T

Camshaft gears marked similar to the ori-
ginal as far as sizes are concerned should be used
as replacements, :

2. Examine the camshaft thrust plate care-
fully for scoring and wear and if any indication
of either shows, a new thrust plate should be as-
sembled without question.

3. Assemble the cam gear to the camshaft by
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holding the camshaft forward so that in driving
or pressing the gear on there is no possibility of
the camshaft bumping the expansion plug at the
rear end and forcing it out of position, thus
causing an oil leak.

Figure 193—Crankshaft Thrust Washer
. {Front Bearing Thrust)

. 4. Inspect crankshaft thrust washers for
wear and scoring. Replace if necessary before re-
assembling gear,

oy PUNC

Figure 194—Timing Gears Assembled According
. to Timing Mark
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5. Drive the crank gear on the shaft making
sure that the marked teeth on the cam gear
straddle the marked tooth on the crank gear,
which assures you of the crankshaft and cam-
shaft being in time.

6. Check for clearance with the above gears
assembled in place, since it may be possible that
it is not within specifications. Repeat the opera-
tion previously outlined. Using a screwdriver pry
the teeth as far apart as possible and check the
clearance with a feeler gauge. If a .002” feeler
will not enter the gap the clearance is not exces-
sive. ‘

To he certain that there is enough clear-
ance, hold your finger at the junection of the two
gears and with a light hammer tap the rim of the
cam gear and note if there is vibration felt at
this point. ‘

'If there is vibration and a .002” feeler gauge
will not enter the gap between the two gear teeth,
the pear fit is within specifications.

T. Crankshaft gears and camshaft gears are
furnished in standard and under and over sizes.
Gears marked “S"” are standard; if they are
marked with figures “1” or “2” in a letter “U”
this signifies undersize, If they are marked with
figures in the letter “O” this signifies oversize.

Gears can be selected to give the desired fit.
Always assemble a new lock and tighten the cam
nut firmly, drawing up to. specified torque. Turn
the lock over so that the nut is firmly locked in
place,

SAME SETUP TO CHECK COUNTE
Figure 195—Checking End Play
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Figure 196—Alternative Method of Checking
- Crankshaoft End Play with Feeler Gauge#®

CRANKSHAFT END PLAY

1. Check the crankshaft end play before re-
placing the gear cover. A shim pack containing
shims of .002” and .008” thickness is incorporated
in the assembly between the front end of the
main bearing journal and the crank gear and by
removing or adding shims, this end play can be
corrected to fall within the specifications.*

ZERONT THRUST WASHER ]

Figure 197—Thrust Washers & Shims Controlling
Crankshaft End Play*

At all times when checking end play, the
crank gear must be tightened firmly against the
shim pack, which can be done by using a sleeve
or the fegular pulley, sllppmg it over the crank-

shaft and using the standard assembly parts to
tighten the pulley and gear in place,

FRONT OIL SEAL

Check the front oil seal carefully to deter-
mine whether or not it is damaged. If it has been
damaged, replace it.

Figure 198—Crankshaft Front Oil Seal

If the oil seal is in good condition and shows
no sign of cuts or excessive wear, it may serve
satisfactorily through another period of opera-
tion provided the contact surface on the fan drive
pulley is in good condition.

Examine this surface very carefully since any
roughness or scratches of any kind will cause an
oil leak and eventually damage the seal,

If the surface is damaged and the pulley is
otherwise satisfactory, it may be salvaged by
building up the damaged surface and the contact
area by brazing, then turning the surface again
to the specified size and polishing it very carefully.

Another method of salvaging the fan drive
pulley hub is to turn the surface down in diameter
and shrink on a steel sleeve, finishing the O.D.
to the original specification and carefully polish-
ing it.

If this is done, make certain there are no
rough edges left to damage the seal during as-
sembly. If the belt surfaces in the pulley are
damaged, replace the puiley without question.

*Pregent production of many models include center thrust flange bearing and no shims are used;
end play is automatically controlled by the thrust faces of the flange bearing,
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Figure 199—Rear OQil Seal (Spring typel

REAR CRANKSHAFT OIL SEALS

All of the four-cylinder Continental Diesel
engines except the HD-260 and the JD-382 use
the “spring” type oil seals to keep the dust out
and the oil in. The seal contacts the polished sur-
face of the crankshaft flange and is pressed into
a seal retainer which bolts to the rear of the
cylinder block,

Replacement of worn rear oil seals of this
spring type, should be done as follows:

1. Remove cap screws mounting the seal re-
tainer to the block.

2. Remove old oil seal with a driver which
fits the seal.

3. Press in new oil seal using driver so as
not to damage seal assembly — with the scraping
edge of seal contact next to the engine.

4. Examine carefully the surface on which
the seal makes contact. Any scratches or other
damage to this surface must be polished out be-
fore reassembly of seal, otherwise it will be dam-
aged and become ineffective.

5. Mount retainer and oil seal assembly on -

block.

HD-260 and JD-382 Diesel engines have the
rear crankshaft oil seals incorporated in the rear
crankshaft bearings. The rear bearing cap acts as
a filler block as well. There are three types of
installations; each of which are handled as fol-
lows to insure correct installation of new seals
when needed, depending upon serial number of
engine;

ENGINE REPAIR AND OVERHAUL

GROUP #1 INSTALLATION

HD-260 (All serial numbers from #1 —
#6332}, )

JD-382 (All serial numbers from #1 —
#1031).

S Tt e D

Figure 200—Filler Block and 5eals

CAUTION: These instructions MUST be
followed exactly to obtain a satisfactory in-
stallation!

1. Remove rear main bearing cap by using
puller as shown in figure 201. As the cap is
pulled, tilt forward to clear flywheel housing.

2, After removal of old seals thoroughly
clean all surfaces with which they make contact.

3. Use rubber cement to cement gaskets
“H” to top of bearing cap.

4. Break sharp edge slightly on main bear-
ing cap “E” and do likewise on engine block to
avoid cutting the seals during installation.

b. Install erankshaft seal “B”. Flange “F”
on main bearing cap as well as on the engine
block must fit into groove “F” in the oil seal “B”.

6. Install retainer “C” on bearing cap. Tight-
en screws securely. (Only one metal retainer (C)
is required.) '

7. 0il Seal “B” can be installed without re-
moving the crankshaft. Make certain the ends on
the engine block are prepared as outlined in Item
3. Use only light grease in groove of oil seal
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“F", This will assist in sliding the seal into place.
Pressure should be applied to the oil seal so the
oil seal will hug the crankshaft which will aid
greatly in sliding the seal into place.

8. Exercise care when installing the main
bearing cap with the metal retainer “C” in place
to avoid damage to the oil seal “B”, The metal re-
tainer must slide over the ends of the oil seal in
the engine block. :

9, Coat each butting end of the oil seal with
a light coat of rubber cement; allow to become
tacky before assembly.

10, Install rear bearir_lg cap.

11. Coat packing “A” & “D” with a non-har-
dening cemeént such ag No. 2 Permatex and drive
in place with a punch as shown in drawing.

Figure 201—Removing Rear Qil Seal HD-260 &
JD-382

GROUP #2 INSTALLATION

HD-260 (Al serial numbers from #6332 —
#10591).

JD-382 (All serial numbers from #1031 —
#3590). '

Engines included in both Group #2 and
Group #3 serial numbers use moulded Neoprene
side seals “A” and “D” instead of the wick type
used in Group #1 and Group #2 differs only

Figure 202—Filler Biock and Seals

from Group #3 and present production in that
the side seals “A” and “D" are of different sec-
tion. — However, the installation method is ex-
acty the same as given under Group #3.

Figure 203—Rear Bearing Filler Block & Bearing Cap
Removed Showing Position of Seal in Place on
HD-260 & JD-382
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GROUP #3 INSTALLATION

HD-260 (All serial numbers from #105692
and up).

JD-382 (All serial numbers from #3591
and up}).

Figure 204—Filler Block and Seals

CAUTION: These instructions MUST be fol-
lowed exactly to obtain a satisfactory installation!

1. Remove rear main bearing cap by using
puller as shown in illustration. As the cap is
pulled, tilt forward to clear flywheel housing.

2. After removal of old seals thoroughly
clean all surfaces with which they make contact.

3. After adding a thin coat of clear shellac
install side seals “A” & “D” in bearing caps as
shown above,

4. Break sharp edge slightly on main bear-
ing cap “E” and do likewise on engine block to
avoid cutting the seals during installation.

5. Install crankshaft seal “B”. Flange “F”
on main bearing cap as well as on the engine
block must fit into groove “F” in the oil seal “B”.
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6. Install retainer “C"” on bearing cap. Tight-
en screws securely, (Only one metal retainer (C)
is required.)

7. Oil Seal “B” can be installed without re-
moving the crankshaft. Make certain the ends

on the engine block are prepared as outlined in
Item 3.

Use only light grease in groove of oil seal
“F”, This will” assist in sliding the seal into
place. Pressure should be applied to the oil seal
s0 that it will hug the crankshaft which will aid
greatly in sliding the seal into place.

3. Exercise care when installing the main
bearing cap with the metal retainer “C” in place
to avoid damage to the oil seal “B”, The metal
retainer must slide over the ends of the oil seal
in the engine block. - '

9. Use strip of steel “H” to hold seals “A”
and “D” temporarily in place when reassembling
bearing cap, .

10. Coat each butting end of the oil seal with
a light coat of rubber cement; allow to become
tacky hefere assembly.

11. Install rear bearing cap.

OIL SEAL GASKETS

OIL RETURN. HOLE [

Figure 205—Rear Bearing Cap & Filler Block Showing
Seal in Place (HD, D)
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Figure 208

and is driven by the crankshaft gear. These gears
have a specified drive or clearance fit, which must
be checked when reassembling the engine to be
sure that it falls within the specifications.

1. TInlet tube support '15. Body Assembly
2. Inlet tube assembly 16. Drive gear and shaft assembly
3. Fitting 17, Stud
4. Serew 18. Idler Gear
. E B 5. Shim 19. Gasket
. . . 6. Pin 20. Cover -
Figure 207—Rear Bearing Filler Block Showing 7. Bushing gé gcrew Tub
Wires in Place 8. Driver Gear . Suction Tube
Lock 9. Cotter Pin 23. Felt Washer
10. Relief Valve 24. Felt Washer *
OIL PUMP 11. Relief Valve Spring 25. Oil Strainer Assembly
. . 12. Spring Retainer 26. Cover
The oil pump assembles to the front main 12. Screw 27. Spring
bearing and is held in place by the main bearing 14. Washer 28. Tube Assembly

cap screws. The oil pump drive gear meshes with - Figure 209
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oil pump body or cover — either of which would
require overhauling the pump.

3

Figure 210—Checking Backlash Between Cronk Gear
and Oil Pump Drive Gear

Shims are available for adjusting the center
distances of the oil pump and erankshaft gears so
that correct clearances can be maintained.

AR
SPACER SHIM TO CONTROL GEAR BACKLASH

Figure 21 1—Removing Qil Pump

The oil pump is of the gear type and while
it is removed, the oil pump gears should be in-
spected for excessive wear of the gear teeth as
well as any possibility of the gears rubbing the

¥

o’

e

-

Figure 212—Checking Oil Pump Gear Clearance
in Body

New gears, a new shaft, or if severely dam-
aged, even a complete new pump may be neces-
sary to restore dependable lubrication of the en-
gine — which must be determined by careful
inspection of the parts.

STRAIGHT EDGE

[FeRER GAUGE] ™

Figure 213—Checking End Clearance

The oil pressure is regulated by a pressure
regulating spring. The normal pressure at oper-
ating speed is 30-40 pounds* and approximately
10 pounds at idle.

Whenever the pressure is below these limits

*on the ED series, it is 10-20#. . ,
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or fluctuates, stop the engine — find the cause and
correct it hefore severe engine damage results.
Usually the trouble will be no oil in crankease,
broken or Ioose lines or a clogged strainer screen.

ACER WASHERS

Figure 214—0il Pump Disassembled

FLYWHEEL AND FLYWHEEL HOUSING

The flywheel is machined and balanced so
that the clutch face or locating counterbore will
run true with its axis.

To be sure that the erankshaft flange has not
been sprung or otherwise damaged or that the
counterbore in the flywheel, which locates it on
the crankshaft, is not damaged, mount an indi-
cator on the flywheel housing and check the fly-
wheel for runout.

Figure 215~—Checking Flywheel Runout

The indicator should be set up so that it con-
tacts the clutch face or the vertical surface of the
clutch counterbore, then turn the flywheel at least
one full revolution at the same time holding
against the crankshaft to offset the possibility
of end play.

Re-locate the indicator to check the inside
diameter of the counterbore. In both cases the
maximum indicator reading must not be more
than .008,

~ If more than one engine is being rebuilt at
a time, the housing should be identified with its
original cylinder block and should be reassembled
to that block in the rebuilding process,

When assembled, mount the indicator on the
fiywheel so that it contacts the housing face and
turn the crankshaft, at the same time holding
against it to counteract end play. The maximum
indicator reading must not exceed .008.

Re-locate the indicator to contact the hous-
ing bore and check this in the same manner, The
same run-out limits prevail. :

Dirt or nicks in the flywheel counterbore is
the most prevalent cause of run-out of this part.

REASSEMBLING ENGINE

In the foregoing, we have outlined procedures
for checking, repairing or replacing the many
wearing parts in the engine,

In most cases, the instructions have covered
the reassembly of parts or subassemblies made
up of several parts. -

When reassembling pistons and connecting
rods, use a good ring compressor and oil the bores
thoroughly. A hammer handle may be used to
bump the pistons out of the ring compressor into
the eylinder bore.

Once more, we call attention to care de-
manded to prevent connecting rods damaging the

Figure 216—Assembling Piston in Cylinder
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cylinder bore finish and at the same time as they
are assembled on the crank pin, locate them care-
fully in order to protect the bearing surfaces.
Always lubricate the bearings with clean en-
gine oil when assemblng, and tighten them to the
torque specified. Use lockwires, cotter pins or

ENGINE REPAIR AND OVERHAUL

lockwashers as required to prevent nuts and
screws from loosening.

Assemble the oil pan with new gaskets ce-
mented in place. Tighten screws in accordance
with limits prescribed in torque chart —to av01d
looseness or overstressing.

LANCHESTER BALANCER

The Lanchester Balancer is a balancing mechanism that is used
on the “HD” and “JD" Diesel engines to provide smooth operation
on engines operated above normal speeds for increased power and
torque applications. .

This balancer assembly consists of two counterweight gears
mounted on a shaft, which is driven off the crankshaft géar at
twice engine speed. This assembly is mounted to the engine crank-
case and must be timed in relation to the engine firing order,

An integral oil pump assures full pressure lubrication to all bear-
ings and full flow filtration provides a constant source of clean oil.

PRINCIPLE OF OPERATION

JAlthough the two sets of pistons in a 4 cylinder “In-Line” engine
are equal in weight, and move in opposite directions, their inertia
forces do not fully neutralize one another — Fig. A.

This is caused by the pistons traveling farther and faster in the
upper half of the downward stroke than they do in the lower half
as shown in Fig. B and C.

The acceleration differences of the two sets of opposite movmg-
pistons cause unbalanced secondary forces at twice engine speed —
which are cancelled out by the balancer exerting an.equal counter-
acting force — which is graphically shown on the following sche-
matic drawing:

Flg B

Upper hall of the
downward sircke

Lower half of the
downward stroke

SCHEMATIC DRAWING SHOWING BALANCER OPERATION

SECONDARY FORCES BALANGER FORCES

soor 4 I 200"

ado” sog*

Fig. G

Fig. D
Pistons 1 ond 4 ot T.D.C.
The total downward econdnary
force is 1600 lhs. This is balanced
by the two counterwaights axegting
an squal upward force.

Fig. E
“'45° ofter T.D.C.

Secondory forces are concelled ou!
due to the posillon of the pistons.

Fig. F.
90* after T.D.C.

Secondary forcwt exert o total up-
word force of 1400 lbs. This ix
bolanced by the downward force
creaated by the two counterwelghts.

135° after T.D.C.

Ia this illustrolion secondary forces
are concelled out due to the posi-
tion of the pistans.

The four operations shown hers are
repeaied 0 complaie one revolu-
tion of the ceank,
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LANCHESTER BALANCER
INSTALLATION AND TIMING INSTRUCTIONS

WARNING

It is imperative that these Instructions are followed implicitly, Since severe
damage to Engine and Balancer may occur if it is not TIMED correctly.

Fig. H— Timing Geoar Drive

1 — Turn engine until #4 piston is on top dead
center when on compression stroke — check by
removing valve cover and turning both push rods
by hand, indicating that both valves are closed.

2 — Check that the two marked teeth on cam gear
“E™ will straddle the marked tooth on crank gear
“F’' — which shows that the camshaft and crank-
shaft are in time.

3 — Note the two punch marks or beveled teeth on
the Iower portion of crankgear “D"” — which must
line up with the balancer idler gear “C”. (See
Fig. H) _

4 _ With the balancer assembly removed from
the engine and facing the gear drive — rotate the

gears by hand until the two punch marks on idler

gear “B” straddle the mark on the balancer drive
gear “A”. (See Fig. J) -

BALAMNCER
IDLER GEAR

Lo

5
BALANCER

Note: Due to the balancer gear ratio — the two
gears line-up only every 32 turns — se it may

be necessary to rotate the gears several turns.

il ORIVE GE

Fig. J —Timing Balancer Drive Gear

5 — Mount the complete balancer assembly to the
crankcase with the cap screws only finger tight
to hold in place. The “HD” balancer requires six
cap screws and the “JD” balancer has four cap
screws.

6 — With balancer in this position, line up marked
tooth on top of idler gear “C” with two marked or
beveled teeth on lower end of crank gear “D”.

Important — Make certain that all gear drive -
timing marks are in line as shown above.

7— Tighten cap screws to engine crankcase as
follows: '

HD Models (7/16 - 14 thread) —
Torque to 42 - 47 foot pounds.

JD Models (5/8 - 11 thread) —
Torque to 125 - 180 foot pounds.
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SECTION VI
TROUBLE SHOOTING

A Preventive-Maintenance system including
inspection, lubrication and adjustment as recom-
mended in our Maintenance Section will prevent
the greater portion of Diesel troubles.

Failure of a Diesel engine to perform satis-
factorily is generally due to difficulties with the
fuel supply system, such as air leaks in the suc-
tion line due to loose connections or restrictions
to fuel flow because of clogged filters, rather than
the injection pump or nozzles. '

Any attempt to disassemble or repair fuel
injection pumps must be made only by persons
fully qualified and equipped. . .

Operators handling the same Diesel engine

every day, soon develop a sense of impending
trouble when abnormal operation occurs. Imme-
diate attention to these danger signals can pre-
vent major fajlures, insure dependable operation
and increase the life of the engine.

Operators should depend on their well-devel-
oped senses of feeling, hearing, seetng and smell-
ing and replace their sense of taste in this type
of work — with a generous amount of “common
sense.”

Following are listed some of the normal com-
plaints encountered in routine operation of all
Diesel engines — the probable causes and the
recommended steps required to correct the
difficulty:

V4 Complaint Probable Cause

Correction

(A) . ticns
Engine Won’t Turm | . ] )
Over 4 — Starting switch faulty

1 — Dead or weak battery
2 — Poor ground connection

3 — Loose or faulty wiring connec-

5 — Starting motor defective

6 — Internal engine seizure

1 — Recharge or replace battery.
2 — Inspect and tighten ground cable.

3 — Clean and tighten connections.

4 — Replace switch or relay.

5 — Check brushes, commutator,
drive spring and mounting bolts.

6 — Turn engine manually — if un-
able to do this, check for foreign
object in gears, on top of piston
or for piston seizure.
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Complaint Probable Cause Correction
(B) _ 1 — Governor Stop Control in Stop 1 — Put Control in Operating
Engine Turns But Position position.
Won't Start 2 — No Fuel Supply to Pump 2 — Fill Fuel Tank or open Shut-Off
Valve, '
3 — Air in Fuel Injection Lines 3 — Check connections and bleed
Fuel System.
4 — Clogged or dirty filters 4 — Disasgsemble and clean primary
filler and replace secondary fil-
. ter if clogged.
5 — Cranking speed under 115 RPM 5 — Recharge or replace battery,
check starter, repair if necessary.
6 — Water in Diesel Fuel 6 — Drain Fuel System — Refill with
clean fuel or strain through
) chamois and bleed system.
7 — Wrong injection pump timing 7 — Retime pump to engine accord-
ing to recommendations,
8 — Low atmospheric temperature 8 — Use cold starting equipment —
either fiuid injector or air heater.
9 — Low compression — below 325 9 — See recommendations in “G".
PSi '
(C) 1 — Missing cylinder or cylinders 1 — Loosen fuel line to nozzle one at

Runs “Rough” with
Excessive Vibration

2— '_I‘oo low operating temperature
— below 165° F

3 — Governor surge

4 — Air in fuel lines

5 — Clogged air cleaner

. 6 — Engine idles too slowly

T — Poor fuel

a time — if no change is notice-
able that cylinder is missing.
Clean and test nozzle for pres-
sure, leakapge and patfern.

2 — Check shutter and thermostat—
Do Not Idle for Long Periods.

3— Adjust governor “bumper”
spring — also check for broken
‘or weak governor springs.

4 — Check connections — Bleed fuel
gystem,

5.—Clean and service air cleaner,
tighten conneetions.

6 — Increase to recominended speed.

T—Use #2 Diesel engine fuel oil
that meets specifications.
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Complaint

Probable Cause

Correction

(D)
Loss of Power

(E)
Overheating

1 — Wrong injection pump timing

2 — Air in fuel lines

3 — Clogged or dirty filters

4 — Restriction in air flow

5 — Poor fuel

6 — Ioor Compression

T — Injection nozzles faulty

8 — Energy cell faulty

9 — Injection pump faully

1 — Retime Pump to engine aecord-
ing to recommendations.

2 — Check connections and bleed fuel
system.

3 — Clean Primary Filter and replace
secondary filter if necessary.

4 — Service Air Cleaner and Con-
nections.

b — Use recommended #2 Diesel En-
gine Fuel that meets specifica-
tions,

6 — See “G" recommendations.

7 —Clean and Test Faulty Nozzle
for pressure leakage and spray
pattern.

8 — Clean, service or replace when
necessary and lap contacts and
seaf.

9 — Remove and have checked at
Service Station.

1-— Lack of water

2 _— Fan belts slipping

3 — Overloading the engine

4 — Thermostats sticking or inop-

erative

5 — Fuel injection timing wrong -

G — Back pressure in exhaust line

1 — Add walter, Tighten hose connec-
tions and repair leaks as re-
quired. '

2 — Inspect belt pondition and adjust
tension.

3 — Reduce load. Keep engine speed
up.

4 — Remove, clean and check thermo-
stats and replace if required.

5 — Iletime pump according to rec-
ommendation,

6 — Inspect for restriction in muffler
and exhaust system, and clean.
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Complaint

Probable Cause

Correction

(F)

Excessive Smoke

WHITE SMOKE—Indicates Misfiring

1 — Low engine temperature

2 — Faulty injectors

3 — Poor fuel

4 — Poor compression

1 — Check: shutter and- thermostat—
increase engine {emperature.

2 — Cut out individual injectors with
engine running — clean and test
faulty nozzle for pressure, leak-
age and spray pattern.

3 —TUse #2 Diegel fuel that meets
gpecifications,

4 — See “G” recommendations.

BLUE SMOKE — Indicates High 0il
Consumption

1 — Worn or sftuck rings

2 — Low engine water temperature

"1-—S8ee (I) high oil consumption

recommendations,

2 — Check shutter and thermostat.

BLACK SMOKE

1 — Excessive fuel rate

2 — Overloading engine
3 — Restriction in air supply

4 — Low engine water temperature

1 — Calibrate injection pump to
standard.

2 — Reduce load,

-

3 — Clean air cleaner.
4 — Check shutter and thermostat,

(G)
Poor Compression

(Under 3253# at
150 RPM)

1 — Valves holding open — no tappet
clearance -

2 — Leaky cylinder head gasket

3 — Leaky energy cell

4 — Wrong valve timing

5 — Burned or sticking valves or in-
correct valve timing

6 — Broken or weak valve springs

7 — Piston-rings worn or broken

8 — Worn pistons and sleeves

1 — Adjust tappet elearance to speci-
fications.

2 —(Clean head and block surfaces
and replace gasket.

. 8 — Clean or replace — lap seats gas

tight.
4 — Check and correct if necessary.

5 — Clean and grind valves. Reface
or replace as required.

6 — Check and replace any not up to
specifications.

7 — Re-ring with recommended serv-
ice kit.

8 — Replace sleeves and pistons.
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Complaint

Probable Cause

Correction

()
Low Qil Pressure

1 — Low oil level

2 — Qil pressure gauge or line faulty

3 — Qil too light — diluted

4 — Dirt in relief valve or broken
spring

5 — Suction screen plugged

6 - Worn bearings

7 — Worn oil pump

1 — Add oil to dipstick level.

2 — Inspect lines and check with
Master Gauge.

8 — Change oil and follow recom-
mended lubrication.

4 — Clean or replace spring,

5 — Remove screen and clean in
solvent.

6 — Check with pressure tank for
leakage test.

7 — Remove, repair or replace pump.

(I
High 0il
Consumption

1—0il leaks

2 — Too high oil level maintained
\-

3 — Incorrect grade of oil used

4 — Clogged crankcase breather (or
pipe)

§ — Qil pressure too high — relief
valve stuck

6 — Piston rings not properly run-in

7— Worn, broken or stuck piston
rings and clogged oil control
rings

8 — Worn pistons and liners
9 — Worn bearings and valve guides

1 — Locate and. repair..

2 — Maintain oil level between high
and low marks on bayonet.

8 — Use recommended type and SAE:
number of lubricating oil,

4 — Clean thoroughly.

5 — Clean and free up valve — check
spring tension,

6 — Break in all new and rebuilt en-
gines as recommended,

T — Re-ring with recommended serv-
ice rings.

8 — Replace liners and pistons.

9 — Check with pressure tank for -
leakage.

(J)

Poor Fuel Economy

1 — Operating with low water tem-
perature

2 — Wrong fuel oil

3 — Loss of power

4 — Incorrect injection pump timing

5 — Nozzles faulty

6 — Energy cell carboned up

7T — Incorrect tappet clearance

1 — Maintain 165° F — 1856° F for
maximum economy and perform-
ance.

2 —Use #2 Diesel fuel that meets
specifications.

3 — Follow “D"” recommendations,

4 — Follow recommendation for op-
eration.

5 — Cut out faulty nozzle—clean and
test for pressure, leakage and
spray pattern. )

6 — Clean, service or replace as nec-
essary and lap contact seat in.

7 — Adjust tappets .014 exh. & int.
with engine warmed up.
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Complaint

Probable Cause

Correction

(K)
Sudden Stopping

- 1—No fuel
2 — Restriction in fuel flow
3 — Air in fuel lines

4 — Transfer pump faulty
5 — Water in fuel

6 — Internal engine seizure

1 — Refill fuel tank and bleed fuel
system,

2 — Clogged or dirty filters — check
lines for obstruction or break.

3 — Bleed fuel system,

4 — Replace transfer pump.

5 — Drain system and refill with
clean fuel or strain remaining
fuel through chamois.

6 — Turn engine manually—if unable
to do so check for foreign ob-
jeet in combustion chamber or
for piston or bearing seizure.

(L)
Engine Knocks
and Noises

COMBUSTION KNOCKS (Excessive)

1 — “Lugging”
2 — Poor quality fuel

3 — Injection timed too early

4 — Injection nozzle sticking

1 — Reduce load or increase speed.

2 — Use only #2 Diesel engine fuel
oil for good performance and
economy,

3 — Follow recommended timing for
operation,

4 — Remove nozzle, check opening
pressure, clean and adjust.

MECHANICAL KNOCKS

1 — To locate knock

2 — Main bearings
3 — Connecting rod hearings

4 — Loose piston pin

5 — Broken piston ring or pin

‘6 — Tappet noise

7 — Timing gear noise

1 — “Short out cylinders” by loosen-
ing fuel line to nozzle one at a

time — if no change in sound,
knock is not occurring in that
cylinder.

2 — Heavy, dull knock when acceler-
ating under load. Examine bear-
ing lining for wear or excessive
clearance, Replace if necessary.

3 — Condition noted at idle or light
load ‘and disappears at full load.
Check and correct as in Para. 1,
main bearings.

4 — Sharp metallicrap at idling speed
or when starting cold. Replace
pin with oversize,

5 — Sharp, clicking noise that can
not be eliminated by shorting
out. Remove pistons, replace pis-
ton pin or rings if necessary.

6 — Check clearance with engine
warmed up. Adjust to specifi-
cations.

7 — Loose or worn-gears rattle; tight-
gears whine, Check gear fit and
examine teeth. Refit new set of
gears if loose or worn badly,
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Engine Model ID-129 GD-157 GD-193 ED-201{ ED-2Z08 | HD-260 |HD-277 JD-382

Bore 3y 3% 3y 3% IN/6| 3% 4 4

stroke ¥ % % o | | Sk | s 6

Displacement v, in. 139 157 193 20 208 260 277 382

Compression ratio 16.25:1 15.54:1 16.8:) 15.5:1 15.5: 15.0:1 | 1504 15.0:7

Firing order 1-3-4-2 1-3-4-2 1-3-4-2 1-3-42 | 1-3-42 1 1-3-42] 1-3-4.2 1-3-4-2
VALVE GUIDE Int.  Exh, Int.  Exh. Int,  Exh. Int.  Exh, Int. Exh. 3 int. Exh,

Length 1413/16 1-13/%4 | 217/32 217/32| 27/32 27 /32 | 2-11/%6 2 /06 | 2-7/8 :N /32 |2-21/32 2.21/32

Dutside din. 5645/ 5640 8575/ 6585 b575/.6565 4575/.6565 J52 /15 752 /7891

Stem hole dia.(Reamed) 3171/ 057 .3432/ 3422 .3432/.3422 .3422/.3422 4365/ 436 4365/ 436
*Wear limits, Max. dio. 387 3447 447 3455 438 438

Distance, cylinder heod
tontact face to quide

1-5/31 1-5/32

2.15/32 2-15/32

2-15/32 2-15/32

2.25/31 2-15/32

2-17/64 2-19/64

2-25/37 3-1/8

VALVES, INTAKE

Material Chr. Ni. Steel Chs. Ni. Steel Chr. Ni. Steel Chr. Ni. Steel Chr. Ni. Steel Chr. Ni. Steet

Overall length 5.852 /5837 6.270 /6.245 6426 /6.40) 66915 /6.6665 4.9798/6.9548 7.2756,/7.2556

Stem dio. 143/ 341 3414/ 3404 3414/ 3406 3114/ 3406 4352/ 4344 A352/ 4344
*Wear limits, Min, dia. 312 3386 338 3386 A3 A324

Head din. 1.266 /1.267 1.309 /1.299 1.340 /1330 1.458 /1.448 1.528 /1.510 1.700 /1.690

Seat angle 45° 45° 45° 45° 45° 45°

Angle of vlv, foce 44° 44° 440 44° 440 44°

Stem clearance lim. .0031,/..0008 0026/ .0008 0026/ .0008 0026/ .0008 0021/ .0008 0021/ 0008
*Wear limits, Mox. . 0051 0046 0046 0046 2041 0041

Desired stem dear 002 0015 0015 0015 0015 0015
VALVES, EXHAUST

Materiof IR X(R XCR XR xR QR

Overall length 4956 /4.943 5.3537 /5.3337 5.1537/5.3337 5.7695/5.7445 5.8079/5.7829 6.0256/6.0056

Stem dia, 31327 N 3390/ 3382 3390/ .3382 390/ .3382 4325/ A5 4325/ A5
*Wear limits, Min. dia. 3104 4362 3362 3362 A295 4295

Head dia. 1.052 /1048 1.184 /1174 1.184 /1.174 1.333 /1.3 1.395 /1,385 1.515 /1,505
Sent Angle 45° 45° 45° 45° 45° 45°

Angle of viv. foce 4° 44° 44° 44° 44° 4°

CUearance stem lim. 0048/ 0025 005 /0032 005 / 0032 005 / .0032 005 / 0035° 00S / .0035
*Wear limits, Max. d. 0068 007 007 007 007 007

Desired stem tlear 0035 004 004 004 004 004

*(These moximum weor limits ora effective only when the tolal <learance of the mating parts does not exceed the maximum clearonte limits .5

indicated)
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ED-201

HD-260

Engine Model ID-129 GD-157 60-193 £D.208 HD-277 Jp-382
VALVE SPRINGS
Qutside dia. 1022 / 992 | 1.302/1.282 1.302,/1.282 1.150,/1.130 1.302/1.262 1.302/1.282
Wire gouge 144 62 1462 56 162 162
Spring fength vlv. closed | 1.741 17/8 1-7/8 1-21/32 1-7/8 1-7/8
Spring load, vlv. dosed 58.5 — 41.5 [bs. 58-64 |bs. 58-64 [bs. 47.53 Ibs. 58-64 |bs. 58-64 |bs.
*Weor limits, Min. Wagt. 52.5 Ibs. 52 1bs. 52 Ibs. 42 Ibs. 52 Ibs. 52 Ihs.
Spring length, viv. open | 1.387 1.521 1.5 1-3/8 1.521 1.521 )
Spring lood, viv. open 107-113 Ibs 115-123 Ibs. 115-123 Ibs. 103-110 Ibs. 115-123 Ibs. 115-123 Ibs.
*Wear limits, Min. Wgt. 97 Ibs. 105 lbs. 93 Ibs. 105 Ibs. 105 Ths.

105 [bs.

CAMSHAFTY

Brg. Journal, Dia., #1
*Wear {imits, Min, dio.
Brg. Journal, Dia., #2
*Wear limits, Min. dia.

1.8095/1.8090
1.808
1.7465,/1.7460
1.745

1.809 /1.8085
1.8075
17465 /1.7455
17445

1.8090,/1.8080
1.807
1.7465/1.7455
1.7445

1.9965/1.9960
1.995
1.7465/1.7460
1745

1.9965/1.9955
1.9945
17465 /1.7455
17455

2.1225/2.122
2121
1.7465,/1.746
1745

Brg. Journal, Dic., #3 1,6840/1.6835 1.684 /1.683 1.6840/1.6830 1.6840 /1,6835 1.684 /16835 1.684 /1.6835 .
*Wear limits, Min, dia. 1.6825 1.682 1.682 1.6825 1.682 1.6825
Cam lift 214 273 260 2296 230 JA016
Tappet clearance
Intake 012 014 014 014 014 014
Exhaust 012 014 014 014 014 014
End play .07 / .003 o7 / 003 .007 / .003 009 / .005 .00% / .005 009 / 005
CONNECTING
RODS )
Length, Cent. to Ctr. 6.377 /6.373 7.002 /6998 7.002 /6.998 8.377 /8.373 9.502 /9.498 10,502 /10.498
Bushing hole dio. 1.023 N.022 1.188 /1187 1.188 /1.187 1.188 /1.187 1.3753/1.3743 1.6249/ 1.623%
Brg. hole dia. 2.375 /23745 2.1870,/2.1865 2.3745/2.3740 23745 /2.374 2.6245/2.624 28745/ 2874
Brg.. thickness 0619/ 0614 0617/ .0612 0817/ 0612 0522/ 0617 06175/ 0615 0621/ 10616
*Wear limits—HMin, th, 0609 0607 0607 0812 0610 0611 ’
Din. cronk pin 2.250 /2249 2.0625/2.0615 2.250 /2.249 2249 /2248 2.499 /2498 27485/ 2.747%
*Wear limits—Min. dio. 2.248 2.0605 2248 2.7 2.497 27465
Cleorance lim. 0032/ .0007 0031/ 0006 0031/ 0008 0031/ .0006 0035/ .0015 0038/ 0013
Desired clearance 0015 0015 0015 0015 0025 0025
*Wear - limits—Max. cl, 0042 0041 Q041 Q00 0045 0048
Width ot brg. end C1.244 /124 1.3055/1.3035 1.3055,/1.3035 1.5555,/1.5535 1.804 /1.802 1.804 / 1.802
Desired side play 006 min. 006 min. .00& min. .006 min, 006 min. 065 min,

*(These moximum wear limits are

indicated}

effective only when the total clearance of the mating parfs does not exceed the maximum dlearonce limits os
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LIMITS AND CLEARANCE DATA
Engine Model -129 6D-157 6D-193 tooos Ho2e J-382
MAIN BEARINGS
Dia. of brg. bore in block 2.692 /2.6913 2.5622/2.5615 2.5622/2.5615 2.8122/2.8115 3.0622/3.0615 3.5000,/3.4992
Br. Shell Thickness 0952/ 0947 0928/ 0923 0928/ 0923 0930/ 0925 0929/ 0924 1235/ 1230
*Weer limits—Min. th. 0942 0918 0918 0920 0919 1225
Dio. of Mn. Brn, Jn!, 2.500 /2.499 2.375 /2374 2375 /2374 2,625 /2.624 2.874 /2873 3.251 /3.250
*Wear limits—Min. dig, 2.498 2.373 23713 2.623 2.872 3249
Qearance limits 0036/ .0009 0036/ .0009 0036/ .0009 .0032/ 0005 0035/ .0015 004 / 002
Desired tfearance 002 002 002 .002 002 0025
*Wear limits—Max. cl. " 0046 0046 0046 0042 0045 005
C/S End Play 006 / .004 006 / 004 006 / 004 006 / 004 .008 / .005 008 / .005.
*Wear |imits—Max. end 009 009 009 009 010 010 ’
ploy
PISTONS ID-129 6D-157 GD-193 £D-201 €D-208 HD-260 HD-277 | JD-382
Actual inside dia.
of sleeves 3252 /3.250 | 3377 /3375|752 /3750 | 3.627 /3.625 3.689 /3687 [3.877 /3875 |4.002 /4.000 (4502 /4.500
*Weor limils—Max. dia| 3.258 3.385 3760 3.635 3.697 3385 4010 4510
Piston pin hole dia. | .9684/ .9682| 1.1253,/1.12511.1094,/1.1092) 1.1094,/1.1092 1.1094/1092 | 1.2500,/1.2498 1.2500/1.2498| 1.5000,/1.4998
*Weor limits—Max. dia} 9686 11255 1.1094 1.1096 1.1096 1.2502 1.2502 1.5002
Ring Gr. Dia, 1st | 2916 2906 | 2992 298213333 /3323|3221 A3 3277 /3267|3444 /3434 (3569 /3559 [4.003 /3993
2aond 3 | 2.897  2.887 | 3.028 3.018/3.379 /3.369|3.263 /3.253 3271 /3311 | 3497 /3487 |3.622 /3,612 {4086 /4.076
4h | 2876 2.866 | 2.988 2.978(3.339 /3329 (3223 /33 3281 /3201|3457 /3447 | 3.582 /3572 [4.047 f4.037
5th 3223 /303 3281 /320 | 3497 /3487 (3622 73617 |4.047 /4037
Ring Gr. Width '
F Top 291/ 0281 | 128 /127 |28 / 027 | 129 / 128 (Top - Znd 129/.128] 129 / 128 | 029 / 128 |.129 / 128
*Wear limits—Mox. w. | L1311 130 130 3 Rkl 131 BEK] A3
2ond 3 A285/ 0275 | 27 /o026 |28 /427 (029 /A28(2)|3nd Gr.  12B/.27| 128 / 027 | 128 /027 [a /a2
{128 /327 (3| -
*Weer limits—Mox. w. .130 a1 130 J31(2).130 (%) 130 130 130 130
dth f_zsls/ 2505 | 252 / 251 |-2520 / 2505 253 / .252 253 / 252 253 152 | 253/ 152 (253 782
*Wear limits—Max. w, |..2535 254 254 255 255 255 255 255
Sth 1905/ 1895 1905 /1895 1905/ 1895 | 1905/ .1895 | 1905/ 1895
*Wear limits—Max. w. 1925 1925 1925 1925 1925
Ring land div. .
1st 3.230 /3.226 |3.354 /3.349 |3.724 /3720|3.599 /3.594 1.8675/3.6565 | 3.850 /3.843 | 3975 /3.968 |4.470 /4465
2nd 3.230 /3.226 |3.354 /3.349 [3.727 /372103599 /3.594 3.6675/3.6565 | 3.850 /3843 | 3.975 /3.968 |4.470 /4.445
3d 3290 /3.226 [3.354 /3349 (3.731 /3.727 [3.599 /3.594 3.6675/3.6565 | 3.850 /3.843 [3.975 /3.9¢68 u-m f4.465
dth 3323 /3319 (370 /3727 B.STS /3.570 3.6375/3.6325 | 3.825 /3.818 [3.950 /3.943 W.456 /4.45}
Feeler gavge 003 004 003 004 004 004 004 005
Lbs. Pul! 5-10 5-10 5-10 510 510 5-10 5-10 5-10

*(These maximum wear fimits are effective only when the talal clearance of the mating ports does not exceed the maximum deesance limits as
indicafed]
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LIMITS AND CLEARANCE DATA

Engine Model | zp129 | 6b-157 GD-193 | ED-201 ED-208 HD-260 HD-277 1p-382
RINGS
Type of ring . .
Top Chr. Comp. K | Chr.comp. | Chr. comp. T.F.| Chr. comp. T.F. | Chr. Comp. K. TF. | Chr. K.LF. Chr. Comp, K. T.F. | PL comp.
2and 3 1.F. comp. T.F wmp. |T F comp. . | T.F. comp. T.F. Comp. -| 1.B. Camp, TF. Comp. T.F. comp.
4th Ventilated oil | Yentilofed oil | Ventilated oil | Yentilated oil | Ventilated Oil .| Ventiloted oi} Yentilated Qil Venlilated oil
5th Yenlilated oil | Ventilated Oil Ventiluted oil Venfilated Dil Yentilated oil
Ring width
Top 1240,/.1225] .1240/.1235 1240/.1235 | 124073235 | .1240/.1235 A24 /1235 14 /123 Jd24 /a3
*Wear limils—min. w. | .1203 J215 1215 1215 A215 1215 a2 AN
2 and 3 A240/.1225] 1240/.0235 (-.1240/.1235 | 12400230 | 1240/.1235 124 /023 124071235 A24 /123
 *Wear limits—min. w. | .1205 s | an A2 1215 NH 1215 A
4th 2490/.2485 | .2490,/.2485 | .2490/.2485 | .2490/.2485 | .2490/.2485 249 /2485 | .2490/.2485 249 /2485
*Weaor limits—min. w. | 2465 Q465 2465 2465 L2445 2465 2465 2465
5th 1865 1850 | .1865/.1460 1865 186 .1865/’.1860 1865 - .184
*Wear [fmits—min. w. 184 184 184 184 184
Ring thickness
Top REVIFAK N IR YAFALY! 64 /154 | 81 /A7 |84 ST 194 /184 200 /.90 225 /N5
2 and 3 47 /037 | 153 /043 | 64 /054 | 160 /050 |62 2152 267 /257 | 72 /a62 183 /073
4th A47 /237 | 183 /043 264 /154 | 160 Max. 162 /52 J168/.158 A72 /62 143 /73
5th . 159 Max. Jlaz /152 .168/.158 172 /62 183 /73
Ring gap clearance ) .. .
Top 020 /010 | .016 /008 | 020 /010 | 023 /013 | 020 /.00 020 /010 | 025 /013 020 /012
2 ond 3 020 /010 |.015 /010 020 /000 | 015 /008 |.020 /.010 020 /.010 025 /.013 023 /013
th 018 /010 [9020 / .000 | .018 /010 | .023 /013 |.018 /.010 018 /.010 025 /.013 020 /010
5th 018 /010 | 018 /.00 018 /010 023 /013 020 /010
Ring side tlearance
Top 0066/.0041 | .0045/.003 .0045/.003 | .0055/.004 |.0055/.004 .0055/.004 205 /.004 005 /.003
*Wear limits—max. cl. | .0086 0065 0045 0075 0075 0075 .008 007
2 and 3 ' .0064,/.0041 | .0035 /.002 .004 /.003 "|{.00& .004(2) .0055/.004 (2) | .005 .003 .0045/.003 004 002
{.005 .002(3) | .0045/.003 (3 0065
*Wear limits—mox. d. | 0086 0055 0065 008 (2) 0075 {2} 0075 0065
007 (3) .0045 (3} _
4th .003 /.0015 |.0035/.002 0035/.0013 .0045,/’.003 0045 /,003 0045 /.003 .0045/.003 0045 /.003
*Wear limis—mox. ). | .005 055 .0055 00&5 0065 0065 0065 00485
5th .0045 003 | .0045/.003 0045003 .0045/.003 0045 003
*Wear limits—max. d. 0065 0065 {0045 .0065 D045
: ED-201 HD-260
PISTON PINS p-129 6D-157 6D-193 ED-208 KD-277 JD-382
Length 2.691 /2676 2.750 /2735 3.065/3.050 3.065 /3.050 3.314 /3.307 3718 /3708
Digmeter 9683/.9481 1.1252/1.1250 11693 /1.1091 1.1093,/1.1091 1.2500/1.2498 1.5000,/1.4994
*Wear |imits—min. dio. 9678 1.1247 1.1088 1.1088 1.2495 1.4995
Desired fit Light push Light push Light push Light push Light push Light push
Bushing hole dia. fin. 9687 /.9685 1.1255/1.1253 11097 /11095 1.1097 /1.1095 1.2504/1.2502 1.5005 /1.5003
*Wear limits—max. dia. 9697 1.1245 1.107 1.1107 1.2514 1.5015
Pin Clearante in bushing .0006,/.0002 .0005 /.0001 .0006 /.0002 .0006/.0002 0006/ 0002 0007/ .0003
*Wear limits—mox. d. 00146 0015 0016 0016 0014 0017
Desired pin fit .0004 .0003 .0004 .0004 .0oo4 0005
Length {Bushing) 1.125/1.110 1125 /11.093 1.250 /1.9 1.250 /1.219 1.260 /1.240 1.635 /1.615
Outside dia. {Bushing) Press fit in Press fit in Press fit in Press fit in Press fit in Press §it in
1.023 1.022 1.188 1.187 1.188 1.187 1188 1.187 1.3753 13743 1.6249,/1.423%
hole hole hole hole hole hole

*(These moximum wear fimits are effeclive only when the total cleorance of the mating parts does not exceed

indicated)

the maximum clearance limits os
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SECTION X
TORQUE SPECIFICATIONS

Continental Diesel engines have many studs, The torque specifications, foot pounds, listed
bolts, and cap screws of special material and sizes below, MUST be followed in order to have the as-
and it {s very important that special care be exer- sembled engine conform to the original speci-
cised to replace all studs and bolts in their re- fications:

gpective locations during assembly of engine.

Size-Diameter |  5/16” 3/8" 7/16" 1/2 o/16" | 58

Cylinder Heads | . 35-40 7075 | 100110 | 130-140 | 145-155

Main Bearing Caps and 20-25 35-40 7075 8595 | 100-110 | 130-140
Connecting Rods

Flywheels 20-25 35-40 70-75 85-95 | 100110 | 145-155

Manifolds 15-20 25.30 50-55 80-90 | 100-110. | 130-1d0

Gear Covers, Water Pumps,
Front and Rear End 15-20 25-30 50-55 8090 | .. |

Plates, Oil Pans

Flywheel Housings 15-20 25-30 50-565 80-90 115-125 | ...

Camshaft Nut
" Cast Iron Camshaft ... R 65-70 FOR ALL MODELS
Steel Camshaft 120-130 FOR ALL MODELS

e -
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Section 11 — SPECIAL DIESEL TOOLS

Reference is made to special tools through-
out the manual; these or their equivalent are nec-
essary to do the various service operations in an
efficient and satisfactory. manner. These tools
may be -obtained from authorized Continental
Distributors or the factory branches.

|

'COMPRESHION BAUGE  ~ T TNOZZLE HOLDER WRENCH
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N
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1
COMFRESSION GAUG-E ADAPTER
i

;

¥ BRUSH Y,
. TACH STNOZZLE SCRAPER Iy . .
| TACHOMETER; ¥ H 5“5"’5 Figure 220—Compression Tester
b L JACH EXTENSONT  17ALLOW FOR CLEAMING NOTZIES & T#5 . HHD250TI76
] . ' ’ ORIFICE CLEANING STICKS.
figure 218—Recommended Tools for Servicing BRISTLE BRUSH g oo WRE SRUSH :
Fuel Injection Equipment TALLOW

Kit $RD6TI25 i : :
: i gﬁ' -

"“__.ﬂ’ m "“"‘"“*u,_::
FUEL RESERVOIR .! | / POLISHING sncxs: e
\ - ‘ "4 PRESSURE CHAMBER SCRAPERS
NORLE CONNECTIONS- 5@-

A4

. 1 CENTERING SLEEVE : :
NOZZLE VALVE WIPERS’ PINTLE GLEANING BLOCK

YALYE SEAT INSPECTION MAGNIFIER

Figure 221—Nozzle Cleaning Kit
Kit +HD260T178

MOUNTING - BASE"

Figure 219—Nozxzle Tester - Figure 222.— #HD260T-196
H#HD260T177 -




CONTINENTAL FOUR CYLINDER DIESEL ENGINE MANUAL Page 111

—_——e——————

O3 Mausa GawdnLE - '
; % 10w .
S TR i G0 .

-~ ) e e i R

Figure 225—Vise pump fixture FHD260T-197

Figure 224——Plastic cap kit FHD260T-195

Figure 226—Qverhavl gasket kits
‘For Model “E Pump, kit #5-2344
For Model “D" Pump kit, S-2357
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10 “MUSTS’’ FOR OBTAINING BEST RESULTS FROM YOUR DIESEL ENGINE

1. OPERATING TEMPERATURES

Warm up thoroughly, before applying
load, and maintain operating temperatures
between 165°-185° F. A cold running engine
promotes smoking, crankcase dilution, rapid
engine wear,

2. OPERATING SPEED

Horsepower increases as the speed, so
keep engine operating at recommended RPM,
with gear ratio to permit it to handle the
load with a minimum of effort. Lugging an
engine at wide open throttle, at low RPM
shortens engine life,

3. IDLING

Idle the engine at 1000 RPM to warm
up. Long periods of idling at lower RPM,
promotesg carbon buildup on nozzle tips and
in energy cells due to low combustion
chamber temperatures.

4. STOPPING ENGINE

After each operating period, before stop-
ping engine, allow it to idle at 600 RPM for
5 minutes to equalize temperatures and dis-
sipate heat. Too rapid cooling down may
cause distortion.

5. LUBRICATION

Use only H-D oils of the correct SAE
number, that meet operating requirements.
Change oil and filter elements regularly as
outlined. Failure to follow these instructions
can materially shorten engine life and in-
crease maintenance costs.

6. AIR CLEANER

Diegel engines burn large quantities of
air at all times — limited only by the amount
that can enter through the intake valves. Air
cleaners must be cleaned and serviced regu-
larly so as to remove all foreign materials
and abrasives from this incoming air.

7. FUEL FILTERS

Drain and clean primary filter and re-
place element or entire filter in secondary
and final stage units to insure sufficient clean
fuel to the injection pump at all times, Re-
stricted fuel flow becaunse of clogged filters
affects performance while dirt entering the
injection pump can do irreparable damage.

8. INJECTION EQUIPMENT

Eliminate all possible sources of trouble
before suspecting injection pump or nozzles.
If either of these are at fault, they should
be checked and corrected by trained person-
nel only, and with the proper equipment.

9. COLD STARTING

Use only tried and proven methods for
starting your Diesel in cold weather. Experi-
menting with other means ean be expensive
and cause unlimited damage.

10. PREVENTIVE MAINTENANCE

Follow recommended program as out-
lined. By doing this, troubles which might
cause expensive breakdowns can be pre-
vented, and fthe efficiency and performance
of your Diesel maintained for an’indefinite
period.
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