DETROIT DIESEL Fuel, Oil and Coolant Specifications

ZINC CONTENT

The zinc content, as zinc diorganodithiophosphate, of
all the lubricants recommended or selected as alter-
nates for use in Detroit Diesel engines shall be a
minimum of 0.07 percent by weight. However, where
EMD or RR oils are used in marine service applica-
tions, the minimum zinc content is not required.

ALTERNATE LUBRICANT SELECTIONS

Current Military or API Letter
Industry Accepted Code Service SAE Grade
1dentification Identification
MIL-L-2104C *** CD/SC 40 or 30
MIL-L-46152 *** CC/SE 40 or 30
Universal *** Numerous 40 or 30

***Some lube suppliers have superseded the obsolete
MIL-L-2104B oils with either MIL-L-2104C, MIL-L-
46152, or Universal lubricants. Generally, all of the
above oil performance levels contain a higher
sulfated ash content than the older MIL-L-2104B/
1964MS lubricants. Ring belt and exhaust valve
deposits are usually greater when higher ash
lubricants are used. Excessive deposit formation in
these areas may result in stuck rings and/or guttered
valves.

MIL-L-2104C, MIL-L-46152, or Universal lubricants
may be used if they meet the sulfated ash and zinc
limits shown elsewhere in this specification and
sufficient evidence of satisfactory performance in
Detroit Diesel engines has been provided to the
customer by the oil supplier.

LUBRICANTS NOT RECOMMENDED

The following lubricants are NOT recommended be-
cause of a history of poor performance in Detroit
Diesel engines:

Former Military or API Letter Code Comment
Industry Accepted Service on
Identification Classification Performance
MIL-L-2104B/1968MS CC/SD Excessive ash
deposits formed
MIL-L-45199B CD Excessive ash
(Series 3) deposits formed
All Multigrade Oils Numerous History of poor
performance

MULTIGRADE OILS

Detroit Diesel does NOT recommend the use of multi-
grade oils. Recent investigations with some multigrade
oils indicate they do NOT, generally, exhibit the
antiscuffing and antiwear properties obtained from
straight SAE 40 and 30 grade oils operating in the same
service applications. Neither fuel or oil consumption
rates were improved using multigrade lubricants.
Detroit Diesel engines literally create their own
environment after they have been started and warmed
up. It is during the operational mode under load that
the straight SAE 40 and 30 grade lubricants have
provided more satisfactory service than multigrade oils.
Detroit Diesel will continue to investigate the perform-
ance of multigrade oils.

SYNTHETIC OILS

The performance of single grade (e.g., SAE 40 or 30)
synthetic oils is comparable to the performance of
single grade mineral base oils. However, where low
viscosity lubricants are required for cold starting,
synthetic multigrade oils have shown significantly
improved performance over mineral base multigrade
oils. Multigrade synthetic oils are not as satisfactory
as single grade mineral or synthetic SAE 40 or 30 oils
where the latter can be used.

If a lubricant meets MIL-L-2104B or MIL-L-2104C oil
performance requirements and the sulfated ash and
zinc limits shown elsewhere in this specification, it
qualifies for use in Detroit Diesel engines. The base
stock may be either mineral or synthetic. It is the
performance level (i.e., MIL-L-2104B) and properties
(i.e., ash and zinc contents) that are significant. Refer
to MIL-L-46167 Arctic Lube Oil Section of this
specification.

COLD WEATHER OPERATION

Cold weather starting will be facilitated when immer-
sion type electrical coolant heaters can be used. Other
practical considerations, such as the use of batteries,
cables and connectors of adequate size, generators or
alternators of ample capacity, proper setting of vol-
tage regulators, ether starting aids, oil and coolant
heater systems, and proper fuel selection will accom-
plish starting with the use of SAE 40 or SAE 30 oils.
For complete cold weather starting information, con-
sult an authorized Detroit Diesel Allison service out-
let. Ask for Engineering Bulletin No. 38 entitled, Cold
Weather Operation of Detroit Diesel Engines.

MIL-L-46167 ARCTIC LUBE OILS FOR
NORTH SLOPE & OTHER EXTREME SUB-ZERO
OPERATIONS

The MIL-L-46167 specification was published by the
Military on 15 February, 1974. Federal Test Method
354 of Federal Test Standard 791 is an integral test
requirement of MIL-L-46167. Lubricants that have
passed the oil performance requirement limits of
Method 354 may be used where continuous sub-zero
temperatures prevail and where engines are shut down
for periods longer than eight (8) hours. The lubricants
that have shown the best performance when subjected
to Method 354 evaluation may be described as multi-
grades having a synthetic base stock and low volatility
characteristics. These lubricants are not comparable
to the performance of SAE 40 or 30 oils after the
engine has started and is operating at normal engine
temperature conditions. For this reason, MIL-L-46167
lubricants should be considered only as a last resort
when engine cranking is a severe problem and auxiliary
heating aids are not available.

EMD OR RR OILS

Lubricants specified by Electro-Motive Division of
General Motors Corporation (EMD) are special lubri-
cants. Generally, these may be described as SAE 40
fluids that possess low Viscosity Index (V1) properties
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and do not contain any or very low concentrations of
zinc ingredients. They are identified by industry as
EMD or railroad (RR) oils. They are an approved
option for Series 149 engines in all marine applications
and for all other model Detroit Diesel engines used for
auxiliary power in marine service applications.

OIL CHANGES

Oil change intervals are dependent upon the various
operating conditions of the engines and the sulfur
content of the diesel fuel used. Oil drain intervals in
all service applications may be increased or decreased
with experience using a specific lubricant, while also
considering the recommendations of the oil supplier.
Generally, the sulfur content of diesel fuels supplied
“throughout the U.S.A. and Canada are low (i.e., less
than 0.5 per cent by weight— ASTM D-129 or D-1552
or D-2622). Fuels distributed in some overseas locations
may contain higher concentrations of sulfur, the use
of which will require reduced lube oil drain intervals.

Highway Trucks & Inter-City Buses
(Series 53, 71, and 92 Naturally Aspirated and Turbo-
charged Engines)

For highway trucks and buses, used for inter-city
operation, the oil change interval is 100,000 miles. The
drain interval may be extended beyond this point if
supported by the results obtained from used lube il
analysis; it is recommended that you consult with your
lube oil supplier in establishing any drain interval
exceeding 100,000 miles.

City Transit Coaches and Pick-Up and Delivery Truck
Service (Series 53, 71, and 92 Naturally Aspirated and
Turbocharged Engines)

For city transit coaches and pick-up and delivery truck
service, the oil change interval is 12,500 miles. The oil
drain interval may be extended beyond 12,500 miles
if supported by used oil analyses.

Industrial and Marine
{Series 53, 71, and 92 Naturally Aspirated and Turbo-
charged Engines)

Series 53, 71, and 92 engines, in industrial and marine
service, should be started with 150-hour oil change
periods. The oil drain intervals may be extended if
supported by used oil analyses.

Large Industrial and Marine

(Series 149 Naturally Aspirated and Turbocharged
Engines)

The recommended oil change period for naturally
aspirated Series 149 engines is 500 hours, while the
change period for turbocharged Series 149 engines is
300 hours. These drain intervals may be extended if
supported by used oil analyses.

Used Lube Oil Analysis Warning Values

The presence of ethylene glycol in the oil is damaging
to the engine. Its presence and need for an oil change
and for corrective maintenance action may be confirm-
ed by glycol detector kits which are commercially
available.

Fuel dilution of the oil may result from loose- fuel
connections or from prolonged engine idling. A fuel
dilution exceeding 2.5 percent by volume indicates an
immediate need for an oil change and corrective
maintenance action. Fuel dilution may be confirmed
by ASTM D-322 test procedure performed by oil
suppliers or independent laboratories.

In addition to the above considerations, if any of the
following occur, the oil should be changed:

1. The viscosity at 100° F. of a used oil sample is 40
percent greater than the viscosity of the unused
oil measured at the same temperature (ASTM
D-445 and D-2161).

2. The iron content is greater than 150 parts per
million.

3. The pentane insolubles (total contamination) ex-
ceed 1.00 percent by weight (ASTM D-893).

4. The total base number (TBN) is less than 1.0
(ASTM D-664). Note: The sulfur content of the
diesel fuel used will influence the alkalinity of the
lube oil. With high sulfur fuels, the oil drain interval
will have to be shortened to avoid excessive acidity
in the lube oil.

LUBE OIL FILTER ELEMENT CHANGES
Full-Flow Filters

A fullflow oil filtration system is used in all Detroit
Diesel engines. To insure against physical deterioration
of the filter element, it should be replaced at a
maximum of 25,000 miles for on-highway vehicles or at
each oil change period, whichever occurs first. For all
other applications, the filter should be replaced at a
maximum of 500 hours or at each oil change period,
whichever occurs first.

By-Pass Filters

Auxiliary by-pass lube oil filters are not required on
Detroit Diesel engines.
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NEW ENGINE OIL CLASSIFICATION SYSTEM

A relatively new engine oil classification system has
been introduced to industry that describes the criteria
required to meet each performance level. A simplified
cross-reference of oil and current commercial and
military specifications is shown below.

CROSS-REFERENCE OF LUBE OIL CLASSIFICATION SYSTEMS

API
Code
Letters Comparable Military or Commercial Industry Spec.

CA MIL-L-2104A

CB Supplement 1

CC MIL-L-2104B (see Note below)

CD MIL-L-45199B (Series 3)

¥ MIL-L-46152 (supersedes MIL-L-2104B for Military only)
) MIL-L-2104C (supersedes MIL-L-45199B for Military only)
SA none

SB none

SC 1964 MS oils — Auto passenger car

SD 1968 MS oils — Auto passenger car

SE 1972 MS oils — Auto passenger car

1 Oil performance meets or exceeds that of CC and SE oils.
8 Oil performance meets or exceeds that of CD and SC oils.
NOTE: MIL-L-2104B lubricants are currently marketed and

readily available for commercial use. MIL-L-2104B lubricants
are obsolete for Military service applications only.

Consult the following publications for complete
descriptions:

1. Society of Automotive Engineers (SAE) Technical
Report J-183a.
2. Federal Test Method Standard 791a.

PUBLICATION AVAILABLE SHOWING
COMMERCIAL "BRAND" NAME LUBRICANTS

A list of “brand” name lubricants distributed by the
majority of worldwide oil suppliers can be purchased
from the Engine Manufacturers Association (EMA).
The publication istitled, EMA Lubricating Oils Data
Book for Heavy-Duty Automotive and Industrial En-
gines. The publication shows the brand names, oil
performance levels, viscosity grades, and sulfated ash
contents of most “brands” marketed.

ENGINE MANUFACTURERS ASSOCIATION

111 EAST WACKER DRIVE

CHICAGO, ILLINOI1S 60601

STATEMENT OF POLICY ON FUEL AND
LUBRICANT ADDITIVES

In answer to requests concerning the use of fuel and
lubricating oil additives, the following excerpt has been
taken from a policy statement of General Motors
Corporation:

“It has been and continues to be General Motors
policy to build motor vehicles that will operate
satisfactorily on the commercial fuels and lubricants
of good quality regularly provided by the petroleum
industry through retail outlets.”

Therefore, Detroit Diesel Allison does not recommend
the use of any supplementary fuel or lubricant additives.
These include all products marketed as fuel con-
ditioners, smoke suppressants, masking agents, re-
odorants, tune-up compounds, top oils, break-in oils,
graphitizers, and friction-reducing compounds.

NOTE: The manufacturer’s warranty applicable to
Detroit Diesel engines provides in part that the
provisions of such warranty shall not apply to any
engine unit which has been subject to misuse,
negligence or accident. Accordingly, malfunctions
attributable to neglect or failure to follow the
manufacturer’s fuel or lubricating recommenda-
tions may not be within the coverage of the
warranty.

SERVICE AND INSPECTION INTERVALS

Generally, operating conditions will vary for each
engine application, even with comparable mileage or
hours and, therefore, maintenance schedules can vary.
A good rule of thumb for piston, ring, and liner inspec-
tions, however, would be at 45,000 miles or 1500 hours
for the first such inspection and at 30,000 miles or
1000 hour intervals thereafter.
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ENGINE COOLANT

Engine coolant is considered as any solution which is
circulated through the engine to provide the means for
heat transfer from the different engine components. In
general, water containing various materials in solution
is used for this purpose.

The function of the coolant is basic to the design and
to the successful operation of the engine. Therefore,
coolant must be carefully selected and properly
maintained.

COOLANT REQUIREMENTS

A suitable coolant solution must meet the following
basic requirements:

1. Provide for adequate heat transfer.

2. Provide a corrosion resistant environment within the
cooling system.

3. Prevent formation of scale or sludge deposits in the
cooling system.

4. Be compatible with the cooling system hose and seal
materials.

5. Provide adequate freeze protection during cold
weather operation.

The first four requirements are satisfied by combining
a suitable water with reliable inhibitors. When
operating conditions dictate the need for freeze
protection, a solution of suitable water and a
permanent antifreeze containing adequate inhibitors
will provide a satisfactory coolant.

WATER

Any water, whether of drinking quality or not, will
produce a corrosive environment in the cooling system.
Also, scale deposits may form on the internal surfaces
of the cooling system due to the mineral content of the
water. Therefore, water selected as a coolant must be
properly treated with inhibitors to control corrosion
and scale deposition.

To determine if a particular water is suitable for use
as a coolant when properly inhibited, the following
characteristics must be considered. The concentration
of chlorides, sulfates, total hardness and dissolved
solids. Chlorides and/or sulfates tend to accelerate
corrosion, while hardness (percentage of magnesium
and calcium present) causes deposits of scale. Total
dissolved solids may cause scale deposits, sludge

deposits, corrosion or a combination of these.
Chlorides, sulfates, magnesium and calcium are
among but not necessarily all the materials which
make up dissolved solids. Water, within the limits
specified in Tables 1 and 2 of Fig. 1, is satisfactory as
an engine coolant when proper inhibitors are added.

CORROSION INHIBITORS

A corrosion inhibitor is a water soluble chemical
compound which protects the metallic surfaces of the
cooling system against corrosive attack. Some of the

TABLE 1
PARTS PER GRAINS PER
MILLION GALLON

Chlorides {Maximum) 40 25
Sulfates {Maximum) 100 58
Total Dissolved Solids (Maximum) 340 20
Total Hardness (Maximum) 170 10
Refer to Table 2 for evaluation of water intended for use in a

cootant solution.

TABLE 2

Determine The Concentrations
Of Chiorides. Sulfates. And
Total Dissolved Solids
In The Water

I .
[ ]
Chlorides Under 40 ppm

Chiorides Over 40 ppm

And Or

Sulfates Under 100 ppm Sulfates Over 100 ppm
d

An Or
Total Dissolved Solids Total Dissolved Solids
Under 340 ppm Over 340 ppm

Determine Total
Hardness Of The Water

Distill, De-mineralize
Or De-ionize The Water

T

|

[ Water Suitable For
Total Hardness Total Hardness Use in Coolant
Under 170 ppm Over 170 ppm T
| Plus Inhibitors ]
Soften
The Water

——__I—__]

Water Suitable For
Use In Coolant

Plus Inhibitors

Fig. 1 - Water Characteristics
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more commonly used corrosion inhibitors are chro-
mates, borates, nitrates, nitrites and soluble oil
Depletion of all types of inhibitors occurs through
normal operation. Therefore, strength levels must be
maintained by the addition of inhibitors at prescribed
intervals. Always follow the supplier’s recommenda-
tions on inhibitor usage and handling.

Chromates

Sodium chromate and potassium dichromate are two
of the best and more commonly used water system
corrosion inhibitors. However, the restrictive use of
these materials, due to ecology considerations, has de-
emphasized their use in favor of non-chromates. Care
should be exercised in handling these materials due to
their toxic nature.

Chromate inhibitors should not be used in permanent
type antifreeze solutions. Chromium hydroxide,
commonly called “green slime”, can result from the
use of chromate inhibitors with permanent type
antifreeze. This material deposits on the cooling
system passages, reducing the heat transfer rate
(Fig. 2) and results in engine overheating. Engines
which have operated with a chromate-inhibited water
must be chemically cleaned before the addition of
permanent antifreeze. A commercial heavy duty de-
scaler should be used in accordance with the
manufacturer’s recommendation for this purpose.

Soluble Oil

Soluble oil has been used as a corrosion inhibitor for
many years. It has, however, required very close
attention relative to the concentration level due to
adverse effects on heat transfer if the concentration

jo— 1" : f-—————— 4 1/4 —
CAST CASY
IRON IRON
e |
b — ———————e
1/16"
MINERAL DEPOSIT 11730

17 CAST IRON PLUS 1/16” MINERAL DEPOSIT =
4 1/4" CAST IRON IN HEAT TRANSFERABILITY

Fig. 2 - Heat Transfer Capacity

exceeds 1% by volume. For example: 1-1/4% of soluble
oil in the cooling system increases fire deck
temperature 6% and a 2-1/2% concentration raises fire
deck temperature up to 15%. Soluble oil is not
recommended as a corrosion inhibitor.

Non-Chromates

Non-chromate inhibitors (borates, nitrates, nitrites,
etc.) provide corrosion protection in the cooling system
with the basic advantage that they can be used with
either water or a water and permanent antifreeze
solution.

INHIBITOR SYSTEMS

An inhibitor system (Fig. 3) is a combination of
chemical compounds which provide corrosion protec-
tion, pH control and water softening ability. Corrosion
protection is discussed under the heading Corrosion
Inhibitors. The pH control is used to maintain an acid-
free solution. The water softening ability deters
formation of mineral deposits. Inhibitor systems are
available in various forms such as coolant filter
elements, liquid and dry bulk inhibitor additives, and
as an integral part of permanent antifreeze.

Coolant Filter Elements

Replaceable elements are available with various
chemical inhibitor systems. Compatability of the
element with other ingredients of the coolant solution
cannot always be taken for granted.

Problems have developed from the use of the
magnesium lower support plate used by some
manufacturers in their coolant filters. The magnesium
plate will be attacked by solutions which will not be
detrimental to other metals in the cooling system. The
dissolved magnesium will be deposited in the hottest
zones of the engine where heat transfer is most
critical. The use of an aluminum or zinc support plate
in preference to magnesium is recommended to
eliminate the potential of this type of deposit. High
chloride coolants will have a detrimental effect on the
water softening capabilities of systems using ion-
exchange resins. Accumulations of calcium and
magnesium ions removed from the coolant and held
captive by the zeolite resin can be released into the
coolant by a regenerative process caused by high
chloride content solutions.
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COOLANT INHIBITOR CHART

Inhibitor Compatability

Corrosion Complete Ethylene *Methoxy
Inhibitor or Inhibitor inhibitor Glycol Propanol
Base Base
Inhibitor System Type System Water  Antifreeze Antifreeze
Sodium chromate Chromate No Yes No No
Potassium dichromate Chromate No Yes No No
Perry filter elements:
5020 (type OS) Chromate Yes Yes No No
$-453 (Spin-on) Chromate Yes Yes No No
5030 (type OS) @Non-chromate Yes Yes Yes No
S-331 (Spin-on) @Non-chromate Yes Yes Yes No
5070 (type OS) # Non-chromate Yes Yes Yes No
$-473 (Spin-on) # Non-chromate Yes Yes Yes No
Lenroc filter element Non-chromate Yes Yes Yes No
Fleetguard filter elements:
DCA (canister) Non-chromate Yes Yes Yes No
DCA (Spin-on) Non-chromate Yes Yes Yes No
AC filter elements:
DCA (canister) Non-chromate Yes Yes Yes No
DCA (Spin-on) Non-chromate Yes Yes Yes No
Luber-Finer filter elements:
LW-4739 (canister) Non-chromate Yes Yes Yes No
LFW-4744 (spin-on) Non-chromate Yes Yes Yes No
Nalcool 2000 (liquid) Non-chromate Yes Yes Yes No
Perry LP-20 (liquid) Non-chromate Yes Yes Yes No
Lubercool (liquid) Non-chromate Yes Yes Yes No
Dowtherm cooling sys-
tem conditioner Non-chromate Yes Yes Yes Yes

*Dowtherm 209, or equivalent.
@Perry ““Year Around" formula.
# Perry ““Universal’ formula.

Fig. 3 - Coolant Inhibitor Chart

Bulk Inhibitor Additives

Commercially packaged inhibitor systems are availa-
ble which can be added directly to the engine coolant
or to bulk storage tanks containing coolant solution.
Both chromate and non-chromate systems are
available and care should be taken regarding inhibitor
compatability with other coolant constituents.

Non-chromate inhibitor systems are recommended for

use in Detroit Diesel engines. These systems can be used
with either water or permanent antifreeze solutions
and provide corrosion protection, pH control and
water softening. Some non-chromate inhibitor systems
offer the additional advantage of a simple on-site test
to determine protection level and, since they are added
directly to the coolant, require no additional hardware
or plumbing.

All inhibitors become depleted through normal
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operation and additional inhibitor must be added to
the coolant at prescribed intervals to maintain original
strength levels. Always follow the supplier’s recom-
mendations on inhibitor usage and handling.

NOTE: Methoxy propanol base permanent
antifreeze (such as Dowtherm 209, or equiva-
lent) must be re-inhibited only with compatible
corrosion inhibitor systems.

ANTIFREEZE

When freeze protection is required, a permanent
antifreeze must be used. An inhibitor system is
included in this type of antifreeze and no additional
inhibitors are required on initial fill if a minimum
antifreeze concentration of 30% by volume is used.
Solutions of less than 30% concentration do not
provide sufficient corrosion protection. Concentrations
over 67% adversely affect freeze protection and heat
transfer rates.

Methoxy propanol base antifreeze is not recommended
for use in Detroit Diesel engines due to the presence
of fluoroelastomer (Viton ‘0’) seals in the cooling
system. Before installing ethylene glycol base anti-
freeze in an engine previously operated with methoxy
propanol, the entire cooling system should be drained,
flushed with clean water and examined for rust, scale,
contaminants, etc. If deposits are present, the cooling
system must be chemically cleaned with a commercial
grade heavy-duty de-scaler.

Ethylene glycol base antifreeze is recommended for
use in Detroit Diesel engines. Methyl alcohol antifreeze
is not recommended because of its effect on the
non-metallic components of the cooling system and
because of its low boiling point.

The inhibitors in permanent antifreeze should be
replenished at approximately 500 hour or 20,000 mile
intervals with a non-chromate inhibitor sytem.
Commercially available inhibitor systems may be used
to re-inhibit antifrecze solutions.

Sealer Additives

Several brands of permanent antifreeze are available
with sealer additives. The specific type of sealer varies
with the manufacturer. Antifreeze with sealer
additives is not recommended for use in Detroit Diesel
engines due to possible plugging throughout various
areas of the cooling system.

GENERAL RECOMMENDATIONS

All Detroit Diesel engines incorporate pressurized
cooling systems which normally operate at tempera-
tures higher than non-pressurized systems. It is
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essential that these systems be kept clean and leak-
free, that filler caps and pressure relief mechanisms be
correctly installed at all times and that coolant levels
be properly maintained.

WARNING: Use extreme care when removing a
radiator pressure control cap from an engine.
The sudden release of pressure from a heated
cooling system can result in a loss of coolant
and possible personal injury (scalding) from the
hot liquid.

1. Always use a properly inhibited coolant.
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2. Do not use soluble oil.
3. Maintain the prescribed inhibitor strength.

4. Always follow the manufacturer’s recommendations
on inhibitor usage and handling.

5. If freeze protection is required, always use a
permanent antifreeze.

6. Re-inhibit antifreeze with a recommended non-
chromate inhibitor system.

7. Do not use a chromate inhibitor with permanent
antifreeze.

8. Do not use methoxy propanol base antifreeze in
the cooling system.

9. DO NOT mix ethylene glycol base antifreeze with
methoxy propanol base antifreeze in the cooling
system.

10. Do not use an antifreeze containing sealer additives.
11. Do not use methyl alcohol base antifreeze.

12. Use extreme care when removing the radiator
pressure control cap.
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ENGINE TUNE-UP PROCEDURES

There is no scheduled interval for performing an
engine tune-up. As long as the engine performance is
satisfactory, no tune-up should be needed. Minor
adjustments in the valve and injector operating
mechanisms, governor, etc., should only be required
periodically to compensate for normal wear on parts.

Four types of governors are used. Since each governor
has different characteristics, the tune-up procedure
varies accordingly. The four types are:

1. Limiting speed mechanical.
2. Variable speed mechanical.
3. Constant speed mechanical.
4. Hydraulic.

The mechanical engine governors are identified by a
name plate attached to the governor housing. The
letters D.W.-L.S. stamped on the name plate denote a
double-weight limiting speed governor. A single-
weight variable speed governor name plate is stamped
SW.-VS.

Normally, when performing a tune-up on an engine in
service, it is only necessary to check the various
adjustments for a possible change in the settings.
However, if the cylinder head, governor, or injectors
have been replaced or overhauled, then certain
preliminary adjustments are required before the
engine is started.

The preliminary adjustments consist of the first four
items in the tune-up sequence. The procedures are the
same except that the valve clearance is greater for a
cold engine.

To tune-up an engine completely, all of the
adjustments, except the valve bridge adjustment on
four valve cylinder heads, are made by following the
applicable tune-up sequence given below, after the
engine has reached normal operating temperature.
Since the adjustments are normally made while the
engine is stopped, it may be necessary to run the
engine between adjustments to maintain normal
operating temperature.

NOTE: The exhaust valve bridges on the four
valve cylinder head are adjusted at the time the
cylinder head is installed on the engine and,
until wear occurs, no further adjustment is
required. When wear is evident, perform a
complete valve bridge adjustment as outlined
on the following page.

The tune-up procedures apply to the individual
engines of multiple engine units as well as to the single
engine units. However, the throttle linkage of multiple
engine units must be adjusted after the individual
engines have been tuned-up.

Tune-Up Sequence for Mechanical Governor

CAUTION: Before starting an engine after an
engine speed control adjustment or after
removal of the engine governor cover, the
serviceman must determine that the injector
racks move to the no-fuel position when the
governor stop lever is placed in the stop
position. Engine overspeed will result if the
injector racks cannot be positioned at no fuel
with the governor stop lever.

1. Adjust the exhaust valve clearance.

2. Time the fuel injectors.

3. Adjust the governor gap.

4. Position the injector rack control levers.

5. Adjust the maximum no-load speed.

6. Adjust the idle speed.

7. Adjust the buffer screw.

8. Adjust the throttle booster spring (variable speed
governor only).

9. Adjust the supplementary governing device, if used.

Tune-Up Sequence for Hydraulic Governor

1. Adjust the exhaust valve clearance.

2. Time the fuel injectors.

3. Adjust the fuel rod.

4. Position the injector rack control levers.

5. Adjust the load limit screw.

6. Compensation adjustment (PSG governors only).
7. Adjust the speed droop.

8. Adjust the maximum no-load speed.
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EXHAUST VALVE CLEARANCE ADJUSTMENT

The correct exhaust valve clearance at normal engine
operating temperature is important for smooth,
efficient operation of the engine.

Insufficient valve clearance can result in loss of
compression, misfiring cylinders and, eventually,
burned valve seats and valve seat inserts. Excessive
valve clearance will result in noisy operation,
especially in the low speed range.

Whenever the cylinder head is overhauled, the exhaust
valves are reconditioned or replaced, or the valve
operating mechanism is replaced or disturbed in any
way, the valve clearance must first be adjusted to the
cold setting to allow for normal expansion of the
engine parts during the engine warm-up period. This
will ensure a valve setting that is close enough to the
specified clearance to prevent damage to the valves
when the engine is started.

ENGINES WITH TWO VALVE CYLINDER HEADS

All of the exhaust valves may be adjusted, in firing
order sequence, during one full revolution of the
crankshaft. Refer to the general specifications at the
front of the manual for the engine firing order.

Exhaust Valve Clearance Adjustment (Cold
Engine)

1. Place the governor stop lever in the no-fuel position.

2. Remove the loose dirt from the valve rocker cover
and remove the cover.

3. Rotate the crankshaft manually, or with the starting
motor, until the injector follower is fully depressed on
the cylinder to be adjusted.

Fig. 1 - Adjusting Valve Clearance

CAUTION: If a wrench is used on the crankshaft
bolt at the front of the engine, do not turn the
crankshaft in a left-hand direction of rotation
as the bolt will be loosened.

4. Loosen the exhaust valve rocker arm push rod lock
nut.

5. Place a 013" feeler gage, tool J 9708, between the
valve stem and the rocker arm (Fig. 1). Adjust the
push rod to obtain a smooth “pull” on the feeler gage.

6. Remove the feeler gage. Hold the push rod with a
5/16” wrench and tighten the lock nut with a
172" wrench.

7. Recheck the clearance. At this time, if the
adjustment is correct, the .011” feeler gage, J 9708,
will pass freely between the valve stem and the rocker
arm, but the 013" feeler gage will not pass through.

8. Check and adjust the remaining valves in the same
manner as outlined above.

Exhaust Valve Clearance Adjustment (Hot
Engine)

Maintaining normal engine operating temperature is
particularly important when making the final valve
clearance adjustment. If the engine is allowed to cool
off before setting any of the valves, the clearance when
running at full load may become insufficient.

With the engine at normal operating temperature
(160-185°F or 71-85°C), recheck the exhaust valve
clearance with feeler gage J 9708. At this time, if the
valve clearance is correct, the 008" feeler gage will
pass freely between the valve stem and the rocker arm,
but the .010” gage will not pass through.
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ENGINES WITH FOUR VALVE CYLINDER HEADS

The exhaust valve bridges must be adjusted and the
adjustment screws locked securely at the time the
cylinder head is installed on the engine. Until wear
occurs, no further adjustment is required on the
exhaust valve bridges. When wear is evident, make the
necessary adjustments as outlined.

Exhaust Valve Bridge Adjustment

1. Remove the loose dirt from the valve rocker cover
and remove the cover. Remove the injector fuel pipes
and the rocker arm retaining bolts. Move the rocker
arms away from the exhaust valve bridges.

2. Remove the exhaust valve bridge (Fig. 2).

3. Place the bridge in a vice or holding fixture J 21772
and loosen the lock nut on the bridge adjusting screw.

CAUTION: Loosening or tightening the lock nut
with the bridge in place may result in bending
the bridge guide or the rear valve stem.

4. Install the bridge on the bridge guide.

5. While firmly pressing straight down on the pallet
surface of the bridge, turn the adjusting screw
clockwise until it just touches the valve stem. Then turn
the screw an additional 1/8 to 1/4 turn clockwise and
tighten the lock nut finger tight.

6. Remove the bridge and place it in a vise. Hold the

EXHAUST VALVE BRIDGEP
GUIDE

Fig. 2 - Valve Bridge Adjustment

screw from turning with a screw driver and tighten the
lock nut on the adjustment screw. Complete the
operation by tightening the lock nut with a torque
wrench to 25 1b-ft (34 Nm), being sure that the screw
does not turn.

7. Lubricate the bridge guide and bridge pilot with
engine oil.

8. Reinstall the bridge in its original position.

9. Place a .0015” feeler gage under each end of the
bridge. When pressing down on the pallet surface of
the bridge, both feeler gages must be tight. If both
feeler gages are not tight, readjust the screw as
outlined in Steps 5 and 6.

10. Adjust the remaining bridges as outlined above.

11. Swing the rocker arm assembly into position being
sure the bridges are properly positioned on the rear
valve stems. This precaution is necessary to prevent
valve damage due to mislocated bridges.

12. Tighten the rocker bracket bolts to 90-100 lb-ft
(122-136 Nm) torque.

13. Align the fuel pipes and connect them to the
injectors and the fuel connectors. Use socket J 8932 to
tighten the connectors to 12-15 Ib-ft (16-20 Nm)
torque. '

CAUTION: Do not bend the fuel pipes and do
not exceed the specified torque. Excessive
tightening will twist or fracture the flared ends
of the fuel pipes and result in leaks.
Lubricating oil diluted by fuel oil can cause
serious damage to the engine bearings.

Exhaust Valve Clearance Adjustment (Cold
Engine)

Adjust the exhaust valve clearance at the push rod. Do
not disturb the exhaust valve bridge adjusting screw.

All of the exhaust valves may be adjusted, in firing
order sequence, during one full revolution of the
crankshaft. Refer to the general specifications at the
front of the manual for the engine firing order.

1. Place the governor stop lever in the no-fue}l position.

2. Remove the loose dirt from the valve rocker cover
and remove the cover.

3. Rotate the crankshaft manually, or with the starting
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Fig. 3 - Adjusting Valve Clearance

motor, until the injector follower is fully depressed on
the cylinder to be adjusted.

CAUTION: If a wrench is used on the crankshaft
bolt at the front of the engine, do not turn the
engine in a left-hand direction of rotation as
the bolt will be loosened.

4. Loosen the exhaust valve rocker arm push rod lock
nut,

5. Place a 017 feeler gage, J 9708, between the valve
bridge and the valve rocker arm pallet (Fig. 3). Adjust

the push rod to obtain a smooth “pull” on the feeler
gage.

6. Remove the feeler gage. Hold the push rod with a
5/16” wrench and tighten the lock nut with a
1/2"" wrench.

7. Recheck the clearance. At this time, if the
adjustment is correct, the .015” feeler gage will pass
freely between the valve bridge and the rocker arm
pallet but the .017 " feeler gage will not pass through.

8. Check and adjust the remaining valves in the same
manner as outlined above.

Exhaust Valve Clearance Adjustment (Hot
Engine)

Maintaining normal engine operating temperature is
particularly important when making the final valve
clearance adjustment. If the engine is allowed to cool
off before setting any of the valves, the clearance when
running at full load may become insufficient.

1. With the engine at normal operating temperature
(160-185°F or 71-85°C), recheck the exhaust valve
clearance with feeler gage J 9708. At this time, if the
valve clearance is correct, the 013" feeler gage will
pass freely between the valve bridge and the rocker
arm pallet, but the 015’ gage will not pass through.
Adjust the push rod, if necessary.

2. After the exhaust valve clearance has been adjusted,
check the fuel injector timing.
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TIMING FUEL INJECTOR

To time an injector properly, the injector follower
must be adjusted to a definite height in relation to the
injector body.

All of the injectors can be timed, in firing order
sequence, during one full revolution of the crankshaft.
Refer to the general specifications at the front of the
manual for the engine firing order.

Use the proper timing gage as indicated in the
following chart.

Time Fuel Injector

After the exhaust valve clearance has been adjusted,
time the fuel injectors as follows:

1. Place the speed control lever in the idie speed
position. If a stop lever is provided, secure it in the no-
fuel position.

2. Rotate the crankshaft until the exhaust valves are
fully depressed on the particular cylinder to be timed.

CAUTION: If a wrench is used on the crankshaft
bolt at the front of the engine, do not turn the

-
D

TIMING
DIMENSION

Fig. 4 - Timing Fuel Injector

crankshaft in a left-hand direction of rotation
as the bolt will be loosened.

3. Place the small end of the injector timing gage in
the hole provided in the top of the injector body, with
the flat of the gage toward the injector follower
(Fig. 4).

4. Loosen the push rod lock nut.

5. Turn the push rod and adjust the injector rocker
arm until the extended part of the gage will just pass
over the top of the injector follower.

6. Hold the push rod and tighten the lock nut. Check
the adjustment and, if necessary, re-adjust the push
rod.

’ Timing Camshaft

injector IDimension| Timing Gage Timing
GENERATOR SET APPLICATIONS

Al | 1.460"| ) 1853 | Standord

ALL OTHER APPLICATIONS

7IN5 *1.460" J 1853 *Standard

N55 *1.460" J 1853 *Standord

Né&0 *1.460" J 1853 *Standard

N65

{(White Tag)| 1.460" J 1853 Standard

N65 Turbo

(Brown Tog)} 1.484" J 1242 Stondard

Né5 Non-

Turbo

{(Brown Tag){**1.484" J 1242 **Advanced

HN65 1.460" J 1853 Standard

N70 Turbo 1.460" J 1853 Standard

N70 Non-

Turbo 1.460" J 1853 Advanced

N75 Turbo 1.460" J 1853 Standard

N8O Turbo 1.484" J 1242 Standard

N80 Non-

Turbo **1,484" J 1242 ** Advanced

NGO 1.460" J 1853

*Use 1.484" timing gage (J 1242) when engine has
advanced camshaft timing. Correct to stondard
camshaft timing and 1.460" injector timing ot first
opportunity to be consistent with current produc-
tion build.

**Use 1.460" timing gage (J 1853) when engine has
standard comshaft timing. Correct to advanced
camshaft timing and 1.484" injector timing at first
opportunity.

NOTE: Advanced camshaft timing is indicated by
"ADV —CAM~—TIMING" stamped on lower
right hand side of option plate.

INJECTOR TIMING GAGE CHART
Valve)

(Needle
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7. Time the remaining injectors in the same manner as
outlined in Steps 1 through 6.

LIMITING SPEED MECHANICAL
CONTROL

The governor is mounted on the front end of the
blower and is driven by the upper blower rotor.

After adjusting the exhaust valves and timing the fuel
injectors, adjust the limiting speed mechanical
governor and the injector rack control levers.

NOTE: Before proceeding with the governor and
injector rack adjustments, disconnect any
supplementary governing device. After the
adjustments are completed, reconnect and
adjust the supplementary governing device.

Adjust Governor Gap (Single Weight
Governor)

With the engine stopped and at operating tempera-
ture, adjust the governor gap as follows:

1. Remove the high-speed spring retainer cover.
2. Back out the buffer screw or the fast idle cylinder

until it extends approximately 5/8” from the lock nut
(Fig. 3).

3. Start the engine and loosen the idle speed adjusting
screw lock nut. Then adjust the idle screw to obtain the

Fig. 1 - Adjusting Gap (Single Weight
Governor)

8. If no further engine tune-up is required, use a new
gasket and install the valve rocker cover.

GOVERNOR AND INJECTOR RACK
ADJUSTMENT

desired engine idle speed. Hold the screw and tighten
the lock nut to hold the adjustment.

NOTE: The recommended idle speed is 550 rpm
for single weight governors, but may vary with
special engine applications.

IMPORTANT: Current turbocharged engines
include a starting aid screw threaded into the
governor housing.

4. Stop the engine. Clean and remove the governor
cover and lever assembly and the valve rocker cover.
Discard the gasket.

5. Remove the fuel rod from the differential lever and
the injector control tube lever.

CAUTION: Do not overspeed the engine.
6. Check the gap between the low-speed spring cap

and the high-speed spring plunger with .170” gage
J 5407 (Fig. 1).

INJECTOR |
B CONTROL
TUBE LEVER

Fig. 2 - Adjusting Gap (Double Weight
Governor)
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Fig. 3 - Positioning No. 1 Injector Rack Control
Lever (Two Screw Assembly)

CAUTION: Be sure the external starting aid
screw is backed out far enough to make it in-
effective when making this adjustment.

7. If required, loosen the lock nut and turn the gap
adjusting screw until a slight drag is felt on the gage.

8. Hold the adjusting screw and tighten the lock nut.
9.. Recheck the gap and adjust if necessary.

10. Install the fuel rod between the governor and the
injector control tube lever.

11. Use a new gasket and install the governor cover
and lever assembly.

Adjust Governor Gap (Double Weight
Governor)

With the engine stopped and at operating tempera-
ture, adjust the governor gap as follows:

1. Remove the high-speed spring retainer cover

2. Back out the buffer screw until it extends
approximately 5/8” from the lock nut (Fig. 3).

3. Start the engine and loosen the idle speed adjusting
screw lock nut and adjust the idle screw to obtain the
desired engine idle speed (Fig. 2). Hold the screw and
tighten the lock nut to hold the adjustment.

NOTE: The recommended idle speed is 450 rpm
for double weight governors, but may vary with
special engine applications.

IMPORTANT: Current turbocharged engines

Engine Tune-Up

include a starting aid screw threaded into the
governor housing.

4. Stop the engine. Clean and remove the governor
cover and lever assembly and the valve rocker cover.
Discard the gasket.

5. Remove the fuel rod from the differential lever and
the injector control tube lever (Fig. 3).

6. Start and run the engine between 800 and 1000 rpm
by manual operation of the injector control tube lever.

CAUTION: Do not overspeed the engine.

7. Check the gap between the low-speed spring cap
and the high-speed plunger with a .0015” feeler gage
(Fig. 2). If the gap setting is incorrect, reset the gap
adjusting screw. If the setting is correct, the
0015 movement can be seen by placing a few drops
of oil into the governor gap and pressing a screw
driver against the gap adjusting screw. Movement of
the cap toward the plunger will force the oil from the
gap in the form of a small bead.

8. Hold the gap adjusting screw and tighten the lock
nut.

9. Recheck the gap and readjust, if necessary.

10. Stop the engine and install the fuel rod between
the differential lever and the control tube lever.

11. Use a new gasket and install the governor cover
and lever assembly.

Position Injector Rack Control Levers

The position of the injector racks must be correctly set
in relation to the governor. Their position determines
the amount of fuel injected into each cylinder and
ensures equal distribution of the load.

Certain engines use spring-loaded injector control tube
assemblies which have a yield spring at each injector
rack control lever and only one screw and lock nut to
keep each injector rack properly positioned. Adjust
the single screw and lock nut on each injecor rack con-
trol lever the same as for the two screw rack control
lever.

Properly positioned injector rack control levers with
the engine at full-load will result in the following:

1. Speed control lever at the maximum speed position.
2. Governor low-speed gap closed.

3. High-speed spring plunger on the seat in the
governor control housing.

4. Injector racks in the full-fuel position.

Adjust the No. 1 injector rack control lever (Fig. 3)
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first to establish a guide for adjusting the remaining
injector rack control levers.

1. Disconnect any linkage attached to the governor
speed control lever.

2. Turn the idle speed adjusting screw until 1/2" of
the threads (12-14 threads) project from the lock nut,
when the nut is against the high-speed plunger
(Fig. 2). ‘

CAUTION: A false fuel rack setting may result
if the idle speed adjusting screw is not backed
out as noted above.

NOTE: This adjustment lowers the tension of
the "low-speed spring so it can be easily
compressed. This permits closing the low-speed
gap without bending the fuel rods or causing
the yield mechanism springs to yield or stretch.

3. Back out the buffer screw approximately 5/8", if it
has not already been done.

4. Loosen all of the inner and outer injector rack
control lever adjusting screws. Be sure all of the
control levers are free on the injector control tube.

NOTE: On engines equipped with a yield link
type fuel rod, attach a small “C” clamp at the
shoulder of the rod to prevent the yield spring
from compressing while adjusting the injector
rack control levers.

5. Move the speed control lever to the maximum speed
position (Fig. 3). Hold the lever in that position with
light finger pressure. Turn the inner adjusting screw on
the No. 1 injector rack control lever down until a
slight movement of the control tube is observed or a
step-up in effort is noted. This will place the No. 1

INJECTOR
CONTROL
RACK

11609

injector rack in the full-fuel position. Turn the outer
adjusting screw down until it bottoms lightly on the
injector control tube. Then alternately tighten both the
inner and outer adjusting screws.

NOTE: Overtightening the injector rack control
lever adjusting screws during installation or
adjustment can result in damage to the injector
control tube. The recommended torque of the
adjusting screws is 24-36 in-1b (3-4 Nm).

The above step should result in placing the governor
linkage and control tube assembly in the same position
that they will attain while the engine is running at full
load.

6. To be sure of the proper rack adjustment, hold the
speed control lever in the full-fuel position and press
down on the injector rack with a screw driver or finger
tip and note the “rotating” movement of the injector
control rack (Fig. 4) when the speed control lever is in
the maximum speed position. Hold the speed control
lever in the maximum speed position and, using a
screw driver, press downward on the injector control
rack. The rack should tilt downward (Fig. 5) and when
the pressure of the screw driver is released, the control
rack should “spring’ back upward.

If the rack does not return to its original position, it is
too loose. To correct this condition, back off the outer
adjusting screw slightly and tighten the inner adjusting
screw slightly.

The setting is too tight if, when moving the speed
control lever from the no-speed to the maximum speed
position, the injector rack becomes tight before the

SCREWDRIVER

INJECTOR
CONTROL
RACK

11610

Fig. 4 - Checking Rotating Movement of
Injector Control Rack

Fig. 5 - Checking Injector Control Rack
Movement
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speed control lever reaches the end of its travel (as
determined by the stop under the governor cover).
This will result in a step-up in effort required to move
the speed control lever to the end of its travel. To
correct this condition, back off the inner adjusting
screw slightly and tighten the outer adjusting screw.

7. To adjust the remaining injector rack control levers,
remove the clevis pin from the fuel rod and the
injector control tube lever and hold the injector control
racks in the full-fuel position by means of the lever on
the end of the control tube. Turn down the inner
adjusting screw of the No. 2 injector until the injector
rack has moved into the full-fuel position and the
inner adjusting screw is bottomed on the injector
control tube. Turn the outer adjusting screw down until
it bottoms lightly on the injector control tube. Then
alternately tighten both the inner and outer adjusting
SCIEWS.

8. Recheck the No. 1 injector rack to be sure that it
has remained snug on the ball end of the injector rack
control lever while adjusting the No. 2 injector. If the
rack of the No. 1 injector has become loose, back off
slightly on the inner adjusting screw on the No. 2
injector rack control lever and tighten the outer
adjusting screw. When the settings are correct, the
racks of both injectors must be snug on the ball end of
their respective rack control levers.

9. Position the remaining injector rack control levers
as outlined in Steps 7 and 8.

10. Connect the fuel rod to the injector control tube
lever.

11. Reset the idle speed adjusting screw until it
projects 3/16 " from the lock nut to permit starting the
engine.

NOTE: Remove the “C” clamp from the fuel
rod on units equipped with a yield link.

12. Use a new gasket and replace the valve rocker
COVET.

Adjust Starting Aid Screw (External) -
Turbocharged Engines

The starting aid screw (Fig. 6) is threaded into the
governor housing. This screw is adjusted to position
the injector racks at less than full-fuel when the
governor speed control lever is in the idle position.
The reduced fuel makes starting easier and reduces the
amount of smoke on start-up.

CAUTION: The starting aid screw will be

ineffective if the speed control lever is advanced
toward wide open throttle during start-up.

After the normal governor running gap has been set
and the injector racks positioned, adjust the starting
aid screw as follows:

1. With the engine stopped, place the governor stop
lever in the run position and the speed control lever in
the idle position.

2. Adjust the starting aid screw to obtain the required
setting between the shoulder on the injector rack clevis
and the injector body. Select the proper gage (Fig. 6)
and measure the setting at any convenient cylinder.
When the starting aid screw is properly adjusted, the
gage should have a clearance of approximately
1/64” (.397 mm) in the space along the injector rack
shaft between the rack clevis and the injector body.

3. After completing the adjustment, hold the starting
aid screw and tighten the lock nut.

4. Check the injector rack clevis-to-body clearance
after performing the following;:

a. Position the stop lever in the run position.

b. Move the speed control lever from the idle
position to the maximum speed position.

¢. Return the speed control lever to the idle position.

NOTE: Movement of the speed control lever is
to take-up the clearance in the governor
linkage. The injector rack clevis-to-body clear-
ance can be increased by turning the starting
aid screw farther in against the operating shaft
lever, or reduced by backing it out.

Adjust Maximum No-load Engine Speed

All governors are properly adjusted before leaving the
factory. However, if the governor has been re-
conditioned or replaced, and to ensure the engine
speed will not exceed the recommended no-load speed
as given on the option plate, set the maximum no-load
speed as follows:

1. Loosen the lock nut (Fig. 7) and back off the high-
speed spring retainer approximately five turns.

2. With the engine at operating temperature and no-
load on the engine, place the speed control lever in the
full-fuel position. Turn the high-speed spring retainer
IN until the engine is operating at the recommended
no-load speed. The best method of determining the
engine speed is with an accurate tachometer.
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PLUNGER SEAT INJECTOR RACK
ADJUSTING | HIGH SPEED CLEVIS GAGE TO0L
SPRING INJECTOR  SETTING*  NUMBER
CAP REQUIRED
*
SETTING N65 385" J 24882
l N70 385" 1 24882
/LOCK e N75 385" J 24882
STARTING INJECTOR - ] 24882
" AID t -« BODY Ne8o 383
SCREW N90 454" 123190
c65 385" J 24882
LOCK RETAINER LOCK D
NUT NUT
4 BUFFER
NUT - SCREW 5664
Fig. 6 - Starting Aid Screw Adjustment
3. Hold the high-speed spring retainer and tighten the and with the buffer screw (Fig. 8) backed out to avoid
lock nut. contact with the differential lever, turn the idle speed
adjusting screw until the engine is operating at
approximately 15 rpm below the recommended idle
Adjust Idle Speed speed. The recommended idle speed is 550 rpm for
] . ) single weight governors and 450 rpm for double
With the maximum no-load speed properly adjusted, weight governors, but may vary with special engine
adjust the idle speed as follows: applications.
1. Remove the spring housing to uncover the idle 3. Hold the idle screw and tighten the lock nut.

speed adjusting screw.
4. Install the high-speed spring retainer cover and
2. With the engine at normal operating temperature tighten the two bolts.

SPEED
CONTROL
LEVER

N

Fig. 7 - Adjusting Maximum No-Load Speed Fig. 8 - Adjusting Engine idle Speed

Page 88




DETROIT DIESEL

Engine Tune-Up

Adjust Buffer Screw

With the idle speed properly set, adjust the buffer
screw as follows:

1. With the engine running at normal operating
temperature, turn the buffer screw (Fig. 8) in so that it
contacts the differential lever as lightly as possible and
still eliminates the engine roll.

NOTE: Do not increase the engine idle speed
more than 15 rpm with the buffer screw.

2. Recheck the maximum no-load speed. If it has
increased more than 25 rpm, back off the buffer screw
until the increase is less than 25 rpm.

3. Hold the buffer screw and tighten the lock nut.
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LIMITING SPEED MECHANICAL GOVERNOR (DUAL RANGE) AND INJECTOR
RACK CONTROL ADJUSTMENT

The governor is mounted on the front end of the
blower and is driven by the upper blower rotor.

After adjusting the exhaust valves and timing the fuel
injectors, adjust the limiting speed mechanical
governor (dual range) and injector rack control levers.

NOTE: Before proceeding with the governor and
injector rack adjustments, disconnect any
supplementary governing device. After the
adjustments are completed, reconnect and
adjust the supplementary governing device.

Adjust Governor Gap
With the engine stopped and at operating tempera-

ture, adjust the governor gap as follows:

1. Remove the governor high-speed spring retainer
cover.

2. Back out the buffer screw until it extends
approximately 5/8 " from the lock nut (Fig. 2).

3. Start the engine and loosen the idle speed adjusting
screw lock nut. Then adjust the idle screw to obtain the

INJECTOR £+ XU
| conTrOL

Fig. 1 - Adjusting Governor Gap

desired engine idle speed (Fig. 1). Hold the screw and
tighten the lock nut to hold the adjustment.

NOTE: The recommended idle speed is 450 rpm,
but may vary with special engine applications.

4. Stop the engine. Clean and remove the governor
cover and lever assembly and the valve rocker cover.
Discard the gasket.

5. Remove the fuel rod from the differential lever and
the injector control tube lever.

6. Start and run the engine between 800 and 1000 rpm
by manual operation of the control tube lever.

CAUTION: Do not overspeed the engine.

7. Check the gap between the low-speed spring cap
and the high-speed spring plunger with a .0015 feeler
gage J 3172 as shown in Fig. 1. If the gap setting is
incorrect, reset the gap adjusting screw.

If the setting is correct, the 0015’ movement can be
seen by placing a few drops of oil into the governor
gap and pressing a screw driver against the gap
adjusting screw. Movement of the cap toward the
plunger will force the oil from the gap in the form of
a small bead.

-]

N INJECTOR
CONTROL §
TUBE LEVER

Fig. 2 - Positioning No. 1 Injector Rack Control
Lever
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8. Hold the gap adjusting screw and tighten the lock
nut.

9. Recheck the governor gap and readjust, if necessary.

10. Stop the engine and install the fuel rod between
the differential lever and the control tube lever.

11. Use a new gasket and install the governor cover
and lever assembly.

Position Injector Rack Control Levers

The position of the injector racks must be correctly set
in relation to the governor. Their position determines
the amount of fuel injected into each cylinder and
ensures equal distribution of the load. Properly
positioned injector rack control levers with the engine
at full-load will result in the following:

1. Speed control lever at a maximum speed position.
2. Governor low-speed gap closed.

3. High-speed spring plunger on the seat in the
governor control housing.

4. Injector racks in the full-fuel position.
Adjust the No. 1 injector rack control lever (Fig. 2)
first to establish a guide for adjusting the remaining

injector rack control levers.

1. Disconnect any linkage attached to the governor
speed control lever.

2. Turn the idle speed adjusting screw until 1/2* of
the threads (12-14 threads) project from the lock nut,

INJECTOR
CONTROL

11609

when the nut is against the high-speed plunger
(Fig. 1).

CAUTION: A false fuel rack setting may result
if the idle speed adjusting screw is not backed
out as noted above. :

NOTE: This adjustment lowers the tension of
the low-speed spring so it can be easily
compressed. This permits closing the low-speed
gap without bending the fuel rods or causing
the yield mechanism springs to yield or stretch.

3. Back out the buffer screw approximately 5/8”, if it
has not already been done.

4. Loosen all of the inner and outer injector rack
control lever adjusting screws. Be sure all of the
control levers are free on the injector control tube.

NOTE: On engines equipped with a yield link
type fuel rod, attach a small “C” clamp at the
shoulder of the rod to prevent the yield spring
from compressing while adjusting the injector
rack control levers.

5. Move the speed control lever to the maximum speed
position as shown in Fig. 2. Hold the lever in that
position with light finger pressure. Turn the inner
adjusting screw on the No. | injector rack control
lever down until a slight movement of the control tube
is observed or a step-up in effort is noted. This will
place the No. 1 injector rack in the full-fuel position.
Turn the outer adjusting screw down until it bottoms
lightly on the injector control tube. Then alternately
tighten both the inner and outer adjusting screws.

SCREWDRIVER

INJECTOR
CONTROL
RACK

11610

Fig. 3 - Checking Rotating Movement of
Injector Control Rack

Fig. 4 - Checking Injector Control Rack
Movement
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NOTE: Overtightening the injector rack control
lever adjusting screws can result in damage to
the injector control tube. The recommended
torque of the adjusting screws is 24-36 in-1b (3-4
Nm).

The above step should result in placing the governor
linkage and control tube assembly in the same position
that they will attain while the engine is running at full
load.

6. To be sure of the proper adjustment, hold the speed
control lever in the full-fuel position and press down
on the injector rack with a screw driver or finger tip
and note the “rotating” movement of the injector
control rack (Fig. 3). When the speed control lever is
in the maximum speed position, hold the speed control
lever in the maximum speed position and, using a
screw driver, press downward on the injector control
rack. The rack should tilt downward (Fig. 4) and when
the pressure of the screw driver is released, the control
rack should “spring”” back upward.

If the rack does not return to its original position, it is
too loose. To correct this condition, back off the outer
adjusting screw slightly and tighten the inner adjusting
screw slightly.

The setting is too tight if, when moving the speed
control lever from the no-speed to the maximum speed
position, the injector rack becomes tight before the
speed control lever reaches the end of its travel (as
determined by the stop under the governor cover).
This will result in a step-up in effort required to move
the speed control lever to the end of its travel. To
correct this condition, back off the inner adjusting
screw slightly and tighten the outer adjusting screw
slightly.

7. To adjust the remaining injector rack control levers,
remove the clevis pin from the fuel rod and the
injector control tube lever and hold the injector control
racks in the full-fuel position by means of the lever on
the end of the control tube. Turn down the inner
adjusting screw of the No. 2 injector until the injector
rack has moved into the full-fuel position and the
inner adjusting screw is bottomed on the injector
control tube. Turn the outer adjusting screw down until
it bottoms lightly on the injector control tube. Then
alternately tighten both the inner and outer adjusting
SCrews.

8. Recheck the No. 1 injector rack to be sure that it
has remained snug on the ball end of the injector rack
control lever while adjusting the No. 2 injector. If the
rack of the No. 1 injector has become loose, back off
slightly on the inner adjusting screw on the No. 2
injector rack control lever and tighten the outer
adjusting screw.

When the settings are correct, the racks of both
injectors must be snug on the ball end of their
respective rack control levers.

9. Position the remaining injector rack control levers
as outlined in Steps 7 and 8.

10. Connect the fuel rod to the injector control tube
lever.

11. Reset the idle speed adjusting screw until it
projects 3/16” from the lock nut to permit starting the
engine. Tighten the lock nut.

NOTE: Remove the “C” clamp from the fuel
rod on units having a yield link.

Adjust Maximum No-load Engine Speed

All governors are properly adjusted before leaving the
factory. However, if the governor has been recondi-
tioned or replaced, and to ensure the engine speed will
not exceed the recommended no-load speed as given
on the engine option plate, set the maximum no-load
speed as follows:

After positioning the injector rack control levers, set
the maximum engine speeds.

NOTE: Be sure the buffer screw projects
5/8" from the lock nut to prevent interference
while adjusting the maximum no-load speeds.

With the spring housing assembly mounted on the
governor, the piston and sleeve assembled with four
100" shims and ten 010’ shims (Fig. 5) and the low
maximum speed screw extending from the spring
housing approximately 1-1/4”, proceed as follows:

CAUTION: Do not apply air pressure to the
governor until performing Step 1f.

SEAL COVER
SPRING SHIMS LOW MAXIMUM
HOUSI{*I‘G SPEED ADJUSTING
W SCREW
B __¥_I.. - ——Jol
Cnpy
IDLE SPEED BLOCKING
ADJUSTMENT SLEEVPEISTON RING
SCREW
BUFFER HIGH SPEED 12300

SCREW SPRING

Fig. 5 - Dual Range Governor
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1. Set the high maximum no-load speed.

a. Start the engine and position the speed control
lever in the maximum speed position.

b. Turn the low maximum speed adjustment screw in
until the high maximum speed desired is
obtained.

c. Stop the engine and remove the spring housing
assembly.

CAUTION: Do not permit the seal ring on the
piston to slide past the air inlet port, since the
seal ring will be damaged.

d. Note the distance the piston is within the spring
housing when it is against the low maximum
speed screw, then remove the sleeve from the
piston.

NOTE: When checking this distance, the piston
should be held tight against the adjustment
screw of the cover that is held in position, with
its gasket, against the end of the spring
housing.

e. Remove a quantity of shims, from the shims
within the piston, equal to the distance noted in
Step d.

f. Start the engine and position the engine speed
control lever in the maximum speed position and
apply air pressure to the governor and note the
engine speed.

g. Remove the air pressure from the governor and
stop the engine, then install or remove shims as
required to obtain the correct high maximum no-
load speed. Removing shims will decrease the
engine speed and adding shims will increase the
engine speed.

NOTE: Each .010” shim removed or added will
decrease or increase the engine speed approxi-
mately 10 rpm.

2. Set the jow maximum no-load engine speed.
a. With air pressure removed, adjust the low

maximum speed adjusting screw, with the speed
control lever held in the maximum speed position,

until the desired low maximum speed is obtained.
Turn the screw in to increase or out to decrease
the engine speed.

b. Recheck the engine speed and readjust if
necessary.

3. Check both the high maximum and low maximum
engine speeds. Make any adjustment that is necessary
as outlined in Steps 1 and 2.

Adjust ldle Speed

With the maximum no-load speed properly adjusted,
the idle speed may be adjusted as follows:

1. Refer to Fig. 5 and remove the spring housing to
uncover the idle speed adjusting screw.

2. With the engine at normal operating temperature
and with the buffer screw (Fig. 5) backed out to avoid
contact with the differential lever, turn the idle speed
adjusting screw until the engine is operating at
approximately 15 rpm below the recommended idle
speed. The recommended idle speed is 450 rpm, but
may vary with special engine applications.

3. Hold the idle screw and tighten the lock nut.

4. Install the high-speed spring retainer cover and
tighten the two bolts.

Adjust Buffer Screw

With the idle speed properly set, adjust the buffer
screw as follows:

1. With the engine running at normal operating
temperature, turn the buffer screw in so that it contacts
the differential lever as lightly as possible and still
eliminates the engine roll.

NOTE: Do not increase the engine idle speed
more than 15 rpm with the buffer screw.

2. Recheck the maximum no-load speed. If it has
increased more than 25 rpm, back off the buffer screw
until the increase is less than 25 rpm.

3. Hold the buffer screw and tighten the lock nut.
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LIMITING SPEED MECHANICAL GOVERNOR (Fast Idle Cylinder)

The limiting speed governor equipped with a fast idle
air cylinder is used on vehicle engines where the
engine powers both the vehicle and auxiliary
equipment.

The fast idle system consists of a fast idle air cylinder
installed in place of the buffer screw and a throttle
locking air cylinder mounted on a bracket fastened to
the governor cover (Fig. 1). An engine shutdown air
cylinder, if used, is also mounted on the governor
cover.

The fast idle air cylinder and the throttle locking air
cylinder are actuated at the same time by air from a
common air line. The engine shutdown air cylinder is
connected to a separate air line.

The air supply for the fast idle air cylinder is usually
controlled by an air valve actuated by an electric
solenoid. The fast idle system should be installed so
that it will function only when the parking brake
system is in operation to make it tamper-proof.

The vehicle accelerator-to-governor throttle linkage is
connected to a yield link so the operator cannot
overcome the force of the air cylinder holding the
speed control lever in the idle position while the
engine is operating at the single fixed high idle speed.

IDLE 32°-30 \// FULL

1.00" TRAVEL
E K\ STOP
H o
Al 30
FRONT 1|
RUN
SHUTDOWN THROTTLE LOCKING
AIR CYLINDER AIR CYLINDER

FAST IDLE AIR CYLINDER

1728

SPRING CYLINDER FOLLOWER PISTON RETURN

SPRING

Y Vo Al RING

expermp/C IO
by 7 7 "."M\:;'r'ﬁ'-l\-\f‘.- |NLE(;
- ” o W’ PLU

DUAL IDLE
SPRING
1726

SLUNGER NUT RING O-RINGS

Fig. 2 - Fast ldle Air Cylinder
Operation

During highway operation, the governor functions as a
limiting speed governor.

For operation of auxiliary equipment, the vehicie is
stopped and the parking brake set. Then, with the
engine running, the low speed switch is placed in the
ON position. When the fast idle air cylinder is
actuated, the force of the dual idle spring (Fig. 2) is
added to the force of the governor low-speed spring,
thus increasing the engine idle speed.

The governor now functions as a constant speed
governor at the high idle speed setting, maintaining a
near constant engine speed regardless of the load
within the capacity of the engine. The fast idle system
provides a single fixed high idle speed that is not
adjustable, except by disassembling the fast idle air
cylinder and changing the dual idle spring. As with all

PISTON
ROD

CYLINDER RETURN CAP

SPRING

\ LOCKWASHER
D\scuw

PISTON 1727

Fig. 1 - Governor with Fast Idle Cylinder

Fig. 3 - Throttle Locking Air Cylinder
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mechanical governors, when load is applied, the
engine speed will be determined by the governor
droop.

Adjust Governor

Adjust the governor as outlined on page 84. However,
before adjusting the governor gap, back out the de-
energized fast idle air cylinder until it will not

interfere with the governor adjustments. After the
normal idle speed setting is made, adjust the de-
energized fast idle air cylinder in the same manner as
outlined for adjustment of the buffer screw.

The throttle locking air cylinder is adjusted on its
mounting bracket so it will lock the throttle in the idle
position when it is activated, but will not limit the
throttle movement when not activated.
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VARIABLE SPEED MECHANICAL GOVERNOR AND INJECTOR RACK
CONTROL ADJUSTMENT

The single weight governor is mounted on the front of
the blower and is driven by the upper blower rotor.

After adjusting the exhaust valves and timing the fuel
injectors, adjust the governor and the injector rack
control levers.

NOTE: Before proceeding with the governor and
injector rack adjustments, disconnect any
supplementary governing device. After the
adjustments are completed, reconnect and
adjust the supplementary governing device.

Adjust Governor Gap

With the engine stopped and at operating tempera-
tures, adjust the governor gap as follows:

1. Disconnect any linkage attached to the governor
levers.

2. Back out the buffer screw until it extends
approximately 5/8 from the lock nut.

3. Remove the governor cover.

4. Place the speed control lever (Fig. 1) in the
maximum speed position.

5. Insert a .006” feeler gage between the spring
plunger and the plunger guide as shown in Fig. 1. If

Fig. 1 - Adjusting Governor Gap

required, loosen the lock nut and turn the adjusting
screw in or out until a slight drag is noted on the
feeler gage.

6. Hold the adjusting screw and tighten the lock nut.
Check the gap and readjust, if necessary.

7. Secure the governor cover to the governor housing
with three regular screws, one special screw and lock
washers.

8. Hook the torsion retracting spring on the special
cover screw and the stop lever (Fig. 2).

Position Injector Rack Control Levers

The position of the injector rack control levers must be
correctly set in relation to the governor. Their position
determines the amount of fuel injected into each
cylinder and ensures equal distribution of the load.
Properly positioned injector rack control levers with
the engine at full load will result in the following:

1. Speed control lever at the maximum speed position.
2. Stop lever in the RUN position.

3. High-speed spring plunger on the seat in the
governor control housing.

4. Injector fuel control racks in the full-fuel position.

Fig. 2 - Positioning No. 1 Injector Rack Control
Lever
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INJECTOR
CONTROL TUBEA-
LEVER

Fig. 3 - Buffer and idle Speed Adjusting Screw

NOTE: The cross link equalizer spring must be
removed from multiple engine units before
performing the individual engine tune-up. See
Throttle Adjustment for Load Equalization on
Twin or Quad Units with Variable Speed
Mechanical Governors for procedure on remov-
ing the cross link equalizer spring.

Adjust the No. 1 injector rack control lever (Fig. 2)
first, to establish a guide for adjusting the remaining
injector rack control levers.

INJECTOR
CONTROL
RACK

11609

Fig. 4 - Checking Rotating Movement of
Injector Control Rack

1. Loosen all of the inner and outer adjusting screws
(Fig. 2). Be sure all of the injector rack control levers
are free on the injector control tube.

2. Move the speed control lever to the full-fuel
position.

3. Move the stop lever to the run position. Hold it in
that position with light finger pressure. Turn the inner
adjusting screw of the No. 1 injector rack control lever
down until a step-up in effort is noted. This will place
the No. 1 injector rack in the full-fuel position. Turn
down the outer adjusting screw until it bottoms lightly
on the injector control tube. Then alternately tighten
both the inner and outer adjusting screws.

NOTE: Overtightening the injector rack control
lever adjusting screws can result in damage to
the injector control tube. The recommended
torque of the adjusting screws is 24-36 in-lb (3-4
Nm).

The above step should result in placing the governor
linkage and control tube assembly in the same position
that they will attain while the engine is running at full
load.

4. To be sure of proper rack adjustment, hold the stop
lever in the run position and press down on the
injector rack with a screw driver or finger tip and note
the “rotating” movement of the injector control rack
(Fig. 4) when the stop lever is in the run position.
Hold the stop lever in the full-fuel position and, using
a screw driver, press downward on the injector control
rack. The rack should tilt downward (Fig. 5) and when
the pressure of the screw driver is released, the control
rack should “spring” back upward.

If the rack does not return to its original position, it is
too loose. To correct, back off the outer adjusting screw
slightly and tighten the inner adjusting screw.

The setting is too tight if, when moving the stop lever
from the STOP to the RUN position, the injector rack
becomes tight before the stop lever reaches the end of
its travel as determined by the stop under the governor
cover. This will result in a step-up in effort required to
move the stop lever to the end of its travel. To correct
this condition, back off the inner adjusting screw
slightly and tighten the outer adjusting screw.

5. To adjust the remaining injector rack control levers,
remove the clevis pin from the fuel rod and the
injector control tube lever, hold the injector control
racks in the full-fuel position by means of the lever on
the end of the control tube. Turn down the inner
adjusting screw on the injector rack control lever of
the adjacent injector until the injector rack has moved
into the full-fuel position and the inner adjusting
screw is bottomed on the injector control tube. Turn
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the outer adjusting screw down until it bottoms lightly
on the injector control tube. Then alternately tighten
both the inner and outer adjusting screws.

6. Recheck the No. 1 injector rack to be sure that it
has remained snug on the ball end of the rack control
lever while positioning the adjacent injector rack. If
the rack of the No. 1 injector has become loose, back
off the inner adjusting screw slightly on the adjacent
injector control lever. Tighten the outer adjusting
screw.

7. Position the remaining injector rack control levers
as outlined in Steps 4 and 5.

8. When all of the injector rack control levers are
adjusted, recheck their settings. With the control tube
lever in the full-fuel position, check each control rack
as in Step 4. All of the control racks must have the
same “spring” condition with the control tube lever in
the full-fuel position.

9. Insert the clevis pin in the fuel rod and the injector
control tube lever.

10. Use a new gasket and replace the valve rocker
cover.

Adjust Maximum No-load Speed

All governors are properly adjusted before leaving the
factory. However, if the governor has been recondi-
tioned or replaced, and to ensure the engine speed will
not exceed the recommended no-load speed as given
on the engine option plate, set the maximum no-load
speed as outlined below.

Start the engine and, after normal operating
temperature is reached, use an accurate tachometer to
determine the maximum no-load speed of the engine.
Then stop the engine and make the following
adjustments, if required.

1. Refer to Fig. 3 and disconnect the booster spring.

Full-Load Speed | Stops [ Shims

1200 to 1425 rpm 2
1426 to 1825 rpm 1

Up to .325"
Up to .325"

Amount required
to get necessary
speed

1826 to 2100 rpm 0

TABLE 1 - TWO VALVE CYLINDER HEADS

SCREWDRIVER

INJECTOR
CONTROL
RACK

11610

Fig. 5 - Checking Injector Control Rack

Movement
Full-Load Speed Stops Shims
1450 to 1650 rpm 2
Amount required
1651 to 2150 rpm 1 to get necessary
speed
2151 to 2300 rpm 0

TABLE 2 - FOUR VALVE CYLINDER HEADS

2. Remove the variable speed spring housing and the
variable speed spring plunger from inside the spring
housing.

3. Refer to Table 1 and Fig. 6 and determine the
stops or shims required for the desired full-load speed
for engines with two valve cylinder heads. 4 split stop
can only be used with a solid stop.

Refer to Table 2 and determine the stops or shims
required for the desired full-load speeds for engines
with four valve cylinder heads.

4. Install the variable speed spring plunger and
housing and tighten the two bolts. Start the engine and
recheck the maximum no-load speed.

5. If required, add shims to obtain the necessary
operating speed. For each .001” shim added, the
operating speed will increase approximately 1 rpm.

IMPORTANT: If the maximum no-load speed is
raised or lowered more than 50 rpm by the
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Fig. 6 - Location of Stops and Shims

installation or removal of the governor shims,
the governor gap should be rechecked.

NOTE: Governor stops are used to limit the
compression of the governor spring which
determines the maximum speed of the engine.

If re-adjustment of the governor gap is required, the
position of the injector racks must be rechecked.

Adjust Idle Speed

With the maximum no-load speed properly adjusted,
adjust the idle speed as follows:

1. Place the speed control lever in the idle position and
the stop lever in the run position.

2. With the engine running at normal operating
temperature, back out the buffer screw to avoid contact
with the differential lever.

3. Loosen the lock nut and turn the idle speed
adjusting screw until the engine is operating at

approximately 15 rpm below the recommended idle
speed. The recommended idle speed is 500-600 rpm,
but may vary with special engine applications.

4. Hold the idle speed adjusting screw and tighten the
lock nut.

Adjust Buffer Screw.

With the idle speed set at approximately 15 rpm below
the recommended idie speed, the buffer screw may be
set as follows:

1. With the engine running at normal operating
temperature, turn the buffer screw in so that it contacts
the differential lever as lightly as possible and still
eliminates engine roil.

NOTE: Do not increase the engine speed more
than 15 rpm with the buffer screw.

2. Hold the buffer screw and tighten the lock nut.

Adjust Booster Spring

With the engine idle speed adjusted, adjust the booster
spring as follows:

1. Move the speed control lever to the idle speed
position.

2. Refer to Fig. 3 and loosen the booster spring
retaining nut on the speed control lever. Loosen the
nut and lock nut on the eye bolt at the opposite end of
the booster spring.

3. Move the spring retaining bolt in the slot of the
speed control lever until the center of the bolt is on or
slightly over center toward the idle position of an
imaginary line through the bolt, lever shaft and eye
bolt. Hold the bolt and tighten the lock nut.

4. Start the engine and move the speed control lever to
the maximum speed position and release it. The lever
should return to the idle speed position. If it does not,
reduce the booster spring tension. If it does, continue
to increase the spring tension until the point is reached
where it will not return to idle. Then reduce the spring
tension until the point is reached where it will not
return to idle. Then reduce the spring tension until the
lever does not return to idle and tighten the lock nut
on the eye bolt. This setting will result in the minimum
force required to operate the speed control lever.
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SUPPLEMENTARY GOVERNING DEVICE ADJUSTMENT

ENGINE LOAD LIMIT DEVICE

Engines with mechanical governors may be equipped
with a load limit device (Fig. 1) to reduce the
maximum horsepower.

This device consists of a load limit screw threaded into
a plate mounted between two adjacent rocker arm
shaft brackets and a load limit lever clamped to the
injector control tube.

The load limit device is located between the No. 1 and
No. 2 cylinders of a three cylinder engine, between
the No. 2 and No. 3 cylinders of a four cylinder
engine or between the No. 3 and No. 4 cylinders of a
six cylinder engine.

When properly adjusted for the maximum horsepower
desired, this device limits the travel of the injector
control racks and thereby the fuel output of the
injectors.

Adjustment

After the engine tune-up is completed, make sure the
load limit device is properly installed as shown in

LOAD LIMIT SCREW ADJUSTING SCREW PLATE

SETTING

LOAD LIMIT
SCREW LOCKNUT

ROCKER ARM
BRACKET

FULL FUEL
POSITION

INJECTOR LEVER
RACK CONTROL
TUBE

LOAD LIMIT]Y
LEVER

MARKINGS ON
t  ADJUSTING
SCREW PLATE

11604

Fig. 1 - Engine Load Limit Device

Fig. 1. Make sure the counterbores in the adjusting
screw plate are up. The rocker arm shaft bracket bolts
which fasten the adjusting screw plate to the brackets
are tightened to 75-85 1b-ft (102-115 Nm) torque. All
other rocker arm shaft bracket bolts are tightened to
90-100 1b-ft (122-136 Nm) torque. Then adjust the
load limit device as follows:

1. Loosen the load limit screw lock nut and remove the
screw.

2. Loosen the load limit lever clamp bolts so the lever
is free to turn on the injector rack control tube.

3. With the screw out of the plate, adjust the load limit
screw lock nut so the bottom of the lock nutis 1 3/4”
from the bottom of the load limit screw (Fig. 1) for
the initial setting.

4. Thread the load limit screw into the adjusting screw
plate until the lock nut bottoms against the top of the
plate.

5. Hold the injector rack control tube in the full-fuel
position and place the load limit lever against the
bottom of the load limit screw. Then tighten the load
limit lever clamp bolts.

6. Check to ensure that the injector racks will just go
into the full-fuel position -- readjust the load limit
lever if necessary.

7. Hold the load limit screw to keep it from turning,
then ser the lock nut until the distance between the
bottom of the lock nut and the top of the adjusting
screw plate corresponds to the dimension (or number
of turns) stamped on the plate. Each full turn of the
screw equals 042", or 007’ for each flat on the
hexagon head.

NOTE: If the plate is not stamped, adjust the
load limit screw while operating the engine on a
dynamometer test stand and note the number
of turns required to obtain the desired
horsepower. Then stamp the plate accordingly.

8. Thread the load limit screw into the plate until the
lock nut bottoms against the top of the plate. Be sure
the nut turns with the screw.

9. Hold the load limit screw to keep it from turning,
then tighten the lock nut to secure the setting.
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POWER CONTROL DEVICE

The power control (torque limiting) device (Fig. 2) is
used, on some engines, to limit the maximum
horsepower output at the wheels without diminishing
the performance at lower speeds where full power may
be required. It limits the horsepower at, or just below,
the normal full-load governed speed. These limiting
characteristics are proportionately lessened as the
engine speed is reduced and the horsepower required
is reduced.

This device consists of an adjusting screw threaded
into a plate mounted between two adjacent rocker arm
shaft brackets and a spring attached to a clamp on the
injector control tube.

NOTE: The rocker arm shaft bracket bolts that
retain the adjusting screw plate are tightened to
75-85 1b-ft (102-115 Nm) torque. All other
rocker arm shaft bracket bolts are tightened to
90-100 Ib-ft (122-136 Nm) torque.
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Fig. 2 - Power Control Device

The power control device is located between the No. 1
and No. 2 cylinders on a three-cylinder engine,
between the No. 2 and No. 3 cylinders on a four-
cylinder engine and between the No. 3 and No. 4
cylinders on a six-cylinder engine.

Adjustment

After the engine tune-up is completed, adjust the
power control device as follows:

1. Place the vehicle on a chassis dynamometer and
check the maximum wheel horsepower.

2. Loosen the power control spring attaching bolts.
Then adjust the spring until it projects parallel to the
cylinder head when the injector control racks are held
in the full-fue! position. Tighten the spring attaching
bolts to 7-9 lb-ft (10-12 Nm) torque to retain the
adjustment.

3. Set the power control device, while holding the
injector control racks in the full-fuel position, by
turning the adjusting screw down (clockwise) until it
just touches the spring and the lock nut is tight against
the plate. Then release the injector control racks.

NOTE: Wipe the oil from the spring and the
bottom of the adjusting screw so the point of
contact can be seen readily.

4. Start the engine. Then, with the engine running at
full governed speed, check the horsepower. If
necessary, re-adjust the screw to obtain the specified
horsepower. Turn the screw down to decrease the
horsepower; turn the screw up to increase the
horsepower. When the desired wheel horsepower is
obtained, hold the screw from turning and tighten the
lock nut.

NOTE: If a dynamometer is not available, back
up the lock nut the distance stamped on the
plate. Then turn the screw and lock nut down
together until the lock nut bottoms on the plate.
Hold the screw from turning and tighten the
lock nut.

Page 101



DETROIT DIESEL

Engine Tune-Up

THROTTLE DELAY MECHANISM

The throttle delay mechanism is used to retard full-
fuel injection when the engine is accelerated. This
reduces exhaust smoke and also helps to improve fuel
economy.

The throttle delay mechanism (Fig. 3) is installed
between the No. 1 and No. 2 cylinders on the cylinder
head. It consists of a special rocker arm shaft bracket
(which incorporates the throttle delay cylinder), a
piston, throttle delay lever, connecting link, orifice
plug, ball check valve and U-bolt.

A yield lever and spring assembly replaces the
standard lever and pin assembly on the front end of
the injector control tube.

Operation

Oil is supplied to a reservoir above the throttle delay
cylinder through an orifice plug in the drilled o1l
passage in the rocker arm shaft bracket (Fig. 3). As
the injector racks are moved toward the no-fuel
position, free movement of the throttle delay piston is
assured by air drawn into the cylinder through the ball
check valve. Further movement of the piston uncovers
an opening which permits oil from the reservoir to
enter the cylinder and displace the air. When the
engine is accelerated, movement of the injector racks
toward the full-fuel position is momentarily retarded

while the piston expels the oil from the cylinder
through an orifice. To permit full accelerator travel,
regardless of the retarded injector rack position, a
spring loaded yield lever and spring assembly replaces
the standard lever on the front end of the injector
control tube.

Inspection

When inspecting the throttle delay hydraulic cylinder,
it is important that the check valve be inspected for
wear. Replace the check valve if necessary.

To inspect the check valve, fill the throttle delay
cylinder with diesel fuel oil and watch for check valve
leakage while moving the engine throttle from the idle
position to the full-fuel position.

Adjustment

Whenever the injector rack control levers are adjusted,
disconnect the throttle delay mechanism by loosening
the U-bolt which clamps the lever to the injector
control tube. After the injector rack control levers have
been positioned, the throttle delay mechanism must be
re-adjusted. With the engine stopped, proceed as
follows:

INJECTOR
TUBE

SPRING

ROCKER ARM SHAFT BRACKET
(WITH THROTTLE DELAY CYLINDER)

ol THROTTLE DELAY
VER
oIl suppLy RESERVOIR LEVE
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7N U-BOLT
Q INJECTOR
- / —— TUBE
—LZZAl 0 lolon o
=N - D CYLINDER
ORIFICE L O IR, ) HEAD
| |
/ FULL__ ._NO
YIELD THROTTLE DELAY  FUEL™™ " FUEL
LEVER CHECK PISTON v 12308
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THROTTLE DELAY CYLINDER

Fig. 3 - Throttle Delay Cylinder and Yield Link
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Fig. 4 - Adjusting Throttle Delay Cylinder

1. Refer to Fig. 4 and insert gage J 23190 (.454" set-
ting) between the injector body and the shoulder on
the injector rack. Then exert a light pressure on the
injector control tube in the direction of full fuel.

2. Align the throttle delay piston so it is flush with the
edge of the throttle delay cylinder.

3. Tighten the U-bolt on the injector control tube and
remove the gage.

4. Move the injector rack from the no-fuel to the full-
fuel position to make sure it does not bind.

FUEL SHUT-OFF AIR CYLINDER ASSEMBLY

An air cylinder (Fig. 5) is mounted at the rear of the
cylinder head on some engines to move the injector
fuel control racks to the no-fuel position to stop the
engine. The air cylinder permits the use of a governor
with a single control lever, eliminating the need of an
off-on lever and the necessary operating linkage.

The use of the air cylinder on an engine with a

INJECTOR
CONTROL TUBE!

Fig. 5 - Air Cylinder Used with Limiting Speed
Governor

limiting speed governor requires a yielding fuel
control rod (Fig. 6). An engine equipped with an air
cylinder and a fuel modulating governor (Figs. 7 and
8) does not require the yielding rod because the
torsion spring within the governor will perform the
same purpose.

Fig. 6 - Yielding Fuel Rod Used with Limiting
Speed Governor
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Fig. 7 - Air Cylinder Used with Fuel
Modulating Governor

Operation

The fuel shut-off cylinder is actuated by air pressure.
The air enters the cylinder and forces the piston
forward, thus overcoming the tension of the air
cylinder spring; the yielding fuel rod is used to move
the injector fuel control racks to the no-fuel position,
shutting the engine down. When the air pressure is
released, the spring within the air cylinder moves the
piston to the end of its travel away from the engine
allowing the yielding rod to expand, moving the
injector racks into the full-fuel position required for
engine starting.

Adjust Air Cylinder Linkage
After completing adjustment of the governor, adjust

the linkage between the fuel shut-off cylinder and the
injector control tube lever as follows:

t  INJECTOR
CONTROL TUBE

A

Fig. 8 - Standard Fuel Rod Used with Fuel
Modulating Governor

1. Place the governor speed control lever in the
maximum speed position. Movement of the control
lever will move the injector racks to the full-fuel
position.

2. Loosen the lock nuts on the air cylinder link (Fig. 5)
and lengthen the rod by turning the turnbuckle until
the end of the slot contacts the pin in the end of the
control tube lever. Then shorten the rod one complete
turn of the turn buckle and tighten the lock nuts.

Adjusting the rod in this manner will permit the
governor to move the injector control racks into the
full-fuel position without coming to the end of the slot
in the air cylinder link.

ADJUSTMENT OF MECHANICAL GOVERNOR SHUTDOWN SOLENOID

When a governor shutdown solenoid is used on an
engine equipped with a mechanical governor, the
governor stop lever must be properly adjusted to
match the shutdown solenoid plunger travel.

The solenoid plunger can be properly aligned to the
governor stop lever as follows:

1. Remove the bolt connecting the rod end eye
(variable speed governor) or the right angle clip
(limiting speed governor) to the stop lever (Figs. 9
and 10). Align and clamp the lever to the shutdown
shaft in such a way that, at its mid-travel position, it is
perpendicular to the solenoid plunger. This assures

that the linkage will travel as straight as possible. The
solenoid plunger has available 1/2” travel which is
more than adequate to move the injector control racks
from the full-fuel to the complete no-fuel position and
shutdown will occur prior to attaining complete travel.

2. With the stop lever in the run position, adjust the
rod end eye or right angle clip for minimum
engagement on the solenoid plunger when the
connecting bolt is installed. The oversize hole in the
eye or clip will thereby permit the solenoid to start
closing the air gap, with a resultant build-up of pull-in
force prior to initiating stop lever movement.
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Fig. 9 - Typical Variable Speed Governor Lever Position

3. The bolt through the rod end eye or the right angle
clip should be locked to the stop lever and adjusted to
a height that will permit the eye or clip to float
vertically. The clearance above and below the eye or
cip and the bolt head should -be approximately
1/32’ minimum.

NOTE: The lock nut can be either on top of or
below the stop lever. '

4. Move the lever to the stop position and observe the
plunger for any possible bind. If necessary, loosen the
mounting bolts and realign the solenoid to provide
free plunger motion.
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Fig. 10 - Typical Limiting Speed Governor Lever Position

HYDRAULIC SG GOVERNOR AND INJECTOR RACK CONTROL ADJUSTMENT

After adjusting the exhaust valves and timing the fuel
injectors, adjust the hydraulic governor and injector
rack control levers.

Adjust Fuel Rod

1. Remove the governor cover and the rocker cover
(Fig. 2). Loosen all of the inner and outer adjusting
screws. Make sure all of the control levers are free on
the injector control tube.

2. Loosen the fuel rod lock nut (Fig. 1) and remove
the fuel rod knob.

3. Turn the lock nut until 3/16” of the fuel rod
extends beyond the nut. Hold the lock nut in position

with a wrench and install the fuel rod knob. Use a
suitable wrench to tighten the knob against the lock
nut.

Position Injector Rack Control Levers
After the fuel rod is properly adjusted, adjust the rack

control levers as follows:

1. Turn the outer adjusting screw (Fig. 2) in until a
slight movement of the injector control tube lever is
observed. Then tighten the inner adjusting screw.

2. Pull the fuel! rod out and check for 1/32"to
1/16’” movement.
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If the movement exceeds the distance specified, back
off the inner adjusting screw approximately 1/8 of a
turn and tighten the outer adjusting screw.

If the movement is less than the specified distance,
back off the outer adjusting screw approximately 1/8
of a turn and tighten the inner adjusting screw.

3. Disconnect the fuel rod from the injector control
tube lever.

4. Manually hold the No. 1 injector rack control lever
in the full-fuel position and turn the inner adjusting
screw (Fig. 2) into the No. 2 injector rack control
lever until the injector rack has moved into the full-
fuel position and the inner adjusting screw is bottomed
on the injector control tube. Turn the outer adjusting
screw down until it bottoms lightly on the injector
control tube. Then alternately tighten both the inner
and outer adjusting screws.

NOTE: Overtightening the injector rack control
lever adjusting screws can result in damage to
the injector control tube. The recommended
torque of the adjusting screws is 24-36 in-1b (3-4
Nm).

5. Recheck the No. 1 injector fuel rack to make sure
that it has remained snug on the ball end of the rack
control lever while adjusting the No. 2 injector rack. If

NJECTOR CONTROL B
TUBE LEVER

Fig. 1 - Adjusting Fuel Rod

the rack of No. 1 injector has become loose, back off
slightly on the inner adjusting screw on the No. 2
injector rack control lever. Tighten the outer adjusting
screw.

When the settings are correct, the racks of both
injectors must be snug on the ball end of the
respective rack control levers.

6. Position the remaining injector rack control levers
as outlined in Steps 4 and $.

When the settings are correct, the racks of all of the
injectors must be snug on the ball end of the rack
control levers when the control tube lever is held in the
full-fuel position.

7. Reconnect the fuel rod to the injector control tube
lever.

Adjust Load Limit

The load limit is set at the factory and further
adjustment should be unnecessary. However, if the
governor has had major repairs or the injector rack
control levers have been repositioned, the load limit
screw should be re-adjusted.

£ ...
4 INJECTOR Renl
¢ CONTROL

ADJUSTING
SCREW

INJECTOR
CONTROL
! TUBE LEVER

Fig. 2 - Positioning No. 1 Injector Rack Control
Lever
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TERMINAL
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Fig. 3 - Adjusting Load Limit

With the injector rack control levers properly adjusted,
the load limit may be set as follows:

1. Loosen the lock nut (Fig. 3) and adjust the load
limit screw to obtain a distance of approximately

2" from the outside face of the boss on the governor
sub-cap to the end of the screw.

" DROOP
ADJUSTING §
BRACKET

ADJUSTING
SCREW

Fig. 4 - Adjusting Speed Droop

2. Place the fuel rod and terminal lever in the full-fuel
position.

3. Turn the load limit screw until a .020 " space exists
between the fuel rod collar and the terminal lever,
then hold the screw and tighten the lock nu’.

Adjust Speed Droop

The purpose of adjusting the speed droop is to
establish a definite engine speed at no-load with a
given speed at rated full load.

The governor is set at the factory and further
adjustment should be unnecessary. However, if the
governor has had major repairs, the speed droop
should be re-adjusted.

Use an accurate tachometer to determine the engine
speed.

When a full rated load on the unit is established and
the fuel rod, injector rack control levers and load limit

have been adjusted, the speed droop may be adjusted
as follows:

1. Start the engine and operate it at approximately
one-half the rated no-load speed until the lubricating
oil has had an opportunity to warm-up.

NOTE: When the engine lubricating oil is cold,
the governor regulation may be erratic. The
regulation should become increasingly stable as
the temperature of the lubricating oil increases.

2. Stop the engine and remove the governor cover.

Fig. 5 - Adjusting Maximum No-Load Speed
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3. Loosen the lock nut (Fig. 5) and back off the
maximum speed adjusting screw approximately 3/8"".

4. Refer to Fig. 4 and loosen the speed droop
adjusting screw. Move the speed droop adjusting
bracket so the screw is midway between the ends of
the slot in the bracket. Tighten the screw.

5. With the throttle in the RUN position, adjust the
speed until the engine is operating at 5% above the
recommended full load speed.

6. Apply the full rated load on the engine and re-
adjust the engine speed to the correct full-load speed.

7. Remove the rated load and note the engine speed
after the speed has stabilized under no-load. If the
speed droop is correct, the engine speed will be
approximately 5% higher than the full-load speed.

If the speed droop is too high, stop the engine, loosen
the screw again and move the speed droop adjusting
bracket IN (toward the engine). Tighten the screw. To
increase the speed droop, move the droop adjusting
. bracket OUT (away from the engine).

If the speed droop in the governors of power
generator engines are not the same, the electrical load
will not be equally divided when the generators are
operated in parallel.

The speed droop bracket in the governor of each
engine must be adjusted to obtain the desired
variation between the engine no-load and full-load
speeds shown in Table 1.

The recommended speed droop at full-load for power
generator sets operating in parallel is 50 rpm (2-1/2
cycles) at 1000 and 1200 rpm. For generator sets
operating at 1500 and 1800 rpm, the speed droop
should be 75 rpm (2-1/2 cycles). The speed droop may
be varied to suit the particular application.

Adjust Maximum No-load Speed

With the speed droop properly adjusted, set the
maximum no-load speed as follows:

1. Loosen the maximum speed adjusting screw lock nut
and back the adjusting screw out three turns.

Full Load No~Load COMPENSATING
MAX. SPEED NEEDLE
50 cycles 1000 rpm 52.5 cycles 1050 rpm ADJ. SCREW VALVE
60 cycles 1200 rpm 62.5 cycles 1250 rpm
50 cycles 1500 rpm 52.5 cycles 1575 rpm
60 cycles 1800 rpm 62.5 cycles 1875 rpm J nee

2. With the engine operating at no-load, adjust the
engine speed until the engine is operating at
approximately 8% higher than the rated full-load
speed.

3. Turn the maximum speed adjusting screw (Fig. 5)
in lightly until contact is felt with the linkage in the
governor.

4. Hold the adjusting screw and tighten the lock nut.

5. Install the governor cover.

Governors with Synchronizing Motor

Some hydraulic governors are equipped with a
reversible synchronizing motor which is mounted on
the governor cover (Fig. 6). This motor makes a close
adjustment of the engine speed possible by remote
control and is especially valuable for synchronizing
two generators from a central control panel.

The motor is connected to the source of electrical
supply through a two-way switch located on the control
panel. When this switch 1s held in the desired position,
the motor shaft turns the governor speed adjusting
shaft by means of a reduction gear and slip coupling.
The position of the switch determines the direction of
rotation of the speed adjusting shaft. When the
desired engine speed is indicated on a tachometer or
frequency meter mounted on the control panel, the
switch is placed in the “OFF” position.

SYNCHRONIZING DROOP

MOTOR \ ADJ. KNOB

FRICTION
DRIVE

MIN. DROOP
SETTING SETTING

SCREW

LOAD LIMIT
ADJ. SCREW

TABLE 1

Fig. 6 - Typical Synchronizing Motor Mounting
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NOTE: If the switch is held in the “Lower
Speed” position too long, the synchronizing
motor will continue to lower the engine speed
and the engine will ultimately stop. If the switch
is held in the “Raise Speed” position too long
the synchronizing motor will turn the speed
adjusting shaft until it strikes the maximum
speed adjusting screw. The clutch or slip
coupling will slip and the motor will continue to
run at a slightly reduced speed without affecting

the governor after the shaft strikes the
adjusting screw.

The adjustments on a governor equipped with a
synchronizing motor are the same as on a governor
without the motor. If the governor does not have an
external droop setting screw (Fig. 6), the governor
cover and motor assembly must be removed when the
engine speed droop is set. Reinstall the governor cover
and motor to check the speed droop.

HYDRAULIC WOODWARD PSG GOVERNOR AND INJECTOR RACK
CONTROL ADJUSTMENT

Adjust engines with hydraulic governor assemblies
after adjusting the exhaust valves and timing the fuel
injectors as follows:

Adjust Fuel Rod

1. Remove the governor cover. Refer to Fig. 1 and
loosen all of the inner and outer injector rack control
lever adjusting screws. Be sure all of the control levers
are free on the injector control tube.

2. Loosen the fuel rod lock nut and remove the fuel
rod knob.

Fig. 1 - Adjusting Fuel Rod

3. Turn the lock nut to a position so that 13/16" of
the fuel rod extends beyond the nut. Install the fuel
rod knob and tighten the lock nut.

Position Injector Rack Control Levers

With the fuel rod properly adjusted, the rack control
levers may be adjusted as follows:

1. Turn the outer adjusting screw (Fig. 2) in until a
slight movement of the injector control tube lever is
observed. Tighten the inner adjusting screw.

2. Pull out on the fuel rod and check for 1/32”to
1/16 " movement.

Fig. 2 - Positioning No. 1 Injector Rack
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If the movement exceeds that specified, back off the
inner adjusting screw approximately 1/8 of a turn and
tighten the outer adjusting screw.

If the movement is less than that specified, back off the
outer adjusting screw approximately 1/8 of a turn and
tighten the inner adjusting screw.

3. Disconnect the fuel rod from the injector control
tube lever.

4. Hold onto the clevis at the end of the injector
control tube and position the No. 1 injector in the
full-fuel position and turn down the inner adjusting
screw of the No. 2 injector until the injector rack
control lever for that injector contacts the injector
body. This may be felt at the clevis end by a slight
movement as contact is made.

Tighten the outer adjusting screw until it bottoms
lightly on the injector control tube. Then alternately
tighten both the inner and outer adjusting screws.

5. Make sure the rack remains snug on the pin of the
rack control lever at the No. 1 injector.

If the rack of the No. 1 injector has become loose,
back off slightly on the inner adjusting screw at the
No. 2 injector rack control lever. Tighten the outer
adjusting screw.

When the settings are correct, the rack of both
injectors must be snug on the pin of their respective
rack control levers.

6. Position the remaining rack control levers as
outlined in Steps 4 and 5.

When the settings are correct, the racks of all injectors
must be snug on the pins of the rack control levers
when the control tube lever is held in the full-fuel
position.

Adjust Load Limit

The load limit is set at the factory and further
adjustment should be unnecessary. However, if the
governor has had major repairs or the injector rack
control levers have been repositioned, the load limit
screw should be adjusted.

With the injector rack control levers properly adjusted,
the load limit may be set as follows:

1. Place the fuel rod and the terminal lever in the full-
fuel position as shown in Fig. 3.

2. Loosen the lock nut and turn the adjusting screw
until a .020 " space exists between the fuel rod collar

and the terminal lever. Hold the screw and tighten the
lock nut.

Compensation Adjustment

After the temperature of the engine and the oil
supplied to the governor have reached their normal
operating values, adjust the governor compensation
without load on the engine as follows:

1. Open the compensating needle valve (Fig. 6) two or
three turns with a screw driver and allow the engine to
“hunt” or “surge” for about one-half minute to bleed
trapped air from the governor oil passages.

2. Gradually close the needle valve until “hunting”
just stops. Do not go beyond this position. Check the
amount of needle valve opening by closing the valve
completely, noting the amount required to close. Open
the valve to the previously determined opening at
which “hunting” stopped. Test the action by manually
disturbing the engine speed. The engine should return
promptly to the original steady speed with only a small
overshoot. The correct needle valve setting will be
between 1/8 and 1/2 turn open.

It is desirable to have as little compensation as
possible. Closing the needle valve farther than
necessary will make the governor slow to return to
normal speed after a load change.

Adjust Speed Droop

The purpose of adjusting the speed droop is to
establish a definite engine speed at no load with a
given speed at rated full load.

wr el

Fig. 3 - Setting Maximum Fuel Adjusting Screw
(Load Limit)
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Fig. 4 - Adjusting Speed Droop

The governor droop is set at the factory and further
adjustment should be unnecessary. However, if the
governor has had major repairs, the speed droop
should be adjusted.

The best method of determining the engine speed is
by the use of an accurate tachometer.

If a full rated load on the unit can be established, the
fuel rod, injector control rack levers, and load limit
have been adjusted, the speed droop may be adjusted
as follows:

1. Start the engine and run it at approximately one-
half the rated no-load speed until the lubricating oil
temperature stabilizes.

NOTE: When the engine lubricating oil is cold,
the governor regulation may be erratic. The
regulation should become increasingly stable as
the temperature of the oil increases.

2. With the engine stopped, remove the governor
cover.

3. Loosen the lock nut (Fig. 5) and back off the
maximum speed adjusting screw approximately 3/8”" .

4. Refer to Fig. 4 and loosen the droop adjusting bolt.
Move the bracket so that the bolt is midway between
the ends of the slot in the bracket. Tighten the bolt. Be
sure the bracket remains on the shoulder of the
terminal lever.

5. With the throttle in the RUN position, adjust the
engine speed until the engine is operating at 3% to 5%
above the recommended full-load speed.

6. Apply the full rated load on the engine and adjust
the engine speed to the correct full-load speed.

7. Remove the rated load and note the engine speed

after the speed stabilizes under no load. If the speed
droop is correct, the engine speed will be approxi-
mately 3% to 5% higher than the full-load speed.

If the speed droop is too high, stop the engine and
again loosen the bolt and move the droop adjusting
bracket IN toward the engine. Tighten the bolt. To
increase the speed droop, move the droop adjusting
bracket OUT, away from the engine.

The speed droop in governors which control engines
driving generators in parallel should be identical,
otherwise the electrical load will not be equally
divided.

Adjust the speed droop bracket in each engine
governor to obtain the desired variation between the
engine no-load and full-load speeds shown in Table 1.

The recommended speed droop of generator sets
operating in parallel is 50 rpm (2 1/2 cycles) for units
operating at 1000 and 1200 rpm and 75 rpm (2 1/2
cycles) for units operating at 1500 and 1800 rpm full
load. This speed droop recommendation may be
varied to suit the individual application.

Fig. 5 - Setting Maximum Speed Adjusting
Screw
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Full=Load No-Load

50 cycles 1000 rpm
60 cycles 1200 rpm
50 cycles 1500 rpm
60 cycles 1800 rpm

32.5 cycles 1050 rpm
62.5 cycles 1250 rpm
52.5 cycles 1575 rpm
62.5 cycles 1875 rpm

TABLE 1

A single engine unit equipped with an isochronous
type hydraulic governor may operate at a constant
frequency by setting the governor droop to zero.
However, when operating generator sets in parallel,
the governor of each unit must be set with an equal
amount of droop for stable operation and proper
division of the load.

If required, the zero droop setting may be carried out

by performing Steps 1 through 7 as outlined, except
adjust for zero droop instead of 3% to 5% as stated.

Adjust Maximum No-Load Speed
With the speed droop properly adjusted, set the
maximum no-load speed as follows:

1. Loosen the lock nut and back out the maximum
speed adjusting screw three turns.

2. With the engine operating at no-load, adjust the
engine speed until the engine is operating at

SYNCHRONIZING DROOP

MOTOR \ ADJ. KNOB

FRICTION
DRIVE

MAX, DROOP
SETTING
SCREW

MIN, DROOP
SETTING
SCREW

LOAD LIMIT
ADJ. SCREW

MAX. SPEED
ADJ. SCREW

il COMPENSATING
NEEDLE
VALVE

3180

Fig. 6 - Typical Synchronizing Motor Mounting
and Drive Assembly

DROOP MAXIMUM DROOP
ADJUSTING SETTING SCREW
KNOB

SLIDER
ARM
MINIMUM DROOP
SETTING SCREW 12295

Fig. 7 - External Droop Control on PSG
Isochronous Governor

approximately 8% higher than the rated full-load
speed.

3. Turn the maximum speed adjusting screw (Fig. 5)
in lightly until contact is felt with the linkage in the
governor.

4. Hold the screw and tighten the lock nut. Install the
ZOVernor cover.

Governors with Synchronizing Motor

On some hydraulic governors, a reversible electric
synchronizing motor (Fig. 6) is mounted on the
governor cover. This motor permits close adjustment
of the engine speed by remote control. This feature is
especially valuable when synchronizing two generators
from a central control panel.

When the two-way control switch on the central
control panel is closed by the operator, the motor shaft
turns the governor speed adjusting shaft by means of
the reduction gear and slip coupling. The direction of
rotation (clockwise or counterclockwise) is dependent
upon the position of the switch. When the desired
engine speed is indicated on a tachometer or
frequency meter on the panel, the operator returns the
switch to the “OFF” position.

If the switch is held in the “Lower Speed” position too
long, the synchronizing motor will continue to lower
the engine speed until it ultimately shuts the engine
down. Should the switch be held too long in the “Raise
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Speed” position, the motor will turn the governor
shaft until the shaft strikes the maximum speed
adjusting screw, after which the clutch will slip and the
motor will continue to run at a slightly reduced speed
without further effect.

The adjustments on the governor equipped with a
synchronizing motor are the same as on units without
a synchronizing motor. The synchronizing motor is
used in place of the vernier throttle control knob to
raise and lower the engine speed.

The governor cover and motor assembly must be
removed when setting the engine droop. The desired
engine speeds may be obtained by manually turning
the worm drive while the cover is removed.

Governors with External Droop Control

Some PSG governors have an external adjustable
droop control to enable droop adjustment without the
removal of the governor cover. Units having a
governor with this feature may be paralleled with
another unit that is operating at constant frequency
(zero droop). The incoming unit should have its droop
bracket set in the maximum position while it is being
paralleled and while operating in parallel. When it is
desired to stop the unit operating at constant
frequency, the load should be shifted to the incoming
unit and its governor droop bracket moved to zero
droop. The outgoing unit can then be adjusted to
maximum droop, removed from the line and stopped.
The incoming unit will now be carrying the load and
operating at constant frequency (zero droop).

Adjustment of governor droop by the external
adjustable droop control should be performed as
follows:

1. Start the engine, and run it at approximately one-
half the rated full-load speed until the lubricating oil
temperature stabilizes.

2. Remove the load from the engine.

3. Back off the needle valve to release any air that may
be trapped in the system. Turn the needle valve in

slowly to reduce governor hunting. The correct needle
valve setting will be between 1/8 and 1/2 turn open.

4. Back out the minimum and maximum droop setting
SCTEWS.

5. Loosen the droop adjusting knob (Fig. 7) and move
the slider all the way in toward the engine, and then
tighten the knob.

6. Loosen the lock nut on the maximum speed
adjusting screw and turn the screw out until 5/8” of
the threads are exposed.

7. With the engine operating at the recommended full-
load speed, apply the full rated load and re-check the
engine speed. If required, re-adjust the engine to full-
load speed by means of the synchronizing motor.

8. Remove the load and note the engine speed. If the
zero droop setting is correct, the engine speed will
remain constant. If the engine speed is higher, loosen
the droop adjusting knob and set the slider to a
reduced droop position.

9. When the desired minimum droop setting is
reached, loosen the lock nut and turn the minimum
droop setting screw inward until it contacts the droop
linkage within the governor. This will be felt by a step-
up of resistance while turning the adjusting screw.
Lock the adjusting screw.

10. Loosen the droop adjusting knob and slide the
droop bracket in a direction to increase the droop.

Perform Steps 7 and 8 to check the droop until the
desired maximum droop is attained.

11. When the desired maximum droop setting is
reached, loosen the lock nut and turn the maximum
droop setting screw inward until it contacts the droop
slider arm. Lock the adjusting screw.

12. Recheck the minumum and maximum droop
setting as outlined in Steps 7 and 8 and adjust the
adjustment screws if necessary until the correct settings
are attained.

13. Adjust the maximum no-load speed.
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MECHANICAL OUTPUT SHAFT GOVERNOR AND LINKAGE ADJUSTMENT

A Pierce mechanical governor is used to maintain a
near constant output shaft speed on engines equipped
with a torque converter. The governor may be
mounted at the front of the engine (Fig. 1) and driven
by a flexible shaft from the converter output shaft, or
may be mounted on the torque converter and gear
driven from the output shaft (Fig. 2).

Lubrication for the direct driven governor is provided
by an external oil line from the torque converter. The
engine mounted governor is lubricated by engine oil
contained within the governor housing. The governor
sump is filled through the hinged cap oiler until the oil
begins to drip out of the oil level hole. After filling, a
plug is installed in the oil level hole to prevent
leakage.

The output shaft governor is connected to the engine
governor by control rods and levers (Figs. 1 and 2).
The control rod end ball joints are sealed assemblies
and do not require lubrication. However, the throttle
control shaft bearings should be lubricated periodi-
cally with all purpose grease through the grease
fittings. Other moving parts of the control linkage
should be lubricated with engine oil.

The centrifugal force of the revolving output shaft
governor flyweights is converted into linear motion
which is transmitted through a riser, thrust bearing,
operating fork, and rocker shaft to an external speed
adjusting spring. The speed of the torque converter
output shaft is governed by the tension of the speed

adjusting spring. This spring tension is established by
the operator when he moves the output shaft governor
speed adjusting lever to the desired speed setting.

The engine governor operating lever is positioned by
the operator to limit the maximum fuel input to the
engine. For most purposes, such as drag line and
shovel operation, the lever is advanced to its maximum
position to permit the output shaft governor to obtain
full power from the engine. The lever may be used as
an overrule lever when performing such jobs as laying
of structural steel. A spring is used to return the lever
to the idle position. Travel of the governor operating
lever is limited by a stop (bolt).

The engine governor throttle control lever is pinned to
the throttle shaft. The engine governor operating lever
is mounted below the throttle control lever and rides
on the throttle shaft boss on the governor cover. The
output shaft governor lever is mounted above the
throttle control lever and is retained on the shaft by a
snap ring. A stop pin, pressed into the throttle control
lever, transmits movement of the output shaft
governor lever and/or engine governor operating lever
through the throttle control lever to the injector racks.
The torsion spring, used to retain the throttle control
lever stop pin against the output shaft governor lever,
yields to permit the governor operating lever to move
the throttle control lever toward the idle position,
regardless of the position of the output shaft governor
lever. A slot in the underside of the governor cover
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Fig. 1 - Flexible Shaft Driven Qutput Shaft Governor and Linkage
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Fig. 2 - Gear Driven Output Shaft Governor and Linkage

hub limits the travel of the throttle control lever in Operation
both its maximum and minimum speed positions. ..
peed p When the output shaft governor speed adjusting lever

is advanced, the tension on the speed adjusting spring

is increased. The force resulting from the increased
Movement of the output shaft governor speed spring tension is t itted th h the rocker shaft
adjusting lever is limited by the maximum and lp ring fension 15 transmitied LIrOUgh e r 11
minimum speed adjusting bolts. ever and control linkage to the throttle control lever

which advances the injector racks. Engine speed
increases, as a result of the increased fuel, until the

The engine shutdown lever is connected through a output shaf? governor vyelght force 18 S“f.ﬁ“e“‘ o
shaft to another lever, under the governor cover, which balance the Incr eased'spr ing tension. The ygghts then
bears against the pin in the differential lever. To stop move against the spring and reduce the injector rack
the engine, the shutdown lever is used to move the fuel setting to an amount sufficient to maintain the
differential lever to the no-fuel position. higher engine speed setting.
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Should the operator move the speed adjusting shaft
lever to a decreased speed position, the tension on the
speed adjusting spring will decrease and the governor
.weights will overcome the spring tension and move the
rocker shaft lever to a decreased fuel position. The
engine speed will be reduced until the force of the
output shaft governor weights equals the tension of the
speed adjusting spring. The engine will then operate at
the desired reduced engine speed.

When a load is applied to the unit, the output shaft
slows down and the force exerted by the governor
fiyweights is reduced, allowing the spring to move the
rocker shaft lever to an increased fuel position to
provide sufficient power to equal the new load.

When the load on the unit is removed, the output
shaft speed will increase and the force exerted by the
governor flyweights will increase, overcoming the
spring tension and moving the rocker shaft lever to a
decreased fuel position to reduce the power to match
the reduced load.

Tune-Up

Adjust the exhaust valve clearance, time the injectors
and adjust the engine and output shaft governors as
follows:

1. Adjust the exhaust valve clearance and time the fuel
injectors.

2. Disconnect the output shaft governor rod and the
linkage to the engine governor operating lever. Then
adjust the engine governor as outlined under Limiting
Speed Mechanical Governor and Injector Rack Control
Adjustment.

NOTE: Set the no-load engine speed to that
specified on the engine option plate. The no-
load speed varies with the converter used and
the maximum output shaft speed setting.

3. Reconnect the linkage to the governor operating
lever and check the total travel of the operating lever.
The lever should move to the stop (bolt) in one
direction and the governor lever return spring should
move the lever, in the other direction, until the throttle
control lever reaches the end of its travel.

4. Move the governor operating lever to the maximum
speed position (against the stop bolt).

5. Move the output shaft governor rocker shaft lever to
the maximum fuel position and retain it by moving
the speed adjusting lever to the full-speed position.
Then move the output shaft governor lever and the
throttle control lever together to the maximum speed
position and retain them there.

NOTE: This operation closes the low speed gap
which may require more torque than is
available from the torsion spring between the
above two levers. Thus, it is important that they
be held together, permitting no space between
the throttle control lever pin and the arm of the
output shaft governor lever.

6. Adjust the flexible-shaft driven output shaft
governor rod length until it will just slide into the
inner hole of the output shaft governor lever (Fig. 1).
Then increase the length of the rod until there is
approximately .020” clearance between the stop pin
and the output shaft governor lever, and the bend in
the rod is positioned as shown in Fig. 1. Tighten the
adjustment.

To adjust the linkage between the output shaft
governor (mounted on the torque converter) and the
engine governor, loosen the output shaft governor rod
clamping bolt in the ball joint in the rear cross shaft
lever (Fig. 2). Next, move the output shaft governor
rod until there is approximately .020’ clearance
between the stop pin and the output shaft governor
lever. Then tighten the clamping bolt securely.

NOTE: The engine governor control rod is
connected to the outer bolt hole in the output
shaft governor lever on units equipped with a
rear mounted output shaft governor.

7. Adjust the governor operating lever return spring by
retaining the rocker shaft lever in the full-speed
position and increasing the tension on the spring by
adjusting the eyebolt and nuts, unti} the tension of the
torsion spring is overcome and the throttle control
lever is moved against its stop in the idle position.

8. Move the output shaft governor speed adjusting
lever to the minimum speed position and start the
engine.

9. Advance the output shaft governor speed adjusting
lever to the desired maximum output shaft speed and
adjust the maximum speed adjusting bolt to retain the
lever.

10. Move the output shaft governor speed adjusting
shaft lever to the desired minimum speed position and
adjust the minimum speed adjusting bolt to retain the
lever.

11. Recheck the output shaft maximum and minimum
speeds and readjust the position of the speed adjusting
bolts, if necessary.

12. To check the unit for stability as affected by
governor speed droop, move the speed adjusting shaft
lever, with the engine operating at no load, to the
maximum speed position. Then move the output shaft
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governor rod to cause a speed decrease of several NOTE: The eye of the bolt must be in a
hundred rpm. Release the rod and check for hunting horizontal plane to avoid twisting the spring.
when the governor returns the engine to the maximum
speed setting. If the engine stabilizes in less than three b. Reset the maximum engine no-load speed. if
surges, the droop may be set too high; if the engine ’ . ng peed,
does not stabilize in five surges, the droop may be set necessary, as outlined in Steps 9 and 10.

too low. Set the speed droop as follows:

c. Recheck the speed droop. The engine speed should
be stable when the governor droop is 7-1/2% to
10% of the full-load speed. For example, at an
output shaft speed setting of 1800 rpm full load,

a. If the engine hunts less than three surges, back off
the inner speed adjusting spring eyebolt nut one
full turn and tighten the outer nut one turn to
retain the adjustment. If the engine hunts more

than five surges, back off the outer speed adjusting the output shaft speed droop should be 150 to 200
spring eyebolt nut one full turn and tighten the rpm. Therefore, the no-load output shaft speed
inner nut one turn to retain the adjustment. should be set at 1950 to 2000 rpm.
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HYDRAULIC OUTPUT SHAFT GOVERNOR AND LINKAGE ADJUSTMENT

A hydraulic governor is used to maintain a near
constant output shaft speed on engines equipped with
a Series 500 or larger Torqmatic converter. The
governor is mounted on the converter and gear driven
from the output shaft.

The output shaft governor is connected to the engine
governor by control rods and levers (Figs.] and 2).
The control rod end ball joints are sealed assemblies
and do not require lubrication. However, the throttle
control shaft bearings should be lubricated periodi-
cally with all purpose grease through the grease

fittings. Other moving parts of the control linkage
should be lubricated with engine oil.

In most applications, such as drag line and shovel
operation, it is desirable to have the output shaft
governor control the fuel input to maintain a relatively
constant output shaft speed. The output shaft speed
will be constant up to full power of the engine, except
for the amount of governor droop. The speed setting
of the engine governor must be sufficiently higher than
the speed setting of the output shaft governor so the
engine governor will not reduce the fuel input to the
engine before full power is required by the output
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TAILSHAFT TAILSHAFT
SPEED SPEED
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OPPOSITE SIDE
OF GOVERNOR
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1 Lever--Throttle Control 9 Bolt
2 Lever--Shut Down 10 Lever--Output Shoft
3 Llever--Governor Operating Governor Control
4 Llock Nut--Turnbuckle 11 Rod--Output Shaft
5 lock Nut--Turnbuckle Governor
6 Lever--Throttle Control 12 Lever--Speed

Rear Cross-Shaft Control
7 Rod--Engine Governor 13 Wing Nuts--Speed
8 Turnbuckle Adjusting

14 Link--Sliding

15 Boit

16 Screw--Maximum Speed
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17 Screw--Minimum Speed
Limit Adjusting

18 Screw--Maximum Fuel
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19 Spring--Governor
Lever Return

20 Lever--Output Shaft
Governor

21 Pin--Stop

22 Bolt--Stop

23 Spring--Torsion

FIG. 1 - Hydraulic Output Shaft Governor and Linkage (Type A)
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shaft governor. As load is applied to the output shaft,
the output shaft speed will decrease gradually up to
the amount of the output shaft governor droop at full
load. At the same time, the engine speed will gradually
increase until full load is reached.

In some types of operation, such as laying of structural
steel, it is desirable to operate the unit with a very low
output shaft speed. This speed could be so low that the
output shaft governor ball head assembly would not
actuate the governor pilot valve and spring seat
assembly. In such applications, the engine governor
operating lever (6), Fig. 1, or the remote throttle
control lever (1), Fig. 2, used as an overrule lever, can
be moved toward the idle speed position sufficiently to
provide the desired low output shaft speed. Output
shaft speeds down to zero can be obtained through
this type of engine governor control. The engine
governor would maintain control unless the output
shaft speed increased to the speed setting of the output
shaft governor.

Two types of governor control linkages are in use. The
adjustment procedure for each type is outlined in the
following paragraphs.

Adjustments (Type A - Fig. 1)

The engine governor throttle control lever (Fig. 1) is
pinned to the throttle shaft. The engine governor
operating lever is mounted below the throttle control
lever and rides on the throttle shaft boss on the
governor cover. The output shaft governor lever is
mounted above the throttle control lever and is
retained on the shaft by a snap ring. A stop pin,
pressed into the throttle control lever, transmits
movement of the output shaft governor lever and/or
engine governor operating lever through the throttle
control lever to the injector racks. The torsion spring,
used to retain the throttle control lever stop pin
against the output shaft governor lever, yields to
permit the governor operating lever to move the
throttle control lever toward the idle position,
regardless of the position of the output shaft governor
control lever. A slot in the underside of the governor
cover hub limits the travel of the throttle control lever
in both the maximum and minimum speed positions.

The engine shutdown lever is connected through a
shaft to another lever, under the governor cover, which
bears against the pin in the differential lever. To stop
the engine, the shutdown lever is used to move the
differential lever to the no-fuel position.

The following linkage and governor adjustments
should be made with the engine stopped, after the
limiting speed engine governor has been adjusted as

outlined under Limiting Speed Mechanical Governor
and Injector Rack Control Adjustment.

1. Connect the linkage to the governor operating lever
(Fig. 1) and check the total travel of the lever. The
lever should move to the stop oolt in one direction and
the governor lever return spring should move the
lever, in the other direction, until the throttle control
lever reaches the end of its travel.

2. Move the governor operating lever to the maximum
speed position (against the stop bolt).

3. Move the output shaft governor control lever to the
full-fuel position and retain it by moving the speed
control lever to the maximum speed position. Then
move the output shaft governor lever (on the engine
governor cover) and the throttle control lever together
to the maximum speed position and retain them there.

NOTE: This operation closes the low speed gap
(in the engine governor) which may require
more torque than is available from the torsion
spring between the two levers. Thus, it is
important that they be held together, permit-
ting no space between the throttle control lever
pin and the arm of the output shaft governor
lever.

4. To adjust the linkage between the output shaft
governor and the engine governor, loosen the output
shaft governor rod clamping bolt in the ball joint in
the rear cross-shaft lever. Next, move the output shaft
governor rod until there is approximately .020 " clear-
ance between the stop pin and the output shaft
governor lever. Then tighten the clamping bolt
securely.

NOTE: The engine governor control rod is
connected to the outer bolt hole in the output
shaft governor lever.

5. To adjust the governor operating lever return
spring, retain the output shaft governor control lever
in the full-fuel position and increase the tension on
the spring by adjusting the eyebolt and lock nuts until
the tension of the torsion spring is overcome and the
throttle control lever is moved against the stop in the
idle position.

Final Adjustments

Move the output shaft governor lever in the idle speed
position and start the engine.

After the engine reaches normal operating tempera-
ture, advance the output shaft governor speed control
lever to the maximum speed position and check the

Page 120



DETROIT DIESEL

Engine Tune-Up

INCREASE DECREASE
TAILSHAFT TAILSHAFT
SPEED

VIEW OF
OPPOSITE SIDE
OF GOVERNOR

11846

22
\ = = A
’?‘{f ‘\m“"r( ¥
13 12 e C‘\ ilg !
. l e ”
o

! Lever--Remote Throttle Control

2 lever--Governor Throttle
Control

3 Bolt

4 Lever--Governor Stop

5 Cam--Governor

6 Lever--Governor Speed
Control

7 Spring--Repulsing

Rear Cross-Shaft
12 Rod-~Throttle
13 Turnbuckle
14 Bolt

Governor Control

8 Lock Nut--Turnbuckle
9 Lock Nut--Turnbuckle
11 Lever--Throttle Control 20 Bearing--Rod End 28 Screw--Maximum Speed

15 Lever--Output Shaft

18 Lock Nut 26 Link--Sliding
19 Bolt--Spring 27 Bolt

21 Rod--Throttle Limit Adjusting
22 Bearing--Rod End 29 Screw--Minimum Speed
24 lLever--Speed Limit Adjusting

Control 30 Screw--Maximum Fuel
25 Wing Nuts--Speed Adjusting
Adjusting

Fig. 2 - Hydraulic Output Shaft Governor and Linkage (Type B)

Torgmatic converter output shaft speed. This speed
will vary depending upon engine application.

If it is necessary to adjust the output shaft speed,
loosen the wing nuts on the sliding link and move the
speed control Jever to increase or decrease the speed as
needed.

The output shaft governor is driven through the
converter and there is a high droop. Therefore, the no-
load speed setting should be at least 150 rpm higher
than the desired full-load speed setting. Tighten the
wing nuts after completing the adjustment.

CAUTION: Do not set the Torqmatic converter
output shaft speed in excess of the speed

specified by the equipment manufacturer, to
prevent damage to the driven machinery.

It will be noted during engine operation that the
minimum droop will vary between 150 and 175 rpm. If
the droop requires adjustment, move the droop bracket
(inside the output shaft governor) to decrease or
increase the amount of droop.

NOTE: To compensate for the output shaft
speed droop, the engine no-load speed must be
set approximately 175 rpm above the required
engine full-load speed.

Move the output shaft governor speed control lever to
the idle speed position and adjust the idle speed by

means of the minimum speed limit adjusting screw.
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The maximum fuel adjusting screw and the maximum
speed limit adjusting screw are not used and should be
backed out to prevent interference.

Adjustments (Type B - Fig. 2)

The following linkage and governor adjustments
should be made with the engine stopped and after the
limiting speed engine governor has been adjusted as
outlined under Limiting Speed Mechanical Governor
and Injector Rack Control Adjustment.

1. Place the remote throttle control lever (1), Fig. 2, in
the maximum speed position.

2. Move the governor speed control lever (6) and
governor stop lever (4) into the “idle” notch in the
governor cam (5). The repulsing spring (7) should be
fully compressed when the stop lever reaches the
“idle” notch of the governor cam.

If the repulsing spring is not fully compressed, loosen
the bolt (3) in the governor speed control lever and
move the lever until the spring is compressed.

If the repulsing spring becomes fully compressed
before the governor stop lever reaches the “idle” notch
in the governor cam, loosen the bolt (3) in the
governor speed control lever and manually move the
stop lever into the “idle” notch.

3. Hold the governor stop lever (4) halfway between
the idle and maximum speed positions and loosen the
lock nuts (8) and (9). Adjust the turnbuckle (13) so the
rear cross-shaft lever (11) is vertical.

4. Loosen the bolt (14) and remove the output shaft
governor control lever (15). Place the governor stop
lever (4) into the idle position by moving the rear
cross-shaft lever (11) and reinstall the output shaft
governor control lever.

NOTE: Move the rear cross-shaft lever (11) into
the maximum speed position and check to see
that there is no binding between the clevis on
the end of the throttle rod (21) and the output
shaft governor control lever (15).

5. Move the governor stop lever (4) into the maximum
speed position in the governor cam (5) and check to
see that there is 1/32” to 1/16” clearance between the
rod end bearing (20) and the hex head of the spring

bolt (19). If the clearance is not correct, loosen the lock
nut and adjust the spring bolt.

6. Manually hold the governor stop lever (4) in the idle
position. Loosen the lock nuts (8) and (9) and adjust
the turnbuckle (13) until the shoulder on the throttle
rod (12) just contacts the rod end bearing (22) and
holds the stop lever in the idle position.

Final Adjustments

Place the remote throttle control lever (1) in the “mid-
position”, then start the engine. After the engine
reaches normal operating temperature, place the
remote throttle control lever in the maximum speed
position and check the Torgmatic converter output
shaft speed. This speed will vary depending upon
engine application requirements.

If it is necessary to adjust the output shaft speed,
loosen the wing nuts on the sliding link as needed and
move the speed control lever to increase or decrease
the speed.

The Torqmatic converter hydraulic output shaft
governor is driven through the torque converter and
there is a high droop. Therefore, the no-load setting
should be at least 150 rpm higher than the desired
full-load setting. Tighten the wing nuts after
completing the adjustment.

CAUTION: Do not set the output shaft speed in
excess of the speed specified by the equipment
manufacturer, to prevent damage to the driven
machinery.

During engine operation, it will be noted that the
minimum droop will vary between 150 and 175 rpm. If
the droop requires adjustment, move the droop bracket
(inside the hydraulic output shaft governor) to
decrease or increase the amount of droop.

NOTE: To compensate for the output shaft
speed droop, the engine no-load speed must be
set approximately 175 rpm above the required
engine full-load speed.

In the application of a hydraulic governor, the
maximum fuel adjusting screw (30) and the maximum
speed limit adjusting screw (28) are not used and
therefore should be backed out to prevent any
interference.

Page 122



DETROIT DIESEL

Engine Tune-Up

DUAL HYDRAULIC SGT GOVERNOR AND INJECTOR RACK CONTROL
ADJUSTMENT

A dual hydraulic governor assembly is used with
certain torque converter applications. This governor
consists of two sets of flyweights and pilot valve
assemblies that are interconnected to operate a single
servo piston. One set of flyweights is driven by the
engine. The other set is driven through a flexible shaft
by the output shaft. The governor assembly used on a
particular engine may have either single (Fig. 1) or
dual (Fig. 3) speed control levers.

The control lever, on the single lever type governor, is
attached to the output shaft governor speed adjust-
ment shaft (Fig. 1). The engine governor and the
output shaft governor speed adjusting shaft arms are
linked together by a “slip-joint™ link (Fig. 2).

On the single lever type governor, the control lever has
two distinct arcs of travel. In the first arc of travel
(used to obtain the desired engine speed), the control
lever moves the engine governor speed adjusting shaft
arm to a point between the engine idle and maximum
speed positions. In the second arc of travel (used to set
the desired output shaft speed, the pin located at the
lower end of the output shaft governor speed adjusting
shaft arm “picks-up” the output shaft governor
floating lever assembly. The movement of the
governor control lever in the second arc of travel is
opposed by the “slip-joint” linkage spring.

The two lever control of the dual lever type governor
assembly has one of the control levers attached to the
engine governor speed adjusting shaft and is used to
control the engine governor. The other control lever is
attached to the output shaft governor speed adjusting
shaft and controls the output shaft governor.

In both the single lever and dual lever type governors,
oil is pumped through the engine governor pilot valve
to the output shaft governor pilot valve and then to a
single common servo piston. The servo piston operates
a terminal lever which in turn controls the position of
the fuel rod connected to the injector control tube
lever.

Pull out the fuel rod knob (Figs. 1 and 3) when it is
necessary to stop the engine. ‘

Adjustments

The following linkage and governor adjustments
should be made after the engine has reached normal
operating temperature and has been stopped.

Check the injector racks, injector control tube and
remote throttle control linkage for freedom of
movement before adjusting the governor to make sure
the adjustments are necessary.

FUEL ROD
FUEL ROD COLLAR

FUEL ROD EXTENSION

—)

FUEL ROD

LOW SPEED STOP SCREW ENGINE IDLE SPEED

GOVERNOR CONTROL LEVER IN ENGINE MAXIMUM
AND/OR QUTPUT SHAFT MINIMUM SPEED POSITION

LEVER POSITION FOR

LEVER POSITION FOR OUTPUT
§HAFT MAXIMUM SPEED

l

HIGH SPEED

FIRST ARC
OF TRAVEL

;.r/ STOP SCREW

=

SECOND ARC
OF TRAVEL

MAXIMUM FUEL ADJUSTING
{LOAD LIMIT) SCREW

MAXIMUM SPEED STOP SCREW

00 B0

FUEL ROD KNOB

DRIVEN FROM ENGINE

naiz

DRIVEN FROM OUTPUT SHAFT

Fig. 1 - Single Lever Dual Hydraulic Governor
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Adjust Fuel Rod (Engine Stopped)

1. Remove the valve rocker cover. Loosen all of the
inner and outer injector rack control lever adjusting
screws. Be sure all of the levers are free on the injector
control tube.

2. Loosen the lock nut on the engine governor load
limit adjusting screw (Fig. 1). Back the screw out until
the end of the screw is flush with the face of the boss
and tighten the lock nut.

3. Loosen the fuel rod lock nut and unscrew the
shutdown knob and rod extension.

4. Turn the lock nut so 3/16” to 1/4" of the fuel rod
extends beyond the nut.

5. Replace the fuel rod extension and knob and
tighten the extension against the lock nut.

Position Injector Rack Control Levers

After the fuel rod is properly adjusted, adjust the
injector rack control levers as follows:

1. Turn the outer adjusting screw of the No. 1 injector
rack control lever in until a slight movement of the
injector control tube lever is observed. Then tighten
the inner adjusting screw.

2. Pull the fuel
1/16’” movement.

rod out and check for

If the movement exceeds the specified amount, back

off the inner adjusting screw approximately 1/8 of a
turn and tighten the outer adjusting screw.

If the movement is less than the specified amount,
back off the outer adjusting screw approximately 1/8
of a turn and tighten the inner adjusting screw.

3. Remove the clevis pin and disconnect the fuel rod
from the injector control tube lever.

4. Manually hold the No. 1 injector rack control lever
in the full-fuel position and turn the inner adjusting
screw into the No. 2 injector rack control lever until
the injector rack has moved into the full-fuel position
and the inner adjusting screw is bottomed on the
injector control tube. Turn the outer adjusting screw
down until it bottoms lightly on the injector control
tube. Then alternately tighten both the inner and outer
adjusting screws.

5. Recheck the No. 1 injector rack to make sure that it
has remained snug on the ball end of the injector rack
control lever while adjusting the No. 2 injector rack. If
the rack of the No. 1 injector has become loose, back
off the inner adjusting screw slightly on the No. 2
injector rack control lever. Tighten the outer adjusting
screw.

When the settings are correct, the racks of both
injectors must be snug on the ball end of their
respective rack control levers.

Position the remaining injector rack control levers as
outlined in Steps 4 and 5.

6. Connect the fuel rod to the injector control tube
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lever and replace the clevis pin; the clevis pin must
rotate freely. Replace the valve rocker cover.

Adjust Load Limit

The load limit is set at the factory and further
adjustment should be unnecessary. However, if the
governor has had major repairs or the injector rack
control levers have been repositioned, the load limit
screw should be adjusted.

With the injector rack control levers properly adjusted,
the load limit may be set as follows:

1. Place the fuel rod and the terminal lever in the full-
fuel position (some improvised method may be
employed to hold the fuel rod in the full-fuel
position).

2. Loosen the lock nut on the load limit adjusting
screw. Turn the adjusting screw until a .020 " gap exists
between the terminal lever and the fuel rod collar.
Hold the screw and tighten the lock nut.

Adjust Engine Governor

1. Loosen the lock nut and back out the output shaft
governor maximum speed stop screw (Fig. 2) until it
extends approximately 1’ from the face of the lock
nut when the nut is tight against the housing.

2. Back out the output shaft governor anti-stall

adjusting screw until it projects 1/2” above the anti-
stall lever.

3. Loosen the output shaft governor low speed stop
screw lock nut and turn the screw until it projects
5/16" above the upper face of the lock nut when the
nut is tight against the governor body.

4. Disconnect the output shaft governor flexible drive
shaft at the governor.

5. Position the engine governor droop adjusting
bracket so the adjusting screw is an equal distance
from either end of the slot.

Adjust Engine Governor
1. Start and warm up the engine.

2. Loosen the lock nut on the engine governor
maximum speed stop screw (Figs. 1 and 2) and back
out the screw until it projects 5/8” from the face of
the lock nut when the nut is tight against the governor
body.

3. Position the engine governor control lever, using the
remote throttle control, so that the engine is running at
the specified maximum no-load speed shown on the
unit name plate. Then turn the maximum speed stop
screw in until it contacts the speed adjusting lever.
Tighten the lock nut.

4. Loosen the lock nut on the engine governor low
speed stop screw and turn the screw until it projects
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Fig. 4 - Schematic Diagram of Two Lever Dual Governor

3/4” from the governor body when the nut is tight
against the governor body.

5. Position the engine governor speed control lever,
using the remote throttle control, so the engine is
running at the specified no-load idle speed. Then turn
the low speed stop screw until it contacts the governor
speed adjusting shaft arm. Tighten the lock nut.

NOTE: The idle speed should be 500 rpm or
more.

6. Adjust the governor speed droop bracket, if
necessary, to obtain the minimum droop to stabilize
the engine.

NOTE: Droop is the difference or loss in rpm
from maximum no-load speed to maximum
full-load speed. An insufficient speed droop will
cause “hunting” or “surging”. A normally
operating engine may surge three or four times
before stabilizing.

Move the governor speed droop bracket toward the
engine to decrease the speed droop and away from the
engine to increase the speed droop. Stop the engine
after making the necessary adjustments.

Adjust Output Shaft Governor

1. Reconnect the flexible drive shaft to the output
shaft governor. Start the engine and make sure the
ball head assembly of the output shaft governor is

turning.

2. Adjust the output shaft governor speed droop

bracket, if necessary, to stabilize the engine. Moving
the bracket toward the engine decreases the droop and
moving the bracket away from engine increases the
amount of droop.

3. On single lever type governor assemblies, position
the governor control lever, using the remote throttle
control, in the output shaft minimum speed position.

On dual lever type governor assemblies, position the
output shaft governor control lever, using the remote
throttie control, in the low output shaft speed position
(Fig. 3).

Dual governor assemblies with the “single” control
lever incorporating the “slip-joint” linkage may have
the linkage adjusted to provide a “lag” or “dwell”
between the throttle position at which the no-load
maximum engine speed is reached and the throttle
position at which the output shaft speed begins to
increase (as the governor control lever is moved
toward the output shaft maximum speed position).
This “lag” is usually governed by the type of
application (or provided for the convenience of the
operator) and permits movement of the control lever
toward full output shaft position, for a short distance,
without a corresponding change in output shaft speed.
The “slip-joint” may be lengthened or shortened by
loosening the lock nut and turning the turnbuckle until
the desired adjustment is made. Lengthening the
linkage will decrease and shortening the linkage will
increase the “lag”.

4. On single lever type governor assemblies, position
the governor control lever, using the remote throttle
control, so that the output shaft is running at the
maximum speed desired (usually shown on one of the

Page 126



DETROIT DIESEL

Engine Tune-Up

unit name plates); then run in the output shaft
governor maximum speed stop screw until it contacts
the output shaft governor speed adjusting shaft arm.
Tighten the lock nut.

On dual lever type governor assemblies, position the
output shaft governor control lever, using the remote
throttle control, so that the output shaft is running at
the maximum speed desired (usually shown on one of
the unit name plates). Then turn in the output shaft
governor maximum speed stop screw until it contacts
the output shaft governor speed adjusting shaft arm.
Tighten the lock nut.

5. Loosen the output shaft governor low speed stop
screw lock nut and back out the screw until the desired
minimum output shaft no-load speed is obtained.
Tighten the lock nut.

6. On single lever type governor assemblies, position
the governor control lever, using the remote throttle

control, in the minimum speed position. Then turn in
the anti-stall screw (Fig. 2) until the anti-stall lever
just contacts the anti-stall rod. This can be checked by
lightly pressing the outer end of the anti-stall lever
(side opposite screw) with a screw driver. The screw
will be adjusted correctly when a slight increase in
output shaft speed is noted when the lever is depressed
slightly with a screw driver.

On dual lever type governor assemblies, position the
output shaft governor control lever, using the remote
throttle control, in the minimum speed position. Then
turn in the anti-stall screw until the anti-stall lever just
contacts the anti-stall rod. This can be checked by
lightly pressing the outer end of the anti-stall lever
(side opposite screw) with a screw driver. The screw
will be adjusted correctly when a slight increase in
output shaft speed is noted when the lever is depressed
slightly with a screw driver.

7. Replace the governor cover.
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THROTTLE ADJUSTMENTS FOR LOAD EQUALIZATION -
TWIN AND QUAD UNITS

Each twin unit consists of two engines and each quad
unit has four engines connected through clutches to a
common gear box. The throttle adjustment is made so
that each engine of a twin or quad unit will carry its
share of the load. Throttle adjustments are divided
into two groups, depending on the type of governor
used, as follows:

1. Twin or quad units with limiting or variable speed
mechanical governors.

2. Tandem twin marine units with variable speed
mechanical governors.

THROTTLE ADJUSTMENT FOR LOAD EQUALIZATION ON TWIN OR QUAD UNITS WITH

LIMITING SPEED MECHANICAL GOVERNORS

The tune-up of each engine is very important in the
adjustment of twin and quad units because the engines
must be synchronized to enable each to carry its full
share of the load.

Disconnect the control rods (8), Fig. 2, from the
governor speed control levers (2) and perform a tune-
up on each engine before adjusting the throttle control
linkage. Then, with the engines stopped, proceed as
follows:

1. Check the stop lever and the governor speed control
lever and make sure the levers are in alignment. The
upper one must be exactly over the lower. Loosen the
bolt in the upper lever and adjust the lever if
necessary.

2. Make sure that each throttle control lever is locked
in place on the quadrant by the latch pin (Fig. 1).

BEARING -
™ I

MASTER
LEVER

CN S

BRACKET

i
QUADRANT

Fig. 1 - Throttle Control Cross Shaft Assembly
- Twin and Quad Units

3. Move the master throttle control lever to the
maximum speed position.

4. Make sure the governor speed control lever is in the
maximum speed position. The pin in the stop lever
must be in contact with the end of the slot in the
governor cam.

5. If the governor speed control lever is not in the
maximum speed position, loosen the two lock nuts (7)
and adjust the turnbuckles (4), Figs. 2 and 3.

6. Tighten the turnbuckle lock nuts and recheck the
position of the governor speed control levers.

CAUTION: Use care when tightening the lock
nuts to prevent misalignment of the rod end
bearings (5), Figs. 2 and 3.

7. Disengage the clutches, place the master control
lever in the idle speed position and start the engines.

8. After the engines are warmed up, move the master
control lever to the idle speed position and check the
idle speed of each engine.

9. Move the master control lever to the maximum
speed position and check the no-load speed of each
engine.

10. Move the master control lever so the unit is
operating at approximately 200 rpm below the normal
no-load speed.

The engines in the unit should be running within 50
rpm of each other. Then check the unit in the same
way at 400 rpm and again at 600 rpm below the no-
load speed.

If this procedure does not bring the engines within
correct synchronization, recheck each engine for poor
compression, faulty injectors, low fuel pressure, or

Page 128



DETROIT DIESEL Engine Tune-Up

1 Cover--Governor 5 Bearing~-Rod End 9 Lever--Master Throttle 12 Lever--Throttle Control

2 Lever--Governor Speed 6 Bolt Control 13 Bracket=~Throttle
Control 7 Lock Nut--Turnbuckle 10 Clevis--Control Rod Control Shaft

3 Cam --Governor 8 Rod--Throttle 11 Lock Nut--Clevis 14 Quadrant --Throttle

4 Turnbuckle Control Control

Fig. 2 - Diagram of Throttle Control Linkage for Quad Units with Limiting Speed Mechanical
Governors
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9 Lever--Master
Throttle Control
10 Clevis-—Control Rod
11 Lock Nut--Clevis
4 Turnbuckle 12 Lever-=Throttle Control
5 Beoring Rod End 13 Bracket=-Throttle
6 Bolt Control Shaft
7 Lock Nut-~Turnbuckle 14 Quadrant-=Throttle
8 Rod--Control Control

1 Cover--Governor
2 Lever--Governor
Speed Control
3 Cam--Governor

Fig. 3 - Diagram of Throttle Control Linkage for Twin Units With Limiting Speed Mechanical
Governors

other conditions which may cause unsatisfactory
engine operation.

11. Install the valve rocker covers.

THROTTLE ADJUSTMENT FOR LOAD EQUALIZATION ON SIDE-BY-SIDE TWIN OR QUAD
UNITS USING VARIABLE SPEED GOVERNORS

The tune-up of each engine is very important in the
adjustment of twin and quad units because the engines
must be synchronized to enable each to carry its full
share of the load.

Disconnect the control rods (15) from the governor
speed control levers (2). On the side-by-side twin units,
remove the cross link equalizer spring (21) from the
cross link (6), Fig. 1. Loosen the screw (27) and
remove the master control equalizer spring (3), Fig. 2,

on quad units. Perform a tune-up on each engine
before adjusting the throttle control linkage.

Then, with the engines stopped, proceed as follows:

1. Check the control rod end link (20), Fig. 1, on each
engine. Make sure the bolt (3) is just touching the end
of the link in the idle position.

2. Make sure that each throttle control lever is locked
in place on the quadrant by the latch pin.
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1 Lever - - Stop 13 Lock Nut=--Throttle
Booster Spring Adjusting
14 Spring=--Throttle Booster

2 Lever--Speed Control
15 Rod=~Throttle Control

3 Bolt--Lever-to-Link
4 Turnbuckle--Cross 16 Lever--Master
Link Equalizer Throttle Control

5 Boss 17 Lever-~Throttle Control
6 Link--Equalizer 18 Bracket--Throttle

7 Turnbuckle Control Shaft

8 Lock Nut 19 Quadrant=--Throttle

9 Pin--Booster Spring Control
10 Bearing~-Rod End 20 Link-=Control Rod End
11 Bolt 21 Spring=-~Link Equalizer
12 Lock Nut=-Turnbuckle 22 Screw--Equalizer Spring

Fig. 1 - Diagram of Throttle Control Linkage
for Twin Units With Variabie Speed Mechanical
Governors

3. Move the master throttle control lever (16), Figs. 1
and 2, to the maximum speed position.

4. Make sure the governor speed control lever (2) is in
the maximum speed position. The pin in the stop lever
(1) must be in contact with the end of the slot in the
governor cam (Fig. 1).

5. If the governor speed control lever is not in the
maximum speed position, loosen the two lock nuts (12)
and adjust the turnbuckles.

6. Tighten the turnbuckle lock nuts and recheck the
position of the governor speed control levers.

CAUTION: Use care when tightening the lock

nuts to prevent misalignment of the rod end
bearings (10), Fig. 1.

If it is necessary to adjust the booster spring (14), set
the idle speed and proceed as follows:

a. Set the governor booster spring pin (9) 1/8" below
the over-center line B-B (Fig. 1).

b. Disengage the ciutches and start each engine.

c. Release each governor speed control lever (1)
individually from its maximum speed position
and note its return to the idle position. The lever
should return quickly.

d. Loosen the throttle booster spring retaining nut on
the governor control lever (2). Then loosen the nut
and lock nut on the throttle booster spring
eyebolt.

e. Move the bolt as necessary in the slot of the lever
to allow the speed control lever (2) to move from
the maximum speed position to the idle position.
Hold the bolt and tighten the spring retaining nut.

f. Turn the nut on the throttle booster spring eyebolt
as necessary to allow the speed control lever to be
moved to the maximum speed position with the
least amount of effort.

7. Reconnect the throttle control rods (15) to the levers.

8. Set the gap between the end of link (20) and
governor control lever (2) at 1/16”to 1/8” by
adjusting the lever on its shaft. While setting the gap,
the governor lever must be in the idle position and the
forward end of the slot in link (20) must be in contact
with the lever-to-link bolt (3).

9. Secure the master throttle control lever (16) in the
maximum speed position, then replace the link
equalizer spring (21) and secure it with the screw (22).

10. Loosen the turnbuckle lock nuts (12).

Adjust the turnbuckle until there is equal clearance
between each leg of the link equalizer spring and the
lower boss, with approximately .010” clearance on
each side.

11. Tighten the turnbuckle lock nuts and recheck the
clearance. Readjust them if necessary.

12. Lubricate the link joints of the equalizer linkage
with a few drops of engine oil. Move the master
throttle control lever (16) back and forth to check for
binding in the equalizer. The equalizer link (6) must
not rub inside the tube. Correct any binding that may
exist.
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1 Lever - - Stop

2 Lever~-Speed Control

3 Spring--Master Control
Equalizer

4 Bolt-~Lever-to-Link

5 Turnbuckle--Cross Link
Equalizer

6 Boss

7 Link--Equalizer

8 Turnbuckle 16 Lever--Master Control

9 Housing~~Master Equalizer
Control Equalizer 17 Boss~-Master Control

10 Housing~~Master Equalizer
Equalizer 18 Link--Master Control

11 Bolt Equalizer

12 Lever--Master Equalizer
13 Shaft--Equalizer

14 Screw--Adjusting

15 Lock Nut

19 Pin-~Booster Spring
20 Bearing--Rod End
218Balt

22 Lock Nut=-Turnbuckle

23 Lock Nut--Booster
ring Adjusting
24 %ring-—ﬂlrotfle
Booster
25 Bolt--Equalizer Housing
26 Cover--Equalizer
Housing
27 Screw=--Master Control
Equalizer Spring
28 Rod=-Throttle Control

29 Lever--Master Throttle
Contro!l

30 Lever--Throttle Control

31 Bracket--Throttle
Control Shaft

32 Quadrant--Throttle
Control

33 Link--Control Rod End

34 Spring--Link Equalizer

35 Screw--Equalizer Spring

Fig. 2 - Diagram of Throttle Control Linkage for Quad Units with Variable Speed Mechanical

Governors
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13. Disengage the clutches, then move the master
throttle control lever (16) to the idle position and start
the engines.

14. After the engines are warmed-up, move the master
throttle control lever (16) to the idle position and
check the idling speed.

The idling speed of the engines, without the equalizer
spring (21), will probably be less than the idling speed
of an engine which has the spring due to the
expansion of the equalizer link (6). In such cases,
remove the valve rocker covers and proceed with
Step 15.

15. Loosen the turnbuckle lock nuts (12), and adjust
the cross link equalizer turnbuckle (4) until both
engines are idling at the same speed. The clearance
between each leg of the link equalizer spring (21) and
the lower bosses (5) should be equal.

16. Reinstall the valve rocker covers.

17. Start the engines, move the throttle control lever
(16) to the maximum speed position and check the
maximum no-load speed of each engine. The speed
should be the same as previously set. If not, check for
binding in the equalizer.

18. With the clutches still disengaged, move the master
throttle control lever until the engines are running
approximately 200 rpm lower than the maximum no-
load speed.

19. With a hand tachometer, check the speed of the
engines. They should be running within 25 rpm of
each other.

20. If a difference of more than 25 rpm exists, check
the tune-up of each engine. Then adjust the master

control equalizer between the front and rear engine
pairs in the quad unit (Fig. 2).

21. Remove the valve rocker covers.

22. Remove the bolts (25), covers (26) and gaskets
from the master equalizer housings (9) and (10).

23. Loosen the bolt (11) until the master equalizer
lever (12) swings freely on the equalizer shaft (13).

24. Turn the adjusting screws (14) until they are

threaded equally into the master control equalizer
lever (16) and are contacting the flats in the equalizer
shaft. The adjusting screws should be fairly tight.

25. With each throttle control lever (30) latched to its
quadrant (32), move and secure the master throttle
control lever (29) in the maximum speed position.

26. Move the master control equalizer link (18) and
adjust each leg of the equalizer spring (3) and each
master control equalizer boss (17). The clearance
should be approximately .010”’ on each side.

27. Hold the master control equalizer link in this
position and tighten the bolt (1) in the master
equalizer lever(12).

28. Recheck the clearance between each leg of the
equalizer spring and the lower bosses (17). Readjust
them if necessary.

29. Install the valve rocker covers.

30. Place the master throttle control lever (29) in the
idle position and start the engines.

31. Place the master throttle control lever as necessary
to warm up the engines.

32. Move the master throttle control lever to the
maximum speed position and check the maximum no-
load speed on each engine.

33. Place the master throttle control lever in the idle
position and check the idle speed of each engine.

The maximum no-load speed and the idle speed of :
each engine should be the same as previously set.

34. If the speeds are not as previously set, it will be
necessary to readjust the master equalizer adjusting
lever (16) with the adjusting screws (14).

35. After the adjustments have been satisfactorily
completed, install the equalizer housing covers (26)
and gaskets.

If this procedure does not bring the engines within the
correct synchronization, check each engine for poor
compression, faulty injectors, low fuel pressure, or
other conditions which may cause unsatisfactory
engine operation.
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THROTTLE ADJUSTMENT FOR LOAD EQUALIZATION ON TANDEM TWIN UNITS
(VARIABLE SPEED MECHANICAL GOVERNORS)

The tandem twin unit throttle and reverse gear control
arrangement is shown in Figs. 1 and 3 and the master
throttle control and individual throttle lever assemblies
are illustrated in Figs. 2 and 4.

Master throttle levers and master reverse gear control
levers are provided in both the engine room and pilot
house, thus permitting operation of the propulsion
unit at either location through this dual control
arrangement.

The tune-up of each engine is very important in the
adjustment of the twin units because the engines must

be synchronized to enable each to carry its full share
of the load.

Disconnect the control rods (17) from the speed
control levers (2), Fig. 3, and perform a tune-up on
each engine before adjusting the throttle control
linkage. Then, with engines stopped, proceed as
follows:

1. Remove any binding or excessive play from the
clevis pins.

2. Move the master throttle lever (1) toward the full
open position until the two clevis pins in the upper
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SELECTOR VALVE DIAGRAM
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\5 POSITION

1783

-—

Lever--Master Control
Equalizer

Rod--Throttle Control
Housing-~Master Throttle
and Control Valve Lever
Lever-~Master Throttle
Remote Control

Lever--Master Remote
Control Valve

Housing

> N

Locking
Nut--Retaining

® N o o

Mounting Bracket-~Control

Nut--Master Hand Throttle

9. Rod--Master Throttle 13. Clevis--Valve Control
Control Rod End

10. Lever--Reverse Gear 14. Lock Nut--Vaolve
Control Valve Control Rod
(Remote Control) 15. Rod=-=Vaive Control

11. Brocket--Engine Lifting 16, Quadrant--Throttle
12. Lever-=Throttle Control Control

Fig. 1 - Arrangement of Throttle Levers on a Tandem Twin Marine Unit
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6 Nut--Master Throttle
Control Lever Locking

7 Nut--Retaining

8 Lever~-Reverse Geor
Control Valve
(Remote Control)

9 Latch Pin==Throttle

Control Lever

1 Lever--Master Control
Equalizer

2 Housing=-Master Throttle
and Control Valve Lever

3 Lever--Master Throttle
Remote Control

4 Lever--Master Remote
Control Valve

5 Support==Throttle and
Control Valve

Fig. 2 - Master Throttle Assembly on a
Tandem Twin Unit

and lower arms of the throttle lever shank are in a
vertical straight line, as observed through the two
holes on the side of the lever housing (2). Secure the
throttle lever in this position with the knurled lock nut
(6), Fig. 2.

3. Disconnect the master throttle control rods (22)
from the cross shaft operating levers (25) of the “A”
and “C” engines (Fig. 3).

4. Lock the throttle levers (24) to their quadrants (28)
in a vertical position.

5. Loosen the clamp bolts on the throttle lever
quadrants (28), if necessary, and set the cross shaft
operating levers (25) vertically with the holes for the
clevis pin on an imaginary line extending through the
centers of the cross shafts and rod end bearings and
between these centers. Retighten the clamp bolts on
the quadrants.

6. Hold the throttle control levers (24) in a vertical
position and adjust the master throttle control rods
(22) with the clevises so the clevis pins will just slide
into position through the holes in the clevises and
levers (25). Install the cotter pins.

7. Loosen the knurled locking nut (20) and move the
master throttle control lever (11) toward the full open
position until the threaded locking stud is within
3/8” 1o 1/2” from the end of the slot in the housing
(18). Then retighten the locking nut.

8. Adjust the length of the throttle control rods (17),
with the turnbuckles (6), until the speed control levers
(2) are fully open. Tighten the turnbuckle lock nuts.

CAUTION: Use care when tightening the
turnbuckle Jock nuts to prevent misalignment of
the rod end bearings and to avoid damage to
the bearing seal.

9. If all of the adjustments are correct, the speed of
each engine will be the same when checked
individually at maximum speed. Check the maximum
speed of each engine as follows:

a. Disconnect the equalizer link at the master
equalizer lever(8) on the “A” engine.

b. Warm up the engines, then run each engine at
maximum speed and compare the speeds with the
original maximum speed to check the proper
length of the throttle control rod (17).

c. If the engine speeds are satisfactory, connect the
equalizer link and install the cotter pin; if the
speeds are unsatisfactory, readjust the control rods
(17) as necessary.

10. With the master remote control valve lever (19) set
in a vertical position, check the position of the remote
reverse gear control valve lever (23). On a port
propulsion unit, the center of the clevis pin hole in the
valve lever will lie on a horizontal center line drawn
through the center of the valve lever shaft (Fig. 3) and
point forward. On a starboard propulsion unit, the
clevis pin hole in the selector valve lever will point aft
and lie 7/8" above the horizontal center line drawn
through the center line of the valve lever shaft.

11. Adjust the equalizer levers so each engine will
carry its share of the load as follows:

a. With the engines stopped, the master throttle
control lever (11) in the full open position, and
the equalizer links connected at the “A” and “C”
engines, loosen the bolt (7) in the master equalizer
lever (8) on the “A” engine so the lever can turn
on the shaft.
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2 Lever--Speed Control
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5 Boss--Master Equalizer
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Control Valve
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Control Lever Locking

21 Nut--Retaining

22 Rod--Master Throttle
Control
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Valve (Remote Control)
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29 Link-~Control Rod End

Fig. 3 - Diagram of Throttle Control Linkage for Tandem Twin Marine Unit with Variable Speed

Governors
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1 Bearing--Rod End 4 Lever--Throttle Control
2 Bolt--Control Rod 5 Pin-=Throttle Control
3 Bracket~-Engine Lever

Lifting 6 Shaft--Throttle Lever

Fig. 4 - individual Throttle Assembly on a
Tandem Twin Unit

b. Set the two adjusting screws (10) in the master
equalizer lever on the “C” engine the same height

in the lever so the lever can be readjusted, if
necessary.

c. Turn the master equalizer lever on the shaft until
the free ends of the equalizer spring (3) are
contacting -- without pressure -- the two bosses on
the injector control tube lever and are an equal
distance from the master equalizer bosses (3) on
each side of the equalizer link lever. Maintain the
clearance between the lever bosses and spring and
tighten the bolt (7) in the master equalizer lever

(8).

d. Recheck the clearance between the bosses and
spring and if the clearance was changed while
tightening the bolt, readjust the screws (10) and
change the position of the lever until the
clearance between the bosses and the spring is the
same on both sides of the equalizer link lever.

e. With the clutches disengaged, place the throttle in
the idle position and start the engines.

f. With the engines warmed up, the clutches still
disengaged and the individual throttle levers (24)
locked, move the master throttle lever (11) to the
full open position and check the speed of each
engine with an accurate tachometer. The speed of
each engine should now be the same as the no-
load top speed previously set on the individual
engines.

g. Place the master throttle control lever in the idle
position and check the speed of each engine.

If either the idle or maximum speed is not the same as
that previously established on the individual engines,
readjust the clearance between the master equalizer
bosses (5) and the spring (3) as outlined in Steps 1lc
and 11d.
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Certain abnormal conditions which sometimes inter-
fere with satisfactory engine operation, together with
methods of determining the cause of such conditions,
are covered on the following pages.

Satisfactory engine operation depends primarily upon:

1. An adequate supply of air compressed to a
sufficiently high compression pressure.

2. The injection of the proper amount of fuel at the
right time.

Lack of power, uneven running, excessive vibration,
stalling at idle speed, and hard starting may be caused
by either low compression, faulty fuel injection in one
or more cylinders, or lack of sufficient air.

Since proper compression, fuel injection and the
proper amount of air are important to good engine
performance, detailed procedures for their investiga-
tion are given as follows:

Llocating a Misfiring Cylinder

1. Start the engine and run it at part load until it
reaches normal operating temperature.

2. Stop the engine and remove the valve rocker cover.
Discard the gasket.

3. Check the valve clearance. The clearance should be
009" (two valve cylinder head) or .014” (four valve
cylinder head).

4. Start the engine and hold an injector follower down
with a screw driver (Fig. 1) to prevent operation of
the injector. If the cylinder has been misfiring, there
will be no noticeable difference in the sound and
operation of the engine. If the cylinder has been firing
properly, there will be a noticeable difference in the
sound and operation when the injector follower is held
down. This is similar to short-circuiting a spark plug in
a gasoline engine.

5. If the cylinder is firing properly, repeat the
procedure on the other cylinders until the faulty one
has been located.

6. If the cylinder is misfiring, check the following:

a. Check the injector timing (refer to Engine Tune-
Up Procedure).

b. Check the compression pressure.

pressure gage (Fig. 2) from Diagnosis Kit J 9531-01.

c. Install a new fuel injector.
d. If the cylinder still misfires, remove the cam
follower and check for a worn cam roller,

camshaft lobe, bent push rod or a worn rocker
arm bushing.

Checking Compression Pressure

Compression pressure is affected by altitude as shown
in Table 1.

Check the compression pressure as follows:
1. Start the engine and run it at approximately one-
half rated load until normal operating temperature is

reached.

2. Stop the engine and remove the fuel pipes from the
No. 1 injector and the fuel connectors.

3. Remove the injector and install the adaptor and the

/b Giki :%
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Fig. 1 - Locating a Mistiring Cylinder
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Minimum Compression Pressure

psi (600 rpm) Altitude

Engine Feet Above

Sea Level

71 71E 71N 71M VAR
390 425 515 425 425 0
360 395 480 395 395 2,500
335 365 440 365 365 5,000
310 340 410 340 340 7,500
285 315 380 315 315 10,000
TABLE 1

4. Use one of the fuel pipes as a jumper connection
between the fuel inlet and return manifold connectors.
This will permit fuel to flow directly to the fuel return
manifold.

5. Start the engine and run it at 600 rpm. Observe and
record the compression pressure indicated on the gage.

NOTE: Do not crank the engine with the
starting motor to check the compression
pressure.

6. Perform Steps 2 through S on each cylinder. The
compression pressure in any one cylinder at a given
altitude above sea level should not be less than the
minimum prescribed for the engine. In addition, the
variation in compression pressures between cylinders
must not exceed 25 psi (172 kPa) at 600 rpm.

EXAMPLE: If the compression pressure readings
were as shown in Table 2, it would be evident
that No. 3 cylinder should be examined and the
cause of the low compression pressure be
determined and corrected.

RELIEF
VALVE

Fig. 2 - Checking Compression Pressure

Fig. 3 - Inspecting for Broken Piston Rings
Through Cylinder Liner Air Ports

Cylinder Gage Reading

psi kPa
1 445 3066
2 440 3032
3 405 2791
4 435 2997
5 450 3101
6 445 3066

TABLE 2

Note that all of the cylinder pressures are above the
low limit for satisfactory engine operation. Neverthe-
less, the No. 3 cylinder compression pressure indicates
that something unusual has occurred and that a
localized pressure leak has developed.

Low compression pressure may result from any one of
several causes:

A. Piston rings may be stuck or broken. To
determine the condition of the rings, remove the
air box cover and press on the compression rings
(Fig. 3) with a blunt tool. A broken or stuck ring
will not have a spring-like action.

B. Compression pressure may be leaking past the
cylinder head gasket, valve seats, injector tube, or
through a hole in the piston.

To correct any of these conditions, consult your
authorized Detroit Diesel Allison Service Qutlet.
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Engine Out of Fuel

The problem in restarting the engine after it has run
out of fuel stems from the fact that after the fuel is
exhausted from the fuel tank, fuel is then pumped
from the primary fuel strainer and sometimes partially
removed from the secondary fuel filter before the fuel
supply becomes insufficient to sustain engine firing.
Consequently, these components must be refilled with
fuel and the fuel pipes rid of air in order for the
system to provide adequate fuel for the injectors.

When an engine has run out of fuel, there is a definite
procedure to follow for restarting the engine.

1. Fill the fuel tank with the recommended grade of
fuel oil. If only partial filling of the tank is possible,
add a minimum of 10 gallons (38 litres) of fuel.

2. Remove the fuel strainer shell and element from the
strainer cover and fill the shell with fuel oil. Install the
shell and element.

3. Remove and fill the fuel filter shell and element
with fuel oil as in Step 2.

4. Start the engine. Check the filter and strainer for
leaks.

NOTE: In some instances, it may be necessary to
remove a valve rocker cover and loosen a fuel
pipe nut in order to bleed trapped air from the
fuel system. Be sure the fuel pipe is retightened
securely before replacing the rocker cover.

Primer J 5956 may be used to prime the entire fuel
system. Remove the filler plug in the fuel filter cover
and install the primer. Prime the system. Remove the
primer and install the filler plug.

Fuel Flow Test

1. Disconnect the fuel return hose from the fitting at
the fuel tank and hold the open end of the hose in a
suitable container (Fig. 4).

2. Start and run the engine at 1200 rpm and measure
the fuel flow for a period of one minute. Refer io
Table 3 for the gallons per minute flow that applies to
the engine being tested.

3. Immerse the end of the fuel line in the fuel in the
container. Air bubbles rising to the surface of the fuel
will indicate air being drawn into the fuel system on
the suction side of the pump. If air is present, tighten
all fuel line connections between the fuel tank and the
fuel pump.

FUEL FLOW (SPILL)
(min. gallons per minute)
No load == 1200 rpm
Restriction
Engine
.055" .080" .1065"
71 S .8 .8
71E 5 .8 -
71N - .8 -
No load -- 1800 rpm
71M — 9 -
FARS — -9 -

TABLE 3

If the fuel flow fails to meet the amount specified, the
fuel strainer, filter, or pump should be serviced.

Crankcase Pressure

The crankcase pressure indicates the amount of air
passing between the oil control rings and the cylinder
liner into the crankcase, most of which is clean air
from the air box. A slight pressure in the crankcase is
desirable to prevent the entrance of dust. A loss of

Fig. 4 - Measuring Fuel Fiow from Fuel Return
Manifold
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