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7'/rc 4iH-2.SOO l'aclcar,J Marine Engine is a 11owerful, high-speed supercharged, 
light-weight engine of the avirttion type, aml requires the same exacting care in op• 
eration, maintemmce and overhaul as would be given a modern aircraft cngille. 
111 ith it.s built-in rever.~e gear, the engine comprises a complete marine 110wcr plant. 
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~he 
4M-2500 PACKARD 
MARINE 

A thorough understanding of the operation 
and maintenance of any piece of machinery 
is more easily acquired when we know some
thing about the general characteristics of 
the machine, so, before going into the de
tails of construction of the Packard Marine 
Engine, or covering specific instructions for 
its operation and repair, let's take a look at 
the engine as a whole. 

A "Get-Acquainted" View 

of the Engine 

This first '"get-acquainted" view of the en
gine will indicate that the Packard Marine 

ENGINE 

Engine is very different from the typical 
slow-speed, heavy-duty marine power plant. 
It is a high-speed, lightweight, powerful 
mechanism that might he characterized as 
an aviation type engine--and for that mat
ter, this engine requires the same expert 
handling in its operation, maintenance, and 
overhauling as you would expect to give an 
aircraft power plant. 

The basic characteristics of the Packard 
Marine Engine can he condensed into a few 
words: it is a 60° Vee type, twelve-cylinder, 
liquid-cooled, 4-stroke cycle. gasoline en
gine. With its built-in reverse gear. it con
stitutes a complete marine power plant. 

The Two Ends of the Engine: 
Reverse Gear End, 
Supercharger End 

Because the engines may face in different 
directions in the boat, depending upon the 

3 
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type of installation. we can ·1 speak of the 

"forward" or "aft end'' or the front or rear 

of the engine. so in speaking of the two 

ends of the engine. we will call them the 
" 1·· d l ' l reverse gear enc · an tie ·superc iarger 
end.·' 

When referring to the location of the 

various units of the engine or to their direc· 

lion of rotation. it will always he as;;umed 

that our point of view is at the reverse gear 

end. For example, the Packard Marine En

gine is described ns having right hand rota

tion because viewed from t11e reverse gear 

end. the crank!"haft turns clockwise or to 

the right. 

Numbering Starts at the Reverse 

Gear End 

Again looking at the engine from the re· 

verse gear end. the two cylinder banks are 

referred to as the left bank and the right 

hank. The numbering of all engine units, 

such as cylinders. main bearings. camshaft 

pedestals, etc., starts from the revene gear 

end of the engine. The cylinders. for ex· 

ample. are numbered from one to six in 

each hank starting at the revers:e gear end. 

The Three Power Ratings 

The amount of power that an engine de

velops is. of course. one of its most inter· 

esting and most important specifications. 

In the case of the Packard l\Iarine Engine. 

we must consider three different power 

ratings, one for eacl1 of three different types 

of service. These rating!'. by the way. are 

hased on the ni;e of 100 octane fue1. 

-
BUiit I ; I I K> I 

H.P. I I JPOWER RATINGS I 
1400 - . 

1200t---T-- -; 

10001 i. i I :Y/ I I 
LIMITED 

ecol 111200 np 1t 2i.oo rpm 

6001 [ i Y \ t I 

4001 i V i I 

~ . . . . 
0 • • 

800 1200 1600 ZOOO Z400 
ENGINE R.P.M. 

The engine has a cruising power rating 

of 900 horsepower at 2000 rpm. This rating 

is for continuous cruising sen·ice. 

The second rating is the limited power 
rating of 1200 horsepower at 2400 rpm. 
This type of operation is restricted to one 
hour in any 25-hour period. 

And finally~ there is an emergency 

power rating of 1350 honepower at 2500 

rpm. As designated. this range of operation 

,, 

~ 
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is for emergency service only and is re· 
stricted to 15 minutes in any 10-hour period. 

CAUTION: The engine is not to he 
operated above 2000 rpm excepting 
under the demands of emergency 
service. 

A Description of the Type 

WS Engine 

The descriptions of the engine which fol. 
low, apply specifically to the type W8 
engine, which is the type in general use in 
United States Navy Motor Torpedo Boats. 
These same descriptions will apply in gen· 
eral of all of the engines from types Wl to 
W8. An explanation of just how these 
various engine types differ will be found 
on page eleven. These type numbers. by 
the way, are stamped after the engine 
number on the engine number plate. 

The Crankcase 

In discussing the actual construction of the 
engine~ it seems natural that we should start 
with the crankcase. It consists of two alumi· 
num alloy castings which are called the 
"crankcase upper half" and the "crankca~e 
lower half .. , The crankcase lower half 
serves as the oil pan. 

The crankcase upper half carries the 
eight main bearings. Senn of these are split 
bearings while Number Eight is a one-piece 
bearing for the supercharger end of the 
crankshaft. All the bearings are of the pre· 
cision type and require no scraping or hand 
fitting. When hearing clearance becomes ex· 
Ct':-:;h t~. the bearings must be replaced. 

The counterweighted crankshaft is of 
forged alloy steel and carries a torsional 
type vibration clamper on its supercharger 
end. 

Fork-and-Blade Connecting 

Rods 
·-

The connecting rods are I-section steel forg· 
ings and are of the fork-and-blade type. In 
this type of construction~ both rods bear on 
the :rnme crank pin bearing. The blade rods 
operate in the left bank of cylinders and all 
of the fork rods operate in tl1e right bank of 
cylinders. 

The pistons are of forged alloy alumi· 
num and are made with reenforcing ribs 
which also act as cooling fim. 

5 
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Construction of the Cylinder 
Banks 

Each of the two cylinder banks is made up 
of six individual cylinders bolted to an 
aluminum valve housing. Each cylinder 
has four valve seats-two exhaust, and two 
inleL The exhaust valve seats are of the 
inserted type. 

One side of the valve housing contains 
the inlet ports and the other side the ex
haust ports. The two valve housings are 
alike and may be used on either bank by 
turning them end for end. 

The Timing and Accessory 

Drive Gear Train 

On the top of the valve housing are alumi
num alloy pedestals which carry the cam· 
shaft and the rocker lever shafts. The cam
shafts are driven through a train of bevel 
gears from the supercharger end of the 
crankshaft. This train of gears is called 
the timing and accessorv drive uear train . ~ 

and driYes not only the camshaft Lut also 
the magneto, the two distributors, the fuel 
pump. and the various accessory drives. 

Another gear, called the oil and fresh 
water pump drive gear, meshes with the 
crankshaft and extends downward through 

the crankcase lower half to drive the oil 
and fresh water pumps. 

The valve mechanism of each cylinder 
bank is covered by a cast aluminum valve 
housing cover. 

On the supercharger end of the left bank 
valve housing is bolted a tachometer drive. 
It is driven by a worm gear bolted to tl1e 
end of the camshaft. 

The Ignition Overspeed Cutout 

As a means of stopping the engine when a 
safe operating speed is exceeded, an igni-

... 
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tion over-speed cutout is provided. This 
device is mounted on the right hank nlve 
housing cover at the supercharger end and 
is driven by a camshaft gear. It automati
cally grounds the ignition system when the 
engine runs faster than the speed at which 
the cutout is set. 

The Combination Fresh Water 

and Salt Water Cooling System 

A combination fresh water and salt water 
cooling system is used to hold the operating 
temperature of the engine within the speci
fied limits. A fresh water pump circulates 
distilled water through tl1e engine water 
jackets. This fresh water is in turn cooled 
by sea water in a heat exchanger. In addi
tion to sea water being used to cool the 
fresh water, it is also circulated by a salt 
water pump through the water jackets of 
the exhaust manifold and exhaust pipe. 

The Dry Sump Oiling System 

The engine and reYerse gear are not only 
combined as a unit power plant as men
tioned earlier. but they are also pressure 
lubricated as a unit. This engine uses what 
is called tl1e dry sump system of lubrica
tion. In this system, the oil is kept con
stantly circulated from a supply tank 
through the engine and oil cooler and back 

to the tank- there is little or no oil in the 
oil pan. 

The lubrication system includes two 
gear type oil pumps combined in a single 
pump assembly. 

The pressure pump circulates oil under 
pressure through the engine and reverse 
gear; and the scavenge pump draws the oil 
from the sump and returns it to the supply 
tank. 

The Carburetor and 
Supercharger 

The carburetor. a modified aircraft design, 
is of the downdraft type and is installed on 
the inlet side of the supercharger. The gear 
driven supercharger draw~ fuel from the 
carburetor and forces the mixture into the 
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inlet manifolds. The supercharger is drh en 
Ly a :.eries of gear5 from the crankshaft mul 
turns it more than six times crankshaft 
speed. 

The Magneto Ignition System 

The engine use:; a magneto ignition system 
with a dual magneto and two independent 
distributors. Each distributor carries high
tension current to one of the two spark 
plugs in each cylinder. The spark plugs. by 
the way. are referred lo as the inlet plugs 
and the exhaust plugs. depending upon the 
side of the cvlintler in which thev are . . 
located. 

As an aid to starting a colcl engine. a 
battery operated high-tension booster coil is 

connected with the right hand distributor. 
This coil fires only the inlet spark plugs and 
is included in the ignition circuit only when 
the ignition switch is in the "START" 
position. 

The Electrical System 

The battery charging system includes. a 
24-,·olt. 75·ampere generator and a genera
tor regulator. The generator itself is 



) . 

mounted on the reverse gear; however, to 
reduce the effect of vibration. the regulator 
is mounted in rubber on a bulkhead or some 
part of the boat structure removed from 
the engine. 

The engine cranking system uses a 24-
volt electric starter motor with Bendix 
drive which engages a ring gear on the re· 
verse gear drum. The starter motor. like 
the generator, is mounted on the reverse 
gear housing. 

The Built-In Reverse Gear 

The built.in reverse gear connects the en· 
gme to the propeller shaft, and- provides 

a one·to-one ratio in hoth forwar<l and 
reverse. 

The engine and reverse gear are doweled 
and bolted to precisely machined side rails 
which accurately position these two units 
and tie them together as a complete marine 
power plant. 

9 
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". ·:_·~ .. --~~f··=~2-~~? .. -·- :..~_/:.- SPECIFICATIONS ~ ·:-,.;_.~f~:;f~=.·:~}.~; .. \.:. ~·'"~ ... ~-.\ ~4--. 

!APPLYING TO TYPES Wl, WS, W7, W8 ENGINES ONLY) 

l\'Iodel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <l·l\·1·2500 

Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 degree Vee 

Number of Cylinders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 Octane gasoline 

Cooling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fresh Water 

Rotation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Right Hand 

Supercharger . . . . . . . . . . . . . . . . . . . . . . . . Gear driven, centrifugal 

Supercharger Drive Ratio. . . . . . . . . . . . . . . . . . . . . . . . . . . 6.53 to 1 

Starter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 volt, electric 

Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 volt 75 ampere 

Reverse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Planetary, reverse gear 

Bore anc1 Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . 6% in. x 6% in. 

Firing Order . . . . . . . IR, 3L. 4R, SL, 2R, lL, 6R, 4Lt 3R, 2L, SR, 6L 

Rating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1200 hp at 2400 rpm 

B.M.E.P. at Rated Speed and Power (lb per sq in. ) . . . . . . . . . 159 

Piston Speed, average (ft per min ) . . . . . . . . . . . . . . . . . . . . . . 2600 

Total Piston Displacement {cu in. ) . . . . . . . . . . . . . . . . . . . . . 2490 

Compression Volume Ratio, nominal . . . . . . . . . . . . . . . . . . . . 6.4 to l 

Displacement at Rated Speed (cu ft per min) 3458 

Lubricating Oil Consumption at Rating 

(IL per brake horsepower per hr ) . . . . . . . . . . . . . . 0.015 to 0.025 

Fuel Consumption at Rating ( lh per brake horsepower per hr ) 

(1200 hp at 2400 rpm).. .. . . . . . . . . . . . . . . . . . . . . . . 0.62 to 0.68 

Weight, Engine and Reverse Gear, (dry-net), (lb) . . . . . . . . . 2950 

~. ~-;., ~.~ ;;,,:.:-J~-:;i/:;~:,~-.S.~!-~i~~'-;·:._r::_ . .;· ... : .,.: ~· , ,-:;~;-~ -r-.~--: :s, ="..,- ~·: .. :~·~·.;, :,.=..::-·.-·:::..:i·. · ... ~~~:' .;•, ,.'<!~.-~~· -... "·,.,;~ .... ':~~ ~·:: .. , ":: ~ ... 
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• • -~ .,. ·" - _ , r ~ .. ~· TYPE IDENTIFICATION 

THE 4M·2500 PACKARD MARINE ENGINES 
Supplied to THE UNITED STATES NAVY 

TYPE DESCRIPTION 

W8 As described in this book and as in 

general use in United States Navy 

Torpedo Boats. 

W7 Same as WS except: 

REVERSE GEAR: Both clutch friction 
rings moveable and actuated 

through toggle rods. 

WS Same as W7 except: 

IGNITION ADVANCE CONTROL: Coin

cidental with throttle. 

MAGNETO VENTILATION: Forced ven

tilation not provided. 

SUPERCHARGER DRIVE: Coupling gear 

splined direct to crankshaft. 

OIL PUi\IP DRIVE GEAR BUSHING: Two

piece type with flanged gear. 

VALVE HOUSING COVER: Large 
breather not provided. 

REVERSE GEAR: Large breather on 

front cover not provided. 

SALT WATER PUMP: Sherwood Brass 

grease cup lubrication. 

EXHAUST MANIFOLD AND END COVER: 

Thin flanges. 

GENERATOR: Leece-Neville high out

put (70 ampere). 

TYPE 

W1 

DESCRIPTION 

Same as WS except: 

IGNITION OVERSPEED CUTOUT: Not 

provided. 

CRANKCASE VENTILATION: Two at

mosphere breathers on right side of 

crankcase. 

SALT WATER PU:\IP: Brown and 

Sharpe using self-lubricating hear

mgs. 

STARTER DETENT: Not provided. 

REVERSE GEAR: Mounting brncket 

and gear train for low output Leece

Neville generator, 1.5 to 1 drive 

ratio. 

GENERATOR : Low output Leece· 

Neville (30 ampere). 

TACHOMETER DRIVE: Straight spline 

drive, supercharger end of left valve 

housing cover. 

POWER TAKE OFF: Not provided. 

W2 Same as Wl except: 

SIDE RAJ LS: Special. 

FRESH WATER '.\IANIFOLDJNG: Spe

cial. 

HOW SURE ARE YOU? 
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Maximum RPM: 

Rating: 

Fuel: 

Fuel Consumption 
40 knots: 

Fuel Consumption 
35 knols: 

2400 rpm, 2000rpm sustained 

1200, 1350, 1500 depending on year of manufacturing 

100 Octane gasoline 

Top speed at 40 knots, running three engines, 474 gallons per 
hour. Full fuel load (3,000 gallons) 6.3 hours. 

Maximum sustained speed at 2000 rpm, running three engines, 
292 gallons per hour. Full fuel load (3,000 gallons) 10.3 hours, 
range radius of 259 miles at 35 knoll;, 518 miles total. 

The Packaltl 4M-2500 engine was utilized In all U.S. Navy World War II PT boats was based 
on the 1925 liberty atn:rafl engine which was converted for marine use for racing boats. 
During the war the Packard engine went through variations modifications. This Packard engine 
was a supen:harged, water cooled, gasoline V-12 weighing approximatety 2900 pounds. Early 
engines developed 1100 h.p. and progressed to 1500 h.p. during the war. 

The Packard 4M-250D marine engile was not the Rolls-Royce Merlin, which Is someUmes 
misstated. Packard did however built a version of Merlin Engine under contract by Britain for 
British aira'llfl use. 
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HOW SURE ARE YOU? 

How sure are you about your understanding of 
the construction of the 4M-2500 engine? Check the 
statements on this page which you think are cor· 
rect; then compare your selections with the cor· 
rect information as given in the foregoing pages. 

J. The cylinders are numbered beginning at-

2. ~'hen viewed from the reverse gear 

the re\'erse gear end D 
the supercharger end 0 

themiddle D 

end. the engine rotates- clockwise (to the right) D 

3. The crankshaft is carried in-

counterclockwise (to the left) 0 

8 main bearings 0 
7 main bearings 0 
9 main hearings 0 

4. The blade type connecting rods operate in the 
left hank of cylinders- true D 

false D 

5. The pistons are of-

6. Each cylinder has-

forged alloy steel 0 
forged alloy aluminum D 

cast iron 0 

2 valves 0 
4 valves 0 
8 val\'es 0 

7. The camshafts are drfren by a train of gears 
from the crankshaft at the-- supercharger end 0 

reverse gear end D 
middle 0 

13 
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8. The o\'erspeed cutout stops the engine by- J 
I ' I 

opening the magneto points D 
I 

grounding the ignition D 
cutting off the fuel supply 0 

9. The water circulated through the exhaust 
manifold water jacket is- fresh water D 

sea water D 
both fresh and sea water D 

10. The engine and reverse gear are pres!'nre 
lubricated as one unit- true D 

false 0 
11. A single oil pump assembly contains both the pressure oil 

pump and the scavenge oil pump- true 0 
false 0 

12. The flow of fuel mixture is from-

the carburetor to the supercharger D 
the supercharger to the carburetor D 
the fuel pump to the supercharger D 

13. The engine is equipped with-
one dual magneto 0 

two single magnetos D 
one single magneto D 

14. The high tension booster coil is used-

when starting the engine D 
to accelerate engine speed D 

to turn engine over D 

1 S. The re\'erse gear pro,•ides-
a 2·to·l ratio in re\'erse D 
a 4-to·l ratio in reverse D 

a 1-to·l ratio in both forward and reverse D 
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THE 4M-2500 PACKARD MARINE ENGINE 

DESCRIPTION OF 
THE BASIC ENGINE 

8 
The purpose of this ]1ooklet is to give you .en 
over-all picture of the basic construction of 
the 41\I-2500 Packard Marine Engine. in
cluding the crankcase. crankshaft, connect· 
ing rods. pis tons, cylinders. valve housings 
and covers, the valve mechanism. and the 
timing and accessory drive gear train. 

Now in studying engine construction it 
seems logical that we should :;tart with the 
crankcase as the foundation of the engine. 

In the 41\f-2500 engine. the crankca5e 
consists of two aluminum alloy ca5ting~. 

one of which is known as the "'crankcase 
upper half' and the other as the ·"crank
case lower half:• 

Crankcase Upper Half 
The crankcase upper half carries eight 
main bearings. 

The main hearin~ from one to 5even. 
numbering from the re\ er5e gen r end of 

the engine, are 5pJit bearings. The shells 
are steel backed, lined with pure :diver, 
and are lead-tin ph1tecl. 

The main hearing ~hell5 are held in 
place by forged steel cr ank;:;haft bearing 
caps; the bearing caps. in turn. are secured 
by diagonal crankshaft bearing cap bolts 
and by bearing cap side holts. 

3 



Lock plates in the hearing caps under
neath the diagonal holt heads prevent the 
bolts from turning. 

Function of the Diagonal Bolts 

The diagonal bolts serve two purposes. 
They not only hold the crankshaft hear
ing caps in place hut they also seat on 
the cylinder hold-down clamps Iocatecl 
on the outside of the upper crankcase. In 
this way they help hold the cylinders 
firmly in place. 

The side bolt heads are seated in slots 
in the crankshaft bearing caps and are 
secured by nuts which bear against the 
outside vertical surfaces of the upper 
crankcase. 

Number Eight Bearing 

The number Eight bearing is a one 
piece steel shell with a copper-lead lining 
and is not lead-tin plated. 

This hearing is pressed into an alumi
mun retainer which in turn is bolted to 
the face of the crankcase upper lrnlf at 
the supercharger end. 

All of the main bearings are of the 
•·precision'' type. They require no scrap
ing or fitting. and are non-adjustable. 
W'hen clearnnce becomes exces:;ive, the 
bearing shells must be replaced. 

Crankcase Lower Half 

This aluminum al1oy casting is provided 
with an opening in the bottom at the 
supercharger end to allow for the instal
lation of the oil and fresh water pumps. 
At the otl1er end of the crankcase lower 
half there is a depression forming a dirt 
trap. 

Oil flows to whichenr end of the crank
case lower half happens to he lower in 
the hoat and is picked up by the scavenge 
oil pump regardless of which end of the 
crankcase is higher or lower. 

If the reverse geur end is lower, the 
oil is <lrawn to the sc:ivenge pump through 
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a tube which runs from the dirt trap to 
the pump. 

But if the supercharger end of the 
crankcase is low ... 

. . . the oil flows directly into the scav. 
enge pump through a port in the side of the 
pump housing. 

Main Oil Pressure Manifold 

A diagonal tube at the supercharger end 
of t11e crankcase lower half is the main 
oil pressure manifold which carries oil 
from the pressure oil pump to the upper 
crankcase. 

A screen which completely covers the 
bottom of the lower crankcase. strains the 
drain-back oil from the engine before it 
enters the scavenge pump. An oil distribu
ting manifold located in the upper crank· 
case in the apex of the Vee distributes oil 
to the main hearings. 

The Crankshaft 
The counterweighted crankshaft is made of 
forged alloy steel ancl is completely nitricled. 
That is. it is specially heat-treated to reduce 
wear. increase strength. and lengthen service 
life. 

At the ~uperdrnrgE>r end. the crankshaft 
has two intemC1l splines to take either the 
new or old style supercharger drive . 

It also has two separate outside sp1ines. 
one of which carries the vibration damper 
and the other, the crankshaft gear. 

The Vibration Damper 

The vibration damper is of the six-weight 
type and has no springs. Its function is to 
neutralize crankshaft and engine vibration. 

5 
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A Aan!!e al the reverse !!ear end of the 
""' ·-· 

crank~lrnft driYe~ the reverse ge11r through 
the re,·er,;e gear l'rank-haft flange which i~ 
bolted to it. 

Crankshaft Lubrication 
The crankpins and the main bearings jour
nals of the crank~haft are hollow, prodding 
oil resen·oirs which are closerl at the ends 
with aluminum plugs. 

Oil is furni5l1ed to these reservoirs 
from the main hearings by meam of pas
sages drilled in the cheeks of the crankshaft. 

Each crankpin plug assembly carries a 
set of baffies. The oil must pa~s around 
these baffies to get to the outlet hole in 
the bearing. 

When the crank~haft is turning it sets 
up centrifngal fon·t> whil'h throw:;. any dirt. 

slmlge. or foreign nrnller 111 the oil into 
the outer poekt>t~ formed b~ the baftles. 

Therefore. only l'lean oil ran pas$ through 
the opening on the inside of the baffle into 
the inner pocket and out to the bearing. 

The Fork-and .. Blade 
Connecting Rods 

The connecting rod ~ are rompletely ma
l'hined I-section steel forgings of the fork
and-hlade type. The forked rods operate 
in the right bank of cylinders and the 
blade rods in tht> left hank. 

The imicle surfaces of the steel-backed 
connecting rod hearing ~helb are lined 

... .. 



with pure sih-er. and are lead-tin plated. 
To provide a bearing for the blade rods. 
a center band of silver is ·applied to the 
outside of the shell:s. This bearing surface 
is not lead-tin plated. 

The Pistons 

The pistons are of forged aluminum alloy 
and are made with internal reinforcing 
ribs which also act as cooling fins. ~'hen 
the engine is running. the oil splashes over 
these fins and carries heat away from the 
piston heads. 

The piston pins are of the full floating 
type; that is, they are not locked into 
either the piston or the connecting rod. 

To prevent them from scraping and 
scoring the cylinders~ the piston pins are 
held hy aluminum retainers which are 
pressed into the ends of the piston pin holes. 

Each piston is fitted with four rings
a plain c-ompression ring in the top groove: 
scraper type compression rings in the sec· 

ond and thircl grooves; and an oil control 
ring of the slotted type in the bottom grooYe. 

The Cylinder Banks 

Each cylinder bank consists of six indi' id
ual cylinders, and is removed and rein
stalled as one part. 

Each cylinder is forged as a unit from 
a single piece of steel. and is bolted to the 
crankcase by means of a mounting flange 
located some distance above the lower end 
of the barrel. 

A stainless steel water jacket is welded 
around each c-ylinder barrel: and the part 
of the outside surfa<'e of each cylinder 
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which comes in ('Ontaet with the water in 
the water jacket i:: nickel·eadmium plated. 
This construction . proYides a practically 
corrosion free cooling water chamber. 

Four Valve Seats 

In the head of each cylinder are four rnh-e 
seats. The two larger seats itre for the inlet 
valves and the two ~maller seats for the 
exhaust , •alves. 

Tlte exhaust valve seats. because of the 
extremely high exlrnust temperatures they 
must withstand. are of the inserted type 
and are faced with heat-re~isting Bte11ite. 

The Valve Housings 

The ca5l aluminum Yah e homings for hoth 
banks of cylinders are identical and may 
lie use<I interchangeab]y liy turning them 
end for end. The top surface of each cyl· 
inder head is ground and lapped to a high 
finish and !'eats directly agHinst the valve 
homing. 

Openings in ea<'h vah·e housing rorre· 
spond with water outlet openin!!;; in the 
<'ylinder. 

These housing openings are sealed 
against leakage with synthetic rubber rings 
called valve housing water inlet seals. When 
the cylinders are as,;emhled to the valve 
homing. these se<ils are ('Ompressed thereby 
forming a watertight joint. 

One side of the rnh·e housing contain~ 
the inlet ports. The other side <'ontaim the 
exhaust ports. 

The Valves 

Both inlet and exhnmt nth-t>s are of the 
u :'ual poppet type. 

The exlrnu"t ntl' t':i are ~ollinm-rooled: 
that ii0. the 'aln ,;tem~ art' hollow m1cf par
tially filled with metnllil· ~odium. 

~1hen the engint' i,- running. tlii;:. sodium 
melt~ nnd ~p]a ~he:; up und down inside the 
'ah·e thereby <'arrying ht'al from the head 
to the i-tem ~o that it <"illl pa:;,: on through 



the valYe guides lo the cooling system. The 
exhaust ,·ah-e5 are stellite-faced to make 
them heat-resistant. 

The Valve Guides 

The \0 alve guides are made of bronze. 
They are inst<1lled by first freezing them 
with dry ice lo shrink them. 

They are pressed into the valve hous
ing while still very cold. They expand at 
l°oom temperature insuring a very tight fit. 

The Camshaft Assembly 

On the top of the vah-e housing are seven 
camshaft and rocker le' er shaft pede5tals. 
These pedestal "' are accurately located hy 
pilots and h e]d in place hy the cylinder 

studs and nuts. The ('am ,;haft hear:- clirectly 
in the aluminum }'ede~tal :o. whi('h are line
reamed after heing asscmJJled to the valve 
hou!'ing. 

Camshaft Assembly 

Lubrication 

The camshaft it,..elf i5 hollow and C'arr1es 
oil under pre!'snre to the camshaft hearings. 

The camshaft also feeds oil to the rocker 
le\'er shafts through drilled passages in the 
pedestals at the re\'erse gear end. 

The rocker lever shafts are also holJow 
and t'arry oil to the rocker lever bearings. 

Euch of the~e rocker lenr :;hafts con
~bts of two hah t>,.. l111tterl logether at the 
t·enler pedesta1. 

9 
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The Valve Rocker Levers 
The ,·ah-e rocker lever~ are of the end· 
fulcrum type. That is, they ph-ot at t11e 
end rather than at the center. They are 
bronze·lmshed at the fulcrum end. 

Each cam follower roller is carried on 
thirty.four small rollers assembled without 
a separator, to form a quill type hearing. 

The valve tappets in the ends of the 
rocker levers are of the self ·aligning type. 
and have hall and socket joints which in· 
sure full contact of tlie tappet face with 
the valve stem end. 

Each vah-e has two springs, an inner 
spring and an outer spring. These springs 
are alike and interl'hangeable whether they 
ser\'e the inlet valves or exhaust vah es. 

The valve spring lower collars are 
seated in rece::ses in the \·ah-e housing and 
keep the springs in correct alignment. 

Keys for the rnh-e spring collars are 
wedge-shaped and fit between the upper 
collar and the valve stem to hold the \ alve 

securely in place. These collars are ground 
in pairs and must, tl1erefore. he kept to· 
gether when serdcing. 

Camshaft Vernier Adiustment 

A flange on the supercharger end of t11e 
camshaft carries the camshaft gear. As 
there are six bolt holes in this flange and 
thirteen holes in the gear. this permits a 
vernier adjustment of thirteen possible po· 
silions. providing a very accurate means of 
valve timing. 

Timing and Accessory Drive 

Now we are ready to talk about the gear 
train which drh"es the cam~haft. magneto, 
ufatrihutors. fuel pump. oil and fresh water 



pumps, and accessories. This timing and 
accessory drive gear train is located at the 
supercharger end of the engine. 

From the crankshaft gear the camshaft 
drive center gear extends upward to the 
magneto and drives the magneto tlirough 
a synthetic rubber coupling. 

About midway on the camshaft drive 
center gear is another bevel gear which 
drives the fuel pump drive gear. 

This bevel gear operates a horizontal 
shaft which in turn drives the fuel pump. 
Opposite the fuel pump drive. provision is 
made for an accessory drive which is op
tional equipment and furnished only on 
<'ertain engines when specified. 

The Camshaft Drive 

The camshafts for each bank of cylinders 
are driven by two inclined gears, one on the 
left hank and one on the right bank. The 
inclined gears are in turn driven by the 
camshaft center drive gear. 

Each of these camshaft drive side gears 
is composed of two parts. 

One is called the camshaft drive side 
gear upper, and the other is called the 
<'amshaft drive side gear lower. The cam
shaft side gear upper ii: one piece with the 
shaft which is splined into the lower gear. 

Distributor Side Gears 
Two other gears located ahout midway of 
each of the camshaft drive side gear~ upper 
mesh with the distributor drive gears. Each 
of these gears in turn drives one of the 
two distributors. 

From the crankshaft. another gear called 
the oil and fresh water pump drive gear ... 

. . . extends downward through the lower 
crankcase to drh1e tl1e oil and fresh water 
pumps. This gear is supported on an exten
sion of the No. 7 bearing cap. 

Tachometer Drive 

A tachometer drh e motmte<l on the left 
bank ,·alve housing co,·er is drh-en from 
the camshaft by means of a worm ·gear and 
an adapter bolted to the <'amshaft flange. 
Internal splines in the adapter-and in a 
similar adapter on the right bank cani:;haft 
-are pro,·ided to aC"commodate a power 
take-off drh-e when this is required. 

11 
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THE 4M-2500 PACKARD MARINE ENGINE 

THE BASIC ENGINE 
DO YOU KNOW THE ANSWERS? 

1. 

2. 

3. 

4. 

s. 

The answers to the following questions will he 
found in the foregoing pages of this hookleL Before 
you look them up, test your own understanding of 
the engine by placing a cross opposite the one you 
think is correcL When you have completed the list, 
check your answers against the engine description. 

The main bearings are carried in the--

-crankcase upper half 

- crankcase lower half 

The main hearings-

- are nonadjustable and must be replaced 

-are adjustable to compensate for wear 

-are the self adjusting type 

Oil is picked up by the scs'\'enge oil pump-

-at only the reverse gear end of the crankcase lower half 

-at only the supercharger end of the crankcase lower half 

-at both ends of the crankcase lower half 

'When the engine is running, melted metallic sodium 

splashes up and down inside the hollow stem of-

-the exhaust valves 

-the inlet valves 

-both valves 

The crankpins and main journal bearings are hollow-

-to make the crankshaft lighter 

-to help balance the crankshaft 

-to provide oil reservoirs 

D 
0 

D 
0 
0 

0 
D 
D 

D 
D 
0 

D 
D 
D 
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6. The cylinder water jackets are-

-made of aluminum and welded around cylinder barrel D 
-made of aluminum and welded around cylinder barrels 0 

-forged as part of the cylinder 0 

7. The camshaft runs-

-in bronze hearings in the pedestals 0 
-directly in the aluminum pedestals 0 

-on hall bearings in the pedestals 0 

8. The valve rocker levers are pivoted-

-midway between one end and the center 0 
-in the center 0 

-at t11e end 0 

9. The magneto is driven-

-from tl1e propeller shaft by a train of gears 0 
-from the crankshaft by a train of gears 0 

- by the camshaft drive center gear 0 

10. One shaft serves to drive-

-t11e Juel pump and fresh water pump 0 
-the oil pump and fresh water pump 0 

-the fuel pump and oil pump 0 
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THE 4M-2500 PACKARD MARINE ENGINE 

THE FUEL, INDUCTION, AND 

EXHAUST SYSTEMS 

A thorough understanding of the fuel, in
duction, and exhaust systems is necessary 
for the correct operation of the Packard 
Marine Engine and the quick, accurate 
diagnosing of engine trouble. Certain de· 
tails of the fuel piping systems may vary 
in the different types of Motor Torpedo 
Boats, but the layouts are basically the same. 

TANKS AND SUCTION LINES 
In the Elco boat, there are three supply 
tanks: a port wing tank, a center tank. and 
a starboard 'wing tank. 

In the Higgins Loat, there are four 
tanks: a port forward tank. a starboard for
ward tank. a port aft tank. and a starboard 
aft tank. Two of the tanks are forward and 
two are aft of the engine room. 

In each tank in both makes of boats, 
there are two fuel suction lines. On the low 
suction line, the intake end is only % ·inch 
from the bottom of the tank. while the in· 
take end of the high suction line is about 
10 inches from the bottom of the tank. 
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ELCO BOAT FUEL SYSTEM 

In the Elco boat~ two tank selector valves 
mounted on the engine room bulkhead pro
vide a means of selecting the tank and line 
through which fuel is to be drawn. The left 

13gs.1 

LOW SUCTION 
SE.l..ECT 0 R VAL VE 

hand, or low suction valve, controls flow of 
fuel through the low suction line of each 
of the tl1ree tanks. The right hand or high 
suction valve similarly controls flow 
through tl1e high suction lines from all 
three tanks. 

' -
H GI.I SUCTION 
SLi.~CTO~ VALVf: 

After passing through a tank selector 
valve. fuel flows through a strainer on its 
way to a ~ystem of pipes and valves mount
ed on t11e bulkhead. Two fuel line valves 
direct the flow of fuel either through the 
electric fuef pump to the fuel manifold 
when tl1e engine is being started. or around 

the electric fuel pump to the fuel manifold 
while the engine is running. Three mani
fold valves direct the flow of fuel to the 
engines. The left valve controls the flow 
of fuel to the port engine~ the center valve 
to the center engine, and the starboard 
valve to the starboard engine. 

In the Elco fuel system, a hand-operated 
emergency pump is included for supplying 
starting fuel pressure. in case the electric 
fuel pump ever becomes inoperative. 

Fuel is supplied to tl1e boat heater and 
auxiliary generator through two pipes lead
ing from the fuel manifold. The flow of fuel 
in these pipes is contro1Ied by valves. 
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HIGGINS BOAT FUEL SYSTEM 

On the Higgins boat, there are also two 

tank selector valves, hut these valves are 

mounted on the engine room instrument 

panel. The left hand valve controls fuel 

flow through both the high and low suction 

lines from the two aft tanks, and the right 

hand valve controls Bow through both high 

and low suction lines from the two fonvard 

tanks. 

TANK SELECTOR VALV£S 

1111Mi 

The Higgins boat has two hand-operated 
wobble pumps instead of an electric fuel 

pump. The left hand wobble pump is used 

to pump from the aft tanks. and the right 

hand pump draws fuel from the forward 
tanks. 

Fuel flows from the tank selector valve 
through the fuel line valve to the wobble 
pump, then continues from the wobble 
pump to the fuel manifold from where it 
is directed to the engines. 

Opening of the wobble pump by-pass 
vah·e, after the engines are started~ allows 
fuel to flow around the wobble pump in· 
stead of going through it. 

In the Higgins boat. a separate fuel 
strainer for each engine is located in each 
engine fuel line. 
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TO STARBOARD 
ENGINE 

Fuel flowing to all three engines from the forward tanks in the Higgins boat 

FUEL STRAINERS 
Both makes of boats use the same fuel 
strainer which has a filtering element made 
of closely spaced, spiral wound wire. The 
spacing between the turns is so close (one 
and one half thousandths of an inch ) that 
dirt is effectively strained out. 

FUEL PUMP 
The wobble pump or the electric fuel pump 
is provided to supply fuel under pressure 
for starting when the engine-driYen fuel 
pumps are not operating. 

The engine-driven fuel pump for each 
engine is mounted on the right hand side of 
tl1e crankcase at the supercharger end. 

When the engine is running, the fuel pump 
draws fuel through its suction line from the 
supply tanks and delivers fuel through its 
pressure line to the carburetor at six to 
seven pounds pressure per square inch. 



The fuel pump is driven hy a be\·el gear 
from the camshaft drive center gear. This 
engine-driven fuel pump is of the four
Yane rotary type. Four slots in the rotor 
carry metal vanes. or blades. which divide 
tl1e bore of the pump into four sections. 
The rotor turns counter-clockwise. 

Because the rotor is off-center with re
lation to the bore. the sections change in 
volume as the rotor turns. As each section 
passes the inlet port, it increases in volume 
and draws in fuel. 

As the section approaches the outlet 
port, it decreases in volume; pressure is 
increased. and the fuel is forced out into 
the fuel line to the carburetor. 

The four vanes are held out against the 
J fuel pump bore by centrifugal force. At low 

TI( 

)l(~;~il 

v l~ .... !i'°"' 
_··~~~,~~ ---- - - I~-~ 1~ I TO 

- _-- ··"T0~7 .. - I. CARBURETOR -.- . --,, .,17' --==i 
• -.;. -· '<;-·- • ' ::!:I 

-,_. · G 

speeds, when tbe centrifugal force is not 
great, a weight bar in the center of the rotor 
holds the vanes down against the bore at 
the lower part of the cycle where the pump 
develops the pressure necessary to dis
charge fuel. 

Pressure Relief Valve 

A poppet type pressure relief valve, con
nected to the outlet side of the fuel pump, 
controls the pressure of t11e fuel delivered 
to the carburetor. 

When the fuel pressure becomes too 
high-that is, higher than the pressure for 
which the valve is set-the pressure of the 
gasoline forces the valve off its seat and per
mits the excess fuel to flow hack into the 
fuel inlet to the pump. This recirculating 
of the excess fuel around the pump regu
lates the pressure of the fuel delivered to 
the carburetor. 
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The fuel pressure at which the valve 
opens is controlled by the ten.:ion on the 
relief valve spring. This temion- and con· 
sequently the fuel pressure - can be 
changed by turning the adjusting screw on 
the top of the pump housing. 

The relief valve compartment is divided 
into two sections by a rubber impregnated 
fabric diaphragm, attached at the center to 
the ''alve stem and held at the sides by the 
relief valve cover. The space above the 
diaphragm is vented to the atmosphere to 
balance the spring adjustment and elimi· 
nate the effect of pump suction on the valve 
adjustment. 

The By .. Pass Valve 

Fuel cannot pass the rotor vanes when the 
-engine is not running and the fuel pump 
rotor is not turning. 

Therefore. a by-pass valve is built into 
the pump to permit the wobble pump to 
force fuel around the rotor to supply start· 
ing pressure. The valve comists of a flat 
plate which covers openings in the relief 
vah-e. When the pump is operating. the 
plate is helcl against the relief valYe by 

spring presrnl'e an<l fuel pre::mre. '\'\"hen 
the pump is not operating. the valve is 
forced off its seat by pressure from the wob
ble pump. allowing fuel to flow through the 
relief valve from the inlet to the outlet side 
of the pump. 

PRIMER PUMPS 

In the Elco boat, hand-operated primer 
pumps. one for each engine. are located on 
a panel overhead convenient to the eng1-
neer "s seat. 

- -



The Higgins boat has only one hand 
operated primer pump. located on the start· 
ing switch panel, which is connected to 
valves so that it will supply any engine by 
injecting fuel into the side induction mani
folds. When the valve handle points down· 

ward it is in the OFF position, and covers 
the pump handle so that the primer pump 
cannot he operated. With the valve lrnndle 
pointing to the left, the line to the port 
engine is opened and that engine can be 
primed by operation of the pump. In the 
same way, the center engine can be primed 
when the valve handle points upward, and 
the starboard engine when the valve handle 
points to the right. 

The primer pumps are intended for use 
only in starting an extremely cold engine. 
Priming a warm engine will make it very 
difficult to start. 

THE CARBURETOR 
Now we are ready to discuss the carburetor. 
The 4M-2500 Packard Marine Engine uses 
a modified 1685F Holley downdraft air
craft-type carburetor, in which the idle cut
off and the mixture control, usually supplied 
in the aircraft carburetor, are omitted. All 
of its operating parts are set at the factory 
to produce the correct fuel and air Bow. 

The only carburetor adjustments re
quired in actual operation are those for 

idle speed - by turning the throttle stop 

screw- and idle mixture--by turning the 

idling adjustment screw on the opposite 

side of the carburetor. 

Fuel enters the carburetor through a 

screen strainer in the carburetor inlet. 

At the same time, air enters through nn 
air cleaner and flame arrester mounted 

on the top of the carburetor. 
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The gasoline is discharged from the main 
discharge nozzle which is directed ver· 
tically downward at the center of the 
carburetor throat. 

The fuel and air meet in the main body 
of the carburetor and are there mixed in 
correct proportions to produce the combus· 
tible fuel mixture required by the engine. 

The fuel level in the carburetor is con
trolled by a pair of valves which are, in 
turn, operated by diaphragms. This con· 
struction replaces the conventional float 
and float-valve mechanism. 

An automatic vacuum operated power 
compensator is built into the carburetor to 
provide a gradually richer fut>l mixture a:; 

the engine spet>d is increased uhove 2000 
rpm. 

POW~R 

COMPi=NSATOR 

An accelerator pump in the carburetor 
supplies the additional quantity of fuel 
which is needed to give rapid and positive 
acceleration when the tl1rottles are opened 
quickly while tl1e engine is running. 



Since the accelerator pump has no 

mechanical connection with the throttles, 
it cannot be used to prime the engine by 

rapidly opening the throttles when the 
engine is not running. 

From the carburetor an adapter elbow 

conducts the air and gasoline fuel mh:ture 

to the supercharger. In this adapter the mix· 

lure is warmed by fresh water flowing in a 

jacket around the adapter. 

THE SUPERCHARGER 

The supercharger is actually a powerful 
high-speed centrifugal air fan or blower 
which draws the fuel mixture from the car
buretor and discharges it into the inlet 
manifolds. In this way. a larger charge of 
fuel is forced into the romLu!ition l'hambers 
of the engine than would he possible by 
atmospheric pressure alone. The result is 
much greater power and speed, and in· 
creased fighting efficiency for the boat. 

The supercharger is bolted to the en
gine crankcase at the end opposite the re
verse gear, and with its driving gears, it is 
contained in three housings: the small hous
ing, which is attached directly lo the crank
case, next tlie large housing, and finally the 
impeller casing. 

11 
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SPRING 
COUPLING GEAR 

The Supercharger Gearing 

The supercharger is driven from the crank· 

shaft by a quill type drive shaft. which is 

capable of twisting slightly under load, and 

so absorbs shocks due to sudden changes in 

engine speed. The shaft is splined into the 

hollow end of the crankshaft. The other 

end 0£ the drive shaft drh·es a spring cou

pling gear. which in turn drives the smaller 

gear of a two-step intermediate gear. The 

larger gear 0£ this two-step intermediate 

gear drives the gear on the impeller ehaft 

and thereby drives the impeller. 
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The Supercharger Impeller 

The gear-driven supercharger impeller 
picks up the air and gasoline mixture from 
the adapter and throws it out from t11e tips 
of the impeller blades. 

Six springs through which the gear sec· 
tion of the spring coupling is driven by the 
hub absorb the vibration and torque result
ing from changes in speed. 

The diffuser, which consists of a series 
of curved air passages, is fastened to the 
inside of the supercharger impeller casing. 

The passages in the diffuser collect the 
air and gas mixture thrown off by the im· 
peller and direct it in a uniform swirling 
flow into the manifold tube, which connects 
the supercharger and inlet manifolds. 

THE MANIFOLD TUBE 
The manifold tube is divided into a series of 
long, square sections by thin metal parti
tions. When the turbulent fuel mixture en
ters the manifold tube, these passages 
straighten out the swirling motion and 
cause the fuel mixture to enter the center 
inlet manifold in parallel streams. 
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This center manifold is a cast aluminum 
tube located in the Vee between the two 
cylinder banks. It receives the fuel mixture 
from the manifold tube and delivers it 
through six ports~ three on each side, to 
corresponding ports in the side inlet mani
folds. 

THE SIDE MANIFOLDS 
The side manifolds distribute the fuel mix
ture to the inlet valve passages of the valve 
housing. Recesses in the side manifolds 
carry the anti-backfire screen assemblies. 

There are two of these screen assemblies for 
each cylinder bank. The purpose of the 
screens is to prevent igniting the highly 
inflammable one hundred octane fuel in the 
manifolds. supercharger. or carburetor. if 
the engine backfires. 

Having passed through the screens. the 
fuel mixture is distributed through the 
valve housing inlet ports to the inlet valves 
and into the combustion chamber. 

THE EXHAUST SYSTEM 
After burning in the combustion chamber, 
the waste gases are expelled t11rough the 
two exhaust valve openings and enter the 
valve housing exhaust ports. These gases 
are then expelled into the exhaust mani
folds through corresponding ports. 

The exhaust manifolds are cooled by 
circulating sea water through water jackets 
which completely surround the manifolds . 

• EXHAUST VALVES 
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These manifolds are constructed so that ex· 
haust pipes can be attached at either the 
reverse gear end or the supercharger end 
of the engine. 

A water jacketed end plate is installed 
on the end of the manifold opposite the 
exhaust pipe. 

The exhaust pipes, like the exhaust 
manifolds, would become dangerously hot 
if they were not cooled. To provide the 
necessary cooling, the exhaust pipes are 
water.jacketed like the exhaust manifolds 
and cooled by sea water ff owing into the 
water jackets from the exhaust manifold 
water jackets. 

In the Higgins boat, the exhaust pipes 
convey the exhaust gases out the side at a 
point below the water line. so that thev are 
discharged under water. . 

In the Elco boat, the exhaust pipes go 
out through the transom above the water 
line. Vertical outboard mufflers are in· 
stalled on the transom when silencing the 
exhaust is necessary for tactical reasons. 
Butterfly valves in extensions beyond tl1e 
Tees direct the exhaust gases through tl1e 
mufflers when the valves are closed and 
cut out the mufflers when the valves are 
open. The butterfly valves are opened or 
closed by hand by operating the muffler 
controls located in tl1e engine room. 

This completes our tracing of the flow of 
fuel from the supply tanks. through the 
selector and distributing valves. through 
the engine. and finally. as burned gases. out 
through the exhaust manifolds and exhaust 
pipes. 
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THE 4M-2500 PACKARD MARINE ENGINE 

THE FUEL, INDUCTION, AND 

EXHAUST SYSTEMS 

Now, check the correct answers: 

J. 

2. 

3. 

Do you think you know the fuel, induction, and exhaust sys· 
terns of the 4M-2500 Packard Marine Engine? You should he 
able to answer these questions if you do. If you fail to answer 
any question correctly, find the right answer now-before you 
are faced with an actual service problem demanding that 
information. 

In the Elco boat the fuel supply tanks are the following three: 

the starboard wing tank 

the port forward tank 

the starboard aft tank 

the port wing tank 

the center tank 

In the Higgins boat the fuel supply tanks are the following 
four: the starboard forward tank 

the starboard wing tank 

the starboard aft tank 
tl1e port fonvard tank 

the port wing tank 

the port aft tank 

the center tank 

The Elco fuel system has two hand-operated wobble pumps to 
pump fuel from the tanks to the fuel manifolds. True 

False 

4. The purpose of the wobble pump or the electric fuel pump is 
to supply fuel to start the engine. 

True 
False 

D 
D 
D 
D 
D 

D 
0 
0 
D 
D 
D 
D 

D 
D 

D 
D 

----------
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5. The pressure of Lhc fuel <lclivercc1 to the carburetor is con· 
trolled by-

the engine-driven fuel pump 

the pressure relief valve 

the tank selector valves 

the wobble pump 

the primer pump 

6. Check Lhc two carburetor adjustments that may he required 
in actual operation of the engine in the boat: 

Rich mixture 

Lean mixture 

Idle mixture 

High speed 

Low speed 

Idle speed 

Air flow 

7. The accelerator pump can he used to prime the engine by 
rapidly opening Lhe throttles when the engine is not 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 

running. 
True 0 
False D 

8. The fuel mixture from the supercharger is changed from a 
swirling turbulent flow to a parallel, smooth flow before 
it enters the engine by-

the valve housing inlet ports 

the supercharger impeller 

the supercharger diffuser 

the center inlet manifold 

the manifold tube 

D 
D 
D 
D 
D 

9. The exhaust manifolds and the exhaust pipes are cooled hy

fresh water D 
sea water D 

10. Butterfly valves that direct the exhaust gases 
vertical outboard mufflers are opened or closed 
automatically. 

through the 

True 

False 
D 
D 
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THE 4M .. 2500 PACKARD MARINE ENGINE 

FRESH WATER AND SALT WATER 

COOLING SYSTEMS 

Modern internal combustion engines are 
designed to work most efficiently within a 
carefully predetermined range of operating 
temperatures. 

The operating temperatures of the Pack
ard Marine Engine are properly controlled 
by means of a combination fresh water and 
salt water cooling system. 

Naturally, the most convenient cooling 
method would he to draw sea water from 
outside the boat, circulate it through the 
engine, and discharge it overboard into the 
sea again. 

However, since sea water contains a high 
percentage of salts, it would corrode the 
metal parts of the engine. So instead, fresh 
water is circulated through water jackets, 
to cool the moving parts of the engine. The 
system through which it circulates is called 
the fresh water cooling system. 

This fresh water becomes very hot as 
it is constantly recirculated through the en· 
gine, so a heat exchanger is provided to cool 
it. This heat exchanger plays tl1e same part 

- \ i:n the boat as a radiator does in an automo
bile. 

The heat exchanger is, in turn, cooled by 
sea water drawn into the salt water system 
through scoops in the bottom of the boat. 

FRESH WATER SYSTEM 
Fresh Water Pump 

A fresh water pump is provided to keep 
the fresh water circulating through the en· 
gine and the heat exchanger. 

This fresh water pump is of the centrif
ugal type, and is combined with the oil 
pump into a single assembly. It is mounted 
on the bottom of the lower crankcase at the 
supercharger end of the engine. 
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A single shaft drives both the oil pump 
gears and the fresh water pump. This shaft 
is turned by a drive gear on the crankshaft 
at one and one-half times engine speed. 

A sealing uni~ consisting of a composi
tion thrust washer, a synthetic rubber 
sleeve, a spring, and two brass retaining col
lars, seals the pump against leakage. The 
thrust washer hears against a polished sur
face on the pump body, and so permits the 
sealing unit to turn with the pump shaft. 

A drain between the oil and the fresh 
water pumps prevents liquid from either 
pump getting into the other in case of leak
age. 

Fresh Water Circulation 
The Bow of water through this com

bination cooling sy~tem begins with the 
fresh water pump, which circulates the 

fresh water through the engine and the 
heat exchanger. 

Fresh water leaves the pump through 
two outlets - one to serve each cylinder 
bank of the engine-and flows into the two 
distributing manifolds, one for each cylin
der bank, located just below the exhaust 
manifold near the base of the cylinders. 

Separate inlet pipes then carry fresh 
water from the distributing manifolds to 
the water jacket around each cylinder. Then 
after circulating around the cylinder, the 
fresh water Bows upward through connect
ing passages from the top of each cylinder 
into the valve housing. 

The valve housing itself is criss-crossed 
with passages through the casting, carrying 
the fresh water around the inlet and exhaust 
ports and valve guide bosses. 



The fresh water next flows from outlets 
on the supercharger end of the valve hous
ing through risers to a main outlet pipe 
which is shared by both cylinder hanks. 

MAIN 
OlJTL£T PIPE: 

__, 
• 

From this main outlet pipe, water then 
flows directly to the heat exchanger, where 
this fresh water from the engine is cooled 
by water from the sea. 

Heat Exchanger 

The construction of the heat exchanger 

may vary somewhat with different installa

tions, but the operating principle is the 

same. 

Basically~ the heat exchanger is simply 

a round steel tank with a header at each 

end. A series of cooling tubes runs between 

these headers. As the fresh water circulates 

through the cooling tubes, it is cooled by 

the sea water flowing around the tubes. 

In another type of heat exchanger, the 

method is exactly reversed. Fresh water 

flows around the tubes, and sen water flows 

through them. 
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To reduce the corrosive action of salt 

water on the metal parts of the system! a 

zinc electrode is provided at the inlet and 

one at the outlet of the salt water side of 

the heat exchanger. Salt water attacks t11ese 

ZlNC ilOCTRODEi 

zincs first, so th at the greater part of its cor

rosive action is spent on them, and its action 

on the steel and aluminum parts of the sys

tem is reduced to a minimum. 

When the cooled fresh water leaves the 

heat exchanger, it flows directly hack to the 

fresh water pump and begins another cycle 

through this main part of the fresh water 

cooling system. 

Pre-Heating The Fuel 

From the point where the fre~h water 
flows from the pump into the distributing 
manifolds, we find a small pipe which leads 
to a water jacket around tl1e carburetor 
adapter between the carburetor and the 
supercharger. A similar pipe leads to the 
adapter from the manifold on the other side 
of the engine. 

By means of these pipes, a small amount 
of warm fresh water is bled from the mani
folds to warm the cold mixture of air and 
gasoline flowing through the adapter from 
the carburetor. This warming of the fuel 
speeds vaporization and aids combustion . 

. ,, 
,•11111!-J"Sl!ll!!r!!ll;f"f"J·!!llJll!al!ll* 

Leaving the adapter jacket, this water 
flows through two pipes, one on each side 
of the adapter, into the two outlet risers and 



then into the main outlet pipe. where it 
joins the water which has been circulated 
through the engine itself. 

Supply Tanks 

A supply tank is provided for each en
gine! to make up for any loss of water in 
the ~ystem by leakage. Each of these tank:, 
is located well above the level of the engine. 

From each tank, a make-up line leads 
to the inlet of the fresh water pump on its 
particular engine, thus keeping the fresh 
water system completely filled at all times. 

A vent pipe from the high point of the 
circuit carries to the tank any steam or air 
bubbles which may form in the system. 
'When steam comes in contact with the 
cooler water in the tank. it condenses back 
into water again, ancl so keeps the system 
free from steam or air pockets. 

"Closed" and "Open" Systems 
The fresh water system which we have 

just traced is called the "closed" type of 
system. Some boats use a variation called 
the "open" system. Here's the main differ· 
ence: 

In the "closed" system, the hot water 
from the engine goes directly to the heat ex
changer, is cooled, and is then re-circulated 
through the engine by the fresh water pump. 
A make-up pipe leads from the supply tank 
to the fresh water pump inlet line. 

In the "open" system, however, the hot 
water from the engine is first carried up 

"OPEN" SYSTm 
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into the supply tank, flows through the 
tank, down through a pipe to the heat ex
changer, and then out of the heat exchanger 
to the fresh water pump. 

SALT WATER SYSTEM 
In the salt water system. an inlet scoop and 
an outlet scoop are located in the bottom of 
the boat to provide the required flow of sea 
water to cool each engine. These scoops 
may he opened or closed by means of con
trols located in the engine room. 

When the boat is under way, the move
ment of the boat forces sea water into the 
inlet scoop, through the heat exchanger, 
and out through the outlet scoop. When the 

boat is at rest, with the engines idling, the 
outlet scoop is closed and sea water is 
drawn in through the inlet scoop and heat 
exchanger by the salt water pump. 

1 
SALT WATER PUMP 

Salt Water Pump 
This salt water pump circulates sea 

water to cool the exhaust manifold and pipe 
whenever the engine is operating, whether 
the boat is under way or at resL 

The salt water pump has two sets of 
helical gears, and is known as a double-gear 
type. It is driven from the supercharger 
driveshaft through a coupling shaft, and 
operates at crankshaft speed. 

COUPLING SHAFT 

SUPERO-lAl!GER DRIVE SHAFT 



The entire pump body is bronze to re· 
sht the corrosive action of salt water. The 
driven gears are brass, and the driving gears 
are monel metal, botl1 metals being corro· 
sion resistant. 

The sealing unit is of the same type as 
is used in the fresh water pump. 

This salt water pump is mounted on the 
supercharger housing directly below the 
carburetor elbow and draws sea water from 
tl1e outlet end of the heat exchanger. 

Salt Water Circulation 
From tlie salt water pump, sea water is 

piped to the exhaust manifold water jack
ets. Entering the water jackets at the reverse 
gear end, it flows through them, and comes 
out through an elbow at the supercharger 
end of the exhaust manifold. The sea water 

1s then conducted into the exhaust pipe 
water jacket, where it cools the pipe and 
the exhaust gases. 

The sea water is finally discharged over-
1.ioard through the exhaust pipe outlets. 

When engines are equipped witli a Vee 
drive, the sea water is also used to cool the 
drive mechanism. It is forced through the 
Vee drive housing water jacket by the salt 
water pump, is piped to tlie exhaust mani· 
folds, and is then discharged through the 
exhaust pipes. 

TO EXHAUST MANIFOLDS 

FTIOM SALT W 

THERMOSTAT 
In both tlie "open" and "closed" systems, as 
just described, the engine temperature is 
controlled by opening or closing the inlet 
scoops, to allo~ more or less sea water to 
Bow through tlie heat exchanger. 
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In some installations, however. the en· 
gine temperature is controlled by an auto
matic by-pass thermostat, located in the 
fresh water line between the engine and the 
heat exchanger. 

In the thermostat, a bellows which is 
sensitive to temperature changes is attached 
to a valve. As long as the engine and water 
are cool, the thermostat valve remains closed 
and the water from the engine flows around 
the bellows, down through tl1e holes in the 
valve and out through the by-pass outlet to 
the fresh water pump. Fresh water is thus 
by-passed around the heat exchanger until 
the water gets warm enough to open the 
thermostat valve. 

As tlte water gets warmer, it expands 
the bellows and the vah e is partially opened 
so that a part of the water goes through the 
heat exchanger. ancl the rest through the 
hy-pa£s outlet. 

TO HEAT EXCHANGER 

VALVE 
PARTIALLY OPl:N 

Finally~ when the thermostat valve is 
wide open, it seats on the base of the ther
mostat housing, thus the flow of fresh water 
through the by-pass outlet is cut off, and 
all of the water from the engine passes 
through the heat exchanger to be cooled. 



In boats equipped with fresh water ther

mostats, ''in-scoop" valves are secured in a 

partially opened position by a locking bolt 

to provide a constant Bow of sea water. In 
this case the out scoop controls are used 

only to open the scoops wide or close them 

completely, and the temperature is con

trolled by the action of the thermostat. 

This concludes the discussion of the 
manner in which the salt water cooling sys
tem cools the fresh water system, the ex
haust manifolds, and exhaust pipes. In 
addition, this same sea water Bows through 
a separate oil heat exchanger and cools the 
lubricating oil. The operation of this oil 
cooling system is explained in the booklet 
entitled "The Oiling System." 

OIL HEAT £XQ-IANGER 

'\ 
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THE 4M-2500 PACKARD MARINE ENGINE 

FRESH WATER AND SALT WATER 

COOLING SYSTEMS 

Do You Know • •• 

• • • the answers to these questions? Test yourself by indicating your answers in the 
squares at the right of each question, and then check your answers with the informa
tion in this booklet 

If you've made any mistakes, you had better go over the points you missed to make 
sure that you have it right. 

I . The 4M-2500 Packard Marine Engine is cooled by sea 
water scooped up and pumped through the water jackets 
and out into the sea again. T 

rue 

2. The salt water pump is combined with the oil pumps 
into a single assembly. 

3. The shaft driving the fresh water pump is turned 
by a drive gear on the crankshaft. 

4. The fresh water pump turns at-

False 

True 
False 

True 
False 

D 
D 

D 
D 

D 
D 

two and one-half times the speed of the engine D 
one and one-half times the speed of the engine D 

one-half the speed of the engine D 
twice the speed of the engine D 
the same speed as the engine D 

5. Number the following parts of the fresh water system, 
to show the order in which the water flows to them 

from the pump: Distributing manifolds 0 
Cylinder water jackets D 

Main outlet pipe D 
Heat exchanger D 

Valve housing D 

13 
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6. Check the parts, in the following list. that make up 
the sealing unit of the water pumps : 

Composition thrust washer D 
Synthetic rubber sleeve D 

Sponge rubber washer D 
Brass retaining collars D 

Steel lock wasl1er 0 
Two steel shims D 

Spiral spring D 
Cork ga!iket D 

7. The purpose of the zinc electrodes in the heat 
exchanger is-

to discharge any static pro<lnced hy friction 
in the system 0 

to red nee the corrosive action of salt water 
on the system D 

to provide an electrical ground for the 
ignition system D 

8. Check the parts of the cooling system through which 
sea water is circulated: 

Water jacket of the carburetor adapter D 
Exhaust manifold water jackets D 

Exhaust pipe water jackets D 
Vee drive water jacket D 
Cylinder water jackets D 

Oil l1eat exchanger D 
By-pass thermostat D 

Heat exchanger D 
Valve housing D 

9. In the "open" type of fresh water system, the 
hot water from the engine goes-

from the main outlet pipe to tlte carburetor water 
jacket D 

through the make-up line to the heat exchanger D 
through the supply tank to the heat exchanger 0 

JO. In boats equipped with fresh water thermostats. the 
"in-scoop" valves are bolted wide open at all times. 

True D 
False D 
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THE 4M-2500 PACKARD MARINE ENGINE 

THE 
ELECTRICAL SYSTEM 

The electrical system of the Packard Marine 
engine is similar to the electrical system 
used in automobiles and trucks since it uses 
an electric starter, generator, generator regu
lator, and storage battery. 

The system consists of the following units: 

1. Two 24-volt storage batteries, connected 
in parallel for starting. 

2. A heavy-duty, six-pole, twelve-brush, 
series-wound starter motor, mounted on 
the reverse gear housing of each engine. 

3, A high output, 75 ampere, engine-driven 
generator, also mounted on the reverse 
gear housing of each engine. 

4. A generator regulator, located on the en· 
gine room bulkhead, for each generator. 

5. Six ammeters, one each for the three 
engine generators. the two batter.ies. and 
the auxiliary generator. 

6. The auxiliary generator. 

3 



In addition. tl1ere are numeron!' <'ontrol 

switcht>s and the ne<'e;;;;ary wiring and 1•ahlt>:0 

to connect the various units. 

All indiYi<lual units and all wiring of the 

electrical system are shielded to eliminate 

radio interference and to preYent detection 

hy the enemy wh .. n the hoat is in operation. 

- - --.. - - it .-

Although the Elco and Higgin:: systems 
Ya1·y as to details~ their functions are basic
ally the same. and a study of one will famil
iarize ~·ou with both. So, let's consider the 
Elco sy!'tem. 

SOLENOIDS 
As there are four solenoid switches in the 
Elco starting circui~ it is first necessary to 

Diagram of the mni11 part.<; n/ fl .<inlenoitl switrh 



understand their operation anrl pnrJ>O!e . .-\. 

solenoid switch consists of the following : 

I. A coil which acts as a magnet when cur
rent passes through it. 

2. A plunger with a disc fastened lo it. 

3. Switch contacts which, when closed. will 
comlnt"t a heavy flow of current. 

Here's how the solenoid switch works. 

When a light current is passed through 
the coil. it becomes magnetized and forces 
the plunger and disc toward the switch con
tacts. 

'\Vlum the disc strikes the switch con
tacts, heavy current flows from the source 
through one contact, through the dit•c into 
the second contact, and then on through the 
cable to the unit to which the switch is 
connected. 

Solenoid switches are used so that heuvy 
cables can be short and direct. This is made 
possible by the fact that the solenoid opera
tion requires only a light current carried 
through light wires and controlled bv a 
switch remotely hut l'Om eniently located. 

SWITCHES AND CIRCUITS 

The two batteries in an Elco boat supply 
current to a bus-bar in the main instrument 
panel, from which the current is distributed 
hy various switches and controls to all elec
trical units in the boaL 

A solenoid switch in each battery line 
to the bus-bar turns tl1e current on and off. 
These two solenoids are operated by key 
lock switches and toggle switches connected 
in series. These key and toggle switches are 
located in the main battery load switch panel 
next to the main instrument panel. 
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Section of the main instrument panel showing battery ammeters, 
engine room load switch, and battery circuit breaker switches 

From these switches, the two batterr 
lines continue on to the circuit breaker 
switches. These switches automatically open 
if the current becomes too heavy~ thus per· 
forming the same protective duty as fuses. 
The circuit breaker switches are located in 

the main instrument panel and are labeled 

Battery No. I and Battery No. 2. 

An ammeter is also included in each bat· 

tery to bus-bar line to indicate the amount 

of battery current being used. These am· 

meters are in the main instrument panel. 

The starting panel is one of the units to 

which current is distributed from the main 

instrument panel bus-bar. There is also a 

bus-bar in the starting panel which distri

butes current to the various starting circuits 

through switches in the panel. 

The engine-room load switch, which is 

in the main instrument panel, controls cur

rent flow from the main instrument panel to 

the ~tarting panel bus-bar. 



Current is supplied to the starter motors 

through a heavy cable. This cable runs di

rectly from the two batteries connected in 

parallel so that they operate as one battery. 

To make this connection, the battery par

allel solenoid is closed by turning on the 

battery parallel switch on the starting panel. 

Another solenoid switch, which is lo

cated in the heavy battery-to-starter-motor 

cable~ controls current flow from the batter

ies to the starter motor. This solenoid switch 

is operated by the holding coil s·witch and 

the starter switch which are connected in 

series and mounted on the starting panel. 

When the battery parallel and holding 

coil switches are turned on, and the starter 

switch is turned to either the starter or the 

starter and coil position, current flows from 

the two batteries, through the battery sole

noids, tl1rough the parallel solenoid to the 
holding coil solenoid, through the starter 

motor, and returns to the batteries through 

a common ground. 

Remember that the battery parallel 

switch must he turned on when using both 

batteries for starting. The reason for this is 

that current from the stronger battery will 

flow to the weaker battery as well as to the 

starter. 
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HOLDING COIL 
SWITCH 

These three switches on the starting panel are turned on to start the port engine 

If the parallel switch is off, current 
would flow from the stronger battery 
through the battery ammeters to the weaker 
battery. This current ffow frequently would 
he so strong that tl1e battery ammeters mig11t 
he burned out or seriously damaged. 

If the necessity for starting on one Lat
tery should ever arise, the batteries should 
he controlled Ly the toggle switches. For 
example, if only battery No. 1 is to be used, 
battery No. 2 toggle switch should be turned 
off so that current from battery No. 1 flows 



........... ....... \ ..., ~ -... --
" 

.: . .. "" 

·' ....... 
\' 

..,, .-, 

' 
.. , 

\ \ ' \ t \ 

• 



( 

•• 

.. 

• 

, 

\ 

+-· 
-. 

-..-~:-.... _-... 

,. ..... -

J 
I 

·~· - I ' 
I· 

... .... 

' " 

,,.., 

-" 

... 

... 

<-..,.. -

~J .. .. 

•.. 

, -. ,,.-

,... / 

,... 

.... 

·-
. '1'6" 

.... ~·"" / - , •' .. . .... .,,. 
.1· .... 

.-· 

-~--

I! 

r 
; 

' 

] 

' I 

... 

/ 
/ 

f , , 

.. 

/ , 
.• "'~ 

(T ,, 
f 

I 
I 

.. 

,.L_ _ rr 

\ ---,.. .. 
\' 

·' 

/ 

>--~ 

y 
·-~··/~ 

- -~ 
/ 

./ 

" 

, 

\ 
I .-1 

1·.J.. 
l '; 

f 

~ 

J .. 



; 

direct to the starling motor. When only hat· 
tery No. 2 is to be used for starting, battery 

No. 1 toggle switch should he off, but the 
battery parallel switch must he on to allow 
current to flow to the starting motor. 

BENDIX DRIVE 
Now that we know how the starter motor 
operation is controlled, let's see how it 
causes the engine to turn. 

The power of the starting motor is trans
mitted through a train of two gears, an over
load clutch, a Bendix drive, and a ring gear 
on the reverse gear clutch drum, to the 
engine. 

As the Bendix shaft turns, the natural 
resistance to motion of tbe heavy Bendix 
pinion causes the pinion to travel out on the 
shaft until it engages the ring gear. 

When the engine starts. tl1e pinion auto
matically disengages and travels hack on the 
shaft to the starting position. 

The overload clutch is of the multiple 
disc type and is provided to protect the 

starter motor against overloacl. If. for any 
reason, the engine is stuck and will not 

crank, this overload clutch slips and allows 
the starter motor to turn. 

If the oil on the Bendix shaft is cold, 
heavy, and sticky, the oil may hold the pin
ion and cause it to rotate with the shaft in
stead of traveliug along it to engage with the 
ring gear. To overcome this condition, a 
brake, called the starter detent, is provided. 
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Pushing the detent down' against the 

pinion prevents the pinion from rotating, 

and so makes it travel out along the shaft 

to engage the ring gear. 

GENERATOR 

The generator on the Packard Marine En

gine is of the shunt-wound, six-pole, four

hrush type. The generator is driven by a 

gear on the reverse gear propeller shaft. As 

this gear is on the driven side of the clutch. 

the generator operates only when the boat 

is under way. 

The output of each engine-driven gen
erator flows to t11e main instrument panel 
bus-bar from which it is distributed, either 
to the batteries or to t11e various electrical 
units of the boat. 

GENERATOR REGULATOR 

In the line between each generator and the 
bus-bar is a circuit breaker switch, an am· 
meter, and a generator regulator. 

The generator regulator comists of these 
four units: the cut-out relay, the current 
regulator. the voltage regulator, and the field 
relay. 



Each of these units is in effect a magnetic 
switch with an armature, contact points, and 
coil or coils wound around an iron core. The 
flow of current through the coil magnetizes 
the core, causing the armature to move and 
open or close the contact points, thus open· 
ing or closing the circuit of which the unit 
is a part. 

-

CUT OUT C1JRRi ITT voe T AGto AElll 
R£1.AY Rffilll.ATO~ RrGUl..ATOR REL.AT 

~· 11:.t Jr j · 

The purpose of the cut-out relay is to 
act as a one-way switch to prevent battery 
current from flowing back to the generator 
and running the battery down. when the 
generator is not running or is running at less 
than charging speed. 

The current regulator limits generator 
output to a safe value and prevents over· 
heating of the generator. 

The voltage regulator an<l the field relay
work together and control generator voltage. 

AUXILIARY GENERATOR 
To supplement the three engine generators. 
each boat is equipped with a ~eparale. gaso· 
line-engine-driven auxiliary generator. 

The auxiliary generator is used wlien 
the boat engines are not running or when 
more electric power is required than is hei~g 
produced by the engines when they are run
mng. 

Power from the auxiliary generator 
flows to the main instrument panel bus-bar 
from which it is distributed either to the 
batteries or to electrical units requiring 
power. 

Careful study of the electrical system 
and strict adherence to your operating in· 
structions will enable you to get excellent 
operating results from the various units of 
the electrical system. 

11 
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THE 4M-2500 PACKARD MARINE ENGINE 

THE 

ELECTRICAL SYSTEM 

What are the answers? 
A ready understanding of the electrical system of the Packard Marine Engine is 

necessary to its efficient operation. You can test yourself on how well you know this sys· 

tem by answering these questions. Then check your answers with the information given 

in this booklet, to make sure you have them all right. 

I. Solenoid switches are used so that heavy cables can he short 
and direct. True D 

False D 

2. The solenoid switch requires a heavy current carried through 

light wires. True D 
False D 

3. The bus-bar which distributes current to all electrical units 
in the boat is located- in the main instrument panel D 

at the load switch panel D 
in the battery solenoids D 

in the starting panel 0 
at the batteries D 

4. The holding coil solenoid controls the current flow from the 
batteries to the- main instrument panel D 

starting panel 0 
starter motor 

ammeters 
D 
0 
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5. Number the following solenoids to show the order in whicl1 .-. 
the current flows through them from the batteries 
lo the starter motor: 

Holding coil solenoid D 
Parallel solenoid D 
Battery solenoid D 

6. If it is ever necessary to start on one battery, the other battery 
should he turned off by the-

holding coil switch D 
parallel switch D 
toggle switches D 

7. The overload clutch protects the starter motor in case the 
engine will not crank. 

True D 
False 0 

8. The starter detent acts as a brake to-

stop the Bendix pinion from rotating D 
stop the overload clutch D 
disengage the ring gear D 

stop the reverse gear D 

9. The generator produces a light current when the engine is 
idling. 

True D 
False D 

JO. The cut-out relay acts as a one-way switch to prevent battery 
current from-

flowing hack to the generator D 
overheating the generator D 
burning out the ammeter D 
overcharging the battery D 

building up to a peak D 
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Transverse cut-away view of the reverse gear unit, 
showing the clutch push plate and toggle levers. 



THE 4M-2500 PACKARD MARINE ENGINE 

THE 

REVERSE GEAR 

l 

The reverse gear transmits the power of 
the engine to the propeller, providing both 
forward and reverse drives at a ratio of one 
to one, as well as a neutral position which 
permits the engine to run idle. 

As the reverse gear has clutch and brake 
linings, which, i£ abused, would impair the 
reverse gear operation, an understanding 
and appreciation of this unit is highly im
portant. 

FORWARD DRIVE 

Forward Drive is accomplished by one set 
of dogs, connected to the crankshaft, en
gaging and turning another set of dogs, 
connected to the propeller shaft. 

A synchronizing clutch, consisting of a 
cone and two friction rings, brings the pro· 
peller dogs up to the speed of the engine
driven dogs so that the dogs can be engaged. 
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The engine-driven dogs are connected to 
the crankshaft so that they are one unit 
with the crankshaft as far as rotation is 
concerned. 

The propeller dogs are splined to the 
reverse gear propeller shaft, tlrns making 
these parts one unit as far as rotation is 
concerned. 

Tims, when the two sets of dogs are 
locked into engagement, the engine-driven 
dogs, turning with the crankshaft, drive the 
propeller dogs, and thus turn the propeller. 

THE SYNCHRONIZING CLUTCH 

To prevent clashing an<l possible stripping, 
the two sets of dogs must be rotating at the 
same speed while they are being engaged. 
In order to bring the propeller dogs to the 
same speed as the engine dogs before en· 
gaging~ the synchronizing clutch is provided. 

The synchronizing clutch consists of a 
cone with clutch linings riveted to it, and 
two friction rings, shaped so that each one 
can exert pressure against one of the cone 
linings. 

The two friction rings are connected to 
the crankshaft and therefore are always 
rotating when the engine is running. 

When the shifter lever is pushed toward 
the engine to the forward drive position, 



the friction rings, rotating with the crank· 
shaft, squeeze against the clutch linings on 
the cone. When the pressure becomes strong 
enough, the cone starts to turn, thus causing 
the propeller to rotate. 

JJ.....o~~~· '~ r · .)~·r I 
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While this action is taking place, the 
engine dogs tend to move toward the pro~ 
peller dogs, but are delayed by a spring 
loaded detent. The shifting mechanism is 
so constructed that, when the clutch is prop· 
erly adjusted and the linings are in good 
condition, it brings the propeller d~gs up 
to the same speed as the engine dogs slight· 
ly ahead of the time of engagement. 

As long as the shifter lever is in fully 
engaged forward drive position, both the 
synchronizing clutch and the two sets of 
dogs stay locked in driving position. 

Forward drive engagement must be 

made at engine idling speed of 800 to 850 

rpm, and the tlirottles must not be opened 

until the dogs are positively engaged. 

Clutch linings must not he subjected to 

unnecessary wear such as slipping the clutch 
to maneuver a boat. 

REGULATION OF PRESSURE 

Pressure of the friction rings against the 

clutch linings is applied by the clutch push 

plate, which pushes against a number of 

coil springs. 

The amount which these springs arc 
compressed between the push plate and 

the friction ring regulates the pressure of 

the friction rings against the clutch cone 

linings. 

The length of movement of the push 

plate is definitely limited by the reverse 

gear shifting mechanism, hut the friction 

ring must travel until it reaches the cone 

lining and then must exert sufficient pressure 

against the lining to transmit the power of 

the engine to the propeller. 

As the linings wear, the friction rings 
ha\'e a greater distance to travel. Conse· 

quently, the clutch springs must reach a 
greater distance between the push plate and 

s 
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friction ring than they did before the lin

ings became worn. The result is that the 

springs are compressed less. and therefore 

there is less pressure of the friction ring 

against the clutch lining. This reduces the 

ability of the clutch to hold without slip· 

pmg. 

As clutch linings wear~ the shifter lever 

will have to move a gradually increasing 

distance before the clutch is engaged. "'\Vhen· 

ever this distance seems too great. clutch 

spring compression should he checked and~ 

if necessary, adjusted according to instruc
tions contained in tl1e booklet, "Servicing 

the Reverse Gear." 

ClUTCl-1 
SPRING 

COMPRESSION 

There is a definite limit to the amount 
of clutch lining wear which can he offset 
by adjustment. After this limit is reached. 

the reverse gear must he removed from the 

boat to replace the linings. Therefore • 
. abuse of clutch linings must he avoided. 

REVERSE DRIVE 

Reverse drive is accomplished through 
operation of a system of gears commonly 

known as planetary gears. These are mount· 

ed in the pinion cage which we will call the 

reversing drum. 

The reversing drum rotates continuously 
while the forward drive is engaged or while 
the unit is in neutral. But when the shifter 
lever is moved to reverse position, the re· 
verse brake band is clamped against the 
drum, thus holding it stationary. Stopping 
the movement of the drum causes the gears 
in the drum t_o rotate and drive the propeller 
in reverse. 

' "'\ 



The planetary gears marked E are meshed with the engine gear, while 
the ones marked Pare meshed with the propeller gear 

OPERATION OF PLANET ARY GEARS 

A gear known as tl1e engine gear is con· 
nected to the crankshaft and therefore ro· 
tales whenever the engine is running. 

l -

Another gear attached to the propeller shaft 
is known as the propeller gear. 

The engine gear meshes with three of 
the planetary gears which are free to rotate 
on shafts mounted in the reversing drum. 

Each of these three gears meshes with 
one of the other three planetary gears, which 
also are free lo rotate on shafts in the drum. 

These gears, in turn, mesh with the pro· 
peller gear which is mounted on the pro· 
pell er shaft. 

As the operation of all three sets of 
planetary gears is the same, let us consider 
only one set in order to simplify this ex
planation. 
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When the engine is running, the engine 

gear, which is turning with the crankshaft, 

transmits motion to the planetary gear mesh· 

ing with the engine gear. 

This planetary gear transmits motion to 

the other planetary gear. 

This second planetary gear mc:-hes with 

the propeller shaft gear. 

When these planetary gears are turning. 

one of two things will happen. Either : 

( 1) The propeller gear will remain sta· 

tionary due to water drag against the 

, , 
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Side view of one set of planetary gears showing how they mesh with each 
other and with the engine gear and the propeller gear separately 

propeller, and cause the planetary gears 
to travel around the propeller gear, 
carrying with them the free-rolling, ball
Learing-mounted reversing drum, or 
(2) The drum, held stationary Ly apply
ing the brake Land, will prevent the 
planetary gears from traveling around 

the propeller gear, and force the engine 
gear to drive the planetary gears, which 
in turn drive the propeller gear in re
verse direction. 

REVERSE GEAR BRAKE BANDS 

Slipping the reverse drive will wear the lin
ings excessively, possibly to the point of 
burning them out, thus making reverse drive 
useless. 

At any time that the reverse drive ap
pears to Le slipping, it should also Le 
checked according lo the procedure oullinc1l 
in the Booklet entitled "Servicing the Re
verse Gear." 

With a thorough understanding of how 
the reverse gear unit functions, you will be 
able to operate it so that it will be ready 
for any action required. 

9 



10 

Jacking bar being used on the reverse gear flange 
to turn the engine by hand 
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THE 4M-2500 PACKARD MARINE ENGINE 

THE REVERSE GEAR 

If you really know • . • 

• . . how the reverse gear works, you should be able to answer all of these questions 

correctly. Just put a check mark in the square to indicate your answers. Then look up 

each question in this booklet to make sure you nn<lerstaml this important unit of the 

Packard Marine Engine. 

J. Forward drive is accomplished by a set of dogs, connected 
to the crankshaft, engaging with-

a synchronizing clutch consisting of a cone and two 
friction rings 

a set of dogs connected to the propeller shaft 

a ring gear splined to the main drive shaft 

2. The gear ratio in forward clrive is greater than the gear ratio 
in reverse drive. 

3. The friction rings in the synchronizing clutch 
rotating when the engine is running. 

True 

False 

are always 

True 

False 

4. The purpose of the friction rings in the reverse gear mech
anism is-

D 
D 
D 

D 
D 

D 
D 

to slow down the propeller shaft when operating in reverse 0 
to wear down the clutch linings and prevent damage 

to the clutch cone 0 
to slow down the propeller shaft when operating in 

forward drive 0 
to bring the dogs on the propeller shaft up to speed 0 

13 
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5. Forward drive 
speed of-

engagement should be made at an engine 

700 to 750 rpm 

750 to 800 rpm 

800 to 850 rpm 

850 to 900 rpm 

6. The reversing dr111n rotates contin11011sly \\'11enevt>-r the en· 
gine is r11nning. 

7. The six planetary gears in the reversing drum 
directly by the engine gear. 

True 

False 

are driven 

True 

False 

D 
D 
D 
D 

D 
D 

D 
D 

8. Reverse rotation of the propeller shaft is produced by

meshing of the planetary gears with the propeller shaft gear D 
application of the brake band against the reversing drum D 

pressure of the friction rings against the clutch cone 0 
meshing of the planetary gears with the engine gear D 

9. When the engine.driven dogs and the propeller-shaft dogs 
are fully locked in forward driving position, the pressure 
of the friction rings against the clutch cone is released. 

True D 
False D 

10. How many of the planetary gears are meshed with the pro
peller gear? 

< ~-" 

One 

Two 

Three 

Four 

Five 

Six 

D 
D 
D 
D 
D 
D 
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THE 4M-2500 PACKARD MARINE ENGINE 

EVERYDAY OPERATION 
IN THE 

ELCO 80-FOOT BOAT 

In operating the engines in the Motor Tor
pedo Boats, the following established pro
cedure has many advantages. The most 
important are saving time, eliminating un
necessary motions, and making sure that no 
part of the procedure has been missed. 

To simplify these instructions, the pro
cedure has been divided into five groups of 
operations, as follows: 

I. PREPARATION BEFORE 
STARTING 
a. Preliminary Steps 
b. Instrument Panel Operations 
c. Fuel Supply Operations 
d. Control Station Operations 

2. STARTING AND DOCK 
WARM-UP 

3. WARM-UP UNDER WAY 
4. UNDER WAY AT FULL RPM 
5. STOPPING AND SECURING 

1. Preparation Before Starting 
a. Preliminary Steps 

Before actually starting the engines, there 
are certain important preliminary opera· 
tions to be performed. 

First, make sure that the ventilator 
covers have been removed, and that there 
is no strong odor of gasoline in the engine 
room. Starting the engines when gasoline 
fumes are present in the engine room, might 
cause a serious explosion. 

~i':' '"i~:,ir ;:~!ff~~ 
.~:-. 

f1' 
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The fresh cooling water supply for all 
three engines should be checked by observ· 
ing the water level in the glass gauges in the 
supply tanks. 

The oil supply tanks for all three en· 
gines should be checked in the same way. 

Make sure that all the mufiler controls 
are in the OPEN position. 

BP'"'' · > .•.• ,..,,%:: 
l!t~·:r , • - " ,..,., 

OPEN POSmON 

. ! 
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Give the "edge" type oil OUT strainers 
t'\'O con1plete turns to the right to insure 
free flow when the engine is started. Repeat 
this after every two hours of operation. 

Remove the carburetor air cleaner coY· 
e,,, and make sure that the overspeed cut· 
out~ on all three engine~ are in tl1e operating 

• 

position by pmhing down on the red reset 
buttons. 

Then close the exhaust manifold drain 
vah-es at the reverse gear end of all three 
engines. These valns should have been left 
open. of course, when the engines were 
~eeured . 
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b. Instrument Panel Operations 

Now proceed to the main battery load 
switch panel located on the starboard side 
of the forward bulkhead. 

-""'--·-<:'-• ,, 
KEY SWITCHES 

Turn ON the two key switches and the 
two toggle switches, which control the Aow 
of current from the battery. 

; 

C' 

"" .,, ' 

ENGINE ROOM 
LOAD 

; 

" 

• .. 
• 

• : .---,--- --· 

l11~lllii;.I 
(J • .. .. .. ., 
• • • 

At the instrument panel, turn ON the 
Battery Number One and Battery Number 
Two toggle switches, as well as the Engine 
Room Load and the Main Feed toggle 
switches. 

c. Fuel Supply Operations 

With these preliminary steps completed, 
the next operation is to select the tank from 
which fuel is to be used. 

First check the fuel level in the gasoline 
tanks by operating the levelometer pumps 

· until the gauge needles stop rising and re
main steady. 

Fuel should be selected from whichever 
of the wing tanks shows the highest leveL 
so that the amount of fuel in the wing tanks 
is balanced as nearly as possible. If both 
wing tanks are low, then, of course, the 
center tank will be selected. 

""'_. _ _ iU, o\~~ 

•• ~-t ·•-11 ;/ 
LOW SUCTION a ~-AL. ·._ ..... 
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After deciding which tank you will use, 
turn both the HIGH and LOW suction tank 
selector valves to the tank you have selected. 

Then turn the pointer of the LOW suc
tion fuel line valve toward the electric wob
ble pump and turn the pointer of the HIGH 
suction fuel line valve away from the wob
ble pump. 

Then check the Heater Feed Vah·e and 
the Auxiliary Generator Feed Yake to 
make sure they are closed. 
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I MANIFOLD VALVES 
- -·--· 

::::: : ::!:: >. B -' Finally. open the three gasoline mam
fold valves. and the procedure at the fuel 
control panel is concluded. 

Tl-IROTTLES 

d. Control Station Operations 

Now proceed to the control station on 
the starboard wing engine and check to see 
that all three shifting ]eyers are in the 
NECTRAL position. 

:\Take sure that all the inlet scoops are 
OPEN and that the outlet scoops are 
CLOSED. Aho make certain that the spark 
controls are pulled to FCLL RETARD. 
They must be in this position whenever the 
engine is started. 

Turn ON the fuel pump switch which 
operates the electric wobble pump to build 
up initial fuel pressure. This will enahle 
you to inspect the fuel system for leaks. 

,,, ' "' .J?!: >:!iJI-- .i -· N ""'" 

STARTING 
PANEL 

SPARK 
CONTROLS 

Sl-llFTING 
LEVERS 

IN SCOOPS OUT SCOOPS 
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If the engines are not to he started at 
once, turn OFF the fuel pump switch when 
the inspection is completed. 

In case fuel leaks are found, they should 
be repaired, and all traces of gasoline 
cleaned from the engine room before the 
engines are started. 

The next step is to check all three en· 
gines to make sure that they turn freely. 
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First, on the starting panel, turn ON 
the battery parallel switch and the holding 
coil switch for whichever engine you are 
testing. 

Then turn the starting and ignition 
switch to the STARTER position. 

Caution: Be sure not to turn the 
switch to the STARTER and COIL 
position as this would permit the en· 
gine to start 

Be careful that the starting switch is not 
kept in the starter position longer than 
thirty seconds, as this mav overheat the 
starting motor. 

If the starter does not crank the engine, 
report the fact to the boat captain at once. 

HOLDING COIL SWITCH 
,·.:·-------- ~"'- ._._ .. .. ... ... 

--
;7 .. 

- BA'ITERY PARALLEL SWITCH 
.. _ -"''- _, 

.. 4 .. 

When yon have finished your check, 
turn OFF the battery parallel and the hold
ing coil switches. 

With this series of preliminary opera· 
tions completed the engines will be ready to 
start the moment the starting signal is given. 

2. Starting and Dock Warm-Up 

When the captain wants the engines started, 
he will first signal the engineer to "stand 
by" with ONE BUZZ. 

As soon as you receive THREE Bl"ZZES, 
the signal to start the engines, snap ON the 
three Holding Coil and three Booster Coil 
switches on the starting switch panel. 

Then snap ON the battery parallel 
switch to give you the combined capacity of 
both batteries for starting. 
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Press the ignition reset button to com
plete the ignition circuit in case the emer
gency switch has been thrown. Then turn 
ON the fuel pump switch once again. 

Now you are ready to start the engines
one at a time, of course. First, open the 
throttle slightly. This will prevent flooding 
when the engine is warm. When the engine 
is cold, the throttle should be closed. 

Use of Primers 

Never use the primer unless the engine 
is extremely cold, as the rich mixture will 
usually result in hard starting. If the primer 
is to be used, first make sure that the throttle 
is closed, then give the primer several 
strokes to clear it of air, and use two to sb: 
priming strokes after the pump takes hold. 

.. 

~
. F-· 

· ... ·~ c. ·.. . •. .J 

Next turn the starting and ignition 
switch to the STARTER position. Hold the 
switch in this position until the starter turns 
the engine up to maximum cranking speed. 

" .;· £.' d" >!" 
~" 1flO <H ,,-; ~ ~ ~ ~ 
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STARTER AND COIL 
POSmON 

Then turn the switch clockwise to the 
STARTER AND COIL position until the 
engine starts. 

"" 

Caution: Do not hold the starting and 
ignition switch in the STARTER AND 
COIL position for more than thirty 
seconds as this is likely to overheat the 
coil and burn the points. 

,, 

i 
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POSmON 
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As soon as tlie engine starts, close the 
throttle and turn the starting switch to the 
MAGS INTAKE A1't1) EXHAUST position. 

Then, immediately check the oil pres
sure gauge on the instrument panel for 
whichever engine you are starting. 

Caution: If the oil gauge does not 
show pressure after five seconds of op
eration, the engine in question should 
he stopped at once and not restarted 
until the cause of oil pressure failure 
is determined. 



The other two engines should be started 
in exactly tl1e same manner. 

When all three oil gauges show pressure, 
snap OFF the electric fuel pump and bat
tery parallel switches and snap OFF the 
three Holding Coil and three Booster Coil 
switches. 

No load should be put on the engines, 
that is, the boat should not get under way 
until the oil IN and water OUT tempera
tures have reached 110 °. 

During the warm-up, feel the exhaust 
manifolds and pipes to make sure that sea 
water is being circulated through them. 

3. Warm-Up Under Way 
As soon as the oil IN and the water OUT 
temperatures have reached 110°, signal the 
boat captain on the bridge with ONE BUZZ, 
indicating that the boat may now get under 
way in order to complete the warm-up. 

This completion of the warm-up should be 
done under way whenever possible as this 
will shorten the warm-up time and reduce 
the tendency to foul the spark plugs. 

ANNUNCIATORS 
---- ·-

The annunciators on the instrument 
panel will relay the boat captain's signal to 
move the shifting lever - either BACK, 
NEUTRAL, or AHEAD. After signalling to 
operate the shifting levers the boat captain 
should pause momentarily before opening 
the throttles to give the engineer time to 
engage the drives. 

The shifting levers should be moved 
with a smooth, positive motion - fully en
gaged or fully disengaged. 

As soon as the boat gets under way, the 
OUT scoop controls should be moved to the 
WIDE OPEN position. 

· The engines should not be operated at 
speeds above 1,000 rpm, until the oil IN 
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temperature has reached 130°. However, in 
case of en1ergency~ tl1e engines 1naJ· be run 
at higher speeds, provided the oil pressure 
holds steady and does not go above 150 
pounds. 

4. Under Way at Full rpm 

When the oil IN temperature has reached 
130° and the water OUT temperature has 
reached 150 °, the engineer will signal the 
boat captain with ONE BUZZ, indicating 
that the engines may he run at FULL rpm. 

As soon as the engine speed has reached 
1200 rpm, the spark controls should be 
changed to the FULL ADVANCE position. 

FULL ADVANCE 

Watch All Gauges 

While the boat is under wav, constant 
attention should he given all gauges and 
instru1nents. 

Oil pressure should be from 90 to 105 
pounds at all speeds. Any sudden or con
siderable variation above or below these 
limits should be investigated immediately. 

This rule applies to all pressure and tem
perature indications. 

However, don"t be alarmed if oil pres
sure drops to as low as 60 pounds when 
throttles are closed rapidly. 

Oil temperatures should also be watched 
comtantly. 

Normally, the oil IN temperature will 
be held by the thermostat between 130 ° 
and 150°. 

The oil OUT temperature will increase 
as engine speed increases, ranging fro1n 
140° to 200°. However, oil OUT tempera
ture around 200° should be reached only 
when the engine is operating at 2400 to 2500 
rpm. 

Caution: Any sudden, unusual in
crease or decrease in oil ten1perat11re is 
an indication of trouble. 

The engine invoked should be stop
ped immediately and the boat captain 
notified with THREE BUZZES. The 
trouble should be located and corrected 
before the engine is restarted. 

Operating the Scoops 

When the boat is under way, the IJ."\' 
scoops of the salt water cooling system 
should be used-to control engine fresh water 
temperature. The OUT scoops must be kept 
wide open. 

....... 



The allowable fresh water OUT tempera
ture is from 150 ° to 170 ° but hold the 
water OUT temperature as close to 160° as 
possible. 

Watch Manifold Pressures 

Manifold pressure should be watched 
constantly while under way, and checked 
against the manifold pressure charts which 
show the maximum allowable pressures at 
which the engines are to be operated with 
various fuels. 

To balance the load on the engines, en
gine rpm should be carefully adjusted so 
that the manifold pressures of the three 
engines do not vary more than half n gradu
ation on the gauges. 

5. Stopping and Securing 
We are now ready to discuss the procedure 
for stopping and securing the engines. As 
the captain brings the boat in and gets ready 
to dock, he should close the throttles and 
come in at idle speed. 

"\';Then the boat loses way, the OUT 
scoops should be closed so that the salt 
water pump will draw sea water through 
the heat exchanger. 

By signalling with the annunciators, the 
boat captain will indicate the desired posi
tions of the shifting levers - BACK, NEU
TRAL, or AHEAD. 

\Vb.en all shifting levers have been 
placed in the NEUTRAL position, stand by 
with engines running until receiving the 
signal to stop the engines. 

When the engines are to be stopped, the 

boat captain will signal the engineer with 
FIVE BUZZES. 

To stop the engines, first turn the fuel 
tank selector valves to the OFF position in 
order to shut off the gasoline supply, and 
close the three gasoline manifold valves. 

Then as soon as the fuel pressure has 
dropped below two pounds, and the engines 
begin to run roughly due to lack of fuel, 
turn OFF the starting and ignition switches. 

To secure the engines, open the drain 
valves in the exhaust manifold end covers; 
close all of the IN scoops; make sure that 
the mnfiler controls are in the OPEN posi
tion. 

Next, turn OFF all the switches on the 
instrument panel, as well as the switches on 
the main battery load switch panel. 

Replace the air cleaner covers on nil 
three engines, and finally wipe down the 
engines while they are still warm as this is 
the easiest way to keep the engines in ship
shape condition. 
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THE 4M-2500 PACKARD MARINE ENGINE 

EVERYDAY OPERATION 

in the ELCO 80-FOOT BOAT 

DO YOU KNOW THE ANSWERS? 

How much do you know about operating the 4M-2500 Packard 
engines in the Elco 80-foot boat? Check the statements on this 
page which you think are correct; then compare your selections 
with the correct information as given in the foregoing pages. 

1. Fuel should be used first from-

-the wing tank that contains the least fuel 0 
-the wing tank that contains the most fuel D 

-the center tank D 

2. When starting, the spark controls should be 
set for- -partial relanl 

3. Operation on the booster coil should he 
limited to-

4. When starting the engines, the mufflers 
should be-

5. Fuel pressure, when under way, should not be 
more than-

-full advance 
-full retard 

-15 seconds 
-30 seconds 
-1 minute 

-closed 
-open 

-12 pounds 
-7 pounds 
-3 pounds 

D 
D 
D 

D 
D 
D 

D 
D 

D 
D 
D 

6. The engine is warmed up and the boat may get 
under way when the oil IN and water OUT tem
perature reaches- -ll0°F. D 

-130°F. D 
-200°F. D 
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7. Ordinarily, engines should not be run faster than 
1000 rpm until the oil IN temperature is- -110°F. 0 

8. Water temperature is controlled, when the 
boat is under way, by adjusting-

-130°F. 0 
-200°F. D 

-both IN and OUT scoops 0 
-the OUT scoops 0 

-the IN scoops 0 

9. At engine speeds of 1200 rpm and above, the 
spark control should be set for- -partial retard D 

D 
D 

-full advance 

10. When the boat is secured, the exhaust manifold 
and exhaust pipe drains should be left-

n. Indicate, by numbering 1 to 3, the proper 
sequence of starter switch positions when 

-full retard 

-closed 0 
-open 0 

starting the engines- -Starter and Coil D 
-Mngs-I&E D 

-Starter 0 
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THE 4M-2500 PACKARD MARINE ENGINE 

EVERYDAY OPERATION 
IN THE 

HIGGINS MOTOR TORPEDO BOAT 

In operating the Packard Marine Engines 
installed in the Higgins Motor Torpedo 
Boat, the following of an established rou
tine based upon actual experience will in
sure starting, stopping, and securing the 
engines in the shortest possible time, and 
with the least amount of effort. 

Preparation Before Starting 

Preliminary Steps 

Before starting the engines, there are 
certain important preliminary operations 
which should be performed. Check to make 
sure that the three emergency ignition 
switches at the bridge are pushed to the IN 
position. 

Then go down to the engine room and 
turn all engine emergency switches to the 
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UP position. Also, turn on the two battery 
switches and the ignition switch. 

CAUTION: Be sure to turn on the 
ventilator to clear the engine room of 
gasoline fumes. The engines should 
never be started while there is a strong 
odor of gasoline in the engine room. 
This is a fire precaution which must be 
observed. 

Check the fresh cooling water supply 
and the oil supply by observing the level in· 
the gauges on the supply tanks. 

Next, close the exhaust pipe drain valves 
for each engine, and push down on the over
speed cut-out reset buttons to make sure the 
cut-outs are in operating position. 

Remove all the carburetor air cleaner 
covers, and give the handles of the "edge" 
type oil OUT strainers two turns to the 
right to clean the element. 

Now, check to see that all three shifting 
levers are in the NEUTRAL position. and 
that the three sea water valves are closed; 
push the control handles all the way down. 

If muJBer controls. are provided, make 
certain that they are pushed in, to the 
OPEN position. 
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Also, see that all three spark controls 
are in FULL RETARD - that is, in the 
UP position, They must he in this position 
whenever the engine is started. 

Now, proceed to the instrument panel, 
and turn on the instrument switch so that 
the gauges will register. 

Fuel Supply Operations 

Check the fuel level in each tank by oper
ating the levelometer pumps until the gauge 
needles rise to the highest point and remain 
steady. 

Ordinarily, fuel should be used from the 
tank showing the highest level. This selec
tion is made by turning one of the two tank 
selector valves so that it indicates the de
sired tank. 

After selecting the proper tank, open 
the wobble pwnp valve and the fuel line 
valve from the tank selected - check to 
make sure that the wobble pump by-pass 

valve is closed, and open the three mam
fold rnlves leading to the engines. 

Then, operate the wobble pump, to 
build up approximately seven pounds ini
tial fuel pressure, close the fuel line valve 
to hold the pressure, and carefully inspect 
the fuel system for leaks. 

Check for Free Turning 

The next step is to check the engines for 
free turning. To do this, push both the 
starter and the starter safety buttons with 
tl1e starter switch in the OFF position. 

CAUTION: The starter button should 
not be held in continuously for longer 
than thirty seconds, as this may over
heat the starter. 

If the starter does not crank the engine, 
report this fact to the hoat captain at once. 

The other two engines should then be 
checked in the same manner. 

With this series of preliminary opera
tions completed, the engines are ready to be 
started as soon as the starting signal is given. 

Starting and Dock Warm-Up 
'\V11en tl1e captain "\\~ants tl1e engines started~ 
he will first signal the engineer to "stand
by" with one buzz. Three buzzes is the sig
nal to start the engines. _.\.s soon as this 
signal is given~ open tl1e f11el line valve 
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again and use the wobble pump to rebuild 
pressure if needed. 

If the engines are 1can11. open the throt
tles slightly to prevent flooding. If the en
gines nre cold. the throttles should be closed. 

CAUTION: :'ieYer n,e the primer un
less tl1e engi11es are extre111ely rold as 
the rich mixture will usually result in 
hard starting. 

If the primer must he med. first make 
sure that the throttles are closed. Then give 
the primer several strokes to clear it of air 
a11d use t'vo to six pri1ning strokes after the 
pump takes hold. 

Now, turn on the ignition switch to the 
START position nnd push the starter and 
the starter safety buttons. 

CAUTION: Do not keep the ignition 
switch on the START position for 
more than thirty seconds as this is like· 
ly to overheat the booster coil and 
burn the points. 

As soon as the engine starts. turn the 
ignition switch to the BOTH position. In 
this position both inlet and exhaust plugs 
are fired by the magneto. 

Then close the throttles. and immedi
ately check the oil pressure gauge on the 
instru1nent pa11el for tl1e engi11e you are 
starting. 

If the oil gauge does not sl10\V press11re 

after five seconds of operation. the engine 
in question should be stopped at once and 
not restarted until the cause of oil pressure 
fail11re is deter1nined. 

\'\'hen the other two engines have been 
started in the sa111e n1an11er. open tl1e '\\'Ob
ble pump by-puss ,·alve and let the engines 
idle at the dock with the throttles closed. 
until the water OGT and oil m tempera
tures have reached llO degrees. 

During the warm-up period at the dock. 
feel the exhaust manifolds and pipes to 
make sure that sea water is being circulated 
througl1 tl1e111. 



,,r-. Warm-Up Under Way 

Completing the warm-up should be done 
with the boat under way whenever possible, 
since this method shortem the warm-up 
time and reduces fouling of the spark plugs. 

When the water OUT and oil IN tem· 
peratures have reached llO degrees, signal 
the captain on the bridge that the boat is 
ready to get nnder way. 

By means of the annunciators, the cap· 
tain will signal to shift the control levers. 
After signalling, the captain should pause 
for a moment before opening the throttles, 
to give the engineer time to engage the 
drives. The shifting levers should then be 
shifted with a smooth positive motion fully 
engaged or fully disengaged. 

The sea water valves should be opened 
1vide as soon as tl1e boat gets under way. 

The engines should not be run O\'er 
1000 rpm until the oil IN temperature has 
reached 120 degrees. In case of emergency, 
ho,\Tever~ the engines n1ay be run at higher 
speeds so long as the oil pressure holds 
steady and does not go above 150 pounds. 

Under Way at Full RPM 

When the water OUT te1uperature reaches 
150 degrees, and the oil IN temperature 130 
degrees, signal the captain that the engines 
are now ready to be run at full rpm. 

The spark controls should be moved to 
the FULL ADVANCE position as soon as 
the engine speed reaches 1200 rpm. 

FOR SPEEDS ABOVE 1200 RPM 

All gauges and imtruments should be 
watched carefully while the boat is under 
way. and any change from normal should 
be investigated i1nn1ediately. 

Oil pressure should be 90 to 105 pounds 
at all speeds. Any sudden or considerable 
variation above or below these limits should 
be inYestigated in1111ediately. Ho,\·eYer. 
don't be alarmed if oil pressure drops to 
as low as 60 pounds when the throttles are 
dosed quickly. 

Oil temperatures should also be watched 
constantly while the boat is under way. 
Normally, the oil IN temperature will be 
held between 130 and 150 degrees by the 
thermostat. 
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Oil Ot:T temperatures will go up as the 
engine speed increases and \\-ill range fro111 

HO to 200 degrees. Howenr, an oil ffCT 
temperature of around 200 degrees should 
not be rearhecl except when the engines are 
running at 2-!00 to 2500 rpm. 

Any sudden or unurnal change in oil 
te111perat11re is an indication of trouble. 
The engine invohecl should be stopped im· 
mediately and the captain warned of this 
casualty with three buzzes. The engine 
should not be restarted until the trouble has 
been corrected. 

Manifold pressures and engine speeds 
should also be watched constantly while 
under way. l\Ianifolcl presrnre charts in the 
Operating J\Ianual show the maximum al· 
lowal>le presrnres at which the engines are 
to be operated under various conditions 
and with various fuels. These manifold 
presrnres should not he exceeded. 

Stopping and Securing 
the Engines 

Now. we are ready to discuss the procedures 
for stopping and sec11ring tl1e engines. 

As the captain brings the boat in and 
gets ready to dock, he will close the throt· 
ties and come in at idle speed. W11en the 
boat loses '\'ay~ tl1e three sea '\'ater valves 
should be closed. 

By signalling with the annunciators. the 

captain will indicate the desired positions of 
the shifting levers. Wilen all shifting levers 
have been placed in the NEUTRAL posi· 
tion. stand by with engines running until 
yo11 receive tl1e signal to stop the engines. 

When the engines are to be stopped, the 
captain will signal the engineer with firn 
b11zzes. _..\s soon as this signal is given~ turn 

the fuel tank selector valve to the OFF 
position and close all the gasoline valves. 

As soon as the fuel pressure has dropped 
below two pounds and the engines begin to 
run roughly clue to lack of fuel, turn OFF 
the ignition switches. 

To secure the engines, open all exhaust 
pipe drain valves and replace the air clean· 
er covers on all three engines. 

Turn OFF the instrument panel switch, 
move tlie main battery and ignition switches 
to the OFF position, and finally wipe clown 
the engines while they are still warm. to 
keep them in shipshape condition. 
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THE 4M-2500 PACKARD MARINE ENGINE 

EVERYDAY OPERATION IN THE 
HIGGINS MOTOR TORPEDO BOAT 

--~~~-<•·~~~~--

TEST YOUR KNOWLEDGE 
How much do you know about operating the 4M-2500 
Packard Engines in the Higgins Boat? Check the 
statements on this page which yon think are correct; 
then compare your selections with the correct infor
mation given in tl1e foregoing pages. If you cannot 
answer ALL of these questions promptly and with 
ahsolute certainty, then reread the instructions you 
are not s11re abo11t. 

1. When the engines are started, the muffiers should he-
-closed 0 
-open 0 

2. Tl1e correct starting position for spark control is-
-half-way between foll retard and full advance 0 

-full advance 0 
-full retard 0 

3. Fuel lines should be inspected for leaks-
-while holding pressure in the lines 0 

-before pumping up pressure D 
-after press11re is released D 

4. If tl1e engine does not turn freely 
wheu checked for free turning-

-try agai11 to start it after '\'aiting 30 seconds 0 
-it should be reported to the boat captain 0 
-it should be forced over with a hand bar 0 

5. When starting warm engines, the throttles should be-
-slightly open 0 

-wide open 0 
-closed 0 

6. Engines should be primed to start-
-when they are warm 0 

-when they are cold D 
-at all times 0 

-never D 
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7. Holding the ignition switch on START position 
for more than 30 seconds will-

-overheat the booster coil and burn the points 0 
-run down the battery 0 
-fonl the spark pings 0 

8. If the oil gange does not show pressure 
after 5 seconds of operation. the engine should be--

raced to build up pressure 0 
run at slow speed 0 

stopped at once 0 

9. The boat should not get under way until-
-engines have been operated for 15 minutes 0 
-engine room temperature has reached 60 ° 0 

-water OUT and oil IN temperatures 
have reached ll0°F. 0 

10. The spark control should be changed from full retard to 
full advance when the engine reaches a speed of-

11. As soon as the boat is under way, the 
sea water valves should be--

-1200 rpm 0 
-2400 rpm 0 
-900 rpm 0 

-open half way 0 
-wide open 0 

-closed 0 
12. The engines should not be operated at full rpm until 

temperatures have reached-
-Water OUT, 150°F. Oil IN, 130°F. 0 
-Water OUT, 130°F. Oil IN. ll0°F. 0 
-Water OUT, ll0°F. Oil IN, 95°F. 0 

13. The normal oil pressure at all speeds under way should be-
-105 to 150 lbs. 0 
-90 to 105 lbs. 0 
-60 to 65 lbs. 0 

14. In case of a sudden or unusual change in oil temperature--
-stop the engine immediately 0 

-reduce engine speed 0 
-retard the spark 0 

15. When securing the engines, the mufflers should he left-
-closed 0 
-open 0 
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THE 4M-2500 PACK·A RD MARINE ENGINE 

OPERATING NOTES 

This booklet discusses certain operating 
factors which, although not actually a 
part of the starting or stopping procedure, 
still have an important bearing upon the 
proper handling of the 4M-2500 Packard 
Marine Engines. 

SELECTION OF FUEL 
Fuel of the highest octane rating available · 
should always be used. With the lower oc
tane fuels, the engines cannot be operated 
at such high speeds without detonation. 

For all normal operation, the fuel used 
should be aviation grade gasoline with a 
100 octane rating. In areas where 100 oc
tane aviation gasoline cannot be obtained, 

91 or 87 octane fuel may be used. When 
using either 91 or 87 octane fuel, the in
structions given later in thio booklet should 
be followed. 

FUELING PRECAUTIONS 

No instructions to a motor torpedo boat 
crew could be more important than those 
which deal with fueling. As high octane 
fuels are very volatile and may cause an 
explosion at some distance from the fuel 
itself, the following precautions should be 
taken whenever refueling: 

1. Only the personnel engaged in the 
actual refueling operation should re
main aboard the boat. 
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2. The built-in fire extinguisher system Is 
a very important factor in fire control 
during refueling. The controls for the 
system are located on the torpedo tube 
mounts, and should be ready for in
stant use. 

3. Portable C02 fire extinguishers must 
be held in readiness on the deck along
side each fuel hose. 

4. The main battery switches should be 
in the OFF position. 

5. No smoking should be permitted with

in one hundred feel of a boat engaged 
in fueling. 

6. While one man stands by the nozzle, 

another should remove the flller cap 
just before fueling is to be started. 
Immediately after fueling is completed, 

the flller cap must be put back. 



7. A ground wire should be attached to 
the nozzle of the supply hose and lo 
the fuel tank Aller neck, and all com
ponent parts of the Altering system 
must be grounded. 

This means that, before refueling, the 
funnels, drums, shore tanks, hose, hose 
nozzles, and boat's tanks-or any com
bination of them - must be Inter
connected to a grounded metal sur
face. Stranded copper wire and spring 
grips are suggested for this pupose. 

NOTE: According to Navy regulations, 
gasoline should not he filtered through 
chamois because of the great amount of 
static electricity produced in that way. If 
it should ever he nece.osary to filter the 
fuel, as at an advanced base, the chamoia 
should he well grounded by laying it on 
fine wire screen across tl1e funnel Of 
course the funnel should always he care· 
fully grounded when refueling. 

8. Except in emergencies, boats should 
not be fueled at night or while close 
to one another. 

9. Finally remember this: Gasoline fumes 
in the boat are always a Are hazard. 
MAKE IT AN ABSOLUTE RULE NEVER 
TO START AN ENGINE WHILE THERE 
IS A STRONG ODOR OF GASOLINE 
IN THE ENGINE ROOM. 

LOWER OCTANE FUEL 

One hundred octane fuel will not cause 
the engine to detonate under normal opera
tion, but lower octane fuels may, and deto
nation resulting from their use can he heard 
through the engine room hatch. When lower 
octane fuels are used, detonation mu.•t be 
prei·ented by reducing eithPr boat load. or 
engine speed, or both. 

91 Octane 

To avoid detonation when using 91 oc
tane fuel, manifold pressures should he 
limited to the values indicated on the 91 
octane manifold pressure curves as shown 
in the Operating Manual. No changes in 
engine settings are nec~ssary. 

87 Octane 

CAUTION: 87 octane fuel should he 
used only when high octane fuels are 
not available. 

When 87 octane fuel is used, place the 
manual spark control halfway between 
full advance and full retard for speeds of 
1200 rpm and above. If 87 octane fuel must 
be used for any great length of time, power 
output can he increased somewhat by in-
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stalling a blind gasket under the compen· 
sator fuel line elbow. This blocks off the 
carbnretor power compensator and avoids 
an over-rich mixture. 

The manifold pressure curve for 87 
octane fuel shows the manifold pressures 
above which detonation may be expected. 
Detonation produces a sharp clinking sound 
like marbles rattling on the tops of the pis· 
tons. The sound of detonation can be heard 
in the engine room as well as topside, by 
holding your head close to the engine and 
closing your ears with light finger pressure. 

When detonation is experienced with 
any fuel, the engine load must be reduced 
to eliminate it, either by reducing the load 
which the boat is carrying before getting 

· undenvay, or by closing the throttle to re
duce the engine speed. 

FRESH WATER COOLING 

.The engine cooling system requires the use 
of fresh water - from the local water 
supply when at a base, or from the boat's 
drinking water supply when at sea. To re· 
lard rust and corrosion, a water soluhle oil 
should be addecl to the cooling system in 
the proportion of ] % ounces pH gallon of 
water. 

For operation in temperatures below 
freezing an ethylene-glycol anti-freeze 
should be added to the fresh water system. 

When using trade-marked brands of anti· 
freeze which are already treated to retard 
rust and corrosion, do not add a water 
soluble oil. The Operating Manual gives 
the proportion of ethylene-glycol anti· 
freeze req1tired at various temperatures. :I 
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ENGINE TEMPERATURES 
Before starting an engine, the oil and 
water temperatures must be checked. 

In case these temperatures are less than 
50°F., the engine should not he started 
until the temperatures have been raised to 
at least 50°. This can usually be accom
plished by maintaining an engine room 
temperature of 55 ° for about three hours. 

To maintain an engine room tempera
ture so that the engines will be warm 
enough for immediate starting, it may be 
necessary to start the engines from time to 
time or to use the auxiliary heaters. 

In case of emergency, it may be neces
sary to start the engines cold. In cold start
ing the starter motor may turn over, but 
due to cold oil on the Bendix drive shaft, 
the pinion gear may not engage the ring 
gear on the engine. If this happens, it will 
Le necessary to use the starter detent. 

Before operating the starter detent, 
turn the starter switch to the OFF position, 
or release the starter button, depending 
upon the starting panel installation of the 
boat you are operating. While an assistant 
holds the starter detent plunger down, turn 
the starter switch to START position or 
press the starter button. Then, as soon as 
the starter engages, the detent should he 
released. 

If the starter still does not engage when 
the detent is operated, the Bendix drive 
mechanism is very likely to be out of order 
and should be inspected and repaired. If 
this cannot be done at once, this engine can 
be dragged in with the other two engines 
after the boat is under way. 

CHECKING THE IGNITION 

Irregular firing causes the engine to vibrate 
and places excessive strains on all parts of 
the engine and hull. Therefore, the ignition 
should be checked regularly after every 
dock warm-up period, and before getting 
under way, to make sure that the spark 
plugs have not heen fouled during warm
up. 

With the engine idling at 800 to 850 
rpm, turn the ignition switch to the "MAG 
I" position and check the engine speed. 
Then, turn the switch to the "MAG E" 
position and again check the engine speed. 

If the tachometer reading was 800 rpm 
with all spark plugs firing, it should drop 
about 100 rpm when the ignition is switched 
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so that only inlet plugs are firing, and about 
50 rpm when switched so that only the ex
haust plugs are firing. This drop in rpm 
is normal. 
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If a larger drop is indicated when the 
ignition is switched to one set of plugs, an 
abnormal ignition condition - probably 
fouled plugs - is indicated, and the trouble 
should be located and repaired. 

THE OVERSPEED CUTOUT 

Another note about the ignition system 
bas to do with the overspeed cutout, which 
automatically grounds the ignition and 
stops the engine whenever the safe mai..i
mum engine operating speed is exceeded. 

When the engine stops due to tripping 
of the cutout, put the reverse gear shifting 
lever in the neutral position and close the 
throttle immediately. 

Before starting the engine again after 
it has been shut down, find out what caused 
the ignition cutout to operate, and correct 
the condition. 

The red plunger in the top of the cut
out must be pressed down to complete the 
ignition circuit again so that the engine 

can be restarted. 

USE OF THE SHIFTING LEVER 

Another important factor in the satisfactory 
operation of the engines is the manner in 
which the shifting lever is moved into for
\Vard or reverse position. 

When the shifting lever is moved in 
either direction, the engines should be 
operating at an idling speed of 800 to 850 
rpm with the throttles closed. 

Shifting the lever at higher speeds will 
burn the lining on the reverse brake band, 
or burn the forward drive synchronizing 
clutch facings, which will cause the for
ward drive dogs to clash. 



Before shifting into neutral, the throttle 
should be closed to bring the engine down 
to idling speed of 600 to 650 rpm. 

The drive should be either fully en· 
gaged or fully disengaged. Never maneuver 
the boat on partial engagement by slipping 
either the forward drive clutch or the re· 
verse brake band. 

When engaging the forward drive, use 
a slow positive movement of the shifting 
lever, giving the clutch time to bring the 
propeller up to engine speed. 

As a final caution, it is always good 
practice, when approaching a dock, to shift 
the reverse gear lever into neutral position, 
to see that the clutch disengages. 

MUFFLER PRECAUTIONS 
Since mulBers create back pressure in the 
exhaust pipes and reduce engine efficiency, 
they should be used only when tactics re
quire that the exhaust noise of the engines 
be silenced. 
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As you have already learned from your 

operating instructions, the muffiers should 

be in the open position when the engines 

are started, and they should he open at all 

speeds above 1200 rp1n~ because engines 

will not run efficiently with closed muffiers 

above this speed. 

Also, the muffiers should he opened im

mediately when it is no longer necessary 

to avoid detection, and they should always 

be left open when the boat is secured. 

THROTTLE OPERATION 

The handling of the throttles can have an 

important hearing upon engine perform

ance and service life. 

A sudden increase or decrease in engine 

speed places extremely heavy loads on all 

moving engine parts. This is a form of 

abuse which might cause serious damage 
to an engine. 

Here is one of the very few don' ts in this 

booklet - hut it is an important one: 

Don't jerk throttles open or closed. Instead, 

change throttle positions slowly and smooth
ly to increase or decrease engine speeds. 

MANIFOLD PRESSURE 
Another very important operating note has 
to do with manifold pressure. This is in
dicated on the manifold pressure gauges
one for each engine - on the instrument 
panel. 

The amount of power which any en
gine will produce depends upon the amount 
of fuel mixture which is delivered to the 
cylinders. In an engine without a super· 
charger, this amount is limited to the fuel 
which is drawn through the carburetor and 
manifolds by the intake strokes of the pis
tons. 



When a snpercharger is bnilt into an 
engine, it acts as a blower, delivering more 
fuel mixture to the manifolds under pres
sure, especially at high speeds, and the en
gine's power output is increased according
ly. This pressure in the manifolds is called 

manifold pressure. 

Manifold pressure is dependent upon 
throttle opening and engine speed. More 
throttle opening - more manifold pressure 
- more power - and, consequently -
more speed. Now, let's see how manifold 
pressure works in actual operation. 

Suppose that you wish to maintain an 
engine speed of 1600 rpm. If the boat is 
"light" you may be able to maintain this 
speed with a throttle opening which pro
duces a manifold pressure of, say, 31 inches. 
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But suppose the boat is stopped and takes 
on a full military load. Now, in order to 
have the engine maintain 1600 rpm, you 
will need to develop more power, and it 

will be necessary to increase the throttle 
opening so that manifold pressure goes up 
to 32 or 33 inches. 

In otlter words, to maintain a desired 
engine speed equal to the speed before tak
ing on a load, the throttle must be opened 
wider, and the manifold pressure will in· 
crease in proportion to the power required. 
Manifold pressure is used as a gauge to 
limit the loads under which the engine may 
be efficiently operated. 

MANIFOLD PRESSURE CHARTS 

A series of maximum allowable mani
fold pressures have been plotted on Mani
fold Pressure Charts, which will be found 
in the Operating Manual. There is one for 
100 octane, one for 91 octane, and one for 
87 octane fuel. 

Now, let us take a look at the chart 
showing the two manifold pressure curves 
for 100 octane fuel. 
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These two curves do not indicate the mani· 
fold pressures obtained in average opera
tion. They are maximum curves and indi
cate the manifold pressures which slwuld 
not be exceeded for their respective types 
of operation. 

The vertical graduations from the Lot
lom to the top of the chart indicate tl1e 
manifold pressure. 

The horizontal graduations from left to 
right indicate engine speed in rpm. 

To find the maximum allowable mani
fold pressures for any engine speecl, select 
the engine speed at the bottom of the chart 
and follow its vertical line up until it meets 
the curve. From this point, follow the in
tersecting horizontal line to the left and 
read the allowable manifold pressure at 
the left hand edge of the chart. 
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The solid portion of the lower curve 
between 1000 and 2000 rpm indicates the 
maximum manifold pressures allowable for 
continuous cruising. 

The dotted sections of this curve in
dicate the maximum manifold pressure 
allowable for limited operation, or for short 
temporary operation, such as starting a 
cruise with full military load and full fuel 
tanks. 

The upper curve on the 100 Octane 
Chart is the FULL POWER CURVE, ancl 
IT indicates the maximum manifold pres
sures which this engine will develop with 
wide open throttle. 

On the 91 and' 87 Octane Fuel Charts, 
the upper curve indicates the manifold 
pressure at which detonation may be ex-



pecle<l Lu occur. 1'he'e value' ,hould never 
be exceeded ei·e11 for limited operations. 

The lower curve on the 91 and 87 Oc
tane Charts shows the limiting manifold 
pressures for continuous cruising. These 
pressures should 11ot be exceeded except in 
case of eniergency. 

EXCESSIVE PROPELLER LOADS 

If the hoat cannot be operated at the de
sired speed without exceeding the allow
able manifold pressure for that speed, then 
the propeller load is too great for the 
engines. 

In this case, the hoat may be overloaded 
or the load may be poorly distributed, 
throwing the boat out of proper trim. 

This out-of-trim condition could also be 
caused hy more gasoline in one wing tank 
than the other. The condition should he 
corrected as outlined in tl1e booklet entitled 
"Fuel, Induction, and Rxhaust Systems." 

Engine overload may also he caused by 
pitted, bent, or othenvise damaged pro
pellers, by a fouled, dirty boat bottom, or 
by less than maximum efficiency in engine 
operation. 

These possible causes of loss of engine 
rpm \viii be discussed completely in a sep
arate booklet. 

ENGINE ROOM LOG 
A final important operating note refers to 
the engine room log upon which all im
portant operating data must he entered 
each time the boat gets under way, so tlrnt 
essential records of the performance of 
each engine are available. 
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This data includes such information as 
the length of time the engines are operated, 
engine speeds, manifold pressures, oil and 
water temperatures, oil and fuel pressures, 
and engine room temperature. It also indi
cates when each engine is due for its sched
uled 25, 50, and 100-hour inspection. 

* * * 
You must observe the information given 

in these Operating Notes in order to obtain 
the peak performance designed and built 
-into our Navy's hard bitting Motor Torpedo 
Boats. 
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THE 4M-2500 PACKARD MARINE ENGINE 

OPERATING NOTES 

Can you answer these? 

How well do you know these important notes on operation of the Packard Marine 

Engine? You can test yourself by answering these questions. Look up the right answers 

immediately in this booklet, and correct any mistakes so that yon will he sure yon 

know the answer when yon need it. 

1. When refueling with high octane 
sh on Id he on hand to clo the joh. 

fuels, the entire crew 

True 

False 

2. No smoking should he permitted within 100 feet of a boat 
engagefl in fneling. 

True 

False 

3. When detonation occurs, you should do one or more of the 
following (Check three) : 

Increase the engine speed 

Increase the boat load 

Use 87 Octane fuel 

Decrease the engine speed 

Decrease the boat load 

Use 100 Octane fuel 

4. When using 91 Octane fuel, the maximum manifold pressure 
at 1600 rpm is 35 inches. 

True 

False 

D 
D 

D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
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5. In an emergency, when the engine is cold and will not start 
immediately, it can be started by-

holding the starter detent down 0 
continued operation of starter 0 
turning over the Bendix drive 0 

checking the spark pings 0 

6. In checking the spark plug firing after the clock warm-up 
period, when the ignition is switched to permit only the inlet 
plugs to fire, the tachometer reading should go from 800 
rpm to-

850 rpm 

800 rpm 

750 rpm 

700rpm 

650 rpm 

7. When shifting the gear lever to either the forward clrive or 
reverse drive position, the engine speed should he-

8. Care should he 
clutch partially. 

950 -1000 rpm 

900 - 950 rpm 

850 - 900 rpm 

800 - 850 rpm 

750 - 800 rpm 

taken in maneuvering the boat to slip the 

True 

False 

9. Manifold pressure is used as a gauge to limit the loacls uuJer 
which an engine may efficiently operate. True 

False 

1 O. Manifold pressure charts are used to indicate-

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 

D 
D 

excessive speeds with 91 octane fuel D 
fuel pressure in average operation D 

correct pressures for a rated fuel D 
sufficient air-fuel pressure 0 
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Above: Cut-away view of the 
entire reverse gerrr unit. 

Right: Earlier model reverse 
gear unit removed from en
gine for adjustment of clutch 
spring conzpression. 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE REVERSE GEAR 

Maintaining the reverse gear unit at maxi
mum capacity requires periodic inspection 
and occasional adjustment or replacement 
of the reverse gear brake band lining and 
the forward drive clutch linings. Only ad
justments will be discussed in this booklet, 
since the replacement of the linings must 
be done nt a repair base. 

REVERSE GEAR BRAKE BAND 

The need for adjusting the reverse gear 
brake band should be determined by check-

ing the pull required to move the shifting 
lever to the full reverse position. 

TESTING FOR ADJUSTMENT 

To do this, remove the standard shifter 
lever and in its place install the special, 
reverse-gear-adjusting-scale handle, with an 
eye near the upper end. Insert the hook of 
the adjusting-scale spring in the eye of the 
handle and, with the engine not running, 
pull on the spring scale to shift to full re
verse position. Read the scale to determine 
the amount of shifting effort required. 
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Always exert an even pull on the scnle, 
at a 90-degree angle to the handle, to avoid 
jerking which would result in false read· 
ings. If the pressure indicated on the ad· 
justing scale is less than 90 pounds, the 
brake band will require adjustmenL 

When an adjusting scale is not available, 
the need for adjustment can be determined 
by checking the tachometer, while engaging 
the reverse drive with the engines idling at 
800 to 850 rpm. If the reverse gear brake 
band is in proper adjustment, engine rpm 
will drop almost instantly to 600 to 650 rpm 
when the reverse drive is engaged. The drop 
in engine rpm ·will become increasingly 
slower as the brake band lining wenrs nnd 
approaches the point of slippage. 

As you become acquainted with your 
boat. you will he ahle to tell. by the behnYior 
of the tachometer hand, when adjmtment 
of the reverse gear brake band becomes nee· 
essary to nEsure engngen1e11t '\\'ithout slip .. 
ping. 

ADJUSTING THE BRAKE BAND 

·whenever adjustment is necessary, place 
tl1e reverse gear in neutral position. Then 
1cithout the engine running, remove the 
renr cover plate fro111 tl1e reverse gear hons-

ing. Loosen the lock bar lock nut, and swing 
the bar free of the adjusting nut. Tighten 
the adjusting nut (one notch is usually 
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sufficient) until a force of 110 to 125 pounds 
on the adjusting scale is required to shift 
into reverse. 

If the adjusting scale is not available, 
check the adjustment by observing the be
havior of the tachometer hand when en
gaging the reverse drive, as previously 
described. 

CHECKING THE ADJUSTMENT 

When adjustment is completed, re-install 
the lock bar and tighten the lock nuL Before 
re-instnlling the rear cover plate, be sure 
to check the clearance between the brake 
bnnd and drum with the reverse drive dis
engaged. To do this, use a feeler gauge to 
check the space between the band and 
drmn at the top. 

If there is no space, or if the propeller 
shaft creeps with the reverse gear in neutral 
and the engine running, the band is drag
ging and will require centering. 

To center the brake band, measure the 
distance from the center of the adjusting 
block pin to the nearest side of the cover 
opening. If this distance is more than one 
inch, or less than seven-eighths of an inch, 
the brake band should be centered so that 
the distance falls within this range. 

CENTERING THE BRAKE BAND 
You center the band by loosening the 

lock nuts on all four brake-band screws.
two of which are located at each side of the 
upper housing-and turn the four screws 
out evenly, until the brake bnnd can be 
rotated slightly by hand. 
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Now rotate the Lan<l to the left, until 

the left han<l lug reots agaimt the two lcft
hand springs. 

;1 
~: 

Back off one of the two left-han<l •crews 

until its spring no longer touches the lug. 
The lug is then bearing against one spring. 

Next, measure the distance Letween the 
center of the adjusting Llock pin an<l the 
right-hand edge of the cover opening. A<l

just this distance by turning the left-hand 

screw (which was left in contact with the 
lug) IN to decrease the distance, and OCT 

to increase the distance. 

171•111s!Ti_! 
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When the distance huo been a<ljmted so 
that it is Letween seven-eighths of an inch 
and one inch, tighten the other left-hand 
screw until the heads of both screws line 
up with a straight edge. 

Now tighten one of the right-hand 
screws until its spring bears against the 
right brake-band lug without being com
pressed. 



After making sure that the brake band 
can no longer be rotated, turn the other 
right-hand screw IN until both heads arc 
in line. When this adjustment is completed, 
tighten all the lock nuts to lock the brake· 
band screws in place. Be sure that the lock 
nut is screwed up as closely as possible with 
the fingers before the regular wrench is 
placed upon it to finally tighten it. 

Finally, check again to see that the 
brake-band is not dragging. 

CHECK FLANGE FOR DRAGGING 

To check the brake-band for dragging, 
disconnect the propeller shaft from the 
engine at the reverse gear flange, start the 
engine, and, if the propeller flange creeps 
when the reverse gear is in neutral, loosen 
or tighten the left-hand brake-band adjust
ing screws so that the propeller flange does 

not creep ut ull, or creeps so little that it 
can he held by pressure from the foot. 

As a final check before concluding that 
the adjustment is correct, recheck the shift
i11g effort req11ired nfter reconnecting the 
reYerEe gear to tl1e propeller flange. 

FORWARD DRIVE CLUTCH 
LININGS 

As the fonvard drive clutch linings become 
worn, the wear will increase the length of 
travel of the shifting lever from neutral to 
the point where forward drive engagement 
starts. Installing shims between the toggle 
link plate and the push plate will increase 
clutch spring compression and restore the 
clutch capacity, provided the linings are in 
good condition. 

CLUTCH 
LININGS 
-· ·-

', ~ 

' 
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CLUTCl-I 
PUSl-I PLATE 

Sl-llM 
.l-IERE 

ADJUSTING THE FORWARD DRIVE 
CLUTCH 

To install shims 011 all except the earlier 
models, first remove the starter motor and 
housing assembly. Rotate the forward driYe 
clutch drum until an opening in the cover 

"'·"· 

CL UT Cl-I 
SPRING 

between the toggles appears. Then, move 
the shifter lever toward tl1e forward drive 
position, 1111til the increased effort to move 
the handle indicates that both friction rings 
are bearing against the clutch cone. Be 
careful not to pltSh the lever so far that 
the clutch springs are compressed. 

With the lever held in this position, 
measure the distance from the push plate 
to the surface of the flut spot machined on 
the cover. After making a note of this meas
urement, push the shifter lever into full 
forward drive position. Again measure the 
distance between the pmh plate and the 
flat spot on the cover. The difference be
tween the first and second measurements 
should be 3/16 of an inch, which represents 
the amou11t of clutch spring compression. 



If the clutch spring compression is not 

more than 1 /16 of an inch, it should be 

increased by inserting sufficient 1/64 inch 

shims under each of the toggle link plates 

to bring the measurement up to 3/16 of an 

inch. 

As each shim will increase the spring 

compression 1/64 of an inch, you can easily 

determine the number of shims required to 

restore 3/16 of an inch spring compression. 

Be sure to place the same number of 

shims under each toggle plate. 

EARLIER MODEL REVERSE GEAR 

In the earlier model reverse gear, 
clutch-lining wear can be checked in the 
same way,-by measuring the clutch spring 
con1pression. Ho,vever, these n1odels must 

be removed from the engine for either 
adjustment of spring compression or re· 
placement of linings. Before removing the 
reverse gear unit, it should be checked to 
determine whether adjustment or replace· 
men! is actually necessary. 

To make this check, first remove the 
starter motor and housing assembly. Turn 

the fonvard drive drum until one toggle 
rod is in a position where it can be meas
ured. Then move the shifter lever toward 
the fonvard drive position. until hoth fric
tion rings are against the clutch linings but 
do not compress the clutch springs. Hold 
the shifter lever steady in this position and 
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measure the distance from the end of the 
flange to the end of the toggle rod. Then 
move the shifter lever to the full forward 
drive position, and again measure the dis
tance from the end of the flange to the end 
of the toggle rod. 

If the difference between these two 
measurements is 1/16 of an inch or less. 
the reverse gear 111ust Le re111ovctl for ad· 
justment or replacement of the clutch 
linings. 

Frequent attention to the foregoing in
spection and adjustments will serve to 
maintain the reverse gear at 1naxi1n11n1 

capacity and insure smooth. positive en
gagement of the drive without clashing. 

FRICTION 
RINGS 

··"."1 

,''' 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING THE REVERSE GEAR 

Can You Answer These? 

To test your memory and grasp of tl1e servicing of tl1e reverse gear, 

see how many of these questions you can answer correctly. Guessing 

will not do when you are faced with a service problem. Be sure to 

correct any mistakes so that yon will know the correct answers when 

you need them. 

1. Replacing the reverse gear hrake hand lining is done only 

at a repair base. 
True 0 
False 0 

2. When removing tlie rear cover plate, the engine should be 

running, and the reverse gear should be in forward drive 

position. 
True 0 
False 0 

3. When adjusting the brake band, tighten the adjusting nut 

so that the force required to shift into reverse is-

65- 80 lbs. 0 
80- 95 lbs. 0 
95-110 lbs. 0 

110-125 lbs. 0 
125-140 lbs. 0 

4. Checking adjustment by observing the tachometer should 

be done by engaging the reverse drive witl1 the engine 

idling at- less than 750 rpm 0 
750 to 800 rpm 0 
800 to 850 rpm 0 
850 to 900 rpm 0 
above 900 rpm 0 
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5. In using the adjusting-scale spring, quickly jerk the handle, 

at an acute angle, to the full reverse position. 
True D 
False D 

6. The hrake band should be centered so that the distance 

from the center of the adjusting block pin to the nearest 

side of the cover opening is-

between 11;,1and1% inches D 
between 1 Ys and 1 % inches D 

between 1 and 1 Ys inches D 
between % and 1 inch D 

between % and % inch D 

7. In adjusting the brake band, both left-hand screws and their 

springs should be touching the left-hand lug at the time of 

making the adjustment. 
True D 
False D 

B. Increased wear on the forward drive clutch linings will

increase the length of travel of the shifting lever D 
decrease the length of travel of the shifting lever D 

have no effect on the length of travel of the shifting lever D 

9. The difference between the first and second measurements 

from the push plate to the flat spot machined on tlie cover 

of the forward drive clutch drum should be-

5/16 of an inch 

1/4 of an inch 

3/16 of an inch 

1/8 of an inch 

1/16 of an inch 

10. The earlier model reverse gear must be removed from the 

engine in order to check it for clutch-lining wear. 

D 
D 
D 
D 
D 

True D 
False D 
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THE 4M-2500 PACKARD MARINE ENGINE 

TROUBLE SHOOTING 

* * * 
FAILURE TO START OR STOP 

Trouble shooting is simply the step-by-step 
checking of one possible cause of engine 
trouble after another until the real cause 
is finally located. 

In successful trouble shooting there is 
no place for jumping to conclusions or try· 
ing to guess what might be the source of the 
trouble. 

So, before breaking any connections, re
moving any parts, or changing any adjust
ments, stop and think! 

Make the inspection of each unit and 
system so thorough and complete that the 

cause of trouble cannot possibly be over
looked. 

Now let's trouble shoot a typical failure, 
failure to start. 

FAILURE TO START 
Failure to start will be due to one of two 
conditions: either the starter does not crank 
the engine, or the engine is cranked but does 
not start. 

Engine Not Being Cranked 
As the engine should be checked for free 
turning in preparation for starting, it is 
already known whether the starter cranks 
the engine. If it doesn't, then either the 
starter does not turn, or the starter turns 
but fails to crank the engine. 
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STARTER NOT TURNING 

In case the starter motor cloes not turn. 

the trouble may he a dead battery, loose 

connections, a faulty switch, or trouble in 

the starter motor itself. These units should, 

of course. he checker! and the tronhle cor

rected. 

STARTER NOT CRANKING ENGINE 

Assuming that the starter motor turns, 

but cloes not crank the engine, then either 

tl1e Bendix pinion is not engaging tl1e ring 

gear, or the Bendix clutch is slipping . 

. Checking Bendix Pinion 

To check for the first condition, have 

someone hold clown the starter detent while 

pressing the starter button. Now if the en· 

gine is not being cranked the Bendix clutch 

must be slipping. 

Checking Bendix Clutch 

If the clutch is slipping, the came can 

be only one of two things; either the engine 

is not free to turn over, or the clutch is not 

holding up to its rated capacity. 

The quickest and easiest check is to en· 
gage the forward drive ancl try turning the 
engine over by hancl with a jacking bar in· 
sertecl in the reverse gear flange. 

If the engine is free, the trouble lies in 
the Bendix drive. 

In this case, it must he decided whether 
to repair the Bendix drive at once or to 
place the shifting lever in forward drive 
and start this engine by dragging it with the 
other two engines after the hont is under 
way. 

Engine Not Free to Turn 

If the engine cannot be turned over by 
hand, something has caused it to stick and 
no further attempt should be macle to start 
it. In this case report the failure to the boat 
captain so that the trouble can he corrected 
at the base. 



Engine Cranked but Failing 
to Start 

If the engine is cranked by the starter but 
does not start when the ignition is turned 
on, the fuel supply checked, the proper fuel 
valves opened, fuel pressure pumped in the 
line>. and the proper switches turned on. it 

cnn logically be expected that the source 
of trouble will be one of the following: im
proper priming, lack of fuel at the car
buretor, or a lack of spark at the spark plug. 

IMPROPER PRIMING 

Improper priming may be either under
priming or overpriming. Of course, a warm 
engine should never be primed. Underprim
ing can be checked by the "feel" of the 
primer pump as it is operated. If it is taking 
hold, it is an indication that the engine is 
being primed. 

Overpriming would flood the engine and 
make it difficult to start. 

If overpriming is suspected, open the 
throttle wide, turn off the ignition switch, 
and turn the engine over several times. This 
will clear the cylinders of excess gasoline. 

CAUTION: Be sure the ignition switch 
is OFF when cranking a flooded en· 
gine. If the ignition switch is on and the 
throttle is wide open, the engine may 
start and ''run away,'' causing serious 
damage to the engine before the throt
tle can he closed. 

With the throttle slightly open and the 
ignition switch on, turn the engine over 
again. It should now start, provided of 
course that failure to start was due to flood
mg. 

CHECKING FUEL SUPPLY 
The question of lack of fuel at the car

buretor can be determined by reading the 
fuel pressure gauge. If the gauge shows 
from 6 to 7 pounds pressure, the trouble 
is not with the fuel supply. 
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On the other hand, if the gauge shows 
little or no fuel pressure, then the fuel 
delivery system must be checked step by 
step to locate the faultv unit. 

Fuel Pressure Gauge 

First~ fi11d out "'11ether tl1e gauge is 011t 

of order. or whether there is trouble in the 
fuel delivery system. 

To do this remove the carburetor plug 
next to the fuel pressure gauge connection 
and, holding a container to catch the gaso
line, operate the wobble pump. 

If fuel is reaching the carburetor it will 
spurt out of the open plug hole. 

If no fuel flows from the hole, it is 
logical to expect trouble in the fuel delivery 
system, between the fuel tank and the car
buretor. The problem then is to find out 
just how far the fuel flows before it is stop· 
peel. 

Wobble Pump 

When the wobble pump was operated 
to build up starting fuel pressure, the "feel" 
of the pump action-and the sound of the 
pump -determined whether the wobble 
pump was dry, or whether it was pumping. 

If the wobble pump felt and sounded 
dry, then the trouble is between the wob
ble pump and the tanks. It might be caused 
by a clogged fuel line strainer, or an air 
leak in the line. On the other hand, if the 
wobble pump seemed to be pumping, the 
trouble lies between the wobble pump and 
the engine fuel pump or in the engine fuel 
pump itself. 



Fuel Pump 
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The fuel must flow through the fuel 
pump by-pass valve to reach the carburetor 
vrhen the engine is not running, therefore 
the by-pass valve should he inspected. If it 
is found to be out of order the fuel pump 

will have to be replaced. 

After thoroughly checking the gauge, 
the wobble pump, the fuel strainer, the 
lines, and the fuel pump, the point at which 
the flow of fuel is restricted should have 
been located. 

Assuming that the fuel gauge has been 
checked and showed ample pressure, the 
next step will be to see whether we have a 
good hot spark-or no spark-at the spark 
plugs. 

CHECKING IGNITION 

To do this, disconnect one inlet spark 
plug wire, hold it not more than one quarter 
of an inch away from a ground, and crank 
the engine over with the starter. 

If there is a good hot spark, the ignition 
system is okay. On the other hand if no 
spark jumps between the spark plug wire 
and ground, the ignition is at fault and the 
trouble is in tlie booster coil, the distrib
utors, the ignition wiring, or in the mag
neto. 

First see that the various ignition 
switches are turned to the proper starting 
positions. 
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Booster Coil 

Since the spark for starting is furnished 
by the booster coil, the first check is to make 
sure thut the booster coil is operating prop
erly. 

If the engine is warm-that is, at 50 
degrees or above-this can be done by try
ing to start the engine on the magneto in
stead of the coil. If the engine starts on the 
magneto, it is safe to assume that the booster 
coil is out of order. 

However, if the engine does not start on 
the magneto then the booster coil is prob
ably okay and the rest of the ignition system 
will have to be checked t;, find where the 
flow of high tension current stops. 

Distributors 

The first step is to make sure that cur
rent is reaching the distdbutor. To do this, 

the wire running from the booster coil to 
the inlet distributor, on the right bank, is 

disconnected at the distributor cap. Then 

the end of the wire is held about one-quarter 
of an inch away from a ground. If a spark 
jumps the gap when the booster coil is 
turned on, the high tension current is reach
ing the distributor. In this case the trouble 
must be either in the distributor itself, or 
in the wiring from the distributor to the 
spark plugs. 

In checking the distributor look for a 
cracked distributor cap, a cracked rotor, or 

haclly burned or corroded electrodes. 



Check carefully for moisture which may 

have condensed in the distributor cap. A; 

a11 e111ergency repair~ tl1e cap 111ay be 
cleaned out and dried sufficiently with car

bon tetruchloride to permit running. The 

cap should then Le reconditioned at the 
first opportunity. 

The carbon brushes in the distributor 
cap may have become fouled; or they may 
be stuck or broken. In this case. the brushes 
should he cleaned with crocus cloth and 
freed up, or replaced if necessary. 

Wiring 

If no spark jumps from the end of the 
booster coil wire to ground it is possible 
that the cable is shorted thru to the radio 
shielding. This could happen to any of the 
radio shielded wires in the ignition system. 

Another condition to be considered is 
that the engine may start on the booster 
coil hut fail to run when the ignition is 
switched over to the magneto. 

Magneto 

When the engine fails to run on the 
magneto, the first check is to make sure that 
the overspeed cutout has been reset. 

9 



10 

To do this push the red button all the 
way down, then push it down a second time 
just to make sure that the plunger stayed 
down. 

If the engine still fails to run on the 
magneto it is likely that the trouble is in 
the magneto itself. 

The 1uagneto Lreaker points 111ay be 
badly burned, dirty, or coated with oil or 
moisture. Or they may not be properly syn
chronized or timed. 

Cleaning, synchronizing or timillg the 
breaker points or replacing them if neces
sary, will quickly eliminate these units as 
a possible source of trouble. 

If the points are excessively burned, the 
condition might indicate a bad condenser. 

In this case the magneto will have to be re
placed. The magneto will also have to be 
replaced if it is wet. 

This simple procedure should have 
located the trouble when the engine fails 
to run on the magneto. But at some time it 
may Le found that the engine runs on only 
011e ::-et of plugs. 

Running on Inlet Plugs Only 

If the engine runs on only the inlet 
plugs, the entire inlet circuit from the mag
neto to the plugs. including the right hand 
distributor, is working properly. 

In this case check tl1e left hand distrib
utor exactly as the right hand distributor 
was checked .. 

If the exhaust plugs then do not fire, 
tl1e trouble may Le with the magneto points, 
which should be cleaned or replaced if 
necessary. 



If the exhaust plugs still do not fire, 
check the condenser and coil on the exhaust 
side of the magneto, and replace the mag· 
neto if necessary. 

Running on Exhaust Plugs Only 

When the engine runs on the exhaust 
plugs only, both distributors are working 
properly, since the engine started on the 
inlet plugs, and is now firing on the exhaust 
plugs. 

So the trouble must be with the inlet 
side of the magneto. As before, the conden
ser, coil, and points should be checked and 
replaced if they are faulty. 

This completes the review of trouble
shooting procedure when the engine fails 
to start, fails to run on the magneto, and 
when it will run on only one set of plugs. 

FAILURE TO STOP 

The trouble-shooting procedure for an en
gine that fails to stop involves only two 
steps. 

If an engine continues to run after the 
ignition switch has been turned to the OFF 

position, the cause is one of two conditions 
-an open ground connection, or an over
heated engine. 

Open Ground Connection 
If any magneto ground connection is open, 
the magneto will continue to produce sparks 
as long as it turns, and the engine will con
tinue to run. 

IGNmON SWITCH 
(REAR VIEW) 

'\;' 

,-

If all the ground connections are intact, 
the only cause of failure to stop would be 
overheating to the point where the fuel 
mixture would ignite without a spark. 

Overheated Engine 
If the engine becomes so hot that the 
fuel mLxture continues to burn and keep 
the engine running without a spark, it can 
be stopped by simply shutting off the fuel 
supply. The engine should then be allowed 
to cool down. 

Other booklets in this series will cover 
trouble-shooting the oiling system, trouble
shooting the cooling systems, and trouble
shooting for loss of engine RPM. 

11 
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THE 4M-2500 PACKARD MARINE ENGINE 

TROUBLE SHOOTING 

* * * 
FAILURE TO START OR STOP 

What's the Answer? 

How well do you know the procedures for trouble-shooting failure to start or stop? 
Test yourself with these questions that can be answered by simply putting check 
marks in the proper squares. After answering the questions, be sure to look them up 
in the preceding pages of this booklet to check yourself. And be sure to correct any 
mistakes so that you will remember it all right! 

1. Check the possible causes of the trouble when the starter 
turns but does not crank the engine:-

Ring gear not engaged by Bendix pinion D 
Trouble in the starter motor D 
Loose electrical connections D 

Slipping Bendix clutch D 
Dead battery D 

2. If the engine is overprimed, the excess gasoline should be 
cleared from the cylinders by-

turning engine over several times 'vitl1 
throttle wide open and ignition off 

slowly operating the primer pump 

turning engine over with throttle 
closed and ignition ou 

3. If the reading of tl1e fuel pressure gauge is too low, it is a 
sure sign of trouble in the fuel lines. 

True 

False 

4. Trouble between the fuel tanks and the wobble pump is 

D 
D 

D 

D 
D 

indicted by the dry "feel" of tlie wobble pump. True D 
False D 

n 
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5. Check the items in this list that might be at fault if you 
cannot get a spark between the spark plug wire and a ~ 

ground: 
Ignition wiring D 

Booster coil D 
Distributors D 

Generator D 
Magneto D 
Battery D 

6. If the engine starts on the magneto, the starting trouble is 
probably in-

the ignition wiring D 
the distributors D 
the booster coil D 

the battery D 

7. If the engine fails to run on the magneto, the first cause to 
look for is-

improperly timed breaker points D 
burned or dirty breaker points D 

overspeed cutout not reset D 
wet 1nagneto D 

8. If the engine runs only on the exhaust plugs, after starting 
on the inlet plugs, the trouble must be with the-

exhaust side of the magneto D 
inlet side of the magneto D 

right hand distributor D 
left hand distributor D 

9. Overheating is the only reason for an engine failing to stop 
when the ignition switch is turned off. 

True D 
False D 

10. Check the possible sources of the trouble if the starter motor 
does not turn:-

Slipping Bendix clutch D 
Engine not free to turn D 

Dirty magneto points D 
Loose connections D 

Faulty switch D 
Dead battery D 
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THE 4M-2500 PACKARD MARINE ENGINE 

TROUBLE SHOOTING 

• 
LOSS OF ENGINE RPM 

When a boat is under way with the throttle 

wide open, it is sometimes found that tlie 

tachometer reading for one or all engines is 

below normal. Although such loss of engine 

rpm is quite often thought to be caused by 

faulty engine operation, this is seldom the 

true cause of the trouble. 

Loss of engine rpm will ordinarily be 
noticed only when the throttles are wide 
open. Any engine trouble that is serious 
enough to cause a loss of rpm would be in
dicated by abnormal vibration, engine 
roughness, noisy operation, backfiring, or 
other signs of faulty operation, before the 
throttles were opened up wide. 
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Since the boat engineer is always on the 
alert for any engine trouble, any engine 
condition that would cause a loss of rpm, 
would be noticed-and reported to the boat 
captain-before the captain would discover 
such a loss of rpm at wide open throttle. 

Thus, when trouble shooting the loss of 
rpm, faulty engine operation can usually 
be ruled out as a possible cause of tl1e diffi
culty. 

Trouble shooting for loss of engine rpm 
will be discussed under two headings, ac
cording to the two conditions that may be 
found: 

1. Uniform loss of rpm in all three engines. 
2. Definite loss in only one or two engines. 

Of course, if one engine loses rpm for 
any reason, it will cause the other engines 
to slow down somewhat because of the addi
tional boat lond put on them. However, in 
this case the one engine will show a greater 
loss of rpm than the others. 

LOSS OF RPM IN ALL THREE 
ENGINES 

When all three engines lose rpm uniformly 
at the same time, it is almost positive evi
dence of either ( 1} trouble with the boat as 
a whole or (2) not enough fuel getting to the 
engines, as it is extremely unlikely that all 

three engines would he affected at tl1e same 
time, and to the same extent, hy any other 
trouble. 
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Trouble with Boat 

If the trouble is with the boat, it can be 
caused by load, boat bottom, propellers, or 
rudders. Any of these conditions would re
quire more than the normal amount of 
power to move ilie boat ilirongh the water 
and ilierefore would prevent the engines 
from developing the normal rpm at wide 
open throttle. 

IMPROPER LOADING 

First, consider improper loading of the 
boat. This would be caused by an over
loaded condition or by poor load distribu
tion in the boat. 

If overload is suspected ns ilie cause of 
loss in engine rpm, the fore and aft draft 
readings should be checked with the engi
neering officer. If iliey are found to be 



greater than those specified on the boat blue 
prints, enough load should be removed from 
the boat to obtain the proper draft reading. 

Then the boat should be given a speed trial, 
and, if the rpm is up to standard with the 
reduced load, it must be decided whether 
the speed of the boat or the least necessary 
load is to be sacrificed. 

In a similar manner, if poor load distri
bution is causing the trouble, either the fore 
or aft reading will be greater than it should 
be, or the port or starboard draft reading 
will be greater than it should he. Whichever 
the case may be, such poor load distribution 
is usually caused by improper selection of 
the fuel tank by the boat engineer. Using 
fuel from the wrong tank is likely to cause 
a fore or aft pitch of the boat, or a port or 
starboard list. 

As a specific example, if the fuel is used 
from the forward tanks in the Higgins boat 
before it is used from the aft tanks, more 
speed will be obtained than if the aft tanks 
are used first. 

BOAT BOTTOM FOULED 

If the boat bottom is fouled, it can be 
determined by placing the boat in dry dock 
or by sending a diver down to check the 
bottom. 

It must be remembered that it requires 
only a slight film over a large area to cause 
a very definite loss of engine rpm. There
fore, it is absolutely necessary that boat 
bottoms be kept clean if the maximum rpm 
is to be obtained from the engine. 

PROPELLERS 

Propeller trouble is the most common 
cause of loss of engine rpm. If propellers 
are suspected of causing the loss of engine 
rpm, they should be checked very care
fully in spite of the fact that their general 
appearance is all right. It is possible that 
they are corroded, that their pitch has been 
increased through use, that they are bent 
or nicked, or that they are the wrong type. 

Any of these conditi_ons will have a very 
noticeable affect upon engine rpm and, if 
found, the propellers should be replaced. 
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RUDDERS 
If the rudders are causing a loss in rpm, 

it will he because thev are not adjusted 
parallel to each other, or are bent. 

Insufficient Fuel 
If no trouble with the boat is found, and 
yet there is a uniform loss of rpm in all 
three engines, it is logical to suspect that 
the engines are not being supplied with 
enough fuel. If this is the case, it will he 
caused either by water in the fuel or by an 
air leak in the fuel supply system. 

WATER IN FUEL 
To check for water in the fuel, stop all 

three engines; hut he absolutely sure that 
the selector valve is shut off before the 
ignition is shut off, so that there will he no 
pressure in the fuel system when the en· 

gines stop running. Then remove the drain 
plug in the bottom of a fuel strainer an<l 

catch the contents in a container. If more 
than one-third of the contents is water, it 

is a sure indication that water is causing 
the trouble. 

AIR LEAK IN FUEL SYSTEM 
If there is an air leak in the fuel supply 

system, it will be a leak at the gasket in the 
Elco fuel strainer or a leak in the Higgins 
fuel hose connections. 
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To check for a leak in the fuel strnincr 
in the Elco boat, switch to the high suction 
fuel supply, if the engines have been oper
ating on the low suction, as it is extremely 
unlikely that both high and low suction 
strainers will be leaking at the same time. 
If switching from the low suction system 
tu the high !-iUction syste111 l'Htl!3e!-5 the en
gines to regain the lost rp111! it is a sure in
dication that there is un air leak nt the 
strainer gasket in the low suction system, 
which prevents the engines from receiving 
their full supply of fuel. Of course, this con
dition calls for replacement of the gasket. 
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It has been common practice to use the 
fuel strainer gasket a second or third time, 
but this should 11ot be done. If, however, it 
is necessary to use the gasket a second time, 
gasket paste or a sealing compound should 
he used to assist the gasket in producing a 
perfect seal. 

When reassembling the fuel strainer, it 
is absolutely essential that the nuts be tight
ened gradually and evenly according to the 
instructions in the booklet entitled "SERV
ICING THE FUEr., Al"ID INDUCTION 
SYSTEM, PART I-Tanks, Lines, Fuel 
Pump, and Strainers." If the nuts are not 
tightened according to instructions, one of 
the corners of the strainer head is almost 
sure to be broken off, thus rendering the en
tire fuel strainer useless. 

To check for an air leak in the Higgins 
fuel hose connections, switch to the selector 
valve controlling the pair of fuel tanks not 
in use. 

LOSS OF RPM IN ONE OR 
TWO ENGINES 

Now let's assume that the trouhle was not 
in all three engines, but in one or two en
gines. If this is the case, loss of rpm is caused 
by trouble with the propeller and shaft, or 
trouble with the engine, or both, and - a 

thorough examination should be made of 
the entire engine and propulsion system. 

Propeller and Shaft 

If we assume there is trouhle in the pro
peller and shaft, then it may be caused by 
either a bent propeller, a bent shaft, a bent 
strut, or, on the Higgins boat, a tight steady 
rest hearing, or any combination of these 

troubles. 
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A bent propeller or bent shaft, or both. 
will be indicated by excessive vibration 
which is very noticeable at the stern of the 
bout. 

To check for a bent strut, disconnect 
the propeller shaft flange from the reverse 
gear and check the shaft for free turning. 
If there is no trouble with the drive shaft. 
or in the bearings, it should be possihle lo 
turn the drive shaft with both hands. 

If the steady rest bearing on a Higgins 
boat is too tight, it will be indicated by 
smoke from the bearing while under way. 
When this condition is found it is usually 
after the boat has been recently launched 
or when the bearing is not properly lubri
cated. 

Engine Check-Up 

After checking and correcting any trouble 

with the propeller and shaft, the engine 

should be checked for the three fundament

al requirements of efficient engine operation 

-compression, ignition. and fuel. 

All that is necessary for an engine to 

produce power at maximum efficiency is for 

it to have the right compression in all cylin

ders, a good spark delivered at the proper 

time to each cylinder, and the right amount 

of a correct fuel mixture delivered to the 

combustion chamber of each cylinder. 

COMPRESSION 

Compression depends upon the proper 

functioning of cylinders, pistons, piston 

rings, and valves. If the engine is near its 

overhaul time, worn pistons, rings, and cyl

inders can logically he considered as a pos

sible cause of loss of rpm. The replacement 

of these parts is a base operation. 

If the valves are not seating properly, so 

that the engine has lost compression, it is 

also a cause of loss of rpm, and the valves 

should be reground, which is also a base 

operation. 
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IGNITION 

After checking the compression, check 
the ignition system according to the booklets 
entitled "Servicing the Ignition System," 
Parts 1 and 2. 

FUEL 

After checking the ignition system, the 
fuel system should be inspected. First re
move and clean the air cleaner. Then check 

~rm··· M·-, · -~ ~\''ff wY->it\,.'J,)'S. • 
' · •" · 'h ·~·L, _, ~ 

_.,,,-

for low fuel pressure, a clogged fuel line 

strainer, or an air leak at the fuel strainer 
gasket. 

By following the procedure set forth in 

this booklet, the cause of any loss in engine 
rpm should be definitely located. When the 

cause is known, the trouble should be 

eliminated by following the appropriate 

standard procedures. 

____ .·!2-,·,.__~'·?~~~!:·:S~!iti~~f~.r~lt~ 
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THE 4M-2500 PACKARD MARINE ENGINE 

TROUBLE SHOOTING 

• 
LOSS OF ENGINE RPM 

Test Yourself • .. 

. . . by answering these questions with a check mark in the 
appropriate squares at the right. Then compare your 
answers with the information in this booklet, to make sure 
you know how to locate the trouble when a loss of engine 
rpm is noticed. 

J, What is the most common cause of loss of engine 
rpm in all engines at the same time? 

Boat bottom fouled D 
Propeller trouble D 
Water in gasoline 0 

2. What condition of the rudders will cause 
loss of engine rpm in all three engines 
at the same time? (name 2) 

Too big 
Too small 

Bent 
Fouled 

Not parallel with each other 

D 
D 
D 
D 
D 

3, A leak in the fuel system is the only cause for 
insufficient fuel reaching all three engines at 
the same time. 

True D 
False D 

4. What proportion of water in gasoline indicates 
"water in the fuel system" as the cause for 

loss of engine rpm? More than 1/4 D 
More than 1/3 D 
More than 1/2 D 

13 
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5, Loss of engine rpm in all engines at the same 
time can only be caused by-( name 2) 

insufficient fuel reaching all engines 0 
failure of ignition system 0 

trouble with the boat 0 
bent propeller shaft 0 

6. Yon can tell whether a boat bottom is fouled or not by

the number of hours the boat 
has been in operation 0 

finding out the kind of water the boat has been in 
(fresh or salt water) 0 

sending a diver under water 
to examine the boat bottom 0 

finding out if the boat has been in continuous 
operation in warm 'lvater 0 

7, The procedure for checking for an air leak in the 
fuel supply system in the Elco boat is different 
from tliat in the Higgins boat. 

True 0 
False 0 

8. Excessive vibration at the stern of the boat indicates-

a loose rudder D 
a twisted rudder D 
a bent propeller D 

a shifting load D 

9. If you suspect engine trouble is causing the 
loss of rpm, you should check the- (name 3) 

compression D 
oil D 

ignition D 
cooling system D 

fuel D 
reverse gear D 

1 O. If engine trouble causes a loss of rpm in one 
engine, the other two should still reach 
maximum rpm at wide open throttle. 

True 0 
False D 
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THE 4M-2500 PACKARD MARINE ENGINE 

TROUBLE SHOOTING 

* * * 
THE COOLING SYSTEMS 

When the fresh water OUT temperature 
goes above the highest recommended op
erating temperature, the tronble may lie 
in one, or in several units of the engine 
or cooling system. But without exception, 
always check the over·all performance of 
the engine before concluding that any 
one unit is the cause of tronble. 

Apparent tronble with one unit of the 
system may actually be caused by abnor· 
mal operation of several other units. 

Heat Exchanger 

Assuming that the supply tank shows the 
proper level of fresh water, the heat ex
changer is naturally one of the first units 
to be checked. Before concluding that the 
heat exchanger itself is at fault, let's stop 
and think about the specific conditions 
which would indicate a plugged heat ex
changer. 
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The oil is cooled in the oil heat ex
changer by the same sea water which 
cools the fresh water in the fresh water 
heat exchanger. Therefore, if the oil tern· 

OIL HEAT EXCHANGER 

perature as well as the fresh water tern· 
perature is excessively high, it is logical to 
suspect the lack of sea water as the cause 
of trouble. 

The first check will be to make sure 
that the sea water scoops are wide open. 
If the scoops are already open, check 
further to find out whether sea water is 
circulating through the heat exchanger. 

An easy check is to loosen a salt water 

plug on the heat exchanger and observe 

the water leakage through the threads, or 
feel for water pressure against the loos
ened plug. This check must be made with 
the boat under way, at a minimum speed 
of 1200 RP.M. 

If, when the plug is loosened, air is 
felt leaking out before any water comes 
through, it has very likely cleared the heat 
exchanger of an air pocket, and may have 
corrected the trouble. 

If this test with the heat exchanger plug 

shows no salt water pressure, tighten the 
plug and look further for the trouble. 

Sea Water Scoops 

It is possible that the sea water scoops are 
plugged. If a scoop is plugged it may some· 

times be cleared by reversing the direction 

/~ " 
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of the boat, and thus reversing the flow of 
sea water through the heat exchangers. 
This relieves the pressure on the IN scoop 
and permits obstruction to drop off. 

If this method does not clear the syst~m 
then the engine should either be slowed 
down to a speed where it will oper~te at 
a safe temperature, or be stopped until 
the trouble can be corrected at a base. 

Fresh Water Pump Pressure 

Let's assume that only the water tempera
ture is too high and that the oil temperature 
is normal. 

In this case the salt water circulating 
system of the heat exchanger is operating 
properly, and we must look for further 
causes of trouhle. 

A logical question would be whether the 
fresh water is circulating so slowly through 
the engine that it picks up more heat than 
it should. 

If this is true, then it is logical to suspect 
that the fresh water pump may be deliv
ering too little pressure - or none at all. 

A quick check for water pump pressure 
may be made by removing the eighth
inch drain plug at the end of one of the 
side water manifolds. If a good strong 
stream flows from the open hole, it indi
cates ample pump pressure and good cir
culation on that side of the engine. 
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Check the other side water manifold in 
the same way. Good pressure at both mani
folds indicates that the pump is operating 
properly and that fresh water circulation 
is satisfactory. 

However, if one of the side water mani
folds showed satisfactory pressure, hut the 
other one showed little or no pressure, then 
it is necessary to determine what is causing 
the lack of pressure. 

Ohviously, the trouble is not in the fresh 
water pump since it is furnishing ample 
pressure to one side of the engine, and the 
trouble is in the side of the system where 
no pressure· was shown in the manifold. 

A systematic inspection should he made, 
looking for faulty hose, broken gaskets, 
or plugged water passages on that side 
of the engine. 

Now, let's suppose that very little prc•
sure '\Tas found at either side ''Tuter mani· 
fold when the pings were removed. 

This would almost surely indicate a 
fresh water pump failure and the pump 
as~embly would have to be replaced or the 
engine secured until the trouble could be 
corrected. 

It is possible that all the units inspected 
up to this point might be satisfactory and 
that the water OUT temperature is still 
too high. 



H the excessive water temperature de
veloped gradually as engine speed increased 
and the temperature went down as engine 
speed decreased, the condition would indi
cate an insufficient flow of fresh water, 
either through the engine or through the 
heat exchanger. 

Lack of fresh water circulation may he 
due to a worn impeller in the fresh water 
pump or a scaled condition in the fresh 
water heat exchanger which would reduce 
its cooling ability. 

In case either fresh water or sea water 
pressure cannot be maintained, the condi
tion should be reported to your Squadron 
Engineering 0 fficer. 

Fresh Water Thermostat 

When the cooling system includes a fresh 
water thermostat, this unit may logically 
be suspected when systematic inspections 
have shown other units to be operating 
properly. 

To make sure that the thermostat is op
erating, open it wide by hand by turning the 
adjusting nut clockwise as far as it will go. 

The thermostat adjustment is never used 
to allow for changes in operating tempera
tures or changes in ¥later temperatures. 

These adjustments are made only by regu
lating the IN scoop. The thermostat adjust
ment is only for the purpose of establishing 
a starting point to give it the proper ten
sion for all normal conditions. 
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If the water temperature drops as the 
thermostat is opened, it may be assumed 
that the thermostat was at fault. It should 
be left open, and the water temperature 
regulated by means of the secured adjust
ment on the IN scoops until the boat re
turns to the base, where a new thermostat 
should be installed. 

In installing a new thermostat, adjust the 
sylphon tension by the screw on the top of 
the thermostat, until the valve seats upward 
and closes off the flow of the water through 
the heat exchanger. Give the adjusting 
screw % of a turn additional tension and 
lock it in that position. 

If the foregoing checks and corrections 
do not reduce the excessive water 0 UT 
temperature, then the trouble is probably 
not in the cooling system but is due to an 
overloaded engine, which is indicated by 
high manifold pressure and low rpm, or to 
faulty engine operation such as late igni
tion timing. All these conditions are coY

ered in the booklet entitled "Trouble 

Shooting - Loss of Engine RPM." 

Hot Manifolds 

If, while under way, yon discoYer blistering 

of tl1e paint and smoking where the ex

haust manifold flanges are attached to the 

valve housing, it will generally be found 

that the manifolds are too hot because of 

a lack of sea water flowing through the 

manifold water jackets. 

When this occurs, it will require check

ing for incorrect scoop Yalve adjustment, 



, 
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plugged scoops, a restriction in the heat ex· 
changer, or an air locked heat exchanger. 

The salt water pump would be the next 
unit to check since a leak in the suction 
line leading to the pump would cause the 
pump to lose its prime and no sea water 

would be provided to cool the exhaust 
manifolds. The same condition would be 
caused by a broken coupling shaft. 

BROKEN 
COUPLING SHAFT 

Badly worn gears in the salt water pump 
would deliver some sea water, but an in· 
sufficient supply to properly cool the ex· 
haust manifolds. 

BADLY WORN HOUSING 
AND GEARS 

SALT WATER PUMP 

If the exhaust manifolds are found to be 
too hot immediately after the engine is 
started, look for a leaking manifold cooling 
jacket drain plug. This could allow the sea 
water to drain from the manifold while the 
engine is stopped. The procedure for cor
recting any or all such conditions is de
scribed in the booklet entitled "Servicing 
the Cooling Systems." 

9 
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THE 4M-2500 PACKARD MARINE ENGINE 

TROUBLE SHOOTING 

* * * 
THE COOLING SYSTEMS 

WHICH ANSWERS ARE CORRECT? 
Place a check mark in the space opposite the following statements which you think 
are correct. Double check your answers against the instructions in this booklet. 

1. If oil and water temperatures are high, it may be 
caused by- lack of fresh water in system 

lack of sea water in system 

2. Number 1, 2, 3, the correct procedure to be followed to 

D 
D 

find out what might cause high oil and water temperatures:

Check whether sea water is circulating through system 0 
Check whether sea water scoops are plugged 0 

Make sure that sea water scoops are open 0 

3. If water temperature is high and oil temperature is normal, 

it indicates that the fresh water pump is working properly. 

True 0 
False 0 

4. A quick check to see if fresh water pump is working is to

remove drain plug from manifold 0 
remove l1ose connections 0 

remove 'vater pu1np D 

5. If engine temperatures go up gradually as engine speed 

increases and go down as engine speed is reduced, it 

indicates an insufficient flow of sea water through the 

engine and the heat exchanger. True 

False 
D 
D 

13 
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6. Water temperatures are controlled by-

regulating the OUT scoops 0 
regulating the IN scoops 0 

adjusting thermostat 0 

7. The following are causes for engine overheating:-

True 

Faulty hoses, broken gaskets, or plugged water passages 

Leaking manifold cooling jacket drain plugs 

Lack of fresh water in cooling system 

Scaled condition in heat exchanger 

Worn gears in salt water pump 

Leak in salt water suction line 

Sea water IN scoops plugged 

Worn water pump impeller 

Sheared water pump shaft 

Air bound heat exchanger 

Sea water IN scoops open 

Plugged heat exchanger 

Thermostat stuck closed 

Thermostat stuck open 

Early ignition timing 

Late ignition timing 

Overloaded engine 

B. Number 1, 2, 3, etc., the correct procedure for trouble

shooting the cooling systems:-

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

False 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

Heat exchanger fresh water system 0 
Heat exchanger salt water system 0 

Fresh water pump 0 
Engine operation 0 
Fresh water level 0 
Salt water pump 0 

Thermostat 0 



This is one in a series of Training 

Booklets for the United States 

Navy on the Construction, Operation, 

Maintenance, and Overhaul of the 

4M-2500 Packard Marine Engine. 

* 
Prepared by 

Bureau of Aeronautics 

for 

Bureau of Ships 

* 
Technically supervised by the Bu

reau of Ships in collaboration with 

the Packard Motor Car Company 

and Visual Training Corporation. 

This booklet to be used in conjunction with film SN-2093e 





saOHl:IW NOl!):ldSNI ONV 

NOl!):ldSNI :>IOOlll:ld 

llNl9Nll llNlllVW GllV>l:>Vd 

OOS~·Wt7 llH.L 



·lluf.J!,1 .. frJS puv 110!/JOdSU! 

/o s1uawa1a 1uv1~udw1 1sow aq1 /o auo s1 uvap au11Jua aq1 !Ju1daa)J 



THE 4M-2500 PACKARD MARINE ENGINE 

PERIODIC INSPECTION 
AND 

INSPECTION METHODS 

• 

The fighting ability of your ship depewlB 
to a large degree upon the condition of its 
power plant. And the job of keeping the 
engines in your boat at peak efficiency. 
begins with inspection! 

A schedule of specific inspections -to be 
made daily, and after each 25 hours, 50 

hours, and 100 hours of engine operation, 

i• in the Operating Manual. 

In addition to these regular inspections, 

special inspections made necessary by un

usual operating conditions will be issued by 

your Squadron Engineering Officer. 
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However, "inspection" means more 
than simply following a set of routine pro
cedures. It means being constantly alert for 
conditiom that are not as they should be. 

Whenever you spot a loose connection, 
leak, vibration, or any other type of trouble 
-no matter how small-correct the condi
tion or report it to your proper superior at 
once. A small, easy-to-fix fault can cause 
serious trouble if it is allowed to go uncor
rected. 

LOOSE 
CONNECTION 

Detailed instructions for the inspection 
and adjustment of all vital units of the 
power plant will be ro,·ered in a numher 
of other booklets. In this booklet we will 
discms certain methods and procedures 
which will apply to all inspections. 

Guard Against Fire! 

Here is a fire precaution which must he 
observed: always keep ventilators open, or 
run the power ventilators frequently to 
clear out gasoline vapors '\'lien '\'orking in 
tl1e engine roon1. 

As a further safeguard, make sure that 
tl1e main hattery switches are turned off 
whenever any part of the electrical system 
is being inspected or repaired. 

Because of the fire hazard involved, 
gasoline or oil soaked rags and waste should 
be disposed of immediately after use. Never 
permit them to lie around. 

Keep Things Clean 

One of the most important rules in connec
tion with the inspection and servicing of the 
engine is: Keep Things Clean. 



/ 

This rule applies to the exterior of the 
engines and to their immediate surround
ings, as \\'ell as to the parts of an engine 
when they are dismantled or removed. 

Dust and dirt must be kept out of dis
connected fuel and oil lines and engine 
fittings. Ping the openings with tight covers 
sucl1 as friction tape or 'vooden plugs if 
the lines are to be disconnected for any 
length of time. Oil and fuel lines should 
be thoroughly washed nnd cleaned out be
fore being reimtalled. 

CAUTION: When washing parts, use 
a noninflammable cleaning fluid or 
kerosene. DON'T use high-test or 
leaded gasoline. 

Cleanlincs,; is particularly important in 
handling hall bearings. Never put a bear· 
ing on a dirty snrface. Instead, lay it on a 
piece of clean paper or cloth. 

Ball bearings which have been removed 
from the engine, or ne\\' ones 'vhich are 
to be installed, should be kept covered 
with clean cloths. 

·~-

In cleaning hall bearings, first dip them 
several times into a suitable cleaning solu
tion, such as kerosene, to dissolve some of 
the grease. Then turn the inner race back 
and forth several times to dislodge grease 
from the ball cage pockets. Then again wash 
the bearings in kerosene. 

To do a more thorough job of cleaning, 
blow compressed air through the bearings. 

5 
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CAUTION: Be sure to hold both race,; 
so that the force of the air will not 
spin the hearing and scratch the balls 
and race~. 

After blowing out the bearing. flush it 
again with fresh cleaning solution and re
peat this process until yon are sure that all 
dirt and grease have been removed. Then 
blow the bearing dry and coat the entire unit 
with clean oil to prevent rusting. 

Unless the bearing is to be reinstalled 
immediately, wrap it in rlean paper to krrp 
out dirt and dmt. 

~ ' .. ;;r.·r , 
:l, 

Check All Hose Connections 

Hose connections should be checked fre
quently, not only for leakage, but also for 

evidence of rotting. Hotting will be indi
cated by swelling and softness to the lunch 
in the unsupported sections of the hose. 

Old hose which has become hard at the 
clamped ends w:ill seldom make a leak
proof joint after once being disconnected, 
and should be replaced with new hose. 

~llPn a ho,e >how' any sign,; of <le
terioration, it shoulcl he removed and the in
side inspected for shedding or peeling of 
hose particles. Wl1en this condition exists. a 
HP\\. ho!->e !0ho11ld he inl'tallPrl. 

Slight leaks at the hose connections can 
usually he stopped by tightening the 
clamps. Howner, if the leak cannot he 
stopped ,rithout turning the :-:-ere\\' to its 
stop. Lh~n l1nth tlu• 110:-r ;incl 1Ju~ ,.farnp 

,;l10nld lie replaeed. 

In replaeing hose, he "'ire that the right 
type is used. Black hose with two white 
stripes is pure rubber. and should be used 
for water. Black hose with one red stripe is 
synthetic ruLher and should be used for 
gasoline and oil. 



Vibration, always present when the en

gine~ are running, n1ay ~erionsly affect lines 

<'arrying gasoline! oil~ and '\'Hier. Such lines 

and their connections should frequently be 
checked. not only for actual leaks but for 

\Vear at connections~ bends~ ancl1orages~ or 

at unsupported points where vibration may 

c;rnse chafing against the engine or hull. 

Always replace a line which upon in
spection appears to be undependable. Don't 
wait for an actual leak to occur. When in
stalling a new line or tightening an old one, 
be sure to bend the line properly so that it 
fits without being strained or distorted when 
clamped tightly. If n line is found to vibrate, 
additional clamps should he used. and fitted 
so that no strain is placed on the lines. 

All drain valves, plugs, and drain cocks 
should be inspected occasionally to make 
sure that these fittings and the passages lead
ing to tl1en1 are open. 

When screwing plugs or fittings into 
tapped holes, the threads of the male fit
ting should be lightly coated with a non-

7 
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hardening gasket paste to seal the joint. 
Extreme care should he used to keep gasket 
paste out of the lines. Any paste which 
might enter the end of a line or fitting 
should be deaned out before the connec
tion is 111adc. 

In n1aking the eouneetiun. the fitti11g 
,J10uld lw turned in tight enough lo ;;ea! 
the joint against leakage but not so tight 
as to crack the mounting boss or to spring or 
distort the piece into which the fitting is 
threaded. 

\'\IJ1en tightening the nut of a compres· 
sion pipe fitting, hold the nipple with a 
\Vrencl1 to prevent its tltrning and be very 

careful not to cross the threads. 

To amid cross-threading, make sure to 
turn brass fittings on about half way by hand 
before tightening with a wrench. 

Ne\·er pry betl\'ee11 t'vo tnachined s11r· 

faces to separate them. This practice is 
ahuo:o:>t certain to distort tl1e parts or 1nar 

the surfaces. Instead, separate the parts by 
hand pressure, or by tapping lightly with 
a soft hammer, if necessary. 

Replacing Gaskets 

Now a word about gaskets. A gasket should 
never be med a second time if a new gasket 
is available. If a new gasket is not available, 
be careful to preserve the old one. When 
you return to the base; be snre to replace 
any spare gaskets or other parts which have 
been used from your boat's stock. 

, 



\Vl1e11 retuoving locking devices~ such 

11> luck wires, culler pins, lock washers, and 

lock plates, he careful that fragments do 

not break off and drop into the engine. 

If broken pieces should get into the en
gine. do not reassemble the unit until they 

have been found and removed. 

NOTE: The best rule to follow when 
replacing parts is lo use all new lock
ing devices. 

Old cotter pms which are not broken 

when removed are so weakened by bending 
that they are not safe to use again. New 

cotter pins, therefore, should always be 
used. 

Split lock washers, which have been 

used once, are weakened so tlrnt their hold

ing ability is questionable. Use new washers 
when they are available. 

Tanged lock washers may be used more 
tlrnn once provided a new tang is used each 

time. Break off used tangs to make sure 
they won't be used again. And be very sure 

that the tang does not fall into the engine. 

Flat washers must always be used under 
the lock washers in the assembly of alum
inum parts or other soft metals, to prevent 
the lock washers from cutting into the part 
being secured. 

Lock wires used in reassembling should 
also be new. When threading lock wires, be 
sure to locate them so that they will pull 
in tl1e direction required to turn the nut 
tighter, and twist them tightly. 
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Types of Nuts 

When removing or disassembling engine 

unit<. alway> note th,. type> of nnt• which 

are removed so that the correct typ,. will 

:_.,·:.....· -

he med in each location when reassembling. 
Certain nuts are notched, to indicate 

that they are made of special alloy steel 
and are intended t>xpressly for po;itiom of 
great Etres~. 



Another type of special nut is tl1e Elas

tic Stop Nut. This is a self-locking nut in 

which the locking device is a small fiber 

ring inserted in the top of the nut and 

tapped slightly undersize. Elastic Stop Nuts 

should offer definite resistance "~hen the 

fiber section of the nut starts onto the 

thread of the •tut!. If they do not. they 

sl1ould be replaced '"·ith ne,\' nut:;;. 

Tool Kit 

Ead1 boat i• l'ljllippcd with a tool kit. There 

are suitable tools for all minor adjustments 

and for regular inspection. These tools 

must be kept clean and in order so that 

the right tool will he readily available for 

any e1nergency. 

Naturally, when your inspection indi

t:alcs a ncetl for the repair or repluee1nent 
of parto or units, the condition should Le 

correeteil at onee, or if this is not practical, 

the trouble should Le reported to the 

proper officer. 

Just how extensive the immediate re

pair should he will depend upon the nature 
of the trouble, the chance of its causing 

engine failure if it is not corrected, and the 

estimated length of time Lefore the next 
scheduled overhaul period. 

.:l7;7if: 

>'~YI·< 

Specific instructions for the inspection. 

a<ljust1nent~ an<l 111inor repair of tl1e vari· 
ous units of the power plant will he cov
ered by other booklets in this series. 
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THE 4M-2500 PACKARD MARINE ENGINE 

PERIODIC INSPECTION AND 

INSPECTION METHODS 

DO YOU KNOW THE ANSWERS? 

The answers to the following questions will be found iu 
the foregoing pages of this booklet. Before you look them 
up, test your understanding of the subject hy checking 
the statements you think are correct. Wilen you have 
completed the list, check your answers against the instruc
tions in the booklet. 

1. When working in the engine room, keep ventilators 
open or power ventilators r11nning-

2. 

3. 

4. 

to keep the engine room cool 

to clear out gasoline vapors 

to eliminate dust 

When inspecting or repairing the electrical system, 
tlie main battery switch should be-

off 

on 

To keep dirt and dust out of disconnected lines 
and fittings, plug them with-

wooden plugs 

che\\ing gum 

lint-free rags 

When 1vashing parts~ use--

kerosene or non-inflammable cleaning fluid 

high-test gasoline 

soap and 'vater 

D 
D 
D 

D 
D 

D 
D 
D 

D 
D 
D 
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5. Synthetic rnhher hose to he nseil for gasoline or oil is-

black with two white stripes D 
black with a red stripe D 

black D 
6. When cleaning ball bearings with compressed air, 

tl1e races shonld he-
kt .. pl fron1 turning D 

tnrne<l slowly D 
spnn rapidly D 

7. Hose which show signs of rotting should be-

wrapped with friction tape D 
hraced to prevent sagging D 

replace1l with new hose D 

8. Oil lines which show signs of excessive wear should be-

lefl alone until an actual leak occurs D 
replaced with new lines D 

9. W11en screwing pl11gs or fittings into tappecl 11oles, 

the lhrea<l shonl1l he coated with-

gai:;ket paste 0 
while lead D 

µ;rea::;oe D 

JO. Vlhen separating tvvo n1acl1ined surfaces, 

lake them apart by-

tapping with a soft hammer or by hand pressure D 
pounding with a heavy hammer D 

prying with a chisel D 

11. Cotter pins may he useil-

12. Some nuts are notched-

1mtil they are broken D 
only once D 

t'\'ice D 

to indicate that they have been used before D 
to show that they are for special locations D 

to show which side to put down D 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE FUEL AND INDUCTION SYSTEM 

PART I 

Tanks, Lines, Strainers, and Pumps 

The fuel and induction system consists of: 

Fuel Tanks and Lines. 
Fuel Strainers. 
Fuel Pump. 
Supercharger and Manifolds. 
Carburetor. 
Air Cleaner. 

Upon the proper operation of these 
various units depends, to a t;reat e.x'1ent, 
the fighting ability of yonr boat. You as 
the engineer are charged with the respon
sibility of seeing that these units function 
properly. This can be done only by proper 
periodic service maintenance, which re
quires only a few simple inspections and 
adjustments. 

Fuel Tanks and Lines 

Fuel tank caps should be checked to see 
that they fit properly and are securely 
fastened. 

Be sure that fuel tank air vents are 
unobstructed. Although these vents are of 
ample size, they sometimes freeze shut due 
to spray and vapor hitting them when 
boats are operating in cold climates. 

The wobble pump should be operated 
briefly, to make sure that it is in working 
order. Operate the wobble pump slowly, 
as rapid operation n1ay cause tl1e co1npen· 
sator to open momentarily, discharging a 
spurt of fueL which is sometimes confused 
with flooding. 
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After Luilding up fuel presmre to the 
required 6 to 7 pounds. check the fuel sys
tem for leaks. paying particular attention 
to all vah·e packing nuts and strainers. 

Operate the primer pump sufficiently 
to force fuel through the primer lines. 

Inspect all the primer lines and con
nections for leaks. particularly the small 
tubing in the Vee of the engine. 

Fuel Strainers 

The fuel strainers should Le drained and 
cleaned at regular intervals specified Ly 
your Squadron Engineering Officer. 

To drain the strainer, the drain plug 
must be removed from the Lottom of the 
case, using the proper socket wrench. 

To clean the strainer. remove the four 
stud nuts from the case clamping ring Lolts, 
being very careful to loosen them evenly 
so that the ring will not he distorted. Pull 
the strainer case and clan1ping ring assem~ 
hly out of the head and unscrew the 
strainer element from the head by hand. 

Wash the element and the inside of the 
case and head with cleaning fluid, using a 
clean soft paint brush. Never use a wire 
brush or scraper. A wire brush or scraper 
will damage the fine element or screen. 
This would allow dirt and other foreign 
matter to enter the fuel system, and cause 
seriotrs dan1age to the engine. 

When reassembling the strainer. turn 
down all nuts evenly and in the order 



shown. Tighten each nnt a little at a time 
until all the nuts have been uniformly 
tightene<.1. _-\.l\\·ays u~e a ne,,c gasket ,rl1e11 

reinstalling tl1e strainer. 

Fuel Pump 

The fuel pump must be cleaned and in
spected at regular intena!s. If this is not 
done. the fuel pump may fail and make it 
in1possihle for the engine to operate t1ntil 
the pump can be replaced. First remove 
the screened vent plug and separate the 

screen from the plug. Clean the screen 
and plug with cleaning fluid. 

It n1ay so111etiu1es -be necessary to pass 

a soft wire through the plug vent hole to 

clean it. In doing this~ be careful not to 
enlarge the hole. as this will affect the 
operation of the pump. 

If the fuel pressure varies from the 
specified six to sernn pounds, the fuel 
pump relief rnlve must be adjusted. 

To do this. loosen the lock nut at the 
top of the pump. 

5 

CLOCKWISE TO 
INCREASE PRESSUR 

Turn the adjusting screw clodrnise to 
increase the pressure or co11nter-clock.\\-ise 

to decrease it. 

II adjusting the pressure relief rnhe 
does not l'orrect the pre::sure. re1110\·e the 

Yake housing and check for dirt on the 
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valve face and seat. Wash the housing in 
cleaning fluid before replacing it. 

If inspection of the fuel pump indi
cates the need for servicing, other than that 
just described, the pump should be re
placed with an operative pump. The re
moved pump should be returned to the 
base, where correct tools are available for 
proper overhaul. 

Fuel Pump Removo:il 

Inspection schedules specify that the fuel 
pump and drive gear assemblv be lubri
cated at definite periods. Thi; requires 
removing the pump and drive units from 
the engine. 

First, disconnect the fuel pump to car
buretor line by loosening the !10se clamps, 
sliding the hose on the pipe until it clears 

the p111np connection. Have u contuiner 
han<lv to eateh ~asoline. as the fuel line is • c 

usually full. 
Push th~ pipe up until it dears the liner 

which bridges the joint between the pipe 
and the pnmp outlet fitting. Then discon
nect the tank to fuel pnmp line at the 
pu1np .... :\.guin u:-0~ :.i t•11t1tainer to eateh the 
gasoline in the fuel pump and line lo keep 
gasoline from the bilge. 

Disconnect the tube which runs lo the 
supercharg:er. 

Remon the stud nub which hold the 
drive gear assembly lo the crankcase and 
pull out the pump and drive gear assembly 
as a unit. 

Be sure to collect the shims from be
tween the drive gear housing and the crank
case to have them available for reassembly. 

Remove the four stud nuts which hold 
the pump to the drive gear housing, and 
separate these t'\'O unitii. 



Pull the driveshaft from its housing 
and clean any rust or corrosion from the 
pumpshaft and driveshaft splines with cro
cus cloth. 

Coat the 'Pline' with graphite grease. 
Wash the ball bearings with kerosene 

or any other suitable cleaner and blow 
them dry. Hold outer race of bearing to 
keep it from turning and thm avoid dam
aging the bearing. Inspect them carefully 
for rougl1ness or corrosion. 

After being cleaned, the ball bearings 
should be thoroughly lubricated with clean 
light engine oil. 

Fuel Pump Replacement 

Use a new ga~ket 'vhen reasse1nbling the 
fuel pump to the drive homing. 

Be sure that the fuel pump and drive
shaft splines fit freely so that no end thrust 
is exerted against the fuel pump seal. as this 
n1igl1t cause it to leak. 

Reasse111ble the clrivesl1aft housing to 
the crankcase. using a new gasket and the 
san1e nu1nber of sbi1ns tl1at '\.1ere previously 
re1no\'ed. 

When connecting fuel lines, be sure the 
liner is in place before reinstalling and 
clamping the hose. 

Supercharger and Manifolds 

The supercharger and manifolds should be 
inspected for air leaks at all connections 
and flanges - following the induction sys
tf'111 front tl1e Carburetor to the valve l1ous· 

111g. 
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The ~i1nplest inetl1od of cl1ecl~in~ for air 
leak.~ i~ to ~qui!.'t oil on the 'ariuu:s eo11nec

tio118 \\·hile the engine i~ rtu111!!lg. 1£ tl1ere 

are leab. oil will he drawn into the con
nections \rhen the engine i~ running at 
idling speed. 

Tightening the manifold nuts will ordi
nar:ly stop n1a11ifold leak:s. 

Use this same method to check for 
le11ks Let\\'een the center and side n1ani

foids. Gas:-ets in the center-to-side manifold 

connections haYe a te11deney to dry out 
and leak. \\lien this cornlition is found the 
manifold nuts 'honltl he tightened and 
properly seeuretl. If tightening these nuts 
doern't stop the leaks then new gaskets 
should be installed. 

To in~tall ne\\' ga~kets. ren10\·e tl1e 

nuts and washers from the packing ring 

studs and slip the packing rings off the 
studs to the center of the tube. 

Remove the primer line coupling and 
the pri1ner connections to the inlet side 
manifolds. 

Remove the nuts and washers that se
c11re tl1e n1ain center distrib11ting 111anifo]d 
to the side inlet manifolds and lift the 
center manifold off the side manifold studs, 
sliding it and the tube out as a unit. 



Remove the synthetic rubber seal from 
the impeller casing elbow. 

Install a complete new set of gaskets. 
Reinstall the manifold and tube assem

bly, with both the synthetic rubber seals 
and paclcing rings loose on the tube. Oil the 

• 

synthetic rubber seals and force the mum
fold tube against the shoulder in the im
peller casing elbow. 

SUPEROIARGER 
ELBOW 

Tighten the paclcing rings uniformly to 
seal the connection . 

NOTE: Servicing the Carburetor and Air Cleaner 

is discussed in the booklet entitled-

SERVICING THE FUEL AND INDUCTION SYSTEM 

PART 2 

~.~ 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE FUEL AND INDUCTION SYSTEM 

PARTI 

Tanks, Lines, Strainers, and Pumps 

DO YOU KNOW THE ANSWERS? 
Try out your knowledge of procedure for servicing the 
fuel and induction syste111. Check the state111ents he
low which you believe are correct. Then compare your 
answers with the information on the preceding pages. 

1. Wobble pump should he operated- -Moderately 
-Slow 
-Fast 

2. To check fuel lines, fuel 
pressure should be- -10 to 12 pounds 

-6 to 7 pounds 
-2 to 4 pounds 

3. Fuel strainer elements should 
he cleaned with a- -Soft paint brush 

-Wire brush 
-Scraper 

4. To decrease fuel pump pressure, 
turn relief valve- -Counter-clockwise 

-Clockwise 
-Not at all 

5. To lubricate fuel pu111p drive 
splines use- -Graphite grease 

-Machine oil 
-Cup grease 

6. Remove rust from fuel pump drive shaft 
with crocus cloth so fit will he- -Rough 

·-Loose 
-Tight 

13 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 
THE FUEL AND INDUCTION SYSTEM 

• 
PART 2 

Carburetor and Air Cleaner 

Servicing the carburetor in the boat is lim
ited to certain cleaning and lubricating op· 
erations which require no special equip

ment. These operations are: 

1. Cleaning fuel inlet strainer. 

2. Draining diaphragm sections, dia
phragm vent space, and accelerator 
pun1p sections. 

3. Lubricating the metering pm, cam, 

and roller. 

4. Checking for flooding and leakage. 

5. Checking the gaskets. 

6. Cleaning the air cleaner. 

1. The Fuel Inlet Strainer 

One of the most important steps called 
for in servicing the carburetor involves the 

inopeetion aml deaning of the fuel inlet 

strainer. 

Before starting to imped and clean the 

fuel inlet strainer~ 1nake sure tl1ere is no 

presoure in the fuel line. and be oure to 

·~ 
· •. -~ 

catch every drop of gawline that might 

flow from the carburetor while the discon

nection is being 111ade. It is extre111ely i1n

portant that absolutely no gasoline he al· 

lowed to drip into the bilges. because, 

co11trary to con1n1on belief. gasoline Yapor 

is heavier than air and therefore collects 

in the bilges and gradually rises to a level 

''lhere it can be ignited by a ~park fro111 

one of the pieces of electrical equipment. 
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The first step in inspecting the strainer 
1s to disconnect the fnel line at the carbu
retor inlet. To do this, loosen the hose 
clamps at the fuel pump. Then loosen the 
hose clamps at the carburetor, and slide the 
hose onto the pipe. 

Next, loosen the fuel line clamp on the 
supercharger housing and remove the nuts 

from one stud and the two bolts which hold 

the carburetor inlet flange. Push the bolts 
through their holes out of the way. Now 
pull the elbow and flange away from the 
carburetor so that the strainer is all the 

way out. Then with the strainer and elbow 
free of the carburetor, pull the elbow off 
the pipe line. 

Clean the strainer by swishing it in a 
suitable cleaning fluid, and blow it out with 
compressed air. 

CAUTION: Never blow compressed 
air into any opening of a carburetor, 
as the pressure would rupture the 
diaphragms. 

~ 



Never use carbon tetrachloride or ben
zol to clean any portion of the carburetor, 
as these fluids will deteriorate the carbu
retor diaphragms. 

Before reinstalling the strainer, inspect 
the spacer in which the strainer seats to be 
sure it is clean, and check the gasket be
tween the spacer and thP enrhuretor body 
-replace it if necessary. 

When servicing the fuel strainer at 
the carburetor, be sure that the rubber con
nection is in good shape, and if for any 
reason it must be replaced, use the syn
thetic rubber hose made for fuel, which 
is identified by a single red stripe. 

When reassembling the strainer, make 
certain that the liner is properly aligned 
and in place, since it is installed in the line 
to provide support and reinforce the line. 

CLEAN THE FUEL STRAINER 

Since the fuel pressure gauge connection 
is made at a point in the spacer where a 
clogged fuel strainer would prevent the 
gauge from reading properly, it is essential 
that the strainer he kept clean. Therefore, 
at any time when you are having difficulty 
in obtaining fuel pressure, it may be an 
indication that the strainer is clogged and 
is preventing the gauge from reading. 
When you are not able to obtain pressure 
by the use of the wobble pump, cleaning 
the strainer is the first operation: 

2. Draining the Carburetor Sections 

At intervals specified by your squadron 
engineering officer, the main fuel chamber 
plug, the power compensator diaphragm 
vent plug, and the accelerator pump drain 
plug should be removed to permit the vari
ous sections of the carburetor to drain. 
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The main purpose of these plugs is to 
make it possible to drain out moisture that 
l1us condensed i11 the cl1a111bers since tl1ey 
are vented to the atmosphere. If more than 
a few drops of liquid drain from the holes 

when the plugs are removed, it is an indi
cation that the diaphragm is faulty and 
hoth water nnd fuel are collecting in the 
chamhers. 

Each plug recess should always he 
cleaned carefully hefore the plug is put 
back into the carhuretor. 

NOTE: In removing the main fuel 
chamber drain plug, be sure not to 
confuse it with the accelerator pump 
check valve which is located very close 
to it. 

3. Lubricating the Metering Pin, Cam, 

and Roller 

The metering pin and the cam and roller 
assembly must he lubricated at definite 
specified intervals because these highly 
polished or machined surfaces are exposed 
to 'alt nir nnd therefore have a tendency 

to corrode if not proteeted with a film of 
oil. First. remove the cover from the left 
end of the carlmretor by turning the two 

quick-acting scre'\\'S one-quarter turn. This 

will expose the metering pin and the cam 
and roller assembly for inspection and 

lubrication. 

Open the throttle wide and apply a few 
drops of light engine oil to the oil hole in 
the metering pin yoke, and on the metering 
pin itself. 

:'f 
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Put a few drops of oil on each of the 

felt pads at the sides of the metering pin 

yoke. Cover the entire surfaee of the earn 

and roller assembly with this same grade of 

oil, and oil the metering pin lever hinge he

hind the spring. 

4. Checking for Flooding and Leakage 

Another inspection called for in your 

schedule is checking for flooding and leak

age of ra'v gasoline into tl1e carburetor 

throat. 

FirsL re1nove tl1e air cleaner elen1ent. 

Then, so that the openings in the carburetor 

nozzle bar can be seen. open the throttle 

wide. 

Now, build up from six to seven pounds 
fuel pressure in the lines. If the system has 
a hand operated wobble pump. make sure to 

operate it very slowly. as rapid operation 
n1uy cause leukuge 'vhich ii;; ~01neti111es con

fused with flooding. 

Observe the holes in the nozzle bar. If 
the fuel leaks from the round holes. it indi
cates that the fuel valves are not holding. 

This is often due to the fact that. in spite 
of the waterproofing applied to the dia
phragm rnateriaL the diaphragms do ab
sorb a slight amount of moisture which 

ca11ses tl1e111 to sl1rink. Tl1is sl1rinkage re

duces the slack in the diaphragm and will 
not allow the Je,·ers to push the diaphragm 
out fur enough to close the fuel valves. 
Of co1irse when the nlves do not close, 
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the fuel pump pressure continues to force 
fuel into the carburetor where it appears at 
the round holes in the main discharge bar. 

There are two elongated holes at oue 
end of the nozzle bur-one hole on each 
side of the bar. Leakage from these holes 

indicates that the compensator needle is 
leaking. This is generally caused by a col
lection of dirt under the needle. 

If there is leakage from any of these 
holes, the carburetor should be removed 
and overhauled at the base. 

While fuel pressnre is still bnilt np, 
check for leaks at all the carburetor fuel 
line connections and at all carburetor plugs. 

5. Checking the Gaskets 

The gaskets between the carburetor 
sections should also be checked for leakage. 

A sure sign of leakage is discoloration 
from fuel dye. Leakage at these points can 
usually be eliminated by tightening the nuts 
which hold the sections together. 

If tightening does not stop the leaks, re
place the gasket. Do not remove the old gas
ket until you are certain that a new gasket is 
available. 

6. Cleaning the Air Cleaner 

At specified periods, the air cleaner 
should be cleaned in a suitable cleaning 
compound. 

While removing the self· locking nuts 
which hold the air cleaner to the carbure
tor, note the effort required to unscrew 
the nuts. If the friction seems to be too 
slight, the nuts should be replacer! when 
the air cleaner is reinstalled. 



The air cleaner must be washed in Oak· 
ite, Tri-Sodium Phosphate, or an equiva· 
lent alkaline solution. 

After washing, the cleaning fluid should 
be allowed to drain off and then the air 
cleaner should be dried by the use of com· 
pressed air. Never attempt to wipe the air 
cleaner with waste or rags, as it is almost 
impossible to remove lint or rag particles 
from the element. 

Finally, dip the cleaner in clean engine 
oil, allow the excess oil to drain off, and 
blow remaining oil out with compressed air. 
The cleaner is now ready to be reinstalled. 

This concludes our discussion of the 
carburetor and air cleaner inspection and 
service operations which are to be per
formed in accordance with your standard 
inspection schedule. 
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Another view of the carburetor and air cleaner on the 4il'l-2.500 

Packard Jlarine Engine. 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE FUEL AND INDUCTION SYSTEM 

PART 2 

The Carburetor ancl Air Cleaner 

DO YOU KNOW THE ANSWERS? 

The answers to the following questions will be found in 
the foregoing pages of this booklet. Before you look them 
up, test your understanding of the subject by checking the 
squares after the statements you think are correct. When 
you have completed the list, compare your answers witl1 
the instructions in the booldet. 

1. Servicing the carburetor in the boat includes-
-adjusting, cleaning and lubricating 0 

-complete overhaul 0 
-recalibrating 0 

2. When fuel line connections are broken or the carburetor 
is drained, the gasoline should be-

-drained into a container 0 
-drained into the bilges 0 

3. Compressed air should be used to clean the carburetor 
strainer only after the strainer has been removed from 
the carburetor. 

4. Compressed air should not be blown into any opening 
of the carburetor, because-

True 
False 

D 
D 

-it would rupture the diaphragms 0 
-it would damage the gaskets 0 

13 



5. Carbon tetrachloride or henzol should never come in contact 
with the carburetor-

--gasoline passages 0 
-clia phragm 0 

-jets D 

6. When draining the fuel compensator diaphragm vent 
space, a faulty diaphragm is indicated-

-if a large quantity of liquid drains out 0 
0 
D 

-if a few drops of liquid drain out 
-if no liquid drains out 

7. The metering pin and the cam roller assembly should 
he lubricated with-

-light engine oil 
-graphite grease 

-cup grease 

0 
0 
D 

8. Leak1ige of fuel from the round holes in the 
nozzle bar indicates that-

-the compensator needle is leaking D 
-the fuel valves are not holding D 

-fuel pressure is too high D 

9. Leakage at the carburetor gaskets is indicated by
-discoloration by fuel dye D 

-oily deposits D 
-rust D 

JO. The air cleaner shonld he cleaned in-
-an alkaline solution D 

-soap and water D 
-gasoline D 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE IGNITION SYSTEM 

PART 1 

Maintaining any gasoline engine at peak 
operating efficiency requires above all a 
constant and thorough job of inspection 
and servicing of the ignition system. 

THE SPARK PLUGS 
We will begin with the servicing of the 
spark plugs. This discussion will refer par· 
ticulnrly to the radio-shielded, mica-cored 
spark plug, as supplied with these engines. 
If other plugs are used, the manufacturers' 
recommendations should be checked for 
specific instructions. 

Spark plugs should be tested for tight

ness in the cylinders during routine service 

checks. Use pressure not exceeding thirty· 

eight pounds on the handle of n ten-inch 

wrench when the engine is cold, and less 

pressure when the engine is warm. 

The inspection and servicing of spark 

plugs in the boat requires only cleaning, 

without disassembling, and replacing with 

new plugs if necessary. 
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To clc>an spark pings. hrnsh the thrcnds 

and the end of the shell lightly with a soft, 

wire brush. Avoid henvy pressure, as this 

will round off the electrodes. 

With a wire feeler gauge, check the spac· 

ing of the plug electrodes. The correct gap 

is /ou.rtee11·tlznusn11<llhs to ,.,L,·tPP11·1hnu· 

sandths of an inch. 

If the gap is more than twenty-two-thou· 

sandths of nn inch, install a new plug and 

return the old plug to the overhaul shop, 

where special regapping tools are available. 

Remove dirt and oil from the electrode 

end of the plug by dipping only this end in 

carbon tetrachloride. Permit the plugs to 

dry thoroughly after rinsing. 

If the> clcctrorle cnrl lrns n rlry hbckened 

appearance, but with no oil or lend deposit, 

the plug need not be rinsed. This black film 
is acquired after a few minutes of opera· 

tion, and will not affect the plug's per· 

formnnce. The inside of the barrel should 
nlso be cleaner!, ming a soft cloth. wound 

on a small wooden stick anrl dipped in 

clean carbon tetrachloride. 

Before installing either new or old plugs, 
be sure that the cylinder bushing threads 
are clean. Apply a light coating of B. G. 
Mica Thread Lubricant, or il5 equivalent, 
to the plug threads. 

Any gasket which is burred or scored, or 
which has become hard and hrittle. should 
be replnced with a new one. 



And, of course, a new gasket should 

alwavs be used when installing new plugs. 

Spark plugs should he screwed into the 

cylinders tight with hand pressure. Then 

further tighten them by using the special 

spark plug wrench from the engine tool 

kit. Turn tl1e plugs down firmly. but not too 

tight-with pressure not exceeding thirty

eight pounds on the handle of a ten-inch 

wrench when tl1e engine is cold-with less 

pressure when the engine is warm. 

While tightening the elbow connection, 

hold the plug cable so that the cable will 

not exert a strain. The elbow should he 

tightened lightly, so that when it is later 

necessary to loosen it, the plug core will not 

be loosened in the shell. 

CAUTION 

Whether tl1ey arc new ur v!tl, •park 
plugs should he handled with care; 
never thrown or dropped. Lay them 
down gently and protect them from 
being struck by wrenches or other hard 
objects. -

Spark plugs should be handled with care. 

WIRING AND CONNECTIONS 

The spark plug lead cable ends and ter

minal sleeves should be disconnected and 

inspected for indications of hurning or 

other damage. Dirty sleeves repeatedly in

stalled :in the spark plugs, may foul the 

plug barrel mica insulation and cause faulty 

operation. 

The terminal sleeves shuuld be cleaned 

and wiped dry before they are connected 

to the spark plugs, using a cloth moistened 

with carbon tetrachloride. Once they have 

been wiped clean, the sleeves should not be 

touched by the lingers, as oil or dirt on tlrn 

sleeves will cause flash-over, and lead to 

eventual failure. 
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The fingers should not touch the clean terminal sleeves while re-connecting them. 

Spark plugs should be screwed in tightly by hand before using the wrench. 



Exn111ine tJ1e ignitio11 'viring harness co11-

nections frequently, an<l tighten tl1ose that 

are loose. 

Radio shielding supports should be ad

justed so that the shielding cannot rub and 

chafe on any part of the engine or boat. 

Make sure that all bonding connections 

are clean and tight. 

The ground wires from the magneto to 

the ignition switch should be checked to 

see that all connections and terminals are 

tight. 

In the magneto, the primary ground con

tact springs should be inspected, cleaned, 

an<l adjusted to compress one-sixteenth of 

an inch when the tern1inal connectors are 

tightened against them. 

' •/>:-. 
' ' _,', ', t· ,, ·--~' 

TERMINAL CONNECTOR 

These instructions also apply to the 

breaker plate primary and ground brushes 

used in the early type magneto. 

Make sure that both terminal nuts nt the 

booster coil are screwed on tight. 

The ignition connections on the back of 

the ignition switch shoulrl he kept clean 

and tight. 

Be sure that the ignition switch is tight 

in its mounting, as grounding the ignition 

depends upon a good contact between the 

switch and the instrument panel. 

THE OVERSPEED CUTOUT 

The servicing of the ignition uveropeed cut

out is next to be considered. 

7 



8 

With the cover off, remove the two screws· 

holding the npper and lower halves to

gether. and lift off the top half to expose the 

flyweight housing. Examine the locks nnder 

the pings in the ends of the flyweight hous
ing to be sure that they are tight in the slots 
and that they are not cracked. 

The cutont plnnger shonld also be in
spected for cracks. If any of these parts are 
faulty, the cutout should be removed for 
reconditioning. 

Also, inspect the upper half of the cut
out to make mre that the carbon brushes 

and springs can move freely. If they are not 
free they must be cleaned and freed up. 

The upper housing can now be reassem

bled to the lower housing, and the terminal· 

connections cleaned and tightened at this 

rime. 

\\'hen the cover is reinstalled, make .ure 

tliat the reset plnnger moves freely. If nec

essary, free the plunger by using fine oand

paper. 
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CHECKING THE BACKLASH 

When installing an overspeed cutout, the 
backlash between the cutout gear and the 
camshaft gear must he checked. To do this, 

first disassemble the upper and lower 
halves. Then, using only one gasket, install 
the lower half onto the valve housing cover 
with the name plate facing out, and tighten 
the flange nuts securely. 

Next, place a dial indicator so that the 
Lutton contacts the extreme end of the flat 
side of the flyweight housing. Set the dial 
indicator at zero, and rotate the flyweight 
housing within its limits of traveL observing 
at the same time the amount of backlash 
registered on the indicator. Rotate the en· 

gme and measure the backlash in at least 
four different positions. 

The backlash should be more than .006 
inch in the tight position, and less than .018 
inch in the loose position. 

However, the difference in backlash 
between the highest and lowest readings at 
the four positions should not be more than 
.006 inch. Backlash is adjusted by installing 
a shim, with a gasket on each side, between 
the cutout flange and the valve cover. Since 
the use of u1ore tl1an 011e shi1n Vt'ould re:;ult 

in an oil leak, it is very important that u 
shim of the necessary thickness be selected. 
Shims are supplied in thicknesses of .005. 
.010, .015, 1/32, and 1/16 of an inch. 
These different thicknesses are available so 
that only one shim need be installed. 
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After adjusting the backlash, install the 

upper half on the lower half, making sure 

that the screws go through the holes in the 
lowest surface of the upper housing, and 

not through the holes in the bosses. 

Now, connect to the "E" terminal, on the 

cutout, the wire in the conduit leading from 
the exhaust side of the magneto. In the 

same way, connect the corresponding wire 
leading from the inlet side of the magneto 
to the "I" terminal on the cutout. 

The large conduit which carries three 
wires from the booster coil should have the 
wire marked "C" connected to terminal "I" 

on the cutout, wire "D" to terminal "E," 
and wire "E" to the unmarked terminal. 

THE BOOSTER COIL 
The servicing of the booster coil can nuw 

be considered. Although this unit normally 
requires servicing only at the time of a 

major overhaul, a quick check can be made 

according to the following method when-

ever necessary: 

With all engines stopped, throttle and 

fuel valves closed, and reverse gear in neu
tral, turn on all battery and ignition 

switches. 

Then-on the Elco bunt with the lwld

ing coil switch in the OFF position-turn 
the starter switch to the starter and coil 

position, and listen for the buzz of the vi
brating points in tlie booster coil. If there 

is no buzzing sound, look for a burned-out 
fuse in the booster coil circuit and replace 

it if necessary. If the coil still does not buzz 

with a guud fw•e in the circuit. replace the 
buuster coil with a new une and send the ul1l 

coil to an overhaul base for repairs. 

This completes tl1e servicing of all igni
tion system units. except the magneto and 
distributors. Servicing of these two units 

will he explained in the booklet. "Servicing 
the Ignition System, Part 2." 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING THE IGNITION SYSTEM 

PART 1 

How Well Do You Know? 

Now test your knowledge of Servicing the Ignition System while the 
procedures are fresh in your mind. Then verify your answers by look· 
ing them up in this booklet, so that you can correct any mistakes im· 
mediately. Then, you will have it when you need it. 

1. To test spark plugs for tightness in the cylinders, use a ten· 
inch wrench and exert pressure of-

28 pounds 

33 pounds 

38 pounds 

43 pounds 

48 pounds 

2. Spark plugs should be disassembled for proper inspectiQn 

D 
D 
D 
D 
D 

and cleaning on the boat. 
True 0 

3. The spark plugs should be replaced with 
gap between the electrodes is more than-

False 

new ones if the 

.014 inch 

.016 inch 

.018 inch 

.020 inch 

.022 inch 

D 

D 
D 
D 
D 
D 

4. A new gasket should always he used when installing 
new plugs. 

True 0 
False D 

5. Wl1en installing spark plugs into the cylinders, less pressure 
should be used on the wrench when the engine is warm than 
when it is cold. 

True 

False 
D 
D 
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6. Flash-over is caused hy oil or dirt on the spark plug

terminal sleeves 

lead cahle ends 

electrodes 

barrel 

gasket 

7. When the terminal connectors are tightened against them, 
the primary ground contact springs in the magneto should 
he adjusted to compress-

1/16 incl1 

l/8inch 

3/16 inch 

l/4inch 

5/16inch 

8. The difference in backlash between the highest and lowest 
readings at the four positions on the flyweight housing of the 
overspeed cutout should not be more than- _002 inch 

.003 inch 

.004 inch 

.005 inch 

.006 inch 

9. In adjusting the backlash, only one shim of the necessary 
thickness should he installed. True 

False 

1 O. The backlash of the overspeed cutout, in the loose position, 
should he less than- .015 inch 

.016 inch 

.017 inch 

.018 inch 

.019 inch 

11, The wire marked "D" in the conduit from the booster coil 
should be connected to the overspeed cutout at the-

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 

D 
D 
D 
D 
D 

terminal marked "E" D 
terminal marked "I" D 
unmarked terminal D 
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The tivo feeler strips between the magneto breaker points are released at the 
same instant, when the housing is rotated toward "advance," if the points are 

properly synchronized 



THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE IGNITION SYSTEM 

PART 2 

The ignition system of the Packard 
Marine Engine consists of a double spark 
magneto, two independent distributors 
which are separate from the magneto, two 
spark plugs in each of the twelve cylinders 
-one on the exhaust side and one on the 
inlet side-an automatic overspeed ignition 
cutout, and a vibrating type booster coil 

which is connected to a twenty-four volt 
battery. 

The servicing of the spark plugs, wir
ing, overspeed cutout, and booster coil is 
covered in the booklet "Servicing the Igni
tion System, Part 1." This booklet describes 
the correct procedures for servicing the 
magneto and distributors. 
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THE MAGNETO 

Servicing the magneto includes inspecting, 

cleaning and synchronizing the breaker 
point assembly, and timing the complete 
unit, 

The magneto breaker homing assembly 
should he inspected and serviced regularly. 
If servicing does not produce satisfactory 
magneto operation~ a new magneto~ or a ne'v 
breaker housing assembly, should be in
stalled, and the old one returned to the 
base for overhaul and testing. 

THE BREAKER ASSEMBLY 

To remove the breaker assembly for 
servicing, or for replacement, first remove 
the breaker cover, unscrew the two spring 
loaded retaining screws and, on late type 

magnetos~ disconnect the pri1nar~t vlires. 

Then lift the breaker housing from the 

magneto. 

Inspect the points for unevenness on 
the contact surfaces. If they are rough or 
pitted, a new breaker assembly should he 
installed. 

Clean the assembly thoroughly by dip
ping it in carbon tetrachloride and then 
dry it with a soft cloth. 

When cleaning the points, never force 
the breaker main-spring to open the points 
wider than 1/16", as this may weaken the 
spring enough to affect engine operation. 



Lubricate the cam followers by slightly 
moistening the felts with engine oil. When 
squeezing the felts between the fingers 
causes oil to appear, the felts are correctly 
lubricated. 

CAUTION: Do not put too much oil 
on the cam followers, as oil in the 
breaker housing, vaporized by engine 
heat, may cause burning or fouling of 
the contact points. 

INSTALLING THE MAGNETO 

The magneto is built to operate III 

either direction of rotation. 

On the Packard Marine Engine, the 
magneto rotates to the left when viewed 
from the drive end, and is consequently 
classified as a "left-hand" magneto. 

Therefore, it rotates to the right when 
viewed from the breaker-housing end, 
which is the end from which the magneto 
is viewed during all servicing operations. 

So when either a new or reconditioned 
magneto is installed, the setting should be 
checked for left-hand rotation. 
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The setting is checked for left-hand ro
tation hy seeing that the stop screw is in the 
hole marked "L," indicating "left," and 
that the lug on the top of the armature 
shaft is in the cam-cap-slot marked "L." 

Whenever a new breaker assembly is in
stalled in an early type magneto, the "zero" 
mark on the mounting plate must he visible 
through the curved notch in the breaker 
plate, to make sure of correct magneto 
timing. 

SYNCHRONIZING BREAKER POINTS 

The magneto breaker points are not ad
justable to any specified gap, but the points 
must he synchronized. 

Synchronizing simply means adjusting 
the two sets of points to open at exactly 
the same instant. Timing, on the other 
hand, establishes the moment at which the 
spark occurs at each spark plug. 

It is possible to synchronize the points in 
the magneto while it is installed in the en
gine, hut-due to limited working space-
it is advisable to imtall the breaker hous
ing on a spare magneto to simplify the pro
cedure of synchronizing the points. 

After assembling the breaker housing 
to a spare magneto, place a straight edge 
against the face of the stop on the cam cap. 
Then rotate the cam until the straight edge 
lines up with the aligning marks on the rim 
of the breaker housing. 



ECCENTRIC 
SCREW 

Hold the cam in this position, and 

loosen the two fastening screws on each 
breaker assembly. Then, turn the eccentric 

adjusting screws so that the two sets of con

tact points are just starting to open, and 

tighten the fastening screws. 

Check the adjustment to make sure 

both sets of points do open at the same in

stant. The way to check the adjustment is 

to rotate the breaker housing toward the 

retard position until the points are closed. 

Then, insert a short strip of .0015" 

feeler stock between each set of points. 

Hold one feeler strip firmly between the 

thumb and a finger of each hand and pull 

up gently. While pulling up on the feeler 

ECCENTRIC 
SCREW 

strips, have an assistant rotate the breaker 
housing slowly toward advance to open the 
points. 
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As the points open, hoth feeler strips 
will be released at the same instant, if the 
contact points are exactly synchronized. 

If necessary, readjust the points until 
they do open at the same time. 

When the points are synchronized the 
breaker housing assembly must be rein· 
stalled in the magneto on the engine. 

REMOVING MAGNETO 

If a magneto, coil or condenser must be 
replaced, the complete magneto must be re· 
moved from the engine. The first step in re· 
moving a magneto is to disconnect the high 
tension cables leading to the distributors. 
and the primary wires leading to the over· 
speed cutout. 

Then, after disconnecting the ventilator 
tube from the magneto, remove the nuts 
from the studs on both sides of the magneto 
above the slotted holes in the flange, lift the 
magneto off the studs and work it through 
the Vee to the reverse gear end of the engine. 

Remove the rubber coupling and in· 

spect it carefully. If signs of cracking are 

apparent install a new rubber coupling. 

When installing the rubber coupling, 
make sure that the face which has 20 
rwtches is faced upward leavinJI the face 

with 19 notches facing downward to match 

with the driving flange which has 19 teeth. 

COMPRESSION OF COUPLING 

When installing a new magneto or ruh· 
ber coupling, be sure the coupling will be 

compressed .020" to .030" when the mag· 

neto flange is tightened. 



The amount of compression is con
trolled by shims placed under the magneto 
mounting bracket. To obtain the correct 
con1pression~ mount the ne'v magneto oYer 
the studs, after working it through the Yee 
from the reverse gear end of the engine. and 
let it rest on the rubber coupling without 
bolting it down. 

Then, remove the accessory drive coYer 

plate from the left side of the engine op
posite the fuel pump, insert a bar and pry 
up on the camshaft center driYe gear to take 
up all end play in the center drive gear. 

While holding the gear up in this man
ner, use two feeler gauges, one for each side, 
to check the space between the magneto 
flange and the mounting bracket. 
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If the space is greater than .030", in

sert shims of sufficient thickness under the 

mounting bracket to reduce the gap to less 

than .030" but not less than .020", and 

tighten the mounting bolts securely. 

TIMING THE MAGNETO 

Whenever a magneto is installed it must 
be timed. Before timing a magneto the 

breaker points must first be synchronized 

according to the procedure previously out

lined. 

To time a magneto, first remove the re
verse gear inspection port cover, take off 

the right bank valve cover, and turn the 

engine in its normal direction of rotation 

until Number I piston in the right bank is 
starting upward on its compression stroke. 

When all four valves in Number I-Right 
cylinder are closed, you will know that the 
Number I-Right piston is starting up on its 
compression stroke. Then continue turning 
the engine slowly until the marks 

D C 
-7 

I 6L 

on the clutch drum, can be seen through 
the reverse gear inspection ·port. 

Continue turning the engine slowly until 
the scribed line at the ignition timing mark 

I G 
-7 36° 

I 6R 

lines up exactly with the index line at cen
ter of the inspection port. 



Now, turn the magneto breaker housing 

to the full advance position and place a 

straight edge against the face of the step on 

the cam cap. 

Lift the magneto and shift the coupling 
one notch at a time until the marks are ap· 

proximately lined up and the studs are as 

nearly as possible in the center of the slot· 
ted holes. 

Rotate the magneto in the slots in the 
flange to bring the cam step and lines into 
alignment. Then tighten the mounting 
flange nuts and recheck the alignment. 

To recheck the alignment, turn the en
gine one·quarter turn in reverse direction 
and then turn it back so that timing marks 
are again aligned. 

Then check with the straight edge to see 
if the cam step and lines are in alignmenL 
If they are not, repeat the timing procedure 
until they do line up. 

DISTRIBUTORS 
The distributors, like all. other units of the 
ignition system, require periodic inspection 
and servicing to keep them operating at top 
efficiency. 

The distributors should be checked 
from time to time to make sure that they 
are secure in their mountings. 

At intervals specified by the inspection 
schedule, the cap should be lifted from the 
distributor and cleaned by wiping with a 
clean, dry cloth. Examine the cap carefully 
for cracks or burned spots caused by arcing. 
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If the carbon brush is not free in its 
socket, the brushes should be cleaned with 
crocus cloth and freed up, or replaced if 
necessary. 

Remove the rotor finger and inspect it 
for cracks. When reinstalling it, be sure 
that the finger is securely attached to the 
rotor by tightening the nuts and installing 
new cotter pins, which should be a snug-to
tight fit in the holes. 

These ventilating units should be removed and cleaned periodically 



Any corrosion on the higl1 tension eler· 
trodes should be carefully cleaned off. 

The magneto ventilating screen. the dis
tributor ventilating plugs, and the distrib
utor and magneto ventilating tubes should 
be removed periodically, cleaned, and dried 
thoroughly before being reinstalled. 

BACKLASH ADJUSTMENT 

The distributor gear backlash must be 
checked whenever a distributor unit bas 
been removed, a new distributor is installed, 
or a gear is changed. 

To measure distributor gear backlash, 
first install a 1,4" bolt through the hole in 
the magneto electrode. Then clamp a dial 
indicator in position so that the button rests 
against the bolt. Set the dial indicator at 
zero, and move the finger back and forth to 
measure the backlash. 

The backlash should he adjusted to be
tween .012" and .016". 

This adjustment may be made by in
serting shims between the base of the dis
tributor and the mounting boss on the upper 
side of the camshaft drive side gear housing. 

After the backlash has been measured, 
the distributor must be timed. 

TIMING ADJUSTMENT 

To time the distributor, turn the crank
shaft so that piston Number 1-Right is on 
compression stroke and the ignition timing 
mark 

I G 
-'> 36° 

1 6R 

is aligned with th-e marks on the inspection 

port. 
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Next, remove the distributor linger and 
loosen the nut holding the ratchet in the 
center of the rotor so that the rotor is free 
to rotate. 

Temporarily reinstall the linger and ro
tate it until the edges of the magneto elec
trode line up between the aligning marks on 
the distributor housing. 

Then remove the linger and tighten the 
rotor nut, making sure that the timing 
ratchet is fully seated. 

Now reinstall the linger. To prevent 
cracking the linger, he sure that it sets 
squarely, not cocked or binding, when you 

tighten down the securing nuts. 

The instructions contained in the two 
booklets on "Servicing the Ignition Sys
tem," if carefully followed, will contribute 
greatly toward producing peak engine 

power. 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING THE IGNITION SYSTEM 

PART 2 

What's the answer? 
These questions will show you how much you know about servicing the magneto 

and distributors. Just put a check mark in the squares to indicate your answers, and 
then look up each point in this booklet to make sure you know these important pro
cedures thoroughly. 

1. When cleaning the magneto breaker contact points, they 
should never be forced open more than-

l/6't inch D 
1/32 inch D 
3/64 inch D 
1/16 inch D 
5/64 inch D 

2. The cam followers in the magneto breaker assembly should 
he lubricated by-

slightly moistening the felts with engine oil D 
dipping the felts in light machine oil D 

coating the felts with gear grease D 
soaking the felts in engine oil D 
soaking the felts in castor oil D 

3. Synchronizing the magneto breaker points means adjusting 
the two sets of points so that-

one set opens and closes 36° ahead of the other set D 
they open at exactly the same instant D 

they open and close alternately D 

4. The amount of compression of the magneto rubber cou-
piing is controlled by-

various thicknesses of rubber couplings D 
the amount which nuts are tightened D 

shims under the mounting bracket D 
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5. A magneto must he timed-

at regular intervals specified by inspection schedules 

whenever it is installed in the engine 

6. The magneto breaker housing assembly should he 
cleaned with-

carbon tetrachloride 

kerosene 

gasoline 

7. When installing a new or reconditioned magneto, the setting 
should be checked for- right hand rotation 

left hand rotation 

8. When viewed from the breaker-housing end during all serv· 
icing operations, the magneto rotates to the- left 

right 

9. A coil or condenser can be replaced while the magneto is 
installed in the engine. 

10. The distributor gear backlash should be adjusted to-

True 

False 

D 
D 

D 
D 
D 

D 
D 

D 
D 

D 
D 

between .006" and .010" 0 
between .009" and .013" 0 
between .012" and .016" 0 
between .015" and .019" 0 
between .018" and .022" 0 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 
THE EXTERNAL OILING SYSTEM 

The oiling system of any engme has two 
functions: 

(1) It lubricates all moving parts and 
reduces wear to a minimum. 

(2) It helps to maintain proper engine 
temperatures under all operating con
ditions. 

To perform its duties properly the oiling 
system requires the proper amount of the 
correct grade of engine oil, and periodic in
spection and servicing. 

Two of the most important inspection 
and servicing operations are: maintaining 
a clean oiling system, and guarding against 
oil leakage. 

Always be on the lookout for any 
abnormal condition, and either stop the 
engine or correct the trouble before any 
damage can be done. 

Inspection and Cleaning of 
Oil OUT Strainer 

The inspection and cleaning of .the "edge" 

type oil OUT strainer requires your daily 
attention. You know from your operating 

experience that the handle of the strainer 
must be rotated two complete turns before 

starting the engine and after every two 
hours of operation. 

Always turn the handle in a clockwise 

direction to clean tl1e filter. Turning the 
handle counter-clockwise will damage the 
cleaning knives and cause the filter to be 

inoperative. 

At intervals specified by your Squadron 
Engineering Officer. the strainer should be 
disassembled and flushed with kerosene. 

3 



4 

First remove the drain plug and drain 
the strainer case, catching the drainings in 
a clean container. The drained oil should 
be strained through a cloth or filter, and 
carefully checked for metal particles which 
would indicate trouble inside the engine. 

Any indication of metal particles in the 
engine oil should be called to the attention 
of your Squadron Engineering Officer. It 
might indicate abnormal wear on the bear
ings of the engine. 

Unscrew "the four clamping ring nuts. 

These nuts should be unscrewed evenly to 

avoid distorting the ring. 

Unscrew the three fillister-head screws 

on the cleaning knife frame - one from 
the bottom spider, and two from the head. 

Remove the three screws holding the 

bottom spider to the strainer element sup· 
port rods. 

Pull the element out of the head, being 

extremely careful not to damage the deli
cate strainer elemenL 

The strainer element is composed of a 

series of finely wound wires. If it is dam
aged in any way, it should be discarded and 
replaced with a new one. 



Wash the element in kerosene, being 

careful that no dirt gets inside the element. 

Use a soft, lint.free cloth for cleaning the 

element - never use a scraper or 'vire 

brush. A scraper or wire brush will dam

age the element. 

When reinstalling the element, be sure 
to tighten the screws uniformly and turn 
the cleaning handle clockwise, before re
assembling the case, to make sure that the 

element is properly lined up. 

Carefully position the new gasket when 
installing the case and tighten the clamp
ing ring nuts in the proper order, a little 
at a time, to avoid distorting the ring, and 
securely enough to prevent leaks. 

The cleaning handle stuffing box may 
occasionally require repacking. To do this 
first remo.ve the handle. 

Remove the ~tuffingbox l~ck nut, and 
spanner gland nut. 

Pull out the old packing. Repack the 
gland with new packing and reassemble 
the plug and handle. Tighten the gland 
only enough to prevent leaks. If it is too 
tight, the packing may score the shaft. 

5 



6 

Inspection and Cleaning of 
Oil IN Strainers 

The oil IN strainer must be cleaned peri
odically. To do this, proceed as follows: 

Drain the oil by removing the bottom 
plug and remove the ease and clamping 
ring, as with the oil OTJT strainer. 

Unscrew the strainer element by hand 
and wash the element, the case, and the 
inside of the head with kerosene. Use a 
soft, lint-free cloth for cleaning the element 
-never use a scraper or wire brush. A 
scraper or wire brush will damage the ele
ment. 

See that the new gasket is in place 
when reassembling the strainer, and tighten 
the clamping ring nuts evenly and uniform
ly, in the same order as described for the 
oil OUT strainer. 

These clamping ring nuts must be tight
ened securely, paying particnlar attention 
to preventing leaks. Remember - on the 
suction side of the oil pump a slight air 
leak might cause the pump to lose its prime. 

Oil Lines and Connections 

All of the oil line connections must be 
checked for leaks, and repairs must be 
made immediately if leaks are found. 

Pay particular attention to the oil IN 
line and see that the hose are in good con

dition, and that all hose clamps are tight. 

Especially check the hard-to-get-at sec
tion of the line in the bilge, as even a 
slight leak would result in failure of the 
oil pump to prime and cause loss of oil 
pressure. 



Changing Oil 

The periods at which engine oil should he 
changed are specified hy your Squadron 
Engineering Officer. 

To change the oil, remove the old oil 
from the tank with a suction pump. Clean 
the oil tanks and strainers. 

To clean the tanks remove the cover 
from each tank, and wash out the inside 
of the tank with kerosene. 

After cleaning the external oiling sys
tem, refill it with clean oil. Use oil that 
meets the current Navy specifications. 

Adjustment of Oil Pump 
Pressure Relief Valve 

It may sometimes he necessary for the oil 
pump pressure relief valve to he readjusted 
to maintain the specified oil pressures. 

Working while the boat is under way, adjust 
the valve to produce an oil pressure of be
tween 90 to 105 Ihs. at all engine speeds, 
when the oil IN temperature is 130 ° to '140 ° 
Fahrenheit. 

~i· 

A special relief valve adjusting nut 
wrench and a check nut wrench are in
cluded in the boat tool kit for making this 
adjustment: 

To make the adjustment, first loosen the 
relief valve check nut. Then turn the 
adjusting nut clockwise to increase the pres
sure or counter-clockwise to reduce the 
pressure. 

CLOCKWISE TO 
INCREASE PRESSURE 
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Removal and Installation 
of Oil Pump 

When it is necessary to replace the oil 
pump with a new one, the entire oil and 
fresh water pump assemhly should he re
placed. 

To do this, first remove the oil from the 
oil tank. 

Drain the fresh water system by discon
necting the make-up line at its lowest point. 
Save the water if it contains antifreeze. 

Disconne~t all pipe lines to both the oil 
pump and fresh water pump. 

Disconnect the lines between the oil 
IN and oil OUT thermocouples and the oil 
ten1perat11re gauges~ and remove the water 
pump inlet cover. This will provide suffi. 
cient space to permit unbolting and remov· 
ing the complete unit from the crankcase. 

Before installing the new pump as
sembly, transfer the temperature gauge 
thermocouples from the old pump and be 
sure to use a new gasket between the oil 
pump and crankcase. 

Tighten all pipe connections securely to 
prevent leaks. 

When installation has been completed 
refill the water and oil supply tanks. 

Be sure to use oil that meets the cur· 
rent Navy specifications for this service. 

Then check the system for leaks, after 
starting the engine to build up oil pressure. 

Wipe up any oil that may hne been 
spilled in changing the pump. 

If the new pump oil presmre is not 
within the specified limits. the relief valve 
should be readjusted according to the pro· 
cedure previously described. 



Checking for Oil Leaks 

Regardless of how carefully you have per

formed all of these service operations, it is 

very important that the engine be checked 

constantly for oil leaks. 

Pay particular attention to the gaskets 

between all engine units. 

When leaks are discovered, nuts should 
be tightened sufficiently to stop the leaks 
or gaskets should be replaced if necessary. 

All of the instructions in this booklet 
can be SU1l11l1ed up in the statement: 

"Make sure that the engines in your 
care get a constant supply of the correct 
grade of clean oil delivered at the proper 
pressure." 
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The engineer should alrcays be on the lookout for an)' 

abnormal condition 1i·hile the boat is under way. 



' .. , 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE EXTERNAL OILING SYSTEM 

DO YOU KNOW THE ANSWERS? 

How much do you know about servicing the external 
oiling system in the 4M-2500 Packard Marine Engine? 
Check the statements on this page which you think 
are correct; then compare your selections with the 
correct information as given in the foregoing pages. 

I. The oil OUT strainer handle should he-

turned counterclockwise D 
turned clockwise D 

pulled out D 
pushed in D 

2. Metal particles in engine oil are an indication of-

3. Clean the filter elements with a-

worn hearings D 
improper oil D 

dirty oil D 

soft lint-free cloth D 
paint brush D 
wire brush D 

4. The packing gland nut on the oil strainer should he-

loose so handle turns freely D 
tight so handle turns hard D 

snug so no oil leaks D 
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5. Intervals at which oil is changed are determined by-

Squadron Engineering Officer D 
operating conditions D 

6. Wash oil strainers and tanks in- kerosene D 
gasoline D 

oil D 
7. Adjustment of oil pump pressure relief valve is made 

when boat- is under way D 
is at dock D 

8. When the oil pmnp pressure relief valve is adjusted, the oil 

temperatures should be- 150° to 160° D 
130° to 140° D 
110° to 120° D 

9. The correct oil pressure at all engine speeds, at correct 

oil temperature is- 105 to 120 lbs. D 
90 to 105 lbs. D 

75 to 90 lbs. D 
JO. To increase oil pump pressure turn the adjusting nut 

clockwise. True D 
False D 
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FRESH WATER SYSTEM 

SALT WATER SYSTEM 

Diagram of the Fresh Water and Salt Water Cooling System 
of the 4111-2500 Packard Marine Engine 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE COOLING SYSTEMS 

The function of the cooling systems is to 

maintain proper engine temperatures 

through the control of both fresh water 

and oil temperatures. There are two sys

tems involved: 

I. The salt water system, which cools 

the fresh water, lubricating oil, ex

haust manifold, and exhaust pipes. 

2. The fresh water system, which cools 

the engine cylinders and warms up 

the cold mixture of air and gasoline 

flowing from the carburetor. 

Certain general inspection and service 

procedures, such as preventing and stop

ping leaks, repairing faulty hose connec

tions, and correcting the effect of vibration 

on lines and fittings, apply to both the fresh 

water and salt water cooling systems, and 

should be carried on constantly. 

One service operation applies only to 

the fresh water system-adding an anti

freeze solution, such as ethylene·glycol, 

when operating in temperatures below 
freezing. 

Anti-Freeze Solution 
To add anti-freeze solution, the fresh water 
system should first be inspected for leaks, 
and all connections tightened. 

New hose and hose clamps should he 
installed when necessary. This is very im
portant because ethylene-glycol solutions 
will leak through openings that w11ter will 
not penetrate. 

The fresh water pump should be 
checked for leaks and a new seal installed if 
necessary. 

The entire fresh water system should 
be drained. 

First disconnect the make-up line at its 
lowest point and remove one of the two 
plugs on the underside of each valve hous
ing. These plugs are located at the outside 
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THE AMOUNT OF ANTI-FREEZE 
REQUIRED 

FOR PROTECTION USE 
AT . .. ETHYLENE·Gl YCOL 

+I6°F (- 9°C\ 20% 

+10°F f-12°C\ 25% 

+ 4°F 1-15°C\ 30% 

0°F (-I8°C) 33% 

-12°F (-25°C) 40% 

-34°F (-37°C) 50% 

corners and are for the purpose of com
pletely draining fresh water from the en
gine. Remove the plug at whichever encl 
is lower. 

If the reverse gear end of the engine 
is low, the plugs jn the reverse gear end 
of the side water distributing manifolds 
should also be removed. 

These draining operations will auto
matically drain the fresh water tank. 

Check with your Squadron Engineering 
Officer as to the capacity of the fresh water 
cooling system in gallons, and provide a 
sufficient quantity of anti-freeze and fresh 
water to fill the system. 

Replace all the drain plugs and pour 

enough fresh water into the tank to fill 
the system about one quarter full. Adel the 
anti-freeze ancl then add more fresh water 
to bring the level up to the required poinL 

If the anti-freeze preparation already 
contains a rust inhibitor. a water-soluble 
oil should not he aclcled. as it would ranse 
foan1ing in the syste1n. 

Run the engine mffieienlly to warm up 
the entire system and to open the thermo
stat if the system indurles one, thus insur
ing complete mixing of the water and anti
freeze. 

The level in the tank will drop some
what as tl1e solution circulat~s and the 
trapped air is expelled through the tank 
vent. Add fresh water, a little at a time, 
until tl1e level remains constant at the full 
mark. 

_i\.fter a cooling syste111 containing- anti

freeze has been properly filled, don't add 
make-up water to the system until you have 
checked the solution with the proper anti
freeze tester. 

To check the anti-freeze, first start the 
engine ancl run it long enough to circulate 
and warm the cooling solution thoroughly. 

Then fill and empty tl1e tester several 
times to warm it and remove air hubbies. 
and rear! the protective strength of the solu
tion following the dirertions on the tester. 
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If the strength of the solution is not 
sufficient to protect the system for the low· 
est expected temperature, more anti-freeze 
should be added. 

If the system simply needs more liquid, 
then anti-freeze and water should be added 
in the san1e proportion as the n1ixture in 
the tank. 

A Leaking Fresh Water Pump 
When a leaking fresh water pump is dis
covered a new seal must be installed. This 
can be done 'vitl1out re111oving the pu1np 

from the engine. 

To do this, drain the fresh water cool· 
ing system by disconnecting the make-up 
line at its lowest point. 

Disconnect the fresh water pump inlet 
pipe and all other pipes necessary to give 
you enough room to work on the pump. 

Remove the pump inlet co\·er and the 
impeller nut. 

With the special puller found in the 
boat's tool kit, pull the impeller off the 
splines on the end of the pump shaft. The 
sealing unit should be pulled off the shaft, 
if it does not come away with the impeller. 

Using a mirror, inspect the machined 
face of the Lushing against which the com· 
position thrust washer rests. 

If this face is rough or scored a new 
pump assembly must be installed. 
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If the face of the bushing is not scored, 
then it will not be necessary to install a 
new pump assembly but the entire water 
seal assembly should be discarded, and a 
new seal installed. 

The assembly consists of a thrust wash
er, a synthetic rubber packing sleeve, a 
spring guide, a clamp ring, and a spring. 

G~== 
' 

Place the spring in the seal pocket in 
the impeller, with the small end against the 

bottom of the pocket. Fit the spring guide 
and clamp ring to the synthetic rubber 
packing sleeve, making sure that the sleeve 
is fully seated in both the guide and the 
ring. 

Place the packing sleeve assembly in 
the spring, with the small end of the sleeve 
toward the impeller. 

Be sure that the spring guide at the 
large end of the sleeve re~ts squarely on 
top of the spring, and that the inner lip 
of the guide is not riding on the spring. 

Now, place the thrust washer on top 
of the spring and sleeve and press it down 
gently against the spring pressure, until the 
lugs enter the slots in the impeller. 

Hold the thrust washer so that a square, 
even contact is maintained between it and 
the sleeve, and wedge just enough clean 
blotting paper between the thrust washer 
and the side of the pocket, on opposite sides, 
to hold the thrust washer in place while 
assembling the impeller to the pumpshaft. 



The blotting paper must be flush with the 
surface of the washer. Once the pump is 
operating the water will quickly dissolve 
the blotting paper. 

Coat the impeller shaft threads and the 
nut with gasket paste. 

Install the impeller on the shaft spline, 
using the nut to push it onto the shaft. The 
impeller nut should be tightened to 60 to 
65 foot pounds torque. 

Using a new gasket reinstall the pump 
inlet cover. 

When the fresh water pump requires 
changing, the entire fresh water and oil 
pump unit should be replaced according to 
instructions given in the booklet entitled, 
"Servicing the External Oiling System." 

A Leaking Cylinder Jacket 

If your inspection shows up a leaking 

cylinder water jacket, it may be repaired 

temporarily by using the clamps and rubber 

pads in the Cylinder Water Jacket Soft 

Patch Repair Kit. 

To repair a pinhole, center a seven

eighths by one inch rubber pad over the 

leak and place a clamp around the cylinder. 

Insert the end of the strap through the slot 

at the bottom of the buckle. 

Pull the strap snug and bend the end 

down, holding it securely while the screw 

is tightened. 
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To repair a crack, use a piece of rubber 
long enough to extend about a half-inch be-

yon<l the crack at each end. Use as many 
clamp•, spacecl not more than a quarter of 
an inch apart, as may be required lo hold 
the pad securely. 

Salt Water System 

In L11c salt \\raLer cooling systen1, l'vo 

slightly different salt water pumps have 
been supplied on the 41\I-2500 Engine. 

In one type, grease cups are used to 

force lubricant into the bushings. In tl1e 

other type, the sea water circulated by the 

pump is used instead of grease to lubricate 

the bushings. 

On the first design, grease cups must be 

turned down periodically, but avoid forc

ing too tnuch grease into the b11sl1ings, as 

grease forced into the gears might pick up 

sand or grit from the sea water, and serious

ly injure pump parts. 

When a salt water pump is to be install

ed, a new pump coupling shaft must also 

be installed. 
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I 
l To do this remove the old pump, and 

pull the coupling shaft out of the splines 
in the crankshafL if it does not come away 
with the pump. 

Coat both the coupling and splined ends 
uf the new shaft with Lubriplate Number 
110, or equivalent lubricant, and assemble 
the shaft to the pump. 

When reassembling the pumps, make 
sure the inlet and outlet pipe flanges contact 
the mounting faces of the pump squarely. 

It is of the greatest importance that the 
entire suction line to the salt water pump 

be checked frequently for leaks, as the 
pump may lose its prime and cause the ex· 
haust manifolds to become overheated. Be 
sure to carefully check the hard-to-get-at 
parts of the suction line in the bilge. 

Also check the flanges by which the ex· 
haust manifolds are bolted to the exhaust 
pipes, and tighten the nuts if necessary. 
If leaks at this point cannot he stopped 
by tightening the bolts, the spacer must be 
remo,·ed. and all corrosion cleaned from 
the faces of the spacer and flanges. If the 
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spacer is pitted or corroded a new spacer 
must be installed. Be sure to use new gaskets 
-one on each side of the spacer. 

After installing a new spacer or after 
draining the sea water from the exhaust 
manifold cooling jacket for any other rea
son, be sure to fill the cooling jacket with 
water before starting the engine. 

Manifold Drains 
Drains are located in the exhaust manifold 
end cover. when the exhaust pipe is attached 
to the high end of the engine, and at the 
low point of the exhaust pipe when the 
pipe is attached to the low end of the en
gine. These drains are provided to drain 
off condensation which is formed in the 
exha11st passages as tl1e pipes nnfl iuania 

folds cool, and which would damage valves, 
cylinder, and pistons if allowed to accumu
late. 

These exhaust manifold and exhaust 
pipe drains should not be confused with the 
manifold water jacket drains located on the 
underside of the manifold at each end. 

Since condensation does not drain out 
at once when the drain valves are opened, 
a clogged drain might go unnoticed. There
fore the exhaust manifold drains and ex
haust pipe drains should be checked each 
day to make sure they are open; and any 
accumulation of carbon or corrosion should 
be cleaned out. 

If an unusual amount of water drains 
out, a leaking water jacket is indicated, and 
the engine should not be started until the 
condition has been checked. 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE COOLING SYSTEMS 

What Do You Know? 

Place a check mark in the square to the right of the state
ments which you think are right. Then compare your 
answers with the instructions in this booklet, to make sure 
you thoroughly understand how to service the cooling 
systems. 

1. To drain the fresh water cooling system, remove the-

make-up line and plugs in manifolds 0 
plug in heat exchanger 0 

plug in water tank 0 

2. The correct anti-freeze to use is-

ethylene-glycol 0 
glycerine D 

alcohol 0 

3. The impeller is removed by means of a-

standard wrench 0 
special wrench 0 
special puller 0 

4. If water pump seal surface is rough or scored.-

replace water pump 0 
scrape surface 0 

replace seal 0 
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5. When replacing a worn water pump seal,-

replace synthetic rubber packing 0 
use a complete new assembly D 

replace only worn parts D 

6. The impeller nut should be tightened to-
55 to 60 foot pounds torque D 
60 to 65 foot pounds torque D 
70 to 75 foot pounds torque D 

7. A leaking cylinder water jacket can temporarily be repaired by

using soft patch repair kit D 
tightening the gaskets D 

welding D 

8. Coat both the coupling and splined ends of the coupling 
shaft with-

Lubriplate No. llO D 
gasket paste D 

9. Condensation should be drained from the exhaust 
manifolds and pipes by-

1 drain D 
2 drains D 
3 drains D 

10. When using the soft patch repair kit for a crack 
in a cylinder water jacket, the clamps should be 
spaced not more than-

% inch apart D 
% inch apart D 
% inch apart D 
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THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE ELECTRICAL SYSTEM 

The electrical system of the 4M-2500 Pack
ard Marine Engine consists of the batteries, 
generator, generator regulator, and the 
starter motor assembly. 

This system should be checked and 
serviced periodically as specified in your 
inspection schedule. 

BATTERIES 

Clean the battery terminals of all corrosion, 
and check the cable connectors to see that 
they are tight. 

Coat the terminals and cable connec
tors with light grease to reduce corrosion. 

Test the condition of the battery's 
charge with a battery hydrometer. The 
hydrometer readings indicate the amount 
of charge, as follows: 

1.275 ...... Fully charged battery 

1.200-1.225 One-half charged 

1.150 ----------------------Discharged 
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These readings are an exception to 
those established by the Bureau of Ships 
for portable batteries. The Bureau of Ships 
normally recommends that the "fully 
charged" specific gravity reading be lower 
in order to establish a longer life for the 
hattery. The higher readings are necessary 
in this case because of the unusually heavy 
load on the batteries in motor torpedo hoat 
service. 

In order to avoid overheating of the 
batteries in tropical climates, it may be de
sirable to have a weaker electrolyte solution 
than in colder climates. When a weaker 
solution is desirable, the squadron Engi
neering Officer will issue instructions for 
adjusting and checking the specific gravity 
of the battery electrolyte. 

Add enough distilled water to the bat
teries, at intervals specified by the squadron 
Engineering Officer, to bring the level % 
inch above the plates. 

The top of the battery must always be 
kept clean and dry, and if the battery solu
tion is leaking from the sealing compound, 
the battery should he removed from the 
hoat and repairer]. 

Before you put back the hattery caps, 
make sure that the vent holes are not plug
ged. Then see that the caps are screwed on 
tightly. 

GENERATOR 

When inspecting the generator, check the 
mounting bollB to make sure that the gen
erator is mounted securely to the reverse 
gear housing, and tighten the connector 
nut securely. 

If the ammeter indicates that the gen
erator is not charging or if the generator 
smokes or gives other signs of faulty opera
tion, disconnect it immediately to prevent 
further electrical damage. This is done by 
disconnecting the terminal connector at the 
generator. The generator may then tum 



with the engine without further eleclrieal 
da1nage. 

To remove the generator, remove the 
stud nuts around the generator flange and 
loosen the generator strap by removing the 
bolt which clamps the two halves of the 
strap together. 

Then slide the generator toward the 
supercharger end of the engine until the 
armature shaft splines are clear of the gen
erator drive pinion. 

To install a new generator, first place 

a new gasket over the studs on the housing. 

Rest the generator in the mounting bracket, 

and slide it slowly toward the drive pinion 

to check the alignment of the generator 

shaft and the pinion. Add or remove shims 

between the mounting bracket and the re· 

verse gear housing until the generator shaft 

and the drive pinion are properly aligned. 
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After the generator installation has 
been completed and all generator electrical 
connections have been made, but before 
the engine is started, polarize the generator 
to the battery. This operation must be per
formed every time the generator has been 
disconnected, in order to prevent any flut
ter of the cutout relay points. or any electri
cal arc at the points. 

To polarize the generator, first turn on 
all the switches which are necessary to con
nect the battery and generator. Then re
move the terminal box cover plate on the 
generator regulator, disconnect the wire 

from the field terminal, and touch the wire 
briefly against the battery terminal. This 
momentarily re-magnetizes the pole pieces 
and establishes the correct generator 
polarity. 

GENERATOR REGULATOR 
Servicing the generator regulator on the 
boat is limited to checking the security of 
its mounting and seeing that the terminal 
connections are clean and tight. 

The adjustment of a generator regulator 
requires special instruments and, therefore, 
no adjustments should be attempted except 
at a base where these instruments are avail
able. If the opera ti on of a generator regu- , 
lator seems to be faulty, install a new 
regulator, and return the old one to the 
base for adjustment or overhaul. 

STARTER 
Check the starter motor frequently to see 
that it is secure in its mounting, and tighten 
any hold down nuts which may be loose. 



Inspect and clean the starter motor termi
nals regularly, and tighten them if neces
sary. 

Lubricate the starter motor outboard 
bearing by filling the oil cup with light 
engine oiL whenever called for by your in
spection schedule. 

If it is necessary to install a new starter 
motor, the motor and Bendix drive assem
bly must be removed as a unit. To do this, 
remove all the housing hold down nuts 
from the studs, and carefully pry the starter 

* * * 

motor housing off the studs and the two 
dowel pins. Then lift the starter motor up 
so that it is clear of the studs and dowel 
pins, and remove it by rolling it toward 
the center of the reverse gear. This method 
permits the end of the motor to clear the 
oil return pipe and the end of the left bank 
valve housi~g. 

If the foregoing procedures are fol
lowed carefully, and the work is done with 
complete thoroughness, the electrical sys
tem will operate efficiently and reliably. 

* * * 

7 



8 



THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING 

THE ELECTRICAL SYSTEM 

TEST YOURSELF! 

By placing check marks in the appropriate squares after the following state
ments, you can test your knowledge of service procedures for the electrical 
system of the 4M-2500 Packard Marine Engine. Be sure to compare all 
your answers with the instructions in this booklet, so that no mistakes 
will slip hy. Then you will he sure that you really know this suhject. 

1, The hnttery is fully clrnrgerl when the hyrlrometer rearling is-

1.375 D 
i.325 D 
i.215 D 
i.225 D 
i.115 D 

2, Check the units in this group which are considered as making 
up the electrical system of the 4M-2500 Packard Marine Engine:-

generator regulator D 
overspeed cutout 0 

starter motor 0 
spark plugs 0 

generator D 
batteries 0 

3. If the generator smokes while the boat is under way, you should 
immerliately-

4, Polarizing the generator to the 
installing a new generator. 

disconnect the generator 
slow down the boat 

stop the engine 
stop the boat 

D 
D 
D 
D 

battery is necessary only when 

True 0 
False 0 
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5. In order to install a new starter motor, the old motor and Bendb: 
drive assembly mnst be removed as a unit. 

True 

False 
D 
D 

6. The engine must be started before it is possible to polarize the 
generator to the battery. 

True 

False 
D 
D 

7. Shims between the generator mounting bracket and the reverse 
gear housing are added or removed as necessary in order to-

align the generator shaft and the drive pinion D 
prevent excessive vibration of the generator D 

regulate the charging of the generator D 
get the mounting bolts tight enough D 

8. When the operation of a generator regulator is faulty, the proper 
procedure is to-

make any necessary adjustments 

disconnect and repair it 

install a new regulator 

D 
D 
D 

9. The electrolyte solution in the batteries should be stronger in 
tropical climates than for operation in colder weather. 

10. The outboard bearing 
with-

True D 
False D 

of the starter motor should be lubricated 

medium engine oil D 
heavy engine oil D 

graphite grease D 
light engine oil D 

gear grease D 
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THE 4M-2500 

PACKARD MARINE ENGINE 

SERVICING THE 

VALVE MECHANISM 

* * * 



Checking the rocker levers is a highly important step in the regular servicing 
of the valve mechanism. 



THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING THE VALVE 

MECHANISM 

Smooth, efficient operation of the 4M-2500 

Packard Marine Engine requires a high de

_gree of acc·uracy in valve 111aintenance and 

operation. Whenever valve operation or 

clearance is being checked, a thorough in

spection should also he made of the rocker 

lever mechanism and cuimhaft while the 

valve covers are off. 

REMOVING VALVE COVERS 

Before removing the right bank valve 

cover, the overspeed cutout should be 

placed out of the way by unbolting it and 

laying it to one side. It is not necessary to 

disconnect any wires to do this, hut be sure 

to leave the shim and gasket in place and 

put the nuts back on the stnrls so that the 

shim and gasket 5tay in plarP. 

Before removing the left valve cover. 
disconnect the tachometer drive cable. 
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When removing the valve covers, jar 
them loose from the dowels with the heel 
of your hand. Never pry them loose as this 

would damage the machined gasket sur
faces. After the valve covers are free, lift 
them off evenly so that none of the long 
studs will he hent or the stud threads 
damaged. 

ROCKER LEVER MECHANISM 

_;\1nong the ~ervicing operation:; to he pf"r· 
for111t>d on llaf' vn],-p 111f'cl1nni~n1 i:-0 tl1~ 

highly important job of checking the rocker 
1evers. 

Move each rocker lever up and down, 

when the cam that operates it is pointing 
upward, to see that the lever moves freely 
on its shafL Check the rocker lever rollers 
by turning them by hand to make sure that 
they rotate freely. At the same time, care
fully examine the surface of each roller to 
see that none of them is scuffed. If :1 

rocker lever is not free on its shafL or if 
the roller does not turn freely or is scuffed, 
the rocker lever should be replaced. 



The cant surfttl't':S of the ca1n~l1aft 

,-l10nlrl be examined and if they are scnITecl 
or scored the cmnslrnft should be replaced. 

Although a scuffed camshaft can be honed 
or ground to ten thousandtlts of an inch 
undersize and still render satisfactory serv
ice, such grinding should be clone at an 
overl1aul base and 11ot as a servicing opera .. 
lion while the engine is in the hoat. 

While checking the rocker levers and 
camshaft, also check the condition of both 
the inner and outer valve springs and re
place any which are broken. If any valve 

springs are rusted or corroded, they should 
he replaced with new ones, as tltey would 
he subject to early breakage. Anytime that 
either valve spring of any one valve re
quires replacement, the other one also 
sl10nl<l be replaced. 

VAL VE CLEARANCE 

l\fe-a~ure Yalve clearance Let,\-ee11 the roeker 

lever roller and the heel or low part of the 
cam. This clearance should he checked only 
when the engine is cool and not running. 
The large circular encl of the cam is the 
heel or low >i<lc, and the opposite en<l is 
the Jolie. 

CAUTION: Always he sure the heel or 
low side of the cam is opposite the 
rocker lever roller 'vhen n1easuring 
valve clearance. This is particularly 
i111porlant as the valve clearance 
would he too great if measured with 
tl1e cun1 lobe bearing against tl1e 
roller. 
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Clearance of the inlel v~lves should Le 

. " .008 inch, while the exhaust valve clearance 
. ) '. C_:- .D · .. ~c:,. should be -JJ26 ·inch. Set the valve clear· 

\.":;.V.'-L.-. -

.·."'- '. , ::- ances so that a slight drag is felt when pull-"' ~- ing the correct thickness feeler through Le· 
tween the rocker lever roller and heel of 
the cam. 

Since the heels of all cams will not Le 
opposite the rocker lever rollers for all 
valves at the same time, the engine must be 

rotated by hand to bring the variouo rnlvcs 
successively into position for checking . 

To assure the checking of all valves, 
check the vah-es of each cylinder accordini; 
to the firing order of the engine. To do this. 

turn tl1e engine in the direetion of rotation 
until all valves in cylinder No. I Right arc 
in the fully closed or firing position. This 
wrn place all the cams for these valve• in 
the correct position for n1easuring tl1c 
clearance. 



After checking the clearance of all four 
valves in cylinder No. 1 llight, turn the 
engine, by hand, 60 degrees (1/6 revolu
tion) in the direction of rotation. This will 
bring the valves in cylinder No. 3 Left, 
which is the next to fire, into position for 
measuring their clearance. 

Continue to turn the engine 60 degrees 
at a time in the direction of rotation, check
ing the valve clearance of each cylinder, 
according to the firing order of the engine 
given in the operating manual, until all the 
valves have been checked. 

As a double check to make sure that 
none of the valves are missed, make a note 
of each valve as it is checked, or mark each 
valve with chalk after it has been checked. 

Valve clearance should be adjusted only 

if the clearance is .003 inch more or less 

than the specified clearance of .008 inch 

for inlet valves or .026 inch for exhaust 

valves. 

When it is necessary to adjust the valve 

clearance, the valve tappet screw should be 

turned dom1 \clockwise) to increase the 

clearance, or up (counterclockwise) to de

crease the clearance. 

To do this, loosen the tappet screw lock 

nut, so that the tappet screw can be turned 

easily. Hold the lock nut with the wrench, 

and turn the tappet screw until the desired 

valve clearance is obtained. 
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Then hold the tappet screw in this position 

with a wrench. and tighten the lock nut se

curely so that the tappet screw cannot 

change adjustment in opPration. 

Just to be sure the clearance has not 

changed while tightening the lock nut. 

check the clearance again with the proper 

feeler gauge. 

RE-INSTALLING VALVE COVERS 

When re-installing the valve covers. tighten 

the center nuts first and then alternately 

tighten nuts each way from the center. 

When re-imtalling the onrspeed eul
ouL gear backlash should be checked a111l 
adjusted according to directions contai1wd 
in the booklet entitled: "Servieing the I!!ni
tion Syste111.•· Part]. If tlw shim anrl gaskel 
have not heen rli!'turfu .. d. tht" •·utoot 11H1y 111· 
shifted enough on the i-;Lnd:-l lo 1-1<lju~l Lhe 
backlash within li111il!'. without adding or 
re111oving any :00hii11I". 

Smooth and efficient operation of the 
complete valve mechanism will be assured 
by following this service procedure. 



THE 4M-2500 PACKARD MARINE ENGINE 

SERVICING THE VALVE 

MECHANISM 

WHAT'S THE ANSWER? 

Place a check mark in the square to the right of the statements you 

think are correct. Then compare your answers with the instructions 

in the preceding pages, to make sure that you thoroughly under

stand the proper procedure for servicing the valve mechanism. · 

1. It is necessary to inspect the rocker lever mechanism and cam
shaft when checking valve operation and clearance. 

True D 
False D 

2. Before removing the left valve cover, disconnect the

tachometer drive cahle D 
overspeed cutout D 

oil pump D 

3. If you can't jar the valve covers loose with the heel of your hand, 
gently pry them loose with a soft metal bar. 

True D 
False D 

4. Valve clearance measurements between the rocker lever roller 
and the heel of the cam should he taken when the engine is-

warmed up and then shut off D 
warmed up and idling D 
cool and not running D 

cool and idling D 
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5. 1£ the can1 lol1e hears against tl1e roller ,vhe11 you are meas11ring 

valve clearance, your reading will he-

6. The inlet valves should have a clearance of-

too great D 
too little D 

just right D 

.005 inch D 

.006 inch D 
.007 inch D 
.008 inch D 

7. The exhaust valves should have a clearance of-

.006 inch D 

.016 inch D 

.026 inch D 

.036 inch D 

.046 inch D 

8, The valves should he checked in any order that seems convenient. 

True 0 
False 0 

9. When pulling the correct thickness feeler through between the 
rocker lever roller and heel of tlie cam, you should 
be able to feel-

no drag at all 0 
a heavy drag 0 
a slight drag D 

10. After checking the clearance of one valve, turn the engine in the 
direction of rotation-

30 degrees 0 
60degrees 0 
90 degrees 0 
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THE INTERNAL 

OILING SYSTEM 



Vital Bearing Points Lubricated by Oil under Pressure 



THE 4M-2500 PACKARD MARINE ENGINE 

THE INTERNAL OILING SYSTEM 

The 4M-2500 Packard Marine Engine is 
equipped with a full pressure dry sump oil
ing system. This means that oil is furnished 
to all vital hearing points under pressure 
and that there is little or no oil in the crank
case lower half, or oil pan, at any time, as 
the drainback oil is pmnped back throngh 
n heat exchanger to the supply tank. 

In this way, all of the oil in the engine. 
tank, arnl lines, i• con•tantly drrnlated and 

cooled, so that it not only lubricates the 
engine, but acts as a cooling agent as well. 

UNITS OF THE OILING SYSTEM 
1. TANK 

The oil supply is contained in a closed tank. 
located at approximately the level of the 
oil pump. A glass gauge shows how much 
oil there is in the tank. 
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2. PUMP 

The oil pump, located on the under-side of 

the crankcase lower half, at the super· 
charger end, is a typical gear-pump, except 
that it combines two separate pumps in a 
single housing. One section is the pressure 

pump that supplies oil to the various lubri· 
eating circuits in the engine and reverse 

gear. The other section is th" double 
scavenge pump, which pumps back to the 
supply tank the oil which has drained into 
the crankcase lower half after flowing 
through the engine. This two-unit oil pnmp 
is driven at one and one-half times engine 
speed by a vertical shaft which extends up· 
ward to the crankshaft drive gear. 

The pressure pump is equipped with an 
adjustable pressure relief valve whirh con· 
trols the pressure under which oil is rleliv· 
ered to the engine. This relief valve is off 
the seat, allowing oil to by-pass at all times, 
when the oiling system is operating prop· 
erly. 

On a new engine a great percentage of 
the oil delivered by the pump passes 
through the by-pass valve, because the hear
ing clearances on the new engine are close 
and a comparatively small volume of oil is 
required to cool and lubricate the surfaces. 

As the engine wears in, the bearing 
clearances increase and a greater volume 
of oil is required to do the same joh that 
was done on the new engine. Therefore, the 
relief valve partially closes. This makes it 
possible for the pump to deliver a larger 
quantify of oil and still maintain a normal 
operating pressure. 

3. GAUGES 

As oil passes into the pressure pump 
through the oil pump inlet, the temperature 
is measured by the oil IN thermocouples 
and indicated on the oil IN gauge on the in· 
strument panel. As oil leaves the scavenge _ 
pump through the oil pump outlet, the oil 
OUT temperature is measured hy the oil 



OUT thcruwcouples and indicated on the 

imtrument panel on the oil OUT tempera

tnre gauge. Another gauge on the instru

ment panel indicates the oil pressure. 

4. HEAT EXCHANGER 

An oil heat exchanger is provided in the 

system to keep the temperature of the oil 

within specified limits. Here the oil flows 

through tubes surrounded by sea water 

from the salt water cooling system. 

5. STRAINERS 

An oil IN strainer in the oil supply line be

tween the tank and the oil pump, and the 

oil OUT strainer between the oil pump and 

the oil heat exchanger, imure that only 

clean oil, free from sediment and foreign 

matter, reaches the engine. 

OIL FLOW THROUGH THE ENGINE 

1. CRANKSHAFT OILING CIRCUIT 

Starting at the outlet of the pressure oil 

pump, a main supply pipe carries the oil 

through a tuhe running lengthwise of the 

Vee in the crankcase upper half. This tube 

acts as a distributing manifold and supplies 

the oil to lubricate the main and connecting 

rod bearings, the cylinders, pistons, and 

piston pins. 
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From this manifold, oil flows through 

drilled passages in the upper crankcase to 

the main hearings, and through a passage 

drilled in the crankshaft main hearing 

journals jnto the 111ain be1-1ring oil rp:;ervoir~. 

. . ----- -- ----- --- - ---

From these main hearing reservoirs, the 

oil flows through drilled passages in the 

crankshaft cheeks into the hollow crankpin 

reservoirs. 

Each crankpin reservoir contains a re

movable dirt trap, which utilizes centrif

ugal force to collect whatever dirt is in the 

oil in such a way that it is not fed to the 

connecting rod hearings. 

The Number 4 mam hearing feeds 

crankpins Number 3 and Nmnher 4. 

Each of the other main hearings, exceµt 

N11111her 1 and Number 7. feeds a single 

crankpin. 

f<'ro111 lhl' t•rcinkpin re~erYoirs. tl1c oil 

flows through holes drilled in the crankpin 

journak to the connecting rod bearings. 

Holes in the connecting rod hearings carry 

oil to lubricate the blade rod on the outside 

of the hearing shell. 



This oil is squeezed out of the bearings 
in the form of mist. and part of it is thrown 
by centrifugal force up into the cylinders, 
lubricating the cylinder walls, piston pins, 
and piston bosses. The rest of the oil drains 
down into the bottom of the crankcase lower 
half. 

Oil flows from the Number 1 main 
hearing, through drilled holes in the plug 
in the end of the crankshaft. into the hollow 
reverse gear propeller shaft. From the re
verse gear propeller shaft, this oil is fed by 
centrifugal force through drilled passages to 
all the bearings and gears in the reverse 
gear, and then drains into the lower crank
case through a hole just below the crank
shaft flange. 

Early model reverse gears supplied the 
thrust bearing with oil under pressure, 
which had a tendency to produce an oil leak 
at the reverse gear flange oil seal. The later 
model reverse gears are designed so that the 
thrust bearing is lubricated only by drain
back oil, and thus does not create a pressure 
leak at the flange. 

2. CAMSHAFT OILING CIRCUIT 

If we were to cut through the engine cross
wise at Nmnber 7 main bearing, we would 
find that a branch from the main oil 
distributing manifold conveys the oil up
ward to a Tee fitting in the crankcase Vee 
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Pressure Lines of the Camshaft Oiling Circuit 

near the magneto mounting bracket. From 
this Tee, external pipes carry the oil to a 
fitting on the underside of each valve hous
ing, from which it flows to the hollow cam
shaft through a drilled passage in the vain 
housing, and a hole in the Number 7 
pedestal. Oil then flows through the cam
shaft, lubricHting each of the pedestal bear
ings. 

· At the reverse gear end of the camshaft, 
the flow of oil divides, going downward 
through holes in the Number 1 pedestal 
into the rocker lever shaft. 



It then lluws back tu tlw oupcrclrnrgcr 
en<l uf tlw engine through the two rocker 
lever shafts, lubricating each rocker lever 

bearing as it flows. Oil is thrown from the 
rocker lever bearings lo the upper surface 
of the valve housing and drains down, de

pending upon which end of the engine is 
lower. either through a <lrain tube at the 

reverse gear end of tl1e l1ousin:;~ or through 

the camshaft drive side gear housing to the 
crankcase. Oil thrown off from the camshaft 

and rocker lever bearings lubricates the 
rocker lever rollers, tappets, an<l valve 
stems. 

The oil pump drive gear is lubricated 
tl1rougl1 an oil pa!:lsagc leading do'\'n'vartl 
from the lower side of the Number 7 
main hearing, while the camshaft <lri\'c 

center gear lower bearing is lubricated by oil 
from the drilled passage that leads <lown· 
ward to the Number 7 main hearing. 
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1'11e ea111~hafl dri\'e l"enlcr geHr upper bear~ 

ing is lubricated lw oil from the vertical 

line to the Tee supplying the rnhe homing. 

An annular groove around the outside of 

this bearing supplies oil to the camshaft 

drive gear lower hearing. Oil from the 

vertical passage thro11gh the valve housing 

lubricates the camshaft drive ,ide gear 

upper hearing. 

3. SUPERCHARGER OILING CIRCUIT 

The third principal oiling circuit, made up 
largely of short drilled passages in the 
supercharger housing, lubricates the super
charger drive gears and hearings. 

Oil from the main supply pipe in the 

crankcase upper half is carried hy a length
wise drilled passage through the left side of 
the crankcase and Loth the small and large 
supercharger housings. 

Three crosswise passages lead from this 
lengthwise passage and in turn feed vertical 
drilled passages which lubricate the Num
ber 8 main bearing and tl1e spring coupling 
gear inboard and outboard bearings. The 



oil co11ti11ues up\\'Hr<l frutu Ll1e ~vriu!f 

coupling gear outboard bearing~ through a 
drilled passage, to lubricate the super
charger inter111ediale gear Lt>Hrin;;. 'fhen 

the oil is forced further upward through 
the large supercharger housing and around 
the impeller shaft bearing liner to a pas
sage from which oil is metered downward 
through small holes to the impeller shaft 
ball bearings. 

4. DRAINAGE AND RETURN 

Oil <lruins down into the sump in the crank

case Jo,rer half fro111 the Yarious hearing 

points in tl1e engine and flows to the lower 

end of lite crankcase. If the reverse gear 

en<l i,; lower, the oil is <lrawn through the 

tube which runs from the dirt trap lo the 

sca\·enge pu1np. If tl1e supercharger end is 

the lower, the oil will flow directly into the 

scaven:;e pu111p througl1 a port in t11e side 

of the pump housing. 

The scavenge pump, as we have alrea<ly 

seen, pumps the oil through the heat ex

changer and back to the supply tank where 

it starts another trip through the oiling 

system. 

11 



12 



THE 4M-2500 PACKARD MARINE ENGINE 

THE INTERNAL OILING SYSTEM 

HOW WELL DO YOU KNOW ... 

. . . tl1e construction and operation of the internal oiling system? 
This list of questions will help you to test your knowledge and 
make sure that you have mastered the information in this booklet. 
Indicate your answer by putting check marks in the proper 
squares; then look up the points in the preceding pages to make 
sure you're right, and to correct any mistakes you may have made. 

J. The oiling system of the 4M-2500 Packard Marine Engine is a

hand pump pressure system D 
full pressure system D 
gravity feed system D 

2. The oiling system acts as a cooling system as well as a lubricating 
system. 

True D 
False D 

3. The amount of oil in tlie oil tank can be determined by

reading the oil gauge on the instrument panel D 
reading the glass oil gauge on tl1e oil tank D 

measuring the oil in the tank with a 

special measuring device D 

4. The oil pump really is a combination of 2 separate pumps. 

True D 
False D 
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5. The function of the oil heat exchanger is to-

keep the temperature of the oil within limits D 
pre-heat the fuel at the carburetor adapter D 

keep the temperature of the fresh water 

cooling system within limits D 

6. The rockn lever shaft is lnhricate•I hy-

1he RllfH~rchurger oiling circuit 0 
tl1e erunkshaft oiling circuit D 

the camshaft oiling circuit D 
drain back oil D 

7. The function of the scavenge pump is to-

lwlp pump all the oil through the engine D 
p111np oil t11ro11gh tlu .. l1eat exchanger 0 

pun1p tlirty oil overl1oard 0 

8. In the later model engines, oil leakage at the reverse gear flange 
is prevented because-

the thrust bearing is lubricated by the drain back oil D 
the thrust hearing is lubricated by sprayed oil D 
the thrust hearing is only partially luhricate.J D 

9. The oil flows through the crankshaft oiling circuit hefore it goes 
to the camshaft. 

JO. From the oil IN strainer, the oil flows directly to-

True D 
False D 

the main supply pipe in the Vee of t11e crankcase D 
the crankshaft oiling circuit D 

the pressure oil pump D 
the heat exchanger D 
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THE 4M-2500 PACKARD MARINE ENGINE 

TROUBLE SHOOTING 

* * * 
THE OILING SYSTEM 

Holding oil temperatures between the speci
fied high and low limits and maintaining 
the proper oil pressure are two of the most 
important factors involved in the efficient 
and trouble-free operation of the 4M-2500 
Packard Marine Engine. 

The Operators' Check Chart in the Oper
ating Manual specifies standards for oil 
pressure and temperatures. If engine oil 
pressure and temperatures differ from 
these standards, something is wrong. 

ABNORMAL 0 IL PRESSURE 
Our first consideration is trouble shooting 
abnormal oil pressures. Of course, we all 

know that when oil pressure fails, lubricn_. 

tion stops and an engine will be seriously 

damaged if it is not stopped immediately. 

Furthermore, we know that the oil pressure 
gauge is an indicating instrument and 

should be watched at all times as it tells 

us when we have trouble in the oiling sys
tem. If at any time the gauge shows incor
rect pressure, no pressure, or the needle 

vibrates, there is trouble in the oiling sys

tem, and the engine or engines should be 
stopped and the trouble located and cor

rected before attempting to start the engine 

or engines again. 
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OIL LEVEL 

The first step is to see that the oil is at 
the proper level in the supply tank. The 
tank should be only partially full to allow 
space for expansion when the oil gets hot, 
and also for the separation of air from the 
oil in case of foaming. 

If the oil level is too high in the tank, 
obtain a sample of oil from the bottom of 
the supply tank. If the sample contains salt 
water, it is an indication that there is a leak 
between the salt water section of the oil 
heat exchanger and the oil section. This 
same condition is indicated by an oil slick 
around the boat when the engines are idling 
at the dock. 

If there is a leak between the sections 
of the heat exchanger, stop the engine and 
immediately notify the Squadron Engineer
ing Officer. 

If the oil sample does not contain salt 
water, simply drain some of the oil from 
the supply tank to bring it down to the 
proper level. 

STRAINERS 

If, however, the oil level is correct, 
make sure that the oil strainers have been 
kept clean so that they do not restrict the 
flow of oil. Then, check the flow of oil 
through the engine. 

To do this, disconnect the oil pressure 
gauge line where it is connected to the en
gine, and turn the engine over with the 
starter. 



If there is no air in the stream of oil 

that flows out, you'll know that the oil pump 

is delivering oil and the trouble is likely in 

the gauge. 

AIR IN SYSTEM 

If oil does not flow immediately, con

tinue to turn the engine over with the 

starter to see if the oil pump will force the 

air out of the system and fill the engine 

with oil. If the oil starts to flow but has air 

bubbles in it, continue bleeding the system 

until the oil stream is free from bubbles; 

then connect the oil line and start the en

gme. 

PRESSURE RELIEF VALVE 

If bleeding the system does not produce 
a flow of oil without air bubbles, the trouble 
may be in the oil pump pressure-relief
valve, which by-passes surplus oil into the 
scavenge pump and back to the supply 
tank. If this valve is stuck open. all of the oil 
will be by-passed back to the supply tank. 

To check the valve, turn the adjusting 
nut clockwise to increase the pressure 
enough to close the valve. 

Now, again bleed the lines and check the 
flow of oil. If oil flows in a steady stream, 
the engine may be started after reconnecting 
the line. After the engine has been started, 
be sure to readjust the relief valve to the 
specified pressure of 90-105 pounds accord· 
ing to the correct procedure. 

5 



6 

If bleeding the lines does not produce 
u flow of oil, the valve should be removed 
and both valve and seat thoroughly cleaned. 

OIL-PUMP FAILURE 

0£ course, the trouble may be in the 
pressure oil pump. In the case of oil-pump 
failure, report to the Squadron Engineering 
Officer so that the pump may be repaired 
at the Lase. 

AIR LEAK IN SUPPLY LINES 

If the pressure-gauge needle vibrates, 
the trouble may be caused by an air leak 
in the supply lines to the pump. Therefore, 
the system should be checked for loose hose 

connection> or broken line•, or au air leak 
at the oil IN strainer gasket. 

If the leak is not found, smear the ends 
of the hose connections-one after another 
-with heavy grease. This will seal the leaks 

temporarily. When the pressure indicator 
remains steady, the leaking connection has 
been located, and of course, should be re
paired. 

ABNORMAL OIL TEMPERATURES 

When the temperatures of oil vary from 
normal, it is an indication of abnormal en
gine operation, in the same way that changes 
in oil pressure indicate an abnormal engine 
condition. 

As you know, the oil IN gauge registers 
the temperature of the oil after it has been 



cooled in the heat exchanger and is ready 
to go back into the engine, while the oil 

OIL OUT GAUGE 

OUT gauge indicates the temperature of the 
oil immediately after coming out of the en· 
gine. The difference between these two 
readings is the temperature rise through the 

engine, and the amount of this difference 
will vary according to engine speed. 

Normal 011 Temperatures at Different Engine Speeds 

En9lno Risa 
Oil In 011 Out Through 

~peed 
Engine 

1000 rpm 150° 158° 80 
1200 rpm 150° 160° 10° 
1400 rpm 150° 164° 14° 
1600 rpm 150° 169° 19° 
1800 rpm 150° 176° 26° 
2000 rpm 150° 182° 32° 
2200 rpm 150° 188° 38° 
2400 rpm 150° 195° 45° 
2500 rpm 150° 197° 47° 

Thus at 2500 rpm the oil OUT tempera· 
lure, and the temperature rise through the 
engine, will normally he much greater than 
at slower speeds, although the oil IN tern· 
perature remains the same. 

After you become familiar with your 
boat, you will come to recognize a normal 
temperature rise through the engine for 
each of its three engines. As long as the 
temperature rise through the engine is nor
mal, no trouble would be indicated in the 
engine, even though both the oil IN and oil 
OUT temperatures might be too high, and 
you would naturally look for the cause of 
excessive temperatures in the scoops or 
scoop valves, or in the heat exchanger. 

But if the oil OUT temperature is too 
high while the oil IN temperature is normal, 
then the temperature rise through the en· 
gine is too high. If this is the case, shut 
clown the engine at once, because it is a 
sure indication of trouble in the engine. 

When the oil OUT temperature in· 
creases rapidly, without an increase in 
speed, it is almost always an indication of 
bearing distress and, of course, the engine 
should be shut down illlillediately. 

By following this systematic procedure 
of trouble shooting you will be able to lo
cate any troubles which might arise in the 
engine oiling system. 
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THE 4M-2500 PACKARD MARINE ENGINE 

TROUBLE SHOOTING 

* * * 
THE OILING SYSTEM 

Test yourself-

on the contents of this hooklet, by checking the squares below. Mark the statements as 

true or false, and select those which you believe give correct instructions. Then com

pare your selections with the information in the body of the book. 

J. The oil supply tank should he completely full at all times. 

True 0 
False 0 

2. The presence of salt water in the oil supply indicates-

that the salt water OUT scoop should he opened. 0 
that there is a leak between sections of 

the oil heat exchanger. 0 
that the salt water pump is leaking. 0 

3. To check oil flow through the engine, disconnect the oil 
pressure gauge line at the engine and-

put the engine into forward drive and pull it with 
the other engines when under way. 0 

turn the engine over with the starter. 0 
idle the engine. 0 

4. If the oil pump pressure relief valve is stuck open, the oil 
pump must he replaced. True 0 

False D 

9 



10 

5, To locate an air leak in the supply lines to the pump, coat the 
ends of hose connections with- heavy grease. D 

soapy water. D 
engine oil. D 

6. In cnse of oil pump failure-

hlow the pump passages clear with compressed air. 

report to the Squadron Engineering Officer. 

replace the pump. 

7. If both the oil IN and oil OUT temperatures are excessive the 
trouble is most likely in the engine. True 

False 

8. If oil IN temperature is normal hut oil OUT temperature 

is too high- adjust oil pump to circulate more oil 

through the engine. 

stop the engine at once. 

open inlet scoops wide. 

9. The oil IN gauge registers the temperature of oil entering the 

10. 

the heat exchanger. 

Temperature rise through the engine will normally vary 
according to engine speed. 

True 

False 

False 

True 

D 
D 
D 

D 
D 

D 
D 
D 

D 
D 

D 
D 
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Removing the canopy section of the deck in order to remove the engine. 



THE 4M-2500 PACKARD MARINE ENGINE 

REMOVAL and INSTALLATION 

The re1noval of one engine fron1 a 111otor 

torpedo boat and the installation of an
other engine, is a routine operation per

formed at a repair base. 

It is very important to keep in mind 
that details of the procedure will vary de
pending upon which engine in a boat is 
being changed and also upon the make of 
the boaL But in general, the same opera
tions are necessary in rernoving all engines. 

Before an engine cl1ange is begun, a skid 
like the one upon which the new engine 
is mounted for shipment, should he ob
tained to receive the old engine when it 
is ren1oved. 

When the preliminary arrangements for 
handling the engine have been made, you 
are ready to start the job of the actual 
removal of the engine from the boaL 

Removal of Engine 

First, disconnect the batteries so that all 
of the electric circuits are dead. This pre
caution is important to reduce the fire haz
ard from sparks when breaking the elec
trical connections. 

If the boat is out of the water, the en
gine should be grounded to the earth. This 
is done as a precaution to prevent possible 
sparks and fires which might· he cnuseil 
from static electricity. 

As you proceed with dismantling the 
engine, disconnect the various electrical 
bonding connections 'vl1en you co1ne to 
them. 
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Tags should be attached to all units such 

as the oil and water gauge thermocouples. 

the tachometer sending unit cable, and the 
clamps which attach the exhaust stacks to 
their brackets. This is for iilentifiration 
wl1en reinstal] ing tl1e engine. 

The fresh water system should be 
drained by disconnecting the make-up line 
at its lowest point. If there is anti-freeze in 
the system, or if the boat's supply of fresh 
water is likely to be limited when the new 
engine is installed, be sure to save the water 
which you drain from the system. 

Make sure that the sea water scoop 
valves are closed before disconnecting any 
part of the salt water system. 

Drain the system by disronnecting the 
salt water lines at the pump. 

When removing either of the wing en
gines from an Elco boat, be sure to dis
connect the salt water lines from the ex
haust manifold to the Vee drive. 

Before disconnecting the fuel lines, 
close the tank selector valves and the en

gine manifolil valves. 

Disconnect the fuel inlet line at the 
pump so that the fuel lines may be drained. 

CAUTION: Be sure to catch the 
drained-out gasoline in a container, as 
gasoline in the bilge is a serious fire 
hazard. 



Disconnect the oil lines at the pump to 
drain the oil from the engine into a clean 
suitable container. 

Disconnect and remove all other pipes 
such as the fresh water make-up line, the 

pipe leading from the heat exchanger to 
the fresh water pump, the cooling system 
vent pipe, and the fresh water outlet man
ifold and elbow. 

In boats equipped w:ith a fresh water 
thermostat, all of the connected piping as 
well as the thermostat itself, should be 
removed. 

Disconnect all gauge lines and primer 
lines. 

All engine pipe openings and the ends 
of pipes which have been disconnected; 
should be properly plugged to keep out 
dirt and moisture. 

When removing the port wing engine in 
the Higgins boat, :it will be necessary to 
remove the shifter lever, the auxiliary 
shaft, and the bracket which supports them. 

The propeller shaft steady rest bearing 
must be loosened so that the propeller shaft 

can be moved toward t11e stern of the boat 
when the propeller shaft flange is discon
nected from the engirn» 
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CAUTION: Do not pry or pound the 
propeller shaft flange away from the 

reverse gear flange as yon '\"ill rla111nge 
the finely n1nchine1l ;;urfore;; of the;;e 
two parts. 

In the Higgins hoat, install a protection 
board over the imtrnment panel lo pre-

vent damage to the panel by the engine 
while being hoisted. Remove the fresh 
water tank to provide clearance for lifting 
t]1e engine. 

Such obstacles as the engine room lad
der must be removed to permit the shifting 
of the engine from its bed to a position 
under the engine room hatch. 

Remove the canopy section of the deck 
and set the canopy out of the way. 

In the Higgins hoat. after lowering the 
hoi8ting cable through tl1e ventilator open
ing in the deck directly over the engine, 
attach the lifting bar to the engine, being 
careful that each hook is securely engaged. 
On this boat the yoke on the lifting bar 

should be attached through the hole next 
to the reinforced hole in the bar toward 
the supercharger end of the engine. 

Remove all the engine hold down bolts 
and hoist the engine high enough to in
stall the engine dolly on steel channel 
tracks placed on timbers. 

Carefully lower the engine so that it 
rests securely on the supporting structure 
of the dolly anrl disconnect the hoist from 
the engine. 



Roll the dolly and engine directly under 
the opening in the deck where the canopy 
was removed and attach the hoist to the 
lifting bar again. 

Raise the engine out of the hatch slowly 
and carefully to avoid swinging it against 
any portion of the boat. 

In the Elco boat, no dolly is needed, 
as the hoisting cable can be lowered 
through the canopy opening in the deck 
and attached to the lifting bar on the en
gine while the engine still rests on its bed. 
In this boat, the yoke on the lifting bar 
should be attached through the reinforced 
hole in the bar. 

Service Operations With Engine 
Out of Boat 

While the engine is out of the boat, the 
oil tank should be pumped dry with a suc
tion pump and the tank, strainers, and 

connecting oil lines should be removed and 
thoroughly cleaned. This procedure is fully 
outlined in the booklet titled ""Servicing the 
External Oiling System."' 

The heat exclrnngers •l10ul1l be removed 
and de;med at this time. After a heat ex
changer ha, been removed. it should be 
cleaned <-t~ ;0;0011 a~ po5!-'ible. to prevent the 

drying and hardening of sludge and scale. 

To clean the heat exchangers. the covers 
should be removed and the passages thor
oughly deaned out with an approved 
cleaning fluid. 

This may be done by using a tank and 
a plumber's rubber suction pump. Never 
clean the core with wires or sharp instru
ments which might puncture the tubes. 

Submerge the exchanger in the solution, 
being sure that it rests on blocks so that 
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the solution can pass through the bottom 
of the tubes. Vigorous action of the suction 
pump will force the solution back and 
forth through the tube passages. 

During this operation the unit should 
be removed from the solution several times 
and blown out with high pressure air. 

To clean the outside of the tubes, use 
an approved solution which will remove 
lime, rust, and other hard deposits. 

When the tuhes have been cleaned on 
the outside, the entire core should be 
flushed with clean hot water to rinse off 
all traces of the cleaning solution. Coat 
the inside of the tuhes with clean light oil. 

While the heat exchanger is disassem
bled, thoroughly clean the inside surfac_e 
of the covers and scrape the gasket surfaces 
of the case. 

Inspect the zinc electrodes at both the 
salt water inlet and outlet and install new 
ones if the old zincs are more than half 

eaten away. If the zinc is only slightly eaten 
away, it may be made serviceable by clean
ing with a wire brush. 

Reassemble the covers to the case al
ways using new gaskets. 

While the engine is still out of the boat, 
all the units which have been removed for 



cleaning should be reinstalled to take ad
vantage of the exlra working space. 

Installation of Engine 

EYery possible precaution must be lakeu 
to keep dirt out of the new engine by keep· 
ing all engine openings covered until you 
are ready to make connections. 

With the two engines standing side by 
side, transfer from the old engine all fuel, 
water, oil, and electrical connector units, 
and any other attachments which do not 
come on the new engine. 

Don't neglect to transfer such small fit· 
tings as the elbows for the manifold pres· 
sure gauge and primer lines. 

If the engine is to be installed in a 
Higgins boat, transfer the special Higgins 
fresh water pnmp cover from the old en· 
gine to the new engine. 

For the Elco boat, the standard fresh 
water pnmp cover should be turned on the 
new engine so that the inlet is located in 
the same position as it was on the old. 

The propeller flange holes of a new en· 
gine must be reamed to the size of ihe 
flange connecting bolts before the engine 
is placed 011 the engine bed. In doiug this, 

ream one bolt hole first, and then install and 
tighten a bolt in the reamed hole. Ream bal
ance of holes, install bolts, and tighten. 

When reaming the engine propeller 
flange holes, Le sure that no metal chips 
get into the reYerse gear oil seal. as they 
would cnt the seal and cause it to leak. 

Placing and installing the new engine 
may be accomplished by simply reve~rsing 
the procedure just described for remov· 
ing it. 

9 



10 

Engine Alignment 

After the new engine has been set on the 
engine heel tl1e engine flange ancl the 
propeller shaft flange must be carefully 
lined up. 

To do this, imtall two bolt> on each side 
of the engine to hold it in position. Move 
the propeller shaft flange against the en
gine flange. 

The thickness of the shims under the 
bed rails should he adjusted so that the 

engine flange is five thousandths of an inch 
higher than the propeller shaft flange to 

allow for compression of the wooden shims. 

Push the engine flange pilot shoulder 
into the propeller shaft Range recess and 
install four holts to hold the two flanges 
in this position. 

Rotate the propeller shaft so that one 
of the four measuring slots is at the top 
and measure the space between the two 
flanges by using feeler gauges in the top 
and bottom slots. 



If the mea,urement at the top rnrie,; 
more than two thousandths of an inch 
from the measurement at the bottom. then 
the position of the engine must Le eor· 
recterl by installing full length ta perecl 
wooden ;hims under both heel rails. 

If the measurement at the top slot is 
greater than at the bottom. install the taper 
wuoclen ;hims tu RAISE the supercharger 
end of the engine. 

Be rnre to keep the original shim thick
ness under the reverse gear end to retain 

the five thousandths allowance for com
pression of the shims. 

If the measurement at the top slot is 
less than at the bottom install the taper 

TOP MEASUREM~NT LESS 

wooden shims so as to LOWER the super· 

charger end of the engine still keeping the 

same shim thickness under the reverse 

gear end. 

No\\' take tnet1sure1uent:; at the l\vo side 

slots and if the engine is out of line to the 

left or right, shift the supercharger end 

of the engine slightly to one side or the 

otl1er until these 111easurements are within 

two thomandths of each other. 

11 
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Install and tighten all of the engine hold 
down bolts. Before securing the bolts with 
safety wires, rotate tl1e engine and cl1eck 
the measurement of each slot in all four 
positions. If the measurements do not stay 

within the specified limits of two thou
sandths of an inch, unbolt the flanges and 
try different bolt holes. 

Repeat the aligning procedure just de
scribed, trying rnrious flange positions ancl 
shim combinations, until all measurements 
are within the specified limits. Install ancl 
tighten all of the flange bolt5, the engine 
hold down bolts, and secure them with 
safety wires. 

Engine Connections 

After the engine has been properly 
aligned, connect the water, oil, and fuel 
lines. being sure to check the condition of 
the hose, and using new hose ancl clamps 
'vherever necessary. 

After every detail of this installation 
has been thoroughly checked and you are 
sure that all connections are correctly made 
and secured, the engine may be started, 
following the special operating instructions 
in the booklet "Treatment of a Newly In
stalled Engine." 
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THE 4M-2500 PACKARD MARINE ENGINE 

REMOVAL AND INSTALLATION 

DO YOU KNOW THE ANSWERS? 

Do you know how to remove and jnstall a Packard Marine 

Engine in a PT Boat? Here are a few questfons-check what 

you think is the correct answer - compare your answers 

'vith the correct informatio11 given in tl1e foregoing pages. 

1. The batteries are disconnected when removing 
engines because-

they might become broken 0 
they are dead 0 
of fire hazard 0 

2. The fresh water system is drained at-

the make-up line 0 
the manifolds 0 

the tank 0 

3. When disconnecting fuel 
be drained-

lines the fuel should 

into a container 

overboard 

into the bilge 

4. The propeller shaft flange is disconnected from 
the reverse gear flange by removing the bolts 
and pulling them apart ·with hand pressure. 

D 
D 
D 

True 0 
False 0 
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5. The heat exchanger is cleaned by dunking it in 
cleaning solution and using-

a rnbher suction pump D 
ro111pres::ied air D 

a wire hrush D 

6. Zine elP<·trode!' are replaced when they are-

more tl1an one quarter eaten a'vay 0 
more than half eaten away 0 

all eaten a'\'ay 0 

7. The thickness of the shims under the bed rails 
of the engine should be adjusted so that the en
gine flange is-

8. 

9. 

10. 

.005" higher than the propeller flange 0 

.010" higher than the propeller flange 0 

.015" higher than the propeller flange 0 

Measuring slots are provided in the reverse gear 
flange. There are- t'vo D 

four D 
six D 

When aligning engines, if the top slot measure-
ment is greater than the bottom slot measure-
ment, the supercharger end of the engine should 
be lowered. True D 

False D 

Propeller shaft and reverse gear flanges should 
be in alignment so that measurements taken at 
all four slots are witl1in- .002" D 

.004" D 
.006" D 
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THE 4M-2500 PACKARD MARINE ENGINE 

THE IGNITION SYSTEM 

The ignition system of the Packard Marine 
Engine is of the magneto type. It consists 
of a double spark magneto, two independ
ent distrihntors which are separate from 
the magneto, two spark plugs in each of the 
twelve cylinders--<1ne on the exhaust side 
and one on the inlet side-an automatic 
overspeed ignition cutout, and a vibrating 
type booster coil which is connected to a 
twenty-four volt battery. The booster coil 
and battery are used only when starting the 
engine. 

THE MAGNOO 

The magneto is located in the Vee between 

the two Number Six cylinders and is driven 

by the camshaft drive center gear through 

a rubber coupling. The synthetic rubber 

drive coupling has twenty notches on the 

top face and nineteen notches on the bot

tom face thus providing a vernier adjust

ment to assist in timing the magneto. 
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Inside, the magneto has two high ten

sion coils, two condensers, and two sets of 

breaker points. One side of the magneto 

with its breaker points, condenser and coil 

fires the inlet spark plugs of all twelve 

cylinders. The other side of the magneto 

fires the exhaust spark plugs of all twelve 

cylinders. So, in effect, there are two mag

netos in one housing driven by one shaft. 

How The Magneto Works-

There are duplicate circuits in the two 

sides of the magneto, and since these circuits 

are exactly alike, this booklet will show the 

flow of current through the circuit on the 

inlet side only, because the same action is 

taking place at the same time on the exhaust 

side. 

When the arn1nture n1ngnets rotnte be
tween the two soft iron cores of the coil, 
low voltage current is inclucecl in the pri
mary winclin~ of each coil. One end of the . " 
primary winding is grounded directly to 
the body of the magneto. The wire from 
the other encl of the winding conducts low 
voltage current through the breaker points 
to the ground. 

These breaker points are located in a 
housing at the top of the magneto. A four. 
lobe cam on the end of the armature shaft 
opens and closes the breaker points as the 
armature shaft revolves. 

The opening and closing of the con
tact points in the primary circuit interrupts 

the flow of current in tl1e primary winding 
of the coil. 



This interruption of the flow of current 
in the primary winding induces a high

voltage current in the secondary winding 
of the coil. The high-voltage current flows 
to the inlet distributor, and then is directed 
by the distributor to the inlet spark plug 
in the cylinder which is ready to fire. 

A condenser, connected across the 
breaker points, acts as an electrical shock 
absorber to prevent burning of the points 
by absorbing the current which would 
othenvise arc between the points at the 
instant they open. 

' .. - ' 

-., '~~.~~.-_: 

CONDENSER 

The cam and breaker points in the 
duplicate circuits are arranged so that 

sparks are delivered at the same instant to 
both spark plugs of the cylinder which is 
ready to fire--one to the inlet spark plug 
and the other to the exhaust spark plug. 

Since the armature shaft carries a four
lobe cam, the magneto fires four pairs of 
spark plugs for every revolution of the mag
neto armature (four inlet spark plugs and 
four exhaust spark plugs). Because the 
magneto turns one and one-half revolutions 
for every revolution of the crankshaft, the 
magneto fires six pairs of spark plugs 
every revolution of the crankshaft - six 
inlet spark plugs and six exhaust spark 
plugs. With this type of operation the mag
neto will generate sparks and the engine 
will run as long as the armature rotates. 
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So, to provide a means of stopping the en
gine by shutting off the ignition, one side 

of the ignition switch is connected to the 
primary circuit, between the breaker points 
and the primary winding, and the other 

side of the switch is connected to ground. 

When the switch is closed the primary 
current flows continuously through the 
£witch to ground and is not interrupted by 
the breaker points. So, no high tension cur
rent is induced and no sparks are pro
duced at the spark plugs. Therefore, when 
the magneto ignition switch points are 
closed, the ignition is shut off. This is just 
the reverse of the booster coil circuit, and 
the usual automobile battery ignition cir
cuit, in which closing the ignition switch 
turns on the ignition. 

IGNITION SWITCHES 

Since each engine in a boat has an inde
pendent ignition circuit there is a separate 
ignition switch for each engine. The switch 
positions and markings may vary according 
to the make of the boat, but all types of 
switches achieve the same result. The vari
ous switch positions permit the selection 
of whatever ignition circuit is required for 
each starting, testing, or running operation. 

The first switch position establishes a 
starting circuit from the battery through 
the booster coil to fire the inlet spark plugs 
only. 

The next position switches the ignition 
from the booster coil to the magneto and 
fires both the inlet and exhaust spark plugs. 

The next two switch positions are test
ing positions. One permits the firing of the 
inlet spark plugs only while the other posi
tion permits operating the engine on the 
exhaust spark plugs only. 

The final position turns off the ignition. 



DISTRIBUTORS 

From the magneto, two high tension leads 

--{)Ile from the inlet side, and one from 

the exhaust side-carry the high tension 

current to the distributors where it is di

rected to the cylinders in the order in which 

they are to fire. The right-hand distributor 
fires the twelve inlet spark plugs; the left. 

hand distributor fires the twelve exhaust 

spark plugs. Each distributor is driven by 

the camshaft drive side gear on its side of 

the engine. The complete distributors and 

nil of their parts are interchangeable. 

Yon will notice that one of the ter

minals in the distributor cap is marked with 

a letter "M". This designates it as the 
"Magneto" terminal. 

A wire connected to this magneto ter
minal on tl1e left-hand distributor comes 
from a terminal on the magneto marked 
"H.T.EXH", meaning "High Tension Ex
haust", because, as you will recall, the left. 
hand distributor fires the exhaust spark 
plugs. 

In the same way a wire connected to 
the .. M" terminal on the right-hand dis
tributor comes from a terminal on the mag
neto marked "H.T. IN", meaning "ffigh 
Tension Inlet", because the right-hand dis
tributor fires the inlet spark plugs. 

There is one terminal marked with the 
letter "B", on each distributor cap. This 
terminal is for the wire which connects tl1e 
distributor to the booster coil. This con
nection is used only on the right-hand dis
tributor because only the inlet spark plugs 
are fired by the booster coil. 
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The upper end of each distributor shaft 
carries a hard rubber rotor finger which 
carries the two electrodes that distribute 
current to the spark plugs. As the finger 
rotates it ·.delivers sparks successively to 12 

. electrodes in the distributor cap. These 12 

electrodes are connected to the cylinders 
in the order of their firing. The larger of 
the two rotor-finger electrodes distributes 
the magneto current while the small elec
trode distributes the booster coil current. 

Since the booster coil fires only the inlet 
plugs when the booster coil and battery arc 
being used in starting, use is made of this 
electrode only in the RIGHT-HAND or 
INLET distributor. 

The spark plug wire terminals in the 
distributor cap are identified by number• 
on the outside of the cap which indicate 
the order in which the various terminals 
line up with the rotor finger electrodes. 
These numbers do not indicate the firing 
order of the engine. 

Terminal Number One is connected tu 
the spark plug in the first cylinder to fire; 
that is, Nmubcr 1 RighL Terminal Number 

Two is connected to spark plug Number 
Three Left-the second cylinder to fire-
and so on for all twelve cylinders. The 
complete firing order of the engine will be 
found in the Operating Manual. 



The two distributors are timed together, 
one firing the inlet plug while the other is 
firing the exhaust plug in the same cylinder 
at exactly the same time. 

BOOSTER COIL 
The booster coil is mounted on the right 
;ide uf the engine, on the supercharger 
housing, and supplies a continuous flow of 
high tension current to the inlet spark plugs 
for starting the engine. High tension cur
rent from the booster coil flows through 
the booster coil electrode in the right-hand 

distributor rotor and from there to the 
inlet spark plugs. This booster coil electrode 
trails the magneto electrode so that it is 
retarded thirty degrees with respect to the 
magneto electrode. This is a precaution 
against back-firing when tl1e engine is being 
started. 

OVERSPEED CUTOUT 

The ignition overspeed cutout is mounted 
on the right bank valve housing cover and 
is driven by the camshaft gear. The igni
tion overspeed cutout functions as a safety 

switch and is connected into the magneto 
primary ground circuit in such a way that 
it automatically grounds the ignition system 
and stops the engine when the safe pre
determined maxinium operating speed is 
exceeded. 
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The manner in which the cutout works 
is this: the main operating mechanism con· 
sists of a flyweight and plunger assembly at 
the top of the cutout shaft. The two fly. 
weights have tongue ends which are held 
in a slot in the plunger hy springs. So long 
as the engine is running at a speed below 
the setting of the cutout, these weights re· 
main in the slot. 

Ho,vever, as engine speed increases, the 
cutout shaft turns more rapidly and the 
increased centrifugal force moves the two 
flyweights outward against the springs. 
When the engine speed goes above that for 
which the cutout is set the weights are 
moved completely out of the plunger slot. 

This releases the plunger and n spring 

forces it upward so that it makes contact 

wfrh two carbon brushes. This immediately 

grounds the primary ignition circuits and 

stops the engine. The plunger will remain 

in the upward or grounded position until 

the reset button is me<l to push it back so 

that the flyweights again engage in the slots. 

VENTILATION 

The ignition system is completely ventilated 

to keep it clean and dry, and thereby pre

vent rust and corrosion. Yentilation is 

accomplished by creating a partial vacuum 

in the completely enclosed system. The 

vacuum is set up through ventilating tubing 

leading from the supercharger inlet to the 

magneto, distributors, and wiring harness. 



All ignition wirmg, both high and low 
tension, is radio shielded by being en
closed in woven wire conduits, which are 
grounded. High frequency currents given 
off by the wires are caught by the shielding 
and grounded. This prevents radio inter
ference and detection by the enemy through 
radio finders. 

This ignition system is a vital factor in 
the engine's operation. A t11orough under. 
standing of the ignition system is a valuable 
background for expert handling of the 
engine. 

VENTILATING 
TUBING 

11 
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THE 4M-2500 PACKARD MARINE ENGINE 

THE IGNITION SYSTEM 

Can you answer these? 

If you have absorbed this information on the Packard Marine Engine 
ignition system, you should be able to answer these questions readily. 
If you have any wrong answers, find the correct answers now, so that 
you will know them when you need them. 

1. The ignition system 
to the-

of the Packard Marine engine belongs 

magneto and spark gap coil type 

distributor and battery type 

magneto type 

2. The booster coil operates continuously whenever the engine 

3. 

4. 

is operating. True 

False 

Wl1en the armature magnets, in the magneto, rotate between 
the soft iron cores of the coils-

low voltage current is induced in the primary winding 
of each coil 

high voltage current is induced in the primary winding 
of each coil 

low voltage current is induced in the secondary winding 
of each coil 

high voltage current is induced in the secondary winding 
of each coil 

Breaker points are located in the-

top housing of the magneto 

bottom housing oI the magneto 

on the side of the magneto 

D 
D 
D 

D 
D 

D 

D 

D 

D 

D 
D 
D 
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5. The function of the condenser in the magneto is to-

prevent the points from buring by absorbing electricity 

keep the timing properly regulated by absorbing excessive 
amounts of electricity 

condense high voltage current into the proper low 
voltage current 

6. For every revolution of the magneto armature, the magneto 
fires-

one pair of spark plugs 

two pairs of spark plugs 

four pairs of spark plugs 

six pairs of spark plugs 

7. When the magneto ignition switch points are closed, the 
ignition is-

8. The numbers on the inside of the 
the firing order of the engine. 

turned on 

shut off 

distributor cap indicate 

True 

False 

9. The purpose of the overspeed cutout is to-

D 

D 

D 

D 
D 
D 
D 

D 
D 

D 
D 

automatically stop an engine when trouble develops in 
either of the other two D 

automatically stop an engine when the engine speed exceeds 
a predetermined speed D 

provide the captain with a rapid and sure means of 
stopping an engine in case of emergency D 

10. The ignition system is ventilated by means of a-

convection current syste111 0 
forced air system D 

vacuum system 0 
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THE 4M-2500 PACKARD MARINE ENGINE 

TREATMENT OF A 
NEWLY INSTALLED ENGINE 

• 
After new or overhauled engines have been 
installed, and before the boat is released 
for everyday operation, each installation 
must be carefully inspected and engines 
run in according to a specified procedure. 

The importance of a careful run-in 
cannot he overemphasized. The perform· 
ance of each engine is greatly affected by 
the treatment given it during the first few 
hours and days of operation. 

First, all fresh water, fuel, and oil sup· 
ply tanks should be checked and filled to 
their proper levels. 

Next, the exhaust manifold water jack· 
ets should be filled with sea water to insure 
cooling the manifolds until the salt water 
pump has established circulation in the salt 
water system. 

The jackets can be filled through either 
the inlet or outlet salt water elbows, which
ever is tl1e n1ore convenient. 

Reverse Gear Lubrication 

It will also be necessary to remove the rear 
cover on top of the reverse gear and pour 
in one gallon of new engine oil from a clean 
container. This will supply lubrication to 

the reverse gear u11til circulation of oil from 
the engine has been established. 

Further inspections should include 
checking all fuel. oil, fresh water. and salt 
water connections to make rnre that they 
are tight and that there are no leaks. 
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Electrical Connections 

All electrical connections should be care· 
fully inspected and checked for both tight· 
ness and security of contact. 

CAUTION: Make doubly sure that the 
terminal on the voltage regulator, 
labelled BATTERY. is connected 
through the ammeter to the negative 
post of the battery. 

Check to see that all connections in the 
1nagneto gro11nd circnit5 are clean and 
tight. Othern;se. it will be impossible to 
stop tl1e engine by sl1utting off the ignition. 

Checking the Oil Pump 

To make sure that the oil pump is primed 
before the engine is started. loosen the oil 
gauge connection at the reverse gear end 
of the engine. 

With the ignition switch in the OFF 
position, crank the engine with the starter 
motor until oil comes out of the loosened 
connection. Then stop cranking and re
tigl1te11 the oil gauge connection. 

Starting the Engine 

In starting the engine be sure to observe 
the precautions described in the complete 
standard starting proced11re. 

Before being operated under way, a 
newly installed engine should be idled at 
the dock for twenty minutes at 800 to 850 
rpni. 

Carburetor Idle Mixture 
Adjustment 

After the engine is thoro11gl1ly '"~arn1ed up
that is when the water OUT temperature 
reaches 150° and the oil IN temperature 



reaches 130°-the idle mixture control on 
the carburetor should he set to obtain the 
smoothest running. 

After this adjustment is made with 
either the lever or screw type of control, it 
will be noted that the control can he moved 
over quite a range without noticeably 
affecting engine operation. 

Setting the idle nuxture control to the 
LEAN side of this range gives the greatest 
freedom from spark plug fouling. Of 
course, the mixture should not he so lean 
that it causes the engine to misfire. 

Watch the manifold pressure gauge as 
you make the adjustment. The setting will 
be correct at the loicest manifold pressure 
at which the gauge needle holds steady
approximately 10 inches. 

To make this setting. follow these steps: 

I. Turn the adjustment control in the 
RICH direction until the manifold 

pressure &tarts to rise. 

2. Slowly turn the adjustment control in 
the opposite direction and note the low
est manifold presmre obtained before 
the needle starts to rise again. When 
the needle starts to rise. it indicates 
that the mixture has become too lean. 

3. The adjustment control should then he 
moved towards the RICH position very 
slowly until the lowest manifold pres
sure previously noted is obtained again. 
The control should then he left in this 
position. 

Setting the Idling Speed 
The idling speed of the engine should then 
be adjusted. This is done by setting the 
carburetor throttle lever stop so that the 
engine idles at 800 to 850 rpm at the dock 
with the throttle closed. 

The same setting should then give an 
engine idle speed of approximately 600 to 
650 rpm under way. 
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Warm-Up and Dock Run-in 

All temperatures and pressures should be 
checked constantly during the warm-up and 
dock trial. Each reading should be com
pared with the values given by the Opera
tor's Check Chart in the Operating Manual 
and listed in the chart below. 

CAUTION: If any instrument reading 
is unusually high or low, stop the en
gine and check immediately for the 
cause of the trouble. 

The Trial Run 

With the dock run-in completed, the en
gine is ready for a trial run. In making this 
trial run, it is important to operate the en
gine at certain speeds for certain periods 

of time. These speeds and times as specified 
111 the Operating Manual are as follows: 

Engine Speed Time 

800 RPl\I for 30 n1i11ntes 
1000 RPM for 30 mi11utes 
1200 RPM for 30 minutes 
1400 RPM for 30 n1inutes 
1600 RPM for 30 mi1111tes 

1800 RPM for 60 111inutes 
2000 RPM for 60 n1in11tes 
2200 RPM for 30 1ninutes 
2400 RPM for 15 min11tes 

2500 RPM for " 1nin11tes 

Only after the engine has been run for 
the prescribed period at any one speed 
should it be stepped up to the next higher 
speed. During the full time of the run-in 
under way all gauges and instruments 
should he checked constantly. 

OPERATOR'S CHECK CHART 

Ope,aHng I 
Condillon 

RPM 

ware' I on I on I Fuel 
Temp. Temperature Pressure i Pressure 

1-----------------1~--- -------- ' 
In. HG I Lbs. per I I 

MAXIMUM MANIFOLD PRESSURE 

Absolute j Sq. In. Gauge I "Out" "In" "Out" lbs. per lbs. per 

I 
---- Sq. In. Sq. Jn. 

] Octane Octane ! , 1 
1-----1--- ---- ·---1 

1
1 

100 1'. 91 B7i 1· 100 I 91 r B7i I "F 
1 0 c "F I 0 c "F I 

0 c I j 
1-----1--- ---'---1 ' __ 1 ____ 1__ ' ·----l 

1 -1-ot-·-1-o~-, 1ot -10.oti-10.ot -10.ot 110 43 110 43 130 541 Ml•~"m [ 6 Idling 
(Neutral) 850 t 

When Hot 
to to to to to to to to to to to o 

150 1 to 
12 12 12 -9.0 -9.0 -9.0 150 65 140 60 150 65 I Mulm"m I 7 

l----l----i---l---I---_____ 1 ___ 1,_W_h_o_o_C<>_ld ---I 

-;:;,~--;;;-126.2125.223.01-1.8~ -2.3 !-3.31 

11000 127.5124.6 24.6 - 1.2 -2.6 i -2.~: 
Cruising 11400130.5128.7128.7 +0.3 

1 

-0.6 i -0.6 I 1~0 
12000 135135 35 +2.5 I +2.5 1 +2.5 I 170 

Limited I 2400 I 41 140.5 40 +5.51 +5.3 +5.0 1 

1----·---·--1-------.----·---· 
I I I I Emergency I 1 I 

Full Power I 2500 44 [42.5 40 , +7.0 [+6.25 · +5.0 
r , I ' ' 

65 
to 
77 

130 54 
to to 

150 65 

I 

I I 
i I I ! I 

I I 
140 601 90 I 6 
to to I to 

I 
to 

200 931 105 7 
I 

* * I I, 

I I 
I . 
I 

The above pressures end temperatures ore normal after the read
ings ore stabilized. 

tNormal with relatively new engine. Will be greater as total 
hour.s of engine operation increase. 

•oil "Out" temperatures around 200° F {93e C) should exist 
only at 2400 and 2500 rpm. 

iThese limiting figures apply only when ignition hos been retarded 
and the carburetor altered, 



Adjusting the Oil Pressure 

Oil pressure should be adjusted to obtain 
a reading of from 90 to 105 pounds at all en
gine speeds. This adjustment should be made 

while the boat is under way, and with the 
oil IN temperature between 130° and 
140° F. 

CAUTION: Any sudden or consider
able variation below or above these 
limits calls for an immediate check of 
the cause. 

Do not be alarmed if oil pressure 
temporarily drops to as low as 60 
pounds when the throttles are quickly 
closed. 

While under way, the engine and all 
connected piping should be checked for 
water, oil, and gasoline leaks. 

All parts of the installation should be 
checked for excessive vibration, and the 
condition corrected whenever it is found. 

Cleaning Gasoline and Oil 
Strainers 

After the first few hours of running, all 
gasoline and oil strainers should be drained. 

The oil 0 UT strainer should be drained 
into a clean container and the drained oil 
should be strained through a cloth or filter 
paper or fine wire mesh, to detect any for
eign matter such as scale or solder. 

This procedure of draining and strain
ing the oil should be repeated between tests 
whenever there is time enough to do so. 

After the run-in trials have been com
pleted, the fuel inlet strainer should be re
moved and cleaned. 

Likewise, both the IN and OUT oil 
strainers should be disassembled and their 
elements thoroughly cleaned. 

Checking Engine Alignment 

After the trial runs have been completed, 
the propeller shaft flange should be discon
nected and the engine alignment rechecked 
according to the procedure described in the 
booklet covering Removal and Installation. 

* * * 
After you have followed this complete 

checking and testing procedure carefully, 
you may feel confident that the entire power 
system of the Motor Torpedo Boat with its 
newly installed engines will give depend
able. trouble-free service. 
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THE 4M-2500 PACKARD MARINE ENGINE 

TREATMENT OF A 

NEWLY INSTALLED ENGINE 

DO YOU KNOW THE ANSWERS? 

When you feel confident that you have a thorough under

standing of the proper procedure for treating a newly in

stalled engine~ try ans\vering tl1e following questions. 

Place a cross in the space opposite the statements which 

you think are right, then check your answers against the 

instr11ctio11s given in the booklet. 

1. The terminal on the voltage regulator labelled "Battery" 
should be attached through the ammeter to the-

-negative pole of the battery D 
-positive pole of the battery D 

2. The idle mixture control will be correct when the needle 
of the manifold pressure gauge holds steady at-

-the highest manifold pressure 0 
-the lowest manifold pressure D 

-midway between high and low pressures 0 

3. Oil pressure should be adjusted to show a 
reading at all speeds of-

-between 65 - 80 0 
-between 75 - 90 D 
-between 90 • 105 D 

4. If the oil pressure temporarily drops as low as 60 pounds 
when the throttles are quickly closed-

-stop the engine D 
-call the bridge D 
-take no action D 
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5. Carburetor idling mixture adjustments should not be 
made until the oil IN temperature is-

-100° F D 
-130° F D 
-200° F D 

6. The exhaust manifold water jackets should be filled with 
sea '\vater-

-to prime the salt water pump 0 
-to fill t11e heat exchanger 0 

-to cool the manifolds until the salt water pump has 
established circulation in the salt water system 0 

7. Before the engine is started, the oil gauge connection should 
he loosened-

-to prime the oil pump 0 
-to make sure the oil pump is primed 0 

-to make sure the gauge is working 0 

8. Before being operated under way, a newly installed engine 
should be idled at the dock-

-for 20 minutes at 800 to 850 rpm 0 
-for 30 minutes at 1000 to 1200 rpm 0 
-for 15 minutes at 1400 to 1600 rpm 0 

9. To reduce spark plug fouling, the carburetor idle mixture 
control should he set-

-to the LEAN side of the range 0 
-to the RICH side of ilie range 0 

10. When the dock run-in is completed, the engine is ready

-for operation at full rpm 

-for a trial rnn at specified speeds 

-for a thorough inspection before operation 

D 
D 
D 
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