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INSTRUCTIONS:
OPERATION AND MAINTENANCE
oF
KERMATH SEA RAIDER SPECIAL ENGINE

This booklet I# prepared for the purpose of providing the boat builder azd the opera~
tor with'the dita’ essential to propertrstallstion nnd operation of the-Kermaih Sea:Ralder Spectal
Eogine. To tnsure dopendable sarvice from ififa engine s reasvable astoust of matcferance
aftentlon 14 required, Certaln. simple cautiona musy be: cbaerved. Ruad thlg Hooklet icarge
fully, Inthe'eyent thiere ahould artse & spectal problem not specificaily covered in thip book«
fet communteate with. the Bervice Demrtment of the Kermath Manifacturing Company. ‘Thia
‘department will cooporate In every. possible manner and endeavor to offer & practical. soluticn
tased on exporience with this engine over a: long period.

Eacll Xermaih'Sea Ruider Gpocial Engloe 1 carefully tested through its operating range’
before the engine leaves the faciory, The operating: range s from 400.to 2400 Tpm.. The
Idiing speed is set at 400 rpm without load. ‘This speed should not be reduced. Every effort.
should be made to avoid changing any engine adjustments during the procesa of Instsllation.
Both water and oil.are draiced from the eogine prior to ehipment,

HIGH QUALITY MOTOR FUEL OF NOT LES§ THAN' 87° OCTANE RATING I3 RE-
QUIRED; DO NOT UEE A FUEL OF LOWER OCTANE RATING; MAXIMUM OUTPUT AND
DEPENDABLE SERVICE MUST NOT BE EXPECTED I¥ THIS CAUTION I8 IGNORED,

" SEA RAIDER SPECIAL
LOOKING AT FLYWHEEL
FROM FRONT OF ENGINE
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INSTALLATION

The cosstruction of the sxgine timbers sbould be carefully’ consldered by the boat
bujider. It must be remembered that all of the thrust forces used ln propeilieg the boat are
tranamjttad from the ezgine to the bull through the engino timbers, It is important there-
fore that the mombers used ip supporting the exgine be pot-only of ample proportioa but so
1aid out a8 tp digtritads the thrust forces to the hull without undue doncentration of stress at
a Umijted number of localized points. The engine stringers ahould be made as long a8 possi-.
ble. Crosa-bracing ahould be well fitted and adequately fasteped. Use bolts wherever possl-
ble. The croas-bracing should bo fastesed to the frames and not to the plnking of the bull,

The arrangemsst af the exglne compartment must provide ample room around the en~
glog (o permit proper serviclog. In the caso of twin screw installaticns provide sulficieat
mwpornuuonnmwwﬂmmmu. Tbe engine compariment should be
flooréd tightly to prevest small parts from boing dropped into ipacceasible parts of the bilge.
The {looring should be kept as low as possible. Provide smple room at the forward end of
the engine so that the hand turning crank may be engaged without any laterferesce. The hand
turoizg lever is usod for checking engine settings.

Group tbe fuel line valves in an accessible locatich, Group the electrical connections
in sp acceasible location.

PROPELLER SHAFT ALIGNMENT

Top porformance cannot be expected if the engine and the coupling on the propeller
shaft are not ia correct alignment, The ecglne may be placed In alignment with the propeller
shaft coupliog befors the boat 1s lauached It good practice requires that the propeller shaft
alignmest be checked after the boat ls in its patural element. Most boata will chaoge thelr
shape slightly after they are launched, This alignment should be checked before the engine
is started for the first Uime and soy misalignment corrected. Neglect of this caution may
cayep serious troudle. Rechock the alignment aftor the first 35 bours of operation on & new
boat and periodicatly thereafter depesding upon the type of sorvice in which the boat is eao-
gaged. 1f the boat is operated in rough water where a3 certain amoust of “working” may be
expacted, the periods between inspection of alignment should be shorter than ca boats used in
comparatively calm water,

The face of the engine coupling and tho face of the propeller ahaft coupling must be
parallel or as oear thereto as it is pogsible to align them. Keep ‘a0 coupling comnecting
bolts tight. !
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EXHAUST LINES

The instaliation of the exhaust lizes 1a a matter which must be given careful coustd-
eration by the paval architect and the boat buflder. Stnce the details of such sn installstion
will differ ca vprious typse of bosts, the following remarks are fn the form of csutions and
suggostions for considerxtion.

Tho exhaust lines tmust provids a venting af tho exhaust gesses in a free maaner,
Avoid all possible restrictions. I pipe ta used for the exhaust linss the size uzed must not be
smallor than 3 1/2% If tubing is o De used to make up the exhaust lines, the use of 4*
tublng is suggested. Make every effort to avold eharp bends in the exbaust lizes. Al tuins
should be made using the largest radius poasidle within the lmitstion of the tnstallation. fa
the event that it 1o nocessary to Install sound costroling devices make certaln that such de-
vices are of ample capacity, Do not knowingly incorporate anything in the exhanst ine of &
restrictive pature.

The cooling of the exhaust line Is & problem which must be worked out {n accordance
with the requiroments of a particular installation. There are certaln proanuona which must
be observed, Any water piped to the exhaust line, oither for disposal of ecgine cooling water
or for the purpose of cooling the exhaust line, must be entered at a point which will poaitively
provent water working back through the cogine. The ldeal oxhaust line will dratn itself overe
beard but this arrangoment is not always posaible. 1f the coastruction of the bost rogquires the
elevstion of the exhaust Line auy coollng water ontsred lato tho exhaust line must be sdmitted
boyond the high polst of the exhaust line so that the water cannot work back to ke engine.
Water or vapor working back to the engine s one of the commoen causes ¢f vaive sticking come
plalats. Every effort should bo made to reduce the possibility of encoustering troudle tn this
compection. If water jackets are used to cocl the extaust line make certain that the water
passages thereln are of sufficlont area to prevent the possibility of creating a back pressure
on the engice water pumps, Such a water jacket, of course, should be provided with a means
to permit draining io fresting temperatures. Under some conditions {t may be advisable to
uso caly a proportion of the cocling water discharged by.the engine for the purpose of cooling
the exhaust line disposing of the balance of discharge water overboard in a separate lize.

Where the ongines are mounted low in the hull and the exhaust manlfold exhaust oat-
let Ia near or below the water line, a water-jacketed oxhaust line should be lastalled, This
jacketed exhaust llce should be carried up into a *U° bend to a height which is well above
the water line. The plpe joining the aftsr side of the “U” bend can then be given a gradual
fall to the point where It passes through the qun above the water line. When the smeciftedfull
o provided, the water used to cool the water-jacketed portich of tke pipe may be mtzed
with the dry exhaust gasses which have passed through the inner tube of the “U® bend. This
arrangement not only avolda necessity for further water-jacketing of remainder of the exhaust
line but provides an economical means of disposing of water which bas passed thru the ex-
haust pipe wator-facket.
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CAUTION: 8ince the infer water-jacket cf the “U° beod presents a cold surface to
the hot exhayst gasses, copdensation will result If the englne is operated at or near idliag
speeds for any lecgth of Ume, an appreciable quantity of water will accumulate op the englpe
side of the *U" bend and this Outd will run back ioto the exhaust manifold and from there
fato the combustion chamber of the englos. This may cause sticky valves, shorted out spark
plugs and 3 water ts pr 2 in the cylinders loanyapprecizble quantity, it may bend caa-
necting rod or break the plston, whea the starting motor is d, A d tion draln
should be provided at the lowest polat betwaen the end of the exhaust manifold and the water-
facketed part of the pipe, This draln ghould be openod when the engloes make a cold start.
The druio should remain open while the power plant is ldiing or crulsing at such a low
speed that exhaust pressure ls not sulfleient to drive the condensation over the top of the
“U® bend. If lostallation will permit, @ short section of 3 or 4% pipe ghould be formed lato
s trap to catch the condensatica at low speeds, Such an arrangement will retaln the conden-
sation (or & sbort period of time and act as @ safe guard in event the drain 18 col opsned
whea the engine is l&lM or operated at low speed. .

The draln previoualy referred to s for the inside of the exhaust passage, and addl-
tiona) drain must be provided for the water in the jacket of the °U” bend. Wator ropeatedly
freezing in this part of the pipe durlsg cold weather has beea known (o almost complataly
closs the exbaust pasaage where two conceatric copper tubes were used to provide the jacket
of the “U° bezd. This 4 d a wmysterlous loas of power a9 damage due to
freczing was oot visible on the outaslde pipo.

FUEL SYSTEM

m:wnnmmmmmmwudmﬂ.umm. Thia
lice should not be smaller than 1/2% copper tubing. The line should be securely fastesed to
prevent vibratica along the rus from the fuel tack to the engine bed. A horizoatal loop or
approved gasoline proof hose ahould be ingtalled on the fuel line lo the run betwsen eogine
bad apd the fue) line engine connsctlons. This portica of the fudl ltne sbould never be rigidly
mounted. A sbut-clf vajve abould ho provided la the fuel llne I ap accesaible position. The
shut-off valve should be located on the tank side of any filter Incorporated in the fuel line so
that the loe may be closed off to permit cleaning of the fiter unit. Filter uaits should be
mousted 1o a position which will allow placing a contaloer ucder the filter units to recelve
the Mquid dratoed off, *

The shape apd dimezsions of the tapk or tacks will be dictated by the requl t
of the {nsta)lation, The tack or tacks may be located above or below the lovel of the carbu-
ratars on the engice.

The preferred location of the tanks i3 below the carb s as thls ot
avolds subjecticg the float valves to constant fusl pressure when tie engine is stopped, ¥
djrt \s pressnt io the fuel, a carburetor float valve may be held off its seat causing fusl to
overQlow ijo the intake manlfold and cylinders, Fuel Jating 1o & brast! ha b
oot omly tes & [ire hazard but may & the engine oo the next start, should fuel be
trapped ln ane of the cylipders oo tha compression stroke,
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When the top of the tank is above the carburetora, s valve should be provided In the
fuel iine and operating personnel instructed to close this valve as soon as the engine is stopped,
Whenever possible, the fuel tanks should be 5o located so that there will be less than four
feet gravity head on the fuel pump tnlet. The pressure of the fuel which 13 above the pmp
inlet adds to the discharge pressure of the pump and this may result in fuel pressure so
high that the float valves of the carburetors will be forced from their seats causing irregular
operation at idle or at slow cruising speeds due to sn over-rich mixture,

The tanks must be so mounted that they are secure agalnst ahifting If the beat ia
operating in rough water. Each tank must be provided with a generously proportioned vent,
The vent must be extended through plping or tubing to a polnt outside of the hull. This vent
ltne must be tightly connected. When the task ia being filled, the gasoline fumes within the
tank are displaced by liqutd gasoline, The gasollne fumes are heavy and If they are admitted
to the boat will find their way into the bilge and possibly iato the cogine compartment, These
fumes are explosive and a spark or an open flame may result in a disastrous explosion., The
vent ahould conduct the fumes to the outside of the hull at a point where they cannot find
their way back Into the boat.

The aperture In the tank provided for fillisg ehould be of a gencrous proportion,
This aperture must be d tightly to an extensica lexding the filler cap to a point sbove
the deck line. .

In the event the fuel line ia cotored Into the tank at the ‘top and conducted down fne
side of the tank some provision should be made to permit dralnicg the task should such a
gecessity be encountered. Clean-out plates should be provided on the tank in a location
where they will be accessible. If the tanks are mounted tn & ssparate compartment provide
generous ventilation to minimite condensation of water vapor lnside the fuel tank,

ENGINE ROOM VENTILATION

Large engines operating at wido open throttle use an enormous quantity of alr, This
item 15 frequently underestimated. To secure top performance it is easeotial that an ample
supply of fresh air be provided within the engine compartment. It is sdvisable to keep the
velocity of the alr through the ventliating apertores at & ressoaadle figure. It Is therefore
suggested that apertures be provided having a free area of mot less than 16 square inches
per 100 H.P. of the ecgine raticg, This rule of thumd data has worked out well In practice
in sll eases oxcept those in which the air is conveyed through long ducts Involving aharp
turns, Wh it is Y to use long ducts lavolving several sharp turns, the avea
must be sudstantially increased,

11
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WIRING

.

Use properly Insulated new strandod wire in sizes of adequate capacity, Wire sizos
mu»uummmmmdmmmmangnmmumaummm
loag step op the wire sizes to wires of greater capacity. The eapacity of wire diminishes ag
the longth incroeses. Use marked wires to indicate various eirculls as this simplifies check-
ing the circult. All wires should be fitted with terminals, [n soldering termicals to the end
of wires never use acid core solder, Rosla core solder should be used. All wiring connec-
tions should be clexned so that a good contact {s atforded. Xecp all coanoctions tight, Do
uotm'lrelmmenobrbumumbmtIlthorolcdncerdm'lrumm
mﬂ&bﬂumv&ebﬂunpmydlumh&omm

Storage battories usod in conasction with the engine eloctrical systex: should de lo-
catod as close to the engize s posaible. Storsge battery or batteries should be well fastened
to prevent sume from coming adrift in s soaway. T:e use of a lezd Lized coversd bBax t0 cone
tain the batteries is recommended. This box, of course, must be veztilated, It 1t 1s oot pos-
sidle to 8o mount the storage battery, & wooden cover for the battery should be provided to
prevent the posaibility of a battery delng sbort-circulted if a wrench {s sccidectly dropped
scross the fermicals. The bafteries sbould be periodically inspected to sscertain the fluld
lovel. Accessibility ls of prime importance. Uso a keavy duty type storsge battery cf not
lexa than 140 ampere hour capacity,

CONTROL RCD3

Conotrol rods are required for tho throttle, choke and reverse gear. The spark sev-
ting'is sutomatically controlled by the spoed cof the ecgine and peeds no masually opsrated
coatrol. The detalls of the control rods will bo dictated by the requirements cf an fndividual
instailation 50 we suggest the following be observed. Por the throttle and cboke coatrol use
3/8¢% diamstor rod and provide ample supporting bracksts to prevent vidration esd rattle. It
is important to make certaln that & complete opening and closing of the carburetor throttle
valve is effectsd. The same caution should be cbserved with rogard o the choke valves. The
WMuwmmmmwmmomlnm&ohmmm
mmwuwmmmm&umumw.mwm
m.mmawmmamumrm,mm A lever is also
provided for coonecting the choke cootrols,

The reverse gear lover control arrangoment should be sufficiently substantial to with-
stand bending or flexing when forcing the reverse gear into forward or reverse motion. It ls
éssentia] that a full throw fn both directions be obtatned, The roverse gear must lock into
AHEAD motion and also isto REVERSE motion, Ammuhﬂ.mlbwuh
in evidencs when thoy aro Jocked in AHRAD or REVERSE motion. ‘With the reverse gear cone
trol lever extending upward from the cross akaft tho lever moves forward for AMEAD metica
and aft for REVERSE motion, The total arc of travel of the reverss goar control lover is

spproximataly 439,
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THINGS TO DO

Check lubricating ofl level, See lubrication Ingtructlons Puge 38.

Check water or antl-freeze level in fresh water tank.

Lubrlcate water pumps - use waterproof grease., Do act apily pressure to grease
cup cap, turn down only umtll cap costacts grease la cup.

Check ‘raw water strainer.

Lybricate diatributor - sparingly.

Lupricate generator - sparingly. (Take up slack In grease cup cap.)
Check electrical it for laogs tions.

Tighten external nuta and capacrews.

Clean fuel filters including fuel pump screens.

Change oll.
Inspect oll tack screen.
Change ofl filter cartridge if oll is dirty.
Check tappet clearance.
Check spark plug gap.
Check generator belt teasion,
, Saturate feit under disteibutor rotor - light oil.
Check digtributor breaker point gap.
Inspect distributor cap and rotor.
Check and clean acreen in freah water tank,

Cbeck gensrator brushes.

Check starter brushes.

Check alignment between engino and shaft coupling.
Lubrlcate starticg motor.

Inspect water pump gears.
Clean oil cooler.
Inspect heat exchanger.

YOR CONTINUOUS SERVICE OF LONG PERIODS IT IS RECOMMENDED THAT TEIS ENGINE
BE OPERATED AT A SPEED NOT EXCEEDING 75% OF THE MAXIMUM R.P.M. ATTAINED
AT WIDE QPEN THROTTLE.

u



"TO START ENGINE

Before starting the engine for the first Hme resd cirefully: the lostrictions: ropirding
Iubrication,. Méike: certain ihat thiers ia ol in the. engine. Go over the waier laes 1o see that
all; connecticns have Boen mado: and ‘bo' ure ‘that any valves: incorporsted; in the walsr lines
are open, Check the engino electrical systom lo:pes that-all. cotnections are properly iocuted.
nd tighit. Inspéét thé fissl lne and corroct any leaks: found therein; Open. the: proper vaives
In. the faél lns,

Place:the.reverse gear contral lever .in "NEUTRAL® posiiton: iet-the threfiin ibouk;
oze-quarter -open. and sdjust the: chake:control: oo thak the chdke valyes are icompletely closed,
Turn the ignition switékes to. *ON"
pésitica. (Note: 1Id dsme installi~
tiona s mikstor switth mdy ‘conteol
all; slectricdl circuitss: Ia:steh fn«
stallaticns mike: cortain that the
master ‘switch 16 elodéd.) Préss
the starter hutton,

AS 3060 44 the: éngine be~
Blns to fire releasé the starter Hit.
ton. and open. ‘the choke vilves 80
théy aré only: pastly éfective.. As
Bsoon B8 thé englne bégina to wirm
up the choke yalvea ahoild. be fully
opened. Notetheofl prensure gruge '
snd the araioto to chieck the Tolea- IGNTTION SWITCH
tion'theroon. Gbserve: all water dis- iStart :and run with both Jevers:at "OX"
posal linea:to make ‘cortain; that: the position,
cooling water iscirculuiing properly. ‘
Recliock ‘fucl and witer lines and correct any leaks found fn same; Whea alleorréétions hive:
been made cast off iand, operite: {ié, dagine at &' moderats opééd wntil It '{a'tharooghly wirrisd
up.

Do ot operae the engine at more tas 76% of the masimum rpm Yor thoe ‘firit 30.
bours. Ia order 0 ‘asceriain ifie:mazimom rpm Is & particular installitton It {8 peFinlsssble
to: oparate tha engine at.wide open throttle for porioda not to-exceed .5 minules durdtfis Aftér
the. engine Eas beon thoroughly warmed. up. During this 10-bour intarim d5 ‘hot oparite the:
engine at minimum idiing speed for extended peridds. Do tol “rin I~ the drglne. with thé
reverse gear dis¢ngaged. Most of tho rminslng o this infiial interim ahdald be betweea 1000
rpm.and 1500 spm: under loxd.
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Belore retuming to the mooring from a trial run lry the clutch coatrols in revorso
position while the boat 18 out 1o open water to make’ certain that any remote controle instalied
are operating properly.

When the exgine s stopped after belng warmed up, it will cot be necessary to choke
the engine to restart, Never chake an engie that 13 warm. Thia may resujt Ip Nooding. XU
the engine i flooded cloae the throttle to dling position and open the choke vaives fully. En-
_gage the starter azd turn the ecgloe for about a minute with the electric startor to blow out
the excess fuel,

TO BTOP ENGINE

After making a run it 13 suggested that the engine be operated at redyced spsed for
a perlod of four or flve minutes to cocl oif and then turn the switch to “OFF” position. Do
not turn the igniticn awitch to- “OFF” position with the engine operating above tdliog speed ex-
cept in the case of extreme omergency. If the engine continues to fire with the switch in e
“OFF* poaition turn the switch back to “ON" position and let the englne idle untll It i3 cooled
off 80 that it wil} stop when the owitch 1s again turned to “OFF” pooiticn. The reverse gear
caatrel should always be set at “NEUTRAL® positios whes the engine is stopped.

ACCESSORY DRIVE

The accessory drive bly provides a for driving the {gnition distributors.
notudpumpouoo)mclmtnnmommn. A cam co the drive ahaft is used o
operste the fuel pumps. The principal caution to be observed in the assembly of this unit is
1p provide 3 slight back lagh barely discernible in the geara.

CAMSHAFT

Each cylinder head oa the Sea Ralder Special Ecgine employs a aingle camghaft.
Tho camshail cporates the intake and the exhaust valves. The camshaft used on the star-
board bank ls the same ae used o the port bank. A differeat camabaft, however, s used
on engines of opposite rotaticn. To lnsure long life of the cawm suriaces it i3 essentlal that
the proper tappet clearance be chserved, The tappet clearances ahould bo checked each 100
hours of aperatioa asd adjustments mads if required, lInsufficient tappet clearance will cause
a scoring of the cam surfaces. The prop 1 b the valve tappet and the walve
stem is ,015® for intake valves and .038% for exhaust 1} with eggine warm. Two feeler
gauges sbould be used, simultaneosaly, one under each valve tappet screw.

The camshaft {s hollow acd is supported In seven bearings. Ol I coaducted under
pressure through an oil magifold to the center camshaft bearing st which poiot it is ad-
mittad Ioto the camshaft through a metering dowel. The oil withla the camstaft ls thus
forced to the other camahaft bearings. Replacement of camghaft bearings is seldom re=
quired ¥xcept after a very loog period of operstion. In replasig the camshaft beariags the
proper practice la to replace the eatlre st as it i3 of the utmost importance that the cam-
shaft be kept in plage. The camshaft bearings are of the bronze-backed babbitt lined sheil
type and are fitted without ahims.




The eod play of the camshaft is controlled by flanges ca the rear camshaft bearing.
The standard total ead play Is .005-.008% This clearance must be carefully observed since
it 15 a factor in the back lash between the camehaft gear and camahaft drive pinion. When
the end play exceeds .G10" the coadition should be corrected by the installation of new beare
Ings, ’

Tho standard camshaft gotticg provides a closing of the exhaust valve at 50 after top
ceater. The lntake valve begins to open at dead top ceater. la checking the camshaft asttingit
13 important to first provide proper tappet cl bet the valve tappet and the end
of the valve stem.

A means of effecting a variation (n the camshalt sotting ia provided through an ndj\mt-
able coupling arrapgement Incorporated in the vee drive shaft. To exp this arrang
1t 13 necessary to unship the large packisg sut mounted on the bousing enclosing the vee drive
shafl. When this packing nut has been released four capscrews must be removed from the
sleeve surroupding the adjustable coupling. After these screws are removed the sleeve can
be pressed down into the bouaing exposing the coupling. Four capscrews malotain the coupling
setting. Aftér these capacrews are loosened the camabaft may be turned slightly without mow-
iog the crankshaft thereby affording the correction of apy alight difference In the camshaft tim-
ing which might result by the inatallatioa of & new camshalt, a new camshait gear or a new
camszhaft drive plolon. Tals adjustment can be made without difficulty. The priccipal cau-
tien to be observed 18 to make certain the coupling positioning capacrews are made tight be-
fore the bousing clecve is assembled. The bousing aleeve must be reasumbled before at-
tempting to start the engive.

The camahaft drive pinion and shaft are mounted In a sleeve bearing which in turn is
assembled in the housing attached to the af(er end of the cylinder head. The end play of the
camshaft drive ghaft 1s .004% Thia ecd play is crntrollcd by the thicimess of the thrust
washers used under the camshaft drive pinico., The drive pinion and the camahaft gear are
lub d by a directed stream of ofl coming from a metered litting, The drive ahaft runs
i bushings that are lub; d uader p e from the engine ofling systom. Tho back laah
betwoen tho drive plalon and the camshaft gear should be .004-.0089,
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CARBURETORS

There are four Zenith downdraft carburetors rmodel 23MAAV-10 equipped with fame
arresters.

CARBURETOR SPECIFICATIONS

Part_No. Name cf Part

C38-33 Venturl 44M/M

C€51-10 Main Jet #39 = 1.05 M/M flow 604 to 703 cublc centimeters

(See Note)

©52-3 Compensating Jet #34 = 1.7 M/M flow 540 to-558.cubic cone
. timeters (3ce Note)

©50-1 1dling Jet #16 » .8 M/M. This jet Is pot flowed.

c58-1 Csp Jet 1. This jet {s not flowed. ™

C50-4A Cap Jet Base 4W. This jet ia not flowed.

©85-1 Accelerating Jet 420 = 1.0 M/M.  Not flowed.

C35-35x1 Accelerattng Pump full stroke.

C111-67 Accelerating Pump check valve apring.

ce1-18 Fuel valve seat #60 = 4 M/M, Not flowed,

Note. Jets are flowed with fiitered frech water at temperature 729 F. andl
meter gravity head.

The Zentth 29 Series Carburetor Is of the double venturi, downdraft type with the,
regular Zenith system of fuel metering. (See Fig. 1.) .
Carburetor Air Camecity

The Large Venturl (1) controls the alr eamcity of the . Its size dopends
upon the piston displacement and the maximum operating speed of the engine.

The discharge end of the 3mall Venturt (12) is lmml gear the throat of the large
venturi, at the point of g st This ar prod a very bigh suction in
the small venturl and helps to atomize the fuel.

The Fuel Metering System

The Mala Jet (2), often referred to as the “high-speed jot,” controls the misture at
intermediate and high speed, The fuel from this jet mases through the Cap Jet Base Re-
tajner (25) and Is discharged isto the air stream through the slot {n the Small Veaturl (12),

The Compensator Jet (3) costrols the mixture at low speed aed idling. The fuel 1o
etered by Comp Jet (3) and passes through chanzel A and B into Well (13) sod through
18




YIGURE 1

the holes [n'the Cap Jot Hass. (9), fato the Aanulus (14) betweea the Cap Jet Base and the Cap
Jot Basé ritalner, At1cw iod tntermodiate spasd the fusl passes through the Cup Jet Calibra-
ion (7) and Cap Jet Tip.(3) and is ‘discharged loto. tie mir stream through tie alot la the amall®
weaturl. The Cap Jel Calibretion, by mexss of the size and ahapo-ef ita opening, eontrols the
af fow-am infermediste speed. Alr is admitiad foto the'Well (13) through the Veoti-
Lating Hale (15). Introducing alr ino tha discharge. jet below the.fuel level reduces the sur~
face tensian of theifuel; 1o other words, belps fuel Qow at low suction and restricts the fue)
flow at high suctioa.
The Miiog Sygtem which costrols the mixture &t closed throtile is in {teelf & small
b P with a di Jet, el metering jet sod mixture coptrol. The ldling Jet (4)
meters the fusl tad the 1dling Adjusting Nesdle (16) controls the air for the mixture. Tbo kel
‘anters the ldliag syst the C Jet (3) and passes through .Chazusls (A, B
2ad C) to the: Jdling Jet (4) where §t-1s mized with the alr.
The lalisg mixture 1s discharged through a speclally abaped d fot, ora so-called
Priming Plug (10), Jacated at tye throttle. When (e eogine ie idlizg the air velocity at the.
» ITRSTY SR RCuN
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throttle 1a very high. By locating the Printing Plug (10) at the throttle complate atomization
and distribution of the fuel is obtained. .

The Accelerating Pump

(See Fig. 2.) When the throttle Is opened, the Accelerating Pump Lever (19) and
linkage (20 and 21) moves the accelerating pump pisten down In the pump cylinder. Cheek
valve (22) iIs closed by the pump pressure and the fuel contained in the pump cylinder (ac-
celerating charge) 19 lorced through Check Valve (23) and Accelerating Jet (§) into the atr
stream. Check Valve (24) is also closed by the lerating pump pr during the down-
ward stroke of the piston and prevents the fusl charge from mssing back into the float bowl,

Check Valve (23) is spring loaded (accelerating pump check valve spring C111-67) to
prevent fyel from being sucked over at high-speed, wide-cpen throtile,

FLOAT SETTING

[

A,

LB
]

Tolerance of +3/64% on the Following Dimensions:

Di fon “A” 2-3/32%
D1 lon *B” 11/160

Remove carburelor cover and invert same to check float setling.
CONNECTING RODS

An arliculated lype of connecting rod is used in this engine consisling of a master rod
and a link rod. When installing connecling rods the rotation of the engine must be taken into
consideration. The link rod must always lead the master rod in relation to the engine rola-
tion. On the standard rotatlon engine the link rod 15 used on the starboard eylinder bank. On
opposite rotaticn engine the link rod Is used on the port cylinder bank.

Lubrication of all bfarlng surfaces Is provided by the englne oiling system, Ol is
forced to the connectling rod bearings through passages drilled in lhe crankshalt from both ad-
jacent main bearings. In the master rod the oil is conducted through a rifle drilled passage
to the piston pin bushing, Drilled passages conduct the oil to the bushings of the link rod and
also to the piston pin bushing in the link rod.

The connecling rod bearings in the master rod are of tho shell type. No shims are
used. These braring shells are not adjustable. Filing ho connccling rod cap in an allempt
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to provide aa adjustmest must bo prohibited. Il the bearlngs are tadly worn, they should be
roplaced by new bearicg chells, The lower shell io maintained {n position by & dowel in the
connecting rod cap. When lnstalling the upper shell cheek the oll Bole in it to see that thero
18 no restricticn of the oil msaage for the lubricant to supply the link yoke and pistoo pln bushing,

The cap for the master rod la matched to the rod and plloted by dowel studs. Boththe
master rod and the cap are stamped with numbers indicating the pin of the crankahaft oo which
they should be replaced. When reassemblicg the comnecling rod cap lo the rod it 1o impor-
tant that the numbers of the cap and rod be matched. When the coznecting rods are isstalled
on the crankahaft all pumbers must be cu the same side,

The lik rod is sttached to the master rod dy a pin at the yoke end. The pia is
maintained in position by a belt which not only elamps the yoke pla but also dowels same
through the medlum of a groove provided. Tbe positioning of the yoke pin is ossential to
matntain the alignment of oil boles, Ofl 13 forced into the yoke pla which 1s plugged at each
end. ndcuhﬁephnepwudedblubﬂaumewlnﬂnyakeeaﬂo(mmm.
Holes are also provided to permit foreing oil into passages drilled In the Iiok rod to conduct
the lubricant to the piston pin bushiog.

The tnstallation and removal of the link rod yoke pin esa bo made at only one point
without Interference either from the choeks of the crankshaft or the web of the erankease.
This poaiticn 8 reached when the top of the plston on the master rod {5 approximately 1 1/2
Inches below the top surface of the cyiinder block casting on the upward atroke turning in the
direction of the engise rotation. The ik pin elamping bolt ahould de removed defore the
crankshaft is rotated to the aforementioned position,

To remove a connecting rod requires a rather exteosive disassembdly operation.  Both
the cylinder hezds must be removed from the englne. See instructions under heading “Valve:
Grinding.” The oll pas on the engine must be removed. Unship the yoke pia clamping bolt
and rotate the crankshaft to the poial which will permit removing the yoke rod pio. Whea the
yoke pin has been removed, the ltok rod with the plston may be worked up out of the cyliader
block. If a complete disassembly of the engize 1a to be mado, 1t 48 best to unship all aix ltak
rods and remove the cylinder block, pistons and Mok rods at one time.

The master rod will nol pasa through the cylinder bore. Itis therefore necessary to
remove the cylinder block ca the master rod alde. I a complete disassembly of the engine
1o in process, it {a best to unship all six master rods and Hft the cylinder block together with
the pistons acd rods at the same time.

Por Instructions regarding the removal of the piston from the connecting rod see that
portion of this booklet covering inatructions on pistons. .

A reversal of the above procedure la necessary to make an installation of comnecticg
rods. Bear In mind that the rotation of the engine determinea the lceatlon of the master rod
a3 compared to the link rod, Make certain that the tdentifieation qumbers cn the manter rod
and cap are matched. The lizk rods are aumbered and should mateh the master rods, Tho



mastor rods must bo properly fastened before attempting to install the Upk rods. After the
master rods are ipstalied the link rods ahould receive the next consideration. When installing
tho liok rod yoko pin make cortaln that the grogve for the lock bolt 18 in ita proper poaition.
Aftor the pin bas been pushed lato place, the cragkabaft abould be rotated so that access Is
to be bud to allow the clamping bolt to be lastalled. Make cortaln that al] coansctioas are
made tight and properly locked with cotler plna.

ALL BEARING S8URFACES MUST BE COATED WITH A FILM OF OIL BEFORE THEY

Aﬁ_s ABSEMBLED. THIS WILL PROVIDE LUBRICATION UNTIL THE ENGINE 6YSTEM TAKES
UP TEAT TASK.
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FRESH WATER OR INDIRECT COOLING BYSTEM

« This system s sometimes referred 1o as & closed coollng system and In s0me in-
stagces, it is called a freah water cooling system. The purpose of the system la to provide
& zeans of using {resh water In the water jackets of the engine and, ia turn, cocling this fresh
water with raw or ata water in which (ke boat in operating, Two scparate water systems are
thug employed. These are called the raw water and the fresh water aystem.

Baw Water Sygtom: The raw water systom usea the water in which the baat ls operating asd
its function 18 to cool the fresh water used Io the engine cooling system through the medlum
of a heat exchanger. Raw water must be piped from the inlst connaction in the hull to the
water-jacket of the reduction gear housing. From there it 13 conducted through tubing to the
raw water pump from which it is then forced through the heat exchanger units and discharged.
The raw water pamp suction line must be fitted with a stral 60 located that may
be had for cleaning purposes. Perlodlc inspecticn of this stralner should be made. If the
unit s operating In dirty water this Inspection should be made dally.

To insure long life of the raw water pump all foreign matter must be prevented from
Passleg through the pump. If foreigo matter passes throygh the pump it becomes lodged to

the heat exchangoer restricting that unit 5o that ive back p. is bullt yp agatnst
the raw water pump. The raw water mssages of the heat exchanger should be Inspected and
cleaned each 200 hours of of fon unl perating conditiona ghow that an inspection lg

required more frequently,

Due to the large volume of water used in the raw water gystem, It {s recommendod
that only a portion of this water be used for exhaust line cooling purposes and a scparate
discharge line be arranged for disposal of the larger portlon. Aoy disposal llne installed
should be kept free of restrictions and the combined area of the exhaust pipe cooling water
ppe plus the area of the dispozal line should, !o no case, be smaller than the area of raw
water pump discharge. DO NOT ROTATE THE HEAT EXCHANGER COVER. THE DISCHARGE
CONNECTION MUST BE MAINTAINED IN POSITION SHOWN ON PHOTOGRAPHS OF ENGINE
TO S8ECURE PROPER BAFPFLING BFFECT. OVERHEATING WILL RESULT IP THIS CAU-
TION 19 IGNORED. ’

In the raw wator system the direction of flow Is as follows: Raw water ig first
drawn from the bull fittlng through the raw water strainer then through the water-jacket oa
the reductlon gear houslng from which It passes through a long tube along the side of the
engloo and into the Injet of the raw water pump. The raw water pump ia mounted on a brackst
attached to the engine rail on the starboard side of the engine near the starting motor, After
passing through the raw water pump the water is carried forward and acrosa the englne
through a line which goes to a threaded hose nipple in the base of each one of the heat ex-
changera. After masing through the inglde of the tubes in the heal excharger, the water s
collected and discharged through a threaded opecing tn the top cover of the heat exchanger,
As previously advised, the top or bottom cover of the heat exchanger must not be rotated
becauae the raw water circulation through the heat oxchanger i3 of the three-mss type. The
raw water enters tbe hue ol the heat exchanger, goea to the top where it is baffled s0 that
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it 18 forced down through the center sectlon of the cooling elemént where a taffle in the lower
cover agaln directa the water upward through the tubes where it is collected by the top cover
for discharge overboard. *

The raw water pump 18 of the belt drivea double gear type. In additica to the usual
bronze pumping gears In the after body of the pump, this pump s equipped with steel driving
gears which drive both the upper and lower pumpiog gears. The extra steel gears are in-
tended to prevest mnd cutting of the pump gears by holdieg the pumping gear teeth from
metal to metal contact. These auxiliary gears are located in a splash lubricated gear box
at the forward ecd of the pump. Leakage from the gear housing along the rotating shaft s
prevented by means of a self-adjusting ol seal. The pump gear housiog should be lubricated
with SAE 40 engine oll and the level ghould be maintaized up to the ofl level plug on the out-
side of the gear housing at all times. The gear bousing is equipped with a breatber plug
which may be removed for replenishing the lubricant. Leakage of water from the pumping
chamber alocg the drive shafts is prevented by rotatlog oeals which are spring loaded and
therefore celf-adjusting. Further information coucerning the construction of this pamp may
be obtalned by referring to the secttonal assembly drawing appearing on Puge 20.

Proch Water System: The engice is cooled by a closed system. Use fresh water only In
the closed system. A supply of frech water sufficlent to replenish the closed systom sheuld
always be carried aboarxd.

Fllling the Prech Water System: Romove the cover of the WATER supply tack which is lo-
cated over the fiywheel housing of tho engine. The filling should be accomplizhed slowly to
permit the water to circulate throughout the passages in the engine., The engine should be
started and operated for two or three minutes adding water, If necesmry, to maintain the
level. After the closed system has been filled, the level of the water ia the supply tank
ghould be checked dally, prior to starting the engire, Approximately 18 galtons of fresh
water or antifreege solution are required to flll the fresh water system.

The frosh water which ia passed through the water jackets of the eylinder block,
cylinder head and exhaust manifold is drawn from the bottom of the fresh water tank through
the heat exchanger. After the water is plcked up by the fresh water pamp, it is forced inton
line running alozg the outstde of the cylinder block to the ail cooler. After msatog over the oll
cooler elements, the water is discharged iato a llne which Ia connected to a flange on the
top of the water jacket of the exhaust manifold, From the jacket of the exhaust manifold the
water 18 then distributed loto the lower part of the cylinder block through three short con-
pections, and into the upper mart of the cylinder bloek through a hole 1d. cach of the exhaust
manifold flanges. After passicg through ithe cyliader block and eylloder head the water is
discharged (nto the thermostat housing from which It flows through a line connected to the
top of the fresh water tack. The water circult deseribed above Is the normal one followed
after the engine has reached a temperature of 160° and the main valve of the thermostat is
opened. Prior to the time the engine reaches a temperature of 160° the maln valve of the
thermontat 1s closed and water mescs through the by-pass valve of the thermostat and re-
turns to the suction side of the water pump withcut belng cooled by the beat exchanger. Bach
bank of cylinders i3 equipped with its cwo water pump, oll cooler, thermostat and heat ex-
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changer oo that the squipment descrided above will be found duplicated on the opposite bank
of the engine. The fresh water tank, however, 1s common to both systems and forms a.matln
reservolr for cooling water, The freah water tank 18 equipped with a large screen to prevent
scale, water pump greaso and othor forslgn matter from cbstructing the fresh water mssagea
in the heat exchangers. The fresh water tank screen should be fospected pertodieally by
looking through the filler cap openicg and in event that the screen requires cleaning, it may
be.reached by removing a large circular cover on top of the fresh water tank.

The fresh or jackst water pumps are of the two-gear type asd are driven by bevel
gears co the vertical drive shaft, The steel spur gears of which are automatically lubricated
from the main ofl supply of the engice. The drive ehafts of these Pumps are equipped with
Racking glands which must be kept tight in order to prevent loss of fresh water or anti-freeze
solution. Internal construction of the fresh water pumps §a shown In the cross-sectional as-
sembly on Page 24. The packing glands on the fresh water pump are threadedtocorrespond
to the rotation of the drive shaft 0o that the rotation of the shaft tends to keep the glands
tight. Two pumpa #2175-L of {dentical construction are used on the standard rotatton engines,
Opposite rotation ecgines are equipped with two #2174-R pumps,

Inspect the bronge gears of the pumps aftor each 200 hours of operation. This may
be accompliahed by unshipping the water line connections. When these flanges are [ree re-
move the capscrews which fasten the water pump gear cover and alip the cover endwise off
the gears. Gears which are badly pltted or scored should be roplaced, Inspect the cover
and replace If It chows worn faces, Oporation In water having sand in sugpension causes
rapld wear of water pump gears. Boats In such service should carry spare PUmpSs in reserve,

Plates are mounted on the side of the cylinder block. The removal of these plates
will permit access to the water jackets for the purpose of removing sediment and scale,
Clean-cut plates are provided on the exhaust manifold also. The water Jacket passages should
be Inspected and cleaned each 1000 houra of operation.

Qperaticg Temperaturs: Normal temperature of the fresh water system with the engine tn
operation long enough to warm up i3 approximately 165° P, A sudden change from wide open
throttle to tdle position will cause a slight rise in -indlcated temperatures. This Is not an

indication of troudle and the e will qutckly revert to normal. A alight rise In tem-
perat may be expected when the engine is stopped. This is normal.
Any sudden in; of temp other than those mentioned tndicates the need of

examining the frogh water system. E=xcessive temperature indications may be caused by:

(1) Lack of water ia the supply tank,
Remedy: Add sufficleat fresh water to dring level to the proper helght in the
tank. A reserve supply of fresh water should be carried aboard the boat to be
used for making any required replacement,

(2) Clogged screen in fresh water tank. .
Romedy: Clean the screen. If water pump greass in excessive amount is used
in the fresh water pump, the excess grease will be forced into the fresh water
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gystem. Greage will pss through the englne and may lodge in the acreen In the
fresh water tank, The acreen i9 Installed to prevent the greass and Xcale from
getting through to the heat exchanged unit aa It i3 easier to cleaa the scresa
than it Is to clean the heat oxchanger unit, If the screen is sestricted with
grease it should be scaked in a t. Use k or {uel oll. If gasoline
is used as a solvent, be certaln that the work ls performed out-of-doors sod not
in any confined space.

(3) Lack of water in the englae system caused by leak in water conpections.
Remedy: Repair the leak and refill the osystem to proper level, Caution: I
a large proportion of the fregh water has been loat through a leak always allow
the engine to cool off before refilling the system to prevent any posscible damage
to parts caused by cold water ing into tact with heated 1

{4) Insutficient circulation of raw water.

Remedy: Investigate the condition of raw waler Inlet strainer. I dual raw
water strainers are installed, tura the valve so that the water goes through the
clean side of the stralner. If no cbstructions are found in the stralner, check
all connectlons for leaks to the raw water line. If the raw water pump leaks
at the packing glands, the seal disc ghould be replaced. If the trouble canpot
be lccated in the sustion Iline, the water pump or the line to the heat exchanger,
disassemble and inapect the heat exchanger to see if theas water passages are
obstructed by foreign matter.

. To check the thermostat unit, the unit may be removed from the englne and
placed In a contatner with sufftcient fresh water to completely cover the unit. Place a ther~
mometer In the container and heat the water slowly. The thermostat valve will begin to open
at approximately 1609 ¥. if the unit 18 {n good order. The opening of the valve will tncrease
as the temperature riges. The valve will close guickly if the uait i removed from the water
dus to the drop in temperature.

Cold Weather Quagation: The capacity of the closed cocling system on the engice Is eighteen
allozs. Notg: U a boat heating system is incorporated io the fresh water hook-up this ca~
pacity will change. IF ANTI-FREEZE SOLUTIONS ARE USED THE CORRECT CAPACITY
SHOULD BE TAKEN INTO CONSIDERATION IN CALCULATING ANTI-FREEZE PROPORTIONS.
| an anti-freeze solutica 18 used in the clozed system, remember that the raw water system
wust be drained after each period of tloa to P t ice formiog in the raw water line.
There are ive raw water dralns provided on the englne. The raw waler dralns are located
as follows:

.

(1) Under the pumping body of the raw water pump.

(3) At the lowest polat In the raw water line near the reductlon gear,
(9) The lowar dratn on the side of each heat exchanger base.

(4) The water jacket of the Roductlon Gear.
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RAW WATER STRAINERS SHOULD BE DRAINED

1f anti-freeze Is not used {o the CLOSED SYSTEM, this syctem mast be drulned daring
freezing temperatures. Ten dralns are provided for the closed system and are located za
follows: ’

(1) At the underside of each fresh water pump,

(3) On the underside of each elbow attached to esch frosh water pamp.

(3) The drain plug on the aide of each heat exchanger body,

(4) At the after eod of the cylinder block on the outside of esch bank.

It 18 suggested that the fresh water In the closed system be dratsed out and replaced
with fresh water at least twice a year if the boat ls operating at & station where drainicga
are not required by climatic conditions,

CRANRNMAFY

A counterweighted seven bearing crackshaft {s used 1o the Sea Ratder Spectal engine,
The crackshaft is flapged at the forward end to receive the flywheel. The driving end of the
crankshaft {a tapered. The crankshaft Is drilled to conduct the ludricating oft from the main
bearings to the comnecting rod pina. Thé after end of the crackskaft is drilled to conduct
lubricating oll to the reverse gear.

Steel back alloy fzced bearings are used for both maln and conrecting rod bearizgs.

The end play of the crankshaft is controlled at the rear main bearicg. The bearing
shells used at this potnt are provided with flanges. The clearance botwoen these flanges sod
the crankshaft choek on the forward side or the crankshaft gear oa the after side must be
/000-.007% total. When installing new main bearings this end play clearance must be proe
vided. '

To tastall new matn bearing shells it ia best to tavert the crankcase so thal the
crankshaft may be lowered lato place, The crenkshaft gear must be in position on the eranke
shaft, If the vertical ahatt gear (jart #V-357-1) bas been disturbed, it ahould be remouted
before the crankshaft (s lowsred ints the crackease,

Insert the upper bearicg shells [n the crunkease centerirg all of the shells carefully
60 that the overlsp 5 equal on exch side, The sdells for #7 bearing are provided with
fllanges. Note that thore ls a alight difference in the thickness of the flacges. Place the
lower ahell for 47 bearing !a positioa and for tho purpose of checking the end play clearance
install only the cap for #7 bearing. Install the cap 80 that the number stamped thereon {5 oo
the same side of the engine ss the number stamped on tho crankcase, Aftsr setting up tightly
on the nutas holding the bearing cap iz place take a small piach bar snd move the craskshaft
as far forward as 1t will go. Uslag a fecler gange ascortatn the el bet the k.
shaft cheek and the froct flange of the rcar bearing, Next chock the back lash betwees the
crankshaft gear and the vertical shaft gear. With the crankshaft moved as far as poasible
forward there should ba .004® back lash between these two gears.

i



It thero o u;npla back lash between the two gears but lnsufficlest end play-between
the crankshaft and the bearing flange reverse the bearing shell 2o that the thicker flange Is
on the other side of the web and check agaln for crankshaft ecd play.

‘when the cragxshaft 19 moved as far aft as possible there should bo no back lash be-
tween the two goars. Ifaback lash results In this poaition after the proper crankshaftend
play has been provided it ia necessary to reduce the thickness of the upper thrust washer oa
the vartical drive gear. This will result in a closer meshing of the two gears which shoujd
be tight when the crankshaft is la the alter position. Aoy adjustmest to the vertical drive
gm-hon,lduubcmmumnmperudphy 1 is oblajned betw: the crapgk-
shaft apd #7 main bearing. :

If 1t 13 found nocessary to lacrease the clearance as provided by tho cew bearicg
shelle oo #7 hearisg flle the thick flange of the tearing to secure the proper end play. Re-
mmborwmmexnugod&ommhﬂ cap must be on the same side as the thick
flange of the upper shell lo the crankease,

mnmmumpmyummm:apumuu,mmxonrmu;mu-
to the romalning bgarluc caps. The shells should be carsfully centerod oo that the overlsp
ummm’mmmolmmnuupuqmonumcm-. A careful inspection
mmumammmmotmoumummbumsapmmmm.um
bearing shell. Opauamhelohmmrmﬁouununumnloprcduconp:wor
mm-w:mww«-.ulnmmcmmmumummmgnmoounu. ‘

Main bearing stud nuts ghould be pulled tp with ovea ! The t fonls
180 ft, 1bs. Use a torque indicator wrench for thls if 1t is possible to do so0. Cotter pins
should be carefully installed and locked. Check each oyt individually to see that the cotter
pinhuhoenproporlylasmudlndlukod.

Whezever the crankshaft 18 removed from an engine the oll holes drilled in the mhaft
to conduct the oll to the ¢oansctlog rod bearinga should receive a thorough and carefu] clean-
ing. ouhdumdxmdmnlh.mulmulhmdjuwemommm The
m-rmdhoommﬂhdrmdhmvmmbﬂnuuhrmrevem;mnnu. Thia
passage also abould recelve attectica apd be carefully cleaned.

mm:ormmwlmmomuw“ ipsorted ln the crack-
wwmmunwuwmmmcm.

Cauion; No shims are used in the shell type Dearings in this eagioe. U the dinmetrical
clearapce is ! place both halves of the bearing shell. Never flls bearing caps In
an attsmpt to make an adjustment. This destroys the coacentricity of the bearing.




VIBRATION DAMPER

All crankshafts have a natural period of toratcoal vibration 1.e., the crankshafteormally
rotates lo the main bearings at a relatively uniform r.p.m. At certaln speedn it may, how-
ever, also vibrate about Its center of rotation with as osclllating motion. The connecting rods
of the engine on the power strokes apply impulses to the crankahaft and chould the frequeecy
of these { inclde with the natural period of vibration of the crankshaft, the ampiltode
of the torsional movement may become great enough, at certain speeds, to ecause an appreci-
abla atress in the material of the cranksha®. To prevent the shaft from being subjected to
the vibratory torstonal stress, the Sea Raider Special is equipped with a vibration damper.

The damper consista of the following princtmal mrte: a center hub which s bolted
rigidly to the crankshaft, a steel disc which i in turn bolted to the center hud, a flywheel or
inertla members gupported on a bronze bushing and flexibly driven by a Jayer of vulcanized
rubber which 18 bonded to both the flywheel and the stsel disc of the damper. The flywheel
can, therefore, oscillate on the bronze bushing within the restralniog limits imposed by the
rubber. It can be neen that the fiywheel, within certaln parrow limits, can elther proceed or
Iag alightly behind the normal rotational movement of the crankshaft, Conversely, If the
erankahaft tends to vibrate in a rotary manner in its main bearings, thia movement is Bsup=-
pressed due to the damping actlon of the rubber between the crankshaft and the flywheel.

To obtain maximum efficteacy and not have an actual detrimental effect, each type
of darper must be specifically designed and tested for use with a particular model englne
with the rubber compoaition and harduess held to within very rarrow limits, :

8ix steel safoty studa have been provided so that the flywheel will be retained tn
place In event the rubber bond should fall for any reason.

The steel gear' for the starting motor is mounted oa the flywheel in the conventlonal
magner and when the starter pinion engages thia ring gear, the cranking effort is carried
through the rubber betwoen the plate and the fiywheel to the crankekaR. The rubber of the
damper has been given a protective coating prior to chipment. It should not, however, be
unnecessarily exposed to lubricallng ofl for a long period of time, The bushing In the Oy-
wheel Is of a special ‘design, in that the toner surface 1s recessed to retaln a heavy grade
of lubricant, The design of the bushing is such that same need be inspected, cleansd and
re-greased only at the time the engine 15 overhauled,

After an overhaul the vibration damper bushing ahould be repacked with Texaco
Marfax 43 or equivalost. Do not overlubricate. Use cnly sufficlent grease to flil the de-
presaions in the inside of the damper bushing. Prior to final assembly, the rubber behind
the bushing and on the outside miay be protected by U.S.R. Cote #5080 manufactured by te
U. B. Rubber Company, Detroit, Michigan,

Nominal ¢l betw the insido diameter flywheel and the outside dlameter
bushing {s .001 tight to .001 loose. (A light Tep Fit.) A clearance of .002 to .004 is allowed
between the outside diametar of the bub and the laside of the bushing.




When Installicg & new bushiag the fit of the hud {n the busbing should be checked
monommummmwmmmmmnmu. The bub whould turn fresly but
without appreciable side motion if the clearances sre correct.

The cross-sectioral agssmbly shows the correct arrangement of the parts of the
damper assemply. Two kiods of damspors are supplied o the Bea Raider Spetial. The reduce
tiog gear type may be ideotified by a 13-5/168 diapmeter froot plate.

Dampers having a froct plato dlameler of 15-1/40 or a symbol VV-3083-A steaciled o
the front plate having a amaller diamster of 13-5/169 have been gspectally desigped sad
ftuned for direct drive Installations and thoy mugt not be uaed on onzinea eguigped with ro-

SugHIR Z5AKS-
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FUEL PUMP

‘The fuel pump supplied an the englpe s of a enticnal hapically operated dia-
phragm typa. The fuel pump is fitted with a bow} In which will be found & screea that should
recelve periodic tospection. Dirt and water will accumulate in the stralper bowl. Make cer-
tain that the shut-off valve Iz the fuel line 18 closed befors attempting to remove the bowl
from the fuel pump. The fuel pump 18 fitted with a hasd priming device which may be used
to fill the carburetor bowl. This ‘dovice sbould be used when the engine is started for the
first {me or after any occaston requiring the draining of the carburetor bowl. It will reduce
the amount of cranking by the starting motor that otherwise would be required. Make uso of
this feature and save tho slorage battery.

A study of the accompanying scctional Ulustration of the fucl pump will provide an
undersianding of its construction. If @ bit of djrt under the check valve in the pump rendars
it tnoporative, make c@rmg that the valves lie perfectly flat on the valve ssat when reln-
stalled after cleanjog, Do not distort or atretch the valve springs as this affects the pres-
sure eetting.

To lnstall a new dlaphragm In the fuel pump requires careful attectloa to the follow-
ing detalls. Placo the diaphragm over the threaded end of the pull rod, Line up the holes
in the disphragm with the screw holes in lie body diaphragm flange. Place the upper dia-
phragm protector washer over the threaded ead of the pull rod cup-aide up. Place the bexa-
goa shaped diaphragm alignment washer over the end of the pull rod. Assemble the lock
wagher azd the pull rod aut, malotalaing the positian of the diaphragm allgnment wasber and
keepling the dlaphragm from twisting and turning.

THE POSITION QF TEE DIAPHRAGM WHEN THE FUEL PUMP COVER IS ASSEMBLED
18 THE MOST IMPORTANT SINGLE ITEM TO BE OBSERVED IN REPAIRING OR ASSEMBLING
‘THIB TYPE OF FUEL PUMP. IPF THE DIAPHARAGM IS NOT IN THE PROPER POSITION WHEN
THE TOP COVER SCREWS ARE TIGHTENED, THE PUMP WILL NOT FUNCTION CORRECTLY
WHEN REPLACED ON THE ENGINE. Lay the cover on the pump in the proper position dster-
miced by marks made oo the cover and body before the pump was disassembled. Insert
acrews from the top through the lock washers, the upper cover and diaphragm. Tighten the
gcrews untll they barely engage the lock washers. Now use a small scrowdriver and exsrt s
pressure upwird on the limkage so that the dizphragm ia forced to its extreme high position-
While It )s beld In this position the cover screws should be tightened alternately and socurely.
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LUBRICATION

A fall pressure dry sump system is employed for the lubricaticn of the Kermath Sea
Ralder Special epglne, The oystem consists of a dusl ofl pump, a reservolr, related oll lines
and drilled passages. The oll pump Is provided with two te secticns, one section be-
Ing tormed the scavenger pump snd the other section ia used 28 a preasure pump. The pump
1s located at the after end of the crankcase between the vee of the cylinder blocks. The ofl
reservolr i located at the forward end of the englne directly over the fiywheel housing.

The system 18 almple in operation. Tho ofl which is spllled off the bearings withia
the engine accumulates in & emall sump in the ofl pan. This oil i picked up by the scaven~
ger pump and returned to the oil reservolr, The pressuro pump takes the oll from the res-
ervolr and forces it through the lubricati y of the engine.

Tho cole fusction of the scavenger pump is to take the oll from the oil pas and re-
turn It to the reservolr. [In the event the scaverger pump fails to fulfill this duty, first ex-
amlce ail nger pump line ] to make eortain that there are no leaks.
Do this before taking the pump apart. The end of the ofl pump suction llae in the oll pants
protected by a screen. This screen is of large area and will seldom roquire cleaning except
at such times as the engine may be di bled for & g 1 hauling.

The function of the pressure pump i3 to force the ofl to all of the bearisgs In the
engine. When the ofl leaves the pressurs pump it is carried through an ofl mantfold which
13 connected to each of the seven maln bearing caps, From each maln bearing the oll ts
forced through holes drilled In the crankshaft to the comnecting rod pira. From the coanect~
Ing rod bearings oll ia forced through drilled holen to the wrist pin bushings.

The reverse gear 1o lubrieated by the engine olling system. Of is forced to the re-
vorse gear unlt through a pasasge drilled in the after end of the crackshaft, '

The camshaft bearings are lubricated by a lioe which i tapped off from the main
pressure pursp diacharge lins. This line connects with a drilled pasazge at the under sids of
the after end of the cylinder head. On the upper side of the cylinder hesd this passage 1
sgaln connected with an ofl manifold which conducts the oll to the centor camshaft bearing.
At this polnt the ofl ia sdmitted to the taterior of the hollow camshaft snd conducted from the
centor main bearing to the remalning camahaft bearings. Sufficlent 511 s spilled off the came
shaft bearinga to adequately lubricate the valve tappets, valve tappet bushings and valve stema
The camahaft drive pinion and the camshaft driven gear are lubricated by a spray directed oo
the teeth coming from a metered fitting. The surplus oil accumulatiog on top of the cylindor
Bead 13 conducted back to the ol pan by way of the vertical shaft housing and en route floods
all of the geariog In this drive. All bushings In the camshaft driving mechanism are lubri-
cated under pressure through drilled holes, All ofl coming down the vertical abaft housing
drops ioto the oll pan and returns to the small sump from which it 1s removed by the scav-
enger pump and placed {a the reservoir over the flywheel for recirculation.

Two lubricatiog oll coclers are used on each engino. An oil cooler is mounted on
each side of the oil tank. The cil coclers are of the plate type. Oll coming from the mcav-
enger pump mases through this cooler and la then admitted to the reservoir. A reliel valve
is used to prevent bullding up an excesslve presgure within the cooler unit and Is incorpo-
rated la the scavenger return line just back %‘a the oll tank.




The plate type cooler will loge Ite effectiveness U formation of gum or forelgn mate
ter restricts the flow of the oll through the plate assembly. For this reason a periodic clean-
ing of the unlt is r ded. The setting of cleaning periods will be determined by the
characteristics of the service i which (ke engine {8 eogaged and also by the quality of the ol
being used. The operator should determine the time between cleaning psriods by studying the
oll temperatures. If the oll temperatures gradually increase and the iocreass cannot be at-
tributed to climatic conditions the cooler unit should be cleaned.

To clean the cooler unit it must be removed from the englpe. Submerge the cooler
unit Io a solvent such as carbootetrachloride, gasoline or kerosene, Place the cooler unit In
the solvent so that the cpenings of the unit are oo top 6o that no alr cap be trapped inthe
cooler unit. If 2 hand operated oll pump is available force the clrculation of the solvent
through the unit. I there i3 a source of corpressed air available use air at low pressure
to asaist in foreing the solvent through the oll passage spaces. All cleansing operations
should be carried out tn the open air, Do ot attempt to clean the unit using the sclvents
mentioned In a,confined enclosure. Carbontetrachloride acts more rapidly than gasoline or
kercsene. Gascline or kerosene are effective if sufficlent time 1s allowed for Boaking. Boe
ware of fire If either of those latter two liquido are used. Make certaln that all of the solvent
is drained out of the unit before making a reassembly of the oll cooler.

3 114
Unless experience lidicates the need of a more frequent cleaning it i3 suggested that
the unit be cleancd cach 200 hours of operation,

Grease cups are provided for the lubrication of the water pwmp shaft. Use water-
proo! grease for this purpose. The water pump shaft ahoyld be lubricated before each days
operation but the lubricant should be used spmringly.

The generator 18 also provided with grease cups which should be filled with a light
grade of regular cup grease. Avoid over lubrication, as it ia only neceasary to turn the cap
of the cup down until a very light pressure i3 exerted on the grease.

The distributor should receive a drop of ol at the same time. The starting motor
requires no outalde lubrication as it 15 provided with olless type bushings.

Be careful to avold over lubrication of the englne, The guantity of oll required to
fill the lubricating system will vary slightly with different angles of Installation in the boat.
Engines fitted with reduction gears supplied under costract W 1311 tc-310 and W 2769 tc-58
are pressure lubricated from the engige clling system. Ol is conducted threugh 2 hole drilled
in the after end of the crankshaft to the reverse gear. The tallshaft of the reverse gear lo
drilled to carry the oil tack in to the reduction gear. Ofl retum bolesa are drilled through
ths reduction gear adapter plate and the oll man flange. Due to the large diameter of the re-
duction gear houaing some oll will be trapped in the reduction gear, particularly at low speods
but it will be returned to the system when the engice reaches approximately 1500 R.P.M, It
18 advisable, therafore, to check the lubricating ofl in the tank while the englne is cperating
at crulsing speed just prior to the completion of the run, By proceeding in this maanner the
correct amount of lubricating ofl will be Iln the engine for the next run.
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To Fill the Oiling System

All oil {s drained from the engine before it 13 shipped from the factory. When start-
ing 3 new englne, for the first time, pour eight gallons of oll in to the oil reservolr (tank
nearest the cylinder block). Remove the cover of the reverse gear housing and pour about one
gallon of oll over the reverse gear and operating mechanism, making certaln that some oil
reaches the ball bearing throw-out collar and the exterlor surface of the reverse gear drum,
Replace the cover plate and tighten holding screws. When the engine Is started and s idled
at the dock, a quantity of Jubricating oil will disappear from the tank, as it is pumped back
in to and retalned in the reduction gear housing,

After the engine is warmed up and the boat is under way at a crulsing speed of ap-
proximately 1500 R.P.M., the oil which has previously been retal d in the reductlon gear
housing will be returned to the ofl man, where it will be picked up by the scavenger pump
and returned to the oll tank and this will result in a gradual Increase in the quantity of oil
in the main tank, While the englnes are operating at 1500 R.P.M. or above, additional oll
ghould be added 1 necessary to bring the ofl level up to within approximately three inches
trom the top of the {iller opening in the oil tank.

Do not try to fill the ofl reservolr to the brim, The reservoir is provided with an
overflow which will conduct excess ol back into the ofl man. When the engine s In operation
a comparatively small quantity of oil ia In the ofl pan. I an excessive quantity of oil is ad-
mitted to the system the after connecting rods may splash In the oil and cause a fouling of
those cylinders. 3

USE SAE #40 OIL WHEN THE WATER TEMPERATURE IS 45° F. OR HIGHER. USE
SAE 020 OIL IF THE WATER TEMPERATURE IS BELOW 2¢° F. USE THE BEST GRADE
OIL AVAILABLE IN YOUR VICINITY THAT FREE OF. AGENTS WHICR MIGHT PROVE
DETRIMENTAL TO ALLOY TYPE BEARINGS.

To Change Ecgline Oil

The engine lubrieating oll should be changed each 100 houra of operation. The best
time to change the engine ofl is after the engine has had a run of suffictent duration to
thoroughly warm up the oll. Place a guitable container of adequate capacity beneath the drain
cock provided at the oll reservoir and drain off the oil in the tank. To get out the small
amount remaining in the ofl pan start the eoglne and operate at the lowest posgsible speed.
As soon as the ofl ceases to flow from the tank stop the engine and refill the system with
new ofl. If the oll is dirty when withdrawn from the engine change the filter cartridges on
engines

Eugines fitted with the plate type oll coolers have incorporated in the iubricating sys-
tem two cartridge type filter units. The {ilter units are mounted inside of the reservolr, Ac-
cess to the fliter cartridges may be had by removing the circular covers attached to the upper
surface of the ofl reservoir. The filter cartridges are provided with handles to make easy
thelr withdrawal, New filter replacement cartridges should always be carried as spares.
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©Oil Prassure Adjustment

To preveat bullding up .excessive pressurcs la the oll lines a spriog loaded rellef
valve !a jncorporated in the-lubricatling oystem, The rellef valve will be. found on the alde
of the crankcage Just. aft of the Oywheel houslng oo the geaerator side of the exglne. The
veliof valve 15 adjustable, Whea the protecting cover i9 removed a slottcd screw will be ex-
posed. To increase the pressure lumn the screw to the right. To decrease the pressure turn
the screw to the left. Any adjustment of the ol} puu\rc rellef valve muat he made when the
ol is hot,

-
The standard settiog of this rellef valve will rll:tlut 2 minimum of 60 pounds pres-
sure on the oll mm}n Bge whea the co‘lu e oporatiag at wide open throtiec apd the otl-
I3 hot. The d p -cag be "hlnpouummmodumwd.

+OlL PRESSURE REGULATQR ASSEMBLY

oY Pump
‘The oll pump s located botwesn tho cylinder banks at the after ead of the vae of the
engine. A dual oll pump {» used isting of & ecger sod p 1 The pump

cperates at crackahaift speed.

‘The scavenger pump removes the oll aa it ucunuhun lo the ofl pan.zod returns
m-enmmuakum-aonrmammmm Tho 'y Rger pump comp the
upper-portion of the - bly, To:disass this p of e pump it 48 oot -necessary:
to remove:ths; stlire pump from the engine. hooﬂpmpmormyboumcm
the. scavengor pump gearg. Tho scavenger pump drive gear is aplined.on tho driving shaft,
Thp idler gear lo provided with bushingsi .Doth gears: tay dbe olipped off the shafl, afterthe
pump cover is removed. Clearances to enable oo to chock for wear in hle.portioa of the
pump 18 0. be.found listed o the' Table of Cl n bling the oger pump
it 18 ossential that the gasket betwosn the-cover-and tho pump body ba: ln good condition, The
use of a now gaaket g recommended Uf It is possidleto do 0. ‘The gusket ickness lo .0029.

The lower portiaa af the oll pump assembly houses the pressure pump. Tbe pres-
sure pump takes the ¢ll fre the task over the fywheel and forces the oll rough. the- lubri-
‘cating’ system. -To disasasmble the pressure pump it 18 necessary o remove the entive pamp
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assembly from the engine. This may be sccomplishod by disconnecting all oll Itneca attached
to the pump and removing the pump mounilng capscrews. The 1 of the pr pump
body exposes the pressure pump gears. The drive gear of the pressure pump 18 keyed to the
drive ahaft. U taopt necesmary to disturd the position of the drive gear on the shaft except
In the event of miking a replacemest of the gear. The pressure pump !dler gear may be
readily slipped off tho idler gear ghaft.

To check the wear |a the oil pump ascertalp the clearance batween the housisg and
the eod of the gear tooth, also between the end of the gear and the housing, The bushings lo
the idler gear should be checkoed for wear on the ldler shaft, The back lagh between the
drive gear and ldler gear sbould be checked. The Table of Clearances should be cozsulted
{p making these chocks. The remarks in thla paragraph are applicable to both the presasure
pump apd the scavenger pymp.

PRISTONB

The pistons used io the 8ca Ralder Spectal Eogioe are of the aluminum alloy type.
Pour piston ricgs are employed. All of the piston rings are above the piston pina. For
standard clearances, see the “Table of Clearances.”

The piston pla 1s of the full floating type. It is retained in the pision by a smap
ring located In the outer ends of each of the piston pin boases. At room temperature a prop-
erly fitted piston pln will have a light push fit in the piston pln bosses. If the piston pin
1s disassembled, make sure that both emap rings In sach plston are properly lostalled and
soated la the bottom &Y the map ricg groove. Failure to properly lock the pin in place will
result in the plo workicg endways and scoring the cylinder wall, .

Four piston ringa, re used oo each Fiston; counticg from the top of the piston, the
Fings are iostalled in the following order:

Groove #1: 3/32% x 5-1/4% Compresslon

Groove #2 & 3: 1/83 x $1/4" Combinatton Comp: agd OU Scraper Ring, In-
stalled with outer groove down.

Groove #4: 1/4% x 8-1/4" Ol Comtrol Ring.

Whea tostalling sew piston ripgs, the rings should be checkod before they are placed
oa the pistons. Place the piston ring In the lower portion of the cylinder bore in which It
will be used. The lower portion of the cylinder bore 15 suggested aimce it Is leas subject to
wear., Square up the plston ricg by using a piston as a gulde. With feoler guuge ascertain
the clearance betweon (he eads of the piston ring. The gap clearance should not be less than
10200, Pile the ends of the piston ring Uf cecessary to provide this minjmum clearasce. The
maximum gap clearance i of minor importance. After the plston rings bave been tested ln
the cyllader bore for gap clearance chock the rings in the proper grooves of the piston to
make cortain that they are not tight I the plston groove. After these checks, the piston risgs
may be Installed oo the plston which will be used 1o the cylinder bore in which the rings
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were checked. Lubricale the piaton rings with light oll after they have becn installed on the
Rstons.

Whenever a plston 18 removed from the engine it should be carefully cleaned befors
lt 13 replaced, When cleaning the plston do not use sharp implements. The materlal of
which the platon ) made 18 soft and casily mutilated. Avold scratchicg the finished surfaces.
Pistons stamped with the lotter “M” are used on the master rods. Plstons without a letter
designatico are used on the link rods, Plstons stamped #1 are used In the ayllnders directly
behipd the Qywheol.

Pistons and wnon rings should be well coated with Iubricating oll when they are io-
stalled lo the cylinder block to pmide lubrigatica until the engine system can take up this

work. REVERSE GEAR

The uninhlj through which powsr is transmitted from the crankshaft to-the propeller
shaft 1@ called a reverse gear. This however is somewhat of a miszomer sioce this uait pro-
vides 2ot ouly the reversing mechanism but also @ cluteh mechanism for forward drive and
the means of effecting a neutral.

With the coatrol lever extonded upward a ahifling of the lever forward providea the
forward drive. Tbe t of the op ing lever to an after position provides a reversiog
drive. Tbe peutral positioa la about dway b the two extremsa. The unit will lock
1o AHEAD or ASTERN position and any remole controla igstalled to operste tho gear walt
must be so arranged as to effect a proper locking Jo both directions. No lock 18 in evidence
in the neutral positica. When the upit Is locked in either AHEAD or REVERSE poaition a
sljght back lash ahould be ble in the t. This 1s required to prevent
updue thrust oo the clutch operating collar. Ball nnd roller bearings are employed through-
out the gear upit. The entire uait la lupricated by the euglne ofllag system and therelore re-
quires no separate lubricatios attention cther than that which it should receive when a new on-
gioe Is started for the firat time or whea an engine 15 started for the first Ume aftor a com-
plete rebullding. In such lastacces, It ls recommended that a gallon of oll be poured over
and Into a5 many parts 2o can be reached to provide a temporary lubrication ustil the engine
oiling eystem; beglaa, to work. This ofl should be the mame as is usaed in the esgine. Do
not use grease Io thegear anit, ;

A plagetary type gear is employed. The forward drive ia through the medium
of two clutches, A:m-wcuumeMamemumwmam
mits the power from he edgine to the drum of the gear unit. At the after end of the drum
s multiple dise clutch treasfers the powsr from the drum to the englne tallshaft, The tall-
shaft is coupled to the propeller shaft, When both cluiches are engaged the gear unit {s con-
sidored to be o AHRAD positicn. Both clutches operate at the same imefrom a single coo-
trol. 1o neutral posiica both clutches are disengaged.

In ASTERN position both clutches are disengeged but the brake band (s clampad to
the drum preventing the drum from rotating. This braking actloo csuses the power (o be
transmitted from (e gesr G the crankshatt to the star gears within the drum, The slar
gears by mating with the gear oo the tatlahaft cause the tafjshatt to turn in reverso rotatioa.
The gear wit used provides a roverss ratio of 100%.

45




I thére in evideoce that the clutch is mat holding properly in forward moilod first
chock the controls to see that & proper esgegement i being accomplished, If the1s are in
order it will be nscessary to ndjust tho clutch, To do this first stop the ecgise. Remove
the ‘cover plite fropa the reverse gear bouaing. Place the control lever fa. ABEAD positioa

and rotate engine by daad until the ad-

Justment lock clip fanccessible. Move

the reverss gear -cootrol lever into
ASTERN poaition so that the brake

fiand will claimp the drum: Loosex the

lock clip serew only ‘suffictent fo U
the clip out of the motch. When the
cllp 18 out of tho moteh tighten the
clutch by turning the cover .clockwiza
ono or :more notches and replace the
‘clip and tighten the scraw. Replace
the cover plate and set the control

lever at meutral position, Start the

cngine and take a trial ruxt whero the

throttis may be fully opened to check:

whether or pot the cluteh will bold a
maximom power output. 1f (Qhe-clutch
continués to'slip repeat thd oporation

untll it helds, Oue or two notches ad--

justment 15 usuaily suffictent to
takeé care of thé oormal wear of
the cluteh platea, I{ & seoming~
iy abuormal adjustment is ‘re-
quired to. make the clutch hold,

it 18 recommendéd that tha cliutch.
disca be liirpeéted, If théy are
baddly ‘scored. they ahould be re-
piaced,

Under pormal circum-
stancea the reverse sdjustmont
requires little afteaticn. If how-
aver the brake band fails to koep
the drum from alipping an sd-
justment 18 required and should
be made at the first opportunity,

h

ADJUSTMENT FOR FORWARD DRIVE

Fls: 1
TIf i
) /AVEL

t

g2
- 2 |
e |
TO ADJUST FON REVERSE DNIVE

ua&ommhm&mﬂhtMmmmmon!no:uerbcm:rmmag of ihe
propeller shaft rotation. This edjusiment mybemﬂ.ﬁynmmmwnrphuﬁm
reverse gear fousing, Withdraw the cofter pmmmlmmu:mmmﬂmom-
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ahiaft, Siack off the aet scrow L the; slda of: thie reverss bana kg, Pull tne opérating jover
1ato reverso positioe and fighten;thie adjusting put (15A) with & wréuch 0 & pokitfon ‘wWhich will
keep the druth 1r0m rovolving whién the engine Is at full ‘power, B sure to replice the cotter
Plo to malotsle the postitoo of the adjusting. nut, Set up and re-wire: (ke et scrqw in'the
Breke band lug, '

Catlon: ‘Do pot adjust the band so tight. that the cam {5C) éatnot bo pulled [nfo & Jocked,
positian, Thé.cim cedtors st be, siapped padt as shown when, locked. {07 reversed metion,

;Aétzquv

B A

\ lﬂ-ﬁ; LR

TSP LS WA
PR as B uirron S TS T on

When thits géira Jeive our factory they are sdjusted 'so that sxch of the. 3 plungers.
Noi 18 {sce tut) exert unlform preasure against:the cluteh disca When the- liver i Abrdwniato:
€0 iabead. [Each plunger is'nambered for the place Whera It goas knd If the plusgers ars Te
moved for any purpose ihey must bo put back into thelr eame places;. Bee tut for nssembiy
mirks. When the gear 18 correctly fnstalled and adjusted the threo foggles pass conter when
In go abesd and abat tightly at "A" (ss¢ cul). This prevents thém from frmplng oot nd
causing the clutel to allp.

In the eyent it should be nscessary o retovg tho reverse gear for elther examins-
tion or repalr,; the operator must remove. the reverse gear housing, First set the' coctrol
lever ia reverse poaition, Remove the cover plate- and unablp the clevis pin st the aftor end
of thé rod oporsting the brake band locking ‘mechanidm, Unihip the fwo biraki‘band abithor
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arms by withdrawing the cotter pins and-slipplng the anchor arms sidewise off the givot oo
the brake band. Remove all of the capscrews {a the reverse gear cover Including all of the
capacrews around the reductlon gear bousing. When the redyction gear adapter is remived
the reverse gear housing can be lifted free.

when the reverae gear 13 expoged remove the three bolts malntatning.the toggle
plungers, These three bolts are located in the extenslon of the rear cover of the reverse
gear unit. After the bolts are removed each toggle agsembly should be withdsawn. Witk the
toggle assembly out of the way It will be easy to locate a screw having a large hex head
which ig used to retain the ball bearing in the after cover of the reverse gear. Remove this
screw. After this acrew is removed it will be possible to withdraw the tallghait as an ag-
sembly with the reduction gear adapter, the plnion and bearing assembly. SEE REDUCTION
GEAR. When the tailshatt 1a out of the way the reverse gear drum assembly cao be werked
aft off the gar on the crankshaft. The drum asgembly is heavy and must be handled tare-
fully., ‘The installation of the raverae gear 18 a reversal of the operation outiined.

REDUCTION GEAR

The reduction gear is of the interaal type with helical teeth, The drive pinion haa
oxternal testh and Is keyed to the main shaft of the reverse gear. The driven gear is of
the Interna} type and 1s supported on anti-friction bearings. 8ee Reverse & Roductlos Gear
Sacticnal Assembly.

The forward eand of the alow speed shaft which carries the interoal gear ls supported
oa the front end by a roller bearing. The rear eod of thig ehaft is poaitionod and supsorted
by a double row hail bearing. This latter bearing also takea the propeller thruat, ir both
forward and reverse directions, The inner race of the douple row bearing is clamped be-
tween a sleeve on the slow spoed shaft and the forward end of the propeller coupling fange.
The outer race 18 clamped between a shoulder on the reduction gear housing and the ofl seal
retainer.

An oil seal of the autematic type is used to prevent oll from leaking out aleng the
propeller shaft flange. A8 previocualy stated, the reduction gear {s pressure lubricated from
the maln oil supply of the engine. 1t ls cooled by the circulation of raw water through the
water jacket of the reduction gear houslog.

To disassemple the reduction gear, remove the capscrewa lo the outer and lirgest
fiange of the reduction gear housing and disconnoct the water lines and the propellor coup-
lirg fNange. The propeller ehaft ghould be toved aft approximately four incheg after which
the reduction gear driven gear, supporting bearings and houslng may ‘be removed aa u uait.
After the mata housing 18 out of the way, the capscrews which hold the reductlon gear adapler
plate to the oll pan may be romoved, Next remove the three bolts holding the toggle levers
{a pesition. Remove the togglo levers after which the reverse gear main shaft, togsther with
uoyrcpncrwoaﬂu(rcntudmybopﬂedhckoutolposmenmm-mpwrphu
apd shaft assemblies may be removed to the beach for further disassembly, (See Reverse

Gear for additional taformation.) “©



In reassembling the gear it 1s important that the precautions given under “Reverse
Gear® be cbserved. After the capecrews which hold the adapter onto the ¢il mn are thor-
oughly tighteaed, thoy ahould be secured with lockwire to prevent thelr backing cut and dam-
aging the gear,

The reduction gear pinton ball bearicg may be digassembled by removing the lock-
wire and taking out the three drilled head capscrews which hold the pinion washer In place,
after which the drive plajon may be pressed off of the roverse gear main shaft. The ptnion
must be tightly fitted to the reverse gear main shaft and parts should be covered with a light
ceating of white lead and oll to prevent sculfing of shaft on re-assembly. Lockwire must be
replaced to prevent pinjon washer and capacrews from working looss and damagiog the gear
traln. The cross-sectlonal assembly of the Reverse and Reductlon Gear glves further ia-
formatton regarding the relation of the above mrts.

VALVE AND VALVE SPRINGS

Four valves aro ased in each cylinder two for intake and two for exhaust, Al valves
are Interchungeable for uae elther in intake or oxhaust ports. A single vaive spring ia used
with each valve. Withia the valve spring a smaller spring 1s used only for the purpose of
maintalning the poaltion of an ofl seal,

The lower row of valve guides on cach head in Pprovided with an ofl aeal at the upper
end of the valve guide In the form of a falt her 1 d lo a ret cup. New felt wagh-
ers should be Installed after each valve grindlog job if 1t is possible to do 0. Valve locks
are in the form of a oplit tapered washer, Two pleces ure required for each walve. The
valve spring retal her is tapered to conf: with (ze valve lock. At the upper side
of the cylinder head casting the retainer is used to positica the wvalve spring.

The valve springsare cadmium plated to resist corrosion. Do not use valve springs
that show signs of rusting. The valve spring is loaded to 44 pounds wheh compressed toa
length of 21/4% The load is 70 pounds when the spring s comprossod to a length of 1 7/88,
A waration of plus or micus 4 pounds is allowed,

' VALVE GRINDING

Drain the engine so that water will not rua into the cylinder when the cylinder head
is lifted. Disconnect the water line from the eylinder hoad and remove the tackometer drive
shaft and body from the forward end of the walve tappet cover., Remove the valve tappet
cover. Remove the carburetors and control rods. Discounect exhaust line at the flaoge on
the exhaust manifold. If cuffictent assistance is avallable to Iift the cylinder head with the
manifolds attached this may be done, otherwise it will be necessary to remove intake and ex-
haust manifolda. Remove the cylinder head stud nuts, Do not release the puts Bolding the
camshait bearing caps. These nuts are located on studs which hold the camshaft bearicg
brackets In position,

Unscrew the large packing cut on the vortical drive shaft housing, Back this off

untdl it is free. Romove the four capscrews immediately sbove the packing nut so that the
veortical shaft eleeve may de dropped. Ramw:’m ofl line providing lubrication to the valve
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operating mechaniam. LIt the cylinder hexd straight upward and remove to a suitable worke
iog space.

Rewmore the camshaft by unshipping the nuts holding the camadalt bearing caps. Re-
place the bearing caps (match numbers) asetiing the nuts down tight to maintain the camshaft
bearing brackets In proper locatlon, R the valve tappets and place them in the order
in which they were removed from the englne so that they can be Teturned tato the same
bushiogs with the same faces toward the eamehaft brackets. Depress the valve spring and
the valve. spring retalner washer so that the locks can e removed., Valve retalner locks
are in the form of & split tapered washer. Remove the Inner epring and felt ofl seal. Re-
move the valves and note the number stamped thereon. This number should mate with the
sumber stamped on the ports in the cylindor head when valves are reassembled.

Clean the valves carefully making certatn that all gum accumulationa on the valyo
stem are removed. If a valve refacing machine is avallable make ussof t. The seat angle
1s 480, Belect valve number ozo and place it In the port in the cylinder head correspondingly
marked, Place grinding compound on the valve acat sparicgly and put the wvalve Into place,
A large screwdriver may be used to rotete the valve by Placing the end of the sorewdriver in
the slot provided in the valve, Press the valve sgainst the cylinder hesad aad rewolve it part
way around forward and backward until the compound is worked out. Remove the valve and
clean it and the seat fn the cylinder head, Repeat the operatfon untfl the valve and the sest
In the cylinder heoad are both polished and clear of pits. A sezt of 1/52% wide ia ample to
held compression.

When number one walve s properly fitted start on number two valve and coatlous
through the eatire set. Wmﬂldmmmnhuunmweﬁm’mmmul,
the seats In tho cylioder head and also wash out the valve guldes, Ol the stom of the valvea
and place them In poaition so that they may be reassembled with the wvalve springs and re
tafoers. If available use new felt oil scals when reassembdiing after the valve grinding job,

The next operation {8 to reinstall the camshaft and careful attention to this detall is
essential. Turn the engine untll the number oze cylinder is at exactly dead top center com-
menciog the suction stroke. Number one eylinder ia directly behind the flywheel, Note the
plane of the tang on the vee drive shaft. Set the camshaft drive ghaft so that the slot atthe
lower end lo In alignment with the tang on the vertical drive shaft, Remove the camshaft
bracket bearing caps. Place. the camshaft in the bearings so that the number ose intake
valve cam is just making contact with the intake valve tappet. The cam will be on the star-
board side for a standard rotatlon engine ard on the port side for an oppoaite rotation engine.
Place the camahaft in position and reinstall the camshaft bearicg cap. The eylinder head la
now ready to install on the engine.

The use of & new cylinder head gasket i3 recommended, If this is not avallable
amooth out any rough spots in the used cylinder hexd gaaket. Reoplace the nuts oa the cyllader
hezd rtuds and turn them down 28 tight as one can with the flogers. Begizning at the center
stud work to the ends of the cylinder hesd by turning each nut slightly. Repeat sarae sequence
until all of the nuts kave been drawn down securely. I a torque wrench or teasion Indicator
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wreach s avajlable tighten each nut to 85 foot pounds. ARer the ecgine has been operated
a few hours and is atill warm tighten the cylinder hoad nuts agals o the same order. Belore
starting the engiae it will be necessary to check the valve tappet adjustment. Reset the wlve
tappots after the engine has warmed up. .

THEE VEE 8HAFT

Two ves ahaits are cmployed oue for each bank of cylindora. The vee ahait drives
the camahaft apd the accessory uaits ({uel pump and distribytor). These skalla are driven
trem the upper eod of the vertical shaft apd they operate at crankshaft speed, The shafls
are sypported In bushings lubricatod under the engine oiling oystem. Thrust waghers are
provided and usad to cootrol the end play of the vee shafts. 8cc Table of Clearancei. A
tocse coupling s pravided at the upper end of each vee shaft to facllitate the removal of the
cylinder heads without requirisg a djsasasmbly of the eatire camsbaft driving mechanism.

To remove the vee shafts from the engine reguires a removal of the cylinder buads.
The vee shaft housing apd oil pump are sext dismounted. The assembly immediately below
tho oil pump must then be removed after which the voo shafts can be romoved in the direc-
Yo of the gear end, A careful study of the sectional view of this part of the engloo 1o recome
mended in the ovent it {a oecessary to disaggemble any of tiese parta,

VERTICAL SHAFT

The vertical shaft is just what the pame 1 pli 1t tes the driving masiiam
for the water pump, ol} pump, camahaft apd accessory usite includirg fuel pump apd distribu-
tor, The shaft 19 driven by a spiral bovel gear mounted on the crackabaft. It operatsast
crankshaft speed. mmwmpmmammgatmelmrmmaumm
undse prenmomnmenelnouh{synen. The bushing 18 pressed into the crankcase
wmuneudmmlheumrudhm.emoﬂhbm.

mmrmdmwmmupummummduwmmxm
vee sbafts which cperate the camshatt, Thia gear 1] cpumdtonqunthaurumllm
mmu«mmnwmmumuuulemdmammmummw. Tals
Mmmu:mmucmmumm Dus care must be exorcisnd to
see that the lock eiog is replaced upcn reassembly.

-

WATER PUMP DRIVE SHAPFT ASSEMBLY

The oxterior portion of this bly is exposod when the water pump is rezoved
from the engize. The balance of the assembly is withla the crankease. This assembly may
bo withdrawn from the crankcase after romoving the mounting capscrows.

hml-mnuuuwmmmmwymmmummunnmd—
fied ip the Tuble of Clearances. The exd play Is governsd by the thickness of the thrust
waghsr ,io back of the bevel driving gear. mdnnmnmuc_awummam
WeAr. hmmumMrmbymoownomuqmm. um_‘aﬂtuwm




do not forget to coat the bearing surfaces with a film of ofl when the reassembly is msade to
provide lubrication untill the engine system takes up thia task. The back lash in the gears
mast be checked when the unit is reinstalled. The gears must not be tight, A slight varia-
tion in the back lash may be effectddl by the use of one or more additional gaskela when fhe
unit 18 reassembled In the crankcase.

COLD WEATHER OPERATION

The first consideration in cold weather operaticn Is the poasibllity of fce formatton
withia the engine cooling system. This must be avolded, If freoxing temperatures pravall or
are to be expected all water must bo drained from the system, SEE PRESH WATER BYSTEM
COLD WEATHER OPERATION. If there Ia any question regarding the temperature drain the
engine. Do not take chances.

The second item for consideraticn in cold ther is the lubricating oll. Winter type
oll should be used, If the temperature i 20° F. or lower the ofl should be drained from the
reservolr over the flywheel at the end of a run. This ofl should be heated and put back into
the engine the next time the englne is to be started.

Before attempting to start an engine In real cold weather rotate the cagine two full
revolutions by hand before engaging the electric starter. This will break the drag of the ol
made heavy by the low temperature. Make every effort to conserve the storzge battery energy
which unit bas a reduced output as the temperature dropa. Do not 2dd distilled water to the
storsgo battery at any time except immediately after tha engine has been started for a run of
sufficient duration to briog up the charge in the battery. The addition of distilled water tem-
P ily red: the charge and the battery s lable to freeze at low temperatures if this
cauticn is ignored.

Keep the fuel lne filtera clean. Any water accumulated in same may freeze and
cause troudble,

Do not use an open flame heatlng device In the eagine compartmest. 1f hard starting
is encountered flll the water jacket spaces with warm water and heat the lubricating oll.

STORAGE SUGGESTIONS
If the engine is to bo idle for a long period, the following suzgestions may be helpful:

Draia both the fresh and raw wator systems aas outlined in the instructiozs under the
heading of "Cold Weather Oporation,” Run the engine for & few minutes without cooling vater
to warm up and dry out. Replace all dratas, close all drain cocks snd valves. Remove the
spark plugs ang through the holea provided admit to each eylinder about cne halt cup of heavy
ezgine ofl. Rotate the engine slowly by hand at least two full revolutiona to dtsiritarts the
heavy oil on the cylioder walls. Replace the spark plugs 0o that foreign matter cannot eater
the cylinders during lay-up period,

Remove the carburctors asd the electrical equipment which should be stored In a
warm dry place. Cover the ends of all electrical ecnnections with a coat of vaseline to prevent



oxidation, Tag the wires ac that they can be, replaced in the proper order without diffi-
culty.

Disconnoct the exhaust lne from the exhaust manifold and tnstall a blapgk gsket.
Thia will reduce the accumulation of cozdensation in the exhaust ports and help to keep the
exhaust valve Irom sticking. Reconnect the exhaust line 50 that the blank gasket 1s tight.
" THIS GASKET MUST BE REMOVED BEFORE THE ENGWE 18 STARTED.

A light coating of oil or greaso should be applied to the external surfaces of the
engine to prevent corrosion.

Do not remove the oil {n the anglne whan it 15 laid up. Tbe best time to make this
change is just before the engine 13 put back into service. This will permit not only the re-
moval of the old oil but also of any condensation that may accumulate in the crankcas? dur-
ing the storage period. This cil may be withdrawn by an oil gun or pump after reraoving
cne of the after crankcase side plates.

Provide as much ventilatioa aa possible to the wmotor compartment during the storage
period. This will assist In ducing the wWJation of -] tion,

The storage battery must be removed and kept in a place where the conditicn may
be checked at frequent intervala and recharged when required. A storage battery will {reeze
at low temperature If it is not kept well charged.



DATA SHEET

KERMATH SEA RAIDER SPECIAL

CYLINDERS
BORE

STROKE

DISPLACEMENT (cu. In.)

PIRING ORDER-STANDARD ROTATION

FIRING ORDER-OPPOSITE ROTATION

TAPPET CLEARANCE-EXHAUST (HOT MOTOR)
TAPPET CLEARANCE-INLET  (HOT MOTOR)
OIL PRESSURE (WEEN OIL IS HOT) AT W.OT.
OIL FOR WATER TEMPERATURE ABOVE 45° F
OIL FOR WATER TEMPERATURE BELOW 45° F
SPARK PLUG-RADIO SHIELDED TYPE

SPARK PLUG GAP-RADIO SHIELDED PLUG
DISTRIBUTOR POINT GAP

INLET VALVE OPENS

EXHAUST VALVE CLOSES
CARBURETOR-ZENITR {¢ UNITS)

REVERSE GEAR DIRECT DRIVE ENGINES
ELECTRICAL EQUIPMENT

12
B-1/4
]

1588

1-4-0-8-5-2-11-10-3-8-7-13
1-8-7-10-3-2-11-8-5-4-9-12

Champlon

028

018

400

SAE 40

SAE 30

628

+030-,035¢
.018-,020%
T.D.C.

89A.T.C.
29M4A-18(3-770)
10.05 (1]

12 Volt Standard



KERMATH S8EA RAIDER SPECIAL

CLEARANCE

Accesgory Drive
Drive Shaft Kod Play. . .. .
Drive Shaft Dlameteleal, . . .
Drive Gear Back Lash . « s e v v ceo oo csse

.
.

se e e

.
.
.
.
.
.

Camabalt
Camshalt Gear-Back Lash . + « v v 00 v oo

Camshaft End PIAY ¢ ¢ s s v cavesoavsonnnnne
Camsahalt Rear Bearing-Diametrical. o o« o oo o0 e v e

Inter, Bearing ¢ + + c o e v vt oo

Center Bearltge + c o ¢ s c e s v v ceev o
Camshaft Pinton Back Lash ¢ o c ccocscssoonne
Camsbait Drive Shaft Bod Play o o v v e v o oo e e
Camshalt Drive Shaft Diametrical o ¢ « ¢ e a0 s 0t oo

Connecting Rod
Crapk Pln Bearlng-Bod PU¥e s c 1o ov oo ens e
Crank Pln Dearing-Diametrical o o o e v oo e v oo
Link RodBod Plaf o e e o e evecovccasessnnan
Link Rod-DIametrlcale ¢ o ¢ o s v o s v v oscsenoce
Platon Pin Bushing-DIametrical o o ¢ « s o s 00 s 0000
Crankshalt

Main Bearing Front #M1-BEnd Play . . . o . ccon e e
Malp Boarlog Intor. #3-End Plag . o e e ccco v v
Majn Bearing later. #3-Exd Play ¢ o ¢ v v v 0o e v e
Malp Bearlog Ceater#4-Eod PlAy < - . v sveevene
Maln Bearing Intor. #6-End Play o v e c s oo v o e
Maln Bearing Iater, #0-End Play « c o v e nc s
Maln Beariog Rear #7-End PIAY « o e v s erev o v v v
Matn tng Proct #1-Diametrlcal . ¢ o v e v v 00 v 0
Mato Bearing Ioter, #3-DL teal . )
Mals Bearing loter. #3-Di fcal . sesevae s
Maln Bearipg Ceaterdd-Diametrical . o o v e v 00 o v o
Matn Bearing later, #5-Dlametrical. . . ... o0 c v

Mato riog Inter. #8-Dismetrical e o o v oo v v v 00 s

Maln ing Rear #7-Diametrical o + o o v v 0 o 00 oo

Crankahaft Gear Back Lash .. ..oveccvvccenn
© gtandard Dearlag Shells will provido amplo end
ond play is malntaiced at rear bearing. R
Dlstribater :

Deiven Gear-Back Lash. . s c ¢ e e s coses v oo
Rreakar Patnytwa . .-l ... ......... PRP

004
001
004

004
005
001
4001
001
001
004
004
0018

/008
003
004
001
0L

e 0 80

008

0025
0028
0028
0028
0028
0026

0038
L4

008
0018
008

008
008
.008

4008
004
004
0018
0018

Minimum Maxdouin Repalr

010
004
010

013
008
008
004
004

009
010

if they ave centered od.uma.

012
Aditum.



KERMATH SEA RAIDER SPECIAL

CLEARANCE

Qi Puzmp

Drive Ghaft-End Play . « o v v o ¢ 00 o o
Drive Shalt-Diametrical « .« v oo v v
Presaure Pump Gear-Back Lash ..., .
Pressure Pump Gear-Bad Play . .. ..
Prezgure Pump Gear-Diametrical. . . .
Pressure Pump ldler Bushing-Dlametrical
Scavenger Pump Gear-Back Lash . . ...
Scavenger Pump Gear-End Play. ... . .
Scavenger Pump Gear-Dlametrical .. . .
Scavenger Pump [dler Bushing-Dlametrical.

Plston

Platon Skirt-Room Temperature . . .
Plston Plo In Bosses . . . o ... ..
Plston Ring-Side In Groove #1 (top).
Plston Ring-8ide ln Groove 92. . , ,

Piston Ring-Side o Groove 43. .
Pistoa Ring-3lde \n Groove #4. .
Plstoo RINE Gap. « ¢ ¢ s ¢ 0 0 s o
Plston Pin Bushing-Diamsetrical .

.

Minlmum Maxdmum

.003
001
.001

*Clearanco .0001 Looss to 0006 tight, ummmmem

Valva

Valve Tappot-Intake-Between Tappet & Valve Stem
Valve Tappet-Exh.-Between Tappet & Valve Stem .

Valve Stom In Gulde-lotake. . . .
Valve Stem in Guide-Exbgust . .
Tappot Ln Buablog. « » o o o v o

Vee Shaft
Vee Daft-Back Lash o « c o6 &
Vee Shalt-End Play . o e ¢ ¢ o 4 o
Vee thaft-Buahing-Diamstrical. .

Vertical Shaft
Vertica) Shaft-Back lash, . ...
VMM-WPM’-.....

M Bushing-pL
Vertica] Shatt Gur—vwct

.

Vertical Sheft Gear-Upper-Back Lash.
Vertical Ghaft Gear-Upper-Bpd Plag o . o . 4 &
Vertical haft Gear-Upper Busding-Diamotrical

Water Pump Drivo Shaft « (Fresh Walsr Pump)
Watsr Pump Drive Suuft-Back Lash, . . . ...
Water Pump Drive Shaft-End Play . . « oo s
Water PumyDrive Shatl Bushings-Diametrical

.

.

.

Repalr
0025 ,005
0015 008
007 010
0026 .005
0015 004
0018 004
007 011
0038 003
0018 004
0016 004
000 012
.0008T* 004
008 009
006 007
006,007
008 007
080 .0l0
002,004
018 Adjust
025 Adjust
006 .008
008 008
L0018 003
008 7 010
008 013
0028 004
008 010
000 .010
0038 004
008 010
.08 .010
0025 004
008 010
000 .010
0018 004



ELECTRICAL EQUIPMENT DATA

Delco-Remy Starter Motor - 12 Volt
Brush Teaslon 38-40 oz.
No Laad Test - Amps 5 Volts 8.0
Lock Torque Test - Amps 500 Volta 3.8
Relco-Remy Disteibytor - 12 Volt.
Cam Angle 37°
Start Advance 430 rpm engine Maximum advance
Degree 2.0 engine Degree
RDelco-Remy Coll - 12 Volt

12 volt cofl requires oo external resister.

R.P.M. (Bendix) 2000
Torque Pt. lIbs. {5

4

1400 rpm engine
217.0 engine

Cold Output $5 Amperes Fleld Current 1.54-1.71 Amperes at 12 volts

Volta
Maximum cutput when hot controlled by current regulator,

13 at 950 Generator rpm (approx.)

Cut-out Relay
Relay Alr Gap .057*
Relay Point Gap 020"
Polots close (Hot) 13,5 Volta

Current Regulator Unit

Polat Gap o15¢
Current Setting §5 Amperes

Voltage Regulator Unit

(Open Circut 1359 -145° P.)
Polnt Gap 018%
Voltage Setting 15.5 Volts

NOTE: Generators and regulatora may be changed at any time, Always maks suttings to

conform with data stamped oa unit pame plate.



IGNITION SYSTEM

The igniYon system consiste of the ignition coll, condszser, distributor elrcuit break-
er unit, low and high tenslon wiriug, spark plugs and a source of electrical energy (battery).

There are two distinct circuits in the Ignition system. The primary low-teasion cir-
cult iocludes the asurce of electrical energy, the distributor contact polints and circult bresk-
er mechapnlsm, the primary of the coll, and the d The dary kigh-t cir-
cult includes the secondary of the ignition coil, the rotor aod distributor cap, the high tension
wirlog and spark plugs.

The primary circult !s completed apd broken by the circuit breaker mechanism of
tho distributor, causing a bulldup and collapse of a magnstic field ln the Igniticn coll. The
condenser Is coonected across the distributor coatact polpta. When the polats open, the cur-
rent hap a tendency to continue lo flow and lorm an arc across the poists. The condensar
reduces thlas arc becayse it has the ability or eapaclty to store up electrical snergy. The

current llows into and charges the condenser. The action » quick reduction
of the current flow In the primary circalt. This resulls in & rapld collapse of the coll mag-
setic field which induces the high voltage In the POAITION OF WRILKTG
secondary. This bhigh voltage is distributed to the BLFORE ADVAMLE 4%

correct cylinder spark plug wire by means of the Fil ADVALCE PoviTion.

rotor apd distributor cap.

Ceplrifural Sgark Advance: Where speed varia-
tions are encomlcud. 3 cpark advacce based on
engine speed (s nuunrf to develop maximum
power. llustration showa the centrifugal spark
contre]l mechanism which operates to sscure this
sdvance. As englae speed Increases, the weights
gradually throw out and rolate the cam to give tha  we\aKT sPawig
desired spark sdvasce for the speed at which tde W'-‘ﬁ“;;“"{::‘!
engine is rupaicg. CAM BEREMBLY
CENTRIFUGAL SPARK ADVANCE
*  MECHANISM
Distritutor Cap

Distributor caps are made of a phenol resin compound. Repeated surface molsture
from condessation may cause leakage acroas the cap suriace, which if coaotiued will causs
permanent fallure due to formation of a carboniced path on the swrface of the material. Where
exceasive condensation is oncoustered in servicé it s important that a periodic taspection be
made of the distributor cap. The cap should be wiped dry. If the carboalzed path is in evi-
dence the cap should be replaced. Coatact rings oa the inner side of the distributor cap sbould
alzo be {nspected und if it is dirty, the ﬂulwbrurduuy wiped clean. A mild mstal
Polisb may de folnd useful for cleasing this contact Toe carbos brush oo the wdarside
of the center torminal of the distributor cap should be cted to make certalp that same is

free and the pricg Yvely.
9




Distributor Rotor

The rotor Is that part of the distributor which selects the eircult of the spurk pluge
to be {ired, The rotor I indexed by 2 narrow and a wide flat spot on the cam to waich it io
mounted, The rotor chould be removed after 50 hours of operation so that & few drops of
light engine ol may be applied to the felt wick found beneath It. The felt wick provides lub-
ricalicn for the automatle cam advance. The brush located on one arm of the rotor should
be Inspected to make sure that the spring 15 lively and the brush la clean. The metal tongues
of the rotor should be inspected to see Uf they are badly pitted by arcing between tie tongue
of the rotor and the segment of the distributor cap. Rotors with tongues badly burned should
be replaced.

Distributor Breaker Points

The circult breaker mechanism conslsts of a stationary polot mounted cn the contact
support and a movable lever arm which is actuated by the cam of the distributor. To adjust
tho breaker point gap the clamp serew of the contact support 18 released. The adjusting screw
15 then turned to a position that will create the correct breaker point gap. The clamp screw
should thea be tightened.

The correct breaker point gap 1s .018-.020. This setting should ba checkeld each 50
houra of operation, Breakor polats must be synchronized so that both sets of spark plugs
fire at the same time.

Ignition Colls

Colls do pot require special service other than to keep all-terminals and coraections
clean and tight. The Delco Remy coils used on the Sea Ralder Speclal are of 12 volt heavy
duaty type and require £o external resistors when used on 2 12 volt electrical system. In case
of faflure In the windiag coll it 1@ pecesaary to replace the coll unit,

It the cofl does not fire at the engine catisfactorily, the unit should be crecked. . A
lamp sod test polnts may be used to check open and grounded circults, The test {57 an open
primary circuit i to bold the test point on each of the low tension terminals of tho cofl. If
the lamp falls to light tho primary circuit 1s open. To check the secondary cireult, hold one
test point at the high tenston termical and the cther at one of the low tension terminals. The
lamp will not light, but tiny sparks will be noticed at the polnt of contact if tho winding is
not open. 1f the winding is open no spark will occur.

To check for grounded wiring hold one test poict on the metal container aod touch the
other points to the high and low tension terminals. I the lamp lights or tiny sparka appesr
at the point of contact, the internal wires are grounded,



IGNITION TIMING

Tue Delco-Remy dlstributor 1a set to fire at a polnt 3% before top center as measured
acrosa the face of the fiywheel. To check this setting or to locate for timing a distributor
first remove ono oct of spark plugs from each cylinder benk 'o facilitate turming. Turns the

ongine io the tica of operation until #1 cylizder 18 coming up on the compression stroke
and the top dead center mark ls 3" from alignment with the center marking running acroas
the upper capacrew hole In the Dywheel housing. Note {llustrati .

The distributor breaker points should open ag the Nywheel comes up to this setting.

A very alight varlation of this solting may be belpful but any further adjustment should
be mads only at wide open throttle when the distributor head may be rotated slightly after re-
lteving the clamp matntalning the distributor in position. A varlaticn in fuels may roquire a
slight change lo the distribytor setting. If pingiog 15 encountered back off the distributor just
far esough to elimlnate the pinging.

3 o |

1N\9, &\
P s SN -4 QO /A
STANDARD ROTATIO OPPOSITE ROTATION
lioing 0ooe@ 1-4-0-825°2-11'/03 5% T-12 LTOING DR 1-6°7°/0°3-21°8:5°49/%

FLYWHREL 8ETTING
IGNITION TIMING
el



Conditions Affecting Igniticn Performance

If the ignition performance is unmatiafactory the following conditions should be kept
in mind as possible causes of poor Igniticn performance.

1, Resistance in Ignition Circuit - Energy In lost whenever resistance is present In
& circult, Oxidized, burned or pitted dlsmbutor coatacts offer resistance to the flow of pri-
mary current. A loose connection or poor ground at the condezser will cause faulty ignition.
Connections at the battery, ammster, cofl, and ignition switch should be clean and tight.

2. Poor Insulation in Ignition Circuit - Insulation in the ignition circuit is very lm-
portant. The kigh tension cables should not be ofl soaked, cracked, or punctured, as this will
result 1o a loss of electrical energy. Emmine the distributor cap for burned paths, 1If any
of these conditions arc prescat, the cables or distridutor cap sbould be replaced.

3. Incorrect Spark Plug Cap Setting - Spark plugs should be clcaned when dirty, ofl,
and carbon are present. Replace the plugs if the points are badly burned or the poreelain
cracked. The size of the gap largely determines the voltage Tequired to fire the plug.  Set
the plug gaps carefully.

Champton #62-85 Radlo Shielded Gap .030"-.03§%

4. Battery - The battery la an important factor aince it must furnish current to the
cofl to create the magnetic field. Be sure it {s charged and In good coedition. The battery
termirals should aot be dirty, loose, or corroded, because these conditions cause resistance
in the cirecuit.

8. Areing Across Coil Terminals - When excessive moisture collects on the coil top,
tho high tension spark will sometimes arc across to the low tenslon terminals causingthe
eogine to miss. Contioued arcing will eventually burn 2 path across the surface of the coll

top.

6. Centrifugal Advance - Improper operation of the ceoirifogal advance of the dis-
tributor will result in sluggishness of the engine or excessive pinging. The distridutor should
be checked if no other cause is located,

.
1. Defective Condenser - Usually indicated by reduction in dreaker point life.

Distributor Malntenance

Lubrication: Distributors with grease cups should have the grease cups kept filled with me-
dium cap groase and turned down one turn every 50 hours. Apply a amall amount of petrola-
tum to the breaker cam when lubricating the distributor. Avold excessive lubrication.

Inspection: The cap should be removed at regular [itervals (each 100 boura) and the coutact

polnts, rotor, and cap examined. Chack the high tenslon wiring for frayed or damaged Insula-

tion and poor connections at the cap or plugs. Repl 14 Y. Repl the cap or
02




mru:hum'm:hdermmm,t#ﬂmﬂn‘ﬁt sscopdary current ls leak-
1og. to ground over the surface of the material,

Contact Polata: That are burned or pitted. should be replaced or dressed with a clean, fine-
eut contact file. The file should not be used oo other' metals and shiould not be-allewsd to be-
‘come greagy or dirty. NRVER USE.EMERY.CLOTH TO CLEAN CONTACT PGINTS. Contact
guriaces, after cooalderable use, may cot appsar bright apd smootb, but this is not cecessar-
1ly. an indjcation that they are oot functioning satisfactorily.

Oxtdized Contagt Polnfa: May be capsed by high resiatanca or loase :coanecticas in the cone
deager clrcult, oid or foreign materials oa.the contact eurfaces, or most commoaly, high vol-
tages. Cbeck for these conditlons where: burned coaikets are experienced.

The Coclact Polof Opentpg: Must be det to thé proper limits (.018-,020%). Potnts sot too.
‘closely may tend to burn azd pit rapidly. Points ‘with excesslve separation tsad to cause s
weak spark st bigh speod. Tho polot opening: of new. points may be checksd with a feslar
gauge. Exsrcise caution 4o checking used costact points with feeler, gauge unless drossed to
parallol surfaces. Dial indicator affords beiter chocking on used potnta,

ADVANCE
WEIGHTS

TERMINAL BREAKER .LEVER

'DELCO-REMY TYPE: DISTRIBUTOR,



JILER TERMINAL

) OVER BAND. OILER

) FIELD COML ' REASE PLUG

REDUCTION GEARS
RIVE HOUSING
) L ' OILER

BRUSH OMMUTATOR : sttt |

CO?;WUTATOR

END FRAME ; BENDX BRONZE

STARTING MOTOR - 12 VOLT
DELCO MODELS $43 & 672



e

STARTING MOTQR

The starting motor rotates the engice when the circult between the starting motor and
the storage battery is completed at the magustic slarting switch. The starting aod continued
runping of the engine after the cranking 13 dependent upon the proper functioning of cther en-
gine mrta. The starting motor supplied on the Sea Ralder Spectal engine i3 of a reduction gear
type and engagement with the ring gear on the flywheel i3 through the medium of a Bendix
drive.

The Bendix drive 1s a device which coanects the starting motor to the ring gear on
the flywheel 50 that the motor may tura the engine. The pinion of the Bendix drive is mounted
on a threaded sleeve In such a manner that when the armature revolves the threaded sleeve
turns the pinlon moving it endwise and causing it to mesh with the teeth oo the flywheel ring
gear and thereby king the engl As soon as the engine runs under its own power, the
fiywheel ring gear drives the Bendix pinion at a higher rate of speed than the threaded sleeve
1a revolving. This causes the gear to be turned in the opposite direction on the threaded or

spiral shaft 50 the pinign automatically demeshes.

Delco-Remy Model 542 8tandard Rotation Ergine (13 Volg
Delco-Remy Model 872 Opposite Rotation Ergine (12 Volt)

The above Delco-Remy Starting Motors are 12 veolt, six pole, gear reduction unite
with the armature supported on a ball bearing in the commutator end and a bushing in the
gear housing, and bushizgs in both the gear housing and drive houging supports the drive shaft.
‘The motors use a Bendix type drive, Specificaticas are as follows:

Model 542 clockwise rotation viewing drive end.

Model 573 counter clockwise rotation viewing drive end,

Brush spring tenslon 38-40 ounces

No load - 2000 r.p.m. at 7S amperes al 8.0 volta

Lock torgue test - 45 f&t. Ibs, at 500 amperes at 3.5 volta.



STARTING MOTOR MAINTENANCE

Starticg motor maiotenance may de divided into two sectlons, oormal matatecance re-
quired tv assure continued normal cperation of the starting motor, and the checks and remirs
of an iuoperative startlog motor.

Normal Maistesane

Lubrication: Every 500 hours of operal add 6-10 drops light engine oil to the visible hisge
cap ollers, remove grease plug in gear housing acd add graphite grease |t needed. During the
disassembly-assembly procedure, add a few dropa of light engine oll on the bushings, clean
aod repack the ball bearing, clean and repack the gear housing with ‘graphite grease.

Innpection: ‘The cover band should be removed and the t and brushes ! cted at
regular intorvala. If the commutatds is dirty, it may b cleaned with #00 aandpper. Blow
out dust. Never use emery cloth to clean tor, If the 18 rough, out of

round, or has high mica, it should be turned down on a latke. Worn brushes should be.re-
laced. If brushes wear rapidly, chock for excessive brush spring tension ard roughness or
h!sh mica on the commutator,

Siarting Motor Disassembly

At regular Intervals, the actual time depending on the type of operation, the itaﬂlng
motor should be dlsassembled for a thorough cleaning and inapection of all mrts, The Bendix |
drive should be cleaned and oiled with a penetrating oll, as any accumulation of dirt on the
drive might restrict the free movement of the pinion, Put a few drops of light engine of} in
each bearing, Never clean the armature or flelds In any degreasing tank, or with grease dis-
solving materials, since these may damage the lnsulation. The commutator should be trued
in a lathe, {f necessary, and the mica undercut. Replace all mrts showing excessive wear.
All wiring end connections should be checked. Rosin flux should be used in making soldered
connactions, Actd flux must never be used on electrical th Subhmit bled
unit to NO-LOAD and LOCK tests.

Checking of Improperly Operating Starting Motor

If the startng motor does not develop rated torque and cranks the engine slowly or
not at all, check the battery, battery terminals and connections, and battery cables. Corroded,
frayed, or brol bles should be roplaced and loose or dirty connections corrected. The
startioge motor switch should be checked for burned contacta and the switch contacts cleaned
or replaced, If necessary. If all these are ln order, remove the cover band of the otarting
motor and inspect the brushes and , he brushea should form good contact with
the eorrect brush spring tension. A dirty commutator can be cleaned with 2 strip of No. 00
sandpaper held against the commautator with a piece of wood while the starting motor operates.
NEVER USE EMERY CLOTH TO CLEAN COMMUTATOR. If the comamutator ls very dirty,
or burned, or has high mica, remove the armature {rom the starungy motor and take a cut
off the commuutor In a Iathe, Undercut the mica, If there are burned bars on the commuta-




tor, It may indicate cpen clrculted armature colls which will prcv&nt proper crankicg, Inspect
the goldered connections at the commutator riserbars. As open armature will show excessive
arcing at the commutator bar which ls open, on the no-load test. Remair may sometimea be
made if the commutator s not t0o badly burned by resoldering leads In riser bars (with flux),
turning down commutator and undercutting mica. Tight or dirty bearings will reduce armature
spoed or prevent the armature from tarning. A worn bearing, bent shaft, or loose field pole
screws will allow the armature to drag on the pole shoes, causicg alow speed or fallure of
the armature to revolve. Check for these conditicns. If the brushes, brush spring tension,
and commutator appear In good conditton, the battery and external elreult found satistactory,
and the starting motor stlll does not operate correctly, it will be necessary to remove the
starting motor for ro-load and torque checks, *

No Load Test

Conzect the startiog motor in serles with a battery of the specified voltage and an
ammeter camble of readicg several hundred amperes. If an r.p.m, lodicator {a available,
regd the armature r.p.m. in addition to the ocurrest draw.

Torque Test

It is advimable to use Ia the clrcuit a high current carrying variable resistance, so
that the specified voltage at the motor can be cbtained, A small variation of the voltage will
produce a marked-difference In the torque davoloped,

Inferpreting the Results of No Load and Torque Tests

1. Rated torquo, current draw, and no load speed [ndicates zormal eondition of start-
ing motor. ’
2. Low free speed and high current draw with low developed torque may result from:
a. Tight, dirty, or worn bearings, bent armature shaft or loose fleld pole serews
which would allow the armature to drag. .
b. Shorted ar e. Check further on growler,
€. A grounded armature or field. Check by ralsing the grounded brushes and insul-
ating them from the commutator with cardboard 20d then checking with a test
lamp betwesn the insulated terminal and the frame. If test lamp lights, ralse
other brushes {rom commutator separately to determine whether it i3 the flelds
or armat that Is g ded.
3. Failure to operate with high current draw:
a. A direct ground In the switch, terminal, or fields,
b. Prozen shaft bearings which prevent the armature from turning.
4. Fatlure to cperate with no curreat draw:
a. Open fleld circuit. Inspect internal connections and trace circait with a test lamp,

b, Open ar colls, Inspect the commutator for badly burned bars. Ruaning
free speed, an open armature will ahow oxcessive arcing at the commutator bar
which is open,
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or olher causes-which would preveat good casfact between thy: brushes aed com-
‘s, Abjopes eld winding, Ralse apd lasulate uagrosaded, brushes from comimilator
aod Ghack; fislds with test Tamp. .
b. Highlaternal resisiznce due: to. poor .connecticns, defoctive: leads, disty commu-
tator; und, usen listed under 4 ¢ above, o ]
8, Buh {rwe apescl with Jow dovsloped forqua god high carrsat dow indlcates: shorled
‘iclds. 'There i no:easyway to detact shorted fielda, sinca- the field resistance. 1s
lready Jow. If.shorted elda are suspected, replace. the fields and check for lm-

provament in performance.

" _MOUNTING ' __GOIL WINDING AETURN
/™ BRAGKEY ‘TERMINALS SPRING.
O
. S0 L
® b <] --n-d:uwzl—,{’-!?|
N ’Q//////‘SK/%[//AL, ’
® _ |
/ a3 CONTACT ~/ [
SWITOH
TTERMINALS COIL WINDING PLUNGER

SECTIONAL VIEW OF MAGNETIC SWITCH:
(13 VOLT TYPE)
MODEL 1432
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" STARTING SWITCE - MAGNETIC

Since 1t {o of prime importance to keep the starting motor circuit as short as possible
a magnetic type starting switch 1s furniahed with each engine to be incorporated In the etart-
ing motor circult, The magnstic atarter awitch can be operated from a remote station through
& medium of a primary elreuit of low amperage., In this typo of hook-up the push button
primary costrol owitch, when closed, the to flow through the coll winding of
the magnatic switch. The maguetic attraction of the winding on the switeh plunger closes
the contacts across the maln battory terminals, thus completing tho battery to starting motor
elrcuit, This arrangement permits the use of ehort heavy cables of low b
the battery and the starting motor, assuring that maximum battery voltzge !s availgble for
starting purposes.

The Model 14323 Magnetic Switch to a 12 volt, electrically oparated, starting motor
switch. The specifications are as follows:

Maximum voitage to close awitch . . . 7.0 wolts
Current draw . ., , 12,0-13.0 Amperes at 12 volts,

Thio unit requires very little l(lenuo.n other than to periodically tnspact all termizal copsec-
tions to make sure that they are clean and tight,

As indicated on the sectfonal drawing, the push rod cover can bo removed and the
main controls can be closed by pressing the plunger down by hand. This foature can be
used for checking the main battery circuita or as emergency start may bo made from the
engine room o event of fatlure of the push button coutrel switch or associated wiring.
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THE GENERATOR

The generator is a device which transforms mechanteal energy into electrical ensrgy.
It coaststs of field coflas which create a magnetic field as current flows through them, sn arma-
ture which as it revolves carries conductors through the magunetic field and the commutator
and brushes to carry off the current induced In the conductors. R is the function of the gen-
erator to supply current for electrical needs of the engine and to keep the storage battery ia
a chargod condition, ‘

A shunt type generator Is used on the Sea Ratder Special engine. This type generator
reaches maximum output at a relatively low rpm and the output does not taper off at high speed,
The output of the generator is controlled entirely by external regulation through the medium of
a control box supplied as mrt of the engine equipment,

The operator should ascertain the voltage of the electrical equipment oo any particu-
lar engine. This Information will be found stamped on the name plate of the generator.

The generator 18 driven by two vee belts. The vee belts should be kept tn proper ad-
justment. Do nct malntain the belt or belta rigidly tight. The belt or belts should have a
movement of approximately 3/4® acroas the belt travel at a point which is about half way be-
tween the drive aed driven pulley. In those installations where two Delts are used to drive
the generator it ahculd be remembered that in the event it 1a necessary to renew a generator
drive belt, both belts should be renewed at the mame time, Beita are avallable o tmatched
mirs and if poasible should be 30 ordered and installed.

Delco-Remy Model 1117304 Standard Rotation Englne
Delco-Remy Model 1117305 Oppoaite Rotation Engine

. The above Delco-Remy Generators are of the 8-9/16 inch diareter frame oige, in-
sulated, ventilated, four brush, shunt unit, with an automotive carburetor type air cleaner
toounted on the commutator ond frame, with ball bearings in both the drive end acd commue
tator end, Specifications are as follows:

Model 1117304 Counterclockwise rotation viewing drive end for standard rotation engine.
Model 1117308 Clockwise rotation viewing drive end for opposite rotation engine.
85 amperes at 19 volts at 950 r.p.m. - cold output (cutput controlled by ecurrent regue
lator setting),
Brush apring tenslon 24-28 ounces,
Fleld current at 12 volta - 1,54-1.71 amperes.
~
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Generator Maintenance

Most generalor dilficulties can be traced to cap in the ext 1 it. The ex-
teraal cireuit must be kept in good condition, Defective wiring, loose or corroded connections
In the elrcuit will cause high voltage which will result in injury to the generator and regulator
and will as well shorten the life of the storage batlery and the distributor points.

Genoral tmaintenance may be divided into two sectiens, nermal majntenance required
lo assyre conlinued operation of the g tor and the

aler.

Normal Generator Maintenance

Lubrisajjep: The two grease cups should be turned down one turn every 100 hours of opera-

tion, Nevgr ojl commuialor.

: The cover band should be re d and the tator and brushes Inspecled at
regular intervals. If the commutalor is dirty, it may be cleaned with No. 00 sandmper. Blow
oyt dust. NEVER USE EMERY CLOTH TO CLEAN COMMUTATOR. If the commutator is
rough, out of round, or has high mica, It should be turncd down in a lathe and the mica ynder-
cul.

Worn brushes should be replaced. Thoy can be scaled witha brush seating stone.

The brush scating stone Is an abrasive material which, hold against the revolving
commutator, carries under and seats the brushes in a few seconds. Blow out the dust. NEVER
USE EMERY CLOTH. Check brush spring tension which should be approximately 25 ounces.

Generator Disassembly

Al regular intervals, depending on the type of aperation, the generator should be dis-
agsombled for a thorough cleaning and inspection of all parts. Never clean the armature or
field In gny degreasing tank, or grease dissolving malerials, since these may damage insula-

tion. The ball bearings should be cl d and repacked with a gooud grade of lall bearing
grease. The commutator should be trued in a lalhe and the miica undercut M necessary. All
wirlng and lons should be checked. Rosin flux should be used in making all soldered

connections. Actd flux solder must acver be used on clectrical connections.
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Checking Incperative Generator

Beveral conditions may require removal of the gemerator from the engice snd further
checking of the generstor aa follows:
1. No output
2. Unsteady or low cutput
3. Excesaive output
4. Noloy generator

1. No output,

2, Check with test polnts from one of the main terminals to frame. Light should
not light, If it does, the generator is grounded. Raise drushes from commu-
tator and check fiold, commutator and the terminals separately to locate grouad.

b. It tor 13 not g ded, check fleld for open eclrcuit.

€. If the field is not open, check for shorted field, Field draw at 12 volta should
be 1.54-1.71 amperes. Excessive current draw indicates shorted field.

d. If trouble haa oot yet been located, remove armature and chock on growler for
short eircult,

2. Unsteady or Low Output.

Check as follows:

a. Check drive belt tension.

B. Check brush spring tension and brushes for sticking,

¢. Inspect commutator for roughnesa, grease and dirt, dirt in slots, bigh mies, out
of round, buroed tara, With any of these conditions, the commutator must be
turned down In a lathe and mica undercct. In sdditton, with burned bars which
indicate open circult, the open circult condition must be eliminated or the arma-
ture replaced,

Excessive Output,

Excessive output usually results from a high regulator setting, bhowever, it may also

be caused by a ahort betwesn the chargieg and fleld clrcuits. The locatton-of the

defect can be dotermined by removing the “FIELD" terminal of tho regulator, If

the output drops off, the short is In the regulator and it should be inspected for

burned loads, windings or charred tnsulation. If the cutpad continues high with the

“FIELD" terminal wire removed, the short is In the writlog or the generator,

Remove the wire from the “F” terminal of the generator. I the output sow drops

off, the short is in the wiriag; f it continues high, the geserator is at-fault.

4. Nolasy Generator,

Noloy generator may be caused by loose mountlsg or drive pulley, or worn, dry,

or dirty bearings, or improperly secated brushes, Brushes may be seated by using

brush seating stone, referred to above. :

.
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lostallation Cantlom

m:mmmrunmmdmmaomu,oxnwum.wmuuun
disconnected and then Tecannected to the gecarutor, the gensrator must be carrectly polarized,
bafars siactiog the engine. To polarice the gesormtor, discoonect the lesd at the “P° tarsical
of the reguiater apd momeztarily connect this laad to the “BAT’ tarminal of tha regulator.
mawou-nwmmdmmmnwwmwwnm which correctly
m-m;mnm-muupaumumuuwmm.
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Current acd Valtags Regulator.

The currect and voltage regulator box is sometimas referred to as the voltage regu-
lator or as an apparatus box. Enclosed in the bousieg a cut-out relay, a vibrating woltage
segulator uait and a vibrating current regulator unit are mounted on the same base for cone
ventence,

This control box exercises its Influence on the output of the generator. It is always
used with a shunt type generator. The asbunt generstor may have oither two or four bruskes
depending oo its rated output and the pumber of poles but it does not have a "third broah”
The control box governs the generator output and upea its proper functioning depends the
source of electrical energy required for the engiae !gnition and startisg system. The opera-
tor abould acquire a thorough understanding of the functions of the regulator unit as an aid {a
tracicg posaibl wtmmummcmnmummamnﬂ.uuymmw
that most regulator unit trouble can be traced to outside sources. As a first offender the
blame can be placed on Joose or dirty connections. As a second offendsr wire of inzdoquate
capacity In the circult from the generator to the regulator then to the ammeter and back to
the storage battery. Wire of insdequate capacity in this circuit sets up & resistance slmue
lating the effect of a fully charged battery sad thereby causes a reducticn ia the geonerstor
output. The battery may be starved but the regulator unit does not have a chance to learn of
this condition because of the resistasce setup by wire of inadequate capacity, [mproper con=
nections can cause trouble so It is well to consult a wiring diagram if there ta any question
20 to where a particular lead should be connected. Care should be ezercised In making con-
necticns to avoid changing the polarity, The breaker points are arrasged to provide a long
life when eonnections are made to agree with the polarity stamped on the mame plate attached
to the cover of the regulator box. I this polarity is reversed, the life of the polsts is rapidly
reduced. .

The control box should be mounted In vertical plane with the terminais at the lower
edge. Mounting of the control box on the engine is not recommended. It !s battar praclice
to mount the control box on a bulk head as pear to the englne as is couventent so that the
cireult wires may be kept as short as posafble. The unit should be kept free of vibration lo=
sofar ag it i3 possible to do s0. A rudbber ket 18 provided b the houaing and the
base of tho control box, 1t the cover s removed for the purpose of adjusting or renewing
parts be sure that the gasket is in place when the cover ia relnstalled.

WREN MAKING CHECKS ON THE SETTING OF THE UNITS WITHIN THE CONTROL
BOX, THE CONTROL BOX MUST BE SET UP IN THE SAME POSITION AS IT IS MOUNTED
DURING OPERATION. :
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Voltage Coatra) Box Higts,

1, Donck tampsr: with cantroh, bax adfustments wmiess you koow whst you ase; dolog aad bayy
9 Tha-aut-peat, palay, makes. aad hresks, the cirvuit, between the gscarmicr-sod the buitery,
3. Tha'voltage. Tegulitor ‘mit limits the. voltage of the circult Wins protacting the electrical
€. 'The carrest regulator mnit is & protecticn to the generaior preveatiog {t-trom exceeding
its maximuns ratad oulput,
5 A regulator cannot increase ‘e generator oxiput beyoad the generstor's designed maximom.
6. Mewer ast the curzect regulsfor above the specified’ oulput of the gezsreior.
'l‘ummum‘mmmmmmm cut-out relay setiiog.-
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8. Voltage regylator and cut-out relay settings must be made at operating temperatures (135-
145° X.).

9. Never close tho cut-out relay contacts by hand while the unit is hooked up in circult.
10. Never file contact points while the uynit is hooked up in circuit.

11. AUl checks and settings of the unit must be made with the regulator box In the same plane
as it 1s mounted in oporation.

12. The control box should be mounted in vertical plane with the terminals at the bottom, ad-
jacent to but not attached to the englne.

13. Be sure tho rybber gasket is In place whenever the cover i3 reassembled.

14. Make certain that ajl connections are clean apd tight and made with regard to the polarity
indicated on the pame plate of the control box.

15. Make certain that trouble does not exist in the exterlor circuit before golng to work on the
control box.
Caution

A burned reslatance unit, regulator winding or fused contacts will usually result only
from open circuit operation or extreme resistance ln the gharging circuit. If such uaits are
found in the coatrol box check the circuit for loose or dirty connections and analyze the wiring
from the standpoint of capacity.
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Cut-out Relay

A cut-out relay is used to cloge the circyit between the generator and the hafiery
when the geaerator voltage reaches the value at which the relay 18 set to operate. The relay
also opens the clrcuit to prevent the battery [rom discharging through the gemerator when the
battery voltage exceeds the gencrator voltage.

To check the closing voltzge of the contact points in the cut-out relay first consult
the data on the name plate of the coatrol box and alao the data on electri¢al equipment. The
relay must be checked at operating tempesature. The best time to make such a check 18 at
the end of a run before the relay has cooled off. Reduce the englne speed (o ldle racge and
remove the cover from the apparatus box. Coanect an accurate reading volt meter running
one lead to the armature circuit connection of the regulator box and the olho.r lead to the torm-
lnal of the storage battery which is grounded to the engine. Gradually Increase the engine
spsed and ncte the voltage at which the relay points close.

CAUTION: Never close the contact polnts manually while the battery 18 connectod. Never at-
tempt to file the cootact polnts while the battery is tod. The resisy through the
generator and relay 15 very low and to complete the circuit to (ke battery whea the generator
15 not operating would allow coough current to flow to damage the relay winding and possbly
the geperator armature.

ADJUSTMENT: Discognect battery lead and make certaln that the relay 18 set to the correct
air gap between the armature¢ apd the core. Check lor correct point opening gap. The clos-
ing vollage of the cut-out relay contact polnta can be adjusted by locsening the lock screw and
turning the eccentric acrew to increase or decrease the tenaton of the armature spring. Note
the fllustration of the cut-out relay unit. Increasing the tenslon will increase the closing vel-
tage. Tighten the lock screw sccurely after the sdjustment.

NOTE: The cuteout relay closing vollage mpust never be above the voltage required to open
the contact polnts of the voltage regulator unit. If the cut-out unit does not scem to respond:
tp adjustment bridge the voltage regulator contact point with a jumper and recheck the cut-out
relay. Necessity for the above p dure indi an improper aetting of the voltage regulator.

To avoid the possibility of shorting the circuit disconnect the battery lead while mak.
ing adjustments, reconnecting same to check the seftings.

Voltage Regulator

It 13 the function of the voltage regulator unit to govern the voltage of the generator
output. ° .

Regulators are magnetic switches which operate on a principle similar to that of the
cut-out relay but their fusction s different. A regulator’s function 18 to prevent the generator
output from exceeding a safe maximurn and to reduce the output {n accordapce with the require-
ments of the connectod electrical load and the coodition of the charge of the battery. As a
battery approaches a charged condition its voltage increases. The bhigher the current ioput
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tato the battery tho bighar this voltage will go, With the amal}l capacity gemerators used up
untll recent yoars this conditlon was oot sericus. However, the present day typo gemorator
g capable of oytputa that would produce serlous consequences as the battery approaches full
charge. The hattery would gas and overheat and ita voltage would be forced up above the
cormal rating. This bigh vollzge would greatly shortea the life of the electrical units, It Is
for this reason that & form of regulation is required to reduce the geaerator output whea locss
current is reguired. To control the voltage, a voltage regulator Is employed, To cooirol the
output in amperes & curreat regwlaior is employed. Rogulatora canpot increase the generator
output beyond the maximum for which the genarator is designed.

The vaoltage régulator unit comsists primary of a wound core, a set of polnts and an
armature positioned by a spiral spring or springs so that the coatact points are normally beld
closed (one tact polnt is attached to the armature). When tho points are closod the full
generator output is avallable. As the battery approaches a charged condition and the lize vole
tage 1n , the magnetic field of the voltage winding in the core increasss its streagth.
Whea the voltage for which the unit is sct 18 reacbed the magnetic field ls airong enough to
overcome the spricg tenston and pull the armature toward the coll separating the contact polats.
When the contact points open, the field clreult is forced to go through a resistance which re-
duces the field current and s0 reduces the gencrator output.

Ao soon as the gensrator output ia reduced the armatyre ia rel d from the core
and the polnta are closed agaln thus completing the cycle. This complete cycle takes place
very rapidly apd upder cerfain conditions it may be completed at a spoed of several hundred
timea a second thus regujating the voltage to a constant value. The opening and closing of
the contact poigts however causes wear oa the contact surfaces for which compensation must
at timea be made.

Adiugimen): The voltage regulator unit must be checked for cperating temperature, First ase
certain the correct sstting aa noted on the name plate of the control box. Due to the poaaibility
of change in the equipment, this information may not be included oo the electrical equipment
data, Stop the engine and disconnect the lead on the battery terminal of the regulator and
leave It dissonnected while making this check since this "unit must be get on open clreuit.
Connect coe of the volt meter leads to the armature terminal on the regulator. The other
volt meter lead must be connectod to the "A plus® terminal of the contral box cn a two wire
eircuit or to the ground connection terminal of the control box on a olngle wire circuit. The
illustration ahowing the comnections for the vollage regulator check indicates a two wire cir-
cwlt which ls used on some englnes in service. On siogle wire circuits, the terminal at the
end of the coctrol box must be ccanected to ground, ’

Start the engloe and operate same to give a generator speed as listed on the pame
plate of the gemerator. Note the voltage at which the regulator operates. If lncorrect, stop
engine and first adjust the point opening to obtain .016% gup.

To adjust the polnt opening hold the armature down agalnst the core and adjust the
contact polnt opening by sdjusting thé upper contact scrow. Tightsn the lock out securely
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after adjusting the polnt. Notes: When checking the poiats for the correct point opening do
oot remove the upper coulact from its natural position. The spring heldicg the upper contact
should rise slightly above the fiber insulator when the points are together snd at rest to lnsure
a wlpznx actloa oa the polnts when they are ip operation. If the contact polnts are pitted or
burned clean with a thin contact file fust before adjustipg the poiot opening.

When the polnt opening {3 correct the voltage setting can be edjusted by locsening the
lockscrew and turning the eccentric acrew to increage or decrease the tensioa of the armslure
sprig. Increasing the tenslon increases the voltage regulator setting acd decreasing the ten-
slon decreases the selting. Spring tensicn should always be reduced to lower the voltage be-
low the epecified value and then increased to bring the voltage setting up to the proper value.
Tighten tha lockscrew securely after complating the adjustmeat.

The Current Regulator

The enuent regulator 13 a means used to provide a limileg effect on the geaerator
output In amperas. I ithe genorator ampere output exceeds the setting of the current regula-
tor, this unit comes mto acticn. .

The current regulator windings are composed of a few turns of heavy wire and carry
the entire output of the generdtor. The contact pointa are sormally beld closed by epring ten-
slon which retajns the armature in the up position so that the generator field circuit is con-
ducted directly through the pointa. When the current flowing through the current regulator
windings which 1a total generator cutput reaches the value for which the regulator has been
set, sulficlent magnetic force 18 created in the regulator core tp overcome the armature spring
tension. The armature ig atiracted downward tgward the regulator core and the costact points
are geparatod. With the points sep d the g field circuit 18 forced through a re-
sistance reduclog same and the generator output is accordingly lowered.

The lpstant the current flowing through the regulator windings begins to drop off, the
magnstic field created by this current begine to weaken, It is qhickly reduced to a value which
can no looger retain the armature in a down or open point position. The armature spring
moves the armature upward cloalng the points, Thla shorts the resistance out of the gonera~
tor field circujt and the g tor output { When it heg the value for which the
regulator is sct the armature is onco more pulled down and reaistance agaln insorted ioto the
generator fisld clrcult. This 18 & vibrating actlon which takes place so rapidly the armature
cangot be observed to move regulating for a constant cyrrent output.

1o operation elther the current regulator or the voltage regulator functicns atany onotims
both never operate at the samo time. When the requirements of the connecied electrical load
are large and the battery la low, the current regulator unit operates to prevent the output from
exceeding the rated output of the generator and the voltage regul unit is inoperative. It
the roquiremests of the connected electrical lcad are reduced and the battery comesuptocharge
the voltage regulator upit operates to preveat high voltage at the battery and in the circuit and
the increaning resistance of the battery as it becomes charged tapers dowa the generator outpat.
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The output {8 thua reduced by the action of the vibrating voltage regulator unit to what is re-
quired by the connected electrical 10ad plus & small sustalning charge of a few amperes to the
battery.

From the foregoing it should be understood that the charging rate as indicated on the
ammeter may be expected to vary in accordance with the condition of the storage battery as to
per cent of charge and the coanected electrical load.

To Check Current Regulator: The current regulator seiting must be made at operating tom-
perature. It i3 necessary to maintatn the contact poists closed in the voltage regulator uait
to provent that unit from operating while attempting to check the setting of the curreat regu-
lator. This may be conveniently done by bridging the woltzge regulator coatact poists with a
jumper lead. The lead !a illustrated In the dizgram showing the connectlona for the current
gulator check, C t an accurste reading ammetor in the circuit between the storage bat-
tery and the battery terminal of the control box.

Note the setting informaticn ag listed on the name plate of control box. Start the en-
gine and Increase the englne speed gradually until the generator is running at the speed speci-
fled in the test data. Note the current regulator setting as indicated on the test ammeter.

It an edjustment Is required stop the englne and disconnect the dattery terminal lesd
from the cootrol box. First check the point opening gap.

When checking pointa for correct opeaing do nol move the upper coatact from it pa-
tural positics. The spring holdicg the upper contact should rise slightly sbove the flber insu-
lator when the points are together and at rest to insure s wiping action on the points whea
they are in operation. II the contact points are pittod or burned clean with a thin, fine cut
contact file before adjusting the point openings,

To make the point opening sdjustment bold the armature dowi sgalnst the core and
.adjust the contact point openlpg by resetting the upper contact screw. Be sure to tighten the
lock nuts securely after makiog the adjustment.

Tho setting of the current regulator is varled by adjusting the tension of the armature
springs. This tension may be changed by looscaing the lockscrew and turning the eccentric
scrow to Increase or decrease as desired. Increasing the tension will increase the current
setting and docreasing the tension will decrease the current sottng. Do pot at any time set
the current regulator above the rated ampere capacity as Bhown on the name plate of the con-
trol box.



Tte Delco-Remy: Model 5638 Current and Voltage Regulitor 1s o' heavy-duty 65. impere,
12-volt. unit, fitted for ehiclding 40 reduce radio: interferance. ¢ ls:designed for operafion
with ‘8 negative groudéd systord and:hia the followlig spactficationss

Cut-Out Relay. - AIR GAP ~ ,057 loch
Cut-Out Relay = POINT OPENING ~ .020 fach
Cut:Out Rilsy - CLOSING VOLTAGE - 13.5-volts

Current Regulator - POINT ‘OPENING -~ +018 1och
Current Regulator - CURRENT SETTING - 55 amiperes

Voltige Regulator - PCINT OPENING - .015 itch
Voltage Regulator » VOLTAGE SETTING: - 15.8 volts

NOTE: AN electrical checks  must be mads withi the Fegulator AT OPEBATING. TEMPERATURE
(148° ».) “Tho regulator may be'checked at the end of & run, or after the unit hae’been opor~
ated for 48 miloutes or untll oporating temperatiro hun bedn reschétd, Th. tinit taunt be Ia tha
actus] opersfing position (vortical) when the chocka are made.



Cut-cut Relay Adjustmento

Alx Gap: With regulator digconnsctsd, measure AIR GAP (057 ipch) between armature and
core (1ot between brass pin la armature and core) with poiats held closed, To adjust, loosea
the two ADJUSTING SCREWS, and ralss or lower the lower contact bracket as required, Tighte
ea screws afler adjustment.

. Bend the UPPER ARMATURE STOP to adjust POINT OPENING {.030 lInch).
U toth zets of polpts dp mot closa at the samae instant, bend the spring [iogers alightly wolll
they do.

. Connact a test voltmeter between the ARMATURE TERMINAL and the GROUND
SCREW. Gradually increase generalor apeed acd cote the voltage at which the cut-out relay
polats close, To adjust, looaen the LOCK SCREW and turo the ECCENTRIC SCREW to change
tbe spira) spripg tensl Ia aing the tension increasas the cl itage and d lag
tho spring tezalon lowers the cloalng voltage. Chock by bringing g tor to a stop,
then alowly lacreastng speed uatil poiots close. Relay cloalng veltage must be below the volt-
ago reguiator seting, otherwice the voltage regulator will operate aod hold the voltage balow,
the value required to close the cut-cut relay.

Voltage Regulator Adjustments

RBoint Ouening; The regulator PQINT OPEMING (018 tach) 13 checked with the arwmature held
down agatnst the cors. To adjust, loosen tha LOCK NUT apd tura the CONTACT SCREW. The
spring boldlng the upper contact screw ghould rise slightly above the fiber tnsujator when the
polats come together. This provides 8 wiping actlon which lmproves thelr cperation.

Yaltage Setting; (15.5 volts) 'Connect a test voltmeter betwesn the ARMATURE terminal and
ground acrew and disconcect the lead from the BATTERY terminal. With the unlt hot - at
qperating tempersture - run tho geaerator at a medlum speed and note voltage setting, To
adjust, looaen the LOCK SCREW and turn the ECCENTRIC SCREW to change the spiral opring
tenston. lpcreasicg the tenst the voltage satting, decreasing the spring tension
lowers the voltage setting. After tightenlng the lock screw, check the satilng by alowirg the
geserator until the cut-out relay polots open, then bringing the geserator back to speed, The

ltage regulat ting must always be above the cut-out relay setting, otherwise the voltege
regulator would operate and prevest the voltage from reaching a value sufficiest to cause the
cut-out relay to oporate.

Current Regulator Adjustments

The regulator POINT OPENING (.015 Inch) cn the curreat regulator is checked

and adjusted in exactly the same macoer a8 the Voltage Regulator POINT OPENING, discussed
on the previous page.

(55 amperes) Conssct a test ammeter ioto the elreult at the BATTERY term-

toal apd bridge the voltzge regulator contact polats with a jumper lead ¢o prevent it from



operating. Turn ¢n lighta or dther clectrical accossories to prevent high voltags, operate the
gozarator at a medium speed (regulator at operating tempereturs) and note the CURRENT SET.
TING. To adjust, loosen the LOCK SCREW and turn tke ECCENTRIC SCREW to change the
spiral spricg tonslon, Increaning the tecaton Increases the current setting, decreastcg the
spring tonolon lowers the current setticg,

Cleaning Contsct Polnts

If the voltage or the currest vegulator coatact polnta appear ¢o arc excesalvely, it
is posstble they have become oxidized and the points should be cleansd, Emery cloth or
madmpor must never be used to clean the contacts, since particles of emery or mand might
ombed In the point surface and prevent cormal operation.

87



00

|
[ e Loserr. mu.

2 .

[T e
= OO0 Yhr

T .‘\n.n.i.m-







