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(2) (Superseded.) Make sure that the ignition switch is in the OFF 
position nnd pull the propeller through in the normal diro:'tion of rota-
tion four or five revolutions. This is particularly important in radial 
and inverted type engines during both winter and summer operation. 
If an excessive amount of oil or fuel is PI6SC1lt in the cylinders, the 
crew will be unable to rotate the propeller. Starting engines with 
excessive oil and fuel in the combustion chambers must be avoided, as 
it may result in .bent or broken connecting rods. 
(3) If the propeller cannot be rotated as prescribed above, remove 
the spark plugs (see fig. 23) and the intake pipes of the bottom cylin-
der so that the liquid will drain out. Then remove the .. • .. during 
their reinstallation. ,.'. ' . . .. .. .. '. .. - . 
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SECTION I 
POWER PLANT OPERATION 

1. GENERAL The power plant is considered as one unit. It includes 
tile engine, propellor, all engine accessories and equipment such as starter, 
gmerator, coolers, cowling supports, fixed fire extinguisher, and all en-
gine instruments . 

•• In early airplanes, the engine, propeller, and accessories were quite 
simple and were usually mounted in the same position on all airplanes. 
However, modem installations vary widely because each type of airplane 
is designed for SIX'Cific performance requirements. Figure I shows an 
airplane with engines mounted in the· wing nacelles and supported by a 
welded steel engine mount. Installations of this kind are common to the 
bombardment type of aircraft which employs high hOfSepower-output 
engines. Figure 2 shows the installation of a power plant in the fusdagt, 
proper, behir:td the cockpit. This provides grealer range of vision for the 
pilot and permits the installation of a propeller through which a cannon 
may he fired. Figure J illustrates a radial type engine mounted in the 
nose section. The liquid-cooled engine is also readily adapted to use in 
this location. Even though the aircraft engine is a complex unit, it is 
so constructed that comparatively few bolts and connections need to he 
handled in the process of removal and installation. 
(1) In some installations the position of the engine is . reversed from 
the normal position of mounting. An instaUation of this kind is shown 
in figure 4. The propeller mounted in this position is known as a pusher 
type and is driven by means of an extension shaft. 
(2) The number of cylinders is dependent upon the required horsepower 
output, cost, limitations, the necessary maintenance, and other factors. 

b. 'eno •• el safety prec •• tlo... Safe operation of high horse-
power output engines necessitates strict adherence to safety regulations. 
If the airplane mechanic is constantly alcrt and keeps in mind that hazards 
are always present, many serious accidents wi!! be avoided. Specific 
instructions cannot be given in this paragraph because various installa-
tions have different requirements. The following rules should be used 
as a general guide for all personnel operating and maintaining aircraft. 
Their use, together with good judgment and common sense, will greatly 
reduce the possibilities of injury. 
( I) Perfonn all possible inspections and maintenance when the engine 
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is not running. When it is necessary to work on a running engine, do 
so with the aid of another crew member. Upon completion of any work. 
check and recheck. 
(2) Be constantly on guard against walking into rotat ing propellers or 
moving aircraft. 
(3) Before starting the engine, shout the words "All clear" to notify 
crew members to stand dear of the propeller. Wait until some designated 
member of the crew returns the same signal before starting the engine. 
(4) Be alert and notice irregularities before and after starting the engine. 
Discovery of irregularities before the engine is started will save time 
because other damage may result when the engine is operated. . 
(5) Remove all tools, parts, and tool kits from tlie airplane and place 
them in their respective places before starting the engine. This will 
prevent these objects from being blown around by the propeller blast. 
(6) Always be positive that the ignition switch is in the OFF position 
before any attempt is made to rotate the propeller by hand. . 
(7) When taxying to and from the Aying line,. travel in a zigzag path 
because the view from the cockpit is somewhat 
(8) Figure 5 illustrates the approved procedure to be used when two or 
more men are pulling the propeller through on a high horsepower-output 
engine. Figure 6 shows the recommended grip when executing this 
operation. Notice the hands are gripped around the wrist. Smaller 
engines will not necessarily require more than one man. (See fig. 7, ) 
tn all cases be sure that the ignition s..yitch ;s off. I f possible, one man 
should be in the cockpit at the controls w!1,'n the propeller is pulled 
through in its nonnal direction of rotation, 

c. Eq.ip ...... llfety preuuttoM. Specific directions for operat· 
ing an aircraft engine within its recommended limits are given in Tech· 
nical Orders. The following precautions are applicable to any power 
plant installation, 
(1) Remove all tools, nuts, loose bolts, washers, etc., from the airplane 
so that they will not interfere with the rotating propeller and other moving 
parts. It is a good practice to replace the tools in their proper places or 
count the -number to be sure that none have been forgotten or left 
Tying on the engine, 
(2) Before the first flight of the day and if the engine has been inop-
erative for more than 2 hours (see Technical Order fo r special cases), 
pull the propeller through three or four revolutions in order to check 
for the presence of liquid in the combustion chamber, " loosen up" a cold 
engine. check for "frozen" pistons. etc. Upon discovery of liquid in the 
cylinders of an engine, it is permissible to pull the propeller through in 
the oppOsite direction. The spark plugs in the lower cylinders of radial 
engines may be removed to allow the liquid to drain. Failure to observe 
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Figure 6. Rra"ntllendrd hand grip. 

this rule has often resulted in bent or broken connecting rods, cracked 
cylinder and piston heads, and distorted crankshafts. 
(3) When the engine is started, the oil pressure gauge indication must 
be observed immediately. I t must indicate a rise in pressure within 30 
seconds. If no indication is observed, stop the engine immediately. T his 
lI'i l! prevent bUnled out bearings, scored pistons and cylinder and 
other internal damage. 
(4) Overheating the engine during ground operatioll is one of the most 
common mistakes made by airplane mechanics. It must constantly he 
borne in mind that the airplane engine is designed primarily for operation 
in the air and the provisions made for cooling are operative to their 
full extent only when the airplane is in flight. I t is therefore necessary 
that the temperature readings of the cylinder head temperature gauge, 
cpolant thermometer gauge, and oil temperature gauge be closely observed. 
If the readings of any of these gauges approach the maximum pemlis-
sible temperature, the engine should be stopped immediately. 

2. CONTROL OF ENGINE OPERATION COCKPIT CONTROLS. 
The operation of the power plant is controlled from the cockpit by 
numerous control handles and levers which are connected to the engine 
by means of rods, cables, bell cranks, pulleys, etc. The control handles 
or levers are in most cases conveniently mounted on quadrants in the 
cockpit. Labels are placed on the levers or quadrants to indicate the 
limits and positions of the levers. T he linkage from the cockpit to the 
engine is made in such a way as to al10w full and free movement of all 
controls. In some installations. friction clutches arc installed to provide 
means of holding the controls in place. Overtravel is H .. -quired in al1 
eases to insure full operation of the units.. By manipulating the cockpit 
engine 'COntrols, the operator is ahle to control the rpm, manifold pres· 

engine temperature, carburetOr air temperature, oil tcmperature. and 
the fuel·air ratio. The coordination of the tllovement of the controls 
with the instrument readings provides the necessary guard against the 
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dangers of exceeding operation limits. The opt.·rating limits of the engine 
and the fWlctioning of all the controls must be clearly understood by the 
operator before he starts the engine. 

J. IMGIMI INSTIUMINTS. a. Aircraft instruments may be divided 
into three classes: power plant instruments, fl ight and navigation instru-
ments, and miscelJaneous instruments. The discussion in this manual , 
..... iII be limited to the instruments which indicate to the operator the con-
dition of the engine and its accessories and which help him to operate 
the engine properly. Many of the miscellaneous gauges and devices show 
..... hether or not the various accessories· are functioning; thus on some 
airplanes a warning signal lights when the fuel is low. A 
similar device is in use for oil-pressure systems. 

It. Typlca' ... In. I ............ In'aUa.I... The term "engine in-
struments" usually includes all instruments required to measure and indi-
cate the functioning of the power plant. The engine instruments are 
generally insta1led on the panel in such a way that all of them can easily 
be observed at one time. (See fig. 8.) Most installations will have the 
following instruments: 
(I) Oil pressure 
(2) Oil temperature gauge. 
( 3 ) Fuel pressure gauge. 
(4) Carburetor mixture temperature . 

• (5) Cylinder head temperature or coolant temperature indicators. 
(6) Free air thermometer. 
(7) Manifold pressure gauge. 
(8) 
(9) Liquidometer or fuel level gauge. 
(10) Fuel mixture indicator. 

I (ll) Engine synchronism indicator. 
Co I ••• , , .... ati •• of I .. tr:: .... t One of the most im-

portant of the skills which the airplane mechanic must develop is the 
ability to read and properly interpret engine instruments. The general 
operating principles of. these instruments have previously been studied; 
therefore, this discussion will be devoted to the interpretation of the 
readings in checking for proper functioning of the engine and its acces-
sories. 
(1) The oil pressure gauge indicates the pressure (in pounds per square 
inch) under which the oil of the lubricating system is being supplied to 

, the moving parts of the engine. Failure to register pressure whenever 
I the engine is operating is a positive indication that remedial measures 
I must be taken immediately. Excessive oscillation of the gauge pointer 
I indicates that the oil lines are obstructed or that some unit of the oil 
: system is functioning improperly. 
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(2) The oil temperature gauge is used primarily to indicate the tempera-
ture of the oil as it is about to enter the engine from the tank. The 
importance of noting changes in temperature as registered by this gauge 
Clnnot be overemphasizl-d because the temperature of the oil affects its 
lubrication qualities and has a direct hearing on the operating efficiency 
of the engine. 
(3) The fuel pressure gauge indiCltes the pres3ure (in pounds fK'r square 
inch) at which the fuel is being furnished to the carburetor. Anyobstruc-
tion in the lines or the failure of any unit of the fuel system will be 
indicated by an abnormal reading of this instrument. 
(4) The carburetor mixture thennometer records the temperature of the 
fuel-air mixture as it leaves the carburetor. The temperature bulb IS 

located between the supercharger and the carburetor. 
(5) The carburetor air intake temperature gauge guiil{'s the operator in 
the use of the carbuetor air heater control when icing conditions are 
present. It indicates the temperature of air at the carburetor intake or 
"""P. 
(6) The coolant temperature gauge indicates the temperature of the 
coolant at a point between the engine outlet and radiator inlet. By watch-
ing this gauge the operator is guided in his adjuSolment of the position 
of the radiator shutters, thus preventing dangerous overheating or 
heating. 
(7) The cylinder head temperature gauge is installed in aircraft radial 
engines to measure and indicate the temperature of the hottest running 
cylinder. The reading of this gauge is extremely important in deter-
mining whether or not the engine is sufficiently warm for It also 
indicates dangerous conditions of combustion within the cylinder. Detona_ 
tion and improper mixture adjustment will produce radical changes in 
cylinder temperature. 
(8) The free air thermometer registers the temperature of the air or 
atmosphere outside of the cockpit. The reading of this gauge is par-
ticularly important in determining when conditions are such th:lt car-
buretor icing may ()C(ur. 
(9) Manifold pressure gauges indicate the pressure (in inches of Hg) 
of the fuel-air mixture as it enters the combustion chamber. The limits 
of the manifold pressure are specified for each particular engine installa-
tion to insure safe operation. Operating an engine at excessive manifold 
pressures will raise the compression pressure, resulting in excessive 
stresses on the pistons and cylinders. Detonation often results when 
pressure is for fuel of a given octane rating. A direct result 
will be an immediate rise in cylinder temperature. This may also cause 
failure of piston heads. cylinder heads, or other structural parts of the 
engine. The reading of the manifold pressure gauge also gives an im-
Inediate indication of icing conditions in the carburetor and thus serves 
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, 
as a warnmg device for determining when to use the carlmrctor' 
heater. 
( lO) The tachometer is one of the 1I10S\ important of the engine instru-
ments. It measures the engine crankshaft spt>fil in rpm and measures 
engine per formance 0 11 the ground as well as in the air. Tachometer 
indications assist in determining the probable of enginc trouble. 
T hey a lso permit the operator tu adjust the engiTlc spct-'<i to the most 
economical setting during flight. 
( II ) T he liquidometer or fud level gauge furni shes the operator with 
constant and accurate indications of the 'amount of fuel in each tank. 
This information will enable him to judge l1ight distances hy noting the 
amonnt of fuel the power plant has con sumed. It will also infonn him 
when it is necessary to switch \0 another tank. 
( 12) T he fuel mixture indicator furni shes the operator with a constaf1l 
indication of the ratio o f fuel to air which is heing consumed by the 
engine. Maintaining this ratio within certain desired limit s will help to 
insure economical and proper operatioll of the engine. If the fuel mix-
ture indicator shows an excessively rich mixture when a comparatively 
lean mixture is normally expected, detonation is taking place. 
( 13) The engine synchronism indicator is used onlllulti-engine ai rplanes 
in order 10 synchronize more elosely the speeds of the engines. By its 
use. the speeds of the engines may be synchronized wit hin a few rpm. 
thus insuring smooth and economical operation. 

d. Instrument operation marldnCJs. Power plant operat ion IS 

limited by specific inst ructions for the particular model o f engine. In 
order to make these limits readily available to the operator, markings a re 
placed on the cover glass of various instruments to in<licate the maximulll 
and minimum permissible operating point s. The markings on the cover 
glass may be distinguished by their colors. (See fig. 9.) 
( 1) arcs denote the desired operating range: 
(2) Short red radial lilles indicate either a minimum or maximum per-
missible poillt of operation. 
(3) A shnrt white radial linc placed p.1rtly 011 the Co1se and partly 011 

the instrument CO\'er glass reveals ally movement of the glass in the case. 

4. OPERATING fACTORS AND THEIR CONTROL, a. Quantity of 
fuel-air mhchlre. Considering an airplane engine not equipped with a 
turbo-supercharger. the th rottle val ve. commonly called the butterfly 
valve, is located in the entrance of the induction system. It controls the 
flow of fuel-air mixture entering the cylinder on the intake stroke. \ Vhen 
the enb<ine is operating on a correctly proportioned mixture, this control 
either increases or decreases the lXlwer of the engine by allowing Illore 
or less of the mixture to emer the cylinders. T he greater the amount of 
the mixture admilled into the combustion chamber the greater will be 
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the pressure on the piston, helice, the greater will be the power output. 
Tlte illust rations ill fi gu re 10 show the effect of thrott le position on t he 
quantity oi mixture entering the combust ion chamber. In the two illus-
trations, notice the similarity of the air density in the int<lke scoop before 
the throttle valve and the d ifference afll' r passing the valvc. 
(1) THROTTLE CONTR OL L E V ER. T his lever is the most COI\-
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in the cockpit and is clearly designated by markings on the lever 
knob (a Idler "T" ) and on the control quadrant. l\1(Jvt:mellt of thi" 
cOll\ro\ either increases or decreases the size of the induction system 
'"Hlrance by opening or dosing the butterfly valve. 
(2) r-UE L-AIR MIXTURE. The arnoullI of fuel-air mixture used 
by an cnginc is expressed in terms of weight of fuel per brake horse-
\}()wcr. \Yhell amounts of the charge aTC admitted, the engine 
is compressing into the combustion cham her more than it was designed 
to accoulIluxlate. EXCl'ssil'ely high readings no\(:d on the mani fol d pres-.. Or> If.. 
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sure gauge indicate this condition. It should be interpreted immediately 
10 mean Ihal structural stresses and strains are present in many P.1TtS 
Hi the engine as a result of tIll" exn'ssive pressure, and the throttle should 
he adjuslt:d acc"rdingly. Adjustable throttle stops may he installed with 
highly supercharged engines to warn Ihe operator 10 limit the openiug of 
the throttle below Ihe critical altitude of the engine: hut Ihrottle stops are 
a poor substitute for a d ear knowledge of the manifold pressure limits 
of Jhe engine. Low manifo ld pressure also affects eugine operation. At 
>ta level 169 c\lbic feN of air will weigh 13 pounds. (See fig. 110.) 
This is the amount required to burn completely I pound o f fuel fo r 
maximum power. H owever, at 18,000 feet, 169 cubic feet of air weigh 
only 6.S pounds, because the air is about one-half as dense. (See fig. 
II@.) As altitude increases and density of air decrea5CS, an over rich 
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mixture and loss of power and speed result. To operate smoothly (but 
with a loss of power) at 18,()(() ft:et the weight of the fuel must be 
decreased to one-half its original weight to maintain a correct mixture 
ratio of 13 to 1. This loss of power is overcome by the installat ion of 
superchargers which pack the fuel-air mixture into the cydinders, thereby 
maintaining or increasing (if required) the horsepower avai lable from a 
specified engine. . 
(3) SU P E RCHARGERS. T he supercharger operates as a centriful:t31 
fan which forces addi tional air , together with fue l, into the induction 

The forced induction may be used to increase the power of an 
engine at loll' a ltitudes or it ma), be used by the enginc at high altitudes 
to make up fo r the deficiency ill pressure due to the lower density of air. 
It was previollsly stated that the fuel consumption varies directly with 
the horsepower delivered. The curve in figure 12 illustrates the quantity 
o f fuel consumed at full power compared to the amount consumed at 
half power. Assuming a full-rich mi xture and sea-level operation, the 
graph indicates that at high speed, level flight. the engine is delivering 
9S percent of its rated power and consuming 100 gallons of fuel per hour. 
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At desired cruising, the engine fuel consumption is only 50 gallons per 
hour or a SO percent saving in the amount consumed at high SpiCed, with 
only a 35 percent reduction in horsepower. The reason for this saving 
in fuel is that at full power, a rich fuel-air must be used to 
prevent overheating of the engine, whereas at reduced power a leaner 
fuel-air mixture may be used. 

b. q ... nty of fuel-alr mlxl.,.... To provide for variations in fuel, 
atmospheric pressure, and other operating variables, the carburetor is 
set to provide a slightly richer mixture than that which will give the best 
power. Adjustment of the mixture control lever from the FULL RICH 
position toward the LEAN or IDLE CUT-OFF position varies the 
amount of fuel delivered by the carburetor by controlling the fuel-air 
ratio. Intelligent use of the mixture control is of vital importance in 
maintaining safe and economical operation of the engine. The mixture 
control should never be used without a fu ll understanding its etrect 
on engine operation, a knowledge of the characteristics of the fuel being 
used, and the general conditions under which the engine is operating. It 
is possible to damage an engine beyond repair in a few minutes by im-
proper. use of the mixture control. Too kan a mixture will overheat 
the engine and will possibly caUse piston rings, pistons, and valves to 
stick or " freeze." Correct fuel-air ratio, that is the number of parts of 
air by weight as compared to the parts o f fuel by weight , lies between 
11 to I and 16 to 1. This ratio gives the proper mixture to produce 
maximum power. A ratio of 13 to I is generally selected as the desired 
ratio for normal operation. This weight proportion of air and fuel is ' 
necessary to promote proper combustion. With the mixture control lever 
as shown in figure IJ<D, the throttle in a fixed position, and the pro-
peller pitch fixed, a movement of the mixture cOntrol from its FULL 
RICH 'position to a leaner position will cause an increase in engine rpm. 
The point at which this increase ceases is called the RICH BEST 

• POWER position, figure lJ@. Further leaning will maintain the 
rpm at the same value for an appreciable movement of the control. Stil1 
further leaniug will cause a loss in rpm. The position of the mixture 
control at which this loss in rpm begins is called the LEAN BEST 
POWER position (see fig. IJ(!).) Figure 13@ shows the control set 
to produce further leaning of the mixture. This will cause detonation 
and result in horsepower and speed losses, proportional rises in engine 
failure. In this illustration it should be noted that the mixture ratio has 
risen tremendously. It must be understood that the illustrations in figure 
13 show movement and not definite positions of the control lever. A 
knowledge of the various fuel -air mixtures is of importance to the operator. 
Those mixtures, their use and control are discussed in the following 
paragraphs: 

Or •.•. 1< .. " UNIVERSITY Of C/o.lJfORN lA 



" 

o 
l'i!J"' r 13. Eff/Yt qf mi . ..tuu (olttrol mot:tm",,1 On fuel-oir 'alio. 

(1) Excessi vely rich mixtures ( ratios less than 11 to I ) will not pro-
duce full power because proper combust ion wi ll not take place. T hey will 
result in excessi\'<' fut'! consumption and more or less engine 
"peration. depending upon the extent of richness. This condition is in-
dicated by heavy hlack smoke and red flame issuing from the exhaust 
ports. (S<.-c fig. 14.) 
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Figure 14. c .ucssivrlJ' rirh ",;;.-Jure indica/cd by exhuus/ flumc. 

(2) Rich mixtures arc best suited for maximum horsepower output. All 
oxygen pa rticles arc removed by combustion but enough fucl 
remain in the combustion chamber to absorb the excess heat and help 
coo! the engine. T he color of the exhaUst flame is blue with a yellow tip. 
(See fig. IS.) 

Figure H. Rich ",ix/ure i"dica/ed by rxiluus/ /la",e. 

(3) Cruising lean mixtures are used for maxi mum economy. The ratio 
is about 16 to I and is used when long-range operation, medium power 
Output, and maximum fuel economy are required. Care must be takel\ 
to prevent detonation. 
(4) Lean mixtures of approximately 17 to I ratio and higher will result 
in decreased power. Detonation and excessive operating temperatures 

produced since the speed of thc combustion flame is retarded . If the 
flam e is still huming in the combustion chamber when the intake '-.111·("-
opens, "popping back" wi!! occur. Flame color wi!! be predominately 
yellowish white with a tinge of light blue. (See fig. 16.) 

.. Hln 011 
LIOtiT TlLUlW ' L_IU 

FiYllre 16. Leu" mixlrlrc ili Jira /cd I,)· ... r ilu"s / /lame. 
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( 5) As has been stated, the mixture control setting for vari· 
ous altitudes has a decided effect upon engine perform,lnee. For a giV(1) 
throttle opening and a gil'cn "position o f the mixture control, the 
will become enriched as high altitude is attained. Conversely, with loss 
in alt itude, the mixture heromes leaner wi th unchanged mixture and 
thrott le settings. Therefore, Ihe mixture control should be readjusted 
for each 1,OCO feel of change ill altitude. For take-off, climb, or landing, 
at or near sea level, the mixture control should be in the FULL RICH 
or AUTOMATI C RICH position as specified for the particular 
At high-al titude fields, the mixture control should be placed as close to 
the FUL L RICH position as possible, and only leaned to obtain smooth 
running of the enginc. At high ma.nifold pressures, the mixture control 
should be set at FULL RICH, although at extreme altitudes it is permis· 
sible to lean out the mixture just enough to obtain smooth running of 
the engine. At approximately 80 percent C? f the rated rpm of the engirn!, 
it is recommended that the mixture control be used as an economy devi« . 
At this time the mixture control may be Illoved to LEAN B EST 
POWER or lower. depending upon the type of engine. However, great 
L"are must be exercised when using the mixture control as a fuel econonl}' 
devi<:e, because Jean mixtures tend to increase engine operating tempera· 
tures. • 
(6) V·lith the advent of fuel-air rat io indicators installed in the aircra ft 
cockpit. the proper lise of the mixture control was greatly simplified. 
This instrument has eliminated gqess work in obtaining desired mixtureli 
for any condition of engine operation. 
( 7) T here are various automatic mixture controls which eliminate 
use of the manllal control, except as an optional device to be used at the 
discretion of the operator in an emergency. 
(8) On an engine equi pped with con stant-speed propeller, the propeller 
assembly must be placed in the fixed position in order to adjust the 
1l1ixture control when a fue/mixture indicator is not provided. 

c. Spark position. :Most American manufact urers of high-output 
aircraft engines have discontinued the lise of a spark control. Theo-
retically. the firing of the spark plug should occur at a particular point 
during the compression stroke, so that a complete burning of the fuel·ai r 
charge occurs just as the power stroke begins. A good ignition spark must 
be an intell5eIy hot flame which will penetrate and ignite the comp ressed 
charge. T he magneto generates a low-vohage primary current and a 
high-volt age induced secondary current which is directed (by the dis-
tributor) through high·tension leads to the individual spark plugs. A 

e"'ery high voltage (approximately 2O,Q(() to 25,000 volts ) is required 
of the increased resistance built up by the high compression. 

<licat.) F IX ED ADVAN CE SP ARK. F ixed advance-spark position is 
portsd on nearly all modern a.ircraft engines. The charge is ignited during , 

( Or"" . If, '" ':,t Of CAlifORNIA 



the compressiun stroke at a point from IS · to 35° of crankshaft t ravel 
before the piston reaches top dead center. The exact position varies with 
different types of engines. 
(2) STAGGER E D S PARK. Since exhaust systems are not 100 per-
cent efficient, some of the exhaust gases from the previous charge remain 
in the vicinity of the exhaust valve. The new charge entering combines 
with these gases and forms a slow-burning mixture in this area. 
Stagg('red sf/ark is designed to eliminate "lopsided" burning. With this 
arrangement, the plug nL'llfest to the exhaust valve fires 4° to go 
o f crankshaft travel before the other plug, as shown in figure 17. 

INTAK[ 
po", 

I 
Figtfu 17. spark. 

[lHAUH 

• 

This makes it possible for the flames of the slow-burning and fast-burning 
mixtures to meet in the center of the piston and exert their gTeatest 
pressure there. 
(3) SYNCH RON IZED SPARK. SYllchrol1i::ed spark results from 
synchronized timing of the breaker points. The spark plug and valve 
locat ions are so fixed that the spark from each spark plug ignites tht; 
charge at the same time and fl.lme travel is in both directions. 
(4) RET ARDED Retardrd spark is the result of the breaker 
points opening late so that the piston is approximately at top center or 
after when the spark ignil('s the chargl·. \Vhen thi s occurs the engine is 

to be Jirillg "late." Retarded spark is cOlllmonly used in the booster-
wil system to aid engine starting. The spark from the booster coil is dis-
charg('(1 through the trailing booster seg1l1ellt. This is purposely set to fin· 
the charge when the piston is very \lear top center, in order to eliminate 
"kick back." 

" Of CAlifORNIA 



(5) BOOSTEI{ CUlL SPARK. This svark is produced by an auxil-
iary unit which supplies high voltage to the spark plugs during starting. 
It is delivered when the starter switch is placed in the MESH position. 
Simultaneously, the meshing solenoirl operates the starter engaging device. 
causing the engine starter dog to engage the engine dog and turn the engine 
:>ver. Booster current passcs through the booster cable (which is con· 

to the booster temlinai marked H), to tbe OOoster electrode, and 
then to the OOoster collector ring. It is then conducted to the booster 
segment and across the distributor block electrodes and spark plugs. The 
booster segllient in the distributor finger trails the high tension segment 
and consequently gives a retarded spark. In other words, when the high 
tension segment is in position to fire No. 1 cylinder the OOoster segment 
is in position to fire No.8 cylinder (in a nine-cylinder engine). (Sec 
fig. 18.) 

-

(j) lml"cli07l 1-ibralor. 

SWITCH 

INDUCTIOM 
yltllATOIl 

(6) INDUCTION VIBRATOR. (0) The induction vibrator, which b 
replacing the booster coil, functions as an auxiliary source of ignition 
power to facilitate starting of aircraft engines. It supplies an interrupted 
battery current through the primary winding of the regular magneto coil. 
which then acts like a battery ignition coil, producing sparks or electric 
impulses which are distributed through the distributor rotor, distributor 
block, and cables to the spark plugs. This action takes place during the 
entire period that the magneto contact points are open. During the period 
the magneto contact points are closed, no spark can be generated, although 
the vibrator continues to send interrupted current impulses through the 
magneto contact points to ground with no harm to itsclf or any other part 
of the system. The unit is composed of a vibrator and a relay. The relay 
automatically connects and disconnects the induction vibrator to the circuit, 
the vibrator being act ixe only during the cranking period of the engine. 
The relay also prevents grounding of the magneto in installations where 
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the induction vibrator is operated in parallel with a starting-motor en-
gaging coil. 

(b) The induction vibrator operates from a storage battery (fig. 18 ) . 
When the engine ignition switch is ill the ON position and the starter is 
engaged to the engine, the current from the battery is sent through the 
coil of the relay causing the rday points to close. T he closing of the 
relay points completes the circuit to the vibrator coil and the vibrator 
produces a rapidly interrupted current. This CUTTen! is sent through the 
primary winding of the magneto coil where, by induction, a high voltage 
is created in the secondary winding of the magndo coil. This produces 
a shower of high-tension sparks which are delivered to the spark plugs 
through the magneto distributor rotor and distributor block ekctrodes, 
when the magneto contact point s arc open. Thi s action continues ulltil the 
magneto contact d ose and the current bypassed to the ground. 
This actioll is repeated each lime the magneto contact points are seperated, 
sending the interrupted current again through the primary of the magnet" 
roil where the action oulined again occurs. This action continues untillhc 
engine is firing' under the regular magneto sl)'lrk and the l'ngaging switch 
is released. 

d. Engine temperatures. T hc heat produced by the combustion of 
the fuel -air mixturc is wry nttessary 10 Ihe functi oning of thc intcrnal 
combustion engille. From this process is obtaillcd the necessary increase 
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of temperature and pressure to force the piston downward and to rotat 
the crankshaft. If it were possible to confine the heat in the combustio 
chamber and allow none to escape into the cylinder walls and other m et 
parts of the engine, more power could be derived from the same amou 
of fuel consumed. Since it is not mechanically possible to use all of t 
heat energy expended by the burning mixture, it is essential that 50 
medium, such as air or some specified liquid, be used to remove the exce 
heat. (The lubricating oil also assists in removing surplus heat from th 
engine.) It has been found that maximum economy and power output a 
available at a certain temperature. In order to reach this temperature 
engines must be operated during a warm-up period after they are start 
The principal purpose of warming up is to expand the numerous engin 
parts to their proper clearances to obtain smooth operation. Lubricati 
oil is also affected by temperature changes and must be thoroughly waml 
before it will Row freely between the moving parts. Indications of engi 
temperatures are shown on the cockpit instrument panel by the oil t'em 
perature gauge, coolant temperature indicator, and the cylinder head ten 
perature gauge. Temperatures .are kept within the desired operatin 
ranges by proper adjustment of the throttle, mixture control, oil cool 
shutters, coolant shutters, cowling flaps, and the carburetor air heater 
intercooler shutters. 
(I) The throttle position, in part, controls the rate of combustion even 
in the cylinder, which in turn governs the heat generated. When t 
throttle is nearly closed. combustion events are fewer per urn! of ti 
Opening the throttle increases engine power output, and also causes 
engine to develop more heat. 
(2) The mixture control adjustment has a very decided effect on t 
operating temperature. Leaning a mixture to excess admits a greate 
quantity of oxygen particles into the chamber and as a resu 
all of the fuel particles, which would tend to cool the engine, are bum 
Excessively rich mixtures are not as dangerous, although they do 
the slow burning characteristics of a lean mixture. During the combu 
tion of a normal-burning rich mixture, most of the oxygen is eliminat 
but some fuel particles (which absorb heat) are left in the chamber. 
(3) Cowling Raps control the amount of air that passes over and aro 
the cylinder fin s (air-cooled engines). The opening of the flaps 
decrease cylinder head temperature. 
(4) The flow of air through the core of the radiator is regulated by 
coolant shutters. This controls the temperature of the liquid 
through the cooling system of the engine. 
( 5) To maintain safe "oil-in" temperatures, oil cooler shutters are 
lated manually or automatically. There are two types of automatic 
trois: the temperature regulator incorporating a thermostaJ:ic val 
which operates the shutters in order to maintain a constant oil t 
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.. ture; and the viscosity regulator which tenels to maintain the oil at a 
xmstant viscosity. r 6) The use of the carburetor air heater always increases engine tem-
:.erature. If an excessive amoWlt of heat is introduced into the engine 
:hrough the use of this heater, detonation, preignition, and a great loss 
)f power win result. Only the amount of heat necessary to prevent icing 
.. nd effect sufficient wanning of the air for smooth operation should be 
ll5ed. More power and lower engine temperatures can be obtained with 
lower carburetor inlet temperatures . 

•. 0I1-c001l .. co.hol. T he indications of the oil temperature 
:a,uge are transmitted from the thermometer bulb (in the oil inlet passage 
:0 the engine ) to the gauge on the instrument panel. In addition to its 
)rimary purpose of eliminating metal-to-metal contact, the oil also servt'S 
lS a cooling medium for the engine, The use of a radiator cooler is 

because much of the engine heat is given up to the oil. The 
:-oole r is generally located in the line between the scavenging pumps and 
.he oil tank, and is usually fitted with a spring-loaded thermostatic valve 
",hieh bypasses the oil around the jacket when the oil is thick and cold. 
[bis is desirable because it produces quick warming of the oil when the 
!ngine is first staned. Shutters, either of the manually or automatically 
lperated type. control the air flow through core and tend to maintain 
:he oil at nearly a constant temperature and viscosity, Automatically 

shutters have a distinct advantage over the manual type in 
hat the operator is relieved of another of his many duties. Many of 
he h igh-engine temperature troubles will be eliminated if the mechanic 
Ilways services the oil system with a sufficient supply of the proper grade 
,f oil 

f. Iltgl •• cooll... All aircraft engines may be classified as liquid-
:ooled or ai r-cooled, Since internal combustion engines are not 100 per-
;t:nt thermally efficient, some means of removing the excess heat must 
Ie incorporated in the design of the power plant, The gTeater part of 
he heat is removed by a liquid medium or by air. In either type of 

a portion of the internal hrat developed in the engine itself is 
nnducted to the atmosphere by the oil of the lubrication system: there-
ore, it is very important that the grade and supply be that specified for 
lie particular engine. 
I ) Liquid-cooled installations employ a coolant medium known as 

glycol to dissipate the heat. The coolant conducts the heat to 
he radiator where it is transferred to the atmosphere. Adjustment of 
he radiator shutters varies the flow of incoming air through the radiator 

The greater the differ('nce between the coolant temperature and 
he temperature of the surrounding air, the more rapid will be the 

The use of ethylene glycol, which has a high boiling point. 
a higher and more efficient operating temperature than water. , 
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The size of the rauiah)r is reduced trcllklldously when ethylene glycol iJ 
used instead of water. This results in less head resistance for th<-
ai rplane. 
(2) Air-cooled engines arc L'(!uippt'd Wilh 3n arrangement of fi nned sur· 
face.'!, cast or machined wit h the cylinder head ami cylinder barreL The 
cowl arrangement forces the ai r OH'f the engine. The alllount of air 
passing o\'(' r the power plant is rontrollcd by the movement of the cowling 
flaps . Baffles are provided to decrease the speed of the ai r passing 0\"(1" 

the finned area and thus permil an even cooling by eliminating the low-
pressure area behind the cylinder. 

CJ. Carburetor icing and control. A thorough understanding 01 
ice formation and a practical knowledge of the caruuretor air-Ill'ater con-
trol a re vitally important if an engine is to \)e operated properly whel1 
icing conditions exist. Carburetor icing llIay causc cngillc failure, henet. 
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it must be detected immediately. Ice iomtation in the carburetor is 
caused by the reduction of temperature due to the pressure drop in the 

i venturi, the pressure drop at the throttle (see fig. 19), and the evapora· 
. tion of fuel. The temperature drop due to vaporization alone is from 

zooF. to 6O"F. The drop in temperature causes the moisture in the air 
within the carburetor to condense and This form of icing is much 
more hazardous than ice formation on the structure of the airplane. It 
may occur at any time during the year, choking the air-fud passage and 
sometimes causing the throttle to jam. Carburetor .icing is most likely to 
occur during damp or rainy weather, when the humidity is high and 
the ground temperature is between JOoF. and 70°F. (_10 and 2t°C.) 
wburetor air-heater control valves are installed in the air intake as a 
means of maintaining the incoming air at high enough temperature to 
avoid a drop below 32°F. in the carburetor and induction system when 
waler vapor is present. Several types of heaters are used. 
(1) EXHAUST HEATERS. An exhaust heater generally consists of 
a muff or shroud around the exhaust piping to conduct air from around 
the exhaust pipes to the induction system where it may be mixed with 
the air from the normal cold air inlet if needed. The valve may be 
adjusted to any desired opening depending upon the quantity of warm 
air rtquired. 
(2) ALTERNATE AIR·INLET HEATERS. This type installation 
for carburetor air heat consists of a two-position valve arrangement in the 
air scoop. The operator may close the cold air entrance and at the same 
lime open an entrance to the engine compartment to let the warm air 
heated by the engine enter the induction system. The air heat in this case 
dtpends upon free -air temperature, engine operating temperature, cowl 
flap position, and other variables of the airplane engine installation. 
(3) OTHER TYPES OF HEATERS. Other types of carburetor air 
heaters are hot spots, intensifier tubes, and systems in which warm air 
from the coolant and oil coolers is utilized. 
(4) The operation of the carburetor air-heat control lever is essentially 
the same as the operation of the throttle and mixture controls. Smaller 
ins tallations are sometimes equipped with push-pull rods. Placing the 
control in the COLD position sets the heater valve in a position that allows 
only the cold air to enter into the induction system. When the lever is 
moved to the HOT position, fhe cold air passage is closed and the in-
coming air must pass through the heating chamber. During starting it 
is of great importance that the carburetor heat control be placed in the 
COLD or OFF position to eliminate the possibility of damaging the 
heater control valve if the engine backfires. During ground operation 
and wann-up the heater control will be kept in the COLD position. The 
carburetor air-intake thermometer and mixture thermometers should indi -
cate temperatures within the desired ranges. There is a possibility of 
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icing during extended ground operation prior to take-off. \Vhen this 
condition occurs, the following procedure may be followed (if it does not 
conflict with Technical Orders) to eliminate ice from-and prevent ice 
formation in--the induction system: when the moisture of the air is 
nearing freezing point, apply full carburetor heat, then maintain the 
desired temperature. If the temperature cannot be maintained, place tht: 
heater control in full COLD position. 
(5) INSTRUMENT INDICATIONS OF CARBURETOR HEAT 
CONTROL. The manifold pressure gauge will indicate almost imme-
diately the movement of the carburetor heat control. If ice is forming in 
the carburetor and the heat control is moved to the HOT position, the 
manifold pressure gauge will show an increase in manifold pressure 
because the constriction in the intake is being removed. If no ice is fonn-
ing, and the heat control is moved to the HOT position, the manifold 
pressure gauge will indicate a loss in pressure. The unnecessary heat and 
the reduced intake-air pressure (due to the slight pressure drop in the 
air hearer) decrease the speed and power. As the manifold pressure 
increases, a corresponding increase will be indicated on the tachometer 
and vice versa_ Some installations are equipped with carburetor air tem-
perature thermometers, while others are equipped with carburetor mixturt 
thennomelers. The use of these instruments g.eatly simplifies the setting , 
o f the carburetor air-heater control. Because the hot air tends to build 
up in layers and because of the nature.of the ramming intake, it may be 
necessary to move the exhaust-heater control about two-thirds travel 
before the hot air affects the thermometer bull:!. However, once the bulb 
is affected, a greater range of temperature change will occur with smaIl 
movements of the heater control. Engines equipped with the various 
types of temperature indicators should have the carburetor heat oontrols 
adjusted to maintain temperatures as shown in table I. Intercooler shut-
ters, instaned with turbine-driven superchargers, will be used to maintain 
the temperatures shown in table I. Turbo-supercharger installations 
not equipped with intercooler shutters should use the carburetor air-heat 
control to satisfy the necessary temperature requirements. 
(6) Several limitations and precautionary . measures increase safety of 
operation of the carburetor air-heater control. In starting an aircraft 
engine, the carburetor air-heat control should be placed in the COLD 
position to eliminate the possibility of the control valve being damaged 
by backfire. Under nonicing conditions, unnecessarily high intake-air 
temperatures may cause overheating of the engine with resultant danger 
of detonation and engine failure if air intake and carburetor temperatures 
are not observed closely. When conditions warrant the use of the heater 
during wann-up, the air-heat control must be used intelligently to avoid 
carburetor temperatures above 350 C. (950 F.), thus helping prevent 
detonation. Use of the carburetor ai r heater may cause ice and snow to .. 
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melt and then frttze on the induction system walls. This condition might 
be avoided if the air-heat control were left in the COLD position. The 
alcohol de-icing equipment; if installed, should not be used for ground 
operation because of its limited supply and \)e(;ause it forms very rich 
mixtures at low engine speeds which may cause the engine to stop. It is 
evident that ·ice will fonn when the heat absorbed reduces the temperature 
of the air-fuel mixture below 320 F. (00 C.) and water vapor is present. 
This may occur when atmospheric temperature is as high as 85 0 F. 
(300 C.) with the atmospheric moisture in a liquid or vapor fonn . The 
moisture freezes on the walls of the induction system, the venturi throat, 
and the butterfly valves. Icing may a150 occur on clear days when the 
atmospheric temperature is between 300 F. and .75 0 F. (-1 G C and 
24· C.) if the relative humidity is very high. Oouds are always saturated 
with water vapor and will cause carburetor icing if the temperature is 
below 8SG F. When atmospheric temperature is below lOG F. the proba-
bility of icing is very slight due to the low content of water vapor at such 
ttmperattlres. Normally, the fonnation of ice may be recognized by a 
gradual loss of rpm at cruising manifold pressure change of 
throttle or flight attitude. At greater throttle openings, it is more difficult 
to detect except from irregularities of engine operation. However, ·the 
most hazardous time for carburetor icing to occur is probably during 
take-off or while fiying al low altitudes where the time element prevents 
removal. It is possible that sudden icing on take-off will result in engine 
failure; therefore, precautions must be taken to prevent its fonnation. 

Tobit' I. 

Dt";TM [)niT..! 
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Air temperature .. . Exhaust heater Above 6 10" 10 30·· SO' 10 86' 
(adjUllu,bJe control). pounds 

square inch 
Air temper2.ture .. . Exhau$t heater Below 6 30' to 35' 86 ' 10 95 ' 

(adjustable control) . pOUnds per 
square inch 

Air temperature .. , Alternate air-inlet F un '''" heater (two-position) to 40° 
Mixture temperature Exhaust heate r 2° to 5" 35° to 41 " 

(adjustable control) . 
Mixture temperature Alternate ai r-inlet Full SO' 

heater (lwo-IJOsition) '0 10" 

IL h . 1 pr .... re r .... lre .... aid control. (1) A mechanically 
driven fuel pump is incorporated in the fuel system to insure a con-
stant flow of fuel to the carburetor. If the engine is to operate satisfac-
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tori ly, this flow must Uc maintained n:gardless of the fud level in the 
tanks or the position of the tank relative to the engine, and must nQt 
be affected hy airplane manenvers. Other necessary reqnirements for a 
constant fud flow are reliahle pumps and otlwr fu('l systcm unit s, and 
fuel which is of dirt, water. and other impurities. E ngine fuel pumps 
must be able to dcliver far gn'ater quantities of fud to the carburetor 
than the engine will consume. The hand wobble pump also insures (on· 
stant fuel pressllre to the carhurdor. The fuel pressure relief valve is 
designed to maintain constant pressure by relieving the excessive pres-
sures in the line the pump and carburetor. Fuel pressure relief 
valves are adjusted a(cording to the pressures needed for specific types 
of carburetors. Float type carburetors generally reqllire a fuel pressUTI' 
of 3 to 5 pounds per square inch; the Chandler-Evans (C(.'Co) and Holle)' 
type carburetors require a pressure of 6 to 8 pounds per S{[uare inch: 
and the Stromberg pressure injection type (arburetor requires a pressure 
of 12 to 17 pounds per square inch. 
(2) FUEL SUPPLY. When an airplane has a reserve fuel supply, the 
engines will be started and warmed up on the ground with the fud cock 
on RESE RVE, Duri ng the warm-up. the fun(tioning o f all the tanh 
and lines will be tested by switching the fue l valve to c-ach lank loug 
cnough to insure that the fuel frotH the tank has an opportunity to flo'o\' 
to the engine. P roper performance of the engine or engincs during thi, 
lest will insure that the cntire ftld system is free from water, dirt, ami 
restri(tions, and is functioning properly, 

i. Oil pressure requirements and control. High speed, high 
power output, and high operating temperatures are characteristic of 
modem aircraft engines. The potential friction between the rapidly mov' 
ing p<1rt s is vcry great. and successful operation of the power plant i, 
dependent largely upon the reduction of this friction by proper lubri(ation. 
The oil system, therefore, must maintain a supply of oil to the moving 
parts of the engine. The reduction of friction bctw(.'Cn the parts is accom-
plished by fo rcing a thin film of oil between them. so that they actually 
"ride" on this oil layer instead of agaillst each other. Space, correctly 
tenlled clearance, is always provided in engines to allow for thi s fi lm of 
oi l. A gear type pump forces oi l under pressure to all bearings and bear· 
ing surfaces, Oil spray' thrown off hy the crankshaft and connecting 
rods lubricates the pistoll pi ns, pistOIlS, cylinder walls, and gears. In 
addition to rt-ducing fric tion, the oi l also provides a certain alllount of 
cooling. This is aet:olllplished as the oil ahsorhs the heat from the metal 
parts and transfers it through the cooler to the surrounding ai r, The 
control of pressure in the oil system is largely dependent upon the oil 
pressure relief valve, although the pressure will vary with engine speed 
and oil pump output. Adjustmclll of the oi l relief valve must br 
Ill.;lde when the engine has rcached its non11a1 operating temperature. Set· 
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lings made when the oil is cold and thick will result in low oil pressure 
when the oil assumes its normal viscosity. Setting the valve when the oil 
is at a high temperature will give an extremely high pressure at normal 
oil temperatures. G<>nerally, the oil pressure maintained by the oil 
sllre relief valve is betWet'1l 60 and ro pounds per square inch for engine 
speeds f rom 1,600 to 3,QC() rpm, with the oil temperature hetwt'erl 500 and 

C. During extremely cold weather operation, prtheating the oil before 
starling the engine will aid in lubrication, dt'Crease the warm-up time, 
ami eliminate the possibility of en.!rine damage and failure. During ex-
tremely cold weather operation, it is also rt"COmmended that the oil pres2 
sure gauge line be filled with light oiL This will prevent congealing of 
the oil in the line, which would ·result in slow gauge response. In all 

the engine oil pressu re should normally he estahlishe<! within a 
maximum of 30 seconds after starting. Should the nil pressure fail to 
register within this period of time, stop the engine immediately and 

the trouble. Failure to do this may result in burned-out hearings 
ami serious damage to the engine. 

Prop.ller co." 01. The propeller govemor-control lever is gen-
erally located on the control pedestal or near it. The lever (marked with 
the letter "P" ) may be moved fo rward to the INCREASE RPM position 
to decrease the blade angle and increase engine speed, or backward to the 
DECREASE RPM to increase the blade angle and decrease the 
speed of the engine. The travel loward INCREASE RPM is limited by 
a stop on the quadrant which should be so adjusted that the engine speed 
clnes not excet'd the maximum rpm when the throttle is WIde ope" for 
lake-off. The toggle switch for an electrically CfIntrolled propeller is 
usually mounted on the instrument panel If the selector switch is put in 
the automatic position, the engine rpm will be held constant, unless varied 
by means of the governor control lever. However, the propeller may be 
controlled manually hy placing the selector switch in either the 
DECREASE RPM or INCREASE RPM position. This will decrease 
or increase the blade angle by operating the pitch-changing electric motor 
of the propeller. 
( I ) FEATHERING. When an engine fails while the airplane is in 
flight, the propeller will "windmill" and cause drag. This may be elimi-
nated by "feathering" the propeller--changing the blad.- angle so that the 
prope1\er will not be rotated by the wind. To accomplish this during 
practice feathering the throttle must be dosed, the mixture control moved 
to IDLE CUT..oFF, the featheri ng control moved to FEATHER, the 
fuel turned OFF, and the ignit ion swi tch placed in the OFF position. 
However, in case of emergency, the feathering control will be put in the 
FEATHERI NG position immediately, after which the procedure 
lined will be followed. 
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I'<opeu .... S.art \\'."h_Uj' T .. i I S.op N;""""" 
Hamilton High PrevelllS Low Low High Prevent 

Standard pitch, low starving pitch pitch pilCh cor roSIOn 
conSlant- <pm. of main of 
speed, bearings. propeJler 

pis ton. 

Hamihon High Prevents Lo" Low H il>:h Prevent 
Standard pitch, low slarving pitch pitch pitl'l, cor rosioo 
two- <pm. of main of 
posi tion. bearings. propeller 

pis ton. 

llyd romatic Low L"" Low Easier 
and Aero- pilCh, starting 1';1("10 pitch I'ild, starting. 
products. bi,L(h load and 

<"". . t OTlIU<:, 

Curtiss Selector Reduces Low Low Low Electric. switch in starting pilCh pitch pitch SlaTting. 
;l.ulomatic, load and 
low torqlle. 
pilch, 
high 
",m. 

(2) UNFEATHERING. To unfeather a propeller, adjust the throtTle 
to a "cracked" position (one-tenth open), leave the mixture control . m 
IDLE CUT -OFF, and hold the feathering control at UNFEATHER 
until the tachometer shows 700 to 9(X) rpm. \Vith the engine windmill ing 
and fuel pressure registering 4 to 5 pounds per square inch, tum th e fwol 
ON, place the ignition switch in the BOTH position (indicating that both 
magnetos should operate), move the mixture control to AUTO Rl fH 
posit ion, and the engine should start . \Vatch the tachometer to make 

_ sure the engine is operating. If the engine should backfire, work the 
wobble pump or electric booster pump to remove all the air from he 
fucl lines and carburetor, 

k. Intercooler cont1"oL Compressing air by a supercharger, Or by 
any other means, increascs its tcmperature considerably. It is des irable 
to cool this compressed air before it reaches the carburetor intake, thus 
prevCllting detonation, preignition, and reduction of the density of the 
intake mixture. Th is is accompli shed by means of an intercooler (fig. 20), 
usually in the foml of a radiator between the carburetor intake and the 
supercharger. The radiator core is eXJX>scd to the slipstream. and ir 
passes through the core and cools the wann comprcssed air in the saint 
manner as water is cooled in a radiator. Adjustment of the intercooler 
shutters controls the temperature of the compresst-d air. Carburetor mix-
ture temperature and carburetor a ir-intake It'l11peratures should be as 
specified in paragraph 4g, 
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I. C. rbllr.tor air-filter control. (I ) PURPOSE OF CARBU-
RETOR AIR FILTER. Excessive engine wear due to dust and sand 
entering the engine through the carburetor air intake has made it neces-
sary to incorporate an air filter in the induction system. Sand and dust 
conditions create serious maintenance problems. Although such con<Ii -
tions are lIlost troublesome 011 the ground, while the engine is idling " orl 
the line" or during taxying or take-off, they are al so prcscnt during flying. 
as air in circulation is capable of carrying the dust and sand to greai 
heights. The carburetor air filter is designed to remove dust and salJ(l 
from the air entering tile engine. 
(2) OPERATION OF CARBURETOR AIR F I LTER. One type of 
carburetor air-filt er "ah-e is operated by an electric motor. The motor 
is controlled by a double-throw toggle switch located on the inst rument 
panel. When the switch is placed in the CLOSED position, atmospher ic 
air bypasses the filters as shown in figure 21 (i). When the switch i. 
held ill the OPEN posi tion the atmo!Sphcric air must be drawn th rough 
the fi lters before entering the supercharger as shown in figure 21@. An 

... ... -_ ....... . - .. , .. , 

Fiyu r.::n. Cu r/m rt'/Qr uir fill!' r. 

imlicatur l;mlp is gellcrally 101.:ated 0 11 the instrument panel, near t/1t' 
switch, to indicate when the valve is o]lCn or d osed_ \ \fhen the valve is 
compktcly open, permitti ng only filtered air to enter Ihe supcrchargtr 
intake, an amber lamp is lighted. If the green lamp is illuminated tho:: 
control vah'e is fully dosl·d. If 11('i thcr lamp is lighted, the valve has not 
completed its tTavel to either position. During all engine operation 011 
the groulill. the air filter should he placed in the OPEN posit ion . and 
for dust conditions up to S,())O fcct, it should remain in that position. 
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Si:tting the carburetor air-filter to the O PEi\ stlting bdon.: take-
off restricts the ,LiT-intake opening: therefore, a slight power reduction 
will be observed, as indicatetl by a d('t:n'a!';C 011 the manifold pressure 
of approximately I to 2 inchi:s of H g. This drop may be overcome by 
readjusting the supercharger control-lever stops until the desired manifold 
pri:ssure is obtained. 
(3) P RECAUTI ONARY Jl. IEASU RES. It should be pointed out that 
the use of the air filter win not completely eliminate sand and dust from 
the engine. Other precautionary measures should be taken at any op-
("rating base where sand and duSI conditions exist. The period of engine 
idling should be reduced to a minimum. Airplanes not be left 
near the take-off strip where dust and sand arc blown around by other 
planes taking off. Every precaution should be taken to prevent sand 
and dust from entering the {ud and oil system during servicing. \\' here 
good hangar facilities arc not availabk. tight covering should hc placed 
over the entire engine . . If a large cover is not available. covers 
should be insta11ed over the carburetor air scoop, exhaust stacks, engin o,: 
breathers, and other openings. 

5. OPERATION LIMITS. ., General. Many factors affect the 
speed, manifold pressure, power output, and t(111]>erature of an engine. 
A change in any one of these factors without a compensating change in 
some ot her or others will vary the Sl":'cd, manifold pressure, horsepower. 

SPECLFIC OPER"TIHG II'ISTRlICTIONS 
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or thc operating It1nperature. Technical Orders speci fy definite openk 
ing limils and instructions for cach engine model. ( See fig. 22.) 
limits are based on the design characteristics of the engine and on rigid 
operation tests. 

b. En91ne power 01ltp1lt. For a given engine, horsepower output 
is a function of crankshaft rpm and manifold pressure. The greater 1M 
rpm, the greater the horsepower output: and the greater the manifold 
pressu re. the greater wi!J be the horscpGwer output. Thus, an increast 
in engine horsepower output will oceur whenever the crankshaft rpm or 
the manifold pressure. or both, increase. However, it must be clearly 
understood that for e\'ery engine there are definite limitations to the mani· 
fold pressure. cranksn.1.ft rpm, and therefore to the horsepower output per· 
mi ssible during: the operation of that engine, 
( I) MANIFOLD PRESSURE LIMITS. When the throttle is opentd 
to a greater extent. a larger eharge enters the c0111hU5tion chamber, and 
a r ise in compression pressure results. This charge may be forced into 
the chamocr by atmospheric pressure (30 inches H g. at sea level ), or, ii 
superchargers are employed , the charge is packed into the 
chamber at pressures much higher than atmospheric. A correspondingly 
increased compression pressure and a greater horsepower output result. 
However. there is a definit e limit to the amount of pressure the piston 
and cylinder assemblies can withstand without being damaged. This limit 
is determi ned and sp("cified for each engine. 
(2) ENGINE SPEED LIMITS. When an engine is equipped wi th a 
fix ed pi tch propeller, crankshaft speed is controlled direct ly by the throttle. 
When a constant-sp(:ro p ropeller is used, however , the engine speed i! 
regulated by a propeller governor control. Tn either case, it is extremdy 
important not to exceed the maximum engine rpm (pcnnissihle for a short 
period of time only) specified for a particular engi ne. Mechanical stresses 
and internal stmctmal failures. some of which may not he visually ap-
parent, will result if this maximum limit is excee<lcd. The desired speed 
range is specified for all around purposes, and it is within thi s range that 
the eng-ine will operate during most of its useful service. 
(3) POWER RAT INGS. Normal rated power is the higllest permis· 
sible power which ma)' be delivered continuously at a given altitude. This 
power output Illil)' be exceeded only for short periods of time, such as at 
take-off and in military emergency. During these tim('s, the engine de· 
livers its maximum power output : that is, the highest output which the 
engine is designed to deli \'e r . To deliver this horsepower, the engine 
must operale al its maximum m .. 1.ni fold pressure and maximum rpm. An 
engine should be opt·rated at maximum power out put for as short a period 
as possible, since the high manifold pressure and high rpm result in e:<' 
eessive stresses 011 the piston and cylinder assemblies, and on the entire 
engine structure. It is extremely important never 10 exceed either tilt 
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maximum manifold pressure or maximum permissible rpm. 
Operating the engine at excessive manifold pressures is likely to result 
in detonation if pressures exceed the limit of the octane rating of the fuel. 
Structural parts have been known to fail when this trouble occurred and 
in cases of severe detonation scoring and freezing of the cylinders is 
highly probable. . Aircraft engines exceed the maximum rpm limit only 
at the expense of safety and economy of operation. Friction losses and 
loads on the pistons, bearings, etc., increase tremendously and excessive 
heat will he encountered as the speeds approach and exceed the maximum. 
Careful manipulation of the engine controls is necessary tQ avoid operat-
ing the engine in excess of its specified limits. 

c. MI.lmunt e .. i.e IpeRI. In many instances minimum speeds 
are not specified; however, the mechanic should be familiar with the con-
ditions-that take place when high power output engines are operated at 
low speeds. Spark plug fouling is one of the most common troubles 
which occur when the engine is operating at low rpm for a fairly long 
period of time. 

d. E.qlne temperature limits. (I) Certain definite temperature 
limits must be observed in order to guard the engine against unnecessary 
damage. As has been previously stated, instruments have been provided 
to inform the operator of these conditions. 
(2) It is as important to heed the minimum temperature Jimits as it is to 
observe the maximum limits. Operating an engine at too Iowa tcmpera-
ture win sometimes .result in serious damage, such as scored bearings, 
because of lack of proper lubrication . 

. 
6. ENGINE STARTING. a. General. It is important that the me-
chanic determine the type of fuel system that is installed in the airplane 
and the function of its various units. Starting an engine is not difficult 
if the proper procedure is followed in setting the controls and in the use of 
the primer and starter. The following general instructions will be fol-
lowed hy mechanics when starting an aircraft engine during the preflight 
inspection. 
(1) An necessary inspection and maintenance must be performed before 
lhe engine is started. 
(2) Make sure that the ignition switch is in the OFF position and pull 
the propeller through four or five revolutions. This is particularly im-
portant in radial and inverted type engines during both winter and sum-
mer operation. If an excessive amount of oil or fuel is present in the 
cylinders. the crew will be unable to rotate the propeller. Often rotation 
of the propeller in the opposite direction will remove the accumulation in 
the cylinders and make it unnecessary to remove the spark plugs and 
intake pipes. Starting engines with excessive oil and fuel in the combus-
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IIUIl chamocrs be avvilkJ, it may result ill OCllt or broken ron-
llL'Cting rods. 
(3 ) If the propeller cannot be rota ted in either direction, rClll0\' ( the 
spark pIngs fig. 23) and the intake pipes of the oottom cylinder !'(I 

w_ 

that the liquid will drain out. Then remove the intake pipes and spark 
pIngs on either side of the ones a[n:ady checked. Continue Ihis proccdurt 
until all liquid has been rcmov<..'(l. Sp.uk plugs should be thoroughly dried 
hdore being reinstalled. Care should be exercised during their rein-
stallation. 
(4) Warn the crew Illt11lbcrs by shollting "All clear," then stop the fly· 
wheel rotatio11 by engaging the slarter flywheel tu the cnginc. If energy 
is stored in the f1ywhcd. it will be notict .. >d hy rotation of the propeller. 

b. Control settings. aircraft engines have improvl"<l, more units 
and controls have been added, until now it is impossible for an operator to 
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adjust the conlrols during the time of actual starting of the engine. For 
this reason and for safety of operation, all of the manually controlled unit !> 
must be in the correct position before starting the engine. More auto-
matic controls are also being used. These controls are examined only to 
be certain that they are in the proper position. Before start ing the engine, 
the controls are generally set as shown in table Ill. 

Table III 

Fuel valve .... .. .............. . . ... ......... . Reserve. 
Cro!ls-feed valve ....... ...... . .... . 
Carburetor mixture control: 

Float type carburrtor . .. ... . . . . 
Ceco or Holley type carburetor .. 
Bendix Stromberg injtttion type 

(If applicable) 

(If applicable) 
(I f applicable) 

0 • . 

Full rich. 
Full rich. 

carburetor . ................ .. (I f applicable) Idle cut·off. 
Throttle (800 to 1,000 rpm) ......... . ........... ..... . Cracked 10 

""" Propeller : 

one-tenth 

Hamilton Standard two-position. 
Hamilton Standard con, tanl-Spced 
Hamilton Standard hydromatic .•. 
Aeroproducts ......... ... .. .. .. 

(If applicable) 
(If applicable) 
(If applicable) 
(If applicable) 
(If applicable) 

High pitch ( low q>m) . 
High I.ilch (low rpm ). 
Low pitch (high rllm). 
Lo",' pitch (high rpm). 

Curtis Electric: 
Thermal overload safety 

switch ...... ............. ................. . On. 
Propeller seltttor switch .............. ...... .. Automatic. 
Pilch control ........... ...... . .... ...... . . . . Low pitch (high rpm) . 

Carburetor air heater ... ... . ... ... . .. . .. ....•. .... . . . : Cold. 
Carburrtor air filter ........ ... ... .. ...... .. • . .... . . .. Open. 
Oil cooler shutters ........ ... ......... .... .. . ... .... .. See engine Technical Or-

do,. 
Cooling system: . 

Coolant-r.adiator shutters ... ... . 
Cowling flaps .. ....... ........ . 

.............. .... Open. 
· ... . .... ......... Open. 

Supc:n:hargu : 
TurbiJ1e..drivCTl supc:r<:luIrgcr 

waste gauge .......• ... . . . ... 
Supercharger regulator ..... . .. . 

(If applicable) Open. 
• • . . ... •.. .• •. . • . . OfT. 

Intercooler shutters ..... . .. ... . .. . .. ..... ..... ... Open. 
Two-speed supercharger .. ..... . 

Automatic manifold pres511re 
( I f applicable) Low blower. 

regulator ........... ...... .. ... . ....... .. .. pressure. 
Fuel mixture indicator ..... ... ... .. ( If applicable) On. 
Priming pump ... ....•.... . .. ...... .. . . .. ... . . ... . . .. On. 
Fuel system: 

Hand wobble pump .. ........ . .. 
Electric booster pump .. . . ..... . 

Battery disconnect switch ..... ..... . 

· . . . .. ........ .... MainUin fuel pressure. 
.. ................ On. 
· . ... .... .. . ...... On. 

Genentor main-line switch ... . .... . · . . . . . . . . • . . . . . . . . 0 IT. 
Ignition switch ................... . · . .... . . ... ... .. .. On, or DOlh. 

Co Prlntl.,. Nearly every airplane engine requires some priming for 
starting. The amount of priming required depends upon the length and 
size of the primer lines, the temperature of both the engine and atmos-
phere, the size of the engine, and the capacity of the priming pump. Much 
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more l)TImmg will neL'(led during eold wcather than during warnl 
weather. If the engine is overprimed, as indicated by an excessive amount 
of raw fuel flowing from the supercharger drain valve, place the ignition 
switch in the OFF position, place the throttle in FULL OPEN position, 
and pull the propeller through three or four times. In temperate cl imates 
and when the engine is warm, priming will usually be Do 
nOI prime through the exhaust ports or the spark plugs with raw fuel and 
avoid the use of the throttle as a priming device except where authorized 
ill special operating instructions in Technical Orders. A fter the engine 
is primed, lock the primer plunger in the O FF position and energize and 
mesh the starter to the engine. T he following information applies to two 
types of primers, namely, the hand primer and thc electrically operated 

• • prmnng pump. 
(I ) H AXD PRIMER. To obtain a high efficiency from the hand 
primer, first nnlock it ( turn the handlc from the OFF position to the ON 
position ), then draw the plunger out slowly, and hold it out long enough 
to he sure that the pump cylinder is filled with fuel. \Vhen the cylinder is 
full, force the plunger in abruptly to atomize the fuel as it is discharged 
into thc intake port of thc cngine cylinder. T wo or three strokcs are 
usually sufficient for starting in moderate tcmperaturcs. Aftcr priming. 
the plunger must 1)(" locked in the OFF position (fig. 24) or the engine 

lI"ill syphon the fuel through thc primer, resuiting in an overly rich 
mixture. Starting of the engine should take place i1\llllt:diately alter 
priming. \\111<"11 the incrtia starter is installffi: may be accomplished 
by priming while the starter is being energized, and timing the last stroke 
o f the pump so that it is made just before placing the igni tion switch in 
thc BOTH position and engaging the starter Aywhcel. 
(2) ELECTRIC P RIl\IERS. Electric primers serve the same purplst 
as halld-(lpcratffi primers. The priming pU1I1P is operated hy dosing the 
switch located 011 the cockpit instrumcnt panel. Holding thc switch dosed 
for 1 second is L'(luivalent to one st roke of the hand primcr, 
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d. Starter operation. In the operation of inert ia startt!rs, hand at 
dcct ric, the mechanic must learn by experience to determine when suf-
ficient flywheel speed is attained before engaging the flywheel to the 
(llgine. Excessive speeds should be avoided, particularly when energiz-
ing the starter by an external electrical power unit. In starting a very 
rold engine, energy stored in the starter flywheel is dissipated to a large 
cxtent in the starter dutch if the engine is not loosened up before using 
the starter. This may be eliminated, to some extent, by pulling the pro-
peller through three or four revolutions. At the same time a check fo r 
liquid accumulation in the combustion chambers should be made. Starters 
cannot be expected to rotate the propeller on a cold engine as rapidly as 
when the engine is warm. If engine conditions are found satisfactory , 
starting may be performed by using anyone of the follow ing methods : 
(I) PORTABLE FIELD ENERGIZER. Whenever possible, use the. 
portable field energizer to energize the starter flywheel in order to save 
the battery on the airplane as much as possible. The portable energizer 
is simply an electric motor, adapted so that it may be connected to the 
starter extension shaft by a cranking pin. The direction of rotation of 
this pin may be reversed by interchanging the cranking pin and the metal 
cap which is on the opposite end of the drive shaft. Before inserting the 
cranking pin in the opening in the extension shaft, check to be certain 
that the energizer rotates in the right direction. This is done by depress-
ing the trigger switch and observing the cranking pin. The direction of 
rotation of the starter extension shaft may be determined by examining 
the spiral slot in the shaft . When the energizer is properly set, the 
cranking pin of the energizer should be inserted into the starter extension 
opening and the trigger on the energizer handle depressed. (See fig. 25.) 
As soon as the desi red cranking speed is attained, the trigger switch is 
released and the energizer is removed from the starter extension shaft 
hefore engaging the starter. The ignition switch in this case remains in 
the OFF position .until the mechanic operating the portable energizer 
gives the "all clear" signal. He will remove the energizer before giving 
the signal. 
(2) HAND I NERTIA STARTER. To energize the flywheel, the hand 
crank should be rotated slowly at first, and gradually faster unti l the 
desired speed is attained. (See fig. 26.) This will prevent 
damage to the spiral slot and shear pin. Remove the hand crank, stand 
away from the propeller, and inform the operator, by shouting "All dear," 
that everything is in readiness for an engine start. The operator then 
moves a switch or control rod handle to engage the starter flywheel to the 
engine. It is important that the switch remain in this position until the 
engine begins to fire evenly. With the switch in the ENGAGED position 
the booster coil is able to furni sh the ne<;essary spark for the start. As a 
safety featu re, an automatic spring release is incorporated 10 release the 
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26. EMrg'::i"9 lit/! s l<Jrler J/ywitu / ".j,,, ,I ha"d am,k . 

stiner jaws as the engine builds up speed. If the engine does not start 
and the starler jaw docs not dis(>ngage, place the igni tion and oth.:: r 
controls in the OFF position and pull the propeller through one or 
two times. 
(3) ELECTR IC INERT IA-START ER OPERATION. Sct all the 
controls and switches for starting. Shout "All dear," as a warning for 
all crew members 10 slund dear, then place the starter motor switch in 
the ENGAGE or MES H position. If allY energy is present in the fly-
wheel, it will be evidenced by propdler rOlation. To energize a rotating 
Aywheel without first slopping it will sometimes result in damage to the 
sta rter mechanism. Energize the flywheel by placing the switch in the 
START position and keeping the circuit dosed from 10 to 20 seconds, 
depending upon the state of the charge of the battery. The second hand 
of the cockpi t dock lIlay be used for determining the time the switch is 
kept in the START position. After the flywheel has reached the proper 
spred, shift the toggle switch to the ENGAGE position and hold it there 
until the engine start s. If the engine does not start. detennine whether 1 
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trouble exists, then repo..oat the operations described . \Vhen Ihe engine 
fires , perform the IlCC('S5ary steps 10 continue the operation or the engint. 
Do not release the starter swi tch until the engine begins to fi re evenly. 
(4) EL ECTRI C· I NERT IA OI RECT·CHANK I:\G 
STARTER O P ERATION. Set all the controls and switches for start· 
ing. Shout "AU dear" to warn crew members to stand dear. SICP 1. 
figure 27, indicates the position or the switch 10 stop any flywheel rotation. 

Pigurr 27. Pruilio"s of dirrrl ·crrmhn9 r/u lric ;,,('rtia sturin s'wifchrs 

Energize the flywheel by placing Ihe switch in the START position as 
shown in step 2. After the £Iywneel is sufficiently energized . close the 
ENGAGE switch wi th the forefinger, at the same time keeping the thumb 
in the original position, as shown in step 3. It is permissible to hold 
hoth switches in this position as a direct·cranking starter to turn the 
engine over. If the engine fai ls to fire. repeat the procedure. If tro llble 
is indicated after the engine starts, stop the engine and perfonn necessary 
correct ive maintenance. 

e, Starting of an engine equipped with float type carburetor. 
Starting an engine equipped with a £Ioat type carburetor, with or without 
an idle cut-off unit , is accomplished as follows: 
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( I ) Make sure the ignition switch is in the OFF position and pull the 
ImlpCUer through four or five revolutions. 
(2) After the foregoing operation is performed, the operator should shout 
;'AH clear" to warn the crew members to stand away from the propeller. 
He should then proceed to stop the flywheel rotation by engaging the 
starter to the engine. 
(3) Place the mixture control lever in the FULL R ICH position. There 
is Ycry little danger of engine flooding if the needle valve in the float 
chamber funct ions properly. 
(4) Set the remaining controls in proper position for start ing. 
(5) Operate the wobble pump to produce 3 to 5 pounds per s'luare inch 
fuel pressure. 
(6) Prime the engine three to four strokes. 
(7) Energize the starter flyw.heel and engage it to Ihe engine. 
(8) When the engine fire s, maintain the required 3 to 5 pounds pressure 
by using the wobble pump. Keep the starter flywheel engaged to the 
engine until the engine begins to fire evenly. Rdeasing the switch 
momentari ly when starting will cause the dogs of the fl ywheel and engine 
tu disengage and possibly damage the dog teeth by causing them 10 ride 011 

each other instead of properly meshing when the switch is closed again. 
(9) As the engine begins to fire evenly, release the starter switch. 31)(1 

check the oil pressure gauge reading. If no pressure is indicated within 
30 seconds, shut the engine off immediately. 
( 10) If sufficient oil pressure is indicated, check all instmmenlS for 
proper indications and adjust the throttle for the desired warm-up rpm. 

f. Startln4 of an •• 41ne equipped with Chandler-Evans or Holley 
type c.arburetor. This carburetor is also known as Chandler-Groves. 
"Ceca," or as the Aoatless variable-venturi carburetor. It is particularly 
important in starting an engine equipped with this type of carburetor 
not to advance the throttle to more than the CRACKED position. No 
attempt should be made to prime with the thrott le; the accelerating pump 
is not connected mechanically to the throttle, but functions automatically 
when the engine is in operation. 
( 1) Make sure the ignition swi tch is in the OFF position and pull Ih(' 
propeller through three or four revolutions. 
(2) Shollt "All clear" to warn the crew members to stand dear of the 
propeller and place the starter switch in the E NGAGE position to stop 
the flywheel rotation. 
(3) Set the mixture control in the FULL RICH position. 
(4) Adjust the remaining controls in the proper position for starting. 
(5) Operate the wobble pump or the electric booster pump to produce 6 
to 8 pounds per square inch pressure. 
(6) Prime the engine three or four strokes with the hand primer or hold 
the electric primer switch closed 3 or 4 seconds. 
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(7) Ellergile the starter tlywhtc1 to the proper speed and engage it to 
the ellgine. 
(R) \Vhen the ellgine fi res. ul."l.intain the desired fuel pressure of 6 to 8 
pounds and be surt to h 'ep the starter fiywh(!CI engaged to the engine. 

releasillg the switch may rtSIl1t in damage to the starter and 
also open the hooster-toi l circllit that furni shes most of the starting spark. 
(9 ) As the eng-inc begins to firt smoothly. release the starte r switch and 
c1wck the oil pressure. Oil pressure mllst register within 30 seconds or 
the ellgine must be stopped immediately. 
(10) A1J instnunents should he checked for proper indications and the 
thrott le control sct for the desired warm-up speed. 

g. Starting an engine equipped with · Bendix StromberlJ lnjectlol 
type carburetor. The procedure for starting engines e<luipped with 
th is type carburetor is as foll ows; 
(1) IN ST ALLATIONS EQUIPPED WITH HA ND T YPE 
PRBIER AN D H A:\ D WOBBLE PU MP. P lace the carburetor Illi);-
ture control in Ihc IDL E CUT-OFF position. With the control set in 
this position. fuel cannot be discharged through the discharge n07.zk. 
\Vhile mailltainillgfuel pressurewiththehandwobble pump.prime tht 
eng-ille with t\m.'e or four strokes of the haud primer. Prime the engine 
as li ttle as possihle thus redllcing the likelihood of washing the oil from 
the cylinder walls and therehy causing scor(.'(\ cylinder ba rrels or 
selznre. After thc engine is pr imed. lock the priming plunger in the 
O FF position. \ V1I<'-1I the engine starts firing. raise the fuel preSSure 
betw <.-en 12 ami 16 pounds hy using the wohble pump, and quickly mo\'c 
the c;Lrhuretor mixture control to A UTO:\IAT IC RI CH position. Keep 
the starlcr engaged I1lltil the engine begins to fire evenly. As the 
builds I1p speed. ehttk the oil pressure gauge reading. If no pressure i. 
indicated wi thin ]0 seconds, stop the engine immediately. If pressure is 
indic.1tcd. check the remaining engine instruments for proper indications 
and posi ti01l the throllle for the proper warm-up rpm. If starting dif· 
ficulties are eliCOLllltercd in cmergencies sllch as operating, during subzero 
weather. set the ca rlmretor mixture control in the AUTOi\I f\TI C RI CH 
position. and rais<' fuel pressure to 12 to 17 pollilds by operating the hand 
wobhlc pUllip at the s.1.mc time the starte r is engaged to the engine. Stop 

the 1I'0bhle pUlllp if the engine wil! not start or o\'crpr illling may 
result. 
(2) INSTA LLATIOKS EQUI P PED WITH 
PRBIER A:-J D ELECTR IC BOOSTER OR 

HAND TYPE 
ELECTRICALLY 

DRIVE :-J Ei\I ERGE:\C Y F U EL PUi\IP. Place the carburetor mix-
ture control in the I DI.E CU T -OFF position. Start the booster fuel 
]lump or emergency fuel pump for the engine to be start<.-d. Energize til!' 
slartcr, and illlllll'1:1iately before meshing the starter to the engine, operate 
the primer through two strokes to fill the primcr lines with fuel. Thi; .. 
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is not intended as a priming operation, hut it fills the primer lines so 
that priming will occur immediately when the primer is next operated. 
}Iesh the starter to the engine and at the same time prime the engine with 
three or four strokes of the primer and return the primer to the locked 
or OFF posit}on. As a precautionary measun', hold Ihe primer in (to-
ward the locked position) when not pumping, since boost pressure may 
be sufficient to release the handle and cause flow of fuel in the primer lines 
resulting in a flooding condition. When the engine starts firing, move the 
carburetor mixture control to the AtrrOMATIC RICH position. Dur-
ing subzero weather, if starting difficulty is encountered move the mixture 
control from IDLE CUT-OFF to the AUTO RICH position at the same 
time the starter is engaged to the engine. If the engine does not start on 
Ihe fourth revolution, move the mixture control to the IDLE CUT -OFF 
position. Overpriming will result if this is not followed. If overpriming 
has already occurred, follow the instructions listed in paragraph 6e. 
(3) In an installation equipped with an electric primer and an electrically 
driven booster pump or auxiliary pump. move the mixture control to 
IDLE CUT -OFF position. Start the booster pump or emergency fuel 
pwnp for the engine to be started. Energize the starter, and immediately 
before meshing the starter to the engine turn the primer switch to the 
ON position for a period not to exceed 2 seconds. This fills the primer 
lines with fuel, so that priming will occur immediately when the primer is 
next operated. Mesh the starter to the engine and at the same lime tum 
the primer ' ON and prime the engine. After the engine starts, release 
the switches and move the mixture control to the AUTOMATIC RICH 
posItion. During subzero weather, if starting difficulty is encountered, 
move the mixture control flut of IDLE CUT -OFF position at the same 
time the starter is engaged with the engine. I f this is used it is 
tssential that the mixture control be moved back to the IDLE CUT-OFF 
position if the engine docs not start during the fourth revolution of the 
propeller. This procedure will result in overpriming if extreme caution 
is not used. Nonnally, the engine will start on the second or third revolu-
tion. However, if the engine does not start, turn off the ignition switch, 
place the throttle in wide open position, and pull the propeller through to 
clear the engine of excess fuel. 

II. Cold w ...... r t.t.rti", •• d op.r.floL When the temperature 
falls below 40° F., the lubricating oil in the power plant becomes so stiff 
that the movement of the various parts, such as pistons, bearings, etc., is 
hindered. \Vhen a cold weat-her 9tart is n«essary, various methods of 
reducing starting time and eliminating starting difficulties are used. The 
following aids may be used either singly or together: 
(1) OIL DILUTION. (0) Cold oil will provide satisfactory lubrica-
tion at starting when diluted to a lower viscosity by the addition of fuel. 
The diluted oil allows the engine to be turned over freely even when it is 
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l'xp0sed to su\)1':cro temperatures. In addition , the oil dilu tiun 
provides proper lubrication after staning and d(l(:s :i\."ay 
the usual waml-up period. The oil dilut ion or thinning of the oil is 

before stopping the engine whell a cold weather start is anlici· 
I)'ltl-d by setting the throttle to about 800 10 1,800 rpm and holding tllt 
oil dilution colltrol in the ON posit ion for the pcriod of time indicated in 
table IV. 

Tah/( lV. limt '" m;lI:dts I/wific Girplann 

• . ()" to IZ·e. I a" 10 .:!'J0e. -2'9 ' 
'urpb ... ( J9 ... IO· ... ) (10 '0 •. ) (_"OM_S l·)'. ) 

1l-24 , 4 6 • 
Il-I7 2 4 7 "-26 J 5 , 
8·25' 6 \0 " p-" J 5 7 
p.J9 J 5 7 p-., 4 , I! 
1'·47 J 5 7 
1'·5 1" 4 , IZ 
A ·36· 4 , l! 
C·47 -, 5 7 
C·48 J 5 7 
C·49 -' 5 7 
C·SO J 5 7 
C·5 1 J 5 7 
("·52 J 5 7 
C·53 J 5 7 

• Tho Ii .... _iod •• k .. " -""', .... 1, 10 0.. w'''le' ;....! ai,pla_ 01 ..... " II, dol on ,I>< Y-uJ<i"" 
J'AlSlS. ber ..... , be dilu,"'" ..... """'. u .. ,hot ,i""" i",loa, .. l in ,1M. 
....... , ."".nl procodu' e, _'ioun 11 . TO 02-1-2'9. 21 0. ...... I"'J. 

(b) The dilution of the ellgine while the oil tcmperahlres 
SO°c, is l10t partirularly cfh-ctive. If oil dilulion is to be ""om 
and cngine oil temperatures are \00 high, stop the engine and after the 
has cooled to below 40cC" restart the engine and procet.-d with oil 
In some instances, J>olrticularly during suhuro temperalUre, where a 
dilution pcriod is required. the engine oil temperatures may rise above 
maximum desired for oil dilution 50cc' (122°F.). If this ott"" 
it may bc necessary \() dilute the oil in two or 1I10re short periods. 
ing up the oil dilUlion period into s('v('ral short IX'riods is neither 
mental nor beneficial to the gcneral dilution proc(-'dllre. If it is 
to service the oi l tank, the oil dilution procedure Illust be divided so 
some dilution is accomplishl-d before servicing the oil tank, and 
remainder is accoTllplislwd after the oi l tank is After 
has III.'1:n accompl i"hed. shut off the enginc in normal manner (with 
exception of an engine which must he stoPI",'d by shutting off the 
prevent after fi ring), cnntinllil1g to hold dilutiun valve 011 unt il thc 
stops. Where an engine must be stoPIX:d by shutting off the fuel. 
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"lIginc will fir st be stopped ill this manner and allowed to cool, th('11 
rrstarted and the oil diluted as prescribed in the foregoing. After the 
oil has been diluted. thc cngine will be stopped. by shutting off the switch, 
tilt dilution valve being held on unti l the engine Slops. 

(2) COLD WEATHER OPERATION OF HYDRAULIC PRO-
PELLE RS . • Because engine oil is used to actuate the propeller mecha-
nism, the oil must be diluted to provide s.."It isfactory propeller operation 
during cold weather. During the last 2 minllles of the last oil d ilution 
period the throttle will be moved slowly from its original position of 800 
rpm to a position to obtain a mani£old pressure of 26 inches Hg and then 
moved back to its original position. This procedure will be accomplished 
twice berore thc oil dilution is completed. Any slight amount of oil leak· 
age that Illay occur through the blade packings of a hydromatic propeller 
following an oil dilution is considered normal. If leakage becomes ex -
ct5si\'e or continues in Aight, it must be corrected. 
(3) COLD WEATHER OPERATION OF T URBO-SU PER -
CHARGER REG ULATOR. During the procedure of o il dillllion. the 
slIpercharger regulator will operated to the undiluted oi l from 
the piston chamber. During the last 2 minutes of the last period of oil 
dilution , the regulator control is mov('({ from the LOW to the HI GII 
boost position in a minimum period of 8 seconds. 
(4) COLD WEATHER OPERAT ION OF OI L PRESSURE 
G.o\UGE. During cold weather operation of the airplane wi th tempera-
tures below 0" C. (32" F.) engine oil will congeal in the oil pressure 
gauge line and 1Il;I.Y cause sluggish response on the gauge when the engine 
is started. To pre\'ent this, the oil gauge line is filled with a lighter oil 
(tilt specification number should be checked in Technic.11 Orders). Dis-
connect the oil pressure gauge line at the instrument and at the cngine 
and drain Ollt all of the heavy oil. Compressed air lIlay Ix: used to force 
out the oi l. If the oil gUll pump is not equipped with a fitting. solder 
One On the nOl:zie and connect the l'T1giT1c side of the line to the soldered 
fitting. \Vith the oil gun. force oil th rough the line unt il a small amount 
drips frolll the opposite end. (See fig. 28.) Connect this elld to th(' 
instrument without withdrawing the plunger of the pump and carefully 
lighten the cOl1l1cclioll. Remo\'e the oil gun and connt"CI the linc to the 

Normally, thc light oil mixes very slowly wi th Ihe ('ngin(' oil. 
llw: oil gauge will operate satisfactorily for as lollg as 60 to IX) days 
aftu the lin: is filled with light oil. 
(5) COLD WEATHER START W ITHOUT rHE VIOUS OIL DI-
LUTION. If a cold weather sta rt is llCttss."I ry and oil dilution prcvious 
to engine stopping has not been accompl ished. a normal start should be 
made After starting the engine, if a heavy \'iscous oil is indicated. th(' .. 



Fiywrc 28. Filliny 1/" .. oil prcssllrc gOllg" Ii" .. Il'illl light oil. 

oil dilution control may be placN in the ON position to correct this 
condition. This method should be used only if time and (!.xtreme tempera: 
ture conditions do not permit the engine to warm up in the normal man-
ner. Because of slow oil flow and a cold cnginc, the fud will not evaporat 
very readily and overdilution is likely 10 resuit. If dilution is used during 
warm-up, close observation of the oil pressure will be necessary durin 
the time of dilution and through the remainder of the warm-up 10 deter 
mine whether or not the oil has b..."C1I o\"erdilutoo. This will he indicat 
by a low oil pressure. 
(6) STARTING WITH PRO PANE GAS. When the temperaturt 
drops below F., ordinary lOO-octane fuel will not v'I IXlrize; thert-
fore, a highly volalile fu"l, propane gas, is used. This gas becomes 
liquid at appro);imatdy F. It is easily handlcd in case of fire a 
its usc eliminates the danger of overpriming and washing the oil 1 
the cylinder walls. The gas is stored under in a seamless 5t 
cylinder to which is connected a length of tubing leading to the carbo 
retor adapter. Later modds 01 larger airplanes are faetory-equi 
with a complete unit- bott le, cockpit control, and connections-for propa 
gas starting. On earlier types and 0 11 smalkr airplanes. an accessible \0C1 
tiOIl, to which the portable propane bottle may be easily attached, is p 
vidcd. This is usually located inside a small door in the lower pan 
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the cowling. (SL"e fig. 29.) Propane bottles are included 011 the pol1ablc 
tart with the battery and the auxiliary power unit. The procedure for 
engine starting with propane fuel at low tt'mperatures is the same as that 
nsW with regular fud priming. Wht'n a start is to be made. with propane . 

• 

Fjg .. 29. Allachmtni /(1' p"(1paNt gas C)·/indt,.. 

no previous fuel priming is required. The throttle is set at an rpm be-
tween 800 and 1,200 rpm where smooth firing will occur. (In order that 
{mure starting difficulties may be eliminated, it is suggested that the 
throttle quadrant be mark("d when this position is detcnnined.) The carbu-
retor mixture control is left in the IDLE CUT-OFF JX.isition. The start-
ing procedure for both the permanent installation and the portable outfit 
is generally the same. The preliminary step of attaching the propane fud 
supply line to the fitting is necessary with a portable outfit. Energize 
the starter flywhecl and during the energizing period, depress the propane 
primer control for I second and rekase. At the instant that the starter 
flywheel is engaged to the engine, press the propane primer again and 
hold until the engine begins to fire regularly. Simultaneously release th,' 
propane primer and push the carburetor mixture control to the AUTO-
MATIC RICH position. After a satisfactory start is made, discontinue 
the propane gas supply. If the portable type is used, replace the cap Oil 

the propane supply line fitt ing and seal the opening in the cowl. The 
engine must not be operated above 1,200 rpm when using propane, or too 
much of the gas will be used. Ordinarily, a bottle of propane is good for 
8 to 10 starts. 
(7) CARBURETOR DE-ICING. Carburetor icing may occur when 
the outside temperature is between 30° F . and 70° F. , with humid ities 
greater than 50 percent. As was previously stated, no carburetor is n011-

icing. Provisions are made in some airplanes for the installation of an 
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alcohol de-icing unit. This unit alcohol into the air intakt: !x:twccn 
the supercharger and the carburetor inlet just above the venturi. 111e 
system consists of a tank for the isopropyl alcohol, an cledrically driven 
]>ump, and an O N-OFF toggle switch located on the instrument paneL 
The amount o f alcohol used depends mainly on the amount of ice Ihal is 
fomH!d . Generally, holding the switch 011 from 20 to 60 seconds will Ix 
sufficient to remove the ice fom1ation_ Usually the supply of alcohol 
is sufficient for only 1 hour of continuous operation. Its use should be 
limi ted to emergencies when the cariJuretor heater cannol eliminate the 
ice format ion. \Vhen there is any indication of icing conditions, the 
alcohol de-icing system will be turned on just before take-off, since take-
off must be performed with the carbu retor air heater placed in the COLD 
position. Due to the enrichment of the mixture by the alcohol, a slight 
loss in power will occur. \Vhell a safe altitude is reached, the carburetor 
ai r-heater control will be adjusted to maintain the correct carburetor 
temperature and the alcohol dc-icing switch placed in Ihe OFF position. 
The alcohol de-icer system In.1Y sen'e other purposes besides acting as 
a de-icing agent to maintain full power. I t may be IlSed 10 start an 
engine after severe carburetor icing which has resulted in engine stop-
page. It may aL"t as a trouble-shooting agent in determining the cause 
of power loss or engine roughness. For example, if both de-icing 
methods (adj usting the engine controls and the alcohol system ) 
do not eliminate the trouble, it can be assumed that carburetor icing is 
not the lrouble. During glides at low iXlwcr through icing conditions. 
it may be used to clear out the engine quickly. However, the operator 
must exen:ise caution when using alcohol at low engine speed and power. 
because it may result in excessively rich mixtures and Illay stop the 
eng11le. 
(8) PORT A BLE GROUND E NG INE HEATERS. Portable ground 
enginc healers are available in two types. These are the typoC 0-1 heater. 
which incorporates a small gasoline engine, and the portable hand-oper-
ated heater. When the temperature is below _23 G C. (_lOG F.) these 
heaters are used to preheat the engine and accessory units be fore start- · 
ing. The heaters are provided with oil burners. In the 0-1 Iype 
portable heater a small gasoline engine provides the power ·10 drive the 
hlowcr which forces cold air from the atmosphere to the burner for 
combustion. O ther air is forced over the heated jacket (O\·en) and is 
used for the actual engine heating process. Thc outlet ports ' are pro-
"ideel with flexi ble heat-resistant canvas tubes designed for easy con-
nection to the airplane. (See fig. 30.) The hand-operaled portable heater 
consists of a tmT!ler and a hand crank 10 rotate the blower. A length 
of Aexible tubing is attached to the outlet of the healer 10 carry the 

air to the varions parts of the engine as shown in figure 31. Dur-
ing the preheating operation the cowl Aaps should be closed and the 
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heated air allowed to t'nter the cowl covers both at the nose 01 the 
engine aud at the aCl'essory section. At least 2 hours arc generally reo 
quired to heat an engiue du ri ng low temperatures. If oil dilution has 
not been perfOf1l1t-d it may be necessary to preheat the oil and 
the oil lines. Care is necessary to llre\'ent excessively hot air from 
hlasting against the ignition harness, flexible hose, tauks, ancl 
other TIIbberiled or fabri c materials. The temperature should Ix: low 
cuough so that a bme hand may be held in front of the blast for about 
a minute. 
(9) OIL n.[ MERSION H EATERS.- An immersion heater is a 1]0-
volt electrical unit which supplies heat to the oil in the tank. Some air· 
planes are equipped with permanent units in the ta.nk. They nt'Cd only 
to be connected to a 1I0-mlt current supply, (fig. 32). Whtn a 

Figurt 32.--0\1 

immersion heater is on au ai rplane n"t lI';th a permanenl 
till it, thc heater is inserted through the oil·fill er cap and the end of th(' 
turd is plugged iu some source of electrical power. To permit the 
heater to warm the oil Sllflicicll1ly it should remain in the tank from 2 
tn 5 hours. The portable heater must be removcd prior to cngine starting. 
and should be deaucd each time it is 1ISl,."d. This method o f oil 
may also be used when oil dilution is performed. 
(10) PREHEATI NG COOLANT. When the tcmpcrature falls belo .. 
_ 5° to _ J00 c.. the coolant Illay be drained from a liquid·cooled cngiTlt' 
into d ean a1l(1 heatt..:1. The drain cocks must be left open ulltil 
just before the L"OOlallt is returned to the system. 
( 11) PROTECTI VE CANVAS ENGI NE HOODS. Enginc cmer:; 
( fig. 33) provided for each engine in stallation, These close-fitting , .. 
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covers can be securely fastened and extend from the propeller hub, around 
the CQwl, to a point behind the firewa ll. In each cover are two openings, 
one at the accessory section and one at the front, to allow for the con-
nection of the flexible cxtensions from portable ground heaters. 
( 12) O PERAT ION OF ENGINE-COWL NOSE SHUTTER S. 
Cowl nose shutters are generally installed only on the air-cooled engines 
of airplanes at bases where the average atmospheric temperatures are 

F. (_70 C.) or below. The purpose of the shutter asscmbly is to 
control the amount of air that flows o\'er the engine. The shutters arc 
controlled manually by le\'ers located in the cockpit. Figure 34 shows the 
shutters in thc OPEN position and figure 35 shows thcm in the CLOSED 

" 
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Figure J5. Engine co'!!:/ IIOU shul/trs-cloud. 
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JXlsitions. Specific infoml<ltion cUllcerning position of the shUlt t' rs dUrill!:" 
starting, stopping, and flight operation will be furn ished by loca! au-
thority. These data were gathered by running tests in that particular 
locality to determine the proper operating instructions for each specific 
engine equipped with nose shutters. However, ground operation, if not 
prolonged and if 1,200 rpm is not exceeded, will usually be satisfactory. 
(13) OIL TANK WATER DRAINS. In order to prevent conden-
sation and freezing of water in the coil tanks during cold weather, the 
newer tank installations incorporate a tank drain valve. The drain, usu-
aHy located in tank sump, is a simple on-off type valve. During the 
preflight ground check the valve is turned to the ON position and left 
open until the water is eliminated. It is then turned to the OFF position. 
H the operation is per formed during freezing temperatures and no water 
Bow occurs it will be necessary to heat the tank in order to thaw the ice. 
(14) SELF-THAWI NG OIL TEMPERATUR E REG ULATORS. 
The construction of the self-thawing oil temperature regulator is about 
the same as that of the older type units except for the construction of the 
core, which is made in such a manner that it allows the wann oil from the 
ff,gine to flow through pn:determined portions of the core in large quan-
tit ies at lower pressures. Because of these low-pressure paths more heat 
may be dissipated by the oil to the surrounding areas of the core, thus 
serving two purposes: first, it shortens the time for oil warm-up during 
cold weather operation; and second, it keeps the oil f rom congealing dur-
ing flight. 
( 15) ABSENCE OF EXTERNAL HEAT SUPPLY. When no ex-
ternal heating unit such as the portable ground heater or the oil immersion 
heater is available, the oil should be drained into clean containers and 
placed in some warm location where it will not congeal. Before it is 
replaced in the engine, the oil should be heated over a fire to insure free 
flow. If the temperature is expected to fall below _200 F., the airplane 
is not expected to be used for a considerable period of time, and no clean 
containers are available, it is permissible to drain the oil on the ground. 
It is much easier and quicker to drain the oil and service wi th fresh' oil 
than it is to warm up the oil system a fter the oil has once congealed. 
(16) BATTERIES. If a temperature of 00 C. (32 0 F.) or below is 
expected and the airplane will not be used for some time, the battery will 
he removed and placed in a warm location to prevent freezing of the 
electrolyte. 

7. ENGINE WARM-UP. The engine must be warmed up to operating 
temperature before flight. Aircraft engine oils arc heavy and viscous at 
low temperatures and circulate "ery slowly. A careful warming up of 
the power plant and oil is required to heat the oil to a temperature at 
which it will flow in adequate qU;Jntity to the various hearing surraces, 
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p.1rticularly to the crankshaft lJcarings whcre heavy loads arc impost(l. 
Oil is also IIC(.-.:led whcn excessive priming has washed the film of or! from 
the cylindcr walls. P istons, bearing journals, bearings, melals, and 
m;ll1Y other paris must he warmed I1p so that they will exp:llJ(l to the 
proper operating cte:lrances, This is very important in the radial IYJX' 
engine, si nce the cylinders arc elongated to provide for proper valve 
timing. \Vaml-up procedures for different types o f engines \';lfy 10 some 
extent. Detailed instnnllent s must be nhtained from the handbook for 
the specific engine. 

a. PrecautIon!. Gcneralk 1111 engine rtm 011 the 
ground only long enol1gh to warm it thoroughly and to give the nl){'rator 
an opportunity to check for proper functi oning of the various engine in-
stnnnents. 
(I) When adjusting the throttle for wamHlp, the engine will not he 
permitted to exceed one-half of the 1l1.aximurn permissible ground rpm 
unti l the engine maintains, without fluctuation, at least of th(' 
minimum full-power oil pressure, and the nil temperature gauge shows a 
definite increase, thereby indicating that the oil is circulating properly. 
A cold engine should never be raced in an attempt to shortcn the wartn-up 
period . -
( 2) \Vhen operating high-output aircraft engines, it is necessary to op-
erate at a high enough SIX-<--.:1 to prevent oil fouling of the spark plugs. 
Operation at very low idling speeds does not allow the engine to develop 
enough heal to bum the oil entering the combustion chamber. 
(3) Tight ly haffied quickly reach Cxct'ssive engine 
when operated at a high ground rpm. This will cause high oil tem pera-
tures whieh Ill:ly cause sticking pistons and rings. 
(4) A radial type engine is depmdent upon the forward motion of the 
airplane for suffieient cooling. \Vhen :ln engine is op<'fUted on the ground, 
the Aow of air is very much reduced and may possibly reverse at some 
engine speeds. Unless the power output ;l!ld warm-up time are limited, 
the .cylinders will overheat. During prolonged ground operation. the ring 
cowling should he rcmoved. If the installation is equipped with cowling 
flaps, they should he iu the FULL OPEN position . P ropeller cuffs, as 
shown in tigure 36. streamline the ront of the blade, reduce drag, and in-
crease engiuc efficieucy by forciug additional cool air over the cylinders. 

b. Instrument check. When safe ol>er:lling conditions are obtained, 
the speed Imy be incre:lsed to check the engine l>erforrn.-l1Ice fo r proper 
funclioniug at a higher rpm. Maximum JX'Tllli ssible ground speed will 
not he Ill,lintained for periods in excess of 20 to 30 sccotl(ls. On super-
chargctl .:ngilles. thi s maximum pennissible ground rpm is determined by 
a throttle stop or indicatt'd by a red limiting mark on the manifold pres-
sure-g:lugt' cover glass. 
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Figure 36, Propeller-blode cuffs. 

c. Control adjustment. ( I ) The engine should be started with the 
throttle set for a low rpm. Upon starting. the cngine should be operated 
at a moderate speed to allow the lubrication system to function properly. 
At low speeds the oil pressure is slight. An increase in speed builds up 
Ihe pressure so that a sufficient amount of oil is sprayed on the cylinder 
walls, pistOIlS, and other spray-lubricated parts. 
(2) To prevent the main bearings from being oil-starved, engines 
equipped with hydraulically controlled counterweight propellers should 
remain in the H IGH PITCH position until a steady oil pressure is indio 
cated. T his usually requires approximately from 30 to 60 seconds at 
normal idling speeds. Engines equipped with Hamilton Standard hydro-
matic or Curtiss Electric propeller's are started with the propellers in the 
LOW PITCH position to reduce the load on the engine and also to pro-
vide better cooling, 
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d. Taxyin9. (I) High·powered, tightly baffled engines arc taxied 
during wann weather with the cowling 1L1ps placed in the F ULL OPEN 
position. \Vhen the engine and oil temperatures approach the maximum 
limits the airplane is taxied as quickly as possible to the hangar line and 
the engine stopped immed iately. In cases where an airplane must take off 
again soon after a landing, prolonged ground operation must be avoided. 
The oil shutters, coolant shutters, and the cowling flaps must be opened, 
the mixture control must be in the F ULE.. RICH position, and the inter· 
cooler shutters FULL OPEN in order to maintain normal ground tem-
peratures. 
(2) During cold weather, when the engine and oil temperatures are sub-
normal, prolonged ground operation is permitted, provided normal engine 
temperatures arc maintained and engine speed is periodieaUy increased to 
clear the cylinders of accumulated exhaust gases and oil. 

8. ENGINE OPERATION CHECK. The engine check is made after 
the warm-up period. 11 consists of checking operat ion of the power plant 
and accessory equipment by car, by visual inspection, and by proper inter-
pretation of inst-l'utllent readings, control movements, and switch reactions. 
Visual inspection for adequte supply of fuel, oil, and coolant and for 
proper security of cowling and tank caps, free movement of controls, etc., 
should be made prior to the engine check The procedures outlined in tilt 
Army Air Forces Visual I nspection System will be followed, except whm 
they conflict with instruction in Technical Orders pertaining to the 
operation of a specific engine. 

a. Ignition. (1 ) At the end of the engine warm-up period, the 
ignition switch should be checked. The propeller should be in LOW 
PITCH (INCR EASE RPI'I'l) position and the engine should be operat-
ing at approximately iOO rpm. The switch should be snapped to the 
OFF position momentarily to note whether or not the engine stops firing. 
Two or three seconds is sufficient time for it to remain in the OFF 
position and it should immediately be returned to the BOTH position. 
(See fig. 37.) Pcrfonning this check quickly at a low engine speffi 
prevents high structural stresses Oil the parts of the power plant. 

Fig"re 37. CI"'(/r;"y IlIr 01'1' /,or;I;,m of i9 ,,;lion switch. 
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(2) Before checking the operation of the engme on each magneto, 
advance the throttle slowly until the rpm reaches that specified for the 
particular engine. Maximum cruising manifold pressure must not be 
exceeded. Detonation is likely to occur when firing on only one set of 
spark plugs at a manifold pressure higher than that specified. Move the 
switch quickly from the BOTH ON position to one magneto (see fig. 
38) and observe the rpm drop. Ordinarily, the check requires 3 or 4 

I , . -' 
J8. CI"cking 0" 141 mogulo. 

seconds. T he switch is then returned to BOT H ON and the engine is 
allowed to assume its original speed. Snap the switch to the unchecked 
magneto and observe the rpm drop all the tachometer. (See fig. 39. ) 

Figur.' .19. Chukjn9 .... 011 mognt/o. 

An engine can normally be expected to lose between 40 and 100 rpm 
when operated on olle magneto. The difference in rpm of the two 
magnd:os is caused by the difference in timing of the two units. Nonnal 
rpm drop can be detennined by experience with the particular power 
plant. 
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(3) When an engine IS not eo:lUlpped with a mall1 lold pressure gauge or 
when cruising manifold pressun' is not known, Ihe foregoing check is 
performed with 85 perccnt of the rpm developed when the throttle i; 
opened to the throttle stop. I f no throttle stop and manifold pressure 
gauge arc installed, the magnetos are checked with thc engine operating 
at 85 percent full rpm. 

b. Two-speed superchargers. To prevent the accumulation of 
celltrifuge sludge and dirt in the supercharger clutch mechanism, set 
the engine spet.,<i at 1,500 rpm, the propeller in full Pitch, and move 
thc supercharger controllcver to the HIGH position and lock. Open the 
IhrOllle to oillain not more than 30 inches Hg ITIUnifold pressure. When 
the engine speL-d is steady, observe the mani fold pressure a.nd immedi· 
ately shift the supcn:harger control to LO \ V position without moving 
the throttle. A sudden decrease in manifold pressure is an indication 
that the two-speed supcn:harger drive is operating properly. This opera· 
tion is performed i11llllcdiattly af ter engine warlll-up and the control Illust 
be left in the LOW BLOWER position for take-off. Technical Ordel"'l 
should be consulted for addit ional instruct ions about the specific super· 
charger installat ion. 

c. Turbo-drive" superchargers. Place the waste gate control in 
FULL AUTOMATIC position. While operating the engine at Illa)[ i-
mum allowable ground rpm, check to see that supercharger waste 
gas operates automatically and that the manifold pressure is held within 
the specified limits. To prepare an engine for take-off , set the propeller 
at the rpm specified, open the throttle wide, and raise the manifold pres· 
surc to that specified fo r take-off. T his should be done as quickly as 
possible by using the supercharger regulator control. Then lock tht 
reb'U[ator cont rol and retard Ihe throttle. The airplane may then be 
taxied oul for the take-off. When all throttles are fully opened for 
take-off, the supercharger regulator win raise the manifold pressure 10 
the predetermined value. 

d. Controllable pitch propelle". T he operation of a controllable 
pitch propcl1er is by the indications o f the tachometer and mani· 
fold pressure gauge when the propeller governor control is moved fronl 
one position to another. To prevent ovcrheating of the engine while 
operating in HIGH PITCH (LOW RPi\I ) position, the manifold pres-
sure during the test should not exceed that splXified for maximum cruis· 
ing. In oreler to insure proper lubrication immediately after starting an 
engine equipped with a hydraulically operated couuterweight propeller, 
the propeller control should not be moved to its LOW PITCH ( HIGH 
RPl[ ) position until a steady oil -pressure reading is obtained. This 
usually reo:lu ires approximately 30 to 60 SL'COnds of operation. 
( I ) IIAl\IILTON T WO-POSITION PROPELLER. The Hamilton 
two-position propeller is checked after the cngme has wanned up. lllt 
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pitch change should be performed at an engine speed of approximaldy 
1,400 rpm except where limitations have brtn listed for specific engines. 
(2) HAMILTON CONSTANT -SPEED PROPELLER. A constant-
speed propeller is tested at approximately 1,6tl) rpm after the engine has 
warmed \11' except where limita.tions h.we been listed for srH."Cific engine.". 
The pitch-changing action is tested by moving the control to the PO SI-
TIVE HIGH PITCH position and obser ving the corresponding change 
(drop in rpm) ; then move the control to T AKE-OFF R P:-,r positioll 
and observe the tachometer indication of an increase in rpm. 
(3) H AMILTON HYDROMATIC P ROPELLER. T he preflight 
check for range of operation of a hydromatic propeJ1er is performed after 
the engine is warmed up. The throttle should be set to obtain about 
1,800 rpm, except where limitations are listed on specific engines. The 
propeller control is then moved to the HIGH P fTCH (LOW HP :'. I ) 
position and the drop in rpm noted (maJlifold pressure increases) . \Vith-
out changing the throttle selting, 1110\'e the propeller cont rol to LO\ V 
PITC H ( HI GH R PM) position. The engine should assulllc original 
rpm. \\'hen both increasc and decrease in engine rpm arc imlicated on 
the tachometer (during the foregoing operations), the propdl"r is func-
tioning properly. 
(4) CURTISS ELECTR IC PROPELLER. After engine warm-up, 
the electric propeller is checked at approximately 1,000 to 1.200 rpm. 
Hold the selector switch in the DECREASE RPM positioll until a re-
Il\letion in speed OCC\lrs and note the manifold pressure increase; then 
move the switch to the I NCREASE position. When the engine 
rpm ceases to increase, the propeller has reach .. "<l its posit i\·e low blade 
angle. The ignition switch may be to test individualmag-lleto opera-
tion while the selector switch is in the OFF position. Constant-speed 
operation is checked by placing the selector switch in AUTO MAT I C 
]XIsition and the governor control in TAKE-OFF position. Opell the 
throttle until the engine speed is approximately iO percent of the ratL"<1 
rpm and pull the governor control lever back IInlil a reduction in engine 
rpm is noted. Return the control again to TAKE-OFF POSi1ion noting 
that the original rpm is again resumed. 
( 5) AEROPRODUCTS CONSTANT-S P EED PROPE LLER. 1\t 
preflight warm-lip, the propeller operation is checked with the propeller 
control set in the I NCREASE RPM position. 1\'Io\,e the thrOllle until 
approximately 2,300 rpm are obtained. \Vhile retarding the throttle with 
one hand to maintain constant manifold pressure, usc the other to pull 
the propeller control to the full D ECR EA SE RPi\'I positiun and still 
hold the original manifold pressure. Theil move the propel1er control 
baek to the full RPl\{ posit ion (2,300 rpm). The other 
hand should be setting the throttle back to its original position to estah-
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!ish the original manifold pressure. If the engine assumes a SPM 01 
2,300 rpm, it indicates that the propeller is functioning properly. 

e. Oil pressure gauge.. The oil pressure gauge should indicate 
pressure between the minimum and maximum oil pressures specified for 
the particular engine. The .gauge needle should show very li ttle pressure 
fluctuation at a fixed rpm. 

f. Fuel pressure gauges. Fuel pressure gauges should show the 
specified pressures, and the pointer should not oscillate excessively. 
the pressure with the engine operating at different rpm, and closely ob-
serve the gauge when the selector valve is rotated to each tank. 

g. Fuol.warning light. Press the test light switch to check the con-
dit ion of the light bulb. (See fig. 40. ) O osely observe the fuel pressuft" 

gauge and the waruing light when .checking the operation of the selector 
valve and the setting of the fuel-warning light switch. 

h. Fuel-contents gauge. During this check, the functioning of all 
tanks is tested by rotating the sclector cock valve to each tank and ob-
serving the effect on the fuel contents ga.uge and warning light. Each 
tank will be tested long enough to allow fuel to flow to the carburetor. 

i. Manifold pressure C)auC)e. At idling speed, open the gauge vent-
line cock to allow vapors in the gauge line to be carried into the engine 
hy the inflow of atmospheric air. DIeck the gauge by opening the engine 
thrott les. The indicator needle should move freely. 

j. Tachometer. Ability to check tachometer indications with or with-
(Iut corresponding manifold pressures may be gained only from experience 
with the particular engine installation when operating under nonnal 
conditions. T he pointer should show a fairly steady indication. 

k. Fuel·selector cock valves. Fuel cocks should not bind when 
rotated. A noticeable drag should occur when the handle is turned, and 
a elick should be felt as the selector valve falls into proper position. T he 
proper operation of the fuel system should be checked for each tank. 
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L n..nnom."rs. Oil , coolant, and cylinder thennomelers should 
indicate an increase in temperature (up to operating temperatures) from 
the time the engine is started. The pointers should not oscillate . 

... 'olh ..... rs. Voltage will vary during the waml-Up period. It 
will be high when the regulator is cold and decrease as it wanns up. 
Therefore, adjustment should not be made until after the engine has 
wanned up and the ignition check has been made. 
(I ) With the main-line switch in its OFF position and the engine speed 
approximately 1,50) rpm, the voltmeter should indicate 14.25 volts in 
a 12-volt system and 28.5 volts in a 24-volt system. TIle voltmeter 
!Xlinter should not oscillate excessively. Low voltmeter indications and 
discharge or no charge shown on the ammeter signi fy malfunction of 
the generator or control system. Excessive generator voltage wi\l seri-
ously damage auxiliary electrical equipment. especially radio equipment; 
therefore, it is essential that the voltage regulator be adj usted to give the 
sp«ified voltage on the voltmeter. 
(2) Placing the main line switch in the ON position, the mechanic 
dl!termines the voltage at which the current cut-out relay compiett'S the 
circuit between the battery and the generator by slowly opening and 
dosing the throttle and observing the voltmeter. The current cut-out 
points should close at 13.5 volts in a 12-\'01, system and at 27 volts in 
the 24-volt system. Oosing of the points will be indicated by a slight 
drop-back of the voltmetcr pointer. (Sec fig. 41.) 

L 

Figw, e 41. I"'/ ;( (I/;olls 1</ :'O/I",rl", whm , hah n.1I rrf "" "'-,,,"ru/ n il-mil . 

•. Amm.ter. ( I ) \Vith the Ulai ll lillc switch OFF, check the pointer 
lot zero setting. 
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(2) With the main-line switch ON and the engine running "at cruising 
rpm, make certain that the ammeter indicates a nonna! charge, and that 
the pointer does not oscillate excessively. 

t. FLIGHT OPERATION OF ENGINE. If the engine mechanic is to 
understand the operation of the airplane and do his work properly, he 
must understand tbe effects of actual flight conditions upon the power 
plant. 

a. TalleoOff a..ct climb. During take-off and climb, the engine is 
being forced to develop its maximum output ( 110 to 120 percent of 
nom131 rah:d power, as shown in fig. 42) and maXimill11 amounts of fuel 
and oil are being consumed. Engine power, speed, and temperaturtS 
have reachcti, or are aPl)T(laching, their maximum limits. Because of 
thtse conditions, operating time at maximum power output mllst be 
limited to periods of short duration to prevent danger of structural 
break-down. The following instructions pertain to take-off operations 
under all conditions: 

.. F igMYI' 42. R;mgr Df tflgint flight Dpr rol;" fI condit'OtIS • 
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(1) Constant-speed propellers must be adjusted to the TAKE-OFF 
RPM position. Multiple or two-position controllable propellers must be 
sd in the LOW-PITCH (HIGH RPM) position for take-oft' and climb. 
This is neceSsary to obtain maximum propeller efficiency and I?t:i mit the 
mgine to develop full power. 
(2) Place the fuel rock in the RESERVE position to insure that fuel 
from the reserve tank will be used during take off and climb. This 
precaution eliminates the possibility of engine failure from a lack of fuel 
supply to the carburetor because of the change in attitude of the airplane. 
(3) As a general rule, on highly supercharged engines. a higher manifold 
prtsSure is permitted for emergency take-oft' and climb than permitted 
for flight below certain altitudes. These high manifold pressures are 

. not oonnally used for take.oft' or climb. as they impose abnormally high 
stresses on the engine. They may be used in emeTgencies, such as take-
IiFs from a small landing field. or with a heavy load, or where obstacles 
must be cleared, etc. Undet' no circumstanct:s should muimum rpm be 
ucttded in take-off or climb. 
(4) Aircraft engines are usually subjected to their highest operating 
temperatures during take-oft' and climb. Temperatures should be kept 
within the specified ranges indicated on the instruments. This may be 
done, to a great degree, by proper use of the cockpit controls. For maxi-
mum cooling. open the cowling Raps and radiator shutters, adjust the 
carburetor air heater to the COLD or OFF position, and place the mix_ 
ture oooirol in its FULL RICH position. Some tightly baffled engine 
installations give considerable trouble until the airplane is in flight and 

I The forward o f the airplane permits proper cooling of the power 
plant. In such cases, it is recommended that the engine be started and 
the airplane taxied to the flying line immediately. At that point the 
mgine is checked for proper operation. As soon as the operator is 
satisfied with the operation of the engine, an immediate take-off can be 
aan:llplished with minimum possible engine operating temperatures and 
with maximum power output. As a last resort when abnormally high 
temperatures are present, manifold pressures must be reduced on take-off 
and climb to prevent detonation and possible engine failure. 
(5) SEA LEVEL SUPERCHARGING. This method is sometimes 
used to inaeasc the power output above the normal maximum at sea 
level. It also increases the temperatures, pressures, and mechanical 
stresses in the engine. The principal purpose for "boosting" the engine 
)XlWer at sea level is to gain maximum power for limited periods of time 
only, as for take-off and climb of modem military interceptor type air-
planes. With superchargers of large ca'pacities, some form of mechanical 
Slop is usually installed in the system to prevent extreme pressures 
during sea level operation. 
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b. Cruishtg _ An ai rplane engine operates during most of its useful 
life at cruising rpm with medium power output. The cruising operation 
may be subdivided into three phases : cruising for minimum furl 
Row ( low-speed cruising), desired cruising, and maximum (or high-
speed) cruising. During all cruising operations, multiple-position and 
two-position controllable propellers arc set in HIGH PITCH (DE-
CREASE RPM ) position to obtain maximum efficiency of the propdler 
and engine. On an engine with a constant-speed propeller. the throttle 
control is set to give the desired manifold pressure and the cockpit 
propeller governor control is then ad justed to the desired rpm. 
(1) CRUIS ING FOR MINIMUM SPECIFIC FUEL FLOW . Tht 
horsepower indicated on the graph (fig. 42) is not determined from a fixed 
percentage of normal rated power but represents the highest horsepower 
possible when the engine rpm. manifold pressure, and other conditions 
are adjusted to a point where the fud consumption per brake horsepower 
per hour is at a minimum. As shown in figure 42. the setting of tilt 
controls will generally be positioned to have the engine deliver between 
30 and 50 percent of the nomlal rated power under the conditions stated. 
(This range was arrived at by selecting the average of the specifications 
of several commonly used engines.) During low-speed cruising. 
engine operates at the rpm that will permit a reasonable forward 
of the aircraft with minimum fuel consumption per hour of engine opera· 
tion. \ \lithin the limits mentioned. the mixture control is set in I 

LEAN BEST POWER posi tion or leaner if permitted for the particular 
engi ne. Low-speed cruising is recommended for maximum air-mile rangt 
wi th a given fuel supply. T he usefulness of low-speed cruising may be 
offset in cold weather or at high altitudes by poor fuel vaporization. even 
though the carburetor heater is utilized. \\'hen carburetor icing condi· 
tions exist. low-speed cruising may not proollce enough heat for the car-
bl.retor air heater to prevent Of eliminate ice formation in the 
induction system. (See par. 4g.) 
(2) DESIR ED CRUISI NG. Desired cruising is that engine spetd 
which permits the use of a reliable engine horsepower to give efficient air· 
craft performance consistent with economical fuel consumption per hour 
of engine operation. By reference to figure 42. it may be seen that desirtd 
cruising is between 60 and 67 percent of normal rated JXlwer and SoH 
and 87.S percent of normal rated engine rpm. The JXlwer plant will 
operate the majority of hours during its useful life within this rangt. 
Within the limits given. the mixture control is set ill the best power rangt 
or at RI CH BEST POWER. The manifold pressure for this conditioo 
is specified in the T echnical Orders for each particular engine. DesirO!d 
cTllising is recommended when good engine performance and low fud 
consum])Uon are rt!<J.uin:d . Intelligent use of the mixture control and .. 
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proper operation of the carburetor air heater, radiator shutters, and 
cowling flaps will help to accomplish the purpose of desired cruising. 
(3) MAXIMUM CRUISING. Maximum cruising · is that condition 
which pennits the use of a high, reliable, delivered horsepower to give 
maximwn prolonged aircraft performance with a reasonable fuel 
sumption per hour of engine operation. Referen« to figure 42 shows 
that maximum cruising is detennined by taking 75 percent of the nonnal 
rated power and 87.5 percent of the nonnal rated engine rpm. Within 
the limits mentioned. the engine is usually operated with the mixture 
control adjusted halfway between the RICH BEST POWER and FULL 
RICH positions. The manifold pressure used is specified in the Technical 
Orders for each particular engine. Maximum cruising is recommended 
whtl'e high engine perfonnance is needed without partiC\dar consideration 
of fuel consumption. Under severe carburetor icing conditions, maximum 
cruising is desirable to furnish sufficient heat with the carburetor air heater 
to remove or prevmt i« formation. (See par. 4g.) 

c. Nonn.1 r.ted power. Normal rated power is the maximum 
rontinuous power at which the engine may be operated with safety. As 
shown in figure 42. normal rated power is that setting of the engine con-
trols which furnishes continuously 100 percent power at normal rated 
eng-me rpm. 

II ..... IwI .... pennl'llble .,....tI •• or 1II111t.ry r.ted power. This 
is the condition of engine operation (at a designated speed) which pennits 
the use of the entire available horsepower of the particular engine. 
Normally, this operating condition should be avoided and used only as a 
power reserve in case of emergency. As shown in figure 42, maximum 
pmnissible operation is that setting of the engine controls which pennits 
the engine to delivt;.r 110 to 120 percent of the nonnal rated power of a 
specified engine rpm. Within the limits mentioned, the engine is usually 
operated at the maximum pennissible manifold pressure. This pressure 
is limited as specified in Technical Orders for each particular engine 
installation. The mixture control should he placed in the FULL RICH 
position. Very high fuel .consumption can be expected when operating 
under these conditions. Under no circumstances should the maximum 
permissible rpm and manifold pressure be exceeded. During this condition 
of engine operation, high engine temperatures are to he expected; however. 
the engine speed and power must be reduced when temperatures approach 
or ·.reach maximum permissible limits . 

•• HI" .lfll.d. o,....tlo.. Modem mil itary aircraft. with the 
exception of trainers and other light airplanes, are usually equipped with 
highly supercharged power plants. Either the turbine or the internal 
type may be used. In some installation, both types are utilioo:ed. 
(1) Each particular engine installation has a definite critical altitude 
rating. This is defined as the maximum altitude at which the power 

Or •.•. 1< .. .. 
UNIVERSITY Of C/o.lJfORN lA 



plant will deliver maximum rated horsepower. Above this the 
throttle must be advanced toward the FULL OPEN position (as the 
airplane climbs ) to maintain manifold pressure, until the celing of the 
aircraft is reached. Although the engine must not be operated at full 
throttle for long periods of time at low altitudes, continuous full-throttle 
operation is usually permissible above the critical altitude. When the 
engine is operating under these conditions, the mixture control should 
be ad justed to smooth out any tendency toward rough running. It should 
be used as an altitude control and, under certain conditions, as an 
economy device. 
(2) In an engine equipped with an internal supercharger, the selection 
of the supercharger ratio is governed hy the required manifold pressure: 
that is, the low blower ratio should be utilized as long as the required 
manifold can be maintained, even though the carburetor throttle 
approaches the FULL OPEN position. 
( 3) In an installation incorporating an external or turbo type super-
charger, the automatic regulator is adjusted to maintain approximately 
31 inches of manifold pressure at fun throttle from sea level to approxi-
mately the critical altitude of the supercharger. Above cruising manifold 
pressures or speeds the mixture control should be placed in the FULL 
RI CH position. At or below crui sing manifold pressures or speeds, the 
mixture control should be placed in the LEAN BEST POWER or 
RIC H BEST POW ER position, as specified for the particular engine 
installation. Above the critical altitude o f the supercharger the mixture 
control should be used as an altitude control. 

f . Descent. When the airplane assumes a gradual inclined path 
downward, wi th just sufficient speed to keep flying. it is in a 
Steqx't' " nose down" descents are called dives, and steep descent under 
power. a "power dive." In a steep gl ide the controls should be adjustt.od 
as follows : 
( 1) If no automatic manifold-pressure regulator is installed, the fuel -
air mixtu re must be enriched until the control is in the F ULL RICH 
position and the throttle must be closed gradually to avoid excessive 
mani fold pressures. 
(2) Set the propeller constant-speed control in CRUISI NG RPM posi-
tion. This setting will prevent ovenpeeding of the engine if the throllie 
is opcnN suddenly. 
( 3) Adjust the manifold pressure-regtllator control fo r take-off pressure 
and use the throttle to control the engine. 
(4 ) The carhuretor air heater should be placed in the COLD position. 
The usc of the carburetor air heater is recommended in long glides at 
reduced power when icing conditions exist. 
(5) In descending from a high altitude, the manifold pressure gauge 
indication should be closely observed even though engine speed is gradu-
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decreased, since it is possible to obtain an excessive manifold pres-
sure with correspondingly low rpm. This condition should be avoided . 

.. I..I8c1h.,. Landing operation of the power plant is interpreted to 
mean operation before the airplane actually touches the ground. 
(I) In installations incorporating controllable-pitch or constant-speed 
propellers, the landing should be effected with the propeller set in LOW 
PITCH ( HIGH RPM) position in the event an immediate climb or 
take-off becomes necessary. 
(2) The mixture control should always be placed in its FULL RICH 
position prior to landing. 
(3 ) The throttle should be retarded gradually to decrease engine rpm 
and power. A sudden drop in engine speed tends to cause very rapid 
cooling of certain engine parIS and will probably result in spark plug 
fouling. It is advisable to open the throttle periodically to clt.oar the 
cylinders of exhaust gases which accumulate in the combustion chambers, 
and to remove the accumulated oil films on the spark plug electrodes. 
(.J) Aircraft equipped with a reserve fuel supply should be landed with 
the fuel cock placed in the RESERVE position. Thi s prttautionary 
measure insures a positive supply of fuel to the fuel pump in case an 
immediate climb or take-off becomes necessary. 
(5) After the landing operation is completed, ground operating pro-
cedures must be followed. 

10. ENGINE STOPPING. With each type of carburetor instal1ation, 
.>pecific procedures are employed in stopping the engine. The general 
procedure outlined in the following paragraphs reduces the time required 
for stopping, minimizes backfiring tendencies, and, most important of 
an, prevents overheating of tightly baffied air-cooled engines during opera-
tion on the ground. 

... Control .ettlnq.. In stopping any aircraft engine the controls 
are set as follows, irrespective of carburetor type or fuel system installa-
tion. 
(I) Cowling flaps are always placed in the FULL OPEN position 10 
avoid overheating of the engine and left in that position after the engine 
is stopped to prevent the residual heat of the engine from deteriorating 
the wiring of the ignition system. 
(2) Radiator shutters are also left in the FULL O PEN position. 
(3) Oil cooler shutters should be FULL OPEN to allow the oil tem-

to return to normal. 
(4) Intercooler shutters are kept in the FULL OPEN position. 
(5) Carburetor air-heater control is left in the COLD posilion to pre-
lent damage which may occur from backfire when the engine is stopped. 
(6) Exhaust gas analyzer should be placed in the OFF position after 
he engine is Slopped. 
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( 7) Turbo-driven supercharger wasil! gates a TC set in the FULL O PEN 
position. 
(8) Supercharger rt'gulators are generally automatically controlled and 
requi re very little attention during engine stopping. 
(9) Two-speed supercharger cont rol is placed in the LOW BLOWER 
position. 
( 10 ) The automatic manifold-pressure regulator should be left in the 
ON (Iakc-off ) position. 
(11 ) PROPEIJ .. ERS. A H amilton Standard two-position or a COIl-

stant-speed propeller will usu;}l1 y be stopped with the control set in the 
HIGH PITCH (DECR EASE RPM) posit ion. All laxyin!" will Ix-
done with the propeller in Ihc LOW PI TCH (INCREASE RPM ) 
IX'sl tl0n. A fter reaching the hangar line. open the thrott le to approx;-
mately 1,200 rpm and shift the propeller control to HIG H PITCH 
(DECREASE RPM ) position. This operation will decrease the engi!\(· 
speed . Allow the engine to operate approximately 1 minute before 
stopping. in order that the oil dumped into the ('ugln(' from the propeller 
may be properly scavellged and returned to the oil tank. H owever. til 
inspect the propeller piston for galling and wear ami for other 
purpoS('S, this propeller may be stopped with the propell er control in 
LO W PITCH ( INCREASE RPM ) . A H amilton Standard hydrolllatk 
and the Aeroproducts propeller will be left in the LOW PITCH (I N-
CREASE RPM) POSil ioll when the engille is stopped. The Cuniss 
E lectric propeller control is set in the LOW (I NCREASE 
RPM ) position and the selector switch in A UTOMATIC position. 
(12) No mention is made of the throttl('. mixture control. fuel 
valve, anu ignition switches in the preceding set of d irections becauSl! 
the operation of these controls varies with the type of carlmretor uS('(1 
with the engine. 

b. Float type carbllretor. Engin('s equipped with a Aoat type car-
huretor without an IDLE CUT -OFF nnit are stopf"'<1 as follows: 
(\) Adjust the throttle to obt<1in an idling of approximately 600 10 
800 rpm, depending on the type of engine. 
(2) Close the fuel selector valve. 
(3 ) Open the throttle slowly until the engine is operating at approxi-
mately 800 to \ ,(OJ rpm. 
( 4) Observe the fuel pressure. \Vhen it drops to zero, turn the ignitiotl 
switch to the OFF position and simultancously move the throttle slowly 
to the FULL OPEN position. T his operation will remove the accelerating 
charge from the induction system and avoid the possibility of accidental 
slarting. 
( 5) When the engine has place the fnel selector cock valve in 
the ON position and refill the carburetor and fuel lines by using 
wobble pump. 

I 
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c. Carb.retorl equipped wi" Idle cut-off. An engine equipped 
with a carburetor incorporating an IDLE CUT-OFF is stopped as 
follows: 
(\ ) Idle the engine by setting the throttle for so:> to 1,000 rpm. 
(2) Move the mixture control to the IDLE CUT-OFF ( FUL L LEA N) 
position. In a pressure type carburetor, this causes the cut-Qff vah'e to 
Stop the discharge of fuel through the discharge nOlzle, In a float type 
carburetor. it equalizes the pressure in the Aoal chamber and at the dis-
charge nOlzle. 
(3) When stopping an engine equipped with a Bendix St roml){' rg inje\'-
lion type carburetor, the throttle will be moved to the FULT. OPE X 
position (speed of thrott le movement is dependent upon the type of 
engine). Thi s should be done just as the mixture control reaches IDLE 
CUT-OFF position. This is necessary to remove the accd erating charge 
from the induction system and prevent accidel1tal starting. 
(4) After the propeller has stopped rotating, p1.1ce the ignition switch in 
the OFF position. 

d. Stop,,_, .. ,htel equipped with fuel I_lector. (I ) Throttle 
the engine to approximately 600 to &X) rpm to allow the power plaTH 10 
cool. • 
(2) Move the mixture control lever to the IDLE CUT-OF F ( F eLT. 
LEAN) position, but do not move the throttie. 
(3) Place the ignition switch in the OFF position only after the ('1l.'6 ne 
has completely SlOpped. 
(4) Leave the fuel selector valve in the ON position in order that the 
fuel lines will remain filled. thereby avoiding undue cranking when star t-
ing the engine. The valve will never be shut off except in an enwrgency. 

e, 011 dllutio.. ( I) In starting an engine employing oil dilution. 
a normal start should be made without regard to the oil dilution system. 
After start ing the engi ne, if a hea,'y viscous oil is indicated by oil pressure 
that is too high. or by oil pressure tb.1t fluctuates or falls back when the 
engine rpm is increased. the dilution control may be pushed momentarily 
st\'eral times to decrease the viscosity of the oil as a means of correcting 
this condition. Pratt and Whitney R-l830. R-2000, and R-2ROO type 
engines are equipped with a thermostatic oil-pressure relief valv(' which 
is arranged so that on cold starting, the relief valve does Ilot function 
and oil pressure as high as 200 pounds per square inch is encountered. 
As soon as the oil temperature reaches 4Q0 c.. the relief vah·.c ht·g-ins 10 
operate and regulates the oil pressure in the nonnal manner. On thcse 
types of Pratt and \\' hitney engines, therefore, when high oil pressures 
are encountered on starting, it is not advised to push the dillJtion switch 
as mentioned, in an effort to correct this high pressure. T he dilution 
s ..... itch. therefore, should only be pushed on those airplanes equipped with 
other than the Pratt and Whitney R-l830, R-2000, and R-2800 type of 
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engines after engine starting. T his procedure must be used with caution 
as it is possible to cause an engine fai lure by supplying the engine pump 
with pure gasoline in case the oil is sufficient ly viscous or stopped by ice 
so as not to permit flow: the oil pressure gauge may indicate sufficient 
pressure due to the gasoline to cause operating personnel to believe oil is 
flowing, which may not be the case. T hi s method is suggested only ii 
time and extreme temperature conditions do not permit engine warm-up 
in the nomlal manner. 
(2) If desired, it is safe to make immediate take-offs, after oil di lution 
has been used, without nonnal warm-up, provided there has been a rise 
in oil temperature, oil pressure is stcady, and the engine is nmning 
smoothly. Cold oil properly diluted has the same viscosity as hot 
undiluted oil and, therefore, the same ability to circulate and properly 
lubricate an aircraft engine. 
11. REFUELING, Qne of the most important phases of the airplane 
mechanic's work is the refueling and servicing of the airplane's fuel 
tanks. Refueling involves many hazards, the most important of which 
result from carelessness. These hazards must be carefully guarded 
against in order to eliminate the possibility of fires, explosions, and ell-
gine failures during flight. • 

a. Correct .rad. of fu.l. When refilling fuel tanks, the correct 
octane-rating fuel must be used. Failure to use the correct fuel will re-
sult in detonation and exceSsive loss in engine power. To prevcnt the 
acridental use of incorrect fuel , the octane rating of the fuel to be used 
is stenciled in 0-inch letters ncar the filler neck. (See fig. 43. ) 

b_ Surf.c. d.m •••. A fuel hose will usually reach a number of 
tanks on the airplane. The mechanic should not scratch or damage the 
wing and structure surfaees as he moves from one tank to another. 
De-ieer shoes should be protected from injury when the fuel hose is 
pulled over the leading edge of the wing. 
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c. Fuel Iiten, Water and other foreign matter should be prevented 
from entering the fuel tank. Some of the fuel passages of the carburetor 
are very small; fuel will pass through these openings, whereas foreign 

_ matter may not. To make certain that only clean fuel enters the tank, 
chamois skins are always used when refueling with small containers and 
a funnel. Fuel systems afe equipped with filters, scree:ns, drain cocks, 
and other devices to eliminate foreign matter that may enter the fuel 
tanks in spite of the precautions taken. 

cL Avolda.e of •• pos.,. of ".1. Heat, age, and exposure to 
the air will rob the fuel of its nlOre volatile fractions, tmls reducing the 
octane' rating. In deserts and very hot climates it is essential that fuel 
be stored in some location where the temperature can he kept below 
102°F. If possible, refueling should be done at night, because pouring 
the fuel under extreme heat into a heated tank will result in a considerable 

of Iud and a lowering of the octane rating. -Unnecessary transfer 
of fuel from one container to another must also he avoided. 

e. Dlsch'a.,e of static electricity. Static electricity is generated 
by an airplane in flight. If not eliminated prior to refueling, this charge 
may cause a spark that will ignite the fuel. 
( 1) HOSE GROUNDING. A metal-lined or otherwise bonded hose 
is provided to furnish a path througfi which a static charge may reach 
the ground. A length of flexible bonding wire and a damp are per-
manently attached to the discharge n01:de as shown in figure 44. 'Vhen· 
ever the fuel tank is to be filled, the free end of the bonding wire will 
always be clamped to a convenient uninsulated metallic part of the air· 

, plane. This will insure an dectrical bond between the tank and the 
_delivery hose. The bonding wire should not be attached next to the 
filler neck of the tank and it should always be attached to the aircraft 
before the fuel tank cap is removed. After refueling, the bond will be 
removed after the cap has been replaced. 'Vhen possible, filling or drain-
ing of fuel tanks will be performed in the open. 
(2) GROUNDING OF. DE-lCER SHOES. To discharge static e1ec· 
tricity properly from de-icer shoes, a wire brush, properly grounded, is 
passed carefully over the entire surface of the shoes (see fig. 45 ). Rub-
ber is not a conductor of electricity and therefore the entire surface must 
be touched with the brush to remove completely the charge from the 
shoes. 
(3) GROUNDING BODY. Since a static charge is also built up in 
the human body, and since clothes and shoes will act as insulators, the 
mechanic should, prior to refueling, drag his bare hand over the wing 
surface for a considerable distance before to,uching the filler cap. B)· 
following this procedure, he will discharge or ground the charge stored 
in his body, and prevent a spark jump as he reaches for the tank cap. 
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l'itJure 45, Groundill!l de -jeer shoes. 

f. Re fuellnCJ with small conta iners. One of the most difficult 
maintenance problems in combat zones is the handling of fuel and ser ' 
vicing of the airplane's fuel tanks. The conditions under which this is 
done ma.y often be most undesirable. The operation may be performed 
in the open, exposed to dirt and sandstonns, and under constant enemy 
interruptiQrl. Often it is not safe nor even possible to refuel from pits 
and trucks. In such cases, the fuel is stored in SO-gallon drums and 
refueling is clolle wilh 5-galloll cans (or ally small container) , a chamois 
to fi lter the liquid. and a f UlInel. The chamois is attached to the funnel 
by means of copper sa fety wire and the fuel is poured through the 
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d1.1.1l10 is. During the actual pouring o f the fuel, the mC(;hanic should 
make certain that the funnel is in constant contact with the filler neck 
and the container is resting on the chamois around the top of the fun nel. 
(See fig-. 46, \ 

46. Using (I small (on/oilier for rr fueiillg. 

g. Other precaution.. Precautions will always be taken to avoid 
spilling fuel. Smoking in the refueling area is strictly forbidden. Open 
flames and anything that might cause ignition of the fuel must be kept 
at least 100 feet from the refueling operation. Thi s includes matches 
and cigarette lighters, which on occasion have fallen f rom a mechanic's 
pocket and ignited the fueL 
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SECTION II 
POWER PLAN] INSPECTION AND 

MAINlENANCE 

12. SCOPE. •. Generill. The precision construction of modern air-
planes requires that high and ('x3cting standards of maintenance and 
inspection be set up for every part of the aircraft and its engine. POW"T 
plant inspection is that phase of aviation activity which pertains to main-
tenance necessary for satisfactory engine operation during the period 
between major overhauls. The performance of these inspections includes 
all activities essential for the prevention of engine failure. The general 
instructions given here are based on instructions found in Technical 
Orders. Applicable Technical Orders should he consulted fo r each type 
of airplane, engine, or unit of accessory equipment. 

It. Purpole of eRgI .. I.,,.etio.. Only hy constant and conscien-
tious inspection can the rnfi::hanic insure flight reliability of an aircra ft 
mgine. The primary purposes of inspection are 10 prevent fai lure of Ihe 
mgine while in operation and reduce 10 a minimum the necessity of 
removing the airplane from service duc 10 minor troubles. An ('ngine 

frequent adjustments and many minor repairs while in use. 
Systematic periodic inspections constitute the be·SI method of detecting 
the need fo r adjustm('nts and repairs. periodic inspections simplify 
the of the ground crews by arranging their duties into a regular 
routine. All material and equipment used by the Amy Air Forces is 
\lut through experimental test runs to determine approximately how long 
they may operate before mechanical service or attention will normally be 

The operating time bctwen inspections is based on these tests, 
and the inspection of a particular part or parts is set to be accomplished 
before the critical point is reached. The responsibil ity for keeping the 
engine airworthy at all times lies directly with the maintenance personnel. 
Complete and accurate data of all routine inspection, maintenance, ser-
vicing, changes, and replacements must, therefore, be kept by the crew 
chief. (See fig. 48.) These records must be kept up to dale and must 
be available for inspection by supervisory personnel at all times. 
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1 
c. bh .. of ' •• pectlo. au ... 1 ..... ItC.. The irispection and I 

maintenance requirements given here for the power plant are to be con-
sidered as minimum and general. In all cases, conditions permitting, the 
detailed procedures given in Technical Orders and the orders of local 
authority take precedence. First and second echelon maintenance is the 
function of aU Army Air Forces units operating or maintaining aircraft. 
Normally, the work consists of cleaning and servicing aircraft and air-
craft equipment, and of making periodic inspections, minor repairs, adjust-
ments, and repiact'ments. Most of the tools and equipment required to 
accomplish this work aTe transportable by air. It is difficult to place 
definite limits on the maintenance and repair operations that constitute 
the work performed by these echelons. During periods of emergency, 
each unit does everything it possibly can, leaving only what it cannot do 
to be accomplished by the nexLhigher echelon. In this way, the burden 
on higher echelons is lessened. In some cases, the duties of the first and 
second echelons may be determined by the length of time required to 
perform the operation,.and by the initiative, ability, and aggressiveness of 
the maintenance personnel. The power plant inspection periods are as 
follows: 
( 1) Preflight inspection, which is accomplished prior to the first flight 
of the day. 
(2) Daily inspection, which is performed once each calendar day, exttpt 
on occasions as listed in paragraph 14. 
(3) 25-hour inspection (accomplished between the 20th and 30th flying 
hours) which includes the preflight and daily inspections and is designed 
to be thorough and searching. 
(4) SO-hour inspection (accomplished between the 40th and 60th flying 
hours) which includes the preflight, daily, and 25-hour inspections. It 
is accomplished during regular maintenance without withdrawing a plant 
from regular service. 
(5) tOO-hour, 2O).hour, 300-hour, and subsequent inspections are per. 
formed concurrently with the applicable 50-hour inspections due. 
(6) SPECIAL INSPECTIONS. Weekly inspections are performed at 
7-day intervals regardless of flying time. A special inspection is per-
formed 5 hours after engine change. lEvery 10 hours the supercharger 
and oil Cuno are inspected. The 2S-hours-after-engine-ehange inspection 
will be performed between the 20th and 30th flying hours following 
engine change. 

13. ,IEFLIGHT INSPECTION. ... G ••• ral. Prior to the first flight 
of tbe day, a visual check of the airplane power plant will be malk. 
Inspecting personnel will make the proper entries on W.O., A.C. FornI 
No.41B. If the daily inspection is performed before the first flight of 
the day, it should be accomplished in conj unction with the preflight 
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inspection before the airplane is rolled to the flying line. This eliminates 
the necessity of performing. two separate inspections. The preflight in· 
spection is performed-
(1) Prior to the first fl ight each day, or at least once every 7 days, 
except on airplanes in "in storage" status, undergoing engine change, 
or in the engineering shops. 
(2) On all transient aircraft, prior to departure from any station, whether 
or not a preflight inspection has been accomplished the same day at 
another station. 

b. PlIrpol. of preftl, •• IM,-ctlo.. During the preflight inspec-
tion of the power plant, the mechanic detemlines that the engine, the 
engine accessories, and the engine controls are functioning properly; that 
all cowlings, fuel and oil tank caps, etc., are in place and properly safetied; 
that all accessible fuel strainers (including tank drains where drain cocks 
are provided) are drained and safetied ; and that the engine installation 
is ready for flight operation. 

c. Ou.Ii •• of proced.re. The procedure for per forming the pre-
flight inspection will be listed in two parts: the inspection prior to 
starting the engine. and the engine operation check during engine wann-
up. The instructions given in this paragraph are by no means complete, 
but are to be considered as minimum. The engine handbook and local 
authority should always be consulted for instructions concerning specific 
installations. The following items are listed as aids in conducting periodic 
inspections. Although they may not be universally applicable. additions 
and slight modifications will make them apply to all types of engines and 
engine equipment. 
(1) Examine for security of installation and mounting. 
(2) Check for proper safetying. 
(3) Inspect the external portion of the unit for dents, cracks, bends, 
nicks, and damage to the protective coating. 
e 4) Check all lines, leads, and control rods, where applicable. 
(5) Inspect tanks for fl uid levels. where applicable. 
(6) Check for operation, when necessary. 

d. Preftl, •• procedure bmre Ifartl ... e.,I.e. (1) Perfonn all 
routine periodic inspections before rolling the airplane to the flying line. 
(2) Become familiar with the operation and service instruction hand-
book for the particular installation; read TO 02-1-29 and all other 
pertinent Technical Orders. 
(3) Examine all flight reports for completeness, and, if incomplete, 
make necessary additions. 
(4) Check the quantity of fuel and oil in the tanks and enter the amounts 
on W.O., A.A.F. Fonn No. l Ao Tanks of oil-lubricated superchargers 
must also be checked for proper oil level. 
(5) Be sure that fuel and oil tank caps are secure and properly safetied . 
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(6) Drain and resafety all accessible fuel tank drains and system 
strainers. To prevent airlocks in the fuel line, the fuel cock should be 
turned on and the drain cock tightened as fuel drips from the drain. 
This will eliminate the possibility of trapping air in the strainer. (See 
fig. 49.) 
(7) Check all oil drain cocks and plugs for proper safetying. 
(8) On liquid-cooled installations, check the coolant system for correct 
fluid and proper level and make certain the tank caps and drain 
.are properly safelied. 
(9) Inspect all cowlings for proper installation and safetying. 
(to) See that the 'hand crank is in its proper place. (See fig. SO.) 
(II) aleck the fuel pressure gauge for correct zero setting ±O.3 pounds 
per square inch. The oil prt"ssure gauge has a maximum allowable 
tolerance at zero of ±s pounds per square inch. Mechanically driven 
tachometers should be checked for zero setting ± l s rpm; the toleranct 
for electrically driven tachometers is """30 rpm. 
(12) Check manifold pressure gauge against station barometer. 
( 13 ) Check thermometer gauges against station themlOmeter. 
( 14 ) Wind and set the dock. (Get correct time from operations tower.) 
(IS) Check operation of fuel pressure warning light by placing the 
switch in ON position and operating the wobble pump. 
(16) Inspect all engine instruments for security, broken cover glasses, 
correct pointer positions, and other visible defects. 
(17) Check the throttle, mixture, propeller governor, oil and coolant • 
temperature regulator, carburetor air heater, supercharger, and cowling 
flap controls for proper range of operation. 
(IS) Befor.e starting an engine which has not been operated within the 
past 2 hours, pull the propeller through at least four or five n'volurions 
in the direction of rotation. This should be done hefore IIsing the starttl 
in order to check for accumulation of liquid in the combustion chambers. 
(19) Set the propeller control engine starting. 
(20) See that other maintenllnce personnel are familiar with ground 
operation of ai rcraft engines. 

e. ' .. eflli, •• ' • .,.ctio •• fl ... s •• rtI.,.1Id d.rI", ... 1 .. WA. 
After starting the engine the following observations and operation dr«L 
should be made: 
( 1) OIL PRESSURE. Check the oil pressure gauge reading. If dJel c 
is no indiation of pressure within 30 seconds, stop the engine UfO! 
ately. If conditions are satisfactory, the engine rpm should not e;" d 
one-half of the maximum permissible ground speed until the engine ...... 
tains (without fluctuation) at least two-thirds of the minimum full poco 
ni l pressure specified, and the oil temperature shows a definite increase. ' 
indicating proper circulation of oil. 
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(2) INSTRUMENTS. Check all instruments for readings consistent 
with engine requirements and for excessive pointer oscillat ion and vibra-
tion. 
(3) i\[AN IFOLD P RESSURE GAUGE LI NE. Open the manifold 
pressure gauge vent cock and allow it to remain open a few seconds. 
(4) PROPELLER. Adjust the propeller to the proper positioll for en-
gine warm-up and watch for excessive vibration. 
(5) AMMET ERS. With the generator main-line switch off, check the 
pointer for zero. Place the generator main-line switch in the ON posi-
tiotl, and check for nonnal charge and excessive fluctuat ion. 
(6) VOLTMETERS. Operate eugine at a. manifold pressure which 
does not exceed maximum cruising manifold pressure. \\lith generator 
main-line switch off, note the reading. T he pointer should show a voltage 
between 14.2 and 14.3 fo r a 12-volt system and between 27.9 and 28.1 
for a 24-volt installation. Set the main-line switch in the ON position, 
and determine the voltage at which the current cut-out rela.y closes the 
circuit between the battery and generator by slowly opening and closing 
the throttle and observing the voltmeter. The current cut-out points 
should close at 13.5 volts in a lZ-volt system and 27 volts in OJ 24-volt 
system. Closing of the circuit will be indicated by a slight "drop-back" 
of the voltmeter pointe r. 
(7) MAGNETOS. Operate the cngine at a manifold pressure which 
does not exceed maximum cruising ma.nifold pressure. 1£ no manifold 
pressure gauge is used, the throttle movement should not exceed 85 per-
cent of the travel between closed throttle and the throttle stop. An in-
stallation which does not have a manifold pressure gauge or thrott le stop 
will Ix: checked with the throttle set to give an engine speed which does 
not exceed 85 percent of the full throttle rpm. If a controllable-pitch 
propeller is used, it should be in LOW PITCH position. Check each 
magneto for proper operation, ami note the loss in rplll when switching 
from the BOTH position. 
(8) TURBO-SUPERCHARGER S. Place the waste gate control in 
AUTOMATIC position. While operating at maximulll a llowable ground 
rpm, check the operation of the supercharger waste gate. The manifold 
pressure should be held within spccitied limits. 
(9) TWO-SPEED SUPERCHARGER S. To check the supercharger 
drive, set the engine Spel-d at 1,500 rpm ( propeller in HIGH RPM 
position), 1Il0ve the supercharger control lever to HIGH posit ion, and 
lock Open the throttle to obtain not over 30 inches Hg manifold pres-
sure. \\'hen the engine speed has stabilized, observe the manifold pres-
sure, and shift the supercharger control to the LO\V position without 
moving the throttle. (At least 3 minutes should elapse between shifts. 
This wi ll allow the clutches to cool.) A sudden decrease in ma.nifold 
pressure is an indication that the two-speed supercharger drive is oper-
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ating properly. If no occurs, the clutch may be "frozen" in the 
high-ratio position. 

Non. operation i1nd Hight instructions of specific engi l1C'S for 
delil ils i1nd additional instructions. 

( !OJ IGNITION SWITCH. While operating the engine at approxi-
mately 700 rpm, check the ignition switch to insure the ground wires 
are properly connected. The switch should be tumed to the OFF posi-
tion momentarily ( to detennine whether the engine or engines stop 
fi ring), and immediately retumed to the ON or BOTH position. 

14. INGINI DAILY INSPECTION. L If practical, the daily inspec-
lion should be made either a1 the end of a day's flying, or in conjunction 
with the preflight check the ne)!:t day. It is not perfonned if flights have 
not been made since .the last daily inspection, or if the airplane is in 
storage, undergoing repairs, or is stalioned where there are no enlisted 
or civilian mechanics. This inspection is not designed to be sufficiently 
thorough and searching to detect slight wear and early stages of 
deterioration, but includes only a visuaJ check of the engine's general 
condition to detect damage or any maladjustment that might interfere 
with fli ght reliability. 

b. The daily inspection consists of checking the following ; 
( I ) IGNITION AND ELECfRICAL SYSTEM. Ignition and eio:-
trical systems require very little inspection because of their high depend-
ability. A daily check for oil leaks around the starter and generator is 
required. Leakage around the generator may mean that the oil seal is 
defective and if so the uni t must be replaced. Oil seepage in the starter, 
if not excessive, may he remedied by drill ing a fi-i nch hole at the rowest 
point of the starter housing to provide drainage. Because a great amount 
of twist and torsion occurs in a sta rter, it is necessary to check it for 
security of mounting. for .cracks and defects, and the housing bolts for 
tightness. On the hand inertia type starter, the hand-cranking extension 
brackets and supports are inspected. . 
(2) COWLING AND FAIRI NG. All cowling and fairing must be 
checked for general condition, security of attachment , dents, and bends. 
(See fi g. 51. ) 
(3) CA RBURETOR AND MANIFOLD AIR HEATERS. Insped 
the manifold and carburetor air heater for blown gaskets and 
of mounting. 
(4 ) T URBO-SUPERCHARGERS AND REGULATORS. Turbo-
supercharger and regulator units must be completely checked for security 
of mounting, proper dearances, excessive play. cracks, lubrication. and 
general condition of the complete system. An operation check of tht 
conlrols must also be made. Such thoroughness is necessary because of 
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the high opo.' rational speed s and high IClnf)('ralure condilioTlS limier whid t 
the unit operal.:s . 
. (5) COOLI NG l\;r ' l,:oole<l power pl:U1IS arc dwckl'd daily 
for any rubbing of the rowling against Ihe ('ylindcr O J("Ck for -

broken fi ns w hich may illlcrfere with proper oooling. (See fig . 52.) 
Cylinders having an excessixe number of broken fin s must be replaced. 
An operation ch eck of the cowl flaps should be made. The plumhing 
system of liquid-cooIL'<i engi nes must be inspected for leaks, prop':'r 

- ,. 
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safetying, and general condition. 1£ shutters arc provided for the coolant 
radiator, they must be checked for pro(>cr operation. 
(6) ENGINE CONTROLS. Engine cont rols are examined throughout 
the control linkage for creeping, lost moIIOQ, general condition, and proper 
saftlying. A check is made for full working range both in the cockpit 
and at the engine. Figure 53 illustrates the proper position o f the 

I'i!lure 52. hUPtc/;Hg jill .•. 

carburetor mixture control when the cockpit lC"d is in the FULL 
RICH position. 
( 7) LUBRICATION SYST EM. Oil systcm inspections should be 
made to deh.'Ct any excess amount of oil that Inay appear around the 
engine. Detennine the cause, as this may be an indication of damage. 
All drain plugs should be checked for proper safetying. During cold 
weather operat ion, check the blanketing of the cooler. 
(8) FUEL SYSTEM. Turn the fuel valve to the ON position and 
check the complete system for leaks and gcncral condition. Rotate the 
fuel cock handle one complete revolution to check for bimling. Inspect 
the safety wiring on the carburetor and fuel injectors (when used ). 

, 
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(9) PROPELLERS. The propeller is inspected for security of mount-
ing. The hub retaining nut must be tight. Not only may looseness 
cause scoring or galling of the rear cone, but vibration caused by loos(! · 
ness may damage the crankshaft and other parts of the engine. A check 
iO T proper safetying of al\ bolts, nuts, pins, and screws must be made. 
Inspect the blades and hubs for cracks, nicks, bends, and other damage. 
All defects should be corrected before engine operation. Check hydrau-
lically operated propellers for oil leakage. Controllable propellers (ex-
ctpt the hydromatic ) are checked for grease leakage. At the end o f 
each day's flying, all metal propcl1ers will be wipt.--d off and coated with 
thin films of engine oil to prevent corrosion. ( See fig . 54.) 

' . . 

Fig"r,· 53. Mix ture (O" tro/ j n FU LL laCH /losi ti",. (III 

(10) ENGINE I NSTR UMENT S. Engine instruments are inspected 
for looseness of mounting, crackt-d glass, and proper marking of the 
gauges. The pointer error must be within the maximum al10wable limits. 
Lighting systems providl--d fo r any individual instrument or panel must be 
examined for proper operation. 
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( \1) A IRCRAFT BATTERIES. Chl'Ck the specific gravity o f each 
cdl by taking a daily hydrometer reading. Hold the hydrometer in a 
vertical JXIsition if the location of the battery pennils. In locations where 
the venical pos ition cannot be maintaiIlL-d, draw in a satisfactory amount 
of electrolyte, pinch the hose ncar the end, hold the hydrometer in a 

ITTl ical p ... sitiol1 so that the flvat is free, and obtain the SI)l..'Cific gravity 
rtading. (See fig. 55. ) Be certain that too much electrolyte is not d rawn 
in to the hydrometer. This will pt·rmit the float 10 touch the mbbcr 
al the top of the glass and indicate an incorrect reading. Affer (h('Ckillg 
the reading, return the electrolyte to the cell fmlll which it was obt ained . 
Make the IlL"Ccssary corrl'Ctioll for teml>crature. Consult the Technical 
Order titled Aircraft Storage 8a1/cries for this procl"(]ure. ReplaCt: 
the battery as soon as practicable when the gravity is found below 
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1.240 or above 1.310. Add only distilled water when needed and tht 
water added must not rise above :h! inch Over the plates. If the battery 
is exposed to temperatures IJelow freezing, do not add water unless the 
battery will be charged imnwdiately after the addition. If this procedure 

not foll owed, the water will not become thoroughly mixed with the 
electrolyte, but will remain on the top and freeze. (See cold weather 
operation, par. 6h(16).) 

15. 25-HOUR INSPECTION. The 25-hour inspection. which includes 
the daily inspection, is designed to be thorough and searching. All 
parts are inspcctL'l:1 to make certain that they arc in good condition, that 
they function properly, and that routine maintenance operations hare 
been performed. T his inspection is accomplished during normal working 
hours, and without willHlrawing the airplane from regular service. A 
period of 10 hours (between the 20th and 30th nying hours ) is al lotted 
to pemlil the accomplishment of this inspection. In addition 10 
daily inspections. the following CbLOCks arc made every 25 hours: 

, 

fiigu rl' 56 . .. 
• 
L 
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•. Igllitioll and electrical system. The terminal connections of 
unshielded plugs and the elbow tenninals and shielding nuts of shielded 
plugs are examined fo r propt:r tightness. (See fig. 56. ) Care must be 
exercised to tighten only to a snug fit. T he barrels o f shielded plugs 
are checked for looseness. I f found to be loose, they are tightened with 
a special wrench. On airplanes that operate at high altitudes, the spark 
plugs are removed and examined fo r burned electrodes. T he gap dear-
aoces should also be checked and reset. (See fig. 57.) 

F i (Jl/u 57. CliNk i"g spark NII!I !lap r l f(JrtWr,·. 

b. Eltgine general. A general inspection of the liquid-cooled engine 
includes a check of the cylinder. hold-down and coolant -jacket stud nuts 
for tightness. This is required on some installations only at the inspection 
after the first 5 hours' fly ing time following engine overhaul. 

c. Cooling systems. The inspections of the liquid- and air-cooled 
systems are as follows: 
(I) On liquid-cooled engines the cowl flaps or shutter assemblies and 
controls are lubricated according to the instructions given in the individual 
handbooks. Inspect the drain holes (at the parting surface of the crank-
case) that drain off any coolant that leaks past the cylinder liner coolant 
seals. Inspect all lines for proper identification markings. anchorage. 
and wear. Cooling systems filled with ethylene glycol are marked with a 
white band on ·each side of a black band. Systems containing water are 
marked with a single white band. Coolant pumps are examined for 
leakage; if a packing adjustment screw is tightened to the last thread, a 
new peltet coated with oil will be installed. Some models of liquid-cooled 
engines incorporate a spring-loaded type packing which will not require 
llIanual tightening. If leakage is excessive, do not attempt to replace the 
packing or any part of the pump. Replace the entire pump as a Ulllt . 
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Where a fitting is provided, the pump shaft bearing is lubricated. Radia-
tors, expansion tanks. lines, and other connections are inspected for 
leaks. Hose clamps arc examined for condition and safetying. All d rain 
((leks must be secure and properly safetied. 
(2) Cylinder fins of an air-{;oo\ed engine are vital to proper operating 
temperatures. fins therefore constitute a serious hazard. Check 
the cowl flaps and ring cowls for general condition and for proper opera-
tion and adjustment. Magneto and other cooling tubes afC 
for cleanliness, breaks, cracks. and security of attachment. 

d. Engi •• colltrols. Examine the control assemblies, including all 
rods, cables, linkage supporting brackets, guides, pulleys, etc., for free 
and full movement, lost lIlotion, creeping, bent rods, frayed cables, loose 
or missing bolts, and proper safetying. Make any necessary adjustments. 
All moving connections will be cleaned and lubricated with the proper 
oil. Sealed bearings will not be lubricated or washed out. The thruttk 
shaft and bearings are oiled with a light grade of lubricating oil. 

e. Oil systems. Tnspcct oil lines fo r dents, leaks, wear due to chaf-
ing, and cOIl(litioll of connectiolls. AU connections must be examined 

• 

.. Fig .. rt 58. Coali"9 a C .. "a wilh '''9'''t ",I btfrwt ftp!au menl . 
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lor security, proper location, and saletying of clamps. All oil lines will 
be properly identified with single bands of yeUow. Examine the oil 
cooler for d ogged rore, dents; leaks, security of mounting, and proper 
operation of the shutters. Remo\fe and clean the oil, screens, and oil 
(uno manuaJ and automatic types) . rr'he Cuno unit must be washed 
in gasoline, inspected, and coated with dean engine oil be fore it is re-
instaUed. (See fig. 58.) 

f. hel' system. Turn the fuel valve to the ON position, 
huild up fuel pressure with the hand pump or booster pump, and check 
lite entire system for leaks, cracks, stturity of lines and fittings, and 
lrear at the mounting points. The lines should be marked with single 
red bands. Place the proper size drilJ in the vent opening of the relief 
l-alve to check for a restriction. Inspect the fuel pump for secu?tY of 
nlOunting. Examine all fuel (1rains and overflow lines for security, 
hreaks, and stoppage. Remove and dean al1 removable strainers. (See 
fig. 59.) 

.. c..rb.retors. Aircraft carburetors must be inspected for fuel 
leakage at the parting surfaces and at fuel line connections. Drain the 
float and strainer chamber and flu sh the carburetor with clean gasoline. 
Lubricate the throttle, shaft bearings, exposed economizer, al\d operating 
parts of tht! accelerating pump with machine-gun oil. 

k. Propellers. The counterweight bearings of both the Hamilton 
Standard two-position and constant-speed propeUers must be lubricatc<l 
with high melting point grease. The exposed portion of the pistons will 
be cleaned, and then lubricated with clean engine oi\. 

L Aircraft batteries. Batteries are inspected at the 25-hour or at 
7-day intervals, whichever comes first. Most battery installations are 
t'aSily accessible and ade<Juately protected from fuel, oil, and exposure. 
The surfaces adjacent to the battery boxes are usually protected by a 
coating of acidproof paint. In cases where the battery is completely 
inclosed, suitable vents are provided. arc also incorporated 
to keep spilled liql1id from coming in contact with the ai rplane proper. 
( I) Inspect the battery drain sump (on installation so equipped). Re-
move the cover and inspect the felt pad. If it Is covered with a flaky de-
posit, it should be removed, washed in clear water, saturated with bi-
carbonate of soda solution, and reinstalled. If the sump body is corroded, 
it should be cleaned and then painted with acidproof paint. 
(2) Check for leakage of acid due to a cracked case or deftttive sealing 
compound. If leakage is found. the hattery will be removc<l, the con-
tainer repainted with acidproof paint, and a new battery instal1ed. Con-
nect terminals as shown in fi gure 60. 
(3) The specific gravity of the ekctrolyte in ..ach cel1ml1st IX' chet"kctl 
with a hydrometer. (See par. 14b( Il ).) Figure 61 illustrates the cor-
rect position of the hydrometer when this operation is pedo. IUCU. 
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(4) Terminals must be checked for securily. Corrosion may be removed 
1'.'llh a solution of baking soda or diluted ammonia; a light coat of vaseline 
should then be applied to any tenninals which are exposed to battery 

The condition of the leads should be care fully 1I0ted. 
(5) The general condit ion o f the battery container (its security of 
mounting and cleanliness) and the vent system !lItlst be examined at this 
period. 

, _'''' WASHER 

""' 

60. fIIt"lhod of trmnnling ballr,">' Irrmindl$. 

(6) Check the moullting of the battery and tight en the hold-down damps 
if they arc found to be loose. 
(7) When an airplane is to remain idle for more than a week, the battery 
is removed and relurn t'<i to the battery shop for storage. 

16. 50-HOUR INSPECTION. The 50-hour chec.k is a very thorough, 
eornplete, and searching examination of the whole airplane. It includes 
all operations performed during the dai ly and 25-hour inspections. This 
inspection need not be made ill one continuous operation. It may he 
accomplished any time between the 40th and 60th hours to avoid ground-
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iug the airplane. The SO-hour power plant check indudt·s the item!1. 
which follow . 

•. ........ 1,.Mlo •• .,.t.... In servicing the magneto ignition 
system the following operations performed : 
(1) MAGNETO. Remove the breaker cover, clean the breaker hous-
inc. and inspect the breaker mechanism for a damaged cam follower. 

breaker felts or cushions, and a weak or broken breaker-arm 
§pring. Use a scale for testing the breaker-arm spring. (See fig. 62.) 

. . . 
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Chl-'t;:k the felt on the cam follower for proper lubrication. If it is dry. 
it should be moistened with the specified grade of oil. Be certain that it 
is not lubricated excessively, because the excess oil will be thrown on 
the contact points and cause them to burn. On lever type breaker 
magnetos, in addition to the foregoing, lubricate the bearings if oil cups 
are provided. Bearings in magnetos not equipped with oil cups are 
packed with grease and need no lubrication between overhaul periods. 

'" 
Figure OJ. Oiling maYlle/a by pressing oiler btillon. 
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In some magneto installations, an oiler is incorporated. Pressing the 
oiler button once during the SO-hom inspection will fumish the proper 
amount of cam lubricant. ( See fig. 63.) This is done when the engine 
is not operating. 
(2 ) LEVER TY PE BREAKER MECHANISM. On a lever type 
breaker mechanism check for proper bn. .. aker-stop clearance, worn or 
loose breaker·arm bushings or support pins, excessive lubrication, clean-
liness, security of mounting, and proper clearance between the lever 
bushings and axle. 
(3) PIVOT LESS T YPE BREAKER POINTS. I nspect and adjust 
the breaker points. Pivotless type breaker points must always be ad · 
justed so that the contacts open at the proper position o f the cam in 
relation to the liming marks on the rim of the breaker Clip. These points 
do not have any fixed clearance. 

Fi!J .. n 64. .. d 

(4) D ISTRIBUTOR. Inspect the di stributor for a cracked head (fig. 
64) or rotor, sticking or broken brushes, signs of arcing, tightness of 
the mounting screws, and cleanliness. If one or more of the conditions 
mentioned are present, replace the head, brush, or rotor, or clean and 
tighten the parts as required. 
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(5) IGN IT ION CAllLE. Examine the iguitioll cahle for caudition 01 
connect ions and terminals. ('xposcd ends, chafing due to vibration, a nd 
for deteriorat ion due to he-dt. 
(6) INDUCTiON (O l{ BOOSTER COIL PROVIDED 
ON OLDER P LAN ES). See that the induction vibra.tor (or ignition 
booster coi l if plane is thlls e<1I1ippt:<l) is securely mounted. 
(7) IGN IT ION SW ITCH. Check the ignition switches for security 
o f mounting. condition, and prOper conn(.'Cl ion of all electrical leads and 
terminals. 

b. G..erator and gener.tor control p •• el. The condition of 
electrical equipmelll is of vital importance to the operation of the airplane. 
There is the ever present possihility that it may not fUllct ion properly due 
to some apparently slight oversight ; therefore, the lI1fi:han ic must Call · 
stantly maintain the electrical installat ion in perfect working conditio n . 
( I ) CONT ROL PA NEL. Inspect the generator control pand for sc' 
curity of mounting, general cleanliness, and proper safetying. Examine 
all leads. terminals, and contact points fo r condition and proper clearann ·. 
Chcrk the condition of the vibrat ion absorbing mount of the control panel. 

10' 

.--, . .., F 

Fig",.t 65. Bllrnrd, pitted, a"d ard·o!· ,.o.md commutator. 
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(2) GENERATOR. Examine the generator for cleanliness and security 
of mounting. Check the generator commutator for rough, coated, pitted, 
worn, or eccentric surfaces. (S« fig. 65.) Clean dirty or coated commu-
tators with No. (XX) sandpaper. the generator if the commutator 
is found rough, pitted, or "out of round." An eccentric commutator may 
be detected by holding the pointed end of a pencil on top of the brush 
while the generator is operating. If the pencil vibrates excessively, re-
place the generator. 

• 

(3) BROSH ASSEMBLY. Oteck the generator brush assembly for 
IcoOse connections, worn or sticking brushes, and low spring tension. Re-
place brushes which are worn to less than the minimum allowable length. 
When a worn brush is replaced, the new brush must be properly seatffi 
by using No. (XX) sandpaper, as shown in figure 66. Clean 
Iorushes and holders with a gasoline-saturated rag . 

/ 
/ 

/ 
Figure 66. Correcl nt r lltDri of ualiltg 9fltffalo,. bnuill's. 

Co Starte,.., I .. rtla, alMf dlnet crallk'.,. ' The inspection of the 
mtehanism of all starters (except the motors and switches of electrical. 
starters) is the same. 
(I) STARTER UNIT. Inspect the electric motor for a dirty or rough 
ronunutator. If the commutator is rough or badly burned, replace the 
motor. If it is dirty, clean it with No. 000 sandpaper and use compressed 
air to blow the dirt out of the housing. Check the condition of the brush 
boIders and clean all binding brushes and brush holders with a gasoline-
saturated cloth. Check the brushes to be sure that they are bearing 
properly on the commutator. _ Remove and replace worn brushes when 
the maximum permissible brush wear is exceeded. All new brushes must 

.. 0 
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be properly seated by using No. <X)() sandpaper. Lubricate the hand 
crank system with the specified grade of engine oiL 
(2) STARTER SOLENOIDS AND SWITCHES. Check all solen-
oids for security of mounting and condition of the leads. When adjusting 
the starter solenoids, first make certain that the starter jaw is completely 
retracted against the baffle plate; then with the oil seal and solenoid 
plunger in the outermost position ( sec fig. 67) adjust the cable so that 

r ""'" ,. 

67. Starler jaw relraded against the oil seal. 

it has 1/32 inch of free play. All defective switches and solenoids should 
be replaced. 

d. Wlrl.9 systems. Connecting wiring and cables must be flexible 
and long enough to prevent undue pull on terminal connections of any 
electrical unit. 
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(I ) W I RI NG. Inspect all w!rIng for proper anchorage and security , 
of union nuts, oonding. shielding, and terminal oox covers. Check to 
make certain that no leads are swinging in such a manner as to cause 
undue wear or fa tigue. 
(2) CONNECTIONS. Examine all connections, terminals, exposed. 
ends, and contacts, including ground conncctions, for condition. 

e. Enghte gener.1. (1 ) Engine installations have become so ·com-
plex that the inspection of some parts of the power plant is very difficult. 
'\[any of these parts, however, may be cxaminl-d with the aid of a 
flashlight or drop cord and a mirror. 
(2) Inspect the engine fo r missing 001ls, nuts, or studs, and for proper 
safetying. Examine all parts o f the engine for cracks, broken parts, and 
oil leakage. On some instaJlations, the cnds of thc crankshaft must be 
inspected for oil leakage. Where applicable, lubricate the center bearing 
of the extension shaft, making certain that the grade of grease is 
"><d. 

f. EIlgTne mouRts. In earlier jnstallations, engines were mounted as 
rigidly as possible. Since no elasticity was provided, se\'ere stresses 
were transmitted throughout the enti re airplane st ructure. T he present 
day engine is mounted on rubber bushings. These arc usnally install('(/ 
between the engine mount and the airplane, and bctwC('n the cngine mount 
and the engine. This type mounting is now standard. " 'hen clastic 
mountings are used, the engine must be held £lOllly enough to permit 
satisfactory attachment of the plumbing, the controls, and the cowling. 
The SO-hour check of the engine mount is accomplished as fonows: 
(I) Check the entire mounting frame fo r cracks (particularly at the 
welded joints) and for bent or broken structural members. 
(2) Check the protective coating for proper condition. 
(3) Check the mounting clamps and bolt s for tightness. 
(4) O osely e."{amine the vibration absorbers for deterioration. If oil 
or grease is found on them, it should be removed with unleaded gasoline. 

9, V.lyes and manifolds. Extreme care should he exercised in 
ch«king valves and manifolds. If the engine is opcratc<1 when valve 
clearances are incorrect, rough running will be the result . The alignment 
of the stacks is important. If each section is not alib"ncd with its mating 
section, strains and eventual cracking win result. 
(I ) VA LVES. Inspect and adjust the valve Illechan i!'<m, if {'alkd for 
by TO 02-1-7, as specified for each particular engine, 
(2) MANIFOLDS. Exhaust gases contain poisonous carbon monoxide. 
The exhaust system prevents this gas from reaching the operator. E x-
amine the exhaust system for blown gaskets, loose or broken studs. and 
damaged manifolds. T ap the outside of the exhaust collector ring with 
a wooden mallet to loosen any scale formation. \VithoU! removing the 
collector ring, brush out the inside of the ring with a wire brush. 
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h. T.rbo-s.percka., ... and reg.lator. inspe<iion of tht 
supercharge-r will disclose small defects they lead 10 engine 
trouble. Proper care of the supercharger will reduce the maintenanCt 
required between and lengthen the useful life of the engine. 
(I ) SUPERCHARGER. Check the structural and mechanical condi· 
tion of the 'supercharger very carefully. 
(2) REGULATOR. Inspect the regulator for oil leaks, 
security of mounting, and for proper attachment of the oil pressure ami 
drain lines. The air pressure line from the engine induction system to 
the regulator must \l(: checked fo r leakage. Draw off a small anlOunt of 
oil and examine it. If the oil contains sediment, dmin the system and 
flu sh the tank and lines before refilling with new oil. I f the oil is clean, 
it may be used indefinitely. 

I. CooU ••• , ...... IIlq.ld), ( 1) All cooling systems should give 
dependable and satisfactory service if the coolant is kept fz:.ee from dirt 
and foreign matter and the engine opemted within specified limits. 
(2) Some types of liquid-cooled engines are drained and flushed at this 
period. If the coolant is ethylene glycOl, it is stmined and replaced in the 
system. Examine the ball check valve in the expansion tank and me<:k 
it for freedom of movement. A specific gravity check of the coolant 
used in other types of liquid-cooled power plants is required. For specific 
instructions on ethylene glycol when used as an aircraft engine coolant, 
reference should \l(: made to TO 24-25-1. 

I. CooIl .. s,.tern (air). (t ) Pressure·type bafHes are now stand-
ard equipment on most air-cooled engines. Pressure baffling fotUS large 
quantities of cooling air through and around the fins. Excessive engine 
heat is thus efficiently dissipated. 
(2 ) Inspect the entire control assembly of the engine cowl flaps, includ- I 
ing all joints, for excessive wear and proper adjustment. Check for i 
proper fasten ing and condition of the pressure baffles. 

It. 1 •• 1 .. conrol.. ( I ). The successful opemtion of the engint 
through the use of engine controls is absolutely dependent upon the at· 
tention given to every detail in Inspection and maintenance of the linkage. 
(2) Lubricat.e the firewall guides with grease as specified in Technical 
Orders. 

I. 011 .y.terns. Proper operation of an engine depends largely upon 
satisfactory lubrication. Only those oils specified by Technical Ortlers 
should be used. The utmost care should be taken to keep the oil, tanks. 
and lines free from any dirt and foreign materials. 
( I ) TANKS. Examine the tanks for security, freedom from leakage. 
condition of padding, proper tension of the support stmps, and proper 
anchorage of all lines . . Normally, aircraft engine lubricating-oil tanks 
(hopper and nonhopper types) will be drained only at engine change. 
except where some unusual circumstances such as dust conditions., failurt 
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of minor engine parts, etc., it advisable to change oil before that 
time. Wet sump engines (engines not equipped with a separate oil tank) 
will be drained after each approximate ZS hours of flight-immediately 
upon completion of flight while the oil is hot. 
(2) OIL DILUTION VALVE. Examine the oil dilution control 
linkage for binding and check for proper dosing of the valve. 
(3) SCREENS AND CUNOS. All screens and filters will be removed 
and cleaned. Each screen is inspected for breaks and tears. 
(4) PRESSURE-WARNING SIGNAL. When a. pressure-warning 
signal is installed, examine all connections for tightness and leaks. Check 
the security of mounting of the unit and the condition of the electrical 

• • wmng . 
.. h.1 .,.tem.. Satisfactory operation of any airplane engine is 

dependent upon the proper functioning of its accessories, particularly its 
fuel system. 
( 1) SELECTOR VALVE. Check the fuel-selector valve-controllink-
age for excessive backlash and drag. The taper pins in the linkage must 
be examine<! for looseness and proper safetying. Fuel cocks having a 
friction release and, a short control rod assembly with one universal joint 
may not have more than 15° of free movement. On longer control rod 
assemblies having more than one universal joint, a free movement of 30° 
is pennitted. The maximum pemlissible free on any other 
type is tOo. 
(2) FUEL PUMPS. When remotely driven fuel pumps are installed, 
the flexible drive will be lubricated with the proper grade of grease . 

.. C.rb.retors. (1) The proper funct ioning of the engine is depend-
ent upon the efficient operation of the carburetor. Without a constant 
and sufficient supply of fuel, no engine can give its best perfonnance. 
(2) BENDIX STROMBERG CARBURETOR. . Drain the air, fuel, 
regulator, and control unit clJ.ambers of the Bendix Stromberg injection 
type carburetor to remove any accumulation of sludge. Lubricate the 
latch mechanism of the mixture control unit with the proper grade of 
grease. . 

o. Fuel f •• b. Because many fuel tanks are manufactured from rub-
ber or synthetic materials, certain fuel cnmpounds may cause deteriora-
tion of the inner tank walls. Careful, d ose, and frequent inspection of 
the tanks for deterioration is therefore required. 
(I) ALL TANKS. Inspect the fuel tanks for security, leakage, con-
dition of the padding, tension on the supporting straps, and the condition 
of the gaskets. 
(2) DROPPABLE TANKS. Examine the mounting brackets of the 
droppable fuel tanks carefully. Inspect the release mechanism of the 
tanks for condition and operation. Check the alignment of pulleys, 
cables, and other moving parts. 
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(3) CONNECTIONS AND LINES. Remove the fuel access doors 
of the self-sealing tanks and inspect for leakage at all fittings and fuel 
duct connections. Inspect all fuel lines for proper anchorage near the 
cells. 
(4) CAPACITY CHECK. Drain the fuel cells and refill to check the 
existing capacity of each cell. If it is less than 95 percent of the original 
capacity, remove the celJ and check for defI."Cts and swollen places in the 
lining. All repairs to self-sealing cells should be made as soon as pos-
sible to prevent further swelling of the lining. 

p. Propeners .ftd tove.--rs. Any propeller unit should render 
dependable service for a long period of time without disassembly if it is 
correctly adjusted, properly operated, and kept dean. 
( 1) HAMILTON STANDARD TWO-POSITION PROPELLER. 
Examine the exterior of the propeller for cracks and other defects; use a 
magnifying glass and perform local etChing if necessary_ Inspect all 
markings and antiglare coatings for deterioration. Check the control 
linkage for security of mounting and free operation. Check the piston 
for looseness. Lubricate the spider hub with the specified grease only. 
(2) HAMILTON STANDARD CONSTANT-SPEED PROPEL-
LER. Inspect the external parts of the propeller unit 'for cracks, nicks, 
scars, and dents. All markings and antiglare coatings are checked for 
deterioration. Check the piston for looseness. Carefully examine the 
propeller and governor controls for security of mounting. OIeck the 
counterweight bearings and shaft for proper clearance, and make certain 
that the correct grade of grease is used for lubrication of the counter-
weight bearings. 
(3) HAMILTON STANDARD HYDROMATIC PROPELLER. A 
magnifyiog_glass must be used to examine all defects found on the blades 
of the propeller. Local etching will be performed to determine if defects 
are cracks or scratches. Check for deterioration of the propeller mark-
ings and the antiglare coating or camouflage. Check the complete in-
stallation for security of mounting and operation. 
(4) HAMILTON STANDARD PROPELLER GOVERNORS. 
Inspect the control system and the governor for security of mounting. 
Check for proper safetying of the exposed nuts, clevis pins, and other 
fastening devices. 
( 5) AEROPRODUCTS-CONSTANT-SPEED PROPELLER. Check 
the retaining nut fo r signs of looseness. Carefully examine the exterior 
of the propeller for cracks and other defects, using a magnifying glass. 
Check for any signs of deterioration of the painted markings on the blade 
and hub. Inspect the installation for security of mounting and operation. 
Lubricate the hub with the approved grade of grease and wipe the outsidt 
of both the hub and regulator with an oil-soaked rag. Examine the pro-
peller spinner for dents, nicks, loose rivets and dowels. Remove all dents. 

II. 
o.'gi. I< 

Of (AllfORNIA J 



(6) CURTISS ELECT RIC PROPELLERS-THREE-BLADE 
(CONVENTIONAL) AND FOUR-BLADE MODELS. Inspect the 
propeller for deterioration of painted markings on the blades and hub. 
Check the retaining nut for looseness. Remove the brush cap assembly 
and inspect the slip rings and brushes for cleanliness and wear. Examine 
the brushes for frayed or broken leads. Brushes of the molded type holder 
are inscribed on the side with an arrow which points toward the front 
of the brush. When the point of wear of a brush reaches the tip of the 
arrow, that brush must be replaced. Brushes used in the early type holder 
do not have arrows; they should extend at least inch from the 
block. Inspect carefully for worn brushes, permanently compressed 
springs, and dirty brush guides. Check the oil level in the speed reducer 
by rotating the filler plug opening to 200 below the horizontal when the 
airplane is at a ground angle of 120 or 80 when the airplane is level. Fill 
with the approved oil. Inspect the safety, selector, and feathering switches 
to make certain that they make positive contact and that they are free 
from looseness and sluggish operation of the handles. Lubricate the hub 
with the specified grade of grease. Remove the motor cover and examine 
the general condition of the electric motor (the terminals and wire con-
nections, tightness and condition of the brush rigging). Check the condi-
tion of the brake and check the brake clearance. Both the inner and 
outer brake clearance must be chttked on the four-blade model .. 
(7) CURTISS ELECTRIC PROPELLERS-HOLLOW SHAFT 
MODEL To check the oil level in the speed reducer of the hollow shaft 
models, rotate the propeller until the large filler plug, located in the rear 
housing, is at the highest point. If the oil is below the plug opening, fiU 
the assembly to the level of the opening. The hub of the hollow shaft pro-
peller is not lubricated with grease. The general condition of the electric 
motor should be checked, and the brake should be checked for possible 
warping and proper clearance. 

II. 1 •• fnI.,...... (1) The repair of instruments is like the repair of 
watches-it requires the skill of a specialist. The best that a line mechanic 
can do is keep dust, moisture. and gases of any sort from entering the 
delicate mtthanism and causing the instruments to malfunction. 
(2) Examine all instruments and Jines for security of mounting. All 
lines should be properly anchored and provided with the proper amount 
of flexibility. Check all connections for leaks. Inspect the dials and 
pointers for luminosity and be certain that the operation limits are cor-
rectly painted on each instrument glass. 

17. ENGINE CHANGE INSPECTIO.... This inspection is made at the 
time the engine is removed from the airplane. (Fig. 68.) The expected 
tim,e of operation, in flying hours, for each type and model of engine is 
specified in Technical Orders. Where failures have occurred or where 
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serious ll1alfulH:tioning is dcttttt.!(I, the timc may be reduced. On the 
other hand, if no serious malfunction has occurred alld the engine is 
operating satisfactorily, an extension of the time lx-tween ellgine changes 
is permitted. (Sec TO 00-25-4. ) Such variations are determined by 
local authority as directed by Technical Orders. At the time of engine 
change, all the inspections listed ill the T echnical Orders for the po ..... er 
plalll must be made. As these inslx"Ctiolls vary widely with the type amI 
model of engine, they will not be listed here. 

--- -
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18. SPECIAL INSPECTIONS. Special inspn'li'lils arc prescribed to 
include necessary dl('cks that do !lot fall lilldcr a regular daily, 25·hour, 
or 5O-hour examination. These inspections include one-time examination; 
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of ull i(s after installations, and I>t'riodic examinations of installed units 
that require checks which arc more or less frequent than t.he inspection 
periods previously discussed. 

a. 10c)", 200-, 300-, etc., hour Inspections. These inspections are 
l.'·qually as important as the previously discussed checks. However, since 
these inspections vary greatly in ddail. they will not Ue listed here. 
Reference will have to be made to the s(X'Cific T echnical Order for them. 
The inspections arc accompli shed between flight s, concurrt:lItly with the 
appl icable SO-hour inspection. 

b. Weekly. If the weekly battery check becomes due before the 25-
hour period is reached Ihe items listed under parab'faph lSi. will be in-

c. After first 5 hours' ftyh'9 time. At the end of the first 5 
hours' flying time, the following inspections are made ; 
( I) Cylinder hold-down nuts of a liquid-cooled engine will he clu . .'cked 
fo r tightness. No further check is 
(2 ) T he oil system Cuno of newly instal1ed engines will also he cleaned 
and reinstalled. The same method o f cleaning is usc..-d as during llonnal 
insp ... 'Ct ioll . 

d. 10-hour Inspection. At evcry to-hour period the folluwing in-
spections are performed: 
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(1) Grease-lubricated superchargers are lubricated with grease as speci-
fied in the Technical Order. During summer operation grade 275 is used 
and grade 375 is used for winter conditions. 
(2) Both the manual and automatic Cunos are checked. The handle of 
the manual type Cuno is rotaled one turn counterclockwise (fig. (9). To 
check the automatic Cuno, remove the pinion shaft nut, lurn it upsidt 
down, and screw it back on. Mark one face of the pinion nut, and note 
the position of the face. Operate the engine at idling speed for approxi-
mately 5 minutes, and then note the position of the marking on tilt 
pinion nut. Movement of Ihis nut is an indication that the automatic 
filter turning mechanism is operating. If the nut appears as not having 
moved, restart the engine and operate for about 1!-1 minutes and re· 
check the position of the marking, because the marking may have It-
turned 10 its original position. I f the pinion nut has not turned, remol'e 
and replace the filter with one the operation of which is known to be 
satisfac tory. To check the automatic Cuno without operating the engim, 
use the proper wrench and check to see if the disks turn freely. (Sec 
fig. 70.) After checking the filter, re instalI the pinion nut in its original 
position. 
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SECTION III 
POWER PLAN T TRO UBLE ANALYSIS 

19. TROUBLE RECOGNITION. ... Engine trouhle is a conditioll 
which callses abnormal or incfficiCllt operation at a l)Ower plant. The 
existence of malfunctioning is indicated or pointed out by one or 
signs of abnormal Olwr.J.tion call o..1:1 symptoms. The aircraft mecn;lIl i( 
faces the difficult prohlcm of being able to f{'Cognize, diagnose, and locate 
lrouh!e, and then prescribe the method o( treatment when a power plan! 
fail s to operate prop.crly. The mechiU)ic must make careful note of the • tTUulllc and then in his mind analyze the symptoms and build a plan to 
dial,."llOSe and hx:atc the malfunct ion. 

b. Interpretation of operation Indications. Skill in t rouble 
ing' requi res logical reasoning. a thorough knowledge of the prillciples 

, 

71. Trou"'" shoQ/illg. 

of enginc operation, and accurate operating infonnalion which is avail-
ahle from the pilot , crew chief. airplanc Rigllt records, and the engine 
itself. The greater thc of the mechanic and the more familiar 
he bct:0111es with an cngiTH: and its operating characteristics, the quicker 
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and more efficiently he can remedy troubles. Delay in locating and cor-
recting engine trouble is always very costly. There are a number of 
instances where certain troubles (which could have been avoided by the 
proper manipulation the various engine controls and observance of 
certain operating limits and precautions ) have developed in the powt'r 
plant. Some troubles which cannot be avoided by ordinary operation 
and maintenance will occur j hence, trouble analysis and elimination are 
necessary. 
(I) IN STRUMENT READINGS. Instruments furnish the most im-
portant indications which enable an airplane mechanic to analyze engine 
malfunctions. Excessively high or low temperatures or pressures are 
readily dt'tected by the instruments. However, the presence of other 
symptoms may also aid in the successful location and correction of the 
trouble. 
(2) EXH AUST FLAMES. Exhaust characteristics are indicat ions of 
probable ca1.(SCS of engine troubles. They are sometimes di fficult to inter-
pret and distinguish because many variables may cause distinct changes 
of color under various .operating condit ions. When an engine is e<]uippctl 
with individual exhaust stacks, flame colors can be readily observed; 
however, where an installation has an exhaust collector ring or manifold 
it is difficult to make any analysis because the flame is dampened by the 
collector ring. Exbaust characteristics are generally analyzed in various 
degu:es of exhaust colors. Dull red flame and heavy puffs of black 
smoke are generally the signs of an excessively rich mixture and over-
loaded engine. This may be due to overpriming, a carburetor leak into 
the induction system, or other troubles which allow excessive amounts of 
fuel to enter the intake manifold. In this case, engine operation is 
rather sluggish at low and medium speeds. Long bluish white or whi tish 
yellow flame from the exhaust stacks indicate a lean mixture.· Other 
indications of a lean charge-are loss of power, detonation, preignition, 
and backfiring, or "popping back" through the induction system. Bluish 
gray smoke, frequently seen at the exhaust of an automobile, may be a 

indication that the engine is consuming excessive amounts of 
oil because of worn piston rings and bearings. 
(3) ENGIN E SOUNDS. Sometimes the parts of an engine that are 
nm functioning properly give a warning by sime peculiar sound or knock, 
usually at regular intervals of t ime. These noises or sounds usually exist 
in two classes; those created by the mechanical or structural condition of 
the engine, and those produced by the combustion conditions. The sounds 
due to mechanical condit ion may originate from the piston, piston pin 
and rings, valve· mechanism, connecting rods, bearings, gears. or mounting. 
Troubles indicated by combustion noises are due to detonation, poor fuel , 
preignition, carbon, or overload. The first step in determining the cause 
of abnonnal noises is to make certain that the engine is firing on all 
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cylinders. The analysis should be made when the engine is warnl. }k-
fore any attempt is made to repair or replace any part, make certain that 
the cockpit controls are in their proper positions. Often an engine mal-
function may be corrected by simply changing the mixture or readjusting 
the carburetor air heater. 
(4) ENGINE VIBRATION. Because the airplane is more or l(Ss 
suspended in air it is extremely sensitive to vibrations set up by the 
engine. Excessive vibrations play havoc with the units installed in the 
airplane and cause fatigue of metals which results in sti'bctural failu res 
and rapid wearing of parts. A limited amount of vibration is normal, but 
it must be held within low limits by the balancing of rotating units, and 
by the use of flexibl e or dynamic mountings for various related parts. 
Experience and familiarity with the engine will be of great help to the 
mechanic in determining the amount of vibration allowable in a specific 
engine installation. Generally, excessive vibration or operational roughness 
is caused by preignition, misfiring of onc or more cylinders, detonation, 
propeller trouble, or mounting defects. 
(5) CONTROL ADJUSTMENTS. Spotting trouble is sometilllt's 
"ery difficult since a single symptom may be due to a great many separate 
causes. Also, a single defective part may produce more than onr 
symptom. Manipulation of the controls and switches may be used at 
times to find and isolate failures in the various engine systems. The nred 
for thorough knowledge of operation principles cannot be overemphasizt{\ 

• • because some troubles may be. control1ed or corrected to a certam extent 
by resetting the controls. For example, it is quite possible to notice the 
presence of too lean a mixture during engine operation and, through a 
readjustment of the mixture control, completely eliminate the trouble. 

20. TROUBLE ANALYSIS. To diagnose engine trouble successfully, an 
accurate understanding of the symptoms of engine operation is necessary. 
The diagnosis may require operation of the engine at various speeds for 
a period of time, at different oontrol settings, and on all switch positions. 
When this operation is performed, the instruments are checked, exhaust 
characteristics are analyzed, arid abnormal vibrations and sounds art 
noted. Engine trouble exists in two fornls, structural and operational. 
The reliability of engines has increased tremendously in the last 30 years. 
This has resulted in a rapid decline in structural failures. They still 
occur, but usually result from engine operation at excessively high tern· 
peratures or excessive engine speeds. Occasionally a hidrlen defect may 
escape detection and cause trouble during service. Operational troubles 
can be located through the abnormal operation of the engine and unusual 
indications of the engine instruments. The aircraft engine is made up 
of a number of interrelated, yet separate, systems which are known as 
the ignition system, the lubrication system, the carburetion and fuel SY5-
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tern, the cooling system, and the compression system. :Most troubles can 
be l,Iiagnosed to fa ll into one or more of the foregoing systems with the 
exception of some structural failures which may be listed as mechanical 
troubles. When the symptom (or symptoms) of the. trouble is deter-
mined, the engine may be stopped and the trouble diagnosed . 

•. Claulficatio.. Engine troubles, regardless of the system in 
which they occur, are classified into two groups, local and general. 
(I) LOCAL TROUBLES. Local troubles -are those which affect the 
operation of a limited number of cylinders without affecting the operation 
of the remaining cylinders. They generally occur after the point of 
distribution o f the system. F or example, malfunct ioning of the two spark 
plugs installed in a cylinder affects the operat ion of that cylinder without 
affecting the operation of the remaining cylinders. W hen the symptoms 
of operation classify a trouble as local and affecting only a limited number 
of cylinders, it is evident that if the trouble is in the ignition system, 
it must be after the dist ributor, either in the spark plug leads, or spark 
plugs; if the trouble is in the carburetion system it must be in some part 
of the system where all cylinders cannot be affected, usually after the 
carburetor. 
(2) GENERAL TROUBLES. General troubles are those which affect 
the operat ion of all cylinders and occur somewhere between the source and 
point o f distribution. For example, a restricted fuel flow between the 
fucltank and carburetor affects the operation of all cylinders, particularly 
of the higher engine speeds. When a trouble is classified as general, 
if in the ignition system it must be before the distributor, either in the 
magneto, ground wiring, or switch. T he majority of the troubles that 
oct"Ur in the lubrication, cooling, and compression systems are general in 
nature. 

b. Sys .. matlc symptom study and' eUmll.atlon. Troubles are 
usually indicated by a loss of engine speed or power, excessive tempera-
tures, vibration or rough operation, incorrect mixture-control setling, or 
misfiring in one or more of the cylinders. A mechanic has to learn to 
"feel" when something is wrong. Only long experience will enahle him to 
locate engine troubles 'luickly and accurately. Realizing this, the appren-
tice mechanic should fol1ow a plan of systematic symptom study and 
elimination in order to reduce confusion and avoid undue delay in 
maintenance. 
(I) OBSERVATION AND STUDY OF SYMPTOl\IS. Locating a 
defective part or fault y system with minimum delay is sometimes made 
rather difficult by the fact that Olle symptom lTlay indicate trouble in one 
or more of several systems. Again, at times a symptom may lead a 
mechanic to bclieve there are as many as three or four causes. Symptoms 
ran be obtained by studying any conditions while the engine is 
operatw on each switch position and at low, idling, medium, and high 
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speeds. This will prove a great aid, because some malfunctions afC only I 
noticeable at one spetd or on one switch position. The operator or pilot 
is in a position to furnish very important infonnalion ronceming the 
operation of the engine. From him detennin(' at what speed or 
the trouble was outstanding, whether engine operation was excessivdy 
rough, whether the engine backfired, and if movement of the controls 

the symptoms. Find out if the movement of the mixture control 
caused a change in the indications and what reaction was indicated whm 
the engine was accelerated and decelerated. Just as important are the 
indications of the instruments while the engine perlal ",ed uncler the 
troubled conditions. To have many symptoms, all of which indicate ont 
particular trouble, is an aid in trouble shooting, but these conditions arr 
not always probable. Since the same symptom may be caused by sevenl 
different systems or units, the malfunction, after being carefully studitd, 
will be diagnosed, first, by eliminating all unrelated systems. 
( 2) SYSTEM ANALYSIS. Internal combustion engines all work 011 
the same principle and malfunctions of engine operation which afftd 
smooth and satisfactory operation are very much the same, regardless 

·of the type of engine. There: are differences between the air- and liquid· 
cooled power plants as to the genera] location of the systems, but essen-
tially they function in the same manner. It is not an easy matter to deter· 
mine the exact cause of improper engine operation since it may arise 
from several sources. Therefore, the primary objective is to take into 
account all systems from which the trouble may arise and eliminate them 
in logical order. 
(3) U:\TT When the has been narrowed to a 
definite system, the next step is to locate the defective unit by a proctss 
of elimination within that particular system. A fter determining the 
system in which the malfunction may lie, the various units are then eliill' 
inated one by one as possible causes of the trouble indicated by the symp-
toms. Begin by checking the easiest and most probable. 
(4) PART ANALYSTS. After the trouble has been traced t6 a ter-
tain unit of the system it can usually be found by using a similar prt:J(tSS 
of elimination_ The most probable trouble is checked first_ If Iht 
trouble is not located, it will be necessary to recheck the possible causes 
or to " rerun" the engine and again study the symptoms of the troubk. 
The mechanic soon learns that every pilot is in a hurry to fly the 
but it should be remembered that speed which results from a "palchtd 
up" job can never take the place of the safety that results from thor· 
oughness. 

c. Example. Systematic elimination, when diagnosing malfunctions. 
will greatly reduce time and effort in locating troubles. The followin« 
is a typical example of systematic trouble elimination: 
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( I ) SY MPTOM S O F ENG INE TROU BLE. 
Idling speed (SOO to I.OCX> 

rpm) .... . ...... . .... ... E ngine operates sat isfactorily. 
Low speed (I.OCX> 10 1,400 

rpm ) ................ . .. Engine ."..1Iisfactorily. 
Cruising speed ( 1,400 to 2,2(0 

rpm ) . .. ...... . ... ...... ( .. ."..1 Iisfactorily. 
Iligh speed (maximum 

missible manifuld prt'ssure) Regular misfiring_in a limited nl11l1-
her of Instruments in -
,Iicate uormal n·adings. 

(2) CLASSIFICATION OF TROUBLE. 
General. . . . . . . . . . . . . . .. . •. No. 
Local .. .............. . • _ • • Yes, onlv a few cylinders are af-

fectOO. 
SYSTEl\·r DIAGNOSIS. 
Ignit ion . ... .. .... ... .... . 
Carhuretion 
Lubrication 
Compression 

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . 

Cooling ... .... . _ . _ .... ... . 
(4) SYSTEM UNIT CHECK. 

Yes. 
Not prohahle. 
Not probable. 
Not prohahle. 
Not applicable. 

Distributor ..... . •......... Not prohahle, because trouble oc-
curs only at one speed. 

Ignition leads . .. .. ..... . • _ Not probable, for same reason. 
Spark plugs . . . . . . . . . . . . . .. Probable. Defective or excessively 

wide sp'lrk gap in the spark plu!f.'i 
of cylinders affectt-d. 

21. TROUBLE ELIMINATION. a. Extent of repair operation. 
When failures and malfunction have octurred, the engine must be re-
ston'<i to its original condition with the least amount of time and delay. 
Regardless of the type of engine, trouble elimination indudes one or 
more of the foll owing: disassembly, removal, cleaning. inspection. H.-pair 
or replacement, reassembly, and installation followed by an operation test 
and adjustment of the unit and engine. In the il11erest o f safety. when 
necessary repairs are made, it is that other rq)lacemcnts be made if 
the condition of a rd ated part 111.1)' he a C;UISC o f future trouhle. It is 
part icularly important to learn at just what point in the cngine the trouble 
exi sts, and what tht: cause is likely to be. \Vilh Ihis idea in mind. /1 0 

unnecessary part or parts nC<..-d to be rClno\'ed. and much time win be 
An engine is aJways more or less disfiguH'(1 and marred durin J;: 

repair operat ions. O ne should always analyze the symptoms of the t rouble 
first, and thus avoid doing the wrong job. As previollsly stated , it is 
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difficult to establish a definite set of instructions as to the extent of thf 
maintenance and repair that must be per fonned by first echelon. Deter-
mining the nature and extent . of work required rests upon the organiza· 
tion whose responsibil ity it is to keep the airplanes in operating condition. 

b. ElhnlutiltCj re,.tltio. of trouble. In order that a great many 
repetitions of the same trouble may be avoided, it is well that the mechank 
extend his maintenance beyond the point of just replacing the part. It 
is a good idea to search thoroughly to determine where the fault exists; 
whether it was due to the incompleteness of the work at a former 
inspection, or due to faulty repair during previous maintenance; whether 
it was caused by the structural break-down of the metal, or possibly due to 
the failure to detect a flaw or defect at the last overhaul period (or during 
the manufacture of the unit in question). It is important to note whether 
the unit is exposed to dirt and dust, and to take necessary steps to elimi· 
nate this condition if found. One of the most difficult probahilities of 
the cause of troubles to "pin down" is that failure may have been causro 
by engine operation above the specified limits. A careful inspection may 
often reveal that failure may be the result of an excessive force which 
has been applied to the particular unit. Most of the modern aircraft 
engines render dependable service for long periods of time without many 
major repairs if they arc kept dean, adjusted properly, and operated as 
recommended. It is desirable and practical to disassemble any pan 
of an engine only when absolutely necessary. Unless an engine is of an 
unusually complicated design, many troubles can be overcome by external 
adjustments. 

c. Use of interchangeable pam. Whenever engines can be kepi 
in operating condition by utilizing serviceable interchangeable parts, sum 
as inst ruments, accessories, and engine parts from other nearby power 
plants awaiting repair or shipment, it is pennissible to use any needed 
part unt il others arc receivt."<i from supply. However, immediate steps 
must be taken to obtain the parts necessary for the repair of the grounded 
engme. 

• 
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SECTION IV 
COMMON POWER PLANT TROUBLES 

AND POSSIBLE CAUSES 

22. GENERAL Many symptoms and the possible causes of engine 
troubles have oc-en groupt.-d together under the OIlC heading, " Common 
Power Plant Troubles and Possible Causes." In the following para-
graphs, common symptoms are listed first. T hese aTC followed by some 
of the most probable causes. To "trouble shoot" an engine, the 1I1t.:<:hanic 
nlust understand the various signs and symptoms created by the different 
ronditions of engine perfonnance. T he mechanic of the past was severely 
handicapped in this work by the lack of accurate measuring devices. In 
rtttnt years, rapid advances have been made in the development of engine 
instruments. and it is now \X!ss ible to obtain reliable indicat ion s of the 
many phases of engine operation. The mechanic, however, must usc 
rommon sense in interpreting the meaning of these indications. 

23. TROUBLES REVEALED PRIOR TO OPERATION. The symptoms 
and the possible causes listed in the following subparagraphs are easily 
detl'Cted when the engine is not operating. They are generally di5Covered 
during the daily or preflight inspection of the installation. T o discover 
trouble prior to flight, to know what caused it, and to remove the causes 
will avoid further damage and the possibility of engine failure during 
Hight. 

a. Warped or damaged supercharger turbine wheel and buckets. 
A preflight inspection reveals warped or damaged condit ion of the super-
charger turbine wheel or buckets. (Technical Order instructions will be 
followed concerning the replacement and disfXlsit ion of superchargers 
having warped or damaged turbine wheels or buckets.) 
( I) EXCESSIVE SU PERCH ARGING. Supercharging to a pressurc 
higher than safe continuous manifold pressure is generally due to an 
operator's carelessness in operat ing below the specified alti tude with the 
supercharger F U L L ON. This will cause the turbine wheel to overspeed. 
Overboosting is detrimental to both the engine and the supercharger and 
therefore must be avoided. 
(2) EXCESS IVELY R ICH MIXTURES. When the eugine is op-
erating at or ncar rated power where the mixture must necessarily be 
rich, "afterburuing" may occasionally occur. This a fterburning IS a 
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result of the mixing and igniting of the outside air and unburned Iud 
particles in the exhaust gases. The burning occurs as the exhaust gases 
pass through the buckets of the turbine wheel and the resultant tempera· 
tures are generally much higher than the normal temperature of the 
t'xhaust gases. 
(3) EXCESSIVELY LEAN MIXTURES. The slow burning ttn-
clency of the excessively rich mixture is also characteristic of the excts· 
sively lean charge. The slow burning flame of a lean charge passes into 
the exhaust manifold and ignites the unburned particles of fuel deposited 
there by the discharge of other cylinders. 
(4) FOREIGN OBJECTS. · Spark plug electrodes, or thennorouplts 
used to measure exhaust gas temperature, may sometimes break and be 
blown into the turbine wheel. Other foreign objects, such as nuts, 
cotter pins, etc., may pass through the nozzles and be blown into tM 
turbine wheel. 
(5) IMPROPER NOZZLE BOX AND TURBINE WHEEl. 
CLEARANCE. The clearance between the turbine wheel and the node 
box should be maintained as specified in Ttthnical Orders. (See fig. n. ) 
Adjustment of the clearance is obtained by replacing or removing shim, 
under the nozzle box supports. 
(6) LEAK IN INDUCfION SYSTEM. When a leak in .the induc-
tion system occurs, the supercharger will attempt to maintain the supply 
of air required by driving the supercharger turbine wheel faster. Turbine 
wheel speed will ultimately become unsafe; at this point, normal operation 
can no longer be maintained. When a condition of this nature is reported, 
examine the induction system thoroughly for leaks and, if necessary, pres· 
sure test the system as directed in Tech·nieal Orders. Check the exhaust 
clamp bolts. These bolts should be tightened very little beyond finger· 
tight. They must not be drawn too tight or a tension failure will occur 
when ·the collar heats up and expands in operation. 

b. 011 I.ak in vicinity of 011 cooler. At a daily inspection it is 
discovered that oil is leaking from the oil temperature regulator. 
(l) COLLAPSED CORE TUBE. Excessive pressure in the system, 
loose mounting, or vibration may cause a collapsed core tube. In some 
installations it is necessary to remove and replace the cooler when th is 
occurs. In other types, the core tube may be removed and replaced by 
using special tOC'ts and fol1owing the directions listed in Technical Orders. 
(2) OVERTIGHTENING OF MOUNTING CLAMPS. An 
sive tightening of the mounting damps may eause the cooler to leak at 
the junction of the core and the shell. To avoid overtightening, draw 
the mounting clamps only tight enough to insure a snug fit. 

c. E."I •• co.trols lIot o,.ratl., , ... Iy. During a preflight in-
it is discovered that excessive force is necessary to move a 

control lever. 
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(1) LACK OF LUBRICATION. Remove the suspected part and ex· 
amine carefu!1y. Remove any suspected bearing and check the operation 
by hand. If any bearing of the unit has misshapen balls, pitted bearing 
races, or is damaged in any other way: it must be replaced. 
(2) MISALIGNMENT. Hold the clevis yokes in alignment while rr· 
adjusting. the clevis lock nuts to insure that the control is installed in 
correct position. 
(3) BENT CONTROL RODS. Slightly bent control rods or 
may be straightened. but extreme care should be taken in this operation. 
Severely bent control tuhes or rods should be replaced with new parts. 
(4) OBSTRUCTION OF LINKAGE. The control mechanism 
become fouled with foreign objects. Make sure that loose equipment. 
hidden bolts or nuts, and other objects are removed or securely and 
properly fastened so that they will not interfere with the linkage. 
(5) DEFECI'rVE PULLEYS. Examine for loose or broken pulleys. 
and for pulleys out of alignment with the cables. Defective units win 
be repaired or replaced. 
(6) OVERTIGHTENED BALL JOINTS. Ball joints must be ad· 
justed properly. Screw the adjustable socket down on the ball pin until 
just tight, then unscrew one·quarter turn and tighten the lock nut. 
(7) BINDING IN CONTROL QUADRANT. Friction in the quad-
rant may be excessive. This may be caused by the shifting of thr 
friction·clutch adjustment due to vibration. If this condition is 
readjustment is necessary. 
(8) BINDING IN CONTROL GUIDES OR FAIRLEADS. This is 
generally due to bent rods, frayed cables, or collection of dirt and greast. 
Repair or replace bent rods and cable. Remove the dirt and grease with I 
kerosene. i . ' (9) DEFECTIVE BELL CRANKS. Examme the parts carefully and I 
replace any suspected unit. Make certain that tension and adjustmenl , 
are correct and that the unit moves freely. 
( to) COLD WEATHER. The lubricant of the linkage units becomes 
too heavy and "gummy" at extremely low temperatures. To correct thi; 
condition, wash the control linkage with kerosene. No lubrication other 
than that supplied by the kerosene is required until warmer temperature; 
prevail. I 
(ll) FRAYED OR SNAGGED CABLES. An inspection of the ' 
cables near points of contact wi11 generally reveal the existence of frayed 
wires and signs of wear. Replace any defective cable if more than the 
allowable number of wires are broken. 

d. "'el pressllre w.r.l.g-light f.UII.... Prior to starting the tn· 
gine for a preflight warm-up check it was found that the fuel warning·1 
light signal did not function. 
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(1) DEFECfIVE LAMP BULB. Remove the ouler glass and remove 
and replace the bulb with one known to be satisfactory. 
(2) POOR CONT ACf. If the lamp base and the socket fail to make 
proper contact the lamp will not light. Make certain that a lamp with 
the proper base is installed. 
(3) FAULTY WIRING. All connections should be and fr« 
from dirt. Binding posts, screws, and terminal ends must be attacht"<l. 
firmly. 
(4) UNIT OUT OF ADJUSTMENT. To adjust the setting of the 
warning signal. first the signal cover, then place the fuel cock 
in the ON position. the fuel with the wobble or 
booster pump to the setting, place the battery switch on, and 
adjust the fuel light until the light flickers. Check the setting by in-
creasing the fuel pressure above the setting pressure and allow tht' 
pressure to dt<:rt'ase slowly. The lamp should light at the desired sel-
ting. A tolerance of ±O.25 pound per square inch is allowed . 

•• 011 pr ....... w ........... f.II..... When the switches were 
placed in the ON positions prior to starting, it was discovered that the 
oil pressure warning signal failed to light. 
(I) DEFECTIVE LAMP BULB. Check the condition of the bulb by 
replacing it with one known to be good. 
(2) POOR CONTACT. Check the condition of the socket and deter-
mine whether the contacts are corroded. Be certain that the lamp has the 

. proper base. 
(3) FAULTY WIRING. Check the warning-light terminal posts for 
5C'CI.Irity of leads. See that all terminal connections are clean and free 
from dirt. 
(4) UNIT OUT OF ADJUSTMENT. For adjustment of the 

i methanism of the warning signal, the unit must be removed from the 
airplane and returned to a repair depot. 

f. s,.rk pl •• h,dlutl •• of exce •• I ... per .. l ...... per ........ 
At a 2S-hour inspection, when gap clearances were checked, the spark 
plug electrodes were found to be in an extremely dean condition. Neither 
carbon, fonned by lubricating oil, nor white powder, formed by the 
buming of leaded fuel, was present. Upon a closer examination, the 
spark plug body and electrodes were found to be discolored . . This indi-
cates that they had been exposed to excessive heat, which tends to make 
the ceramic insulation more porous, thus allowing current leakage and a 
resultant loss of engine efficiency. 

I (1) EXCESSIVE MANIFOLD PRESSURES. High manifold pres· 
I sures are accompanied by high operating temperatures, and therefore 

should always be avoided. 
(2) INCORRECT INSTALLATION AND INSUFFICIENT 
SPARK PLUG COOLING. These troubles may be caused by any 
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one of the following: T he replacement o f a ;;l)ark plug withuut a 
alluws the plug 100dy to pl'u et rate further into the combU.';lion chamlxr 
and become exposed to more of the burning charge, (See fig. 73,) if 

COPPER 

CORRECT I,.CORRE CT 

Figure 73. Proprr alld improper spark plug i'lS/alla/ioll. 

the wrong typ<.- o f plug is illstalled . it may he of a kintl that is unahlt> 
to withstand the high and temperatures devc1opt--d ill the 
Insufficient ai r ROil" o\"er the outside of the spark plug may often he 
causl'<1 by a damag"d or di storted haffie plate. The elimination of these 
causes should improve engine performance. 
(3) D ETONATION DUE TO P OO R F UEL. The recommended 
grade of fuel only mllst be used. Most of our high-powered engines 
have a very high compression ratio and thus r(,(]uire a fuel with corre-
spondingly high anti knock properties. 
(4 ) INAD EQUATE SPARK PLUG COOLli\""G. When the plug 
cannot dissipate the heat at a rate sufficiently rapid to avoid overheating 
it, other t roubles. such as detonation and preignit ion . may result. High-
output engines require a spark 111ug wi th a short insulator and less 
posed insula ting surface which win dissipate the heat rapidly and yet 
1'etain sufficient heat to burn carbon, or maintain a " self-cleaning" tem-
perature_ 

9. l eakage near battery c.ompartment. A seepage of liquid is 
noticeable in the vicinity of the battery compartmcnt and upon in spection 
the leak is t raced to a cracked b., tte ry casco T he acid in the 
will cause rapid deterioration o f nwtal p .. 1rtS. It .';hould be removed 
soon as possible by fl 11shing the l'XllQ$cd p ... rts with a sol11tion of baki 
SQ(la and watcr. 
( I ) LOOSE BATT E RY 
must be held firmly in the 

'" 

HOLD-DOWN CLA MPS. The bam 
battery compartment so that it cannot shi 
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around during maneuvers of the aircraft. Remove and replacc the bat-
tery. making sure that the hold-down clamps are properly tightened. 
(2) FROZEN BATTERY. The battery must be removed and replaced. 

II. FroMn battery. A weekly inspection during extremely cold 
weather reveals a number of frozen cells in the battery. 
(I) DISCHARGED BATTERY. When the specific gravity of a bat-

. tfry is 1.275, the outside temperature- must drop to --85" F. to freeze 
· it ; 1.200 the battery will freeze at but at 1.150, freezing of 
the electrolyte will occur at 5" F. Tn order to avoid damage due to 
freezing, keep the battery wel1 charged or remove it from the airplane 
to a wann location. 
(2) RECENT ADDITION OF WATER. Newly added distilled water 
will not mix thoroughly with the electrolyte in the cell until the battery 
is charged, hence, it will freeze at or near the freezing point of water. 
About Y,-hour charge is necessary to mix the added water with the 
electrolyte. 

I. Carrol5o. In battery bol:. Excessive corrosion on the inside of 
the battery compartment is noted during the periodic weekly inspection. 
I I ) OVERCHARGING. Overcharging produces an overheated condi-
tion of the battery cells. Liberation of oxygen and hydrogen and a 
violent boiling of the electrolyte, known at gassing, results from this 
condition. 
(2) ELECTROLYTE SPILLAGE. T he electrolyte causing the cor-
rosion may have spilled when too much water was added by lhe mechanic 
who last checked the battery. Check also for leakage from defective 
sealing compound or cracked cell. 
(3) DEFECTIVE VENTS. Leaking or clogged vents may cause an 
accumulation of electrolyte in the compartment. Check the vent tubing 
and note the condition of the outlet to see that the protruding tube end 
has not been damaged. 

,. M.lted battery leaU .. campoli_d. At a weekly battery inspec· 
lion it is discovered that the compound on the top of the battery is melted. 
(I) HIGH CHARGI NG RATE. An excessive charging rate produces 
violent boiling of the electrolyte. This may result in an overheated con-
dition of the battery cells. 
(2) COMPARTMENT TEMPERATURE TOO HIGH. Excessive 
battery compartment temperature may occur during operation in hot 
climates. During such operation, the proportion of acid to water is 
reduced to lengthen the normal service period of battery. ( This is 
not perfonned by a line mechanic.) 

t. Sparle pl .. co.clitla.. coated with w"" film. A 2S-hour 
spark plug inspection reveals that some of the units are coated with a hard 
grayish white film. When the spark plugs are removed from the engine 
they should be set out in a row for comparison, and care should be exer· 

( Qr'gir I.-
Of (AllfORNIA '" 



cised to identify o:ach spark plug with the cylinder from which it w 
ralloved. 

OXIDATION OF LEAD. T he chemical combination of oxygen wid 
the lead in Ihe fuel forms lead oxide ( lead rust). This coating o f 
oxide on the dectrudes will incn:ase the resistance of the secondary circui 
thereby reducing the high-tension current (amperage). This weakens II 
spark and may cause missing. If this condition is found, the spar k plu 
will be removed and replaced. 

I. Spark plug eo .. dltlo.. black gummy deposit. By a p roce 
of elimination the mechanic finds that the fuel system functions normally 
and that mi sfiring exists in only a few cylinders. T his indicates t 
trouble to be in the igni tion system. After stopping the engine, he place 
his bare hand near the cylinders and notices that a few cylinders do no 
"fecl" as hot as the others. A visual check of the most probable cause!! 
reveals that the wiring is in good condition and the connections at 
terminals properly tightened. \Vhen the spark plugs are removed from 
the cooler cylinders. all inspection reveals that the dectrodcs and the 
expoS4.'1:1 portions of the plugs are Co.1ted with a black gummy deposi t and 
fresh oil. (Sec fig. 74.) 

( I ) LOW E NG IN E S PEED. Permitting a high-output engine to 
operate al low speeds for tong periods of time, either in flight or on the 
ground, may 1I0t allow the \lOwer plant to develop sufficient heat to burn 
the accumulation of oil that seeps into the cylinders. 
(2 ) EXCESSIVE O IL CONSU MPTI ON. Worn rings allow exces-
sive amounts of oil to get by the rings and into the combustion chamber. 
Oil and carbon will bridge the gap clearance and furnish an easy path for 
the current, thus preventing the formation of the spark n<.'CeSs,11)' for com-
bustion. • • 
(3) EXCESSIV E GAP CLEARANCE. The space i>etween the elec· 
t rodes acts as an insulator. \Vhell this space is too wide the resistance 
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by the distance will prevent the production of the nttessary spark. 
t is therefore important that the gap clearance be maintained within the 
pecified limits. 
I •• bler .. 1 .. rf.co covered wltll oil. Excessive quantities of . 
• are spilled from the crankcase brll!ather and blown over the engine and 
rpiane by the propeller airstream . 
• t ) EXCESSIVE OIL SUPPLY, Servicing the tank with too much 

overloads the lubrication system. In the process of servicing. refill only 
the point specified by the engine TeeJ:lnical OTder. 

12) DEFECTIVE INVERTED FLIGHT VALVE. The proper oper-
I 'on of the inverted flight valve i!! the crankcase breather should normally 

vent oil loss during inverted flight. 
3) DEFECTIVE SCAVENGER SYSTEM. Air leaks in the scav-

ng system of the engine or propeller governor may result in an ac-
of oil in the crankcase causing spillage from the breather. 

[4) WORN CYLINDER ASSEMBLY. Worn rings and scored cylin-
lor walls allow the cylinder pressure to escape into the crankcase. This 

up excessive crankcase pressure and forces the oil out of the power 

(5) OIL DILUTION VALVE STUCK OPEN. The malfunction of 
Ibe oil dilution valve allows fuel to seep into the oil system, therefore 

using an excessive dilution of the oil. This condition will be indicated 
a drop in fuel pressure and oil pressure with probable increases in 

gine temperature during flight. 
•. St ..... r .11 lui' .. ,.. A daily inspection reveals an accumulation 
oil in the vicinity of the starter housing. When .making an attempt to 
rt the engine, is found that the starter motor does not function. When 

starter switch is in the MESH position, the customary "buzz" of 
contact p?ints "click" of the solenoid plunger are heard, indicating 

lhat current IS available at the booster coil. . 
(1) WORN LEATHER OIL SEAL IN BAFFLE PLATE. A worn 
leather oil seal allows engine oil to seep into the starter and starter motor. 
If this is the trouble, remove and replace the starter. 
(2) INSUFFICIENT CABLE SLACK. Insufficient slack in the en-
raging linkage. preventing complete retraction of the starter jaw against 
the oil seal, allows engine oil to seep into the starter. To eliminate this a 
Illinimum of 1/32-inch slack is permitted so that proper seating of the 
narter jaw against the seal is provided. (See fig. 65.) 
(3) EXCESSIVE FRICTION. To eliminate excessive friction in the 
mgaging linkage and allow the starter jaw to completely retract from the 
mgine jaw, an auxiliary spring may be attached to the linkage to aid in 
the retraction. 
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24. HARD STARTING ENGINES. 1n many cases, hard start ing of t 
engine occurs because the operator does not follow the proper starti 
procedure. That is, the engine controls may not be correctly "set" f 
starting; the, starter flywheel may not be rotating al the correct s >e<'<j 
the engine may be flooded, etc. It is impossible to state all the tTlinu 
detai ls of how to start the engine. They may be learned by each individ 
from experience with a particular engine. Every time the e ngine 
started, remember how many shots of the primer were necessary. ho 
long it was necessary to energize the starter , etc. H starting trouble 
encountered, vary the procedure slightly. In thi s way, a definite pr 
cecluTe for starting each engine may be discovered . 

•. Propeller cannot b. pulled flIrough. During the preflight i 
spection, the propeller cannot be pulled through in the nomla! manner. 
(1) LIQUID I N COMBUST ION CHAMBER. Excessive seepa 
of oil or coolant into the combustion chamber of an engine will r est· 
the movement of the piston. When this condition is encountered, t 
accumulation must be removed before starting. (See par. 6a(2) and (3 ). 
(2) CONGEALED OIL. During extremely cold weather the oil txj 
comes cold and viscous, and may offer enough resistance to prevent 
rotation of the propeller by hand. Preheating the oil and the engi 
will generally remedy this condition. 
(3) "FROZEN" PISTONS AND RINGS. Overheating sometim 
causes the pistons and ring assemblies to jam or stick a her cooling 0 

The excessive heat removes the oil from the cylinder walls and pist 
rings, thus creating a metaHo-metal contact. If this condition is e 
countered, engine overhaul is necessary. 
( 4) MECHAN ICAL DEFECTS. When it is suspected that ther e a 
broken parts of any kind, no further attempt should be made to pull til 
propeller through until the trouble is determined and corrected. 

b. Compresslo. leak. During the process of pull ing the propel! 
through, a hissing sound is noted as each piston passes through it 
compression stroke. Leaks of this nature may be located by install in 
a compression gauge in the spark plug opening. (See fig. 75.) 
( 1) LEAK ING INTAKE VALVE. A leak by the intake valve rna 
be heard in the carburetor induction system. 
(2) LEAKING EX HAUST VALVE. Leaky exhaust valves will allo 
the mixture to escape through the valve into the exhaust collector rin 
A distinct odor of fuel will be present. 
(3) DEFECTIVE CYLINDER ASSEM BLY. If the sound of esea 
ing pressure is heard in the crankcase, this may indicate defective ring. 
scored cylinder walls. or a cracked piston. Excessive crankcase pressur 
will force the fumes to escape through the breathers. 
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c . Hand.crankln, difficulty. During all atkmpl to use the hand 
o f a hand inertia starter ( starter bmshes raised ), it is discovered 

at the crank can be rotated only by applying excessive force. 
i) MISALIGNMENT O F CRANK EXTENS ION SHAFT. Dis-
rtion o f the extension shaft generally occurs when excessive force is 

to the hand crank during the starting operation. n I NSUFFICIENT BEAR I NG LUBR ICAT IO N. A dry or frozen 
ttension shaft bearing will cause restricted movement of the shaft. The 
6 ring should be lubricated with engine oil, grade 1100. 

Figure 75. Clucking cylind"" p"nsu"" will, a romp f'euiotl g(1"O'. 

3) I M PRO PER START ER LUBRICATION. Heavy greases and 
i1s may become unusually st iff during cold weather. Preheating the 
tarter will usually correct thi s condition. 
4) DRIED LUBRICANT IN STARTER. T his trouble may occur 
r the starter is not periodically inspected while it is in storage. It makes 
land cranking difficult and result s ill poor starter per formance. 
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(5) BARREL ADJUSTING NUT TOO TIGHT. The barrel a 
justing nut should be tightened until snug, then backed off o ne full ho 
Clearance between the nut and the ball rack should be at least 0.003 inc! 
(6) WORN STARTER PARTS. Worn or rough ball bearings, shafi 
and other parts may cause excessively hard or unusually loose turnin 
Unusual noises may also be heard. When this condition exists, remO' 
and replace the starter. 

d. Starter fall. to ••• ",Iu. During an attempt to start the eI 
gine, a chattering noise is heard and the starter fails to energize whl: 
the starter switch is placed in the START (or ENERGIZE) posilio 
(1) PARTIALLY DISCHARGED BATTERY. A battery in a 10 
slate of charge will not furni sh sufficient power to dose the startin 
solenoid switch, but will cause the plunger to produce a noise similar 
that caused by slipping gear teeth. Replace if the specific gravity i 
below 1.250 or above 1.310. 
(2) FAULTY TERMINAL CONNECfIONS. Defective tennh\l 
connections may cause complete or partial failure by preventing full CU1 

rent flow. The noise listed in ( I ) above will occur. 
(3) DEFECfIVE STARTER SWITCH. A defective starter switc 
will cause the same action as faulty terminal connections. Place heav 
jumpers across the starting switch terminals. I f the starter motor or 
erates, the switch is defective and should be replaced. 
(4) DEFECTIVE STARTER MOTOR JAWS. If the teeth of 
starter motor jaw or the flywheel jaws are damaged, abnormal 
noises will probably be heard. The starter should be stopped 
or further damage may result. 

e. Starter 'ywh •• 1 IIOt •• ,a,ed. During single-engine starting 
the "whir" of the starter motor is heard, indicating that the starter moto 
is functioning. If the pitch of the noise rapidly increases, the motor i 
carrying no load. If this condition exists, the starter motor should b 
stopped at once as the speed of the armature may increase enough to caus 
it to fly apart. 
(1 ) STICKING STARTER JAW. If the motor jaw binds on tho 
annature shaft it may be due to gummed oil, which prevents the moto: 
dog from moving forward into position to engage the flywheel. In SOIlll 

cases, releasing the switch and dosing it again will remedy the trouble 
I f the trouble remains, the starter motor should be replaced with OrM 

which has been properly lubricated. 
(2) FLYWHEEL IS ROTATING. In some starters, when the 
switch is dosed and the flywheel is still rotating. the motor jaw overridci 
the flywheel jaw, and no engagement is made. To avoid this malfunction 
mesh the flywheel to the engine to remove any energy that may b 
stored in the flywhed. 
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13) INCORRECT MOTOR ROTATION. When the starter motoT 
otates in the wrong direction, remove and replace it with the proper unit. 

f. Eagi .. falls to ..... ni ov .... " The starter is fully energized, but 
he engine fails to tum over when the starter switch is placed in the 
H:ESH position. 
(I) FAULTY MESHING SOLENOID CABLE OR MECHANICAL 
:::ONNECTtON. Broken linkage or extremely loose adjustment caused 
by excessive vibration may prevent meshing of the ftywhed dog to the 
IJlgine dog. Adjust the cable to permit proper operation of the engaging 
nechanism and allow 1/32-inch slack. 
(2) DEFECTIVE TERMINAL CONNECTIONS. Check and make ' 
rertain that all terminal connections are securely fastened. Terminal 
ronnections must be kept very clean, as otherwise contact rCslstancc will 
muse a voltage drop that will impair the efficient operation of the system. 
(3) DEFECTIVE MESHING SOLENOID. This may be due to 
improper electrical connections or an open or grounded coil. To check 
the coil for an open circuit, place a Ito-volt test lamp across the coil 
contact terminals (not the battery connections) ; if the lamp fails to light, 
replace the coil. To test for a shorted or grounded circuit. connect one 
test lead to one terminal, remove the grounding bushing from the other 
,terminal, and touch the other test lead to the coil housing. If the lamp 
lights, replace the coil. 
1(4) DEFECTIVE SWITCH. Switch troubles usually result , from poor 
rrenninal connections, loose parts, or burned contacts. Check the switch 
Iby placing a heavy jumper cable across the switch terminals. I f the switch 
is found to be defective, it must be replaced. 
i(5) DEFECTIVE GEAR ASSEMBLY, CLUTCH MECHANISM, , . 
:DR ENGINE STARTER JAW. A grinding or rattling noise will 
loccur as the flywheel is meshed to the engine. Remove the starter and 
linspect it. If it is damaged, replace it with another starter unit. 

,. Eagl .. fall. to .tart. Several unsuccessful attempts to start are 
accompanied by weak or intermittent explosions and clouds of black smoke 
lissuing from the exhaust manifold. These indicate a partially burned 
!charge. 
!(I) OVERPRIMING. When the mixture is overly rich, normal com-
bustion cannot take place. Overpriming or flooding is remedied by placing 
Ithe ignition switch in the OFF position, setting the throttle full open, and 
,pulling the propeller through three or four revolutions. 
i (2) INCORRECT MIXTU RE-CONTROL SETTING. On installa-
llions equipped with a Stromberg injection type carburetor, the mixture con-
trol must be in the IDLE CUT -OFF position when the hand wobble pump 
or dectric booster pump is used to build up pressure. When this procedure 
i is not followed, fue] is pemlitted to flow into the supercharger impeller sec-
• 
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tion, causing a flooded condition. Follow the procedure stated in (1) abon i 
to remove the excess fuel. 
(3) DEFECfIVE BOOSTER COIL. The-contacts of the booster coil 
are subjecrto a moderate amount of burning and should be inspected if th is 
trouble occurs. I f the points are badly pitted or burned as shown in figure 
76, the coil must be replaced. I 

Figure 76. GIld pillt d cOlltget po;"tJ . 

•. uck.f bo .... r .p.rk w ...... ,1 •• f.lI. to .t .. rt. An atta ,4 ; 
to start during wann weather results in failure, but the engine rotates With ' 
sufficient speed for normal starting. When the starter switch is plac::tilin : 

. -the MESH position to stop the starter flywheel rotation, the rush I) 'Y 
"bm:t" of the booster coil is not heard. Releasing the switch and dotilfit 
again reveals the same condition. ..... .. 
(I ) IMPROPER ADJUSTMENT OF BOOSTER COIL d:iIl-
TACfS. To check the booster coil for operation, disconnect the boI:iIk:r 
h;gh-t",, ;on " Ih, m",n<lo (0' d;""nn"" the I",d " the tt 
use a test lead) , place the end of the lead approximately ti inch f a 
grounded structure o f the airplane, set the ignition switch in the .. 
position, and close the starter switch in the Mesh position. The 9rk 
should jump the gap. (See fig. 77.) In the event that trouble is 
during this check, replace the unit with one known to operate 
(2) RO UGH , PITTED. OR DIRTY BOOSTER POINTS. 006:-• 
more of these conditions may add sufficient resistance to prevent the not J 
flow of current. S lide a piece of hard paper between the contact poiQIs to 
clean them. Replace the coil when the contact points are found badJy .... 
or burned. .: . 
(3) DEFECTIVE WIRING. Check the wiring and insulating bushings 
for signs of arcing and for loose or broken connections. If the insulation 
is defective it may produce a spark leak at the point where the insulation is 
damaged. Replace all defective leads and properly install all connections. 
(4) DEFECfIVE SOLENOID SWITCH. If the switch fails to hmc· 
tion properly. examine it for corroded contacts or an open circuit. A 
clean, smooth surface contact is necessary. If defective, the switch must be 
reruoved and replaced. (See par. 24f.) 
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(5) DEFECTIVE COIL. The simplest method of testing for a faulty 
roil is to substitute a good coil for the suspected one, and comp.1re the be· 
havior under similar operating conditions. 

i. 11191 ... falls to start durillq cold weather. After meshing the 
sta rter flywheel to the engine it is noticed that the engine fails to turn over 
as it nonnally does. The starter flywheel lacks the characteristic high-
pitch sound when energized. Atmospheric temperature is near ZOo F. 
( I) F LYWHEEL NOT FULLY ENERGIZED. The switch must be 
held on long enough for the flywheel to be energized (holding the switch 
closed for IO to 20 seconds is usually sufficient). 
(2) WEAK OR DI SCH ARGED BATTERY. Check the state of charge 
of the battery. If the specific gravity is below 1.250, replace the battery 
\\·;th a fu lly charged one. 

F il/urr ;;, Chuking boo,lkr -{oi! .f/'l.rk .<Ir r"fl1h. 

3) COLD BATTERY. A battery is less efficien t during cold weather 
«:luse the electrolyte becomes thicker or more dense. This retards cir. 
ulation of the electrolyte and the battery does not respond as quickly as 
,hen it is warm. If this is Ihe trouble, remove the battery and place it in 
warnl location until it becomes warm enough to operate properly. 
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(4) CONGEALED OIL If oil seeps into the starter and becomes too 
stiff to allow Ihe flywheel 10 be fully energized, it will be necessary to prt' 
heat the engine and oil to reduce starting torque. To reduce starter faill1rt 
caused by seepage and accumulation of oil in the starter and flywheel hom· 
ing, a I.-inch diameter hole is drilled at Ihe lowest point of the flywhrd , 
housing 10 permit drainage of oil. 

I. Combllstlon f_lll1re. The engine fails to start after several rt--

pealed attempts. ,Fumes (a moderate amount) escape from the exhallst 
manifold, but there are·no signs of occasional combustion. 
( I ) IGNITION SWITCH IN "OFF" POSITIO N. With the switch in 
this position, both magnetos remain grounded, the booster coil circuit j, 
open, and high-tension current tQ produce spark is not furnished to I/i( 
spark plugs. 
(2) DEFECTIVE BOOSTER MAGNETO COIL Examine and ttsl 
the booster coil. Bits of dirt or other foreign material between the point. 
are gcnerally the troubles affecting proper operation. Check the ground 
connections and make sure that they are clean and securely tightened. 
(3) FAULTY IGN ITION HARNESS. :Moisture, deterioration. or 
loose and improper connection will short the ignition circuit. Replace Ihf 
ignition harness when it is found defective. Examine all connections for 
condition and proper tightness. 
(4) DEFECTIVE MAGNETO BREAKER POI NTS OR CON· 
DENSER. Trouble may be caused by points that are sticking open, by 
worn or pitted points, by incorrectly adjusted points, or by a shor1ed 
condenser. Check the breaker points for proper opening and readjust if 
nt'Ccssary. If the points are excessively worn or pitied, replace the mag. 
neto or replace or dress the points, whichever is specified in Technical 
Orders. I f condenser trouble is suspected, remove the condenser and if I 

the engine operates, install a new condenser. 
(5) FOULED S PARK PLUGS. When all spark plugs are fouled, 
combustion failure wi11 occur. To check for this condition plug in w 
air-cooled engine, remove and inspect the spark plugs. If they arc lead 
fouled, replace them. I f the plugs are oil foukd, wash them in gasolilll'. 
dry them thoroughly with compressed air, check and reset the gap dear· 
ances, and reinstall them. To check for this condition in an in-lint' 
engine, rcmove onc of the spark plug leads and expose the steeve in· 
sulator and spring. Have someone attempt a start of the engine, then 
cautiously place the end o f the spring approximately !1 inch from sonlt 
spot or ground on the .engine and check the spark jump. If this is sali,· 
factory, clean or replace plugs as herein directed. (See fig. 78.) If r;' 
spark is obtained, check the magneto for dirty or inaccurately spart'i 
contact points or defective distributor. (See (4) above.) (Be . careful oi 
the rotating propeller and be certain that secure footing is available befor! 
performing the check. ) 
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(6) DEFECT I VE IGN ITION SW ITCH OR LEADS. Check thc 
leads to and from the switch. Be sure that the insulation is not burned 
or chafed off, penllitting the conducting wire to rub against some part 
oi the engine. This would ground the magneto. I f the internal mech-
anism o f the switch is thought to be d.declive, disconnect the magneto 
ground leads at the switch, and then attempt an cnginc start. 
(7) Il\-[PROPER TIMI NG. After Ihe possibilities mentioned are ex-
hausted, the valve and ignition timing shonld be checked. Reference 
.hould be made to the T echnical Order concerning valve and ignition 
timing of the particular engine. 

t. Insufficient fue l In mixture. During the starting procedure, the 
engine fires a short burst and suddenly stops. R"I.>Catt.'t1 attcmpts give 
the same results, Occasional fla shes of yellowish white flames a re ob-
served issuing from the exha.ust, 

l'igqre 18. Checki"g igll ition harness. 

<I) UN DERPR I MTNG. This condition is due to either a defective 
priming pump or to an in suffIcient number of priming strokes. I n either 
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case, the necessary amount of priming charge for starting is not supplird 
to the engine. Attempt another start providing additional strokes of the 
primer. After several tries, if the same trouble occurs, remove a priming 
line and check the pump for discharge. Check the primer line jets for 
stoppage by inserting a proper site drill to remove any restriction. If 
pump discharge is low, replace the plunger washer or replace the pump. 
(2) INCQRREcr SETTING OF MIXTURE CONTROL. Whtn 
the mixture control of a pressure type carburetor is positioned in or near 

LEAN (IDLE CUT-OFF), normal fuel flow is restricted. Float 
type carburetor installations are slaTted with the mixture control in 
FULL RICH position. On engines equipped with Stromberg injection 
type carburetors the mixture control is in the IDLE CUT -OFF position 
prior to starting and as the engine fircs it must be placed in the AUTO 
RICH position. 
(3) INCORRECf SETTING OF THROTTLE. The throttle lever 
adjusts the butterfly valve which controls the air flow into the induction 
system. During starting, this valve should be positioned so that the 
carburetor idle system will" function and a proper fuel-air. mixture is ob-
tained for starting. 
(4) IN SYSTEM. Stoppage in the fuel system win 
not affect the firing of the priming charge, but will aJlow insufficient fuel 
flow from the carburetor for continuous operation. . 
(5) WATER IN SYSTEM. Water will obstruct the small passages 
(jets), because it cannot flow readily through them. Drain all fuel sys-
tem sumps until water is removed. Oean aJl strainers before replacing. 
(6) DEFECfIVE FUEL PUMP. Even though the engine-driven futl 
pump is not operating properly, engine starting can be accomplished by 
using the wobble pump or booster pwnp to maintain pressure. Replact 
the pump if it is found defective. 

I. Fuel boo ..... P'IIIIP pr ..... re low. Prior to starting, with the 
fuel booster pump switch ON and the pump operating, the fuel pressure 
warning light Bickers on, and the fuel pressure gauge indicatcs a low 
pressure. 
(1) LOW BATTERY VOLTAGE. This conditiOn may be _checked 
by attempting to operate other electric motors. When the battery is 
suspected, check the state of charge with hydrometer. If the charge is 
low, replace the battery. 
(2) WORN MOTOR BRUSHES. When the brushes become exces-
sively short the pressure on them decreases and proper contact with tht 
commutator may be impossible. Replace the worn brushes and properly 
seat them on the commutator. (See (4), below.) 
(3) BRUSHES BINDING IN HOLDERS. Brushes must slide up 
and down easily in the holders. Remove and dean both the brushes add .. ( o,'gir I< 
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the holders to remove any gum fOfmN by gr .. 'llsc ;In(] carbon dus\. Use a 
b':lsoline-saturated rag. 
(4) BRUSHES NOT PROPERLY SEATED. After installation of 
new brushes, the pump and motor should be run under load fo r 2 hours 
to aid ill seating the brushes. Brushes may also be fitted by inserting a 
st rip of No. (0) sandpaper between the brush and the commutator (with 
the abrasive side next to the brush ) and pulling the paper over the con-
tour of the commutator. (See fig. 64.) 
(5) LOOSE OR DIRTY CONNECTIONS. T he high resistantt 
caused by loose or dirty connections will keep the motor from rotating at 
the specified rpm for normal pUlllP pressure discharge. Oean and tighten 
all connections. 
(6) DIRTY COMMUTATOR. An occasional cleaning of collllllutators 
is necessary because they fn'qucntiy become coated with carbon and cop-

dust, and grease. No. ()()) sandpaper is used to clean the unit and the 
dust is removed with a compressed air blast. 
(7) ROUGH OR PITTED COMMUTATOR. When the commutator 
is slightly pitted it may be smoothed Ity using No. (0) sandpaper. If the 
commutator is excessively rough or pitted, the complete unit must be 
replaced. 
(8) FUEL SEEPAGE I NTO MOTOR. This condition Illay be de-

. tennined by removing the vent plug. If fuel is present in the motor. 
remove the pump and replace with a Ilew unit. 
(9) EXCESSIVE CLEARANCE BETWEEN IMPELLER AN D 
THROAT. If this conditiOIl is present, pump pressure win be low and 
the pump unit must be replaced. 
( to) BENT SHAFT. If tlte shaft is bent or distorted. replace the com-
plete pump unit. 
(11 ) IMPELLER RUBBING ON THROAT OR P UMP BODY. 
When this occurs, friction prevents the impeller from rotating as it 
normally would. Replace the pump. 
(12) SH ORTED, GROUNDED, OR OPEN This 
will usually result in complete failure. but partial failure (which causes 
low fuel pressure) is possible. Replatt thc complet c assemhly. 
(1 3) S HORTED. GROUNDE D. OR OPEN MOTOR COILS. Same 
as in (12) above. Replace the complete unit. 
(1 4) GROUNDED BRUS H HOLDERS. When this condition exists, 
remove and replace the unit. 

m. Fuel booster pump noisy. Prior to starting. a noise occurs only 
when the fuel booster pump switch is dosed: the soullds arc thell localized 
in the fuel booster pump. 
(1) LOOSE MOUNTING O N TANK. Check the pump for securit y 
of mounting. If found loose. tighten and safety the unit properly. 
(2) LOOSE PARTICLES OF FOREIGN MATTER IN PUM P . 
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Remove the pump from the mounting and clean out all foreign objects. 
If the pump shows no indication of damage, it may he reinstalled. 
(3) PUMP PROPELLER RUBBING THROAT. When this condi-
tion occurs, remove the pump and replace it with a new or overhauled 
unit. 
(4) IMPELLER RUBB ING THROAT. Field servicing includes only 
the replacement of the pump unit when the impeller is found rubbing 
against the throat. 
(5) LOOSE SLINGER. The line mechanic must replace the complete 
unit when this trouble is encountered. 

n. Ft._I booster pump motor noisy. At a preflight inspection it is ' 
discovered that abnormal sounds occur only when the fuel booster pump I 
switch is CLOSED and the pump is operating. Ooser inspection localizes 
the noise in the pump motor. 
( 1) LOOSE PARTS. Check the unit for tightness and if internally 
loose parts are evident, replace the complete pump unit. 
(2) OR MARRED BEAR I NG AND LACK OF GREASE. 
Bearings become wom due to a lack of lubrication or from fuel seepage 
that washes the lubricant from the bearing surfaces. If this condition 
is found, replace the pump. 
(3) BENT SHAFT. Excessive load or torque of the shaft may some· 
times cause distortion. If this occurs, replace the pump unit. 

0. Booster pump fuel pressure fluctuates. At starting and prior 
to engine warm-up (with the fuel booster pump switch ON and the 
booster pump operating) a surging of fuel pressure is indicated on the 
fuel pressure gauge. 
(I) INSUFFICIENT FUEL IN TANK. Switch to another tank 
and check the suspected tank for contents. 

, 
(2) CLOGGED SCREEN. A clogged screen due to pieces of rubber 
or foreign material in the pump may result in complete or partial failure. 
Remove the screen and clean it. 
(3) FLUCTUATING VOLTAGE. It is important that the electrical 
power be maintained at full voltage since the speed and the discharge 
pressure of the pump are affected by variations in voltage. 
(4) LOOSE CONNECTIONS. The nonnal vibration of the engine 
will cause variations o f voltage when the connections are loose. Care-
fully clean and tighten all terminal leads. 
(5) FUEL SEEPAGE I NTO MOTOR. Remove the vent plug in thr 
motor and examine for fuel seepage. If seepage is present, remove the 
\1nit and replace it. 
(6) UNVENTED TANK. Partial clogging or complete restriction 
of the air vent will generally result in fluctuating pressure. Check venli 
and open if necessary. 
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p. Fuel booshr p .... p f.llure. Prior to starting, it is observed that 
the fuel warning light remains burning, the fuel pressure gauge registers 
no pressure, and no sound of pump operation is heard when the booster 
pump switch is held in the ON position. 
( I) WIRING NOT PROPERLY CONNECfED. Check the wiring 
of the electric motor against the installation wiring diagram. 
(2) LOW PRESSURE. All causes listed in 1 above are to be con-
sidered in diagnosing this trouble. 

25. ENGIHE nOU.LIS DURING O'EUnON. If the mechanic 
understands the principle of operation and the construction of the various 
parts of an aircraft engine, he should be able to determine the causes of 
troubles by thought and reasoning. The mechanic should always keep in 
mind the two main conditions necessary for engine operation; first , fuel 
must be provided at the proper place (combustion chamber ) ; and second, 
a spark must be furnished at the spark plug gap in order to produce 
combustion. Proper timing and the correct quantity and mixture of fuel 
are also essential to efficient combustion. Lubrication, cooling, compres-
sion, elc., must be provided if the engine is to operate smoothly and 
efficiently. As electrical power is used to operate many engine units, a. 
source of electricity is also necessary. Lack of one or more of the· 
essentials listed is the cause of engine troubles during operation. If 
engine troubles occur during operation, try to establish some basic cause 
for the trouble encountered before removing any unit. The wiring dia-
gram o f the ' airplane's electrical system will help to locate points of 
connection and aid in tracing Ihe continuity of the wiring system. Before 
ren10ving any terminal connection to ' an electrical unit, be certain that 
the battery disconnect switch is in the OFF position, and that it remains 
off until the unit is satisfactorily repaired. This paragraph gives a list 
of some of the troubles, electrical and otherwise, which may be encoun-
tered during engine operation under various conditions. 

iI. E.gi •• will .ot Idl.. Satisfactory operation is obtained at me-
dium and high speeds. Abnormal vibration is present only at idling 
speeds. All pressure gauges indicate desired readings, but the engine 
temperature increases. 
(I) INCORRECf IDLING SPEED AND MIXTURE ADJUST -
MENT. The mixture adjustment controls the engine speed and mix-
ture ratio of the charge for idling speeds only. Adjustment is made by 
turning the adjusting screw to make the mixture either leaner or richer 
as desired. On a pressure type carburetor, the knurled adjusting screw 
turns hard because of the spring lock and may require the use of a screw 
driver. 
(2) DEFECTIVE IDLE SYSTEM. Restriction of the idle jets. 
caused by foreign material or water, will affect the operation of the en-
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gine at lower speeds. Drain all fuel system strainers and tank sumps. 
Examine the discharge to detennine whether the fuel contains an excts· 
sive amount of foreign matter. 
( 3) INDUCTION SYSTEM AIR LEAKS. The effect of leaks in tilt 
induction manifold will depend upon their sile and location. GeneraUy, in 
the case of a small leak, erratic operation is noticeable at idling and low 
engine speeds, with the possibility of "smoothing out" at higher speeds. 
Leaks often occur at the synthetic rubber packings on the crankcase end of 
the intake manifold and betweer. the intake manifold and the cylinders. 
These packings become hard with age and heat, and fail to maintain an air-
tight seal. 
(4) CLOGGED SUPERCHARGER REGURGITATION TUBE. 
When this tube is restricted, the mixture will have a tendency to beeome 
alternately rich and lean. This effect may only o<;cur during the first few 
minutes of engine operation and the condition may be removed by con· 
tinued running o f the engine. 
(5) FOULED O R DEFECTIVE SPARK PLUG. A spark plug has to 
fire unfailingly, many times a second in an intensely hot chamber containing 
soot, carbon, and oil. It is also exposed to continuous changes in tempera-
ture and pressure. Fouled plugs must be cleaned and defective ones re-
placed. 

b. FluctuatlltCJ tacllometer lIeedle. An unsteady reading is indi-
cated on the tachometer ; however, the engine rpm appear to be as requirtd. 
and all other conditions of engine operation are satisfactory. 
( I ) LOOS E TERMINALS AND CONNECTIONS ( AT INSTRU-
:-'1ENT) . The electrical tenninal connections are sometimes shaken 
loose by engine vibration. The "make and break" condition set up by the 
loose tenninals will cause the fluctuation in the tachometer pointer. Oean 
and securely fa sten all leads and connections. 
(2) . OIL OR LIQUID SEEPAGE. Seepage of liquids at the tachometer 
generator binding posts or into the lead conduit will often cause the abo" e 
listed trouble. E xamine the generator uni t and replace it if oil is prestnt. 
( 3) WORN OR LOOSE CONN ECT IO N (AT GENERATOR). 
A "make and break" condition will also result from this defect. If the 
leads or terminals are worn excessively, replace them. 
(4 ) DEFECTIVE GAUGE. Replace the unit with one knOwn to operW 
satisfactorily. If this corrects the trouble, replacement of the indicator i; 
required. 

c. Reversed readlnq on tachometer. After starting the engine it 
is found that the tachometer needle moves in the wrong direction. Engint 
operation is normal and desired readings are recorded on all other gauge,;. 
( 1) REVERSED TERMINALS. T he terminal connections should ht 
checked against the wi ring diagram furni shed with each specific unit. First 
check at the tachometer generator and then at the indicator. 
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(2) DEFECTIVE T ACHOMETER GAUGE. If the trouble is 
nitely traced to a defective unit, it will be replaced. The new unit will be 
checked for correct indication. 

d. Erratic oper,ltlon of ma.lfold pre ... re gauge. A malfunction 
was described by the operator as a sudden erratic increase of manifold pres-
sure followed by a fixed setting o f the mani fold pressure gauge needle. An 
attempt to increase the power output by increasing the manifold pressure 
lhrough the movcment of the waste gate control had no effect. Otherwise, 
engine operation was nonnal. 

DAMAGED \VAST E GATE CONTROL CABLE. A spring car-
tridge is instalk-d in the supercharger regulator system. I f the supercharger 
control cables become severed or disconnected, this spring places the super-
charger regulator in a position to deliver 65 percent rated power (at a 
specified alt itude and rpm). When the cable is repaired or replaced, \:x. 
sure that the controls move freely. 

e. F .. I pre ... re ludd .. ly drop. to .. ro. The engine "spits and 
sputters," and fuel pressure drops to zero. Quick action by the operator 
in changing from one tank to another and in using the wobble pump or 
booster pump keeps the engine operating. The power plant operates 
mally on all tanks when wobble pump use is continued, but pressure drops 
when it is discontinued. Possibility o f an empty tank is eliminated; there-
fore, some defect in the fuel pump system is indicated. 
( 1) DEFECTIVE F UEL PUMP. A defective fuel pump must be re-
placed. 
(2) BROKEN FUEL PUMP DRIVE. Failure to lubricate the flex ible 
cable of remotely driven fuel pumps may cause the cable to overheat and 
freeze. Replace broken cable and lubricate according to existing 
lions. 
(3 ) CWGGED F.UEL LI NE. A restriction that affects the engine pump 
only must be in the fuel pump line between the T -fittings to which the lines 
to the hand wobble pump (or booster pump) are attached. Remove the 
suspected filti ng and line and blow through it to check for stoppage. 

f. Fuel pre .. ure I.dlcatlo. exce .. lve. The needle of the fuel 
pressure gauge indicates a fuel pressure which is considerably higher thall 
normal. This pressure remains unchanged at all engine speeds. Smooth 
and normal operation of the engine is not affected. 
( 1) I NCORREcr RELIEF VALVE SETTI NG. When the spring ten-
sion is adj usted too high the relief valve will not open at the desired 
pressure. In this case, pressure in the whole system is abnomlally high. 
Adjust relief valve to "kick out" at the desired pressu re. 
(2) DEFECTIVE FUEL PRESSURE GAUGE. Excessive pumping 
of the wobble pump may sometimes destroy the accuracy of the gauge. 
In order to check the operation of the gauge, replace the old one with a 

( Or'gir I< 
Of (AllfORNIA 

,.. 



fuel pressure gauge known to be in good condition. If the gauge is delee-
tive. it must be replaced. '0 hel ".. ...... tlac ... Mo.. Engine operation is normal at times 
but is accompanied by intennittent periods of "spitting and sputtering." 
During these periods, the fuel pressure gauge pointer fluctuates violently. 
(I) WATER IN FUEL If this condition exists, tank drain sumps and 
system strainers should be drained. 
(2) RESTRICTION IN LINES. Many line troubles would be elimi-
nated if proper care were taken to keep all dirt and other foreign material 
from entering the tank. Disconnect the suspected line and blow it out. 
(3) CLOGGED SCREEN. A system strainer of fine mesh is installed at 
the lowest point in the system. If it becomes clogged it may cause fud 
pressure fluctuation. Dirty screens must be removed and thoroughly 
cleaned. 
(4) FAULTY CARBURET OR DISCHARGE NOZZLE. Check the 
discharge nozzle for correct pressure discharge and be certain that the 
nozzle is not sticking open. Fuel WIder a high vacuum will boil and cause 
erratic metering of the fuel. If the noule is <tefective. the carburetor 
must be replaced. 
(5) IMPROPER RELIEF VALVE OPERATION. Small particles 
of dirt sometimes get lodged intennittently between the "alve seat and 
valve face and produce fluctuation of fuel pressure. 
(6) DEFECTIVE FUEL PUMP. Any malfunction to the "heart" of 
the system would be indicated by the fuel pressure gauge and the operation 
of the engine. I f during operation, the wobble or booster pump were used 
and nonnal engine operation resulted, the trouble would be confined to 
the fuel pump. It would then be necessary to remove and replace this 
WIit. 

h. No oil pres ..... lI,dle.tfo... The engine operates nonnally after 
starting, but the oil pressure gauge indicates zero pressure. In efJtrj 
case, shut dawn the e.ngme within 30 seconds. 
(1) INSUFFICIENT SUPPLY. Stop the engine and check the oil 
level in the tank. If it is low, examine the flight report and note whethtr 
the system had been serviced after previous flight. If it had been 
serviced, inspect the system for other troubles. Otherwise, fill the tank 
1'0 the proper level. 
(2) LEAK IN OIL LINES OR TANK. Any leak in the-system can 
be easily detected by the greasy surface in the vicinity of the leak. Tract 
all oil leaks to their source. Check hose clamps for security and examine 
the hose connection for deterioration. Repair or replace all defective 
units. 
(3 ) CONGEALED O IL. In zero weather the oil pressure gauge is 
slow in responding to an indication. Technical Orders specify methods 
of correcting this condition. (See par. 6h( 4).) .. 
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(4) CLOGG ED OIL FILTER RELIEF VALVE. A relief valve is 
incorporated in the fiht'r to bypass unfiltered oil to the engine in case of 
an emergency. Remove and clean the filter and integral relief valve with 
gasoline, coat II)c filter disks with clean engine oil, and reinstall the unit. 
(5) RESTR ICTION I N SYSTEM. Restrictions in the system may 
be caused by foreign matter . gummed oil, or vapor lock which may be 
due to foaming in tIle tank or failure to preoil after engine change. If 
this condition occurs, it will be necessary to drain and flu sh the complete 
system. 
(6) IMPROPER SETTI NG OF RELIEF VALVE. The valve should 
be set to obtain the correct pressure. Before adjusting the relief valve, 
the Technical Order for the speci fic engine should be consulted. Adjust-
ments are made only after the possibilities listed are eliminated and. the 
oil is at nonnal operating temperature. 
(7) MECHANTCAL. A defective pump or pump drive would cause 
complete loss of pressure. Tn either case, replace the pump assembly. 

I, No 011 pre.sure Incflcatlo. afler engl ... chanj)e. Upon comple-
tion of the installation and servicing the oil tank, the engine is started 
and it is found that the oil pressure gauge inditates zero pressure. Steps 
must be taken to stop the engine if no oil pressure is indicated in 30 
seconds. 
(I) VAPOR LOCKS. Air trapped in the inlet line to tile oil pump 
must be bled out at the oil pump outiet. T O 02-1-22 specifies the 
procedure required for preoiling after engine change. 
(2) MECHANICAL DEFECTS. F ailure to seal tile drain plug open-
ing, a disconnected oil pump, incorrect relief valve sett ing. failure to 
replace the oil filters, and numerous other tr01.lbles may cause the fore-
going symptoms. Examine the whole system and correct any defects 
before restarting the engine. 

,. Flucn.atinj) 011 pressure j)auCJe needl.. During warm-up, it is 
noted that the oil pressure gauge fl uctuates excessively. ( This symptom 
is usually noticeable in engines nearing their maximum operating time 
before overhaul.) 
(1) P ART I ALLY CLOGGED O IL FILTER OR SCRE E N. This is 
generally due to the accumulation of soft carbon particles and other foreign 
materials in the oil. Remove fi lter or screen. wash with unleaded gasoline, 
coat with d ean engine oil. and replace. 
(2) ?o.fALFtJNCfIONING OF O IL PRESSURE RELIEF VALVE. 
A defective valve spring or particles of foreign matter may calise a surging 
or pressure by not allowing the relief valve to function normally. Before 
]'cplaeing or adjusting this unit, be certain that some other defect is not 
responsible for malfunction. 
(3) FOAMING OR VAPOR LOCK I N OIL LI NES. This may be 
caused by a leak in the line frOI11 the sump to that tank or by a leak in 
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the suction side of the pump. Che.::k carefully for leak s and repair or 
replace any faulty lines or fitti ngs. Drain and refill the system. 
(4) DEFECTIVE PRESSURE GAUGE. Excessive vibration, shocks, 
or overpressure may cause the gauge to register an reading. 
Check for the above troubles before replacing the gauge. 
( 5) DEFECTIVE OIL PUMP. Check the installation carefully. If 
the fault lies in the pump, replace the unit. Before starting, be certain 
that some other defect in the installation is not responsible for pump 
failure. 

k. Low· oil press.re. Soon after starting the engine it is noted tba; 
the oil pressure is lower than that specified for the particular engine. 
Other operating conditions are normal. 
(IX LOW OIL SUPPLY. h(l) aoove. 
(2 ) LEAK TN SYSTEM. See h (2) above, 
(3) IMPROPER GRADE OF OIL. In order to provide correct lubn· 
catlan pressure, the oil must be of sufficient viscosity to establish a seal 
between the rings and cylinder wall. If this is the trouble, drain the oil 
system and refill with the proper grade of oi l. 
t4) RESTRICTION IN SYSTEM. See h(5) aoove, 
(5) PARTIALLY CLOGGED CUNO OR SCREEN. See HI ) 
above. 
(6) OVERDILUTION. An excessive dilution of the oil may make it 
too thin to maintain a seal between the rings and the cylinder. In most 
cases, overdilution may be corrected by continued operation of the engine. 
If nol, check the oil dilution valve and oontrol for proper operation. 
(7 ) OIL FOAMING. See j ( 3) aoove. 
(8) DEFECTIVE OIL PRESSURE GAUGE. If this trouble is sus' 
pected, tap the instrument glass with the ends of the fingers to check for 
sticking of the pointer. Next, remove the instrument and replace with 
one which is known to operate satisfactorily. 
(9 ) WORN BEARI NGS. See an(3) below. 
( to) WORN PISTON RINGS. See an (3) below. 

I. Low 011 pressure during cold weather. During wann-up. the 
oil pressure gauge records a low reading, but other features of engine 
operation are normal. Atmospheric temperature is near freezing. 
( I ) OVERDILUTION. This is the most likely cause. (See k(6) 
above. ) 
(2) INSU FFICIENT OIL SUPPLY. See h(t) above. 
(3) LEAK IN O IL LI NES. See h(2 ) above. 

m. Low fuel pressure and low 011 pressure. During the I 

warm-up prior to the fir st flight of the day it is noted that the fuel anrl 
oil pressures are both below the values specified as normal. The oil \\'3., 

diluted after the last flight on the preceding day. Free-air 
is 30e F. 
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, (I) DEFECTIVE OR OPEN OIL DILUTION VALVE. If this is 
the trouble, continued operation may result in serious damage to the 

' ,engine. Stop the wgine and check the operation of the oil dilution valve 
and controls. 
(2) LINE LEAKS. If both the fuel and oil lines are leaking, the 
foregoing symptoms will be indicated. (See h(2) above.) 
(3) FROZEN WATER AND CONGEALED OIL. The presence of 
icc in the fuel system may show only a low reading on the gauge without 

, indications of erratic operation. The congealed state of the oil may have 
resulted because of an overheated condition of the engine occuring at 
previous operation which vaporized the fuel that was intwded for oil 
dilution. 

• 
(4) DEFECTIVE GAUGES. See k(8) above. 

L &C.,sI ... ' •• per_IM... After flight, the pilot reports ex-
cessively high indications on all engine temperature gauges and an ex-
cessively low indication on the oil pressure gauge. 
(I) OIL COOLER SHUTTERS CLOSED. Proper operation of the 
oil shutters will regulate and maintain the correct oil temperatures. Clos-
ing the shutters limits the amount of cooling air passing through the 
cooler core. 
(2) DAMAGE TO OIL-COOLING SYSTEM. Inspect the oil-cooling 
system for proper operation. This inspection should include an operation 
check for full movement of the cockpit control le\'er and the shutters. 
(3) RESTRICTED AIR FLOW THROUGH COOLER. A coating 
of dirt and grease will affect the efficiency of the cooler. Remove the 
coating with a suitable cleaning fluid. 
(4) I NCORRECT GRADE OF OIL. (St'e k(3) above.) 
(5) RESTRICTION IN SYSTEM. Clogged oil lines and strainers will 
cause indications of low pref;sure before a temperature -rise is noticed. If 
the oil pressure remains near nonnal anti excessive temperatures exist, 
txamine the return line to the supply tank. Make the necessary adjust-
ments and repairs to allow flow and proper cooling of the oil. 
(6) RELATED ENGINE UNITS. Overheating of other engine parts 
or units will cause high oil temperatures. Careful analysis is required to 
trace this condition to its source. Repair or replace any unit which is 
overheating. 

0. beessln 011 te"'per_hre _, 111,11 _Itftud ... Excessively high 
oil temperature during high-altitude flight is reported by the pilot. Oil 
prtssure and operation of the engine remain norma1 and satisfactory. At 

run-up this symptom is not evident. 
CONGEALED OIL IN COOLER. The congealing of oil in the 

cooler' may be due to the faulty operation of the oil cooler flap. Examine 
the override valve and piston to make certain that they move freely and 
do not leak. If a leak is found, remove and replace the override valve. 
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p. Low oil ..... ,.r ... re. After flight the pilot reports an abnor-
mally low oil temperature. Engine operation and all the other: instrument 
indications are normal. 
(1) INSUFFICIENT BLANKETING OF OIL COOLER. Some 
heat is necessary for the efficient operation of the engine. To retain some 
of the heat during engine operation and to prevent overcooling, a covering 
or blanket is placed over one end of the radiator core to restrict air flow 
through the core. If amount of blanketing used proves insufficient, 
increase the area of blanketing to maintain proper temperature. 
(2) DEFECTIVE OIL-COOLER SHU ITER CONTROL. Low oil 
temperature may result from an inoperative or improperly set thermostatic 
valve assembly. When the charge is lost from the bellows, the safety 
release operates. The bellows and va1ve are held down on the seat, acting 
as a spring-loaded relief valve. This results in overcooling of the oil. 11 
this has occurred, replace the oil temperature regulator. 
(3) DEFECTIVE TEMPERATURE INDICATOR. Check the ele("' 
trical connections at the gauge and at the point of installation on the engine. 
(See k(8) above.) 

q. Low .... dl .. o. cylT.d.r .... d ..... per ... re •••••. During 
warmup, it is noted that the cylinder head temperature is below that 
specified for the engine. Other instrument indications are normal. 
(1) POOR CONNECTIONS. The location of faulty connections may 
lie in either the binding posts, thermocouple, or at the indicator. These 
terminals should be clean and tight. 
(2) SHORT CIRCUIT. Leads, thermocouple, and the indicator bind-
ing posts should be examined to see that they are in good condition. 
Repair any trouble if found in the system. 
(3) INCORRECT SETTING. Reset the zero correc:tor .shift and check 
the setting against the correct value secured from 

r. Exceslfve cyltllCl.r .... d t.mper.tu.... When operating the en· 
gine, it is noted that the cylinder head temperature is near or beyond 
specified limit. It is also noted that engine speed drops off just after 
being brought up to speed from idling. Rapidly rising indications are 
also noticeable on the other engine temperature gauges. 
( 1) PROLONGED GROUND OPERATION. Aircraft engines are 
designed to be cooled during flight, so lengthy ground checks should br: 
avoided in order to maintain safe engine temperatures. 
(2) I NCORRECf SETTING OF COWLING FLAPS. The control 
must be adjusted to keep the flaps open during ground operation. Suf· 
ficient air flow over the finned cylinders is obtainable only during flight. 
(3) EXCESSIVE MANIFOLD PRESSURE. Increases in engine 
temperature are closely related to increases in manifold pressure. Engines 
are built to withstand only certain pressures safely, therefore, operation 
ahove specified limits should be avoided as much as possible. 

II. 
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(4) CARBURETOR AIR -I NLET TEMPERATURES TOO HI G H. 
The carburetor air-heater control should be placed in the full COLD posi-
tion. If the valve leaks, hot air will enter the induction system and lean 
out the charge, overheat the engine, and eventually reduce the speed and 
power of the engine. 
(5) LEAK IN I NDUCTION MANIFOLD. This may cause excessive 
cylinder head temperatures by leaning the mixture. Examine the induc-
tion system, If leaks are found , make the necessary repairs. 
(6) OVERHEATED O IL. When this condition is present, an indica-
tion should be recorded by the oil temperat\ITe gauge. Excessive oil tem-
perature cannot be disregarded as a possible cause of an overheated con-
di tion of the engine. 
(7) BROKEN OR DAMAGED F INS AND BAFFLES. Any change 
in the amount of cooling fin s will affect the dissipation of excess cylinder 
heat. The disturbance of air flow over and around the cylinder may calise 
local hot spots as well as general overhcating of the whole engine. Install 
lhe themlOcouple on the cylinder and check the operating temperature. 
If this is found to be excessive, rcplace Ihe cylinder. (This replaccment 
is made only on orders from local authority.) 
(8) RETARDED IG NIT ION. Due to the piston being farther down 
in the cylinder when the mixture is burned, more cylinder surface is 
exposed to the greater heat, thereby causing overheating of the engine. 
If this is the trouble, retime the engine. 

s. CyliNder head temperature gauge registers atmospheric tem-
peratvre. During the operation of a radial engine, it is found that all 
instruments except the cylinder head temperature gauge show satisfac-
tory and desired indication s. This instrument indieates atmospheric tem-
perture, which is IIcaf 80°F. 
(1) .OPEN CIRCUIT AT INSTRUt.IENT BINDING POST. Ex-
amine the tenninal connections for cleanliness and security. 
(2) OPEN CIRCUfT AT THERMOCO U PLE CONNECTIONS. 
Faulty maintenance or engine vibration lIlay have caused the connections 
to become loose or disconnected. O1eck the circuit and tighten all loose 
connections. 
(3) BROKEN LEAD. A clean break can probably be blamed on en-
gine vibration or swaying of the leads. Broken leads must be replaced; 
they cannot be spliced. Properly secure the leads at a number of in-
tervals to eliminate swaying. 
(4 ) DEFECTIVE I NSTRUMENT. See k (8) above. 

t. Excessive coolant temperature. During engine operation, high 
coolant temperatures arc noted . They arc accompanied by increases in 
cl1gine and oil temperatl1res. 
( I) COOLANT SHUT T ER S CLOSED. Failure to observe ground 
operation instruction or f;lUlty control linkage may be the causc. 
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(2) RESTRICTED AIR PASSAGE. Foreign matter in front of tilt 
opening will limit the amount of cooling air passing through the radiator. 
Check the front of the radiator for obstructions. 
(3) INSUFFICIENT COOLANT SUPPLY. The coolant. must bt. 
maintained at the proper level to obtain the correct degree of cooling. 
DIeck the coolant level and replerp.sh if necessary. 
(4) LEAK IN COOLANT SYSTEM. A leak may occur in the pwnp 
packing gland, lines, line connections, radiator, and in the cylinder as-
sembly. If a leak is found, it must be repaired before flight. 
(5) IMPROPER LIQUID USED. The engine is manufactured to 
med certain requirements with a specified coolant as the heat dissipator. 
Any change in the quality of the coolant, medium will necessarily man 
changes in the engine operating temperatures. If the system contains the 
wrong liquid, draIn ana refill with the correct kind. 
(6) DEFECTIVE PUMP. The pump must at all times maintain a 
large capacity of coolant flow through the system at a low pressure. Any 
change in the coolant flow will affect the .coolant and engine temperatu ll!. 
(See h (7) aoove.) , 
( 7) DEFECTIVE GAUGE. Stt k (8) aoove . 

•. Hlgil coolallt ....... r .... ,.. w .... oper .. tI., .. t .. " .... lIlIsd ... 
On a turoo-superdnrged engine, excessively high coolant temperatures 
are recorded at high alt itudes. A loss in coolant is noted when the air-
plane returns to the ground. A fter the coola.nt system has been repltn-
ished, a thorough ground check reveals satisfactory operation on the 
ground, but reptition of the trouble is reported after the next fl ight . . 
(1 ) CONTINUED OPERATION AT HIGH ALTITUDES. A loss 
of coolant may occur because ethylene glycol will ooil at lower 
tures at ext remely high altitudes. 
(2) LEAKS I N .S YSTEM. Because of the higher pressures in the 
line and the lower pressures at high altitudes, some connections may 
leak. The appearance of coolant in the vicinity of the leak will aid in 
locating it. Tighten all evnnections and replace defective hoses or 6t· 
tings. 
(3) DEFECTIVE PRESSURE RELIEF VALVE. Incorrect ad-
justment of the sniffler valve may cause the loss of coolant. Properly 
adjust the valve selling as directed in the Technical Order for the air-
plane. 

Y. E_911 .... .,1... With the controls in a fixed position, the engine 
operates as though the throttle were advanced and retarded intermittently. 
The tachometer and manifold pressure gauge reflect this fluctuation. 
( 1) DE F ECT IVE THROTTLE VALVES. Throttle valves are some-
times damaged by violent backfire. If this is the trouble, replace: the 
carhuretor. Defective or disconnected throttle linkage may be the troubk. 
Carefully examine the linkage for damage and freedom of movement 
and repair or replace any defect ive parts. 
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(2) DEFECT IVE ,MAN I FOLD PRESSURE REGULATOR. A 
ddect in the regulator will cause surging. The throttle valves wiU oscil-
late, opening and closing intennittently. If Ihis unit is defective, it must 
be replaced. 
(3) FAULTY PROPELLER GOVERNOR. Dirt or carbon in the 
oil entering the constant-speed propeJter governor may clog the small oil 
passages. A faulty governor pressure-relief val ve, dirty contact points 
(electric propeller governor ). or a galled metering valve will also cause 
faulty gO\'enlor action. If any o f these conditions are found they must 
be corrected or the governor removed and replaced. 
(4) TRAPPED AIR IN PROPELLER GOVERNOR LINES. Air 
trapped in the oil system of the propeller causes "hunting" and su rging of 
the govcnlOr. The propeller pitch will thus be constantly changing. Mov-
ing the control several times will eliminate air from the system and allow 
accurate governing and rapid response. 

w. Ullulual rou9hness. Extremely rough engine operation is ac-
rompanied by the following symptoms : an increase in cylinder head 
1t1nperatuTe; an ('rralic reading of the exhaust analyzer (movement of 
the mixture control to a leaner position fail s to show a leaner mixture 
or causes the pointer of the inst rument to move toward the richer side): 
and interm ittent puffs of dense black smok('. often accompanied by sparks 
or glowing carbon particles. The additional symptoms of knocking and 
pinging sounds and a drop in manifold pressure are noted. 
( I) LEAN MIXTURE OPE RATION. A yellowish white flame , ac-
companied by backfiring at high engine speed s. precedes the symptoms 
given aix)\'e. \ Veak or lean mixtures burn slowly. This causes engine 
temperatures to increase and reslIlts in detonation. Readjust the mixture 
control. 
(2) OPERATION ABOVE S PECI FIED U1\IITS. When the mani-
iold pressure exceeds the limits of the octane rating of the fuel, detonation 
(an explosion of the mixture) results. Operation must be within the 
limits specified for the t'ngine. 
(3) EXCESS IVE CARBU RET O R HEAT. The symptoms of this 
condition are similar to those tistl'<i in ( 1) alx)lle. They are generally 
3tt:Ompanied by an increase in carlmretor mixturc temperature or carbu-
retor air-intake temperature. Adjust the carburetor heat control to the 
l)mper posit ion. 
(4) LOW OCT AN E-RAT ING FUEL. Tn addition to producing de-
tonation, a low octane-rating fuel increases the fuet consumption appre-
ciably. Drain the fuel system and refi ll with the correct fuel. 

x. EIICJlne luddeR!Y ItopS. T he power plant "spits and sputters" 
and suddenly cuts Ollt. Prior to the fai lure, everything operated normally 
and there were no sign s of malfunction. 
(I ) NO FUEL. Service the airplane fuel tanks. 
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(Z) WATER IN SYSTEM. Water in the fuel system may cause only 
slight interruption of engine operation, but in some cases it may cause 
complete engine failure. Drain all fuel system screens and strainers. 
(3) FUEL LINES TOO NEAR EXHAUST SYSTEM. The heat of 
the exhaust system will cause the fuel to vaporize in the line, thus re-
stricting the fuel flow. 
(4) SHARP BENDS IN LINE. Sharp bends are generaUy the spots 
where fuel may vaporize and fonn a vapor lock that will restrict the 
fuel flow to the carburetor. 

' (S) INSUFFICIENT COLD AIR CIRCULATION. Sufficient air 
must circulate around the engine and the fuel lines to avoid vapor-locking 
tendencies. 
(6) RESTRICTION IN LINE. See g(Z) above. 
(7) IGNITION DEFECTS. It is unusual for both magnetos to be-
come defective at one time. An ignition defect would have to occur at 
a point where both magnetos could become inoperative. Check the igni-
tion switch and the ground leads. Trouble shoot in the ignition only after 
the above possibilities are eliminated. (See ac(S) below.) 

y. laclrArl .. HIre ••• urb., .hr. It was reported that continual 
backfiring through the carburetor, abnormal vibration, and an increase 
in engine temperature interfere with engine operation during flight. When 
the engine was ground checked, the same symptoms plus 
bursts of flames in the carburetor intake were present. This condition 
is similar to backfiring experienced when starting a cold engine. If 
trouble of this nature is allowed to occur repeatedly, it may result in 
serious fire hazard and engine failure. 
(1) LEAN MIXTURES. Because of its slower rate of burning, a lean 
charge may continue to burn after the intake valve opens. This will 
set fire to the incoming charge before it enters the combustion chamber 
and thus cause exploding back through the carburetor. 
(2) INSUFFICIENT FUEL DISCHARGED FROM CARBURE-
TOR NOZZLE. Insufficient supply or low fuel pressure is the same as 
a lean mixture. The reaction is also the same. (See (I ) above.) 
(3) DEFECTIVE OR EARLY IGNITION TIMING. When a de-
fect occurs in the ignition system that permits the spark to reach the 
charge at a time whcn the intake valve is open, the mixture is ignited, 
causing an explosion through the intake manifold. If this is the trouble, 
the engine must be retimed.. 
(4 ) I NTAKE VALVE NOT CLOSED COMPLETELY. Perfect 
closing of the intake valve is necessary .to maintain proper compression 
pressure and power. When this valve does not close completely, the hot 
burning charge is pennitted to escape into the intake manifold. This 
ignites the fuel particles there. Some of the causes of a fauJty intake 
valve are warped, sticking, or gummed valve stems, worn and pitted .. 0.., II""" 
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,'<live scats and valve faces, embedded carbon pilrticles, foreign particles 
hetween the valve face and scat, and insufficient ckarance betwccn the 
rocker arm and valve stem. 
(5) EXHA UST VALVE O PENS LAT E AND CLOSES EARLY. 
When this condition exists, all of the hot exhaust l,'ascs camHlt escape. 
The carbon dioxide in the exhaust gases left in the combust ioll l'hamher 
mixes wi th the fresh charge, thus crcating a slower burning mixture. 
To remedy this condition, adjust the valve clearances. 
(6) INCORRECT VALVE TIMI NG. It is not very likely that the 
vake timing order may change once it is sct at overhaul. \Vlwn an 
engine is not properly operated and suffers intensc ha.ckfires, it is 
that correct valve timing may be changed hecause of extremely high 
pressures exerted on the engine. If this condition exists, all engine 
change should be recommended. 

L lackfirhtg fflrouCJIt exhaust. Continual backfiring interferes with 
normal engine and increases in engine tClll lX"rature aH' ('\'i<lent. 
The condition was reported as occurring during flight and prevail s at a 
ground check. This condition may be more noticeable when the throttle 
is retarded suddenly. 
( I) MIXTURE TOO LEAN. A weak or lean mixture hurns at a 
slower rate than a correct fuel-air charge. T herefore, the mixture will 
still be burning when the exhaust valve opens and the bUTlling mixture 
will escape into the collector ring. Readj ust the mixture control lever 
to ohtain a richer mixture. 
(2) ]l.fI SF fRI NG OF CYLI NDERS. If the charge in any cylinder 
is not ignited it will enter lhe collector ring and be ignited hy the hot 
exhaust gases. T his trouble is usually caused by defects in the ignition 
system. Any malfunction, which produces a weak spa rk or no spark 
resulting in partial 11IIming or no burning of the charge, can 1>0.: found 
by trouhlc shooting in the ignition system. 
(3) EX H AUST VALV E CLEARANCE INADEQUAT E. When 
too little clearance is provided between the rocker arm and the valve 
stem, the exhaust valve is held open, permitting the bUTIling" miXluH' 
10 escape into the exhaust manifold. Olet:k the valve clearances and 
adjust them as specified ill Technical Orders. 
(4) LATE IGNITION TI MING. Late timing or retanhl spark 
means that the spark to ignite the mixture occurs after the time. 
1£ this spark is delivered as the exhaust valve opens, combustion will 
occur in the t;xhaust collector ring. Olttk the ignition timing ami mah> 
the necess,1ry adj ustments. 
(5) DEF ECT rVE VALVE S PRI NGS. If the exhaust val v{' springs 
become weak or brokcn from heat and use, part o f thc charge i" allowed 
to escape into the exhaust. because the valve is not drawn tightly on its 
seat. Report this condition to the engineering officer. 
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(6) EXHAUST VALVE LEAKAGE. Leakage through the exhaust 
port may be due to sticking or gummed valve guides, warped valve stems. 
pitted, worn, and improper valve. seats, or embedded foreign particles 
between the valve seat and valve face. If any of these troubles are 
present, the valve wiil not sea] the burning charge in the cylinder. Che<:k 
the compression of each cylinder and report the information to the local 
authority. 
(7) INCORRECf VALVE TIMING. See y(6) aPove. 
(8) MECHANICAL OR STRUCTURAL DEFECfS. A broken 
impeller will be indicated by noises and low manifold pressure. A slip-
ping drive clutcn is indicated by a low reading on the manifold pressure 
gauge. An engine change will be recommended by local authority . 

••. 0,.,..110. ro., •• t fdO •• speed. At ground run-up, power 
plant operation is found to be rough at idlin.g speeds. There are no 
signs of backfire or "popping hack" in the carburetor or exhaust. The 
roughness disappears at higher speeds. All temperature and pressure 
gauges record normal readings. A che<:k indicates satisfactory 
operation at higher speeds. 
( I ) IMPROPER SETTING OF IDLE MIXTURE (IDLE S PEED) 
ADJUSTMENT. Movement of this adjustment controls the mixture 
for idling speeds only. Turn the adjustment in the dire<:tion which per' 
mits more fuel to the carburetor, and note whether this improves run· 
ning conditions. If so, move the adjustment one more notch toward the 
rich side ; if not, revers·e the direction of the adjustment until smooth 
running is obtained. This adjustment must be made the engine is 
wann. 
(2) DEFECfIVE INTAKE MANIFOLD. Any leak in the induc-
tion manifold causes rough operation and high engine temperatures be-
cause the mixture is made lean. ( See a(3 ) above.) 
(3) THRO TTI.E VALVE CLOSING T OO FAR. The throttle 
valve is never entirely closed when the throttle is in the full retarded p0-
sition. When the cockpit control lever is completely retarded the throttle 
valve stop is so adjusted that a small quantity of air will enter the in-
duction system and engine will idle evenly. 
(4) IMPROPER VALVE CLEARAN CES. If the valves are ad-
justed to open too soon or too late, the engine will not absorb the full 
power of the charge because some of it will escape. Also, if part of 
the charge remains, it will affe<:t the combustion process. Adjust tk 
valve clearances. 
(5 ) POOR COMPRES SION. Poor compression may cause the en-
gine to "jerk" at low speeds. I f this trouble is present, it may be im-
possible to get smooth running with any fuel-air mixture. Check the 
pressure (with a compression gauge) of each individual cylinder and 
report the findings to the engineering officer in charge. 
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ab_ Ea9'" 0IMratf •• on ORe ma,Hto. The flight' report states 
that the engine operated with a loss in power and a tendency to overheat. 
During a ground run-up, the engine operates on one magneto but stops 
when switched over to the other. The power plant is stopped in order to 
avoid further danger of overheating and detonation. Because the mal-
function affects all cylinders, it is classified as general and therefore exists 
somewhere between the distributor and the inoperative magneto. 
( I ) DEFECTIVE GROUND LEAD. If the insulation of the lead 
Ilttomes burned or chafed and the lead makes contact with the airplane 
structure, the magneto will he grounded. The lead may be che<:ked by 
disconne<:ting the ground connection and operating the engine. If it 
runs satisfactorily, install a new ground lead . 
(2) POINTS NOT CORR ECTLY ADJUSTED. If the magneto C{Jn-
tact points are set so that they do not open or so that they do not close, there 
will be no spark at the spark plugs. Adjust the contact points. 
(3) WORN OR PITTED BREAKER POINTS. The contact points are 
made of platinum and do not oxidize easily. However, heat produced by 
arcing between the points will eventually cause pitting. If the contacts 
are excessively pitted or worn, in some instances remove and replace the 
magneto and in other cases they may be either replaced or properly dressed 
according to specific directions stated in 'technical Orders. 
(4) OIL ON CONTACT POINTS. A fil m of oil on the breaker assem-
bly and points provides a path for the current to follow to ground. It will 
also bUnling o f the contact points. Never overlubricate the magneto 
or these troubles will occur. Remove the excess oil wi th a flexible cleaner 
(a common pipe cleaener is ideal) . 
(5) DEFECTIVE BREAKER ASSEMBLY. A shorted or grounded 
breaker assembly or contact points will make the magneto inoperative. 
Consult the applicable Technical Order for the proper maintenance. 
(6) DEFEctIVE CONDENSER. A grounded or shorted condenser 
affords the current a low resistance path to ground. T his condition lIIay 
be checked by removing the condo:nser and attempting to operate the engine. 
r f the engine operates and there is excessive arcing at the points. install a 
new condenser. 
(7) DEFECTIVE DISTRIBUTOR. A cracked or faulty distributor 
assembly permits carbon. dust, grease, and moisture to collect in the cracks, 
thus short-circuiting the high-tension current. Replace all defe<:tive parts. 
(8) DEFEcrrvE COI L. The insulation of the coil may in time break 
down because of excessive heat or high voltage. \Vhen the spark plug gap 
is too wide, an high voltage is required to jump the gap because 
of the greater resistance. I f the gap is wide enough, the spark may arc 
through the insulation instead of jumping the spark plug gap. Replace the 
coil if it is found to be defe<:tive. 
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(9) DEFECTIVE SWITCH. A contact grounding one n-w.gneto may 
be defective. Disconnect the ground lead at the switch and attempt to 
operate the engine. If the engine operates, replace the switch or ground 
lead connection. 
(10) MECHANICAL DEFECfS. Mechanical defects may exist in such 
forms as worn or frozen bearings, a worn cam follower, annature out of 
round, loose screws, etc. If any of these conditions exist, remove and 
replace the magneto . 

• c. MI.lrI-t .t .1, .... 1 ... p ...... iIIy. Misfiring is present 
in all cylinders. Occasional "spits and sputters" are noticeable. Inter-
mittent knocks or "pinging" noises are heard when the mechanic stands 
very close to the engine. A loss in speed and power accompanies rapidly 
rising engine temperatures. . 
(1) LEAN MIXTURE OPERATION. S« well above. 
(2) IMPROPER GRAl)E OF FUEL. Seew(4) above. 
(3) RESTRICTED FUEL FLOW. A restriction in the line beyond the 
fuel pressure gauge take-off affects normal flow of fuel from the discharge 
nozzle, and yet will not affect the fuel pressure gauge reading. Disconnect 
the fuel line at the carburetor, start the booster pump (or wobble pump), 
and check the fuel flow. Inspect the main-line strainer and if dirt and for-
eign materials are evident, the whole system must be cleaned and flushed. 
(4) IMPROPER SPARK GAP CLEARANCE. The mis-
lance between the eledrodes increases as the pressure in the combustion 
chamber increases. I f the gap clearance is too great the resistance may 
reach a value (during operation at high speeds) which will cause misfiring. 
Remove the plugs and regap. Defective plugs must be replaced. 
(5) IGNITION DEFECfS. If the trouble is not caused by any of 
the foregoing possibilities, check the ignition system. Examine the igni-
tion harness for deterioration, inspect the distributor for cracks, check 
the coil by replacing it with one known to operate satisfactorily, and 
examine the contact points for proper adjustment. Repair or replace any 
parts found to be defective. If the contact points are found to be badly 
pitted, replace the magneto . 

.... I ... btllty to .bt.l .. t." 0« rpm. During ground run-up, it 
is impossible to obtain take-off rpm even though the propeller cockpit 
control is in the FULL LOW PITCH position and the ·throttle lever is 
in FULL OPEN position. The engine is operating smoothly. 
(I) THROTTLE VALVE LINKAGE DEFECTIVE OR our OF 
AD Check the throttle linkage for movement, and check 
the positions of the cockpit lever against corresponding positions of the 
butterfly valves. Make any necessary adjustments. 
(2) EXTERNAL CONDITIONS. The full-throttle speed of an en-
gine may vary under different atmospheric conditions. The plane's p>Si. 
tion on the ground in relation to wind direct ion will affect engine speed. 
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The airplane should be headed into the wind during al1 ground operation. 
(3) CONST ANT-S PEED GOVERNOR OUT OF ADJUSTMENT. 
When the constant-speed unit is governing at an rpm lower than that 
which must be obtained for take-off, it s action does not permit the pro-
pel1er blades to move to their LOW P ITCH position. To correct this 
condition, stop the engine and readjust the adjustable take-off rpm stop 
to give a higher rpm. In general, the LOW PITCH limits should be 
such that, with the propeller governor control in FULL LOW PITCH 
and the throttle FULL OPEN, the engine rpm wil1 be that specified for 
take-off, 

ae. Excessive take.aff rpm. Prior to take-off, with the propel1er 
control in its LOW PITCH position and the throttle wide open, more 
than take-off speed is obtained. 

IMPROPER SETTING OF CONST ANT-SPEED GOVERNOR. 
The improper setting allows a higher take-ofF rpm than is specified. T o 
correct this condition, pull the governor control lever slowly hack until 
the tachometer indicat es take-off rpm, then stop the engine. \\l ithout 
disturbing the cockpit control lever, fix the adjustable stop at the constant-
speW governor to limit the rotat ion of the control shaft to this exact JXlsi-
tion. Then readjust the linkage so that the cockpit control lever is 
approximately 1JB inch from its ful1 forward position when the pin on the 
pulley is against the stop. 

at. Rough operation and abnormal vlbratlo.. T his condition is 
present at al1 speeds, but is more pronounced at high rpm. All other 
conditions are nonl1;d and no signs of misfiring are present at any speed. 
(I ) PROPELLER VIBRATION. If the propeller is "out of track." 
ahnormal engine vibrat ion will be created. Check the propeller. If any 
blade is "out of track" more than the specified amount. replace the com-

unit. 
(2) LOOSE MOUNTING. or loose mounting bolts and worn 
rubber shock absorbers may cause erratic operation. The engine is 
milled some freedolll of oscillation, but it is limited depending on the type 
of instal1ation. Tighten any loose mounting bolts. E xamine the rubber 
absorhers for deterioration and replace when necessary. 
(3) ENGINE MECHANI CAL DEFECTS. A bent crankshaft or 
other mechanical defect which creates an unbalanced condit ion in the mov-
ing parts will necessarily mean an engine overhaul. Report the condition 
to the local authority. 

ag. Ellqlne falls to acc.l.rate prop.rly. When the throttle is 
moved quickly forward. the engine is slow in "picking up" speed, but with 
slow throttle movement, the engine operates satisfactorily at any desired 
'Pm. 
II) FAULTY CARBURETOR LI NKAGE. Faulty linkage may not 
allow the unit to travel freely and prollide the necessary fuel needed for 
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quick acceleration. Examine the linkage for binding and slipping. 
Replace ddt.,<:t ive units and lubricate thc bearings. 
(2) DEFECfIVE ACCELERATING PUMP. The carburetor ac· 
celerating pump may not be adjusted to give thc required full tra'·cl. A 
restriction of the fuel inlet to the accelerating pump may also cause this 
trouble. Replace the carburetor when either condition is evident. 
(3) DEFECfIVE REGULATOR UNIT. Leaks into the air chambtr 
of the regulator unit may be found by removing the drain plug at the 
bottom of the chamber. If fuel seepage is present, the complete carburetor 
unit must be replaced. 
(4) CLOGGED AIR SCOOP. Birds and other foreign objects some· 
times obstruct the opening in the scoop. This results in restricted air 
now. Remove any foreign material which has collected on the air scoop 
screen or the carburetor intake screen . 

• h. Failure to develop hili power ',ho, II, "fler It"rtf... Heavy 
clouds of black smoke and occasional bursts of red flame are noticeable 
from the exhaust. Engine operation is sluggish and the engine shows 
signs of "choking up." All temperature and pressure gauges indicate 
normal readings. 
( 1) MIXTURE TOO RICH. An ovenich mixture contains insufficient 
oxygen to promote complete combustion. Readjustment of the mixture 
control will correct the situation. 
(2) ENGINE TOO COLD. Heat is necessary to aid in the vaporization 
of fuel and to cause the engine parts to expand to their proper clearances. 
All cooling system units should be inspected for proper condition and 
operat iun. 
(3) FUEL LEAKING FROM CARBURETOR. If the engine is 
equipped with a float type carburetor, a leaky float or faulty seating of the 
needle valve will cause a flooded condition. Remove and inspect the float. 
Consult the applicable Technical Order when float repairs arc necessary. 
Examine the needle valve for proper seating and reseat if necessary. 

a1. MlsArl1lCJ "t all eluJh .. speed.. Misfiring and abnormal vibra-
tion are noted at all engine speeds. All pressure gauges record normal 
readings but the temperature gauges indicated engine overheating. When 
the mixture control lever is moved. it has no effect on the condition ex-
cept for a greater degree of misfiring as the control is moved toward 
LEAN. The operation check of each magneto does not reveal any 
changes in the symptoms which may aid in localizing the trouble. 
(I) DEFECTIVE SPARK PLUGS. A weak spark will result in a 
retarded burning of the mixture. No spark allows the unburned fuel to 
explode in the collector ring. (See z(2) above.) Examine the spark 
plugs for condition and reset to proper gap clearances. Defective plugs 
must be replaced. 
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(2) FAULTY IGNITION HARNESS. Arcing frum the igni tioll 
harness to Ihe ground ("spark leak") will keep Ihe high-tension cu rrent 

m reaching the spark plugs. This is due to the rubber insulation on 
, e cables becoming old, hardened, and porous. Atmospheric: dampness 
d moisture are likely to produce the same reaction. Replace all de-

teriorated leads. 
DEFECTIVE MAGNETO COIL. See ab(8) above. 

(4) CRACKED DISTRIBUTOR. See ab(7 ) above. 
DEFECTIVE BREAKER CONTACT POI NT S. Contact points 

.h" be kept clean and free from pits and bums in order to avoid 
resistance to the flow of current. Examine the contact points for 
adjustment and readjust if necessary. 

MECHAN ICAL DEFECTS. Sticking valves which cause a lag-
action, despite the pull of the spring, may be dlle to lack of lubrica-
carbon deposit on the stem, warpage. or bending of the stems. Loss 

in compression may result from loosely mounted spark plugs. A cracked 
cylinder or piston are other possibilities. 

III. E •• I ... operllfes rouqhly at hlq. speeds. Engine operation 
at high altitudes and at high power output is reported to be abnormally 
rough. The engine is found to operate satisfactorily at lower speeds. 

und run-up reveals that all pressure and temperature gauges give 
rmal readings. Operation at low and medium engine speeds is salis-• 

factory. At maximum permissible rpm and manifold pressure, the en-
. e shows signs of misfiring intermittently. 

( I) DEFECTIVE SPARK PLUGS. Too wide a spark plug gap will 
, allow the engine to operate satisfactorily at low and medium speeds, but 
,:use of the added resistance induced by the higher pressure, rough 

ing will result at high speeds. (See a;( I ) above.) 
(2) DETERIORATEO IGNITION WIRING. See a;(2) above. 
(3) DEFECTIVE DISTRIB UTOR. Minute cracks in the distributor 
may allow high-tension currcnt to "leak" only when the engine is oper-
ilting at high power output. To check the distributor. replace it with one 

Ilmown to operate satisfactorily and recheck engine operation . 
• t. Loss I. power .. d speed. The engine suddenly loses speed 

and "sputters" during flight. Carburetor mixture records O°c. Exhaust 
characteristics are normal. 
( l ) CARBURETOR ICING. Ice will often form in the carburetor 
and cause the engine to lose rpm. l ee formation has the same effect as 
suddenly dosing the throttle and choking the engine. This condition can 
be corrected by careful application of carburetor air heat. (See par. 
4g.) 
(2) DEFECTIVE IGNITION HARNESS. See ai(2) above. 
(3) STICKING VALVES. Overheating an engine by operating it 
above the spe<:ified limits may cause warping, binding, and sticking of 
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the valve stems in the guides. Excessive heat also causes the valve stems 
to become coated with caroon and thus a "gummed up" condi-
tion. Report the condition to the local authority. 

al. Failure to denlop f.1I power. During operation, operating 
conditions are nonnal for 'the power and speed obtained. However, for-
ward movement of the throttle lever does not effect an increase in engine 
speed. 
(I ) DEFECTIVE THROTTLE LINKAGE. Faulty linkage will not 
allow full opening of the butterfly valves. Examine the control linkage 
thoroughly and repair or replace any damaged or defective parts. Most 
recent types of airplanes incorporate an automatic device which will set 
the throttle valve at a predetermined position in case of complete failure 
of the throttle control linkage. 
(2) CLOGGED AIR SCOOP. See ag(4) above. 

am. nrottle lticll.,. A tendency of the throttle to stick is noticed 
when the ai r temperature is around O°c. (32°F.) and the relative humidity 
is high. The engine begins to operate roughly and there is a drop in 
manifold pressure. 
( I ) THROTTLE ICING. Ice formation in the adapter at the ,fuel 
nozzle or on the butterfly valves will restrict the movement of the throttle. 
If ice is fanning in the carburetor, an indication of low temperature on 
the air or mixture thermometer will accompany the foregoing symptoms, 
Icing is eliminated by proper application of carburetor air heat or alcohol 
de-icing, (See par. 4g.) 
(2) DEFECTIVE THROTTLE LINKAGE. Check the units of the 
throttle linkage 10 be SU fe that full movement of the controls in the cockpit 
results in full movenlent of the butterfly valves. Remove and replace 
any faulty unit and lubricate the bearings to insure free movement . 

• n. Steady 'Jr.y Imoke lit ea. II om ena .. st. During operation 
of an engine a light bluish gray (or white) smoke accompanied by a dis-
tinctive odor of burning oil is present. A check o f the flight report 
reveals that the pilot noted a gradual decrease in oil pressure accompanied 
by a steady increase in engine temperature. The engine's Maintenance 
Inspection record shows that the rate of oil consumption has gradually 
increased since last overhaul. 
(I) JNCORRECf GRADE OF OIL. Oil of a low viscosity will easily 

around the rings and into the combustion chamber. In addition, a 
Inw grade of oil will usually have a low fla:;h point. (See k (3) above.) 
(2) WORN PISTON RI NGS. When the piston ring expansion force 
becomes insufficient to hold the ring firmly against the cylinder wall, 
oil will pass between the cylinder wall and the worn ring. To check the 
condition of the rings, pull the propeller through and observe the "feel" 
of compression. This will give an approximate indication of the condition. 
An accurate pressure reading may be obtained by installing a compression 

, 
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the spark plug hole. Overhaul is necessary to remedy this 

CONNECTING ROD nEARINGS. I.oose and WOfll 

permit an excessive amount of oil to be sprayed on the cylinder 
The piston rings wilJ not return all of the oil to the seavenging 
therefore much of it will be swept into the combustion chamber 

TEMPERATURE TOO HIGH. Any condition which p<'r-
engine temp<'rature to increase will nonnally be indicated by the 

When an overheated condition exists, the sealing ability of 
reduced, because heated oil becomes thin. Check the entire 

and eliminate all defeets. 
OIL PRESSURE. High oil pressure causes a large 

to be splashed and sprayed on the cylinder walls. (Sec 
To correct this condition, adjust the relief valve to main-

specified pressure recommended for the particular engine. Thi s 
must be made when the engine and oil are at normal operating 

Consult the Technical Order for the engine for specific 
concerning the oil pressure relief valve 

SCAVENGING SYSTEM. Too much oil in the 
"" allows an excessive amount of oil to be thrown on the cylinder 

therefore increases the amount of oil that seeps into the com-
chamber. Examine the oil in the lank: if it is found to 1)(' 
with excess foam, there is probably some defect in the scavenging 

Correct any defect in the external portion of the system. In· 
defects will necessitate an engine change. 

See k(6) above. 
SUPERCHARGER OIL SEALS. A faulty super· 

pennits the oil of the lubrication system to seep into the 
and be mixed with the fuel-air charge. Engine overhaul is 
remedy this condition. 

SUPERCHARGER VENT. If the supercharger vent 
(on one type of. engine ) is clogged, oil will be forced through the 

ercharger seal and into the supercharger and the induction system. 
ck the supercharger vent by blowing through it. If air docs not pass 
lugh it freely, remove some of the packing wool until free air passage 
.sured. 
) PISTON RING S INCORRECTLY IN STALLED. If the wiper 
's are inverted on the piston during assembly, oil from the cylinder 
I will be forced upward into the combustion chamber. Oil system 
;sure may remain normal until the supply becomes insufficient. 
o. Heavy black 'Moke frOM •• halld. Rich mixtures are indi-
d by heavy puffs of black smoke, a dark red flame coming out of the 
aust stacks, and an odor of Taw fuel. (See fig. 14.) (On installations 
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equipped with a collector ring there may be an absence of the red flame. 
This condition is accompanictl. by uneven operation, "galloping" 0 , 
"loping" of the engine, a loss in power, and an eventual increas e in fue 
consumption. Overheating will usually occur only when the power i 
considerably reduced. 
( 1) MIXTURE CONTROL SETTING TOO RICH. Operation 0 

the airplane at high altitude with mixture control set in FULL RICH 
position creates an overly rich mixture because the air is less dense than 
at sea level. Readjust the mixture control for a leaner mixture. 
(2) PARTIALLY CLOGGED INDUCTION MANIFOLD. 
sivdy rich mixtures are present because the air Row is restricted 
sufficient air cannot enter the system. 

Exces-
so that 

(3) PRIMER PUMP IN "ON" ·POSITION OR . LEAKING. A, 
unlocked priming pump allows fuel to be drawn into the combustion cham-
ber during the downward movement of the pi stons. Be certain that the 
pump is placed in the OFF position during engine operation_ In case 
of leaks, check the pump packing and the locking mechanism. Jf found 
defective, replace the pump. 
(4) FUEL PRESSURE TOO HIGH. In addition to the symptoms 
stated, if the fuel pressure gauge functions properly. an indication 0 

excessive pressure will be shown on the gauge. In case of a defective 
instrument and maladjusted relief valve, replace the instrument and ad-
just the relief valve to obtain desired pressure. 
(5) MECHANICAL DEFECtS. Some mechanical defects that ma.l· 
also cause this trouble are; economizer set to open too early, Roat lel·ej 
too high, jets too l:,!rge, and air bleeds too small or dogged. Any trouble 
of this nature will allow too much fuel to Row into the induction system. 
If any of the foregoing troubles are found. replace the carburetor . 

• p. Low 'Iolta.e readln.. The engine is operating at the rated 
rpm but the voltage is below the desired amount. The generator main 
line switch is in the OFF position, and temperature and pressure indica-
tions are normal. 
( 1) WOSE OR DIRTY CONNECTIONS. Poor connections add 
resistance to the circuit and thus cause a voltage drop. All connections 
must be dean and sufficiently tight to insure good contact. 
(2) FAULTY VOLTAGE REGULATOR. Check the generator volt-
age output. Place the generator main-line switch in the OFF position 
and remove the voltage regulator from the mounting base. Connect the 
power terminal (the lead from the annature-marked A on some types of 
generators, B on other types) to the field tenninal (F + or A). Increase 
the generator speed slowly and watch the voltmeter on the inst 
panel. I f the voltage builds up to approximately the desired voltage with 
the engine speed less than rated rpm, the generator is satisfactory and 
the regulator should be checked. Decrease the speed, remove the test 
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lead between the two terminals, install and adjust the voltage regulator 
as specified in TcehnicaJ O rders, or replace the unit. 
(3) BI NDI NG BRUS H ES. Brushes should move freely in their 
holders. Remove and d ean binding brushes, preferably with an unleaded 
fuel. 
(4 ) LOW BRUSH S PRI NG TENSIO N. Bmsh springs becomc 
weakened with age and use. A spring balance is used to check the 
springs. (See fig. 79.) Adjust spring tension to the proper selling as 

BAUSH SPAINO 
MUST NOT BE 
RAISED ABOVE 
THE TOP OF THE 
BAUSH HOI..OER 
DUAING 

SCALE 

• 

!PAINO 

HOLDfA 

given in Technical Orders. If readjlls111lCllt is not possible, replace the 
generator. 
(5) WORN-OUT BR US HES. If brushes arc found to be wonl to 
less than the minimum allowable length. they must be replaced. To seal 
la new generator bmsh against the COll1mutator. insert a piece of No. 000 
sandpaper or 7-0 garnet paper (do not lise emery cloth ) between the 
brush and the commutator (with the sanded side next to the brush). 
Pull the sandpapeT in the di rection of rotation. being careful Ihat it is 
kept against the su rface o f the commutator. Repeat the operation until 
the brush is seated. BIOI\" dust out with compressed air. 
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(6) DIRTY OR DEFECTIVE COMMUTATOR. When the 
mutator is found to be rough or dirty, clean and smooth with No. 
sandpaper, and blow the dust out with compressed air. If the 

• mutator is badly scored or eccentric, remove and replace the generat 
(7) WRONG OR FAULTY CONNECTIONS. Check the exte 
circuit between the generator, the control and the volt""1 
against a diagram of the airplane's electrical circuit, being certain 
all leads are properly connected to the correct tenninals. 
(8) BROKEN OR DISCONNECTED LEADS. Check all leads 
tween the generator, the control pand, and the voltmeter. If defecti 
restore them to the proper condition. 
(9) FAULTY OR DAMAGED VOLTMETER. Check the read' 
and lightly tap the glass with the finger tips if pointer shows indica . 
of sticking. To check the instrument, replace it with one known to f 
tion correctly. If a test voltmeter is available, connect one lead to 
power (annature) tenninal (A+ or B) on the regulator and at 
the other lead to the ground. If voltage is indicated it shows that 
generator is operating satisfactorily and indicates a defective instru 
on the panel. Replace the unit. 
(10) INTERNAL DEFECTS OF GENERATOR. If the gene 
has an internal defect not listed in the foregoing paragraphs it must 
replaced. 

aq. Zero I.dleatloa o. volten.hr. The engine is operating 
rated rpm but no voltage is indicated on the voltmeter. The genen 
main-line switch is in the OFF position. Normal readings are reco 
by the other instruments. 
( I ) LOSS OF RESIDUAL MAGNETISM. Leave the gentn 
main-line switch in the OFF position and remove the voltage regula 
from the mounting base. Remove the connector plug at the genen 
Place one lead of a. test voltmeter on the armature tenninal of the 
erator (marked B on some types of gener.ators and A+ on othe 
Attach the other test lead to the ground tenninal E or A-. A read' 
of to 2 volts should be obtained. If the foregoing reading is not 
tained, the cause may be due to a loss of residual magnetism and it 
be necessary to flash the field of the generator. If the generator 
peatedly loses its residual magnetism, replace the generator. 
(2) All troubles, causes, and remedies listed in as above are 

ar. Exce .. lv. voltm.ter readl_.. A warm-up check at rated 
reveals an excessive reading on the voltmeter although engine openr' 
is normal. (Excessive voltage is not caused by a. defective genent 
but it does result from a maladjusted or defective voltage regulator.) 
(1) VOLTAGE REGULATOR NOT PROPERLY ADJUSTE 
The voltage regulator automatically regulates the voltage by control!' 
the amount of resistance inserted into the field circuit of the genera 
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To adjust the regulator, place the generator main-line switch in the OFF 
position so that the adjustment is made at "no load" (no electrical units 
operating). Connect a preci.rimt. test fIOltmeter in the circuit as directed 
in the Technical Order. For some types of regulators the engine must 
be operated for a definite length of time in order to allow for the warm-
ing up of the unit. Set the engine throttle to obtain approximately rated 
rpm. Then check .the voltage reading and procttd to set the voltage 
regulator adjustment (follow directions as specified in Technical Orders) 
to obtain a reading of 14.25 volts for a 12-volt .system or 28 volts for a 
24-volt system. Reduce the speed of the engine and then raise it to rated 
rpm and note the reading on the voltmeter. The indication should re- , 
main constant at any speed after that voltage is reached. Except in an 
emergency. the voltmeter located on the generator instrument panel of 
the airplane should ne.er be used to adjust the regulator because it is 
only put on the pand to indicate that the generator is producing voltage. 
(2) SHORT CIRCUIT BETWEEN ARMATURE AND FIELD 
TERMINALS. An internal short circuit between these terminals or a 
short between the two wires will allow the current to flow directly 
through the fidd coil instead of following the nonnal path through the 
regulator coil and the resistor. This increases the field strength and 
results in an excessive voltage output. A continuity tester cannot be 
used to check for an internal short in the generator between the fidd 
positive A or F + and the generator positive. B or A +. since both the 
annature and the field are connected together inside the generator. Shut 
off the engine, remove the voltage regulator, and remove the cannon 
plug. Using a continuity tester, check for shorts between the positive 
field and armature positive leads from the generator cannon plug to the 
voltage regulators. Replace aU defective leads. (If an ohmmeter is 
available, ch(Ck the resistance of the internal circuit between the field 
positive and the generator positive. Consult Technical Orders for the 
specified resistance. Replace the generator if the check reveals internal 
generator trouble.) 
(3) FAULTY VOLTAGE REGULATOR. See ap(2) above. 
(4) DEFECTIVE I NSTRUMENT PANEL VOLTMETER. See 
ap(9) above, 

al. "ye ... tI", yol ....... r ••• dle. The generator is operating at 
rated rpm and generator main-line switch is in the OFF position. All 
instruments record normal or desired reading with the exception of the 
voltmeter, which fluctuates excessively. 
(1) FAULTY CONNECTIONS. Engine vibration will cause loose 
connections to vibrate. This causes variations in the resistance in the 
system, thereby causing the voltmeter needle to fluctuate. Tighten all 
loose connections. 
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(2) ARCING AT BRUSHES. When this condition exists, the prob-
able causes listed in ax below should be checked. 

at. Off.scale reading on yoltm.ter. The generator is operating 
at the rated rpm, but the voltmeter needle moves in the wrong direction. 
Engine operation is nannal. 

POLARITY OF GENERATOR IS REVERSED. If the polarity 
of the generator is reversed, the direction of current flow through the 
voltmeter will be reversed. This will cause the rieedle to move in the 
wrong direction. 

all. Generator ItOt chaNjl1M) battery. An inspection after flight 
reveals that the battery is not maintained at its full state of charge. 
It is known that the generator main-line switch was in the ON position 
during flight. 
(1) ELECTROLYTE LOW. The liquid content of the battery should 
be about % inch above the lop of the plates. Drinkable waler may be 
added to the battery if distilled water is not available. 
(2) DEFECfIVE BATTERY TERMINAL CONNECTIONS. Bat-
tery terminals must be kept clean and free from corrosion. The greenish 
white growth so often found on the terminals is usually due to acid 
leakage, caused by overfilling of one or more cells. Corrosion may be 
removed by using a solution of baking soda or diluted ammonia. Apply 
a light coat of vaseline or petroleum to retard further corrosion. 
(3) REVERSE-CURRENT RELAY POINTS OUT OF ADJUST. 
MENT. If the relay points cannot close, the line remains open and the 
generator is unable to charge the battery. Make the correct adjustment 
by following the directions given in the Technical Order for the installa-
tion. 
(4) DAMAGED OR V·/ORN -OUT BATTERY. Examine the exter· 
nal surface of the battery 
the electrolyte to escape. 
replaced. 

for cracks. defects, etc., which would allow 
A damaged or worn-out battery must be 

avo Excessive arcillCJ at CJe ... rator brus. es. The generator is 
operated at or lIear maximum output. Kfter removal of the cover plate, 
it is noted that excessive arcing is present between the .brushes and the 
commutator. 
( 1) POOR CONNECTIONS. Faulty electrical connections sometimes 
leave the evidence of arcing in the form of burned and pitted commutator 
bars. Examine all connections. Correct all defectiye external connec-
tions. If defective internal connections in the generator are evident, 
replace the generator. 
(2) BRUSHES WORN TOO SHORT. When the brushes are too 
short to be held against the commutator, a gap is provided across which 
a spark will jump. (See apeS) above.) 
(3) BINDI NG BRUSHES. See ap(3) above . ... 
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LOW BRUSH SPRING TENSION. 5c<'! ap(4) .. bove. The 
tension is tested by means of a spring scale. (See fig. 78.) Too 

spring tension o'n the brushes causes them to "float" and the result 
arcing that creates undesirable heat resulting in the melting of solder 

burning of the commutator. I f the spr ings cannot maintain tension, 
the generator. 

DIRTY OR DEFECT IVE COMMUTATOR. Set': ap (6) above. 
CONTROL PANEL UNITS OUT OF ADJUSTMENT. When 

rate is too high, arcing is produced betWCt:1I the brushes and 
I This often rai ses the temperature o f the commutator enough 

cause the solder to be melted and slung out. See ap(2 ) above. 
IMPROPER GEN ERATOR AND CONTROL PA NEL CON-

The voltage regulator must be correctly connected in the 
to allow the regulator to insert more or less resistance in the 

field circuit. GIeck the wiring of the cifC1.lit against the clec-
wiring diagram of the airplane electrical system. 

SHORT CIRCUIT BETWEEN ARMATURE AND FIELD 
See ar(2) above. 

aw. (ieHrator fflrowhuJ solder. A burning odor is present. After 
cowling is removed, the external su rface of the generator is found to 

hot. Upon removing the cover plate, evidence of meltt-d solder is seen 
the generator. 
EXCESSIVE ARCI NG AT BRUSHES. Sec aw above. 
AI:. Ammeter IlKtlcah' dlschrge. After fl ight, the condition of 

engine was reported satisfactory. At ground run-up in preparation 
the next flight, with the generator main-line switch in the ON posi-
, the ammeter indicated discharge only when the power plant was 

and at low speeds. _ 
REVERSE-CURRENT RELAY POI NT S STUCK. Normally the 

points are open_ \Vhen the generator is operating. the contacts t"'< and permit current to flow to the battery for charging purposes. 
the generator output is below the output of the battery. the points 

and prevent the current flowing from the battery to the generator. 
the contact points with all India oilstone, and polish the surfaces 

an Arkansas oilstone. Never use oil all the stones fo r this operation. 
the contacts with carbon tetrachloride and adjust them. If the 
does not remedy the trouble, replace the relay_ 
Propeller will not ufeaffler. On an airplane equipped with 

hydromatic propellers, a propeller was feathered during flight. 
operator, following corr«t procedure, discovered that the unfealher-

operation could not be performed. At a ground run-up check, the ;m" "'m finds the same conditions_ 
DISCHARGED BATTERY. Sufficient hattcry voltage is ncces-
to operate the feathering pump in order that full pressure may be 
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supplied to the propeller unit for unfeathering. An approximate bat 
che(;k may be made by operating other motors on the airplane. Rep 
the battery if it is in a low slate of charge. 
(2) DEFECTIVE CONTROL UNITS. Che(;k the switch by 
ne(;ting a heavy jumper across its ternlinals. If it is defe(;tive. it n: 
be replaced. Examine all leads and tenninaJs for cleanliness and 
ness. 
(3) DEFECTIVE GOVERNOR CUT-OFF VALVE. If the go .. 
nor cut-off valve is defective, it may allow auxiliary oil pressure to I I 
back through the governor into the engine oil system. If this ocq 
the auxiliary oil pump may be unable to deliver sufficient oil 
the outboard side of the piston. If the cut-off valve leaks, replace ' 
governor unit. 
(4) DEFECTIVE DISTRIBUTOR VALVE ACTION. 
spring tension at the distributor valve will restrict the movement of . 
valve unit, and thereby restrict the flow of oil to the outboard end; 
the dome. If this condition is suspected, replace the distributor va 
assembly. 
(5 ) RESTRICTION I N FEATHERING LINE. Oil lines sO[ 
times become clogged at the fittings. Remove the line and inspect 
interior for obstructions. If the trouble is caused by dirt, sludge, or otl 
foreign substances in the oil, flu sh the system and refill it with new ci 
(6) DEFECTIVE FEATHERING P UM P. A "frozen" bearing 
other defect of the pump prevents oil under pressure being supplied 
the cylinder in order that the piston may be moved inward for the 1 
feathering operation. I f this condition is suspected, remove and repli 
the pump. 
(7) DEFECTIVE FEATHERING-PUMP MOTOR. If the pili 
motor is found defective, locate the trouble. Be certain to check i 
complete system. 
(8) EXTERNAL DOME LEAK. External damage to the dome !OJ 

tion causing an oil pressure loss may usually be discOvered by visl 
inspection. Propeller un feathering is impossible when excessive leaki 
exists. Defective gaskets may be replaced by the line mechanic, but 
age requiring replacement of the dome will necessitate replacement of I 
complete propeller assembly. 
(9) I NTERNAL LEAK IN DOME. This may result from a defl 
tive piston gasket. Replacement of the propeller unit is necessary. 

ba. 5luggls .. operation durllHJ chalMJe of propeller pitch. 1 
pilot reports that the propeller reacted slugg1shly to the movement of 1 
cockpit propeller control during pitch change. A thorough ground 
reveals the same condition, although engine operation is normal. . 
(1) FAULTY GOVERNOR CONTROL CABLE. The general i 
rangement and installation of the control cable linkage is such that I 
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cable does not interfere with the other parts of the engine. When inter-
ference, broken strands, worn pulleys, or a defective or loose cable does 
not pennit proper operation of the system, propeller control 
erratic. Low tension and stretching of the cable may be caused by ab-
normal engine vibration or by interference which results in excessive 
backlash. Replace all defective units and check for fuU operation and 
freedom of movement. 
(2) AIR IN PROPELLER OIL SYSTEM. Faulty propeller opera-
tion may be caused by air in the propeller oil systelIl. Air, being com-
pressible, causes a slower action of the pitch-in changing operation. Move 
the governor control through the quadrant several times to eliminate the 
air from the system. 
(3) F AUL TY GOVERNOR RELIEF VALVE. A governor relief 
valve stuck in the open position will cause a drop in the pressure avail-
able to operate the propeller, thereby causing sluggish pitch-changing 
action. Replace the governor if the trouble is located in this unit. 
(4) STICKY PILOT VALVE OR FLY BALL. Faulty operation of 
the pilot valve or fly ball operation · will affect the sensitivity. of the 
constant-speed control and cause a delay in the correction of an "off-
speed" Check the pilot valve to see that it slides easily and 
inspect the fly balls to see that they rotate with the drive gear. The 
va1ve should also be examined to see that it is free from carbon. 
(5 ) OIL LEAKAGE. Gaskets are provided to establish a seal between 
the dome and the propeller hub. I f the dome head gasket leaks, the 
cylinder or dome will be covered with oil and it may drip from the head. 
Excessive leakage at the transfer rings when the pressure is correct will 
cause the propeller to shift normally from low pitch to high pitch, al-
though the change from high pitch to low pitch is slow. This gets worse 
as the engine oil warms up and oil becomes thin. Replace the gasket and 
properly resafety the dome. 
(6) LOW OIL PRESSURE. If this trouble occurs with a constant-
speed propeller it may be caused by a defective pump in the governor. 
Low oil preSsure in a controllable propeller may be caused by defects in 
the engine lubrication system. (See k above.) 
(7) COUNTERWEIGHT BEARING DEFECTS. On engines equip-
ped with Hamilton Standard two-position or constant-speed propellers, 
inspect the retainers and races for damage. Check the clearance between 
the counterweight brackets and the cylinders and examine the cap races 
for correct installation. If the parts are found to be defective, replace 
the propeller assembly. 

bb. 011 Ie ...... t propeller dome. During a preflight ground check 
of an engine equipped with a Hamilton Standard hydromatic propeller ___ 
the mechanic discovers that the dome, the adjacent parts of the propeller, 
and the engine are covered with engine oil. A v:ool of oil is found under 
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lhe IIOse stttioll. (Fig. 8) shows a IlIl:thotl of ckaning the engine after 
the trouble has been remedied.) 
( I) DOME NOT TIGHT. The dome may not be tight enough to 
compress the gasket into an oiltight seal. Examine the dome for looseness 
and see that all fastening devices are properly safetied. 
(2) DEFECTIVE DOME GASKET. A damaged, loose, or worn 
gasket will allow the oil to seep through. Remove and replace the gaskl't 
to correct this condition. 
(3) LOOSE DOME SEAL NUT OR BREATHER CUP. If the leak 
occurs at this point it may be easily distinguished, because the dome will 
be covered with oil and oil may drip from the head after the propeller 
stops rotaling. A tightening of the nut or cup, or replacement of the 
seal will usually correct the condition. 
26. ENGINE STOPPING DIFFICULTIES. Most of the later type en-
gines are being equipped with pressure type carburetors incorporating 
idle cut-off units. To stop an engine equipped with this type carburetor. 
set the mixture control lever in the FULL LEAN position. This will 
actuate the idle cut-off needle and restrict fuel flow to the carburetor. 
The symptoms of engine-stopping troubles are not difficul t to analyze. 
but in many cases, carelessness in handling engine controls during stopping 
is a di rect cause for the engine's failure to start. Proper operation of 
the controls and careful interpretation of the instrument readings will 
eliminate many stopping troubles . 

•. E .. I •• f.lI. to .top. When the switch is placed in the OFF 
position, there is no change in operation. Operating on either the left or 
right magneto does not affect the rpm. All other instrument indications 
are nonnal . Cockpit control levers operate satisfactorily. 
(1) BROKEN OR DISCONN ECTED GROUND LEAD. One or 
both magneto ground leads may be broken or disconnected. When thi s 
condition is present the magneto cannot be grounded by the switch. The 
engine may be stopped by placing the mixture control in the IDLE CUT-
OFF position or by placing the fuel selector valve in the OFF position. 
Check the lead and tenninal connection, and replace if found defective. 
(2) DEFECTIVE SWITCH. See paragraph 2Sab(9). 

b. Idle cut-off doe. ItOt op.rate. During the preflight operation 
chetk, the ignition switch operation is satisfactory and the engine con-
ditions are nonnal, but the engine will not stop when the mixture control 
lever is placed in IDLE CUT-OFF position. 
(1) FAULTY CONTROL LINKAGE. Check the position of the 
manual mixture control to see that the control is cOrTe<:tly positioned in 
the IDLE CUT -OFF position. Examine the linkage for binding, dis-
ronnetted parts, and for incomplete movement. Pedonn the maintenance 
required. 
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(2) MIXTURE CONTROL NEEDLE NOT SEATING PROP-
ERL Y. Remove the plug on the side of the fuel control unit, next to 
the cruise jet, and check to see if the washer seats in the IDLE CUT-
OFF position. If not, replace the carburetor, 
(3) INTERNAL CARBURETOR FAILURES. rr the trouble is 
definitely located in the carburetor, remove and replace the carburetor. 

c. Backfire throll,h carburetor at .toppl.,. When an engine 
equipped with a pressure type carburetor incorporating an IDLE CUT-
OFF unit is stopped, it backfires violently through the carburetor 'intake. 
Experience has shown that when the backfires are intense, fire is often 
present after the engine ceases to function, 
( I ) THROTTLE MOVEMENT TOO FAST, Shutting off the fuel 
and opening the throttle too suddenly allows a blast of air to enter the 
induction manifold, and momentarily create a lean mixture, The lean 
chargt': continues to burn until the valve reopens, thereby causing a back-
fire through the induction system. Experiment in stopping the engine to 
detennine satisfactory procedurt':. 
(2) OVERHEATED ENGINE, An overheated condition of the en-
gine will generally cause conditions explained in (1 ) above. It is recom-
mended that the engine be idled with the mixture control in FULL 
RICH position to decrease the engine temperature before stopping. 

d. Prior to .toppl., .•• glne "feels" as If It Is op.rati., under 
load. After the airplane (equipped with a hydromatic or electric pro-
peller) lands and is returned to the hangar line, the engine "feels" as 
if it is operating under a braking load. The rpm is low for the throttle 
setting and the manifold pressure is higher than normal. 
(I) PROPELLER IN HIGH PITCH. Check the propeller cockpit 
control to see if it is properly positioned. All hydromatic and electric 
propellers are stopped in LOW PITCH. 
(2) DEFECTIVE PROPELLER CONTROL LINKAGE, After 
Slopping the engine, examine the control linkage for binding, misalign-
ment, defective cable, or broken pulleys. Perfonn the necessary main-
tenance and check for freedom of movement. 
(3) DEFECTIVE GOVERNOR UNIT. If a defect is suspected in 
the governor unit, remove and replace the unit with one known to operate 
sa ti sfactorily, 
(4) MECHANICAL DEFECTS. Mechanical defects in the propeller 
are not necessarily frequent. If internal defects are evident or suspected. 
remove and replace the propeller. 
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Take-ofl and dimb .......... .. .......•...... . ..•...... 

Flight reports ........ ............................ ....... . 
Float type carburelOf1 .................................... . 
FI'tt-air temperature PlCe, interpretation of indications •.... 
F ' . . nctlOn clutches. control quadrant .... ..................... . 
Fuel : 

Cautions 10 prevent contamination ...................... . 
Consumption ........ . . . .... . . .................... . . .. . 
Correc::1 grade ..........• . ... . ......•. ,., ...••. , ...... . 
Handling .. .. . . .... . . ..... . .... . ..................... . 
Reservc 5uppl)' . . .. .. ... ................... . ... . . .... . 
S torage .............................................. . 
Supply ................ ..... .......................... 

Fuel-air mixture ................ . ........................ . 
Fuel filters, usc during rduelilll ......................... .. 
Fuel mixture indicators, interpretation of indie:uions .....•... 
Fuel pressure ; 

Indication durin( qine warm·up check ................ . 
Interpretat ion of cockpit pure reading .......... ... ... . 
Requirements and control . . .... .. .................... . 
Requirements fof'-

Chandler·Evans caTburetor .. . . ... ............ . ... . 
Float type carburetor .. . .... ..... , ......... . ... .. . 
Holley type carburetor . .. . . ......... ......... ... . . 
Injeetion type carburetor . ............... .... ...... . 

Fuel pressure gauge indication during engine WamJ·uP ...... . 
Fuel pressure warning-light operation ch«k ................ . 
Fue!·sclec::tor eock n1ves d tCdc: ............ . ............... . 
Fuel tank cap: 

Handling during refueli", .......... . ................. . 
Safetying ................ . .... . ...... _ .............. .. 

Gasoline. (S,... Fue!.) 
General troubles ......................................... .. 
Generator ................... . . . .. .. ...................... . 
Grease·lubricated supercrn. rgcrs .................. .. .. ..... 
Hamil ton Standard propellers, warm-up cheek .......... .... . 
Hand grip for pulling propeller through .. ........ ....... . . . 
Hand primer ... , ... ........ .. ............................ . 
Hand wobble pump ....................................... . 
Heaters ; 

Alternate ai r inlet ..... ................ ..... .. ....... .. 
Exrn.ust .... ..•......... ........ •.........•........... 
Hot spot .......................... ... ..... ..... ...... . 
Intensifier tube ................ 00 ......... . .......... . 

0 " ' , 
I IrnmeU10ll ....................................... . 

P ortable ground ..... ...... . . .. . ...................... . 
Hose grounding ......... .. ................... • ....... , •... 
Hose, refueling ...... . .............. . ........ ••• .......... 
Hydrometer. use dur ing b.attery check ....• . ....•••••...••••• ... 

, , 

.......... ..... , 66 , 66 
IZ, 13 19. 82 <,. 37. 71 
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form.tlion · .. . . . . . . . . . . . · . . . . . . . . ••• • • .. . . . . . . . . . .. . • 
19 and control. 
lilion dltd< 

carburetor . 
· . . . • • • • • · . . . • •• a t warm-up 

,ition switch. p",Aight ch«k. 
,peet.ion 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
time. After first S hours' Hying 

A £ler start ing engine 
Before starting 

· . . . . . . . 
engme 

Daily .. . . .. . · .... . 
. . . . . . . . . . 

• 
· . . . . 

Engine change · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . .. . . . 
Extent • • • · . . . . . . . . . . . . . . . . . . . . . . . . . • • • • • .... 
5().hour • • · . . . . . . . • • • • • • · . . . . . . . . . . . . . . . . . . . . ... . · . . . 
100-. 200-. 300·. 
PreAight 

hOllr . · .. . . .. . . · . . . . . . . . • • •• • · . . 
• • • • • .. . . . . . . . . . . . • • · " . . 

• .. • • • • 
• • • • ••• •• 

Procedure 
PurpOSe 
Rules 
Special 
l()..hour 

· .......... . . . • • • • •••• • • • . . 
• •••• ••••••• . . . . . · . · . . . . • •• 

25-ho\lr 
Weekly 

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • · . . . . . . . . . . . . · . . . . . . . . . . . . . . . .. .. • • • • • 
n s tatus · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

: 
starting. Check after engine 

Check during w;lnn·" p 
Check pnor to engine 
Engine 

• • • • • • • •• 
• • • • • • • · . . . . . . · .. .. . · . • • • • • 

starting . · . . . . . . . . . . . . .... · . . . 
• •• • •• · . 

Installation . • . . . . ...... 
Interpretation of indications 
Oper,ation. markings .. . . . . . . . . . . . . · . . . . . . . ... . . . . 

ploant · . . . . . ...... . •....• ..... 
• • 
••• · . . . . . . . . . . · . . . 

.. .. · . . . 
••• .. .... 
• • · . . . . 
• • .. . ... . 

••• ,ocooler 
Control 
Shutten 

ilft"prc:tation of indica tion!. · . . . . . . . . . . . . .. . . . . . 
o. starte r (alllO starter dOg) · . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

out" pressure, 
his, quadrant 
lCging. o il lines 
.m"g operation 

rel ief ya!ye. . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • • • 

· . . •• • • -· . . . . . . . . . . . . . . . . . . .. .. . . . . . . .... .. . • • · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . 
· . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . .. . . . . . 

ind ications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · ....................... .. ... ......•........ 
0, check at " 'ann-up ..... .. .. •........ . . . . . 

tcnance. (S" Specific trouble.) 
'fold preu ure: 
CMcked during engine: warm-up . . . . . . .. . . . . . • • · . . . . . · . . 

· . . During magneto check 
During propener wann-up 

· . . . . . . 
check. 

.. ......... •• · . 
• • •••• • ••••• • • • • • • • • • 
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During supercharger check ........... . .......... . . .. . 
Excessive (Su 01$0 Troubles, powu plant) .. .... .. . . . . . 
Limit du ring vohlTOl'ter ch«k ........... . ....... ... .... . 
Low ........ . . . .. . . ... . .. . . ....... . .... . . . .. .. .... ... . 

pressure gauge : 
C,eck-cd for correct indication ... ...... . ..... . .... • . .. . 
Interpretation of indications ................... •. . •. . .. 
Line, checked after engine starting .. . ...........• , ..... 

Manual Cuno, checking . . .... . .. . ...... . .......... • ........ 
Markings: 

Instrument . .. . . . .. . . . .. .. ...... . ..... ......... .. ..... . 
Manifold ..................•............ .. . . . 
Ncar fuel tank ...... . .. . .. . .... .. ... .. ..... . .... . .. . . 
Throttle .... . .............. • . . .................. . .. . .. 

Maximum permissible : 
F light conditions ........ .... .. .... •... .. .. . . . . , .. •.... 
Markings ...... . .................... • ........... .. • . .. 
Temperature ....................... • . .... ......... • ... 

Minimum permiu ible markings ... . .. . . . ....... .. . .... . . .. . 
instrument' .............. • ........... • . ..... 

Mixture control. operat ion ...... ... ............. . .. . . • .•.. . 
Mounting. engine .... . ................. . . . .... . .......... . 

Navigation instruments . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . 
Octane rating ... . .. . ..... . ... .. ... . .. .. ........ . .. . . . . ... . 
Oil. need" for lubricating ........... ... .. . ...... . .. • .... .... 
Oil·cooling control ......... . ............................. . 
Oil dilution .... .... .... ............ .. .. • ........... . . ..... 
Oil immc:rsion heater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
"0·' . " , I III =perature .... .. ....... ... .• • . ...... ...• ... .... . 
Oil pressure : 

Relief valve .. ...... .. ..........•.. ...... . .. . . .. ...... 
Relief valve adjustment ... .... ..... . ................. . 
R<:Quirements and cont rol .. . ....... . ..... ... ..... ..... . 

Oil pressure gauge: 
Check for maximum allowable tolerance ........ • ........ 
Indicati(lns during warm-up ch« k ....... . .. . . .. . . ..... . 
Interpretation of indications ... ....... . ............... . 

Oil supply, checking .... .. . . . . . .... . .......... .. .•........ 
Oil tank cap, checking .......................... • .. . . . ..... 
Oil temperature gauge: 

Indications .... . . .... .. .. . ... ........ •. .. . .. .. .•..... . . 
Interpretation of indications ...... .. .... . .. . .......... . 

Oil temperature regulators: 
Checking shutters .. .. ............ . ...... . ............ . 
Self-thawing ....................... ... ......... . ..... . 

O perating factors and their controL ...... . .. .. . . ........ : . . 
Operatioo : 

Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Markings, instrument .......... . ........... . .. ....... . 

Overdilution 

'10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . 
Dn9, II""" 
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j 'a'>IIraph 

Overheating. engine ........................ .. ...... ...... 1. 24-26 
control .................. .. ....... ......... .... 2 

OX)'gen, use in combustion.. . ............. .. .... ... . .. . . ... 4 

P art analysis ...... ........... ............ .. .......... ... . 
precautions ........... .. ...• . ............. 

Pinion shaft nut 01 automatic euno . . ........ .... ......... . 
P iston. duc to detonation . .... .. .. .. . . • ............. 
Plumbing system leaks ..................... ... ........... . 
" P . b k" oppmg ae ... . .. . . .. .... . . ........ .... ... _ .. . .... ... . 
Portable field energizer ..................... . •. ......... ... 

ground engine .... . .............. .. .... ... . 
Power : 

Increase ............ ...................... • ... .. ...... 
Loss . .. ................. ............................. . 

Power plant ........ . . ... .. ......• . ......... • •. .. . ........ 
I nstroments ................... . . . ..... . .••... ..... .... 

Precautions : 
During engine operation ........... .. .............. . .. . 
During wann-up . ........... . .. . .. ......... . . . . 
During operation of carburetor air heater .... .. . ....... . 
During refueling operation ......... ........ . ...... .... . 
Needed to dust and sand ...................... . 
Observed by main tenance personnel .................... . 

Preflight inspection . .. .... ......... . ........... • ... _ .. .... . 
Procedure ...... . .... .... .. . . .. . .......... • ... . ...... . 
Purpose 

Preheating: 
Coolant 

............... .................. .. ........... 
.............. .. .. . .. ....... .......... .. .. ..... 

Oil ... . .... ..... .. .. ....................... • • . ... . .. .. 
Preignition : 

20 
I 

18 
J 

14 

" , , 
4 
4 
I 
J 

I 
7 
4 
II 
4 
I 

13 
13 
13 , , 

Caused by heat.. .... . ................. .. . ... . 4 
Caused by improper spark plugs............. . ........... 23 
Caused by poor grade of fuel ...... .. ' ..... . ... .... ... 11. 24. 25 

Preoiling .. . .............. . .. . . ............. ........ .. .. .. 24 
Pressure : 

Fuel ..... .... . . .. ............................ . ....... . 
Oil .... ......... ..... __ ._ ... _ ........ ..... . . ..... .... . 

P r e:s tone. (Sit Ethylene glycol.) 
P rimer: 

Electric ......... ......... . .............. . .. . . .... .•... 
Hand ........... .. ......... .. ...... .. ...... _ .... ..... . 

P riming: 
Engine .............. . • . ......... • .......... • ... .••.. . 
Excessive ......... _ ......... .. ...... ....... .. .... .. .. . 

Propane gas .......... .... .. ....... ......... .... • .... • . ... 
P r opeller: 

Blade angle .. .. .... .................... • . ............. 
Chart for mechanics ............ . . • ........... . .... ... . 
Checlc after engine starting ........ . ..... .. .... . .. . .. . . . 
Cold operation . .. ...........•. . . ...... •• . .. ... 
Controls and their use ... •......... • . ... .. ..... . · . • ..... 

Or",,, .11«. • 
UNIVERSITY Of CAlifORNIA 
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b 
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13 
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, 
l'arq raph ._ 

r.lounting .. . . . . . .. . ....... ... . . ....... . .. _... . . . . .. .. . 1 
Posit ion during magneto check . . . . .... ..... . •. . . . . . . . .. 13 
Power plant unit . . ..... .. . . . .............. . .. . . .. ..... I 
Pusher type . ..... . ......... . .. . ........... . .. . . .. . .. . . I 
Rotation obst ructed .. ..... .. . .. . .... .. . ... .. _. . . . . . . . .. 6, 13 
Rotation prior to start ing .... . . . .. . .. • • .. . . . . . ... . .. .... 1. 6, 13 
Warm-up check .,. . ... .... . . .. . ........ . ... . . ......... 8 
"Windmilling" ... ..... ... .. ...... . ... •. . ... .. . .... . .. . 4 

Propeller posit ion du r ing-
CrUlsmg • .... . .•. . • .... • .. •.. . .. . . . . . ..•...... .. ..... • 9 
Descent (airplane in flight). .. . . .. .... .. .... ... ........ 9 
Engine check .. .. . . .. .... ..•. .. .. ..... . •. . .. . 8 
E · . starting . .... . ......... . . ... . . . .... •. . . . .. . . . .. .. 

stopping .. ...... .. . . .. .... .. .......... : ....... . 
Landing . .. ..... .. ... . .. .. .............. .. .... ........ 

and climb .. ......... . . .. .... .. .•........ ... .. 
Protect ive caovas engine hoods . .. ... . . .. .... . .. . .. . . ...... . 
Pulleys . . .. . . .. . . . . .. . .. . . . .... . . .. . .. ... ..• ... . .. . ... .... 
P ump, oil pressure·gear type . .. . . .... . .. . . .. .. .... .. . . .. ... . 

Quadrant. cootroL, {Tiction dutch .... .. ...... . .. • . .. ...... . . 

RadiaL type engines, ground operat ion .. . . .... . ....... . . . .. . . 
Radiator 

Coolant . .. . ......... . .. . ......... . ................ . .. . 
Oil (Set also Oil temperature reguLa tors ) ........ . . .. . . . 

.. . . ........ ..... . .. ... ............... ..... .. .. .. . 
Regurgltation tube, cLoggtd ........ . ........ . .. . .. . ...... . . 
Relief adjustmeot . ... ... .... .. . . . ..... . ........ . . . . . 

fuel supply .......... . . .. .... •. .. .. .. . . .. . ...... . . 
Reverse·current cut.out ...... . .. ... . . . . .• . . ..... . ... .. . . . .. 
Rich mixture: 

Exhaust color .... . .......... . ....... . . .••.. ... .. 
U se .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 

Rods, control . . . . . . ... . . . . .. . ...... .. .. . . .... .. .. • • . . .. ... 
precautions .. ... .. ...... ............ ....... . .. . ..... 

Sea level supercharging .. .... ............ . .. . .. .. . .. .... . . 
temperature of spark plugs ... .... . .. • . .•.... 

Spark: 
Booster coil . . . .. . . . ....... . .. ... . .. . . .. .. . ... .. .. .... . 
Fixtd advanced ............ .. .. ...... .. .... .. • ....... . 
Natu re of . . .. ... .. . . . ....•• . . .. . .... . ...... . . _ • • • ... . . 
POi lllon .. . .. . ....... .. • • .. .... ....• . .... .. . . . . .. ... .. 

. . .... . . . .... . .. .... .. .... . .•• . . .. . .. . .. •.. . . . 
Staggered . . .. . . . .... .. .. • . .. .... . .. . ..... . . .......... 
Synchronized .. . . ............. . ...... .. . ...... .. . .... . 

Spark plugs . . . . .... . ... .. . .. . .. .... .. .. .. .... ......... .. . 
Starter: 

'" 

O;rnbination electric inertia. direc t cranking . ....... . ... . 
Electric inertia . .. . ......... . . .... .. . .. . . . .. . .. .. . . ... . 
Hand inertia .. . . . ..... .. . . .. .. . . .. .. ......... _ ... . .. . . 
Operation ..... . . .. . ..... ... . .. .. .... . . . . . .. . .. ..... .. . 
Portable field energizer ... . ...... , •...• •• ..... .. .. . .... 
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Starting procedure ... , ............ .. .. , . ...... ... ........ . 
For cold weather .. ,., ... , . . .. . .. .. .. . .. ....... . . .... . . 
Using prop<u>c gas .... .... .... . . . . , .. , .... . .... ...... . 

Starling procedure on enginu equipped with-
Bendilt Stromberg injection type carburetor .. .. ....... . . 
Chandler-Evans or Holley type carburetor ..... . .. ... .. . . 

6 
6 
6 

6 
6 

Electric primer and electric booster pump.. .. . . . . . . . • . . .. 6 
Float type carburttor .... ... . . .. . . ........ .. .. . . . ..• ... 6 
Hand pdmtr and electric booster pump ..... ..... .. ,. . ... 6 
Hand primer and hand wobble pump... .. . . .. . .. . . . ..... 6 

Static electricity. discha rge . .. .... .................. .. . . ... II 
Storage baltery . . .. .... .. .... . ... . . .... .. .... .. .... . . 6,14, IS 

Structural stress and strain ..... . . , .. ,. ,.,' , .. , . . , ... , . ..... 4 
Supercharger ; 

Not equipped with intercooler shuuers .... ..... ... . . .. . . 
Operation .. , ............ . .. .......... .... .. .......... . 
Regulator ............ . ........ . . . . .. .... . .. . . . . ..•.... 

Supercharging , ............. .... .. . ... . ... .. ... . .... . • . ... 
sea level ... . .. . .. ...... . .. . ........... ... . . 

S ·,h ··,· WIC 'gn, Ion ......... . ....... ... ...... . ......... .... ,., .. 
Synchronism indica tor, interpreting indications ..........• .... 

Tables: 
Table I, carburetor air·heater temperatures."., . ...... . . 
Table II. propel1er chart for mechanics . ... . . .. .. .... .. . 
Table III, control prior to engine starting .. . . .. . 

Tacllometer; 
Check for correct l ero setting .. ... , .... , . . ........ ... . . 
Interpretation of readings ... . ... .. . .. .. . ... .. . .. . . . ... . 

Take-off and climb . ... , . .. , ................. , ..•.. , ... ... . 
Taltying .... . . . .. .. . . . .... . ...... .... .. .. . . . ... • ....... . , . 
Temperature: 

Engine ..... ...... , .... ... ........ . ...... ... ... ' ..... . 
L lm,ts .......... ..... . ........... .. . . ..... .. ... .... .. . 
Oil in ..... ............... . ...... ... . .... , .. • ,., ..... . 
Regulator .... ......................... .. ..... . . . •... . 

Thennometers . ......................... .. ...... .. ... . . .. . 
a ,eck for corrttt indica tion .......... .. ... ... ... ..... . 
Check during engine wann-up .. ... .......... . ... . . . . .. . 

Thennostatic valve, oil temperature regulator .. . ... ,., . . .. . . 
Throttle control lever; 

Marking, ... . . .... . . . ....................... ........ .. 
Operation .. .......... " ............ " ........•.. . .... 

Throttle position during-
Engine stanmg .... ... .................. ...... . .. _ ... , 
Engine stopping ......... ... ........... ....... . ....... . 
Engine wann-up . ........... .. . .... . ...... . .. • ........ 

Throttle stop, adjustable . . .... .. . . .... . . .. . . .... ..•....... . 
Throttle valve . . .. . .. . ...... .. .. ....... . , ..... ..... ... .. . . 

Setting during magneto check ... .. . . .. ... ......... . ... . 
Time extension between engine change . ........... .. . .. ... . 
Tools, removal from airplane, prior to operat ion ....... .... . . 
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Transient aiKrafl, 
Trouble analysis: 

Classification 

prefl.ight inspec tion ...... . .. . . . .... . . . , . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . .. . . , 

Example . .... . . . .. . .. ...... . .... .. .... .. ' . .. . ........ . 
Systematic symptom 5tudy and elimination .... .. .... ...• 

Trouble elimination: 
Eliminating repetition of trouble .. ..... ... ..... . . .. , . . . . 
Extent of repair operation .... , .•........... , ......... . 
Use of interchangeable· parts,., ........... . ........ ... . 

Trouble interpretation of operation indications . .. . 
Troubles, power plant: 

Air scoop restricted . .. ... ................... : .. ... . . .. 
Ammeter: 

Indicates discharge .. . . .. ... " . . .. ... ....... .. .... . 
Zero reading . ..... . .............. ... , ........ . . . . . 

Armature: 
Open in gl!"flentor ... , ..•..... . ..... .•....... . .. . .. 
Short circuit with gmentor field .... ..... .. . . .. ... . . 

Battery. (Su Troubles, power plant, stonge battery.) 
Bearings: 

Burned out .. . .... . .... .... . ... ... ......... . ..... . 
Worn ....... ... .. .. ............ .... .. ... . . _ ... . . . 

Booster coil, defective . .. . . . .. . . ......... .. ... .• ....... 
Breaker contact points, defective .... ..... .... ... . .. .... . 
Brushes: 

Binding in holden ............................ .... . 
Not propl':r1y seated .. . . .. . . .... . . .. .. . . . . ... : .... . 
Worn ... .. ..................... .•... .. ... .. .. ... . 

Carbu.-,:tion : 

Paragraph 

JJ 

20 
20 

'" 
21 
21 
2' 
'9 

25 

25 
25 

25 
25 

" 4 24.25 
23,24 
24,2S 

24,25 
24,25 
24,25 

Carburetor leak ... . . .. . . . . . .... . •• , .. . ...... . ... .. 25 

' .. 

Cold engine . . .... . .... ... . ....... • •.............. 25 
Excessively lean mixtures ..............• . . ...•... 4, 2] 2S 
Excessively rich mixtures .... ....••... .. . .... .. .. . 4, 2J..25 

Carburetor; 
Accelenting pump . ................ . .. .. ........ .. . 
Air heat ... ... .. .... .... .... .. ... , . . . ........ ... . . 
Ai r healer .. . ...... . ..... • , ........• • • ... ... ...... 
De-lcmg ................ .. .... ... ......... .... . . . . . 
Dischuge nozzle .... . . .......... .... : • ............ 
Internal . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . 
Linkage defective . ...... . . . ... ... . .. . . . . ..... ... . . 
Mechanical defects ............ . .. ......... . .. .... . 
Regulator unit ... .. . .. .... .... .. . ....... . .. .. . . .. . 

Coi l. (Set Troubles, power plant, booster rw magneto.) 
Commutator. dirty, rough, pitted .. . . .... . ... ........... . 
Condenser . .... .. . .... . ... . . . . . . . ....... . .. .......... . 
Congealed oil . . .. ........... . .... . ... ... . .. .......... . 
Connecting rods hent or broken .. . ...... . .............. . 
Controls, engine, oot operating freely ....... . .• .. ...... . 
Cooling system: 

Air passage restricted ... . .. .. ... .. .. . . ......... .. . 
Gauge, defective ............... . ..... ... . ..• . ... . . 
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liquid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Leak .. .. ... . ........ . ..•..•..•.•• . .... . ...... . . .. 
Operat ion at high altitude ................... .. .... . 
PumP. defective ......... . .. . .. . ..• • ..... .. .. • ..... 
Rclief valve, defective .......... , .. • . , ..... , _ • ..... 
Shuuen d osed ...................... . .....•• . ' " .. 
Supply, insufficient ... . . . .... . ... . • •. , .. . .. . .... . . . 

CriIllkshaft, distortion , ..... , ......... . ........ . ...... , 
Cut-out. rever se currellt .... . ..... . .. . ........ . .. . .... . 
Cylinder: 

C""'''' , .... , . ... ............................... , 
S · .. f ... coring or ........................ , ... . 

Diagnosing trouble, by proce5$ of eliminat ion." ........ . 
Distribu tor ; 

Cracked . . ............. . ...... . .............. ,., .. 
Defective . . . . . . . . . . . . . . . . . . . . . . , , . . . . . , . . . ., ..' . . 

During opCratiOll: 
Ammeter indicates discharge ...................... . 
Back6r ing th rough carburetor .... , ......... , .... ,. 
Back6ring through exhaun . ................. . .... . 
Cylinder head temperature gauge regi.teu 

pheric ten,perature . . ...... . .. .. ...... . . . ........ . 
Engine faib to accelera te properly . .......... , .. , .. . 
Engine operates roughly at high speeds ............. . 
Engine operating on one magneto ...... . ... , . .. • . , .. 
Engine suddenly stops ... , ...... , . . ............ . .. . 
Engine surg.ng , .................. ,."., .. ,., .... . 
Engine will not idle . . ...... .. . . .. . ... .. ....... . .. .. 
E rratic o f manifold pressure gauge ...... . 
E xcessive arcing at generator brush!'! ........ .... . ,' 
Excessive coolan t tempera tu re." ... , .............. . 
Excessive cylinder head temperaturc . . .. . ...... , ... . 
Excessi\'c oil temperature ..... _ ,. , ....... , , ....... . 
Excessive oil tempera ture at high alti tudes ....... ,.,. 
Exccssi,'c take'off rpm .. ,." ...... , .............. . 
Excessivc voltmeter reading ...... . ..... , .. , ...... . 
F"ilure to develop full power ...................... . 
Failure to develop fun POWH shortly after Slilrling., , 
FlucluM ing oil pn:ssure gauge needle ......... , ..... . 
F]uctuating tachometer needle . . , .................. . 
Fuel pressure fluctu"tion ... , .. , .. ,."., ........... . 
F uel pressurc indication excessive .... .. .. . . . . , ..... , 
Fuel l,rcssure suddenly drops 10 zero., ......... . ... . 
Genera tor not charging bat tery .......... . ...... , .. . 
Gl'llerator throwing soIdcr .. " . . . . ............... , 
Hcavy black smoke from exhaust. .,., .... , .. , _ .... . 
H igh coolant temperatu re operat ing a t high 

altitude ...... " ......... . ...... . .. . ... . .. . ..... . 
Inabili ty to obta in take-off rpm ...... . ...... , .. , ... . 
Loss in power and ... , .... _ ...... , .... . ...... , 
Low fuel pres, u re and low 0:' pressure . . .. . .. , .. , .. . 
um' oil pressure . ..... , . . , . . . . .... .. " ........ ". 
Low oil pressure during coid weather , . . . . . , .. • , ... . 

" " " " " " " 1 
8 

1 
S." 

19, 20 

2S 
2S 

" 25 

" 
'" -, 
' 5 

" " 25 
Z; 

" " 25 

" Z; 
Z; 
25 

" 25 
Z; 
Z; 

' " -, 
Z; 
25 
Z; 
25 
'5 
25 
25 

'" -, 

Or",,, I< 
UNIVERSITY Of CALIfORNIA 

143 
14] 
1,]J 
14.1 
143 
143 
14.1 

1 
00 

1 
35,m 

116, tiS 

143 
143 

143 
14] 
143 

143 
143 
143 
14] 
143 
143 
143 
143 
14.1 
143 
143 
]4.1 
143 
]4.1 
143 
14.1 
143 
1 
143 
]4.1 
143 
14.1 
' 43 
1 
143 

143 
14.1 
14.1 
1.1.\ 
14.1 
143 

'" 



'" 

, 
Parq-ro l,b P'I 

Low oil teml'C'rature . . .. . . .... . . . . .. .. . . . . . ... . ... . 2S 
Low reading on cylinder head teml'C' ralUre gauge ... . . 25 
Low voltage reading .. . . . . : .. . .. . . .... . .... .. ... . . . 2S 
Mis6ring at all speeds . ........ ... . ..... .. . . . 2S 
No oi l pressure indication ... . . .. .... .. . . .. ... . ... . . 2S 
No oil pressure indication after engine change .... .. . . 2S 
Off-scale reading on voltmeter .... .. . . . .. . . .. . ..... . 2S 
Oil leak a t pT'Ol'C'lIer dome ..... . ................ . . . . 2S 
Operation rough at idling speed ... .. ... .. . .. ... .... . 2S 
Propeller will not ........... ............ . 2S 
Reversed reading on tachometer .. . . .... . .......... . 2S 
Rough Operation and abnormal vibration .. . ... .. .... . 2S 
Sluggish operation during change of propeller pitch .. 2S 
Steady gray smoke stream from exhaust ....... . ... . 2S 
T hrottle sticking .... .. ... .. ............ ... .. . .. . . . 2S 
Unusual roughness ............ . . . .. .. . .. . . . . . .... . 25 
Zero indication on voltmeter . ... .... . .. .. ... .. . .. .. . 2S 

Early timing . ...... . ..... ... ............ .... .. . ... ... . 2S 
Engine, caused by-

Bearings ... ..... ... .. ....... . .. . . .... .. ..... .. 1,4,24, 25 
Ca.rbon ........... ..... . .... ... . ............... ... 24,25 
Control . .. . . . . .. . . . ... ... .... .. .. , . . ... . 24,25 
Speed, low ... ... ......... .. .... ... .. . .... .. .. . .. .. 24 
Worn or scored cylinders .... ... .. . . ... . . . .... ..... 2.3-25 

Excessive rich mixtures: 
Fuel preuure too high . .. . ....... . . .. .. . . . .... .... . 
Mechanical defects ..•... . . .. ... ..... ... .... .... . . 
Mixture control sctting too rich .................. . . 
Primer left in ON position or leaking .. . . : . ....... . 

Field windings .. . ..... . .. . . ... . .. .. .. ............ . . . . . 
Fouled spark plugs. 
"FrozenH piston and 
Fuel: 

Flow restricted 
Improper grad" 

(Stt Spark plugs.) 
valve . . . . . .. . . . . . .. . .... . ......... . 

......... ............ .. . ... " ..... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lack of . .......... . ......... . .. . .. . . . . .... . .. .... . 

Fuel pressure: 
Low .... . ........ .. . . , .... .. .... . .... . . ... .. . . . . .. 
Too high . . .. . ... .. . . .... ..... . .......... , ....... . 

Fuel pr"ssure warning-light failure ......... ... . , • . . . . ... 
Defect ive lamp bulb ..... .. . .. ... .... . ... _ . . .. .... . 
Faulty wiring .... . ..... ... . .. ... . ...... . . .• .. . ... , 
Poor COIlI .. cts .. . ....... . ...... ..... .. ........ .. . . . 
UrUt out of adjustment ............ , . .... . .. . . .. .. . . 

Fuel system .. .. ... . . .. . .... ... ... . . , ......... .. .. .... . 
Fuel tank, unvented . . . ........... . , . . , .. , . ..... . . . .. . . 
Genen.tOf" : 

25 
2S 
2S 
2S 

24,25 

4 

2S 
25 
25 

2S 
2S 

" ZJ 
2J 
2J 
ZJ 

23-25 
25 

1< I' I, 
14 
14 
11 

:1 
:1 
:1 I, 
:1 
:1 I' 

1, 12, 132.11 
132. 1 
132,1 

1 
123-1 

1 
1 
1 
1 

132, I 

1 I' I' , 
d 
1 
1 
1 
1 
1 

12.}..1 
1 

Areing at brushes .. . . . . ..... , . . ..• , .', . .. . .. . . . . . . . 25 I 
Brush, spring tension, low . . .... .. .... . ... .. .... . .. 25 I 
Brushes, binding ... . .. .... " . . .. , . . , ... .. .... . • .. , 25 I 
Brushes, worn out ....... . ... ... . . .. .... .. ... . ... . . 25 I 
Commutator, dirty, pitted, or defective ......... ..... 24. 25 l J2, I 
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Connections, defective , ....... . . ..... ... .. ..... . . . . 
Control panel, ou t of arlju"m .. nt. ............. .. .. . 
Internal defects ..... . .. ... . . .. .... . .. . . . . . .. . .. .. . 
Leads, broken or disconncrtcd . .. .... . ...... . . ..... . 
Mechanical defects •.. ...... ......... ..... .... ..... 
Polarity reversed .......... ... .... ... . ... . . . . . .... . 
Residual magnetism 1055 ....... ..... . . . .. .. ... ... . . 

Icing ...... ................... . ... . .. ... . . . ..... ... . . . 
Carburetor ..... .. . ...... . . .. . .. .. . . .... . . .... . ... . 
Throttle ........ .............................. . . . . 
speed and mixture, inco rrec t adjustment . .. . .. ... . . . 

Ignition: 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

Booster coil, defective ......................... ... . 2-1.25 
Breaker points or contacts, defective . ............... 24,2S 
Condenser ... . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 24 

tennin .. 1 .•...... . . ..•... . . .. . .• ... .. . . 2.f. 2S 
-, 2,· VI: ects ...•.....• .. . ..... ......... . .......... ... .. 
Distributor, defective .. .. . . . . .. . ........ .. . . ....... 23-25 
Locating .... ... .... ........ ... .... ............ . ... 2J..2S 
Switches, defective . . .... . .. ...... . . ..... . .... . .. . . 23-25 
Wiring, defective ......... .. .... . ... ... ...... _ . . . . 23..25 

Ignit ion harness : 
Defective .... .. .. . . .. . .. . .... .. .. . ....... . . .. .... . 2.f, 25 
Deteriorated . . . .. . . . .... . • .. . . .. . . .• . .... ... ... . . . 24,25 

Induction system . .. .. .. . .. • • . . . . . .. . . •.. . . .. . .. . .. ... 2S 
............ • ........... . ... ... ...... . .. . 24,2S 

Restriction . . . . .. . . .... .. . ... . .. . .. • . . . .. . ..... .. .. 4,2S 
Lamps, burned out . .. . .. , .. , ... . . .. ...... .. . . .. . . . . . ,. . 23 
Lean mixture , . ..... , ...... ........ .. _. , .......... . . .4,24-26 
L inkage control, defective ... .. . .. . ..... _ ••.. . . ... . . .. . 
Liquid in combustion chamber .... .... _ 00 ' • • • • • ••••••••• 

Loss of rpm .. .... .. . . .. .. ....... . ..•• .. .... . ...... ... 
Magneto: 

Coil . .. ...... : ... . ...... . . .. . ...... . ... . . 
Ground lead defect ive ..... . .. , . . . .. . .. . . .... . . ... . 

Manifold pressure excessive .. ........ .. . . ... . . ... . . . .. . 
Manifold pressure regulator, defective ... .. ...... •• . . .. . 
Mechanical defects ..... , ......•.. , . . ..... . . . . .. . •.. . .. 
Meshing solenoid, defective ........... . .... .... . . •.... . 
Mixture control : 

Oil : 

Faulty control linkage . .. . .. ..... ............ .. ... . 
Tocor red: setting ...... . .... . ..... , . ...... ....... . . 
NeWl .. not seating properly .. .. .. . . ... .. .... . ...... . 

Blown from heater .. ............ . . .. . . .. ..... ... . . 
Congealed in engine .. .. .. .. ... ... . , ...... . ........ . 
Congealed in starter . .. . . . ........ ...... . ...... .. . . 
Consumption excessive ., ................. . . . ...... . 
Cooler leak • •• , .. .. .. .. .... .. . .... .... . .. ... . .. .. . 
Coolu mounting clamps overtightened ..... . . .. ... . . . 
Cuno .... . ....... .... .. ... .......... . .... ........ . 
Dilution, excessive ,. , .. ....... ... , ........... . . ... . 
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Drains . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 
E"ccssive supply .. .......... .. .... .......• _ . ..... . 
I.eakage ............ . .. . . . . .. ....... ..... . .. . .... . 
Line .......... . .. . ... .......... .. ... . ............ . 
On breaker contact points . . . .. ... . . .. .... . .. . .. .. . . . 
Prcssure ex«ssive ..... . .... . . . . ... .. ... ..... ... . . . 
Pressure low .. .......... . . .. .. . . .. .... ... ... .. .. . 
P ressure relief va lve . . .. ...... . . ... .. . .. .. . . ... . .. . 
Radiator. (See also Troubles, power plant, cooler) .. 
Scavenging system de f<'Ct i\"c . . ...... ............ .. . 
Seal leak, supercharger ...... . . . .. . ........... . ... . 
Seepage in starter ...... . .. .. . ... . .... . . .. . ... .... . 
Systcm . ....... .... .. ....... . ....... . ............ . 
Temperature Clrcessive .. .. . .... • , . . ..... . . • , ... ... . 

Oil pressure: 
E,,«ssive .... .. ......... .................. .. . ... . . 
Zero ... .. ... ......... . ... . .. . .. ... ....... . ... .. . .. . 

Oil pressure gaugc, excessivc pointer oscillation . . ... ... . 
Oil pressure pump ............................... . ... . . 
Oil pressure warning-ligh t failurc .. . .. .. . . . .. . ..... . .. . . 
Oil system: 

Dcf<'Ctive inverted fl ight va lve .... .. . . . .. ... ... ... . . 
Dcfective scavenger system . .... .... ...... . ..• .. ... 
Exussive oil supply ... .................. . ... . .... . 
Oil dilution valve stuck open . ......... . .... _ • • , .... . 
Worn cyl inder asscmbl r . . ...... .. .... . . . ..... . .. . . 

Oi l temperature 
core tube . . .. . . ..... .... . . .. ... . . . .... . . . 

Overtightened mounting clamps .. ..... ... ...... ... . 
Overheating . . .. ..... . . .. . .. .... .... ...... . > • • •• • ••••• 
Overpriming 
Pistons: 

Cr.il.cked 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . - . . ..... 
.. . ...•...... . . •• .... .. . ............ ...... 

Scored ... . . . .. .. .. . . .. ... .... . ... . .. .. .. .... . . . .. . 
P iston ring: 

"F " rozen .......... .... . . .... . ............... ... . . . 
Incorr<'Ctly installed . .. . ......... . .... .. .... ...... . 
Wom •................ . . . .. . .. ............. . ... .. 

Primer, left in ON position or leaking . .. . ......... . . . . . 
Priming: 

Def<'Ctive . ..•..•.... . .. .... . .... . .... ... .. ........ 
Primer lcft in ON posit ion Or leaking . .. . .. . . . .. ... . 
Underpriming .... . . .. . . .. . ... . ...... ....... _ . . ... . 

PrO{lCller: 
Ai r in .the system . . . . . .. . ... .. .......... ... .. ..• ... . 
Cannot be pulled through ............ , .......... ... . 
Control units . . ... .. . . . . .. . . . .. ... .....•. . .. . ....... 
Counterweight bearing .. . ... _ . __ ...... __ ....... .. . . 
Discharged battery .... . . .. . . .. . .. . . ... . ......... . . 
Distributor valve act io" ... .... .. . • .... .. . . . .. • ..... 
Dome gasket . ... ...... . .... .. . . .... .... ...... ... . . 
Dome leak, external . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . 
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Dome leak, internal ......... . .......... • .......... 
Dome not tight .... .. . .......... ..... . • .......... . . 
Dome sea! nut or cup ..................... . 
Feathuing line restriction ............ .... ........ . 
Feathering pump • ...... ...... .... ....... . . . ....... 

pump motor ........................... . 
Governor control cable . .. . .......... . .• •. .. ... ..... 
Governor valve ............................ . 
Governor relief valve ......... .. ..... •............ . 
Improperly posi tioned .. ....... .. . . ..... .. . ... ... . . . 
Low o il pressu re . . .. .. ... . . . ..... . ..•........... .. 
Mounting. loose ................. . .. . .... . .. . .. . . . . 
Oil leakage .. .. .. . .... . ...... . .. .. . . . ........... . . 
Pilot valve or fly ball ............. .. .............. . 
Vibration ... . .. ....... . ............ • ............. . 
\ViII not .... .. ... . ..... • . . ..... ......... 

P ropeller gOvem er defe<:ts . ........... . ............... . 
Relief val ve:. defective . . .. . .......... .. . • ... . ....... . .. 
Shaft, fud booster beUl .......................... . .... . 
"Spark leak" ........... .. ......... .. ............... . . . 
Spark plug : 

Coated with black gummy deposit ... . .. ... . ..• .... . 
Cooted with gummy caroon and oi l . ..... ... . .. . .... . 
Coated with oxide ...... . ................. . ... . 
Coated with whi te fi lm . .. ........ .. . . .. . . .. ... .. .. . 
Defective .. .......... . ........................... . 
Detonation due to poor f ud ...... . .... . .. . ........ . 
Excessive manifold pressure . ............ . .. . ..... . 
Excessive opcl<lt ing temrcra ture .... . ........... ... . 
Fouled or defect ive . .. . .............. . ..... . . .. . . . 
Improper gap clearance .... .. .. ....... . .. ........ . . 
Inadequate cooling .... .. .... .. ............ • ....... 
Incorrect. installation ......................... . ... . 

Speed, excessive .. ... . . .. . ....... . . . . . ... . ....•. . ...... 
Starter: 

Barrel adjusting nut too tight. ....... . ... . ... : . . . . . . 
Discharged ba ttery . . ........ . .............. . . .... . 
Elect ric·motor dogs defective .................... . . 
Extension shaft misalignment ............•.... . ... 
Improper startcr lubrication ..... . ......... . ...... . 
Insufficient bearing lubr icat ion .. . . .. .. . . ....• •. .... 
Meshing solenoid defc.:tive ........................ . 
Motor rotation il100rrect ............... . ..... . •.... 
Oil leakage .............. . ............ . ...... . ... . 
Starter jaw sticking ........ .... ...... .... • ...... .. 
Swi tch defect ivc ............ . .. . .. . .... . ......... . 
T cnninal OO<mections fau lty ................... . .. . . 
Worn s)arter parIS ................ . ..... • .... • ... . 

Starter elc.:lric motor : 
?fcchanical . ..... . ........ . ... .. . . .. . . . .. ••. ...... 
Switch defective . .............. ... .....•.... ... .... 
Tennina1 connect ions faulty . . . . . . . . . . . . . . . . . . . . . . . 
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StaTter jaw ; 
Def«.live or ........ .......... ........ ... 
Sticking ....................•••........ ••••....... 

S ta rter oi l leakag.:: 
Excessive fr ict ion .... . .............. ... ... .. . . ... . 
Insufficient cable slack . . ............... ........ ... . 
Worn leather oil sui in bafik plate .. . .. . ........... . 

S tarting: 
Booster pump fucl pressure Auclua teJ . ............ . . 
Combustion failure .. .. . .. . ..... . ... . ..... . .... .. . . 
Compress ion leak ... . ... ........ ............ ..... . 
Engine fails to start .. . ........ . .... .... . .. .. ..... . 
Engine faiJ s to start during cold weather ......... .. . 
< - - ' f 'J" " "".,ne :u s to tum ovcr ........................ . 
Fuel booster pump is noisy ....................... .. 
Fuel booster pump fai lure ........ .... . ........... . . 
Fuel booster pump motor noisy .... .. . ..•.......• .. . . 
Fuel booster pump pressure low .... ..... .... ....... . 
Hand difficulty . . ............ . . . ..... . .. .. 
Insu fficient fuel in mixture ...........••... . ..... . . 
Lack of booster spark .. . . . .. . .... ....... .... . ..... . 
P ropeller cannot rotated ... . . ...... ........... .. . 
S tar ler fail s to energize ........... . . .. . . .... . . ..•. 
StaTter Aywheel not engaged . ..... . ...... . ...... . . . . 

Stopping difficulties: 
Ba(:k6 re through arburelor at stopping ..... . ... .. . . 
Engine fails to stop ............... . ............... . 
Engine feels as if it is operating under load ........ . 
Idle does .............. .... . . .. . . 

Storage battery : 
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24 

" " " " 
Rattery box: COTTOSion .. . ..... . ........ .... .. . . , . .. 2J 
Cold weather • . ... . . .. .. .. ........................ 24 
Compartment leakage . .... .... . ....•...... .. . . . ... 23 
Compartment temperature too high. .............. .. 23 
CorrO$ion ... ... . . . .. . ...... .. ... . ..... . ... .. ...... 2J 
Cracked cell ... . ... . . . . . .... . .. . .............. ... . 23, 25 
Def«. ti ve vents . . ..................... . .. ..... .. .. 23. 24 
DischaTlfOO . ........ . .... ... .. . .. ....... ... ..... 23. 25, 26 
Electrolyte, low .. . .................. ........ ..... . 25 
Electrolyte spi llage . .. . .. ...... . .... ............... 2J 
F roUfI ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2J 
High chaTging rate........... ......... . ....... .... 2J 
Hydrometer tests .. ...... ......................... ZJ 
Leakage .... . .. . ........ . .... ..................... 2J. 25 
Loose battery hold-down clamps... .. . ...... .. .. .. .. . 23 
Low battety voltage ......... . ..... ..... ...... ...... 24. 2S 
Melted Sf'aling compound ..................•....... 2J 
Need o f charging.. . .. .......... . . ...... .. .... ... . 6. 2J 
Overcharging . .. . ..... . ................ . .... .. .... 23 
Reverse-curren t cut-out. defects .. . .. . ....... , . . . . . . 2S 
Terminals, defec tive . .......... .... . .. ........ .... . 25 
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: 
"After ",., .. . . . .. . ............ . " ...... . 
Clogged regurgitation tube .. , ..... , . , . . • ••.. . " ... . 
Excessive lean mixture .......... ..... ,", ........ . 
Excessive rich mixture . ..... ......... . . , .. , ...... . 
Excessive supercharging , ................ . .. ...... . 
Foreign objects ...................... " .. .. .. , ... . 
Improper noule box and turbine wheel elearanee .... . 
Leak in indU(:tion system ......... , .. " .. .... ...... . 
Overboosting ... , .. , .. . . ... ....... . ......... ...... . 
Turbine whttl bucket5 damaged or warped ... .... .. . 

Supercharger oil seal, defective ......... .. . ...... ...... . 
Switch : 

Defective ..... . . ........................... ...... . 
Solenoid, ddective ... .............. . .. . .... .. .. .. . 

Switch, igni tion, de fective ....... , .... .. .. ...... ....... . 
Switch, starter, ddective . ................ . .. . .. ...... . 
Tenninal connections: 

Defective .. , .. , .. , . .... . .. .• . .. ....... , ... . ...... , 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Throttle: 
Defective linkage . . . . . . .......•....... .. • . . ... , .... 
I -ncorrect settmg ' . . .... .... . .... .. ... • ...... ....... 
J anuned .... , .. , .. , . . , ....... . . .. .. .... ... . ...... . 
Movement too fast ...... . .. ... ..... . .. ..... ...... . 
Sticking , .... ................... • ......... .. . ..... 

1" . umng, I1lIproper ........ . ..... ... ....... _ •• .... .. .... 
Underpriming , ......... .. . .. . . . . . .. .... .. •. .......... . 
Valve clearance, improper ... . .............• . . ..... .... 
Valve springs, defective . .... .•...... .... , . . .... ...... . 
V I .. . a "e tmung mcorrect .... , ............... • . . ... ...... 
Valves : 

O oses early .. . .......................... .... ..... . 
Exhaust, leaking ... . ....... ................ ...... . 
Frozen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Intake, leaking .. ........ ...... , .. .. . . ..... . ...... . 
Intake not closed completely ....... ........... ..... . 
Opens late .. ..... . .. ...................... ....... . 
Sticking .. ....... .. ................ ........ ...... . 

Vapor lock ..... ...... ........ ............ . . . .. . .... .. . 
Warning light: 

Fuel pressure ... , . .... , .................. .... .. .. . 
Oil p ressure ., .... " .... , ................. ........ . 

Water in fuel system, ............ .. .. . ....... .. . ...... . 
(See Superc\largcr.) 

,rbo-superchargers. (See Supercharger. ) ,. _- - -'nUllr lnspec\lOO .... , ... ........................ .. . .. . .. . 
IpicaJ engine instrument insta!lalioll .............. . . ...... . ... --rpnmmg ., ... . ... . ..... . .................. .. ... ..... . 
• 1 h -··'-1--tat er, IT,,,",}] lty to ....... , .. , ............. . ... • ... ..... 

analysis . . . . . , . . , . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . 
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Par"1lraph 
Vaporization of fuel . ..... .. ........ . .... , ................ 4 
Venturi, prcssure drop in ... . .... .. ......... . .... .. .... . . . .. 4 
Viscosity . . . . .. . ... .. . .. . . . .. . . . ... .. . . • . . ................ 4,25 
Viscosity regulator, oil .. . . .. . .. . . ..... . ... .. .. • ..... . .. ... 4 
Voltage .. . . ..... . .. . . . . .. .... .... ..... . , ........... . .... 8, 13,2S 
Voltmeter: 

Check, during engine warm-up . . . . .. ... .. . .. .. .. . .. .. .. . 8 
Check, after engine start ing .. ....... .. . . .. .. .. ... .. . . . .. 13 

Wann'up, engine . . . .. . ... . .....•.............. . .... ... . . . 4, 7 
Wann·up procedure ....... . ......... .... , . ......... , .. . ... . 7 
Warning signal lights ... . .. . ... , . . .... . . ..... .. ..... . . .. . . 2 
Water: 

As coolant medium ...... . ....... .. . .. . ......... .. .. ... 4 
In fuel system . . .... .. .... .. ..... ... .. . ........ .. . . .. . 25 

Water vapor in induction system . . . . . .... .. ... .. . ... ..• . .. . . -4 
W aste gate, supercharger ...... . .. . .. .. . ..... . .. ... .... .. .. 13 

Yellow bank. oil line marking.. ............ ..... . .. . .. . . . .. . 15 
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