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FOREWORD

This liotebook has been prepared for the field
use of the Flight Enginear graduates of this school.
No material has been included that is classified
either as sacret or confidential,

The information herein is correct in detail at
the time of compilation, but realizing the various
deviations that will be made from time to time the
T.0.'s should be consulted regularly and this book

kept up to date,
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TATLE OF CONTZUTS

Cruise Control Section:
This section is to assist the enineer to; deter-
mine carto loading, caleculate range and aireraft
perfommance renquired to successfully cooplete
flirht mission, check the forms and plot fuel
consunption curves during flight.

Vechanleal faintenance Gectlon:
This srction i3 to assist the engineer in adviaing
the preund crew to effect correct maintenance and
sorvieing operations; instrument indications of
mechanical malfunations; ensineer's check list and
Lkrouhle shoobineg in zeneral.

Tables Soction:
Thia sactien eontains conversion tables, referance
dimensions, specifications, coding lepends, tech-
mical erler referencas, ete,
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Lift—That componant of the total alr fores acting on m
alrcraft or airfoll which is perpendicular to the relative
wind.

The absolute lift coafficient.

{rho) The density of the air. derodynamics usually treats

of the mass density of the atmosphare, but this symbol 1is
also used for weight density.

Wng area
Velocity

Urag—That component of the total air force acting on an
aircraft or alrfeil which is parallel to the relative wind,

The absolute drag coefficlent.

Velocity at sea level at standard waight under standard
condi tions.

Weight of plane.
Standard weight of plane,

(sigma) The ratio of the density at altitude to that at sea
level under standard conditions,

Fower required.

Power required at sea level at standard wedght under standard
conditions,

Welght of fuel predicted for four-engine operation with no

Distance from origin to destination.

Hours through widlch the headwind acts,
Velocity of the headwind in miles per hour.
True airspeed.

Indicated airspeed

Degrees Centipgrade

Degreas Fahrenheit

Centimeter
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Pist: Disp.

™

“Pabs.

Taﬁd.

‘obs.

"land" miles - 5260 ft.

That mass which would be accelerated 1 ft., per scc. per
secs by & force of 1 1h,

Horaepowar

Brake Horsepower

Mrake liean Effective Prossure
Hevolutions per ~inute.
"Ineine" constant.

= Piston Displacement.

{pi) e nunber of times tha lincar measuresment of the
dignetar of the circle can be lald off on its circumlerence,

Fores
Length of the arm in feet.
Fropeller shaft %F

{eta) Propulsive cfficiency——the ratio of thrust horsepower
to brake horsapowoer,

Trake horsepocer output as ostimated from the pewer curve
corrected for variation in carburator air temperatura.

Oraoke horscporer output as sstimnted from the power curve
under conditions normal to the chart.

Standard carbureior alr teaperature in absolute units,
Actual carburetor air temperature in sbsolute units.

specifie Fuel Consumpiion--pounds per brake horsepower per
AT

Feet.

Pourila.
Rounda.
walther

Idllineter

(I"'.\



= Pressure altitude, which is the altimeter reading when tha
barometric scale on the altimeter is set to read 29,92 Hg.

= Density altitude, which is the pressure dltitnde corrected
for temperature.
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Spacific Yolume

Pressure A1titude

Density Altitude

ﬂect Tatio

Helative Wind

Anrle of Attack

inrle of Inecidance

Frofile Drag

Parnsite D:'EE

Induced Drag

otandard Temparature

Indicated Airspeed

True Indicated Airspeed

Fogition cZrror

ROLEHCLAT RS

Specific volume is volume par unit weisht.

That altitude which corr-esponds to a given
atnospheric pressura undesr standard conditions.

That altituds which corresponds to a glven
density under standard sonditions.

The ratic of the square of the span of an air-
foil to the area of the airfoil. In the special
case of a rectanpular airfoil it is the ratie

of the span to the chord. In general it may

be expressed as the ratio of the span to the
averare chord,.

The adr current acting on the airfoil parallel
and opposite to the line of fligh: of the mir-
foil.

The angle formed by zhe chord of the airfail
and the relative wind.

The angle formed by the chord of the airfoil
and the lonpitudinal awis,.

The drag built up by the flat plate area of
the airfoil exposed to relative wind.

That drag caused by those portions of the air-
plane which do not contribute to lift.

That drag caused by the production of lift
by the airfoil.

The temperature for standard atmospheric cen-
ditions—-599F (159C) at sea level and & de-
crease of 3.566°F (20C) per thousand feet of
altitude.

Airspeed shown on the airspeed indicator.

Indicated airspeed corrected for pitot statie
tube position error and instrument error.

Airspesd indicator error caused hy the angle
of attack of the pitot static tube.
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Spoller

War Emergency Power

11 tary Horsepower or
Take-Qff Horsepower

Rated Powar

B.ILE.P.

B.S.F.C.

Thermal Effi ciency

Volumetrie Efficiency

Service Ceiling

Actual speed of the plane with reference’ to

the air—indicated alrspeed eorrected for pitot
static tube position error, airspeed indicator
instrument ealibration error, density altitude,

An adjustable portion of the airfoil at its
trailing edge which is capable of changing the
Lift and drag characteristica of the airfoil,

An opening or adjustable portieon of the air-
foil at its leading edge which is capable of
changing the lift and drag characteristics of
the airfeil.

A device on the upper surface of the airfoil
capable of destroving its lifting asility.

The macisnm power which may be taken from an
aireraft engine. Because of the extrems strain
it puts on the engine, it can be taken for only
thirty seconds,

The power rating which is used when extra power
is needed during take-off. The time Limit for
operation at this power is five (5) minutes,

The maximum power whieh may be taken from an
alreraft engine for an unlimited time under
certain conditions specified by the manufacturer.

Brake mean effective pressure is tha average
differential pressure hetween the compression
and power strokes: assumed to be acting on the
piston during the power stroke to preduce brake
horsepowar,

Brake specific fuel consumption im pounds per
brake horsepower per hour, usually abbreviated
as 8.F.C..

Theratio of the power output of the ensine to
the heat emargy put into it.

The ratio of the weight of the charge put into
the engine corrected to standard atmospherie
econditions to the weight of charge required to
fi1l the piston displacoment at standard atmos—
pherie conditions,

That altitude above which the plane ean no longer
clinb at rate of 100 ft/min.
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Absolute Geiling

Dotonation

Fre-ignition

self-irnition

wadimum Undurance

Lah.Co

Stick Force

Useful load

That altitude at which the plane can no longer
climb.

A phenonens of combustion in widch sufficient
heat energy is developed by the burnding charpe
to ceuse the remainder of the unburmed chearpe
to burn a8 an explosion instead of burming
ovenly as it should. The result is that the
charre burnas so ouickly that the piston cannot
ahsorb it in useful work and as a result this
excess eneriy is lost throurh radiatiom.

A condition within the cylinder in which the
charpe bepins to burn befors the spark occcurs.

A conidition within the cylimder in which the
charge beprins to burn due to heat of compression,
before the spark ocours.

The increase in weipht of the sirplane due to
absorption of moisture, the accumlation of
dirt and oil and rdnor structural repair.

The cruising condition in which is achiewed
the maximm miles/mallon for the engine-pro-
peller-airfoil combinatieon.

The crulsing condition in which is achieved
the maxdimum hours of flight for a siven amount
of fual.

Lean Aerodynamic Chord (The chord of an imari-
nary wing of rectanpular shape that, when sub-
stituted for the actual wing of irrepular shape,
will pive exactly the sane resultant 1ift to
the airplane.

teasurenent of the width of the wing talen from
the leading edse to the trailing edee.

Any point on the airplane measursd in inches
from the nose or Station 0. The most aft or
rearward station on the B=-2% is station 1200,

Force spplied to the controls by the pilot to
overcone any unbalanced condition caused asro-
dynanically or by improper placement of lead.

A load consisting of crew, fuel, oll, srmament
and photographic equipsient.
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Hormal Gross Weight

Zere itdck Fpree

Faximum Overloesd -
Gro:ﬂ .th-m!r

K oocd ﬂlmbl-a amr-
load Oross seipht

Alternate Load Items

Laxima Allowahle Land-
ing Gross weight
]‘JiEusal Loads

Index Unit

C.0.

Alowable C. 7.

Lg I3

The sum of the basic weight and the useful
load,,

That cendibion existine when the airplane is
asrodmamically balanced by the trim tabs or
proper load placeusnt thereby requiring ne

-applicaticn of force on the controls hy the

pilot to assume. level £1irht,

The: mpacirom weight of the at:plane undar

donded, conditions, with all equipnent, d.i.&-:'

posal load, alternate load items and pers

@onnal present,

The maximumn allowable weirht of tie airplane
with all loadings beyond which weisht it
would be unsafe to. {1y,

Itens which are not necessary for noral
flight, but are earried for certain missions
or under cortain conditions.

The total weisht berond which it would be
unsafe to land.

Fuel, oil, amunition, bombs, torpedoes, and
all other items that may be used or Msposed
ef during flipht.

A pradation on the load adjuster proportional
to the chanpe in moment caused by a shdft in
the center of gravity.

Genter of Cravity--The point about which an
airplane would balance if suspended.,

The ranme of movement which the center of -
rravity can have without nakine the airplane
unsafe to fly. It is determined by the panu-
facturer in actual test fliphts and i3 ex-
pressed as Forward Limit and Rearward Limit,

The perpendicular distance in inches from the
datum line to eny pednt in the ship.

The result of multiplying the arm by the
weipht,
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Nasie lonent

Cmiinmie

R ——

Tagie et el
Y L.oht

Jefermen Line or

o s, el

The sun of the morents of all iteas maldng wp
tha bogic weirhts

The hast or mest favorchle deprese, quantity,
nurher, ete,

e weirht of the airplane with nermal fixed
and operatine eqiipnent only.

in imaginary vertical line a2t or neer- the nose
of ths airplane, Its loeation is chosen by

the manulfecturer as a standard point from which
all horizon*al distances are neasured. Dia-
rrans of an airplene show the reference line
a0,
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Index = 110 -

1.

2,

3.

INDEX UNIT DETERMINATICN

Basic Weight x (LL5.5 - Basic Arm)
25,000

110 18 a constant which applies to the Y9-29 Load
Adjuster only, It represents the point on the In-
dex Seale expressed in index units, shout which the
moments for the Load Adjuster were computed. .

5.5 is the distancze in inches from the reference
location of the Load Adjuster mements to *he re=
farenca datum.

25,000 is a constant for the YR-29 Load Adjusters
and represents the ratio of inch - 1bha. to index
units.

The Basie Weight and Homent is obtained from Log
Chart "C" in the Weight and Balmmce Handbook. The
Dasie Arm is obtained By dividing the Sasiec Moment
by the Basic Veipht.

LY



1.
2

.

s

6.
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8.

WEIGT AND BALANCE

Basic Weight (Approx.) 71,800 1be.
Deaign Oross Woight 105,000 1ba.
Allowable Uaximus Welght 120,000 1bs.
Madsum Allowable Loading 100,000 1ba,
Loading Ranpe:

Farward Station L19.29 - 18% Mac
AST Station LL0.91 - 32% MAC
Length of MAC 1544 Inches

Distance from reference datum teo
leading edpe of MAC. 319.5 Inches

Leveling lugs (3) located above
cat walk in forward bomb bay.
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The following definitions will serve as slandsrdized terminology for all dats in
Uhe praciical application of ihis syaiem. |i s Imiposiant to know them thoroughiy.

WEIGHT. - The welght is 18 ounces per pound, avoir-
dupols weighi. All welghts are to be calculated to the
nearest whole pound.,

BABIC WEIGHT. - The weight of the airplane, n-
cluding all equipment that has & fined location and is
actually present In the alrplane; that is, air dframe;
power plant and accesaories; trapped fuel and oll; full
hydraulic, cooling and anti-icieg fluid Eyalems and
reservoles; armor plate, ardnance (less amminition
and bombs); chemleal, mavigation, oxygen, pyratech-
nics, and radle equipment, I never includes jtems
commanly relerred o as “disposable.’”

NOTE: Thebasic weight of an alrplane varies
wilh modilications and charges In the flxed
equipment, This |5 pol 1o be comfused with
emply weight which is a dry weight with cer -
taineontrasl equipment only. The term “basic
wetght,"" when quulified with s word indicating
the type of mission, such as "basic wgight for
eombat, for (eFey, lor ransport, eic.,  may be
used In conjunction with direclives stating whai
the squipment shall b for these missions; for
example, extra fuel tanks and various ilems af
equipment instilied for long range ferry Mights
bat not normally carried on combal missions
which will be in “'Basic Welght for Ferey'" but
mol in V'Basic Weight for Combat, '’

GROSS WEIGHT. - The tolal welght of an alrplane
and ils contents.

REFERENCE DATUM LINE. - An imaginary vertical
line at or mear the nose of the Eirplane. Its location
In chosen by the manulaciurer a8 u standard line from
which all horizonial dislances are measured for bal-
apce purposes. Diagrams of each airplane show tis
reference line an zera,

ARM, - For Dmlance purposes, arm 1s the horlzoptal
distamce In inches from the reference datum line to
the cg of the item.

—
—Pp— [rrw)

Y times ITEM WEIGHT = ITEM MOMENT

MOMENT. - The welght of an item mulliplied by iis
arm.

AVERAGE ARM. - Average arm or location is obta ined
by adding the welghts and the moments of a number of
tlems, and dividing the Lotal moment by the total
weight,

BASIC MOMENT. - The sum of the 1. winnds of all
ltems making up the basic weight. When uning data
Irom an actual weighing of an alrplane, the basic mo-
ment |5 the Bum of the momenis around the relerence
datum line. For simplicity, It te permissible todivide
the moment by a constant so as to reduce the number
of digits, If this |4 dune, the same conatant musl b
uped consistently for al) compulalions, and musi be
Indicated in the moment column on charts A, B,and C.

-
CENTER OF GRAVITY, - The polnt about which an
alrpline would balance U suspended. Jts distance froam
the reference datum Line is found by dividing the total
moment by the gross weight of the alirpiane,

CG LIMITE - The range of movement whichthe cgcan
have without making the airplane unsafe to fly. B is
determined by aetual tost flights, The cg of the losded
Rirplane must be withinthese Iimits at take-off, in the
air and oo landing. In some special cases u 'Landing
Limil" is speeifiod. On Ioading graphs the og limits
are Lpdicated by of Umit lnes, In all cases, the cg
condition should be chocked for landing withoul fuel
and bambs,

LOADING RANGE. - The mafe cp location under auy
load condition. It is shown on the balgnee compuaier
a4 the white section labeled *'Loading Range, "

TARE. - Weight of squipment necessary for weighing
the alrplane (chocks, blocks, slings, jacks, etc,)which
has been incleded in the scale rendings but Is not a
purt of the basic welght.

BALANCE COMPUTER INDEX. - A number Fepre -
senting the momeni which, when considered in con-
lunction with the welght, gives the cf position,

RESTRICTED
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SECTION-2

CHARTS and FORMS , ., . .

Any systematic operation Inwhichrecords are kept requires the use of charts
and forms. This system is no exception. They are not, as might be suspected,
designed to harass the operator with a blizzard of paper work, but rather to
provide him with organized data with which to do his job.

There are only two parts to the weight and balance problem. In the first
place, one must have correct information as to the ever-essential beginning
point - the basic weight and moment. Secondly, balance must be maintained
within safe limits with the addition of load. Thefirst partis controlled by three
charts, A, B, and C, whichare contained within the Handbook proper. The sec-
ond part is performed on the balance computer or by means of loading graphs for
the particular airplane and is then tabulated on a clearance form, occasionally
including a supplement.

CHART A - Basic Weight Check Listis a list of all items of
fixed operating equipment that may at some time be installed
in the aircraft in a definite location, It gives the welght and
moment of the individual item for use in making changes in the
basic airplane, Whencheck marks are entered in the columns,
it serves as a list of equipment included in basic weight and

moment.
e I CHART B - Record of Structural Changes is provided to pre -

serve a record of the modifications and changes in weight not
indicated by definite items on chart A,

CHART C - The Log (Basic Weight and Balance Record)pro-
vides a standard work sheet upon which to enter the changes in
the basic welght and thus maintain a record of the current sta-
tus of the basic airplane,

RESTRICTED
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Detalled instructions for {illing In each of the charts mentioned will be found
printed on the page preceding the first sheet of each set,

Charts A, B, and C should be checked
and brought up to date as follows:

i, When the airplane is received at a new base,
b. When modifications or structural changes are made,
€. When the airplane has a major overhaul or engine change.

d. When changes in equipment are made for a different type
of operation or mission,

€. When a pilot reports tail or nose heaviness in fhight,

I. When it is suspected that the forms are not up to date,
€. When the airplane is rewelghed.

Ta use a balance computer or loading graph satisfactorily, the total of variable load in each
compartment must be known and tabulated, This may be done in detail on Form F-1 and the
compartment totals then entered on Form F,

Form F is the summary of the actual dispoaition of load in the aireraft and records the balance

Status step by step, It is necessary to accomplish Form Foprior to flight whenever an airplane
is loaded in a manner for which no previous tabulation s available,

Form F-1 is a standard means [or the fround crew to list in detail the items actually loaded
In each compartment so that the pilot or weight and balance officer will have figures for checking
the compartment totals. 1 may be used also as a form on which to list equipment requirements
to aid loading crews in laying plans for the movement of groups of similar aircraft,

Commanding olficers will prescribe the disposition of Forms F and F-1, However, it 8 rec-
ommended that one copy of each form completedfor the current basie weight remain n the Hand-
book with that airplane. This will be an aid to personnel responsible for later loadings,

Form F is supplied as mmmwﬂmhmlmmmm
Mﬁhmhﬂhﬁuﬂhﬂtwﬁm!w making duplicate copies. All original sheets
u:uwmmmwmmhmwmulmhIhim-
balance, carrying the signature of responsibility, There will be found attached to the Form F
m:murmr.uumum

RESTRICTED
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ACTUAL WEIGHING OF AIRPLANE

The airplane must be weighed in a closed hangar, in the following manner

Thoroughly clean the alrplane inside and out, Check the alrplane equipment
Against chart A and correct the chart as necessary so as (o itemize accurately
all items of fixed operating equipment that will be included in the basic weight
to be determined by the weighing. See that the date at the top of the CHECK
column corresponds with the date entered on the welghing form and final entry

posted in the log, chart C.

Bombs, ammunition, cargo, crew members, and equipment nol having a lixed
location are not to be listed as & part of chart A and are not to be In the air-
plane when weighed. Reservoirs for drinking and washing water, hydraulie,

anti-icer, and cooling [uids, etc,, should be filled Lo capacity priorto welghing.
Engine oil and fuel (excepi trapped) are not items of basic welght, Fuel and
oll tanks should be driined using only tank drains, with the airplane in 15 nor-
ma | ground attitude,

After the airplane is prepared for welghing as statedabove, place calibrated
Scales of & sultable capacity under each wheel. Care must be exercised when
placing a heavy alrplane upon the platforms of scales because an abrupt appli-
cation of the airplane’s weight may serfously disturb the calibration of the
Bcales and cause lnaccuracy. Brakes shall be released at all times while the
alrplane is on the scales,

Level the airplane longiludinally and also lnterally Uf possible, Usethe reg-
ular airplane leveling lugs and a spirit level,

Enter the scale readings onthe welghing lorm provided. Take measurements
and compute the new basic welght and moment by completing the weighing forms,

Enter the new basic welght and moment In the log, chart C. All subsequent
alrplane loadings will be based on these [igures.

FOR TAIL WHEEL AIRCRAFT » FOR MOSE WHEEL AIRCRAFT

DIADRAME POR MEAIURING YARIOUS TYMIE OF AIRPLANES TO DITERMIHE AR OF JUPPORT FOMMTS

RESTRICTED
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51543 I

AIRPLANE WEIGHING FORM
DATE WEIGHED June 5, (943 mobel___ B-28  <pmial Ne. 43087 _ 1
PLACE WEIGHED Lowey Field, Cola.  WEIGHING OFFICERL B, Tham as,2 »d 1t AL
wHEL e AR Nt
b iy 35418 o 35416
TIONT M 35418 o aA54i6
SUB-TOTAL (Bath Main) 70RA2 o ZA@as
NOSE OR TAIL E E 55 o
TOTAL [As Waighed) 77| u o ?ri- Qg
INSTRUCTIONS MEASUREMENTS
I, Enter scale readings in first column, B. ilﬂiliunl:r I'Mn'! the jig peint ar frame fo the center
L Subtract tare, if any, from scals reading to obtain line of the main wheeh. Obtained J"f" P EE M
not weight, l. Distance from reference datum line o some ag-
H cessible exterior jig point or frame of the girplone I
1, Determine the arms, E and F. fraen which 4 plumb bob can be d’rﬂPP.d 1o the
4. Multiply the sub-tofal net weight of main whaals, ground. Obtain from diagram on balance computer
and the net weight of nose or tail wheel, by their or from Chart E.

redpective arms [dimensicns E and F] to obtain their E Distoncs from refarence datum line ta santer Lion
momenis, of main wheels, I

5. Add net weights ond momenis of the main wheels E—B 41
ord nowe or tail wheel, D. Whesl baws. Obtain by measuremant,

b, Divide the total momeni by the total not weight F. Distance from reforence dotum line to canter line
to obtoin the cg pesition in inches from the refor. of node or toil wheel,

ence datum line [HE F—-—E—D [nose wheel sfrplam]
F—E 4 D [toil whes! sirplane)

DESCRIFTHON MET WEIGHT AR MOENT

. TOTAL (A5 Weighad 77100 42 7.4 (32955550
. OlL IN AIRPLANE -2550 391.5 | roolozs

- Taral ol lomt Waighed bt 3 .
Mol Far o Bas Wasght

Tobml of Bauks ligms Mad in
e Birglane whan Waighsd . 4 -+
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SECTION-4

INSTRUCTIONS FOR USING CHART B

This chart serves as an historical record of structural changes and the re-
placement of major itéems such as engines, propellers, cowling, tires, ordnance
installations, self -sealing fuel cells, etc., not covered by chart A,

‘The manufacturer made no entries on this form unless modifications or
changes were made after actually weighing and determining the basic weight
and moment. Entries are to be made by a weight and balance officer or by an
engineering officer at an overhaul or modification center as follows:

Column 1 - Enter date of change.

Column 2 - Enter sufficlent description of change to ldentify it, including
the authorizing change order number U applicable.

Column 3 - Enter net welght increase or decrease ( + or - ).

Column 4 - Enter arm (distance {rom reference datum line to the cg of the
change). See chart E.

Column 5 - Enter the moment increase or decrease ( + or - ),

Tranafer toial weight and moment of each group of entrles to chart C and
make any necessary change on chart A.

This form mayalso be used to list minor changes which are not great enough
to justily changing the basic weight and moment. When the total number of
small changes becomes appreclable, it may be entered onchart C. This reduces
the pumber of basic log entrles without losing the accumulative effect of numer.
ous small changes,
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RECORD OF STRUCTURAL CHANGES CHART
M

HISTORY OF AIRFLANE CHAMNGES AND MODIFICATIONS .
AFFECTING WEIGHT AMD BALANCE

M L el
ARM -~ Ditance, in inchas, from Ralpesnce Dubum Line Py iy
MOMENT — Weight x Distance, in inchas, fram Refarsnce Deatum Line SERIAL NO.
— DEICKTION OF MOBFCATION ©F ALTERATION e “nmiu Ll L
MMI—EW_BHLF Turref - Ezg.n__.iuﬂ_,:-*iﬂﬂ-ﬁﬁ__.
815/43 L Inatall Dummy F wd. Belly Tueest + 1800 kaq paagoca
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SECTION-6

1. Insert the necessary ldentifying Information at the top of the form.

Z. Enter basic alrplane weight and Index at top of the left-hand column, Obtain these
{lgures from the balance computér case data card or from the last eatry on chart C. In
casé the flgures do not agree, chart C |s to be considered correct.

3, Using the same compartment letter identification as shown on the back of the bal-
ance computer, enter the crew and cargo welghts for each compartment in the “ITEM"'
column, Enter each compartment total to the weight column.

4, Enter the minimum landing gross weight (basic weight plus compartment loads),
When paratroops are to be evacuated n flight, this landing gross welght will be reduced,
and hence the cg position must be rechecked carefully.

§. List the ammunition by compartment, glving the caliber and number of rounds, and
enter welght In the welght column.

6. List the number and size of bombs, torpedoes, etc., and enter the total welghts In
the weight column.,
7. List the amount and welght of the oll and enter weight In the weight column,

B, List by tanks, the amount and welght of all fuel loaded. Group fuel tank nomencla-
ture where possible. Enter the respective welghts in the weight column,

8. Enter ‘Recommended Max, Take -off Gross Welght'' and ‘‘Recommended Max, Land-
ing Gross Weight.!' Obtain these figures from the table in chart E.

10. Add the weight column and determine the gross weight. Check this figure agalnst
the gross weight allowable, and make any necessary changes or additions.

11. By using the balance computer or loading graph, determine the loaded airplane’s
balance in accordance with lnstructions. When the Load Adjuster I used, record In
the index column the progressive movement of the [ndicator after each step, Shift load
i reqolred, and make changes or additions to the entries as necessary.

12, Enter ‘‘Take-off Weight and Index,"’

13, Becure necessary approval and signatures at the bottom of Form F,
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AN Di-1-40 LOADING GRAPHS
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FLIGHT OPERATIOHAL PROBLEM

"Conetant Power™

On 1 Jenuary 17LL & B=29, serial mmber 130862, of the Second Adr
Forca, 53th Boob Wing, LOth Bombardsent Oroup, TL6th Squadron, staticned
at Lowry Field, Uenver, Colorado was assigned to drop 20,000 lbs. of
bombs on St. Louls, Yiesouri, 700 miles away and continue to Kelly Field,
Texas, 780 miles from S5t. Louis.

The crew, members of the 13lsat T.E.F.T.G., Lowry Field, Denwver, Colo-
rade was composed of the following: Pilot, Colonel Joe Hlow, OL33LE;
co=-pilot, dajor Smaffy Duffy, D65282; flight engineer, yourself; bombar-
dier, lst Lt. Andrew H. Brown, O744349; navigator, 2nd Lt. Heavy Fog,
0867079; radic operator, T/5zt. Reddy Eilowat, 6293517; side gummers,
5/5gt. Won I. Shut, 315602683 and L/Sgt. Shute M. Strate, 30964290; rear
low=r turret gunner, S/5gt. 0. I. Tuff, 32400837; phototrapher, 5/5gt.
Click M, Kwilk, 353‘2&082} and rear punner, 5/5gt. H. A. Sadsack, 28499020,
The pilot, eo-pilet, radic operater and rear gunner are members of the
fepular Army and the other crew members are the Army of the United States,

The ship's englnes were N-3350-21 with serial numbers L2-386, 42-397,
L2-338 and L,2-861 and had been in service 28k, 275, 293 and 51 hours re—
spectively. The airplane had 587 hours of service. The awdliary power
plant, serial mmber 3152745, had been in serviece 3,5 hours, The flight
plan stated that the flight would be made at 13,000 feet pressure altitude
at a constant powar of 6T after climb to this altitude had been attained
at optimum rate of cliob, The {light was to start at 0?20 at which time
the pressure altitude of the field was caleculated to be 5,000 feet and
the outside alr temperature 1,°C. At 18,000 feet pressure altitude it
was estimated that no wind would be encountered and that the outside air
temperatures would be =119C,

Before take-off the assistant flight engineer, 5/5gt. Joes Doaks,
31061013, performed the preflight and dally maintenance etiona
and entered the houra that the 25, 50 and 100 were due on 557, 622, and
£72 hours respectivaly. He noted that the #1 generator was out. [he
flight engineer signed the exceptional release bafore take—off. All
awxiliary equipment was inspected by Znd Lt. J. 5. Smithington, 086739,
and was found 0.XK. The oll tanks were filled to capacity of 85 gdallons
per tank by adding 12, 10, 15 and 8 gallons to tanks 1, 2, 3 and | re-
spectively. There was 1500 gallons of fuel in the ship before it was
serviced. The plane was serviced with fusl to the required amount for
the mission as computed by you, which included 95 gallons for warm-up
and take-off, the computed smount required for climb and rruiss, the
raserve to cover three-sngine operation from the E.D.P. to the desti-
nation plus an endurance reserve of one hour at L2% power.
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The baslc weight of the ship was Th,550 1bs. and the basic index
with the wheels down was 57.7 and with the wieels up was 55.7. In
addition to ths crew previsusly nentioned and the reguired fusl and
oil, the plane was loaded with the following:

Twenty 5007 bombs in forward boal bay
Twenty 5007 bembs in aft bomb bhay

2,000 rounds 50 ezl. swmnition im comph. O
1,300 rounds 50 cal. amwriition in compt. O
1,000 rounds 50 cal. anmundtion in compt. J
5,000 rounds 50 eal. sumnition in eomp..

The take-off was successful at 0930 with the bombardicr in cub-
partment C and the tail punner in compartment J during take-aff., ALl
other orew poambers were at thelr respective stationz during taze-off.
The ship landed at the home base at 1530. The put-put was in use two
hours during fli~ht. A1l of the asmunition was used overthe target.

1. Compute the estimated fuel required for the mission assming a
gross welpht of 120,000 1lbs. &t tha start of the climh, Lake yovar
caleulations on & separate sheet of paper, identifying each fipgure
or value in such & mannar that the accuracy of the calculstiona
can be sazily checked. Show all necezsary work on this sheet of
paper. Use Duel density of 6 1lbs./gal. Assume three=enpine maxi-
oum range I.A.5. to be 20 EPH slower than four-engine maximum
ranpe I A5,

2« After the estimated fuel consumption has heen calculatsd, load
half of the reguired fusl in the inboard tanks and the remaining
half in the outbeard tanks. Complete the loading of the ship
and £ill out the Form F weight clearance.

3. Fill out all the infermation available [rom the ghove in the
Flight Engineer's Teport end on Form 1 and 1A

L. Flot a flicht progress curve showing the four<engine predicted
for timo and distance and the three-engine shead for time and
distance,

5. MAn alternate airport is found to be 100 miles off the course 1100
miles out.

HOTE: It is suggested that the work be accomplished in the sbove order,
namely, 1, 2, 3, 4 and 5,

=31




COUPUTATION OF FULL HSUWIAZD FPOR. LIS5TON

Pressure altitude of 5000 ft. and OAT of 1L°C.=

18000 Hy and GAT of=1 0

Fuel required to olimh from G000 ft. Ha to
15000 Hy'= 450 ~ 115 = 335 gals, or

Distance cowered in climb = 90 = 21,5

TAS at 6000 Hy

TAS at 19000 iy

jv. TAS in climb = ELé,EE

Time to Climb in 60.5/200,5 = 328 hrs.
Gross Gielpht after climb = 120000 - 2010
Aemaining distande after climb = 780 - 68.5
TAS at 673 power, 15000 Hy and 117,970 lbs.
Time te cruise to target at 250 mi./hr.

= 711.5/258

Fusl consumed at L3k gals./hr. for 2.76
hra, = 1196 gals.

or

Approxdimate welght at target = 117,990 - 7130 =

TAS at 675 power, 19000 Hy and 110,810 1bs.

bv. TAS = M

Time to reach target = T11.5/262
Fuel consumed at L3l gals./hr. for a.718 hrs

= 1179 gals.

Oross welght st tarpet befors dropping bomba
= 117,990 = TO70

Gross welght at t
= m.m - EEjT 5

TAS at 6T% power, 19000 Hy and 88,175 lbs.

t after dropping bombs

or

G000 ft. Hy
12000 ft. Hy

2010 1lbse
68,5 mi.

187 mi./hrs
230 mi./hr,
208.5 md./hr.

1.7 min.
117,990 lbs.
7.5 mi.
258 mi./hr.

2,76 hrs.

T180 1bs,
110,810 1bs.
266 m,/hr,
262 mi./hr,

2.T18 hrs.
TOTO lba.
110,520 1bs.

55,1?5 1bﬂ-
286 ml./hr.
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Time to return at 286 mi./hr. = 780/286 = 730/2%6

Fuel consumed at hjh 'Eﬂ.fh!"; for 2,728 hrs.
= 1182 pals,

Approximate final pross weight = 83,175 - 7100
TAS at 67% power, 19000 Hy and 81,075 1lbas.

Av, TAS = ﬂé_ﬁfﬁ

Time to retum at 283 mi./hr, = 780/288

Fuel consumed at L3 gal./hr. for 2.705 hrs,
® 1175 gals.

Fuel required for four-engine maximm range
for 750 mi. at lipght weight

Three-enpine maximm rance for 730 mil. at licht
welpght = 115% of four-engine madimum range
requirement or 115% x 1052 pals, = 1710 gal.

One-hour endurance at ;2% power = 250 gal, ar

ESTLUTED FUEL REQUIAED FOR VT SSTION

Fuel required for warm-up and take—off

Fuel required for climb

Fuel required for cruise to tarcet

Fuel required for three-enrine marimum
range from tarcet to destination

Fuel reserve for one-hour endurance

TOTAL

=33

or

mwon

or

2.728 hra.

7100 1ba.
81075 1bs.
290 mi./hr.
288 mi./hr.

2,705 hrs.
TU'S‘Q 1bﬂ|

1052 gals,

7280 lba.
15!1‘! Ibﬂt

5?13 Ib!i
2010 lbs.
7070 1bs.

7230 1bs,

1500 lbs.

184,30 1bs.

3070 ﬁﬂls-
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FLITT OPSRATINIAL PROALTH

"Congtant True Alrspesd"

On Novesber 27, 1343 a D29, serial mumber B30002, 0f the Secend
ddr Force, Sith 3orb Hing, L0th Dowbasitent Growp, 7iAth Squadron, .
stationed at Lowre Field, Denver, Colorads was agsipmed|te drep; 23,020
Ohs, of bombg on Uwalde, Tecas, 730 milas mway and pesufhi £ the here
base. i

‘ The crew, nembers of the 33lst T,i.F.Tedy; Lowry Fleld, Teaver,
Colpraio, was compoged of the following: pilot, Colonel Joe Tlew,
DLid33he; co=pilot, Uajor Smuffy Taffy, GrS233; [lisht wnrinesr, your-
meli; hoobardier, 1st Lt. Andrew 1. Srown, Q76L368; navinator, Ind
Lta lleavy Fop, 0J6707Y; radio operator, T/ost. Aeddy ¥ilowat, 673317
gide munners, S/5-t. Yon I. Ymt, 314602633 and fict. bSute T Serate,
J0P6L290; rear turret cuwmmer, Sfopt. e . Tuff, 324500537 phote—
grapher, ofugt. Cliek X, Fwlk, 35323082 ‘an! pear munher, /Sgt. B
A Gadsack, 2aL¥5020. The pilot mnd eo=nilot are menbeps of the ferus
lar Arrp- and the other crew nembars arg in the Armriof the United
ctates. f

1 the ship's enpines were 1=3350-23 with serial nunhars 4,2-336,
L2327, L2-333 and 42-361 and hat Seen in gervice 23, 274, 293 and
€1 hours respectivelr. The alrplase had 537 nours 6f sgrvize. Tha
el liary power plant, serial numtar 3152747, had been in service

45 hours. Tho flisht plan sfatéd that the flight fould be made at
“12,000 leet pressure altitude At & copStant trus ajrspead of 270 LPH
efter climb to this altitude had toeen attained at optioum rate of
clinb. The flicht was to start ‘at 0530 at which time the presgure
pluitude of the field was caleuleded te be T,000 feet and the putside
pir tomporature 1590,  At/13,000 Taet pressure altitule 1t was esti-
mated that oo wind would be spcountarsed and that the gutiside sir Sem-
parature would be =112, [ i

Defore take-off the assistant flizht enpineer, Z/ur%. Joe Doaks,
ILNELNLG, parforned the preflicht and daily maintenance inmections
and entered the hours $hat the 25, S0 and 180 wers due on 397, £22,
and £72 hours respectively. He noted that'the /1 renerator was out,
e fliht encineer sipned the exceptional release “efore take—off,
A1l awcliary equippent was inspected by 2nd Zt. J. D, Seithington,
56717, and was found U.K. The oll tanks were filled tp capacity
af 13 zallona per tank by adding 12, 17, 15 and 1 pallons.to tanks
1, 2, 1 and l ‘regpectively. There was 1500 gallens of fugl in the
dilp beforo it was serviceds The plane was serviced with-Tuel to
the required smomt for the mission as couputed by you, which included
270 gallons of fuel for reserve requiresents and 95 gallons {or wars—
up and take<eff in addition to the computed a=mount rejuired for elish
and erulse. T

e basic weight of the ship was 7,550 lbs, and the basic index
with tho wheels down was 57.7 and with =he whaels up was 55.7. In

=110
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eddition to the crew previcusly mentioned and the required fuel and
oll, the plane was loaded with the following:

Twenty 500# fombs in forward bomb bay
Twanty 500f Hoobs inm aft bomb bay

2,000 rounds 50 cal., ammunition in compt.
1,000 rounds 50 cal, ammumnition in compt.
1,000 rounds 50 cal, ammunition in sowpt,
5,000 rounda 50 cal. ammmnition in compt.

ELR- R =Ry

The take-off was successful at 0930 with the bombardier in com=
partment C and the tail punner in eompartment J during take—off. 411
other crew nembers were at their respective stations during take-off.
The ship landed at the heme base at 1600, The put-but was in use two
hours during flight. All of the ammunition was used over the target,

1. Compute the estimated fuel required for the mission assmring a
gross weight of 120,000 lbs, at the start of the clinb. Make
your calculations on a separate sheet of paper, identifying each
fipure or valus in such a manner that the acouraecy of the calou-
lations can be easily checked, GShow all nrecessary work on this
sheet of paper. Use fuel density of & lbs./gal.

2, After the estimated fuel conswmtion has been caloulated, load
half of the required fuel in the inboard tanks and the remaining
half in the outboard tanks. Complete the loading of the ship
and i1l out the Form F weight clearance,

3. Fill out all the information avallahle from the ahove in the
Flight Engineer's Report and Log and Form 1 and 1A.

L. In column 1 of the Flight éngineer's lLog fi1l in a set of values
which would indicate normal operation during take—off. In colim
L of the Flight ingineer's Log fi1l in a set of valuas which would
be normally expected immediately after the ship has finished the
climb, leveled off and attained the required cruisin spoed.

BOTE: It is suggested that the work be accomplished in the above order,

namely, 1, 2, 3 and 4,

c-la



CouPUTATION OF FUSL NEJUIRED FOR LISSION

Pressure altitude of 5000 ft. and OAT of 14°C = 6000 ft. Hy

18000 H, and OAT of -11% =

Fuel required to .climb from 6000 ft. Hy to
13000 Hy = 45O = 120 = 330 gals. or

[istance coverod in elimb = 90,25 - 21.5 =
Av, climb TAS = Ef'_é_?ﬂ =

Time to clinh = £3.75/200 = ,330 hro, or
Oross Welght After Climb = 120000 - 1580 =

Fuel flow at 113,020 1bs,., 270 HPH, at
19000 ft. Hy = 537 ral./hr. or

Time to Crulse = E&ﬁﬂ“_ﬁ -
Approximate fuel for cruise to target =

Approcdinate Fubi. at tarpet =
119020 = (500 =

Fusl flow at 109,520 1lbs., 270 UPH, and
15000 Hy = 145'11 pals./hr, =

Av. Fuol flow during craise to tarpet =

32‘?1;2‘??2 i

Final ostimate of fuel required for cruise
to tarpet = 2971 x 2,036 =

0., at target with boubs and amemmition =
118,020 - 7835 =

G.W. 8t target without bombs and arvwunition
= 117,165 - 22,745 =

Fuel flow at 87,420 1bs., 270 MPH and
12000 Hd = 385 E!l!.,ﬁlr. or

Time to cruise hooe = 730/270 =

c-hz

19000 ft. 1y

1730 1lbs.
60,75 mi.
208 md./hr.
17.8 min.
119,020 1ba.

3271 1lhs,/hr,
2.635 hra.
B500 Ihs.

m,;m lbs.
2722 11:3.,.-"}1:-.

2971 Iha/hr.

7835 1bs,
110,165 1ha.
87,420 1bs.

2310 1bs, /hr.
2,833 hrs.



Ipproxinate fuel for retum = 2,888 x 2310 = 6670 1bs.
Approximate final G.%. = 87420 - 8670 = 30750 1ba,

Fuel flow at 80750 1bs., 270 L'PH and 19000
Hy = 367 gals./hr, or 2200 1bs. /hr,

Av. Tuel flow durine return cruise =

2310 é 220 = 2255 1bs,/hr.

Final estimate of fuel required for cruise
target to hase = 2205 x 2,833 = 6510 1bs.

ESTIMATED FUEL ZEUTHED FOR LISSION

Fuel required for wameup and take-off = 570 1bs,
Fuel required for climb = 193¢ 1bs,
Tuel required for cruise to target - 7335 1ba,
Puel required for return cruise = 6510 1bs,
Fuel reserve of 290 gals, = 1500 1bs,
TOTAL = 18395 1ba,

ar 3066 pals.

c-la
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FLIGHT OPERATIONAL PROBLEM
"Maximum Range™

On & Jaruary 194k a 0-29, serial number L30862, of the Second Mir
Force, 53th Bomb 'ing, LOth Bombardment Orowp, 7Théth Squadron stationed
at Lowry Field, Denver, Coloradc was assigned to drop 20,000 1lbas. of
bombs on Chicago, Illinois, 900 miles away and continue to Bryan, Texas,
900 miles from Chicago.

The crew, macbers of the 331st T.E.F.T.0., Lowry Field, Denver,
Golorado, was composed of the fellowing: zgl.lut-, Colonel Joe Blow,
o48342; co-pilet, Major Gauffy Duffy, 065232; flight englneer, yourself;
bombardier, lst Lt, kndrew H. Brown, 076)86%; navigator, 2nd Lt. Heavy
Fog, 0367079; radio operator, T/Sgh. Reddy Kilowat, 629551?1 gide pun~
ners, 5/5¢t. Won I. Shut, 3130%535 and W/5gt, Shute L, Strate 3096L290;
rear turrct gunner, 5/Sgt. Jee I. Tuff, 32400337; photographer, 5/Srt.
Click ¥. Kwik, 35323082; and rear gunner, 5/5gt. R. A. Sadsack, 26L,99020,
The pilot and co-pilot, radio operator and rear punner are members of the
ragular Amay and the other crew nembers are in the Army of the United
States.

The ship's engines were f=3350-23 with serial mumbers }j2-386, |j2=
337, L2-388, and l;2-861 and had been in service 284, 276, 293 and 61
hours respectively. The airplane had 567 hours of service. The amel-
liary power plant, serial mumber 3152747, had been in service 35 hours.
The flicht plan stated that the flight would be made at 19,000 feet
pressure altitude at maocimum range conditions after climb to this alti-
tude had boen attained at optimun rate of clinb. The flight wis to
gtart at 0900 at which time the presdure altitude of the [ield was cal-
culated to be 3000 feet and the outside air temperature 1,°C. At 18000
ft. pressure altitude it was estimgted that no wind would ba encountered
and that the ocutside air temperature would be =11°C,

Before take—ofl the assistant flipht engineer, 5/5gt. Joe Doaks,
31061013, performed the preflicht and daily oaintepance inspections and
entered the hours that the 25, 50, and 100 were due on 597, 622, and
a672 hours respectively. He noted that the Ho. 1 generator was out.

The flicht sngineer signed the exceptional relsass Safore take—off.

All awdiliary equipment was inspected by 2nd Lt. J. B. Smithington,
0367349 and was Tound o.k. The-oil tanks were filled to capacity of

45 pallons per tank by adiing 12, 10, 15 and 8 zallons to tanks 1, 2,

3 and L respectively. There was 1500 zallons of fuel in the ship be-
fore it was serviced, The plane was serviced with fuel to the required
anount for the mission as computed by wou, which included 95 gallons for
wari-up and take-off, the computed amount required for climb and cruise,
tha reserve to cover threse=sngine operation from the E.D.FP. to the desti-
nation plus an endurance reserve of one hour at 425 power.

The basic weicht of the ship was 70,145 1bs. and the basic index
7ith the wheels down was 59.7 and with the wheels up was 55.7. In
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addition to the crew previously mentioned and tha required fuel and oil,
the plane was loaded with the following:

Twenty 5007 hombs in forward bomb bay
Twenty 5007 boubs in aft bomb bay

2,000 rounis 50 cal. ammunition in compt.
1,000 rounds 50 cal. amminitien in conpt.
1,000 rounds 50 cal, ammunition in compts
5,000 reunds 50 eal, ammunition in eompt.

ML

The take-off was succesaful at 0930 with the bophbardier in com-
partment C and the tall qunner in compartment J during take-off, All
other crew membera ware at thelr respectdve stations durinpg take-off.
The ship landed at Bryan, Texas at 1730. The pat-put was in use two
hours durinap flight. M1 of the ammunition was used sver the tarpet.

1. Compute the estimated fusl required for the mission assuming a
gross welght of 120,000 1ba, st the start of the climb. Hake your
caleulations on a separate sheet of paper, ideatifying each fipure
or ¥alue in such & mannser that the accuracy of the calslations
can be easily checked., Uhow all necessary work on this sheet of
paper. Use a fusl density of 6 lbs./pal. Assume the thres=-engine
maxdimum ranpe I.A.Z. to he 20 WPY slower than the four-enpine maci—
oum ranse I.A.5.

2. After the estimated fuel consumption has Seen caleulated, load half
of the required fuel in She inboard tanks and the remaining half in
the outboard tanks. Complete the loading of the ship and £111 eut
the Form F welpht clearance,

Je Pl out a1l the informztion aveilabla froe the above in the Flight
Engineer's Report and on Form 1 and 14,

L. Flet a fLipght nrogress curve showing the four-engine predicted for
time and distance and the thres-ongine aNead angd return for time
and distance.

NOTZ: It is sugpested that the work %o acesmplished in the above order,
namely, 1, 2, 3 and |,

C=51



COMPUTATION OF FUZL REQUTHED FOR MISSION

Pressure altitude of 5000 ft. and OAT of 1,°C
18000 H, and OAT of =11%C

Fuel required to climb from &000 ft. Hy to
19000 Hy = 450 - 115 = 335 gals,

Uistance covered in climb = 50 - 21.5
TAS at 6000 Hy
TAS at 19000 Hy

Av. T4S in climb = lﬁ_é? 230
- .

Time to climh = 68.5/208.5 = ,328 hrs.
Oross weipht after climb = 120000 - 2010
Remainins IMstance after climb = 900 = 63.5

Fuel Memuired to Cruise 33J.5 mi. at 19000 Hd
at Long Ranse Cruising = 1703 rals.

TAS of 187 at 19000 Hy = TAS of
Time to Mruise to Tarpet = 831.5/253

frosa “lelpht at Target Dafore Dreopplng Sombs
= 117,990 - 10,220

fiross Veight at Target After Dropping Bombas
= 187,770 - 22,745

Fuel required to Crulse [rom target to destina-
tion at 19000 Hy and maximum range = 1250&1:. or

145 of 177 at 19000 Hy = TAS of

Time to Cruise from Tarret to Dastination
= 900/240

Three-sngine Cruising from Tarpet to destination
is approximately 15% more than four-engines

or 115 x 7500

or

IAS for three-engine maximm range is approximataly

20 mi./hr. less than IAS for four-engine
IAS of 157 at 19000 Hy = TAS of

c-52

&000 ft. Hy
19000 ft. Hy

2010 1bs.
63.5 mi.

137 mi./hr.
230 mi,/nr.
203.5 mi./hr.

19.7 mdn.
117,790 1ba.
BJ']-IE lﬂ.-

10,220 1ba.
233 mi./hr.
3.29 hra.

107 ,??u‘ 1ba.
85,025 lbs.

7500 1bs.
240 mi. her.

3.75 hrs.

8630 1be.

157 ‘n‘h‘-
212 mi/hr.



Time to Cruise from Tarpet to Destination on
Thres-enines = 900/712

One hour endurance at LZ% power = 250 gals,

ESTLUATED
Fual
Fuel
Fual
Fuel

Fual

ESTIMATED

Time
Time
fime

FUZL REQUIRED FOU UTSSION

Required for Warm-up and Take-off
Required for Climb

lequired for Cruise to Target
Required for three-engina cruise

from Target to Destination
Reserve for One-hour Endursnce

TOTAL

or

TIEE REQUIRED FOR MISSION
requirad to Climb
required for cruise to target
required for cruise from target
to destination

TOTEL

C-53
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[ BN

i 2ly hrs,
1500 1ba.

m Ihs,
2010 1bs,
10220 lhs,

A630 1bg.
1500 lba,

22930 1bs.
3820 gals.

32 hra.
3.29 hrs.

+ 75 hre.
?1353 hl“l.
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JATLY TREPRSTION CHUCK, LIST

Inspection Status

cowling znd Ltructures

Landiar ear oorsten

Accessory Section

Date of
or

Inspected Todsy

By Station

Fuselage Ugnaral

Preflirht

Docks

Infomation File

Daily

- 1’:“ l"(f -
£l H}'ﬁ ﬁ-i f{‘a

é)'a ok 5

Cxypen Sersthem

25 hours

Fire Zxtinmuishers

50 hours

Luxiliary Power Plant

100 hours

drereency Equipnent

10

Instrments

#ing Flap

ario Tah Lrsten

Inspection of Auwdliary Eoquipment

Control Lock Sratem

Zauipment

Inspected Ry Station

Flight Sontrol beaten

Prooellars

Jomhardnent

ﬂmirhfﬂ’*un La Ty

Rk RIE

drake and Hwdraulic Srsten

Cunnery

s

Powor Plant Control Srotem

Ghend eal

T I

5

(il Symtem

Corrund cations

" "

[
53

fuel Tranafar Lraten

Fho torraphi e

" -

Fuel oystenm

rropeller Anti-lcer Lvatem

Intercooler Control Svatem

o] s |

Cowl Flap Control Srstem

&

Turbo Supercharmer

tios 1 Engine Oparation

2 |3

Ko, 2 Engine Operation

L
~3

ool ool khivlolololnlo s
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ENOINEER'S CHECK LIST

NEFORE STARTING ENGINIE

1. ‘eipht and C.0. location
2. Flipht lop
3. Props pullad threugh

5. Crew Chiaf tool kit

6. Voltage reg. vent valve

7. Parachutes

d. Oxyven

?s Clothing

10, Life preserver

11. Cahin pressure relief wvalve

12, TDNattery switch

13, Emarpency switch (pllots)

1. laster ipnition switches

15. Auxiliary powsr plant

16, liphts

17. Control freedom of movement

13, Normal and emergency hyd,
pressure

17. Parkineg brakes and blocks

20+ Fuel guantity

21, Oil suantity

22, Inverter

2}, GCowl flapa

2y 01l coolar shuttars

gg. Intercooler shutters

Proneller
27. Turbo

23, Fael valves

29, Mxture control

30, Fuel booater

J1. Fire axtinpuishers

32, kp. switch (nd starting)

DUILING: WARM=UP

l. 0Oil pressures - noss

2, 0il pressura - rear

3. Fuel pressure

s Cylinder head temperature
C. Oil temperature

6. Vinpg de-icers

7. fenerator switches

8. Vacuum system

A FORE TAME-OFF
1, Cabin supercharger
2. lagnato drop

3. (enarators

k-1

Cowl Flapa

Fuel booater

« Cylinder head temperatures
il pressure - nose

01l pressure - rear

¥. Ml tempearature
DURING FLIGHT

Intercooler shutters
2. Fuel booster pump

3. Axddliary power plant
5- Mixture

6. Oil pressure - nose
7« 0Oil pressure - rear

8. Fuel Pressure

?« Oenerators

Cylinder head temperature
0il temperature

wn supercharger system

SEFOHE LANDING

l.  Vieight and C.G.

2. Auxiliary power plant
3 kixture

lis Fuel booster pump

5. 0il pressure - nose
f. 0il pressure = rear
T« 0il temperature

A, Generators
9. Cylinder head temperaturs

10. Fuesl pressure

11, Cabin supercharper system
12, De-icers

13. Hydraulic srstem

Ui. Intercocler shutters
AFTER LANDING

1, (Oenarators

2. Cowl flaps

3. Fuel booster

b, ™1 cooler

5. Parking brakes and blocks
f. Engines

T- u."l.l d:l.lut.im

8. Ml switches

7. Auxiliary power plant

10, Control lock



INSTRUCTIONS FOR #IGINEER'S CHECK LIST
1. WEIOHT AND C.G. LOCATION:

Me weight and halance portion of the Flight énsineer's Log and T.0,
01-1-L0 will be completed and the total weisht and locatian of the C,0.
determined, GLample celeulation will also he conducted to detarmine the
affect on C.0. location due to depletion of fuel and oil, droppine pf
bomb bay tanks or bombs, all from core bomb hay or both bays to determine
if an unstable condition could be encountered. Lax pross weipht 120,000
pounds; C.G. ldmits 187 - 37 M.A.C.

2.  FLIGHT LOG:

The asnpineer log will be complately filled out with the-excepticn
of that portion of the log which must necessarily be accoemplished in
flipht,

3. POPELLERS PYLLED THROUGH;

With all ignition switches "off" the propellers will he pulled
throurh by hand five revolutions using 3 maximum of three (3) men per
hlade. OCare must be exercised especially while pullinz through the
first revelution so that the slirhtest envine obstruction encountered
can be felt and corrective action taken, If an obstruction is encoun—
tared, reverse the direction of rotation of the propeller for ons revo-
Iution: if this is impossible, remove the front plugs from the lower
cylinders and drain the.oil until the propeller-can be pulled throwsh
easily. 1If the ensine is not started within thrity (30) minukes of the
last T™un wp .or the time that the propellers were pulled through, the
engines rmst be pulled throurh sgain. Under no circumstanices will the
propeller he pulled shrough with a crlinder nead reading above 100°C,

k. EhrHENCY. FLAP MOTOR:

Visually check to ses that the rmersency -’1.9.;:: motor is installed
in its proper location over the middle of the rear spar,

M oW CHLEF . TOUL-KIT:
Ore (1) complote Crew Chief Tool Kit will be in the airplana,
& VOLTASE REGULATOR VENT VALVE;

These valves mounted on the top of each voltage repulator ecntainer
will he open at all times—-valve handle pulled in the up position.

Ts ARACHUTE:

Visually check parachite inspaction record; rip cerd and fasten it
on. Check other erew stations for presence of parachute,

L=2



Ba OXYOEN:

Visually check to see that your oxygen mask is in good condition
and within reach of the enrineers stand. The oxypen supply pressure
mare should read hetween 3504 and |50#. Chack the operation of the
flow indicator and amergency valve of the repulator by turmnins on the
emermency valve and the indicator should show a flow indication,

9.  CIOTHING:

Visually check to see tha% you have satisfactory clothing and per-
sonal eaquipment for the proposed mission, particularly in connection
with high-altitude and ecold-weather flving where the electric suit will
be wormn. The suit should be turned on and a check made to see that all
cireuits are oparatinm.

13. LIFS poet-MVelkis

Vigually check life preserver for tears and to see +that the GO
hottle has not heen used and the hottle runcture arm is safeties in
position,

1l. TADIH PRotUPE RALID VAIVE:

The cabin pressure relief valve undar the cneineser's seat should
he in ‘ha closed position,

17, BATT~nY SoTTCH:

Turn "on",
3. - RwGCY LITCH (PILOTS):

Turn "oal.
. GASTER TARTTION SUTTCHES:

Tum hoth master imition switches "on",
15, AUXILIARY FOZA PLANT

Order auxiliary powar plant started and allow it to run in idle
position for throe-five (3=5) minutes before ordering it placed in high
spe=ad operation. This must be accomplisned in aecordance with the auwdi-
liary power plant check list.
16, LIGATL:

For nipht flichts, the encinears three (3) fluprescent lirhts should

be checked’ for proper operation, amnd the dome light adjacent to the enpi-
neers stand. Check landing pear lirhta.

w=3



17, CONTROL FREEDOM OF MOVEMENT:

A1l econtrols on the sngineers stand should be operated through
shelr entire ran-e to determine that no obstacles are presant,

18, NORMAL AND EMSROENCY HYDHRAULIC PHESSURE:
Both hydraulic system pages should read hetween 300F to 10004,
Turn the hdraulic shut-off valve to "open" and operate the hydraulic
in the emerpency position. A pressure increase should be noted
on both pages, Heturn hydraulic pump Lo "aute™ pesition and eclose valve,
15, PARKING SRAXCS D "LOCKS

parking brake from the pilots position and chack that blocks
are in front and in back of at least one wheel on each side of the ship,

20, FUSL QUANTITY:

Gheck all four (L) fuel %anks to see that sufficient fuel is aboard
for the mission to “e performed, this amount having previously heen eati-
mased v the Flicht sngineer.

1. OIL JUANTITY:

Check all four (L) oil tanks to see that sufficient oil is ahoard
for the mission to Se performed, Usually the tank is filled to within
L 1o 08
2. HNERTHER:

Check the alternate inverter for operation - twenty-six (26) volts,
Mormal, Check the "normal® inverter for twentby-six {26‘} volts output and
leave "normal® inverter operating. When checkine inverters allow the
first one to ston rotating before turning on the sscond,

23. XL FLAFS:

Upen cowl flaps to the full open position-—approximately 5 1/2" (20°).
This indicator will po past hoth red lines.

eh, OIL CoOL:T SHUFTER)
Place oll cocler shmtters in the "ante" position.
25, INTEMCOOLER SHUTTERE:
Onen the intercocler shutters to b 1/2" (15%) - instrument panel

indicator to rad line,

Limly




26. FiuP<LLER:

Put propaller rovernor in hirch A position until indicator lirhta
SOME: Ofla

T« ARy
Flacs turbo control to tha "off" poaition.
e MIZL VALVE:

rut fuel valve gwitch's in the open position and allow to retumn
to normal pozition.

&. WX CoITHOL:
Place mixture control in the "Idle Cut Off" position.
30, FUEL BO05T=R:

M= fuel booster switches on and adjust the hooster pressure betwean
1%s o 16 with the hooster pump rheostat. Leaave the rsostat as is until
f1al drains out of suparcharrer drain line, then turn the hooster pump
gwitch ®off™.

1. Fli3S 0TI UTIsHER
Turn the fire extinmol sher to the enrinae to be started,
32, % BuITCHSL MM STAITDNG:

At all vimes when an enrine is to e sta=ted, sither tha pilot's or
co-pilot's s=at will be occupied dependin~ on which side enrineas are to
e started, for slenalline to the pround crew, It will %a t'ds man's
respansibdlity to see that the two firemen are stanling hy on nither side
of the enpgine and that all personnel are clear when tha enrineer so indi-
cates. Open throttle to 800 - 1000 HFW. Wwith the marnato switches "off™
ascelerate the starter for five (5) seconds and turmn hooster pump onj con-
tinue to accelerate for ten (10) seconds and then mesh the starter, After
one revolution of tha propeller, tum the ignition switeh "on™ and then
commence priming as needed. Wnen the enpine fires, continue to prime un-
til the engine is operating smoothly and then place the mixture control
in Auto Mich., If the engine dies, return the nixture control to “"Idle
Cut Off" immediately and repsat the procadurs. As scon as ensine is
oparating properly, turn the hooster pumns off., Watch fusl pressure for
possihle drop,
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DURING WARM UP
1. OIL PRECEUZE - HOGJs

Immediately after the engine is started, check the nosa oil pressure
and if a rise in pressure is not noted in thirtyr (30) seconds, shuit the
engine down and investipate. HNommal oil pressure is between 30 and S0#
and may he higher with cold oil. OContinue to check this pressura all dur-
ing warm wp,

2. OIL PREGLUTE - RRAR:

Immediatelr aftep the enrine ig started, chegk the rear oil pressure
snd if a rise in pressure is not noted in thirty (30) seconds s‘ms the
engine down and investigate. Normal oil pressure is betoeen 60¢ and 300
and may be higher with cold oil. Continue to check this pressure all
during warm up,

3 FlEL PRESSUNE:

Fuel pregsure should be steady at 1% to 1.
4. OVLINIET “HEAD TS{PERATURE:

Normal operating range is 150° to 250%C,
5. OIL TERPERATURE:

lNormal operating temperature is hetwsen 55° and 90°C, However, an
engine may be Tun up or take-off made as spon as any rise in oil tempera-
ture is noted, FEnpgines also have been operated satisfactorily with odil
temperature as hish as 120%C. Operating in these extreme ranges should
be considersd satisfactory for short times only and then only if the oll
pressure are within limits. Opsration in these extreme limits indicate
that some part of the oil eooler system is not functioning and should he
carefally checked, Take=off should not be made with extreme temperature,
f.  WING TE-ICRRSH

with #ll engines running, turn the wing de-icers on mnd visually in-
spect each Iummt for proper operation. De-icer air pressure should ba
between 7# * 1/2f. Leave awitch in the "off" position.
7o GENMERATOR SWITCHES:

If night flight, generator switches "on"; if day flight pensrator
gwitches not Ton" until before take-off,

8. ViCUUM STSTHM:

Check operation of both #2 and #3 vacuum pumps when directed by
pilot. Normmal suction reading should be L™ 3 2" Hg.



BEFORE TAKE-OFF
1. CARIN SUPERCHARTER:

Tharing enpine warm-up--immedistely after mapmeto cheek, check the
oparation of the cabin supercharper system by tuming on the compressers
and chackine duct flow-limits. Operation of the cabin relief valves is
indicated by difference in outside altituds which should not execssd 100
ft. below (000 ft.

2.  MAGHETU PROP:

with the engine operating betwesn 2000 and 2700 APM or when directed
By the pilst, chack the magneto drop by turning the mameto switch from
"Hoth" to "Hipght" and noting drop. Beturn switeh to "Doth™ and when Big-
ine has recovered oripinal speed, turn the switch to "Lef+" and note drop.
Aeturn switch to "Joth". UWodmm allowable RFM drep on either magneto is
10 AP consistent with smooth engine operation.

Je GEHERATORS:

Imediately after checking the mammate at 2000 to 2200 RFM the gene-
rator check should be made while the pilot is checking the propeller govere
nor. Veltage reading 28 1/2; ampeter should show a charre.

i, = COTL FLAPS

Just nrior to the take-off, close the cowl flaps to she 15° (4§ 1/2")
position which is indicated by the lomg red line on the cowl {lap indicator,

5. FULL BUOSTER:

Just prior to the te':e-off run, turn the fuel booster pump on and turn
rheostat to the lowest pesition or as needed to maintain sperating limits,
Oparating limits 15 to 18# fuel pressure.

6. CYLI'DHR HEAN TENPHRATUR:

Operating lirmits are 150°C to 250“0. Howevar, if temperatures at
the extrame end of these limits are encountered under aormal OAT readines,
the condition should be investigated before take—off, If temperatures
ahove 260°C are encountered during take-off, notify the pilot but do not
open the cowl flaps wider unless detonation is encountered with resultant
loss of power, If this condition should ocour it should he investicated
prior to the next flipht. This enpine may be operated at 25°C eylinder
head temperature. P

T« OIL FRESSURE - NOSE:
Constantly cbserve the nosa oil pressure and report any irrerularities
immediately to the pilot either during rum up or take-off. Operating limits

are 30/ to 507 except ‘uring propeller governing when this pressure will
drop as low as 54,
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. OIL FRESSURE - HEAR:

Constantly ohserve the rear oil pressure and report any irregulari-
tiea irmediately to the pilot either during run up or take-off. Operating
limits are 60# to S04,

9. OIL TEMPERATURE:

Constantly observe the oll temperature and report any irremularities
immedtiately to the pilot either during run up or take off. WNommal opera-
ting limits are 55% to 90°C,- Take off should not be made with oil tempera-
turs above 90°C.

DURTHG FLIGIT
1. INTERCODLER SHUTTERS:

During take—off the turbos are "on" so intercoolers are "open". The
intercooler shutters should be closed to 1° - 24° as soon as the turbo is
‘in the "off" position. The intercoccler shutters should remain closed un-
til the turbo is again turmed on or until they are needed for ice elimina-
tion, Carburetor icing conditions san be encountered with OAT of -3°C te
1 157°C or when ice is heing picked up on the wings. Carburetor air tem-
peratures maintained between -25°C and =3°C and £ 15° and £ 35°C are de-
girable., Carhuretor sir temperature rise due to the induction filters
is 59 to 10°C depending on engine power. ¥ith a constant throttle sett-
ing a drop in manifold pressure is an indieation of carburetor ice. To
clear the earburetor, pull back on the throttle and maintain mandfold
pressure with the turbo. The heat of compression with the intercooler
closed will eliminate the ice.

2. FUEL BOOSTEH FUMP:

When power condition 2 (climbing power) has been set up and engine
operation is normal, turn the booster pumps off one &t a time, carefully
pbserving any drops in fuel pressure. Leave pumps "off" until needed or
above 10,000 ft. altitude.

3. AUNILIARY POWER FLANT:

After climbinp 5000 feet or when the airplane is leveled off and it
is seen that the enpine gemsrators are operating nermally, the engineer
should check with the co-pilot to determine if the swdliary power plant
can be turned off. The engineer will then order the mndliary power plant
to be turned off. >

hl m FLAPS:

As soon as the power has been reduced to 2300 RPA and 3L" or below
and the cylinder heads have reached 210°C or lower, the cowl flaps should
be closed to 732 which is the short red line on the cowl flap indicator.
At all times during {lipht the cowl flaps should be kept as nearly closed
as possible but the cylinder heads should be held at 2109C or below for
lewel flipht. ;



Co LIITURE:

As soon as power is reduced to 2000 TP and 30" the mixture cortrol
suould bu poved to "auto lean” one enpine At a time and any changre in
power noted carefully. Feed for control detent.

fs OIL PREGEURZ - NOSE:
Constantly observe the nose oil pressure - operating limits 304 to

50 except when t.hn;?mpﬂllr is poverning at which time the pressire
nayr drop as low as tut will recover immediately,

Te OIL FRESSURE - H<AR:

Constantly observe the rear oil pressure during flight. Cperating
limits 60¢ to BO4,

3s  FUSL PRsuSURE:

Constantly observe the fual pressure during flicrht. Operating

2, GITEATORS:

(heck all renerators during flich:, Voltase should read 284 wolts
amperare as required by the elsctrical load with 2 nadmm of 230 amperes
Par renarator.

10, CYLIND.R HZAD TS PrRATUE,

Constantly observe cylinder head temperature in £1isht, Operating
limits 150° to 250°C. lhile in level flight keep cowl flaps as nearlr
rlosed as possible without axceeding 210°C,

11, OIL T2 ZRATURE:

Constantly observe the oil temperature durins flight. Mmerating
limits 559C to 90°C, 4if the automatic shutters do not maintain these
limits, operate the shutters mamually as required. Check with side
punners as to position of door, Migh oil tesperature may indicate a
conrealsd oil cooler if the door is in an open position—thus necessi-
tate closing the door for thaw out before proper oil temperature can be
obtained.

12, CADIN SUPERCHARGER SYSTEM:

when in operation the cabin superchar~er system should repulate as
follows:

-2




Altimater feading

Outside Cabin

O=B000 Same ai ousside £ 100"
Bo00-30,000 8,000 £ 100°

30,000=42,000 8,000 to 12,000' (propertional

to outside)

The enpineer's flight log should be {illed in each half hour in
flirht or after sach change in engine pover or altitude of the airplane
denendins on the data desired. Vaximem time lapse between taking data
ghould he one=half hour.

BEFOKE LANDING
1. WEIGHT £M Cu Gut

Compute the pross weisht and C.0. location of the airplane at time
of landing with the load adjuster.

2. ALILIARY POTER PLANT:

Omler the tail gunner to start the auxiliary power plant and place
in high-speed operation when warm.

3. LIXTURE:

Place wixture contrel in "auto rich",  Feel for control detent.
k. FUEL POOSTER:

Turn fuel booster pumps "on”.
S« OIL PRESEURE - NOSE:

Limits 304 to 50¢ except when propeller is moverning.
6. OIL PRECSURE - REAR:

Limits 60¢ to BOd.
7. OIL TEMPERATURZ:

Normal limits 55° to 90°C.
8. OENERATORS:

A1l penerators should be showing 28% volts and ampere reading as
mlil‘d- ¥
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9, CYLINDER HEAD TEMFERATURE:

Iimits 150° to 250°C,

10. TFUEL PRESSURE:

15¢ to 18¢
11. CARIN SUPERCHARGZ SYSTEM!:

If cebin heat is desired, keep cabin supercharper onj check that
cabin altitude and outside altitude iz within 100 feet of each other,
If heat is not desired, tumm cebin supercharger "off",

12, DE-ICERS:

Turn wing de-icerg "off".
13, HYDRADLYC SYOTZA:

Both systema charped to 10004,
1h. INTERCOOLER SHUTTERS:

Open intercooler shutters 157 when turbo poes on unless carburetor
heat is needed for vaporisation of fuel.

AFTER LANTING
1. GHENERATORS:

As soon as landing is made and landing flaps are up, renerators
"ol f" if daytime flipght; if at night leave "on®™ untdl sngines are ahnt
dowti.
2. OOL FLAPG:

Full open.
3. FUEL BOOSTER:

Fuel booster pumpa "off".
L+ OIL COOLER FLAPS:

Watch oil temperature. lay have to pmamually operate switeh,
G PARETING DRAKES AND OLOCES:

Flace blocks under wheels ond leave parking brakes "eff" wntil
brakes have eogled; then apply parking brakes.
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6. ENOINES:

(As required) Cool down to about 150°C before shutting dewn
enfine,

Te OIL DILUTION:
(As recuired) To be done at same time engine is heing cooled,
8. ALY, SWITCHES:

Turn all switches off, After engine has cooled sufficiently close
intercooler shutters, cowl flaps and cil cooler shutbers.

7. AUOLIARY POTHE PLANT:
Order awciliary power plant stopped.
10. COTTHOL LOCK:

lock enntrols.
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0sS MIPERERCE READILS OF INSTRULENTS

The purposs of this Section is to aid the Enpineer in de-
termining if an undesirable indication is dues te a malfunction
of the instrument or due to an wndesirable condition as indica-
ted by that instrument. To detormine this, reference is made
to other instruments which mirht also indicate the undesirable
condition. oince an instrument usually pives a correct or a
completely wrong indication, it may be assumed that =11 undesir=
able indications are correcrly piven by pood instruments due to
the actual presence of an undesirable condition.

Only the instrument troubles likelv to cccur in flirht are
ineluded,

The charts are self-explanatory; beins arranped in four

columns titled respectively: Indication, Other Indications,
Probable Cause and corrective Procoedure.
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TROUBLE SHOOTING

FAILUNE OF ENOTME TO START

If the snpine fails to start, it may he due to any of the follow-
ing conditions:

1. Lack of fuel,

2. Ipnition switch off or cabhles grounded with awitch on.

). Owver or under priming.

« Hooster ipnition or its connectiona defectiva,

5. Throttle opening incorrect, The throttle should be nearly
closed so that the ensine speed at startin- will be 800 to
1000 rep.ta

6. lixture control in wrong position. The mixture control should
he set at cut-off before starting and opened %o automatic rich
A9 soon Aa tha engine has started.

f. Dirty spark plups. Check the spark plurs for proper function=
ing., Clean and set the paps.

A, Defestive ienitien cahle. Examine ipnitien cable for wear,
breaks, or bad connections. Test with a light or buszer sys-
tem for open circuit from distributor to spark plug terminal
and short circuit check on cahle.

9. Defective spark pluz terminal insulator sleeves. Check the
sleeves for cracks or burns.

10, Incorrect valve claarance, FHRemove the rocker box cover and
check the valve cloarances.

11, Incorrect timing. Cheéeck the immition timing.

12, Water in carmiretor. Hemove the drain'plug and allow all the
gaanlim! and water to mm from the carburetor, Replace the plug

and bring the fuel precsure up to the correct reading by opers-
ting the auxiliary fuel pump.

13. Cold oil., With the isndtion switch nff turn the propeller
throngh several revolutions by hand or hy cautious use of the
startar, If the oil is very viscous; it will be necessary to
drain and pre=heat the oil before starting can be accomplished.

Ui. DMstributer breaker points. See that the breaker points are
clean and properly adjusted, Test the spark delivered pecord-
ing to tha igndtion mamfacturer's instructions,

1%. Internal trouhle. When intermal trouble is suspected, drain the
oil from both sumpa and carefully inspect it for foreipgn material,
The oil filters and magnetic plugs should be slosely examined for
foreim particles,

=25




TROUDLE SUOOTING

FATLURY OF -NGINE 70 RUN PHOPCRLY AT IMIING SPHETG

If the engine fails to idle as it should, the trouble may be
traced to ona of the follawine causes:

1.

25

3-
Le

Incorrect carluretor idle and adjustment, ‘iarm the enpgine
thorourhly hefore nmakinr adjustment. Yith thea mixture con-
trol in automatic rich position, adjust the throttle stop
80 that the enmine idles-at LOO rip.me  Adjust the idle
mixture control to pive maximum speed at this throttle sett-
inn. leadjust the throttle stop %o idle the engine at LOO
Tepame Headjust the idle mixture control to rive maxdimum
speed. Heset the throttle stop to the minimum idle speed
desired. Although tho minimum idle speed desired may vary
amonp operators, the mixture control should always be sat
ag shove for bast power at 0D r.p.m.

Leak in induction system. Check the induction system for
eracks, leaky maskets, loose flange, lnose packing or loose
or missing pipe plug in intake port.

Improper valve clearances. Stop the enrine and check the
valve clearances,

Faulty ipgnitiom.

FAILURE OF “NUINE TO TEVELOP FULL POWER

l. Throttle lever out of adiustment

2, Faulty ipnition, The ignition system may be out of timing,
the breaker noints may be Yurned or excessively pitied, the
spark plups may be defective, or the spark plus terminal in-
sulator sleeaves may be cracked or burned.

J+ Incorrect fuel metering. The fuel-air mixture may be too
rich as evidenced by uneven running and black smoke from the
exhaust, or too lsan as evidenced by uneven running, over-
heating, and hack-firing. Use of an improper prade of fuel
er incorrect fuel pressure may prevent the engzine from deve-
loping full power.

k. Leaks in the induction system. Kxamine the intake pipes for
cracks and leaks at the cylinder crankcase connections, In-
apect the carburetor flanpe for tightness.

5. Restriction in carhuretor sir scoop.

EHOIME STOFS

1. Lack of fuel.

2. Imition grounded.

3« Air or vapor lock in fuel line.

L« Carburetor jets restricted,

% stalling load imposed on enwine.

L-26




ENGINE MTSSES IMTERMI TTENTLY

s
2.
3.
A
6.

Incorrect mixture

Mr lesks in the induction system.
Irrroper prade of fuel,

I setive isndtion generator.

Uiriy breaker points,

Koisture shorting biph tension system.

ENGINE MISS:. REGULARLY OF (HE OR MORE CYLINDERS

L.
2.
3.
be

Foul-d spark pluy,

Irokem or prounded ipnition cable
Improper valve clearance,

Low compression on one or more cylinders,




FEGQINE AND) ACCESSORIES
TROUSLE CMART
Trouble (General) = Excessive Vibration
Symptoms: Enpine rocking, shaking on mount.

Cmses : 1. Fropeller out of halance or not properly mounted,
2. Sent crankcase
.3: liocker=arn clesrarces not properly adiusted,
he =nmine loose on mount,
5. dneine Senperature boo low.
6. Lixture temperature too low,
7. Dewonstion
3. Pro=immition

Check t Tun engine through various r.p.n. rances and notice
if there is a tendency for it to snooth ocut any ~iven T.p.m.

Trouble (Local) Sinple cylinder !dss at Tow Speed

Srmptomst  Fluctuation of tachemeter, a noticeable rhvthnic miss
in firinr of crlinders.

Causes 1 1, Defective plu-s.
Z. FPlup naps too small,
J. vieak compression,
e Mr leak around intake valve stem.
S« ‘weax exhaust wvalve spring.

Check - @ Hold hand over exhaust of doubtful eylinder

Troutle (Loecal) vinrle Crlinder Liss at Hiph Spesd

Yymptoms: Same as avove.

Zauges 1 l. Uefective nlucs,
2. Lsort circuited distributor blocks.
3« Too wide a plup gap.
'te  thpust valve springs being weak.

Check t Sane az asove,

Troutle (Generall Sn-ine Hot Turmnine Up te Froper H.P.ll. But Not
. 1851N=.
Emmtenst  Low ropen. but no fluetuation of tachometsr,
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F.

EI'GINES AND ACCESSCOHIES

Causes : 1. Incorrect valve timinp.
2s Too light grade of oil, cold oil,
3« Too lean or too rich a mixture.
L. Cwerheating of engine,
5. Ulpht engine (one just everhauled),
6, Throttle adjustments incorrect not permittine full
opening of the throttle.
T+ ocupercharper clutch alipping.
8. Improper propeller pitech (too high).

Check 1 Check mamufacturer's specifications.

Trouble {Jeneral) Scattering Liss-Fire (Intermittent tngine)

smptoms:  Uneven miss-firing of ensine and engine runnine rourh,
Causes @ Intake valve holding open,

Lean mixture

later in gasoline

Air leak in intake manifold
Sticky valve puides

Veak valve springs

Excessive hreaker point clesarance.
Vieak bresker arm spring

Hoisture on distributar blocks
Heak mamato

L

-

-

=] DA BT B
M .

Be

Check: Check exhaust of cylinders and note if miss-Tire is
regular or scattering,

Trouble (Local) Spit Back Throush the Carburetor

Symptoms: Loud popping in the carburetor (fire hazard),

Causes : 1. Air leak in intake pipe,
2, Worm intake valve.
Js+ Veak valve springs.
. Valves sticking in puides.

Check : The trouble will be evident, The enzine should he
stoppad and the trouble located instead of letting
this hasardous condition continue,

Trouble (Oeneral) - Loss of Compression

Symptoma: Losa of r.p.m., excessive oil consumm tion, excessive ail
consumption, axcessive oil vapors, excessive oil tempera-
tures, excessive head temperatures, oll slinming, lack of
pressure when pulling prepellesr,

=29




SIGIHE AN ACCEES0RTAS

Causes : 1. Loss of pishtem vinz wall tension ue to hirch
Lemperature.

2e Imnroper piston =ing clearanee,

3./ Pigton rines stack in Sreoves.

L.  Imprepar crade of oil {toe 1lirht)

5. Insufficient pil.

G Insufficient vilve tappet clearances

T+ Erlinders scored or out of rounds

. Valves-out of wime,

Check 1 GSame ag for local troubles

H. Trouble {Local) Less of Compressisn

tymptoms:  Uneven idling, hissing in exhaust nanifeld, =issing in
carburetor air intske, hissin~ in crankease, lack of
pressure when rilling propellsr “hrough, overheating
of ecrlinder affected.

Cmses 3 1. Valve holdinr open
£:  Insufficient tsppet’ clearance
1. warped or bBurned walve
iy Foreion particles on walve seat
dent valve stems
« froken valve sprinpgs
Te Valves out 'of time
3, Hocker arm Winding
2. Leaky cylinder head amd spark pluj gaskets,
10, Fiston rings not seating properly or losing wall
tension.

oneny

Check i+ To check for compression troublss pull the sropeller
shrough the compression stroke amd listen for hissing
noise in the exhaust mandfold, earburctor sir intake,
dnd crankecase, An alternate method 13 by the use of
n pressure gage on the suspected criinder while mull-
ing the propeller through the comprossion siroke.

I. Trouhlas I[Gonaral] Spit Back Thmuf;h the Lirhyretor

Symptoms: Loud pooping in the carburetor

Causes 1 1. Cold enpine
2. Lean mixture
3. Ienition cut of time (retarded)
L. Valves out of time
+ aater in ~asoline
&, Low test pasoline
T. iorn ecarburetor throttle shaft,

Cheek ¢ The trouble will be evidemt. The engine should be
stopped and the trouble located instead of letting
this hazardous condition continue,

L-30
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K.

ERTIHE AND ACCESSCORIES

Trouble (Oereral) Back-Fire Through the txhgost

Smptoms: Loud pepping at the exhaust accompanied with orange
flame and sometimes sooty smoke.

Causes : 1. Incorrect timing
2, lidch mixture
3. Hetard spark
L. Faulty spark
5. Missing cylinders
6. Sticking valves

Check ¢ If possible advance spark and see if condition is
stopped, lixture control may also he adjusted as
a means for eliminating the condition.

Trouble (General) Enpine Hunning Unevenly

Symptoms: Engine vibrating on the mount. Oscillation of the
tachomater.

Causes : 1. Lean or rich mixture
2. Uneven compression
3. Mr Leaks
hl Hﬂak 3}131"1‘5
5« Defactive valve

Check 1 Test engine at various r.p.m.'s to see if rough con=
dition prevails: Also test it on edther magneto,
check compression

Trouble {General) Misfiring of Engine at High Speed

Symptoms: Enpine couphing,  spitting or failing to fire ahove
cruising speeds.

Causes : 1. Defective mapneto coil, distributer or breaker
asgambly,
2. Defective wiring harness
3+ Defectiwve spark plugs
Lo dixture too lean
5. Engine operating temperatures too low.
£y Hestrieted fuel flow,
T« Clopped vents in fuel tanks.
8, Fuel control valve not fully open.
9« zZngine overhsated

Check t Check sxact r.p.m. where angine starts to mia-Tire by

placing hand over short axhaust stacks and check magneto
oparation at this speed and above.
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ENGINE AND ACCESSORIES

Trouble (Ceneral) Complete Failure of Enrine

Srmptons:  Engine refuses to run regardless of measures taken to
accelerate it. OSudden stoppins of enpine.

Causes 1 1. Fuel supply exhausted.
2. later in the fuesl system.
3. Clogred ras tank vents,
. Clogped fuel strainera.
5 Air or vapor lock in fuel lines.
b. Structural failure.
Te Faulty ipnitiom.
Ja Owerheating and sedzing.
9. Complete stermage of main jet.

Checks: uwith switch off pull propeller throughs If there has
been no structural failure this can be done. Then check
8ll systems for possible failure

Reasons for Warming up fn~ine Before Take-OfF

l. To elongate cylinders and obtain correct valve timing,

2, To properly expand steel and aluminum parts and obtain
corract clearances.

3. To warm cil and obtain proper operating temperaturs,

L. To warm induction system to obtain proper distribution of
mixture,

5. To obtain full power.

6, To check performance of power plant units.

Irouble (Genersl) ircessive 01l Temperatures

Symptoms: High odl temperature page readine, excessive foaming of
the oil, excessive oil vapors, excessive carbon deposits,
excessive engine operating temperatures,

Causes 1 1. Improper prade or viscosity of eil
2, Mluted or contaminated oil
3« Insufficient oil cocling capacity
he Insufficient oil supply
.5. Protracted overheating of ensine
f. Excessive master rod bearing clearances,

Check 1 Check for defective temperature gage, check engine time,

check oil supply, check oil wiscosity, check oil tempera-
ture remulators and controls.

b-32
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ENGINE AND ACCESSORIES

Trouble (Gemeral) (il Temperature Tno Low

Symptoms: Low oil temperaturs pape reading, hirh oil pressure,
angine stiff,

Causes : l.
2
3

[

Defective temperature gage.

Insufficient heating of oil in tank (eeld weather).
Insuffieiant or no lagring of ciline system (cold
woathar}

Enpine not preperly "warmed up".

Check ¢ Check for defective temperature gage, chack oil tempera-
tures regulators and controls, cheeck atnospharic tenpera-
ture.

Trouble (General} Low 0il Pressure

Symptoms: Low oll pressure gage reading overheating of the en:ine,

Causes : 1.

0il temperature too high.

il tor light in viscosity.

Worn or defective purm.

Defective pape.

Freasure relief valve sticking open.
Prassure relief spring tension too low.
worn bearings in the pressurs syatem,
Flug out of pressure system.

0il supply exhausted,

Check: Check oll preasure gage, check pressure relief valve,
chack viscosity of odl.

Trouble (Deneral] High 011 Pressure

Symptoms: High oil pressure gage readinpg, oil consumption, oil
slinging, excessive oil vapars.

Causes 1 1.
2
3s
Lis

1l pressure relief spring tension too great.
Defective pressure gage.
01l temperaturs too low.
0il viscosity too high.

Check 1 Check oll pressura gage, check pressure reliefl valve,
check oil wiscosity, check atmospharic temparatures.

Trouble (General) Loss of 0il Pressurs

Syaptomst Fluctuation of oll pressure gags
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Causes 3 1.

ERGTNZ AND ACCEESORIES

Eroken oil line (pressure).

Pregsure relief valve stickine open.
Broken pumo.

Jil supply exhausted.

Failed structural part in pressure system.
Flug out of pressure svstem.

Check ¢ Check oll pressure game, check pressure relief valve
spring, check oil supply.

Trouble (General) High 0il Conswaption

Smuptoms: Blue smoke from exhaust manifeld er "stacks", especially
after the engine has been idled for & short time. GLome-
times the oil will short cireuit the spark insulators or
points and cause fouling or miafiring of the plugs.

Canses : L.

3,

Worn comnecting rod bearings,

41 viscosity too low.

il pressure too high.

0il temperature too high.

01l leakage anywhere in the system.,

ilorn or defective supercharmer oil seals,

Cracked induction housing oil chambers,

Improper functioning of scavenging pumps and system,

Check : Check oil conswmption apainst manufacturer specificltion,
check for blue smoke from stacks, check for fouling of
plugs,

Crouble (General) Engine "Pumping" 0il

Smptons:  S5ame as under hiph oil ul;nm:lpt._‘.m.

Jauses 1 L.
.

A
.
¥
6.
T
3.
Fu
10,
11,
12,

Piston rings poor fit in grooves.
Fiston rinps fitting cylinder poorly.
Broken rinps,

Carbonized ring prooves,

beored cylinder walla.

excasaive platon clearance,
dxcasgive oll pressure.

Light oil.

Inferior ocuality of oil.

rxcessive hearing clearance.

Ioproper scavenming of retumn oil.
Loose cylinder head or excessive valve puide clearance.

Check :© Excessive carbon deposits, plugs fouling, oil viscosity
too low,.
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ENGINE AND ACCESSORIES

V. Troubls (Gemeral) Overheating of Engine (Air-Cooled)

Swmptoms: High head temperature readine, Jo2s of r.p.m.

Causes : 1. Octanes rating of fuel Lo 10w

2. Lean mixture.

1. Climbing ship too steeply (low 21+ speed)

L. Viscosity of oil too low,

B, ZExcessive "blow=by" (defective plston rings, or
cylinders).

&, Hetarded spark

T« Uil radiator core cloppmed.

8. Insufficient oil supply.

9. Alr leak in the induction systems.

10, Owver-speeading ongine.

11, Manifeld pressure toc high.

12. Detonation.

13. Inlet air temperature too high (carburetor)

1. Pre-ipnition.

15, Improper design of cowlinrm or engine installation.

Check: Paint cracking off of cylinders.

. Trouble (Gensral) Overheating of inzine {Liquid Cooled)

fmotoms: Hiph coclant temperatures, hiph oll temperatures, loss
of TaPeMla

Causes : Those listed above and in addition:
1. Insufficient supply of coolant (Prestons)
2. orn or broken circulating pump.
3. Clogred radiator core {internally or externally)
. <lopzed hose connections
5= Defectiva coolant temperatura gape.

¥. Trouhle (Ceneral) Rich ilixture

Svmptoms: Hich mixture is indicated Yy blaek smoke and dark red
flame from exhaust stacks, "salloping" or uneven running
of enrine, reduzed power if too rich, and excessive fuel
consumption. Due to the fuel cooling characteristics of
a rich mixture, the en~ins will usually overhezt cnly
after the mixture 13 so rich that the power is considerably
reduced,

Couses 1 1, Fuel pressure too high.
2, Float level too hirh.
3. Eixture control setting too rich.
li. Loos= jats.
5« Jeta too larrve.
6. Adr bleeds too small or clopred.
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Check:

ENGINE AND ACCESSORIES

T« Partially clogred screen in air scoop
8. Economizer set to open too early.

Ja MAcceleration pump and valve leaking.
10, Primer valve leaking.

11. ‘ern {loat valve,

12, Logred float

Full mixture control toward "full lean™ and if engine
smooths out a rich mixture is predominate,

Trouble (Local) Lean Lixture

wrptons
Canses &
Check i

Lean mixture is indicated by long lipht hlue or rellow—
tipped flane from the exhaust stacks, reduced power,
sarious overisating, detonation, pre-ienition, and
"spitting” or "popping" back throush the wr Lecoop

(the latbter sreates a fire hazerd).

1. Crossed mameto wires waich cause a local 2-eyl-
inder miss somatires acconpanied by spit-back in
carhurctor,

2s Intake or exhaust valve holding open,

3o Vidwe adj. off not permittine valves to open.

Le corm intake valve zuldes,

5. v laak or erack in induction svstenm,

Check irnitien wirin- and vulve tappets, squirt oil
on any suspected crack and if oil disaspears, a crack
i3 n.w couse. ’

Trouble (Goneral) Lean tixture

Srptons:

Canses:

Logn nixtere is inddested by lons 1li-ht blue or yellow=
tipped flame from the exhoust stacks, reduced nower,
saricus ovarheating, rdolonation, nee-ipnition and "spitte
ing" or "poppins" bach throurh the air scoop. (i ne latuer
causes a4 fire hazard,)

1. Low fuel pressure

2, Lixture control set foo lcan

3, Fua2l level too lowy

Lhe Jets too small

5. Accelerator punmp nobt functionins oreperly
6. deonomizer not DPmetioning properly
T« GClogred fuel lines or strainers

da lomeed venks in fusl tanis

7. Uontrol valve not fully open

10. Vapor leck dus te averiwated line,
1. iéncine nol properly waried wp.
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17, Uiling sysbem not properly lapred to keep industion
ayatem warn in cold weather.

13. Imsul ficient Warm air supply to carburetor.

Ui, turpgine of Tusl fore and aft in long lines during
take—off,

15, ‘worn earburetor throttls shaft,

16, Valve timing off.

fheck  + Pat chstruction ‘over earburetor atr intake, and if engine
grpabhis dub a lean miXture is predoninate. )

Trouhle (General) ixmcessive Fuel Conmmption

Srmptens: | Prohihle éneine runming eooler, fuel ‘consumption above
nnrmal,

smses ¢ 1. Fowvier eutpit tee hipgh
f£s Wparsting in economizer range
3. Jeks toa larei or’lonse in carburetor hodi
e fir hleeds too small
f. Fusl pressire tos hipgh
A, Tepped earhiretor float (partially filled with fuel
dun to air leak},
7. = Hixture contrel set too hizh
d. Float level btoe hirh
. 9. Overspesding engine (fixed pitch propeller)
10, Improper calibration of carburetor.
11, FPrimer sratem leaking.

Check 1 <o check for the appreximate Tuel censumption of an enpine,
checlk fuel supply, fly ehipine at full throttle for a few
mimutes and arain eheck supply. Fieure the amount that
would have ‘baen consumed if flowm at full throttle for 1
hour. Compare the actual consumption ahove arainst the
theoretical consumpticon riven By the folleowine forvmla:
9P x 455

Trouble (Deneral) Vanor Lock

oymptoms:  dudden stoppape of the engine, particularly in hot weather
during take-off. L

Couses t 1, Verticel humps or shért bends in fuel line.
1 2. Velatility or v=por pressure of fuel too hirh (auto-ras)
3. Zxeepssive fuel line temperatures (located too close bto
exhaust ‘systen or insufficient cold alr circulztion din
Accessory compartment.
L,  Inmafficiemt arran~rement of fuel syatenm.
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ENCINE AND ACCESGORIES

Check 1 Let engine cool, then try to start. Usually it will,
if the ahove trouble prevails.

Trouble (General) Air Leak

Smptoms:  An air leak uwsually is indicated by the engine idling
fast or not at all, It is sometimes accompanied by
a hiph-pitched whistlinm noise while the enpine is
$dling.

Camses : l. ©Cracked induction housing,
2. leaking intake pipe flanee or pland raskets
3. Leakine earhuretor {lanpe pgasket
lis Worm throitle shaft or ushings
b. Janifold pressure too hirh

Check 1 Using an oil can, squirt oll on any suspectad leak,
If it is leaking, it will draw the oil into the
openings. If enmine smecths eut at hipber speeds,
it is nn identification of an air leak.

Trouble {General) Internal Troubles en Lasnetos

Sraptons: Urep in vip.m. on faulty nagneto, or complets failure.

Comses : 1. ileak mamets
2. Gthort=circuited windings
3. Loose or broken connections
L. Uad condenser
L,  Tarnt hreaker points
6. Excegsive air raps between distributor blocks and
rotlor.
7.  Safety pap being too small.

Check : Hemove spark plur wire and note spark, if weak or rotice- .
ahle trouble is in the internal part of mameto.

Trouble (Loecal} Faulty cpark

Serptoms:  Throp in r.p.m. when switeh is tomed to faulty marmeto.

Causae : 1, [Droken spark plug wirs,
2. Loose spark pluz wire connections in distributer
hlock.
3. Listritutor bloek cormections worn or corroded.
L. Paulty spark plug
5. worn or corroded distributor snmool slectrodes.
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EMGINE AND ACCESSORIES

Check i flemove spark plug wire and note spark; if » trouble
is in plup; if not noticeabls, t.runbln is 'lrir- to
magmeto . -

F-1 Trouble (Ceneral) Faulty Spark

Smptens: Drop in rop.m. when switch is tumed to faulty magneto.

Couges : 1. Oreaker point clearance incorrect or dirty.
2. lefective contact between secondary coll and dis-
trilniter spool or blocks being short circoudted,
1. Tistritwtor spool or blocks being short circuited,
4y Uistritator eut of time with the armature.
2»  Insufficient safety pap c¢leararce.
fi.  wars heine weak or crosaed,
T« Loose or correded cormections in the magnets
b, liround wire and switeh sheort eircuited.

Chnek 3 ooave distributor bleocka and heldine serew driver near
distributer spocl electrode retate mapmet to see 1f spark
jmpe. If not, trouble is within the dasneted

0-1 Trouble (Loecal) Fallure of spork Flup

mptema: Crlinders missing or cold vhen engine is operated on one
ramata,
sauses 1 1, 1lup too "hot" for operation eondition (pre-imnition)

£, Flur too "eold' (fouline)

3. Insulator shorted

e Points shorted with oil or carhon

S5« Dirs or foreim matter on outsid~ of insulater
\Turmishes path fer current to mround)

fie  lado shielding ceupling shorted,

leck 3 epove spark plur connections and of cold crlinder and see

if spark jumps 4o envine; if so, the spark plur is at fault,

-1 Jeneral) Failure of Inirine to Utop with the Lwitch in the
515100,

ovmntoms:  snrine contimues operation vhen switch is in "both off"
poaltion.

Cousos 3 1. Switch oround wire broken

: Defective gwitcha

J«  Ground wire connecting mametos to switch hroken
li. Znpine cylinders overheated (auto—icnition)
5. Idle cut-off not functioning,

Check : Check ground wire connectionas.
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MTSCELLANEOUS TROUBLES

Svmptoms: Overheating of engine, knocking, rough running, drop in
TsPslls ; excessive oll temperatures.

J-1

Causes 1

check ¢

Excessive cylinder temperatures

low rrade or octane fuel

Mixture too lean

Overspeeding engine

Clisbing sidp at low air speed

dxcassive "™ilow=by" [defective pistons, rings, or
eylinders)

Viscosity of oil too low.

Improper luhrication of cylinders, pistons, and
rin~s.

Mixture control, oil viscosity, bafflinm, etc.

Trouble (General) Fre-Irnition

Srmtons s
causes
cleck H

Loss T.p.m., engine knockine, excessive cylinder tempera-
tures, excessive ol lemperatures.

GContimied detonation of aixture in cylinder.
Excessivelr larn nixiure

Ixcessiv: crlirnder torporalurs

bpark plues poo "lLot",

"Fansher-od~ed" valves or sapta.

ixcessive curbon deposit in gylinder hcads.

i4xture conktrol, oil viscosity, ballling, efc.
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THSPECTION PERIODS

Inspection Tvpe of Inspection Whan Accomplished |bwmbols if |How long
not nacds wi thout
Instruments, con- Prior to first
trols auciliary flirht of the day
sratems f power & for all trans- |led dash & days
Pre=Flight nlant for proper cient aircraft
functioning ser—
vicing of plane %
fastening of cowl-
ing, fuel caps, etc,
Daily Genaral condition of | Each {lying day Rad dash & days
airplane # enpine
Thorourch & ssarching | Setwean 20th & Hed dash
26 Hour ineludes the pre- 30th hour after 25th hour
flipht & daily. last 50 hour Aed dia- 1 month
inspection gonal
after 30
hours
Includes pre-flight Petween LOth fled dash
daily & 25 hour, £ 50th hour aftar G0
S0 hour Complete thorough after last hr. Hed 3 months
4 searching inspec- 50 hour in- diaponal
tion. spection af tor 60
hour.
120 %r Special inspection #ith applica- Rad dash
200 Hr & including 50 hour ble 50 hour after 100
oo Hr, inspection inspection hr, Fad
diaponal |3 months
after 1480
hour
Enpine Special inspectiona tach time an
Chanpe & maintenance work enfine is chanpged
25 Hours Engine shakedown in- | Between 20th & Red dash
Af ter spaction 30th flying hrs. | after 25th
Engine after engine hr. Hed
Change change di aponal
after 10th
hour.
WEEXLY Battaries Each Weak fted dash

M=l




HAGHETO

lag Breaker Contact Adjustment

Connect a timing light to hoth breakers and pround to
the magneto housing. 'furn engine in normal direction of
rotation until the cam followers are in the cam dwell ahead
of the lo. 1 lobe on the compensated cam. (marked with a dot)

Put straipght edge on cam and continug rotation until
it alipns with mark on post. Then adjust points so they
are just ing. HNaximmm tolerance when checking align-
ment is .'I:'j?“.

Hew breaker point sprinss should have tension of 20
to 37 ounces and at least 15 ounces .on points that have
been in service. '

Caution: Vhen inspecting breaker points do not raise beyond
T/IE". After every 50 hours with engine stopped remove oil
protector cap and push plunger im all the way. Be sure to
push only ohoe.

Pt L 20057 T g iesnian )
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Prop Jovernor Head limit Switches (as viewed from rear of angine)

Wipht side - low pitch, high RPM screw ' M
Left side - High pitch, low RPU acrew
Turn clockwise Lo’ indrease P ‘on &l ther

a. Prop Gear Preload

Dagired - L0147 _
Tolérance = Flus .003" or minug LOOB™ "™t -
Prop Thrust s Y

Nut Torque - £00 ft. lba.

JAL LW
Kain and Nose Wheels

Normal: 4 Up 1/L turn of motor drive shaft friom mechanical stop.

# Dewn 170, turn of motor drive shaft from mechanical stops
{Note: ATO recommends 1 turn)

Emergency: Automatically taken care of with the setting of normal
limit switches.

Nacelle Doors

Up 1/2 turn of deor screw from mechanical stop
Down 1/2 turn of door screw from mechanical stop

Wing Flap

Up 3/l tum of torque drive shaft from mechanical stop
Dewn 1-1/2 turms

Bemb Doors

Up 1.3 turns of retracting screw housing from stop
Down 2.7 turns of retracting screw housing from atep

Bomb Door Safety Switches

Adjust to closs 2 turns of retracting screw housing before down
limit switch opens

Reverse Current Aelays

Adjust so penerator emta in at 26,6 V.
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LIMIT SATTCH SETTHAGS
Cont'd

0il Cooler Flap

Open = ? turns of jack screw before mechanical stop
Closa - 2 turms of jack screw before mechanical stop

Intercooler Flap

Open - 2 turns of jack screw before mechanieal stop
Close - 2 tums of jack screw before mechdnical step

Cowl Flaps

Banch set motor to rotate 2000 turns between limits.
&mehrenize with flap upon installation.
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ELACTHIC AL ADJUSTLENTS

1. Agasfat (bomb formation lipght)

Adjust valve to five seconds of closed contacts on esch cycle.

2. Voltage Hepulator

Adjust individually to 28.7 wvolts with all penerator switches
off 1n|:1'-1|:]1.'1|=" auxiliary power unit. Check load balance in
flisht

FUEL SYsTaM
lge 100 octans or aromatic fuels
Roost Pump pressure variable O to 25 psi.
Fusl Pump Pressures: a
lesired o + v 4+ & s s« 17 psi
MANABR 4] i [ evisite e 15-pEL
Laeimum « o + o o & & + « 18 pak

One turn clodon se on adjustnent inereases pressure approximately 2 psi.

IETRAULIC SYSTWM et b ol :ooldur
Fluld Spect fication AN-VV-0-366A weee  Red Color
_r.,
Fill to 1/2 mark with 1000 pﬂ hnt.h mmhﬁm ,parl::,tng,grnhgaah

fiith all hydraulic pressure Zeto, preload accumulators with LOO psi
dr air.

Caution: Hever use oxygen in accumulator.
"Service System® warning light on at 625 psi.

"Emergency” warning light on below 900 psi.




B-11 TUR30

lLiozzle Jox to Tucket hsel Clearsnce

Degired JOagn « 120"
4 niroam L0705 Max 160"

Shaft “nd Play

Eaxdimm 015
Radial chake
Liaoct um «012

Cooling Cap to 3ucket .heel

Desired LO8a"
Findirmm 060"
axdirmm = 100"

Turbe Sebttinps: Air Corps Settine #1 is L.H. and Setting
e is R.ll.

Governor Trive Shaft lubricated with lubriplate #107
Fumbers on all wires from "J" hoxes prefixed with PC

Caution: Wo adjustments are nmade on any unit "OH T LINE"
except the wastegate.

Unless chance is specified where turho is comnected with engine
0il system, use AN-T-0-3664 or 3530 C as a substitute.

»



ANTI-ICER
Fluid Specification AC3IS35
81% Oradn Alcohol, 4% Viood Aleohol, 154 tGlycerdinn

Minimm Flew 1/2 G.P.M.
Nacimm Flow 2 G.P.4

PHAFE SHOES
Unocimam Clear LOEN . pp L OTEN
Minimm Clear JoL®

GARIN COLPRZGSOR
0" to 3000' Ventilation of cabin
3000" to 30,000' Cabin Altitude of J000! 1
Uver 30,000' Cabin differential pressure must not exceed 13.3L" Hg.
In flicht, locking deviece on eabin pressure remulators must he off,

and slmt off valve muat be ‘opom.

CARLE TEISI0NS

Mleron f: Zlevator o7 3/16" Cable
ey 150: 3/16" Cable
Bomb Semtrol 30¢ 1/8" Cahle
turface Lock &0 1/8" Cable

411 3/37" Zable have O¢ except spring loaded systems and: - Rudder
and Zlevator Tab &0 for 3/327,
Xorpency Gomh Door control rigred to elimdinate slack only.

RS |




A.

3.

CARDURETOR ADJUSTMENTS

Idling Mxture

Have eylinder head temperature 180 Degrees C. to 200 Degrees
£. and engine idling at 550 rpm. Gtarting with rich mixture,
move mixturs adjustment clockwise (toward lean) a notch at a
time.

Cneck enpine rpm. I speed increases more tham 25 rpm, re-
tuce to 550 with idline adjusting screw, open throttles by
1003 »pm, then closa throttle,

Continue moving mixture adjustment clockwise, keening rpm
near 550 until such movemsnt gives no further rpm increase,
then richen adjustment two notches counter cloclwise,
Tdling Speed

Turn adjusting screw to richt or left as required %o chtain

desired idling speed of 550 rpm, One noteh on the adjusting
serew will chanpe the rom ahout 25,

VACTUY TE-ICER

Pressure relicl walves in nagelles relisve ab 9 psi.

Winm Center gection valves relisve at T psi.

Inbozrd nacelle suction valves relieve at &7 Y-,

Lowar wacuum remilater, in cockpit, should be set ,5" Hg and
upper valve at L' Uy,

Repulator valve for camera shemld be set at 2" Hp,

W=y
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LANTIING GEAR

Olao. Adr

Noae fear - kain Oear - Tail Skdd
With Oleo collapsad, £111 until oil 4s level with filler
rlug hole. Use specification 3580C or ANU=0-366A mineral

basa odl.
Nose Gear 2.35 gal.
Main Gear 13-5 Hllo
Tail Skid «83 gal.
Qieo Ay
Tnflats to following clearance between center of toraion L
pine:
flose UGear 10 inches
Yain Gear 13.29 inches
Tail Skdd 15,00 psi

lietraction serow lubrication”
Use a very thin coat of M-284 Besconluba
Shimmy Damper Cil
Preasure gun required to fill. Vhen filled to propar level,
fluid indicator is up to mark on cap, Use cpecification AN-

JJd=0-316 Caster 0il, Kever run bomb doors up after emergency
releage without fastening doors %o locks on retracting screws.

b=y




OIL SYSTEM

Use 041 AN 1120 (AN-VV-0=LL&)
Orades #1065

Operating 0il Temperatures
Desired 70 degree C
Hindmum 60 degrea C
Jascimum 80 derrea C

Operating 0il PFressures
Desired 70 psi
Hinimm 60 psi
liaximun 30 psi
Idle Lo psi

One turn of adjusting serew chanpes pressure about 10 psi.

OXYGEN SYSTEM

Charge system to LS50 pai f 25 psi. Use glymdog on tube fittings.

M-50
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WRENCI TORQUE VALUES FOR BOLTS AND WUTS

For tiphtening elastic self-locking and castellated nuts

or holta ta proper torque values, the following procedurs
is recommended:

L.

Ingtall the holt or nut fairly tisht to cut
or free the threads,

Back it off.

Note the toroue required to turn the mut or
walt hefore it 1s seated,

Tirhten to the torque value shown on the chart
plus the torque value in Step 3.

L=51
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Carburetor Adjustnents = = = = = o c c c = = = =

Cross lleference Headine of Instruments (Genaral)

Autosyn Instrument Trouble

-

-

Carburetor Air Temperature dare

Crlinder Head Termeraturs Nage

Fuel Pressure Nare = =

danifold Pressure Game
0il Fressurs Gags = =
Uil lemperature Gare =
ACHOWALET = = = o == =

Electrical idjustmentsa = = =

ingine & Accessory Trouble Chart =

Enpinear's Check list

anpineer's Check List (Instruction

“npine Userating Conditions

-

dngine Trouble Shooting (General)

Uyro Flux-(ate Compass - = =
Inspection Ferioda (Chart) -
Iondine Moo « - = = = = = =

Limit Switch Setiings - - =

-armeto Ureaker ‘djusthent
Uil;J'rﬂtEﬂ_*qr—--*-_-

Oxyren Srvstem

T -

k-1
k=15
21
F=10
L=2l
k=14
=23
=22
=20
b=l5
128
1=l
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L=13
=25
=53
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b=l 2
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1. Principal Uimensions
a. Uimensions and Specifications (Mrplane and Engines).

(1) Adrplane
a; Over all span RN 2,76"
b} Over all lenrth g9 o "
e) Over all heirht thrust
line level taxd 291 g "
{d) Owver nll heipht, at rest e -

(e) Weipht, propeller hub,
taxi position at tip of
propaller domeg

Inboard gt Ts "
Cuthoard 101 5 "
(f} Clearance, propeller tips,
thrust line 1.1
(?) ‘iinps
(a) Airfoil Section Toeine 117
(1) oot 228
(2) Tip 9%
{h]l Chord Hoot 17"
{e) Chord Tip T70'10" from
Tuselape TrEm
{d) Incidence e
(e) Dihedral Leagr2an
(f) sweephack T2 1726
{3) Stabilimer I
Ea} Span L3
b) Chord p L L
b. Areas
(1) Winp (lessatilerons) total 1,609.63 5q. Ft.
{E; Mlerans 39,2 n n
(3) Aileron trim tabs (tetal) 12,0 " =
(L) Flapa (total) 332, .
(5) otabilizer {including elevators) 333. g -
(6) flevators (total) 115, L.
(7) Hlevator Trim Tahs (total) 10. W
(1) Dorsal Fin Lo.6 " L
T=1




9) Vertiecal Fin 131.9 Sa. Ft.

10) Rudder (including tab) 65.5 * "

11) HRudder Trim Tab G.8 " »
2. Leading Particulars

a, OControl Surface Anples of Travel

{1} Ailerons
Up Travel 18% 1°
Down Travel 1894 1°
{2) Elevators
Up Travel »° 42°
Down Travel 10 £1°
(3) Rudder
Ripht Travel 18° i 2
Laft Travel 18° £ 2@

(L) Trim Tabs

Elevator Up and Town 1P 4 #
Rudder each way 157 £ P
Mleron each way ].S‘° 2%
(5) Flap Ls® 4
b. ﬂimtriH ear

{1) Main Landing Gear

a) Type-Dual Wheel Single Shock Strut retractable,
b} Tread 27111n
(c) Shock Struts
(1) Type - AMr-oil
(2) Make and Part Number A.0. Smith A,0.S, 100015
(3) Fluid Required - Hydraulic AN-VV-0-3566a
(d) Wheel
(1) Type - Heavy Duty, smcoth contour
() Part Number H-1L-320--1
'I.E'J' Tires 56" smooth contour 16 ply rayon
(B) Tubes 56" diameter puncture proof
() Tire pressurs - 70 p.s.i.
(e) Brakes - dual Aduplex expander type



(2) Nose Cear

{a) Type - Dual Wheel, sinple shock strut, retractable,
self-conturine caster type, capable of 136° tota]
swival,

(b) Shock btrut

(1) Type - Air 011
(Z) Hake and Part Humber A0, Smith, 4.0.5, 100023
(3) Fluld required - Hydraulie

(e} Shimmy damper

(1) Tvpe = Fluid and Vane

(2) Lake - lioudaille Hershey

(J) Part Zumber 1-10397

() ¥luid Pequired - 'oudaille lio, 140}

(d) ‘henls

(1) Type - tmooth contour Tope 1T

(7) Tube - 36" di-meter smooth contour dual ssal
) ‘Mire - 3" diumeter Smooth contour 10 ply

(L) Tire pressure - Ll psi.

(3) Tail Skid

I[a; Tipe = Shock Ltrut rriractahle twpe
whock Tvpo = Alr M1

(e} Lake apd Part -eher All. laith, 0.5, 120027
d} Fluid= Hrdraulie R B 7

.;"ﬁ,_,'FLc,,j!J !;3(;?'
: -1.|!{_l'f.'s¢¢_,.df f‘fgf'
- ks fers

C be
AL

ff.— ,..-l'irﬂ;, Ilr*'q




B=3350 ENGINE INFORMATION

Spark Plug Types . BO LSi6S

AG 1537

C 345 Champion
Carburetor Air Inlet Temperature 15-35°¢

OFERATTRG INSTRUCTIONS
Condd tion Fuel Pressure 0il Pressure 011 Temp.

Desired 15-19 psi, 70 psi. 50-70
Eaod mam 12 g0 a5
Ui rid e 1% 60
Idling Lo

MAXTLUM OTL CONSUMPTION AT:

Hormal Rated 27 Qts. /hr.
Haximm Cruising 12 Yts./hr,
Mrimm Spec. Puel Flow B gts. /hr.
Fuel Grade 100 Cetane

MAXTMIN PERLISSIRLE CVERSPERD - . . . . . 2880 rpm
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COMPARTSON CHART OF ATUT ATH FORCES AND

LINE

AIlSFEED
28 T ———
Static —

ANTI-ICER —————

COUPRESSED AIR
20 P5T Max
25 Fal kin ——e—a—

-

COOLING SYSTEM ————
Prestone ———--
waber ——————

EXHAUST AMALYZER ———

FIRE EXTINGUISHERS——

FLOATATION ! RILGE--

FUEL — ——

HYHAULIC ————mm——m

KANIFOLD PHESSUHE=—-

OIL ———

OXYuEN -

IMstribution Lines-
Filler Lines ——-

—_—

PURGING

SL0KE SCREEN EQUIP—
ETERN i
VACUIH ————
VENT ———

ROYAL ATR FORCe LIGE CUDING

ARLY ATt PORCES

Nlack — e e s e
Black=Iight Oroen ———————=

tihite=Hed —————
Lt. Blue-Lt, Iroeh ———e————
Tellow=Lt, lreen —————————
Thite="lack=ihite =—————
White e e - it et
Lt. Plue=Nrown b i A
Brown i e
Lt. Blue —
Hed P —

Lt. Jlue-Yellow Lt. Alue ——
Vinite=Lt. Blue ——————
Yellow —— e
Lt. Green ——

Lt Green-Yellow-Lt. Oreen—
Lt. Blue-Yellow ————————
Arown-Whi te i e
Lt. Blue-Alack —_———
White-Lt. Green ——-——

Had-Black ————

ROYAL ATR FORCE

*

Ne-icing Winm, Plue-
White=llus

De-icing Propeller, Yellow-
VWhite=Yellow-Yellow

Resd

#
-
&

Whi te-Black

Note: +# Royal Air Force has no coding for these lines.

T=6
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CARLE CODE CoLop

ianifold Pressure Consrol:

Im:;rea“..-a.........--.........'rl'iﬂt.a—hlua
LH!CTFaSFFQ---I-cnt-il-|-lit--r|1llmitﬁ-blafk‘blue

Mxture Controls:

.f‘nu‘h:llich.....-.-.-..--..-..Hm‘-m
Fuﬂll'htﬂ'ff..-..--...........Brnﬂm-—hlnr.‘.::

Throttles
Cﬂ'ﬂm iIIll!lll-lll'ItllIl“'l'lI'llnlank-hla-d{
Close Smss E o4 F o nw s ke s ososas s Dlask-red-black
Cold and Mot Adr Distre. o o ... . . . + o Hlue=-blue-vellow
Srerpency Tomb Helease:

i?ﬂlﬂﬂﬂﬂ-q-ullq---q|lty--|-.|lmd-mtlﬁ"m
|1‘.eae1..--.....-«..........iied-mm-liﬁtﬂ

Lmorrency Donb TDoor:

faleass . . . 4 . ‘ow S v 4w s s s s s s s Ped-preen-red
Life APt o e vaiw 5 s TPt e s s s s s s s 4« Hlue=hblack-hlue
lg'r*initch......-.-..-.........".ﬁ:ito-:ﬂallﬂlf

T=7



TUBING COLOR CODE

PTOABYE 5 5o % & % wow & »
L vis wowa o w i W #w e
Uxyren DMstribution Lines
Xooypen Filler « « o & & &
Mrspead Pltot Fressure .
Alrapeed Static Pressure
Blyoal. & e s on s a w
wamifold Fressure . . . .
Vacdtmm 4 o & < & & 4 4
Fluid, Anti-Jcer . . . .
fydraulic Uil Pressure .
Mr Preasure bLax, 20 pai
ileohol
Fropaller Feathering . -
02 Fire Extinguisher . .
B*Icﬂ - - L ] L ] L " L] L]

-
"
-
*
.
.
.
®
-
@ ® B o® o® o® ® W W
Ll
a

CABLE CODE COLOR

® ® W ® & ® & S5 @ & B &8 @& & & @

Aileron and Ailercn Trim Tab:

Left up and right down
Laft down and right up

Afleron and Aileron Trim Tab:

Rudder and Hudder Trim Tab:

RAPhE o o o » o = o o &
RS Al

Surface Control Locks:

Iock o o o ¢ 5 » 0 & »
Unlock <« o o = o o = &

Servo Cables . « = & = = =
Carburetor Ar:

Cold o « ao o o« = o« & &
Hot s v o o 5 2 8 0 @

T-8

= & ® = ® = =3 8 = = & =

. w B B m & 8 & m ® B o »

m @ @ ® @ & ® 8 B 8 W

- & W

& W OB @ B m B 8 @ ® & W 5 &_@

= o B O & ® 8 B o ® & @ & ® = @

Red

Yellow

Ureen
Gresn-yellow-preen
Black

Hlack=rean
White=black-white
White=hlne

Whi te—presn

¥ihd te=red
Hlue=-yellow-hlue
Lt. Blue-Lt. Green
Tellow=white
Hlue-Yellow Alue
Brovm

Lt. Blue-Lt. Oresn

ihite
hite=hlack

Yellow
Yellow-black

(reen
Gresn-hlack

Red
Black-red

White—green
White-black-pgreen




%

Au

Orade 62 == - =
orade . =& - =
Grade 37 == ==
Grade 1 - - - -
Orade 93/130 = - -
Orede 100/130 = -

G FUHEL LS SO DR OF

ALTATEATE Al PUEL

= unleaded Zpee,
= = lepaded cpecg,
= = leaded opac,
- = leaded opec,
= = leaded opec.
= = leaded pec.

0
130
1601 g
irfhs
0.
Hoe

Ae=l=22
TH=-V=F-TEL
Al=F=29
AN=F=ZE
Al=E=27
M=¥-23

If the propor prade is not available, use next lower orode

to prevent rrounding plane.

Umyar use fusl rrade of loss

then nine (%) octane points helow recuircd srade.  Sonsult
Technical Urder 02-1-33 for proper power setiin-s vhen us-

inr lower rrzdes.

To find availability of varicus occtane fuels at an arcy
field, consult Technical Urder 03-15-¢, pages 1 and 15.
This lechnical urder will he carried in the airplane,

=9




CONVERSION FALTGRS

DEISITY
RULTIFLY ﬂ TC OBTAIN
Pounda/cu in, 27.63 Grams/eu cm
27630 Kg/cu mater
1728 Pounds/eu ft
Pounds/eu ft 01602 Grams/cu om
16.02 Kg/cu meter
trams/cu em 62.L6 Pounds/eu ft
03613 Pounds,/cu ft
1000 Ke/ou meter
kr/cu meter 062, Pounds/cu £t
ENERGY
Tip=tr 255 Htu
1.7 Kg cal
Kp calories 3.968 Btu
3086 Foot-1b
L26.9 Meter kg
Foot-pounds »1383 Ueter kg
Ueter Kg T.233 Foot=1h
BTU 777.98 Foot-1b
Ergs T x 376 x 10-8 Foot-pounds




KULTIPLY
5q. Inches
Sq. Ft.

50. Yards
Sa. Miles
Srmuare om

Square neters

Souare Km
Hectares
Acres

Circular .Hles

CONVERSION FACTORS

AREA

by
5-1152
923
1l
. 09290
111
g
361

640
2,590

«1550

10,76
1,196

« 3361
2.um
L3560

.785
L785 x 1077

5.067 x 1070

T-11

TO OBTAIN

Sn.
Er:. en
o« inches
0. meters
Sr, yards

5. feet
o, meters

Acres

S0, o
Sq. inchaa

5n0. feet
Yo. vards

Sne milas
Aeres

Sn. foet
Sn, mile

Sne inches
5q. om




DECTMAL FRACTICH COHVERSION

Inch Fraction Decimal Area mm
Conversion Equivalent 5q. In. Equivalent

Uﬁh FETEERR R RS R lnlﬁ‘ LR R R 0002 BEREER -3??

1]"’32 LR R R RN NN NN -0312 IR NN RN .mﬂ "SRR} Tg‘h
3,"&4 LR R R -d-i.ﬁ? LR R RN $00LT wavusn 1-1?1

1/16 savsnesscssssaranses 0625 csesocsss 0031 sopens. leSOT
BB sicassnisas OTBL siesivevis oOOUS vieess 1,98k

.34!';.3'2 L -Q‘?}? R R .0@69 sEsans 2.351
T/6h cecsrarensns 2100B civeiensee 009 wuesss 2,778

L'rﬂ' St T .125 T E N e s POLEFT aaanee 3.1?5
91"15‘4 SassssmnnE e -:IJ.I.D{'F LR T -Ul_)lk saseaw 3.5?2

5/32 cavernnansesnccissne o162 sessercnae #0192 Lueses 2.969
1/6h cennnnnnne WAT1F nennnrenas 0232 ...... L.366

3'};16‘ senssnsnstridesisnaina 21BTD seessnseass 0276 sausee NaTH2
13/8h soensarsies +TIL sseviessss OIA venoes 5,159

Ti"rj'z LR RN RN N Ty .218? BAEEEBEEEE .D_}T& 'S SEER] 5.5%
15‘;6& LR R ERERERE] llzjh.h LN R R -Oll,_-jl A RE R 5.953

ml- EFssarRRRERaR TR RARRAEN .ES R .0-'1‘?1 AR 6i35‘ﬂ
1'“,!’(*. LR R RSN L] QQ&E FRRETRARAR |QEE} BEEERE {.IT\I.J.?

9}"'3-2 T .2%112 EE TR TR} 0621 I EXE L] ?fm
19.!"'.6}4- EEE e e -2969 FE R e .Dﬂ‘?z ERE T ?t‘ﬂlﬂ‘
rrrsanssnsnseisernse oIL2D secevansns oOTET snvanse ToF3T

614 SEE R RS R -32'3'1 AR -Q‘E‘tl.s IR .L,.:'.i_j.l.l.

11.!';32 P Rt | T | [ il KR B3.731
23/ sevincensas o35 seseesnrns @10 suress 9128

}_-"rﬂ FRE SR EEEEER A e -3?5 FasBEEEE ‘11::_':': samEae J._r;?s
25/6l ceesnernrne 2306 anniinanas S1193 aeia.. 9,922

l:-hrrjz FEEsddaama-asanssnn -]-I-CE"E LR -129‘6‘ ...q..lD._a-l?
2T/6L coveresrens UZ1I sunnnsnees Q1398 L.,.. 10,726

?f]-ﬁ LR R R R L NN p%lj?; R .1;’33 sEEEw 11.11_2'
151'"’.32 LR R R R L RN Y] luﬁa? SR AR EEREES ll?::lsl LR ] 11,906
31\"’6"—1 LR R LA LELE ] -j-l:-l'u-l- EEAE A -1314.2' (TEER ] 12.3‘:‘3

IR ianankd s v s asas: D srssensrss w120l seas. 12,700
3V caverinnees o5156 sineinnees $P033 ...., 13,097

1?}"32 N T -S}l? Fasss s mn -?21? T 1_3-!1:?[]
35/81 cisvevnnnne 2T civenvenss o23HF auean 130851

9;"1’3 PR R SRR E RS R .5625 SEsEEAE B .:?IL!_':S semww ].‘.1,233
E'Taf‘("tl EdERrssERan .5?’31 LR -?62; samnn 1'1.53::

19‘;"3'2 L N R .593? FEEEE e e .?76? EEaEE l::..l_."\’]‘L
39("6{; L o'::'j".)l.l- EEEEEEEn e .391-5 TTl] 1'_':'..:|'."3

S ssisvaineasiusovsene DR assusnieis oI008 encen 10,070
!ll."rﬂl sErssamnanmn .6&06 s sREsR R 13223 snaws Ll ETE

12}"3? BEEERE AR AR 46562 FERA e ._}332 e w 15.‘:‘{3?
!lj.i'fﬁh NN 06?19 FEABERBEEE .]5'1.5 TR E ] 1'.1.'3-‘35-

lum LA AR L AR AR L RN E RN NNN] .ﬁ"}?q AR AR SRR .3?1? "SR] 1?il|ll._:'
“5:’-"6,'4 B RO T O "Tl:ljl LE RS AT REE ] ljjq‘_—{ [(EE ) 1"‘...:1._'-?

23{'{3P fRdaas e A BRI ND -?1”' sEssmEE R ,.'|"_"__;:'|' TEEE 12-.?76
h?fﬁl- BEEEE A -?BJJ}L R e e w -IIJE:“'; eI l:pf-j_'i

El.?j'ﬂc"-ll EERE R —?655 N I tl:[:‘:)-!l seaEe l?-l.l.:!?
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DECIMAL FRACTION COHV ERSI0N

Inch Fration Decimal Area .
Conversion E_.vaalant. Sq. Inch Egﬂ.valmt

jﬂl. |.o--|--t---||--o--- -Ts tl}!l.lﬂ paEEw 19.050
ES,‘;BE asEsdEssnEERaRERE S +THL2 sassansans -'ITgh sEmE# 15‘-3”1
SU. AT R LR chﬁg .h?ﬁ? LR R Eﬂ-ﬂﬂ.
13/16 sesssssssasennscsss L0125 A5 L.ees 20,637
53!611 T Ll 'l{iml . -gja& saman 21,03k

2?;""32 sapsBsaEsaRRBARERES o'-ul._-!'? T LL LR t‘;sr}l EEEE ] ﬂ.hjl
b";illlﬂl saEEEna RS .E:’;?ll sEmEEEEEEE .53-{)0 EEEE] ?l-a?ﬁ

?."E -lllii!l--ll-iti-utl --'-:IT'.; gamEmE EEE lmla RN 9?1‘2?5
sTlrlrdL sEmsEBEEEES -1906 Ea s e EEEE tﬁf?'} FEman 2?162?

?9!"32 sspEEBREEREeARREAnE JHGE semessvses |6Jlm smamE 23,019
59}"51. T T I LR E] 49?19 TIIIEERE) -6&?5 TLLL] H.'llﬁ

15;"‘1’6 tli-l'liiililli!!ll‘ !9‘3?;5 TEEEEL RN i's'PGJ ameed 23‘512
6'1.;6]]. GEspaEEs RER -.EJ‘,;}]. sassREsund -THJI. TELL] 2*1-?(-"‘)

Jl,fr:'!? sEEEaEEEBERERREE B RS fHT sannensess #TATL nenne 31-606
63-,!""5“ gaBsEEEEES S8 49&&14 s@amEE B EE S 1?6‘1{} 'ELER] 5|m3

1l seconssssassseapasnana 1. ETE LR R -Taﬂl ssmna 25i'lm
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INTERNATIONAL MORSE CODE
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ARMY ATR FORCES PROPERTT CLASSES

NAE

Indexes and Uaintenance Publications of a Genersl Hature
Alrplanes and Maintenance Parts - General
Engines and [aintenance Farts - Oeneral
Mreraft Accessories

Adreraft Hardware and Rubber Laterials
Mircraft Instruments and Laboratory Test Equipment
Fuels and Lubricants

Dopes, Paints and Related Laterials
Electrical BEquiprent and Supplies

Tliders and Target Airplanes

Photographic Emuipment and Supnlies

Mreraft Combat Yaterial

Fuel and Lubrieating iquisment and Supplica
Clathing, Parachutes, Squipment and Supplies
Hangara and Demountable %uildines

Gas Cylinders

Kachinery, Shon Squipment and Tools

Special Tools

Flring Field and Yanpar Equipment

fioods

ketal and Composition Materials

Chemicals

Office Equirment and Supplies

Comercial Hardware and liscellaneous Lupnlies
Training Aids

T-15




00=25=22

01=-1-1
01~1-2

01-1-13
01-1-8
01-1-23
01-1-26
07 .1=27

Ol=1=22

01-1-36

01-1-39
01-1-50
J1-1-30-A

01-1-53

01-1-52

01-1-£3

T. U. REFERENCES (Wumerical)

The AAF Visual Inspection System for Adrplanes.

Mreraft Maintenance Procedure and overhaul of
enginas

Procedure to be followed in case of fires during
flight.

Movemant of Alrcraft Engines to, through and from
overhaul facilities.

Cleaning of Asronautiecal equipnent

Anti-corrosion treatoent of alrplanes operating in
salt water areas.

Adrcraft finishes

Ventilation of Adrplanes in hot weather,
Replacensnt of frayed cables,

Cleaning of carburetor air cleaners.
Use of landing wheel brakes,

Use of surface control locks and inspection of sur-
face controls,

Precaution to be observed in the operation of bomb
bay doora.

Installation of Air Intake Yust Excluders.

Towing, mooring and handling of airplanes.

Towing, looring and Handling of Adrplanes,
Ingtallation, Inspection and Eeworking of Muther
Engine lount Fushines, (Ti-htening of ladial Engins
lioant Balis)

Inapection of Bomb Sight FPlup Connections.

Inspection of Valves of permanently installed Adr-
craft 00y Fire xtinguishers.

T=16
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0. TEPHENCES (fhmerical)

Cont'd.
To0s lios
01-1=-53 Inspaction of 21l glactrical Junction Doxes = Al
Mreralt,
01-1-37 De-Icine and Anti-Icing Srstems
Dl-1-3% Installation of Drain Cock, 011 Tank Surp.
T1-1-139 Precantions Amainst Feuling Controls

Ol=1=205d=1 Pilots Flisht Operating Instructions for ™=29.

O1-202d=-2 Spechisn and laintenance Ingtructions fer D-27.

0l-202J-3 Stractural Repair for 3-27 Flane

02=-1=6 Periodic Inspection and Adjustment of Valves.

02=1=7 Detonation in Adrcralt Enpines.

nz=1-8 agtrictions on Hemoval of ngines

0#=1-22 Pro-0iling of Adreraft Engines

02-1-28 Inspection & Tichtening of Intake Pipe Packing Huts

02=1-29 fAround Operation Instructions for Aircraft Englnes

02-1-3k Tightening Crankshaft and Prop Shaft Thrust hearing mats

02-1-35 Protection of propeller Shaft Threads

02=1=38 Use of Alternate Orade Fuel, Mreraft Engines

02=1-42 Overspeeding of aircraft engines.

o2-1-lh glimination of push rod lagging all Radial Eng.

02-35JA-1 Handbook of Operating Instructions of R-3350

02-35JA-2 Hlandbook of Services Instructions for n-3350

02-35J4-3 Overhaul Instructions for R-3350 13-18-21-23-33 and =35
=17




TaQu HNo,

03-1-1
03-1-2
03-1-h
03-1-15

03-1-15=4

03=-1=17

03-1-2
03-5-1

03=-5-4
03-5-9
03=54A=1

03=5A %3
03=-54R=2
03=547-5

03=5AD-1
03=5AD-2

03=50=2
03=5CA=1

03=5CA=2

03-5CA-3

T.0. RAFZHHNOES (Mumerical)

Cont'd

Periodic Inspection of Accessories in siorare
Safety Delts
Overhaul of Accessory Pumps

Failure, Inspeciion and Hepair of Lalf Zealinr Fuel
and 11 Tanks.

Fallure, Inspection and Hepair of Sclf Sealing fuel
and 0il Tanka,.

itorape & Handling of Fuel and Uil Cells (Self sealing
and Vetal)

Yarking of Inapection Doors, Self Sealine Puel and 01l Cells,

Battery Circuit Solencid Switches, Handbeok of Instructions,
Trpes "=l and C-1

Cleaning and Folishing Landinz Lemm Heflectors
Booster Coil Handbheook, Twpes A-1 and =1

llandbock of Instructions, Alreraft Enpine Generators
and Tontrol TDoxes.

Generator Control Panels and Control Box Twpes B-1 and 3-2,
Generator Control Panels Tvpes A 1 A-2,

dandhook of Instructions with parts catalog - Abrcraft
Generators, Types -2 and O-1.

Handbook of Instructions for Type P-1 Lngine Driven Jenerator.

OJenerator Voltage Hegulator, Handbeok of Instructions
(dodels IGRD2ZAL and 3IGRDZHIL)

Solenoid Switches (Eclipse-Handbook of Instructions)

Mreraft Engine Starters and Starter Yotors (Belipse)
Handbook of Instructions.

Electric Starters, Direct Cranking (Eclipse Type E-160)
Handbook of Instructions,

Airecraft Ungine Starters & Starter Motors (Eclipse) Hand-
book of Instructions.
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T.0. No,

03-5CA-5
03-5C0-1

03-50C-2
03-500-3
03-5E-1
03-5F-1
03-5F=2

03-50-1
03=10-7

03-10-13
03-10-15
03-10-22
03=10-26
03-100- 2

03-10DA-2
03-10EA-1
03-10Ec-1
03-10ED-1

03-100-1

T.0. NEFERANCES (Numerical)
Cont'd

Electric Starters IMrect Cranking (Eclipse Type 397
& 756) Handbook of Instructions.

Retracting Mechanism Motors {Eclipse) Handbook of
Instructions

fletracting Mechanism liotors (Electriec Specialty Company)
fletracting Mechanism lotors (Electric Developnent Company)
Spark Flugs - Use and Hamnditinn.lng

Dymanotor-Aireraft Instruments

M ternator, Type KA-215; ilegulator, Type XC-78, DIymamotor,
Type AF-2

Flouresc:nt Lighting System - Inverters, Awcliary Boxes
and Lamps 4ssemblies.

Inapection, Marking and Modification of Fuel Svatems for
Aromatic Puels,

Operation and Inspection of Fusl Cock Controls,
Operating Fuel Systems

Fuel Gocks (Pesco)

Repair Instructions - Self-Gealing Fuel Dils

Supercharrer Regulator, Type A-7 Freliminary Handbook
of Instructicns

Operation & Service Instructions With Parts Catalop -
Turbine Driven Supercharpers

Fuel Pumps - Engine Driven (Peseo) Handbook of Instructions
with Parts Catalog

Engine Uriven Fuel Pumps, Handbook of Instructions with
Parts Catalog

Handbook of Instructions with Parts Catalog for the Engine
Driven Fuel Pumps, Types 0-6, 0-9 and F-10

Operation of Carburetor iixture Controls

T=1%




T.0. Ne.
03-15-3
03-15-4
03-15-10
03-20CA-2

03=2000=-1

03-200C-2

03-25A-1
03-25A4-3

03-25E-1
03-3084-1

03-300C-3

03-35-1
03-35A-3
03-358-1
03-45-1

03-458-1
03-L5c-1
03-50-1

T.0. REFEHENCES (Wumerical)
Cont'd

Inspection of CGil Dilution Valve and Linkage.

Repair & Cleaning of (il Temperature Repulators

Clesning of 01l Svatem and Accessories

Serviee and Overhaul Instructions with Parts Catalog,

Constant Speed Propeller Governors and Controls.

matic Constant Speed Propeller Governors and Control (Hamilten)

Operation and Flight Instructions, Hamilton Hydromatic
Controllable Propellers,

Services and Overhaul Instructions with Parts Catalog.
Hydromatic Controllable Propeller, Full Feathering (Hamilten)

Inspection and Lubrication of Anti-Friction Bearings.

Streamline Tall or Hose iheels Smooth Contour Awdliary
Wheels (Hayes)] Handbook of Instructions with Parts Catalog.

Mr (il Shock Absorber Struts

Vacuum Pumps, Engine Uriven - Handbook of Instructions with
Parts {:I-t-llﬂﬂll

Engine Uriven Uear Iype Oil Pumps - Handbook of Instructions
with Parts Catalog.

Icing of Adrcraft
Anti-Icer Pumps, Propeller (Pesco)
Maintenance & Inspection of De-Icer Shoes

Fire Extinguishers - Installation and Inspection. One
quart pump type.

Fire Extinguisher - Type A-2
Fire kxtinguisher Type A-11, A-12 and A-13
Use of Oxyren and Oxypen Equipment

T-20




T.0. lo.

03-50=-2

03-50A-1
03-55A-2

ol=1-11
0l=5=-10
oly=5=17

Ofy-10-1

ol=10-2
05-1-1)
4:19-1-1?:}
05-1-15
05-1-16
05=1-17
05-10-2
05-15-2
05-20-2

05-20-3
05-20-L

05=20=1T

1.0, AEFORENCIS (Humerical)
Cont'd

Charging of Oxygen Cylinders (Equalizer Method)

Repulators Type A=6, A-B, A-3A, A=7 and A-TA -
Handbook of Instruction with Parts Catalogp

C0, Inflation Equipment = Instructions for inflaticn
eylinder and valve assembly Type A=2, Raft-7al ter Kidde

Marking Tires and Jheel Bines to determine tire slippages
Latintenance & repair and Tires & Tubes

Identification, Installation and Handling of Fuel and
0ils and Collant Hose

Inflation and Use of sirceraft Tires and Inner Tubes
{Pressured)

liaintenance and Inspection - Tires, Tubes and ‘iheel Rims
Inspection, Haintenance md otorage

and shipment of Instruments.

Automym Instruments

Identification of Aircraft Thermometers

Marking of Adrcralt Instruments

Service and Uverhaul Instructions Airspeed Indicators

Service and Overhaul Instructions Magneto Type Compasses

Bani and Turn Indicators {Pioneer) Handbook of Instructions

with Parts Catalog

Flight Indicators, Types c-1, C=3, =, -5 and C-7 Hand-
wook of Instructions with Parts Catalog

Turn Indicators {sperry) Handbook of Instructions with Farts

Catalogs

R:uufmnd:l.umﬂ,ﬁ'pll-ﬁ (Pioneer-Handbook of
Instructions with Parts Catalog)

T=-21




T.0. HAFARAICES (Mumerdical)

Cont'd

TaC O
Vi 26 Hate of Climb Tndicator, Twpe A-6 (Kallison)
D5=25nR=2 Service and Overhaul Instructions - Type B-3 Driftmeter ‘
05=30=-1 Operation and bervice Instructions Alti-meter Assemblies
03=35-0 Aircraft sextant, Type A-S and A-7 (Pionger)
05=35=7 Mreraft Sextants. Types A6, A-8A and A-B and A-BA
05-1i9-3 Thermocouple Thermometers, Types D-6, B-7, 3-8, B-9 and

311 (Weston) :
5=l0-9 Thermometers, Free Air, Types -3, C-5, C-5 and C=13.

Handbook of Inatructions with Assembly Parts List.
Uo=li0=12 Service Instructions - Thermometers, Nesistance Type
05-50-1 Pitot Static Adrspeed Tubes, Handbook of Instructions
05-654-1 Handbock - Zlectrically Operated Fuel Level Oages
05=T0=-1 Yanifold Pressurs Gage, Types D-1 and D-2
05=75=1 Sngine Gage Units, Types B-1, B~2 and B-7. Handbook of

Instructions with Parts Catalog.
05=30-1 fuetion Oages, Tvpe F. Handhook of Instructions with

Parts Catalog
06-1-2 Fluids for Mydraulic Zouipment
D6=5=1 Use and Msposition of Fuels 2
O06=10-1 Mreraft engine Lubrication 0ils = Urades and Use 5
061013 Prevention of Thread Siezures ;
08=5=1 Shielding and Bonding of Adrcraft
Dd=5=2 Installation, Operation, Laintenance and Inspection
08-10-33 Interphone Equipment A%=36 (Identifying Order)
11-1-28 Cleaning, Lubrication and Kaintenance of .30 and .50

caliber aircraft machine guns.

T-22




T.0. How

19-1-18

19-1-30

23-20-1

£9=1-3

T.0. REFERENCES (lumerdical)
Cont.'d

Uaintenance and Inspection of 0> Cylinders
Hydraulic Airplane Jack - Adrplane Yeisting Precasticns

Replacenent of a purifier asserblics - Dypes A-1, A=2
and A=,

itepair and Laointenance of Fledplass and other plastie
sheets,

Lleaning, inspection and lubrication of Anti-Frietion
Bearings.
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TASLES SECTION Para
AsA.T. Froperiy Classes — - = = = = = = - o = - - T-15
AciaPs Vorsus M.AFo Line Coding = = = = = = = - Tf
Adfa Fuel end Altermate Grades = - = = = = = = = -9
Sonversion FActorf = = - - = =« = = = = = == - = TS0
Intrmational lorse Code = - - = - - - - _ L =1 1 1
Frincipal Dimensions of B-29 = = = = = = = o - o =1
i~3350 Enpine Accessorios = = = = = = = - = = = = T
H=3350 dnpdne Informatdon = = = = = = = = = = = = 5
Tulle lmferences (Humerical) - = — = = = o = = o - =16
Tubineg Color Code = = = = = = = = = = = = = = = = T=8
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