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CIVIL AERONAUTICS MANUAL 18

MATNTENANCE, REPAIR AND ALTERATION OF
CERTIFICATED ATRCRAFT AND GF ATRCRAFT
ENGINES, PROPEILERS AND INSTRUMENT'S

INTRODUCTORY NOTE

This manusl contains material interpreting and explein-
ing the maintenance, repair and alteration requirements speci-
fied in the Civil Air Regulations, Part 18,

It should be understood thet eny method or technique
which cap be shown %0 be the equivalent of one set forth in
this manuel msy be acceptable to the Administrator of CGivil
Aeronautics, Any procedure or method shown to be imapplicable
to a perticuler case may be suitably modified on reguest. In
any event, the acceptance of any equivalent or tbe modification
of any procedure will become effective as of the date of approval
rather than the date of its incorporation in this manual. This
manual will be revised from time to time as equally acceptable
methods or the need for additional explamations are brought to
the attention of the Administretor of Civil Asroneutics,

Each section of this manual is arranged and numbered to
correspond with the section in the Civil Air Regulations, Part
18, pertaining to the same subject, and the pertinent section
of the Civil Air Regulations is quoted shead of the interpre-
tative material,

On the reverse side of this page will be found a form for
convenience in meintaining a record of subsequent revisions.
The appendices to this manual contain general data and informe~
tion, This information should prove to be particularly helpful
to the less experienced sgencies,
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MAINTENANCE, REFPATR AND ALTERATION OF
CERTIFICATED AIRCRAFT AKD OF AIRCRAFT
ENGINES, PROPELIERS AND INSTRUMENTS

18,1 GENERAL.

"CAR 18,1 General"

18,10 DEFINITIONS,

"CAR 18,10 Definitions. As used in this Part:

(1) 'Aircraft engine' means an aircraft engine approved

by the administrator.

(2) ‘t*Propeller' means a propeller approved by the Admini-
strator.

{3) tInstrument' means an instrument installed, for other
than purely experimental purposes, in a certificated air~
¢rafts

{4) 'Manufacturer'! means (1) the holder of the type certifi-
cate, or approval by the Administrator, for an aireraft,
aircraft engine, or propellsr, or of the current rights,
under a licensing arrangement, to the benefits of such type
certificate or spproval, or (2) the manufacturer of a part

or accessory of a certificated aircraft, or (3) the manu-
facturer of an instrument which is instsalled in a certifi-
cated aircraft: Provided, That such menufacturer shall

have in his employ a properly certificeted mechanic in

direct charge of maintenance, repair or alteration operations.”

18,2 ROUTINE MATNTFNANCE.

"CAR 18,2 Routine maintenence, Routine maintenance is
defined as simple or minor preservation operations inciud-
ing but not limited to the adjustment of rigging and clear-
ances, and the replacement of small standard parts not
involving complex assembly operations."

1, The following are examples of routine maintenance operations: -
18,20 SERVICING OF ATRCRAFT.

Servicing on eirceraft involving:

{z) Rigeing,

{b} Adjustment of contrel surface and control system
movementis,

(e} Adjustment of landing gear retracting mechanisms,
brazkes, de~icing and electricel equipment, etece
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18.21 SERVICiNG OF AIRCRAFT POWERPLANRTS.

Servicing and externsl adjustments on aircraft powerplants in-
volving:

{a)} Spark plugs,

(b) Cleening ignition points,

(c) Valve tappsets,

{d) Screens, stc.,

(e) Hose connections in fuel, o0il and cooling systems
with jdentical parts mede from seme materisl, etey

18.22 SERVICTIG OF PROPELIERS.
Servicing and ed justments of propellers inwlving:

(a) aroothing out surface roughness of blades and palishe
ing of propellerss
(b) Tightening of loose comnections, setc.

18.23 REPLACTMENT OF SMALL PARTS.
Replscement of such small standard parts as:

(a) Bolts,

(b} Nuts,

(e} Pinps,

{d) Bushings,
{e) Fairleads,

(£) Pulleys,
{g) Turnbuckle terminals,
{h) Clemps,

{i) Hose connections in hydranlic systems, etc.,
(i) Batteries, tires, tubes, windshield material and other
similar parts.

18,3 REPAIRS,

TCAR 18,3 Repairse A repair is any operation other than
routine maintenence which is required to restore an air-
craeft, sircraft engine, propeller, or instrument to a
condition for safe operstion, including the mending or
replacement of demaged or deteriorated parts.®

18,30 MINOR REPAIRS.

“CAR 18,30 Minor repairs. Minor repairs are elementary
vepair operations executed in accordance with standard
practices and not within the definition of major repairs.”
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18,300 MINOR ATRCRAFT REPAIRS.

Repair or replacement work of the followlng types are con-
sidered minor aircraft repairs:

18,3000 NON-STRUCTURAL MEMEERS.

Repalrs to non-structurel members which may affect the air-
worthiness of an aircraft, such as:

(a) Cowlings,

(b} Turtlebacks,

(¢) Wing esnd control surface falrings,
{d) Electrical instzallations,

{e) Windshields,

18,3001 TANKS.

Patching and repeiring of lesks in non-integral fuel, oil,
water ballast, hydrasulic and de-icer fluid tanks,

18,3002 RIBS, LEADING AND TRATLING EDGES, TIP STRIPS,
The repalr of

(a) Not more then two adjacent wing or control surface
ribs of a conventional type {wood or metal),

(b)) The leading edge of wing and control surfaces between
two adjacent wing or control surface ribs,

{c) The trailing edge of wings, control surfaces and flaps,
and

{d)y The wing and control surface tip stripse.
18,3003 CONTROL CABLES.
Replacenent of control cables.
18,3004 FABRRIC COVERING.

(2) Pateching of fabrice.

{(b) Replacement of the fabric covering of surfaces involvy-
ing an area not greater than required to repair two
sdjacent ribs.

18,3005 METAL OR PLYWOOD STRESSED COVERING.

The patching of holes in metal or plywood stressed covering
not to exceed 3 inches in any direction whem ribs, stringers,
bulkheads, and reinforcements are not directly affected.
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18,3006 REPIACEMENT OF COMPLETE COMPONENTS OR UNITS,

Replacement of complete components or units such as listed
below with paris supplied by the original manunfacturer or
manufactured in accordance with approved drawings.

(2) Wings,*

(b} Replaceable wing tips,*

(e} Control surfaces,*

(d) Wing or control surface bracing (struts or wires),

(e) Sea wings,

{f) Floats,

(g) Wheels,

(h) 5kis,

(1} Lending gears,

(i) Tail wheel assemblies,

(k} Engine mounts (pre-~fabricated and bolted on, not
to be wslded on},

(1) Fuel and oil system accessories,

{m) Powerplant cowling,

(n)} Intske or exhaust systems,

{0) Fuel and oil tanks,

{p} Powerplant controls,

{g)} Propeller controls,

(r} Instruments snd safety belte.

18.301 ATRCRAFT ENGINE MINOR REPAIRS.

1. Overhaul work of the followling types are considersd aircraft
engine minor repairs: '

18,3010 TOP OVERHAULS.

Top overhsuls of engines of leas than 200 hp., involving the
following:

{a) Remowval of cylinders,

(b} Grinding valves and removing carbon,

(e} Fittipe new rings,

{d) Adjustment of wvalve gear or replacament of parts
in valve mechanism except the rotating parts in
the crankcase.

* Note: After completing replacements of wings, wing tips and control
surfeces the airplane must be test flown prior to returning it
to services.
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18,3011 COMPIETE OVERHAUIS,

Complete overhauls of engines of less than 200 hp, invwolv=
ing only the adjustment, cleaning, fitting and replacement
of parts with identicel parts produced by the originsal
manufacturer or parts specifically approved by the Civil
Aeronautics Administration.

18,302 PROPELLER MINOR REPAIRS.

1, Repairs to wood or metal propellers, propeller hubs, and
propeller governors when made in accordance with the
repalr practices and methods preseribed in this manual,
or in accordance with "Administrator of Civil Aeroneutics
Approved" reconmendations of the propeller menufacturers
are considered minor propeliler repairs.

18,303 INSTRUMENT MINCR REPAIRS,

l. Cleaning, adjustment or replacement of parts in instruments
such as are listed below are considered minor instrument
repairs,

(a) Airspeed indicators,

(b) Altimeters,

{¢) ERate of climb indicators,

{d) Compasses,

{e} Turn and bhenk indicators,

{f) ZEngine tachometers,

(z) Temperature and pressure gsuges,

(h) TFuel flow ueters,

{i}) Electrical and gyroscopic instruments.

18,3030 REPLACEMENT OF REMOVABLE INSTRUMENTS.

Replacement of removable instruments may be considered an
eireraft minor repair in sceordance with Section 18.300.

18,31 MATOR REPAIRS.

"CAR 18,31 Major repsirs. Major repairs are complex
repalr operations of vital importance to the airworthi-
ness of an ajreraft including but not limited to:

(a) Straightening, splicing, welding and similar opera-
tions when the strength of important structural members
might be appreciably affected thereby.

(b) Operations regquiring complicated or unconventional
technigques or egquipment.”
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18,310 ATRCRAFT MAJOR RWPAIRS™

1. Repeirs of structursl components and elements of components
such as outlizned below ususlly found necessary ag the result
of an esccident, or of unforessen conditions requiring repsir
or reinforcement are considered to te major aircraft repairs,
unless classified as minor siveraft repairs in the preceding
section {Section 18.300}.

18,3100 RIBS AND LEADING EDGES.

Repair of thres or more wing or control surface ribs or the
leading edge of wings and control surfaces between such ribs.

18,3101  FUEL TAMNKS.

Rebuilding includirg rebottoming of standard type or integral
fuel tanks,

18,3102  FABRIG COVERING,

{a) Repair of fabric covering involving & greater area then
required to repair two adjacent ribs (see Section 18,204)

(b} Replacement of fabric on fabriec covered components such as:
wings, fuselages, control surfaces, etc.

18,3103  METAL OR PLY./00D STRESSED COVERING.

{a) The repair of dsmaged areas in metal or plywood stressed
covering exceeding three inches in any direction.

{b) The repair of portions of skin sheets by making =additionsal
seams,

{e) Spliecing of gkin sheeis.
18,3104 STRUCTURAL RESORK INVOLVING REPAIR O0F HIGHLY STRESSED MEMBERS.

A1l repeirs involving the replacing, straightening, reinforcing
and splicing of highly stressed members such as:

{a) Spars,

{b) Spar flanges,

(¢) Members of truss-type beams,

{d) Thin sheet webs of bemms

(e} Keel and chine members of boat hulls or floats,

(f) Corrugated sheet compression members which act as
flange material of wings or tsil surfaces,

{2z) ¥ing main ribs 2nd conmpression wembers,

{h) Wing or tell surface brace struts,

* Note: See CAR 18,51 Provision for Approeval of Masjor Repairs and Major
terations.
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i} TFuselage longerons,
} Members of the side truss, horizontal truss or
bulkheads,
(k) Main seat support braces and brackets,
(1) Landing gear brace struts,’
(m} Axles,
(n} Wheels,
(o) Skis, snd ski pedestals, and
{p) Parts of the control system such as control columns,
pedals, shafts or horns.

ATRCRAFT ENGINE MAJOR REPAIRS.

1, Work of the following types is considered aireraft engine
major repair:

OVERHAUL.
Top and complete overhaul of engines of 200 hp. or more.
SPECIAL REPAIRS.

Repairs to engine parts by welding or any octher means,
(See CAM 18,6 for technigue and practices).

PROPELIER MAJOR REPATIRS.

1. Repeirs of the following types are considered major
proneller repalrs:

REPAIRS TO WOO0D OR METAL PROPELLERS, PROPELLER HUBS AND
PROPLELIER GOVERNORS.

Repairs to wood or metal propellers, propeller hubs and
propeller governors not made in accordance with repair
practices and methods as preseribed in this manual or in
accordance with "Administrator of Civil Aeronautics Approved"®
recommendations of the propeller manufacturer.

REPAIR OF STEEL BLADES.

The repair or straightening of steel blades,

REPAIR OT STEEL HUBS.

The repair or machining of steel hubs,

SHORTENING OF BLADES,

The shortening of blades below the minimum diameter indicated
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in the Civil Aeronautics Administration Propeller Specifica-
tions so as to materially affect the performance of the
propeller,

18,313 INSTRUMENT MATOR REPAIRS.

1. No attempt is made at present to differentiate betwsen
minor and major imstrument repairs, snd, therefore, all
instrument repairs may be considered minor repairs,

18.4 ALTERATIONS,

HCAR 18,4 Alterations. An alteration is any appreci-
able change in the design of an airerafi, aircraft
engine, propeller, or instrument,”

18,40 MINOR AITERATIONS.

"CAR 18,40 Minor alterations. A minor slteration is:
{z} An alteration having no sppreciable effect on

the welght, balasnce, struetural strength, powerplant
operation, Tlight characteristics or other characteri~-
stics affecting the alrworthiness of an alreraft; or

(b) An alteration for which specific plans end instruc~
tions hsve been approved by the Administrator and which
can be executed by means of elementary operations.®

18,400 ATRCRAFT MTNOR ALTERATIONGS.

1. Changes such as listed below are considered minor aircraft
glterations. (See Appendix II, Weighing Procedure and
Check of Balance, for details of equipment classifications.)

18,4000 CLASS III EQUIPMENT ON ATRCRAFT SPECIFICATION. The instaliation
or reamoval of specific items of effective Class III equipment
listed in the Aircraft Specification* when mede in sccordance
with the menufacturer's instructions,**

18,4001 EQUIRENT OF EQUAL OR IESS WEIGHT. The installation or remowval
of equipment of equal or less weight and in the same location
and in the same manner ss that listed as Class III equipment in
the Alrcraft Specification.

18,4002 SIMPIE MODIFICATIONS. Changes of relatively minor nature,
such as the addition of relnforcements or fittings which are

* Note: Coples of Aircraft Specifications may be obtained from Chief,
Correspondence Section, Civil Aeronauties Administration,
fimshington, D. G,

**Note: The cumulative weight chenges of ell such alterations since the
last Civil Aerconsuties Administration inspeetion should not exceed
1% of the certificated weight empty.



18,4003

18.401

18,402

18,4002

18,403
CIVIL AERONAUTICS MANUAL 18

easily installed and the installation of which does not
require appreciable rework of the aircrsft structure and
when made in compliance with "Alrworthiness Msintensnce
Inspection Notes" which supplement the Aircraft Specificae-
tions* issued by the Civil Aeronautics Administration, or
in aceordance with "Administrator of Civil Aeronautics
Approved” alteration instructions of the manufacturer of
the alreraft.**

CHANGES TO IMPROVE SERVICE LIFE. Changes on structural

and non-structural elements of a minor nature for the
purnose of improving the service life or reducing main-~
tenance costs, provided the cumulative weight changes of
guch zlterations do not exceed 1% of the certificsted

weight empty since the last Civil Aeronsuties Administration
ingpection, and the empty weight center of gravity location
is not changed,

ATRCRAFT ENGINE MINOR ALTERATIONS.

1, The alteration or conversion of an aircraft engine by
replacenent or addition of perts, in compliance with
?Airworthiness Maintenance Inspection Notes®™ listed
on the engine specifications issued by the Civil Aero-
nautics Administration or in accordance with "Admini-
strator of Civil Aderonautics Approved" alteration
instructions of the manufacturer of the aircraft engine
is considered a minor aircraft engine slteration.

PROPELLER MINCR ALTERATIONS.

lo Changes on propellers, hubs or propeller governors made
in compliance with "Alrworthiness liaintenance Inspection
Notes"which supplement the Propeller Specifications
izsued by the Civil Aeronautics Administration, or in
accordance with "ddministrator of Civil Aeronsutics
Approved" alteration instructions of the propellsr manu-
facturer are considered minor propeller alterations,

¥ Note:

** Notes

Copies of Aircraft Specifleations may be obtained from Chief,
Correspondence Section, Civil Aeronautics Administration,
Weshington, D. C.

Proper reference to the pertinent request by the Civil Aeronautics
Administration or alteration bulletin of the manufacturer should
always be made in the repair records of the repair agency and in
the aircraft loghook for the benefit of the Inspector of the Civil
aeronautics Administration conducting the follow=up inspection,
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INSTROMENT MINOR ALTERATIONS.

1. Design changes made¢ in accordance with the "Administrator
of Civil Aeronauties Approved" recommendations of the
manufacturer of the instruments are considered minor
instrument alterations.

MATOR ATTERATIONS.

"CAR 18,41 Major alterations. Major slterations ere

all alterstions not within the definition of minor
alterations.™

ATRCRAFT MAJOR ALTERATIONS,

1+ Chenges of the following type when not listed as Class
IT1I equipment in the Alreraft Specifications ars con~
3idered major aireraft alterations because they ars
likely to affect the airworthiness of an aireraft to a
great degree. (See Appendix II, Weighing Procedure and
Check of Balance, for details of equipment classifications,)

INSTALLATION OR REMOVAL OF EQUIFVENT.*

The installstion or removal of equipment of any type and in
any lecation other than outlined in Section CaM 18,400,

* Note:

In case such work 1s carried out g0 that!

{(a} The cumulative weight change of all sueh alterations
since the last Civil Aerconauties Administration ine
spection doss not exceed 1% of the certificated weight
empty;

(b) The cumulative effect upon the empty weight center of
gravity of =sll such alterations since the last Civil
Aeronautics Administration inspection does not exceed
1/2 of 1% of the M.A.C.}

{¢} The method of attachment to the structure is such as
to distribute the weight uniformly over as large e
portion of the structure as practical;

{d) The installation is. such as to have no adverse effect
upon the original airworthiness, (For instance, eguip-
ment increasing the fire hazard or otherwise interfer-
ing with the safe operation of an aircraft should not
be considered satisfactory for installation,)

Sueh slterations are considered to fall under the specisl privi-
lege provisions for certificated repair stations and mamifecturers
contained in CAR 18,51 without having to be executed in accordance

with any other manual or further gpecification approved by the

Administratore

10
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DESIGN CHANGES,
Basic design changes on any component such as:

{a) Wings,

{b} Tail surfaces,

(e) TFuselage,

{8} Landing gear, ete,

(e} Elements of components (spars, ribs, shock absorbers,
bracing, cowlings, turtlebacks, fairings, balance
weights, etc,) of an aircraft.

CIANGES IN FUEL, OIL, CCOLING, HEATING, DE-ICING AND
ELEGTRICAL SYSTHEMS.

Changes over the original design in the fuel, oll, cocling,
hesting, de-icing, electrieal and exhaust systems of an
ajreraft. This inciudes conversions of any sort for the
ourpose of using fuel of rating or grade other than that
called for in originel approval.

INSTALIATION OF DIFFERENT TYPE ENGINE, PRCPELLER OR
FEATHERING SYSTER,

The installation of a type of engine or propeller different
from that approved for the airplane or the installation
of propeller feathering or de-icing systems,

AIRCRAFT ENGINE MATOR ALTERATION.

l. Changes of the following type are considered major
airceraft engine alterations:

ENGINE CONVERSION.

Conversion of an sireraft engire from one approved type to
another involving eny changes in compression ratio, pro-
peller gear or impeller gear ratics which requires extensive
rework znd testing of the engine, though all the work may
be zccomplished by using factory parts and carried out in
accordence with the aireraft engire manufscturer's "Adnini-
strator of Civil Aeronautics Approved" alteration instruc—
tions,

VODIFIGCATION WITH UNAPPROVED PARTS.

wWhen sircraft engine structurzal parts are replaced with parts
other than those supplied by the original manufacturer or

11



18.43111

18,500

18,412

18.413

18.%

18,50

18,500

CIVIL AERONAUTICS MANUAL 18

specifically approved by the Civil Aeronsutics Administretion*
for the purpose of cbtaining =pproval of the new parts.

PROPELIER KATOR ALTERATIONS.

1, Changes in blade design, bub or propeller governor not
suthori zed on the Propeller Specifications issued by the
Civil Aeronsutics Administration** are considered major
probeller alterations,

INSTRUMENT MAYOR ALTERATIONS.

le GChenges in design not made in accordance with the *"Admini-
strator of Civil Aeronautics Approved" recommendstions of
the instrument manufacturer are considered major instrument
alterations,

"RULES AND FROCEDURES FOR MAINTENANCE, RFPAIRS AND ALTERATIONS,®

AGENGIES AUTHORIZED TO PERFORM MAINTENANCE, REPATR AND ALTER-
ATICN OPERATIONS,

"CAR 18,50 Agencles authorized to perform maintenance,
repalr end alteration operations. MNaintenence, repalir
and alteration operations shall be performed only by:
(1) A certificated mechanic having the proper rating
or a person working under the direct supervision of
such mechanic; or (2) a certificeted repair station
having the proper rating; or (3) the manufscturer of
the aircraft or part of the aircraft to be repaired.
Provided, that all instrument repairs and alterations
and propeller major repalrs and major slterations shall
be performed only by a certificated repair station
having the proper rating or by the instrument or
propeller manufacturer,”

REPATR AGENCIES,

sgencies which repair or alter an aireraft, aircraft engine,
propeller or applience in sccordance with the clessifications
set forth in Sections 18,3 and 18.4 of this manual are classi-
fied as:

(a) Certificated Repair Statiomns,
(b} Menufacturers,
(c) GCertificated Mechanics,

* Tote:

** Tote:

Changes as above require extensive proof tests as specified in
Part 13 of the Civil Air Regulations and CAM 13. Also sSee
Section 18, 672 of this manual.

Changes such as outlined above usually inwlve proof testing of
the propeller or governor in accordance with QAR 14,

12
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18,5000 CERTTFICATED REPATR STATION,

A certificated repair station meens a repair station certifi-
cated in accordance witb the provisions of the Civil Air
Reguletions (CAR 52).

18,5001 MANUFACTURER »

For the purpose of this manual a manufacturer means

(1) the holder of the type certificate, or approval by

the Administrator, for an sireraft, aircralft engine, or
propeller, or of the current rights, under a licensing
arrengament, to the benefits of such type certificate

or approval, or (2) ths manufsecturer of a part or accessory
of a certificated aircraft, or (3) the manufacturer of an
instrument which is instelled in a certificated aircraft;
Provided, That such manufacturer*shall have in his employ
a properly certificaeted mechanic¢ in direct charge of main-
tenance, repalr or alteration operationse.

18,5002 CERTIFICATED MECHANIC.

A certificated mechanlc¢ means & mechanic certificated in
accordance with the provisions of the CGivil Air Regula-
tions {CAR 24}.

12,501 AGENCIES AUTHORIZED TO PERFORM MATNTENANCE, MINCR REPATIRS
AND MINOR ALTERATIONS.

18,5010 AIRCRAFT MAINTENAMCE, MINOR REPATRS AND MINOR AVTERATIONS.

Maintenance, minor repairs or minor alterations of a certifi-
cated aircraft must be made by one of the following:

{(a) A certificated repair station holding the appropri=-
ate rating.

{b) The manufacturer of the aireraft,

{c} A certificated mechanic holding an aircraft mechenic
reting.

(d) A person under the direct supervisicn of a certifi-
cated mechanic bolding an sireraft mechanic rating,

18,5011 ATRCRAFT ENGIMNE MAINTEN/ANCE, MINOR REPAIRS AND MINOR AITERATIONS,

Maintenance, minor repalrs or minor alterastions of & certifi=-
cated airceraft engine must be made by one of the following:

* Note: See CAR 24,23 Factory mechanic rating.

13
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(a) A certificated repsair station holding the appropri-
ate rating.

(b} The manufacturer of the aircraft engine.

(c) A certificated mechanic holding an aircraft engine
mechanic rating,

{d) A person under the direct supervision of a certifi-
coted mechanic holding an alrcraft engine mechanie
rating,

18,5012  ATRCRART PROPELLER MAINTENANCE, MINOR REPAIRS AND MINOR
ALTERATIONS.
Maintenance, minor repairs or minor alterations of a certifi-
eated propeller must be made by one of the followlng:

(a) A certificated repair station holding the
appropriate rating,

{b)} The manufacturer of the propeller.

{c) A certificated mechanic holding an
ai rcraft engine mechanic rating.

(d) A person under the direct supervigion of a
certificated mechanic holding an sircraft engine
mechanic rating.

18,5013  ATRCRAFT INSTRUMENT MATWTENANGE, MINOR REPATRS* AND MINQR
ALTERATTIONS,
Meintenanee, minor repeirs or minor slterstions of an instrument
must be made by one of the following:

{a) A certificated repair station holding the appro-
priate rating,

{b) The manufacturer of the instrument,

18,502 AGENCIES AUTHORIZED TO PERFORM MAJOR REPAIRS AND MAJOR AITERA-
TIONS.

18,5020  ATRCRAFT HAJOR REPATRS AND MAJOR ATTERATIONS.
Major repsirs or major slterations of a certificated alreraft
must be mede by one of the following:

(a) & certificated repalr station holding the appro=-
priate rating.

{b) The mamfacturer of the aircraft,

(¢) A certificated mechanic holding an aircraft
mechanic rating,

* Note: Replacement of removeble instruments may be considered an air-

eraft minor repair (See Section 18,3008) and may be made or
supervised by a certificated mechapic,

14
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{d} A person under the direct supervision of a
certificated mechanic holding an aircraft
mechanic rating,

ATRCRAFT ENGINE MATOR REPAIRS AND MAJOR ALTERATIONS.

Major repairs or major alterstions of a certificated air-
eraft engine must be made by ore of the following:

(a) A certificated repsir station holding the
appropriate rating,

{(b) The manufescturer of the aireraft engine,

{(c) A certificated mechanic holding an aireraft
engine mechanie rating.

{4) A person under the direct supervision of a
certificated mechanic holding an alrecraft
engine mechanic rating.

ATRCRAPT PROPELIER MAJOR REPATRE AND MAJOR ALTERATIONS.

Major repairs or major alterations of a certificated propeller
must be made by one of the following:

{a) A certificated repair station holding the sppropriate
rating.
(b} The manufacturer of the propeller.

ATRCRAFT INSTRUMENT MATOR REPATRS AND MAJOR ALTERATIONS,

Major repairs or major alterations of an instrument must be
made by one of the following:

(2) A certificated repair station holding the
appropriate rating.
(b) The manufacturer of the instrument,

APPROVAT OF MAJOR REPAIRS AND MAJOR ALTERATIONS AND SPECTIAL
PRIVIIEGE PROVISIONS FOR CERTIFICATED REPAIR STATIONS AND
MANUFAC TURERS.

"CAR 18.51 Provision for spproval of major repairs

and major alterations. No sircraft, aircraft engine,

or propeller which has undergone any mejor repair or
major alteration shall be returned to service until
examined, inspected and approved by a duly authorized
representative for the Administrator unless such repair
or alteration has been executed in accordance with a
manual or specification approved by the A@ninistrahor,f/
and performed by a certificated repalr station of the
proper rating or by the manufacturer.®

E/ t"Such manual or specification may, for example; be
igsued bv the manufacturer, a certificated rsepalr statlion,

or by the Administrator. All such manuals or specifica-
tions issued by perties other than the Administrator
must be approved by him.™ :
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FLIGHT TESTS.

"GAR 18,52 Flight tests, When an sircraft or aircraft
engine or propeller thereof has undergone a maintenance,
minor repair or minor alteration operation which may
have changed its flight characteristics appreciably or
substantially affected its operation in flight, or has
undergone g8 major repair or msjor alteration, such air-
craft shall, prior to carrying passengers, be test flown
by a pilot heving at least 200 solo hours and holding at
least = private pilot certificate and eppropriate rating
for the aireraft to be test flown.®

"RECORDING OF REPAIRS AND ALTERATIONS.™
MINOR REPAIR AND MINOR ALTERATION LOG-BOOK ENTRIES,

#CAR 18,530 Minor repair and minor alteration log~book
entries, An adequate description of every minor repsair
or minor alteration of an aircraft, airceratt engine, or
propeller shall be entered in the appropriate log=book
over the sigasture and certificate mumber of the mechanie
directly in charge of or performing such repair or alter-
ation and in case a mamfacturer or a certificated repair
station makes said repair or alteration the eppropriste
log=book shall also be signed by an authorized official
of such agency. The lnstallation of an instrument in an
aircraft shall be recorded in the aireraft log-book by
the agency making the installation.®

SCOPE OF ENTRIES.

In cese the work was performed in compnliance with a reguest
of the Civil Aeronautics Admipistration or in accordance

with recommendations of the mapufacturer of the unit repaired,
or if replacement of a component purchased from the original
menufacturer was involved, the entry should so stzate,

MATOR REPATIR AMND MAJOR ALTERATION RECORDS.

"CAR 18,531 Major repair and major alteration recorde,
A repair sgency performing s major repair or major
alteration on an aireraft, aircraft engine, or prow
peller, shall execute such Repair and Alteration Forms
as may be prescribed snd furnished by the Administrstor,
and shall deliver a duplicate copy of aay such Form to
the owner of the aireraft and meke proper entries on
the appropriste page of the Alreraft Operation Record.”

16
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NUMBER OF FORMS REQUIRED.

The Repair and Alteration Form*sheuld be submitted in dupli-
cate unless the inspector of the Civil Aeronautics Administra~
tion ragquests sdditional copies. One copy of these forms
should be kept by the owner of the aircraft and the original
should be given to the imspector. In cases where an air
carrier is operating under the provisions of A40-23, the
inspector will detemine that the proper entries are made in
the pertinent weight record and that the sffects of the weisght
changes have heen accounted for, Tn all other cases the in~
gpector will ascertain that the proper loading schedule nota-
tions, overlays, or revised schedules have been prepared and
sutmitted, if appliceble.

SCOPE OF DATA.

The Repair end Alteration Form should incorporate such
technical data as are necessary to substantiate the airw
worthiness of the repair or alteration, either by reference

to the figures and tables of this manusl, or by incorporate
ing in the Form pertinent stress analyses, weight and balance
computaticns, test reports, drawings, well dimensioned detail
gketches or photographs, When these dsta are extensive, they
shoulé be sppended to the originsl copy of such form which

is given to the inapector of the Civil Aeronsutics Administra-
tion and referred to in both copies of the Form.

ATR CARRIER FLEET REPAIRS AND ATTERATIONS.

In the case of simultaneous repalrs or slterations being com-
pleted on several zircraft of an air carrier, only one complete
file need be submitteds. The Repair and Alteration Form should
contain the identification marks and serial numbers of all
gireraft affectcl, If additional aireraft of the same flest
are subsequently similarly repaired or altered, the Repair

and Alteration Forms for these aircraft need merely refer to
the previously submitted file by identification mark, serial
number and date., The inspector will alsc determine that the
operator has a reliable method of recording cumulative weight
chenges,

USE OF PHOTOGRAPHS.

Fhotographs, accompenied by detail descriptions of the work
performed and the materisls used and identified on these
photographs, may be substituted for the usual sketches re-
quired on the Repair and Alteration Form. IXIn this manner,
it is possible to record the original or demaged structure

* Note:

See Appendix IV-1.
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before sny work on the structure is attempted and then record
the various steps of the repmir and alterstion as the work
progresses to final completion.

18,5314 PROCF OF STRENGTH,

(a}

()

Comparison with original parts, The original parts
removed from an alreraft in making a major repair
or alterstion should be retained by the repair
agency until the inspector has completed his exame
ination of the work for conformmity or, in the case
of a repsir, satisfies himself that the repaired
structure is sjirworthy.

Comparison with manufacturerts drawing, The in=-
spector of the Clvil Aercnauntice Administration
may at his discretion require that he be furnished
drawings from the originel manufacturer of the

part or parts in question. To obtaln the necessary
drawings, the repair sgency should inform the menuw
facturer of the serial number of the airplane and
the extent of the demage. Upon completion of the
work, the drawings and executed Repeir and Altera-
tion Form together with a copy of the menufacturerts
letter of tranamittal should be presented to the
inspector to aid him in his inspection. In the
letter of transmittal the manufacturer should iist
the drawings and specify the serial number of the
airplane for which they were issueds When it can
be shown that factory drawings are not obtainable,
as in the case when the manufacturer is out of
btusiness and has no active sucesssor, the repair
agency may obtain photostats of such drawings fram
a Washington blueprinting firm at regular rates,
through the Chief, Aircraft Alrworthiness Section

of the Civil Aeronautics Adminigtration, Washington,
D. cl

18,5315 FROOF OF MATERI AL GONFORMITY.

(a)

{v)

Approved material statement, A statement by the
repalr agency to the effect that the perts or
materials used in the work have been purchased in
acecordance with approved specifications from the
originel manufacturer or a reputable sircraft
supply firm will be required. Equslly acceptable
are invoices issued by the original manufacturer

or his asuthorized agent,

Proof by sample or test. The inspector of the
Civil Aeronantics Administration, at his diseretion,

18
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may require that he be furnished with semples of the
materials used in making the major repair or alteration.
When it is not possible to compare the materials by a
visual inspection or simple tests such as taking Rock=-
well or Brinell hardness readings, the results of material
specification tests of the original and replacement samples
should be supplied,

PROCEIURES AND GUIDING COMMENTS COVERING TYPYCAL ALTERATTONGS.

Detail procedures to be followed covering typicel major
alterations, such as the following cases (a), (b) snd (o},
will be found in CAM 04,0611 through 04.06131,

{a)

(b)
(e)
{d)

(e}

THE INSTALLATION OF AN ENGINE OF A TYPE OTHER
THAN THAT COVERED BY A TYPE (OR APPROVED TYPE}
CERTIFICATE.

THE INSTALLATION OF A TATI WHEEL AND TIRE IN

A PREVIQUSLY AFPROVED TAIL SKID INSTALIATION.
THE CONVERSION OF AN APPROVED TYFE LANDPTANE

OR SEAPLANE TO APPROVED SKI~PLANE STATUS.
INCHEASE IN GROSS WEIGHT. An increase in the
gross weight will naturally require that the
structure be gble to withstand greater loads
im flying and landing. There is usually in-
volved, therefore, a study of the original
design date and the preparation of a partial
strength anelysis, perferably by the manuw
facturer of the airplesne, Likewise, the fly=
ing characteristics will be affected, so fiight
tests are usually required. Increases in weight
are often accompenied by changes in weight dis-
tribution, the effects of which are covered in
jtem (e). Increases in gross weight for speci-
fie industrial purposes, such ass erop dusting,
may be pemitted, but the alreraft will be re-
stricted to thet type of operation and will be
given an MR identification mark. Contsect an
inspector of the Civil Aeronsutics Administra-
tion when an aireraft is to be used in restricted
operstions.

CHANGE IN WEIGHT DISTRIBUTION. Any chenge in the
location of items hawving considerable weight, or
the addition of new items (equipment, etc,) may
have serious effects on the flight behavior of
an airplane., When apy changes in weight dlistri-
bution are made, it is the repsir agency’s re-
sponsibility to determine, by computation or
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re-weighing, whether or not the approved limits,

which appear on the airplane spec.fication in the
case of later models; will be exceeded, If they

are, spproval cannot be granted unless it can be

proved by a flight test that all flight require

ments are complied with.

It is of the greatest importence to realize that
flight characteristics not only become worase
gradually with rearward displacement of the center
of gravity, but that a condition sometimes existis
or will finally be reached where a small change
will have very large effects, TFor this reason
great care should be taken not to increasse the
weight of the airplane to the rear of the wing
beyond that which was originally approved, De=
creasing the weight carried forwerd of the wing,
such as using a lighter propeller, will have a
gimilar effect., 1Increasing the weight forward
of the wing will tend to disturb the balancing
in flight and might mske thée landing conditions
dangerous. Naturally, the effects of welght
changes will be greater nearer the nose and the
tail, Reasonably small changes within the pore
tion covered by the wing are not usually serious
from & balancing or stability standpoint. For
details regarding weight and balance procedure
see Appendix II of this manual.

INSTALLATION OF NEW ITEMS., In addition to the
effects on weight and weight distribution dis-
cussed in items (d) and (e), there is a danger
that a plece of new equipnent, if improperly
installed, will cause locsal losds which might
seriocusly damage the sirplane structure. It
should be remembered that in flight maneuvers
and in landing it is possible to develop imertia
forees such that an item will impose a load of
several times its own weight on the supporting
structure, For instance, a 35 pound storage
battery supported by a fuselage cross tube will
have an effective weight of considerably over
100 pounds in hard landing. If the cross tube
was not originally designed for this load, it
will probably fall or bend, The greatest danger
arises when such a partial failure occurs in
landing, without being noticed;, as the structure

might then fail completely durling some subsequent
flight,
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POWERPIANT CHANGES. The powerplant installstion on
a certificated aircraft has been thoroughly checked
in accordance with rules based on & study of asccident
snd serviee rescords covering several years of opera-
tion of all types of aireraft, These records show
that many acdidehts are due to improper installation
in small detsils concerning the fuel or oil system,
cowling, menifolding, and items of e like nature.

It is, therefore, unwise to make any changes without
careful consideration.

When chsnges appear to be necessary in the powerplant
installation, the manufacturer of the alrcraft had
best be consulted, If the menufascturer has no data
concerning such a change, =n inspector of the Civil
Aeronautics Administration should be consulted to
determine if the airworthiness of the airplanme will
be adversely affected by msking the change.

With reference to propeller changes, the placerd
accompanylng the certificate states the type of pro=
peller which it is safe to use, A larger dismeter
propeller should not be used without investigation
because it may result in unsetisfactory ground cleaxr-
ance with resultant excessive wear on the tips,.
Furthermore, a change to a propeller of appreclably
different diameter, either larger or smaller, or
different pitch, might ih some cases result in unsafe
performante.

CONTROL, SURFACE CHANGES, Any change in the aize of
control surfaces affects the loading conditions for
the airplane structure and therefore requires ade
ditional strength analyses, static tests, or both.
Flight tests are ususlly required also. The owner

iz particularly warned sgeinst making minor changes
on control surfaces, since the original deslign often
Just neets certain requirements for flutter prevenw
tion. No baiencing weights should be removed or
added without consulting the manufacturer end finally
obtaining the inspector’s approval. In particular,
it is essential that nothing be done to slter the
contour of the nose section ghead of the hinge line
or to inecrease the weight of movable surfaces to

the rear of the hinge line, Bslancing and trimming
tabs have very powerful effects end should not be
altered or allowed to become looss. All these pre-
cautions against flutter become increasingly important

a8 the speed of the airplane is increassed. On high
speed alrplanes any change of the control surfaces or
system may result in flutter or dangerous vibratione
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FAIRING AND COWLING MODIFICATIONS, Although changes
in fairing can usually be made without impairing the
airworthiness of the aireraft, it has been found that
certain airplanes are very sensitive to slight changes
in body lines, windshield designs =md filleting, Ob~
viously, sny change in engine cowling affects the coolw
ing and thereby introduces possibilities of malfunce
tioning or failure of the engine,

Iow wing airplanes are usually supplied with wing-
fuselage fillets which prevent tail buffeting, Any
alteration of such fillets may be dangerouss The
menufacturer should best be consulted regarding such
changes,

APPLIANCE INSTALLATIONS. The aircraft and appliance
manufacturer!s instructions for installation of eguip~
ment should be closely followeds In particular the
recoil from flares should be provided for amd, in the
cass of positlion lights, where certein anpular limits
are required, the light manufacturerts mounting in=
structions should be followsed,

BATTERTES. Batteries should be installed in accord-
ance with the instructions contained in Civil Alr
Regulations 04.5821. It should be noted that dry
tatteries are not considered satisfactory for the
operation of position lightse

DISPOSITION OF DATA.

The repair agenpcy should request an inspector of the Civil Aero-
nautics Administration to examine the work, the technical data,
and the executed forms, In order to enable the inspsctor to
exanine the work, it will generally be necessary to contact him
while the work is in progress or arrange to have sufficient in~
spection openings in order that he may accomplish this inspection
after completion of the work. Welds, particularly in the primary
structure, should not be painted over until after the inspection
unliess the inspector's permission is obtained. Carsful consider—

ation of the following check lists will eliminate many questions
end the attendent delays.

{a)

Repairs.

1, Are the pew parts made of the same material
as the replaced parts? Is 2 stronger
material used? Does the Repasir snd Alter-
ation Form clearly state these facts?
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Are the new parts exact duplicates of
the originals (as regards dimensions,
fillets, welds, etc.)? Does the Repair
and Alteration Form so state? If there
are deviations are they _ai._}_ listed and
are all necessary new dimensions given?

Does the Repair and Alteratioan Form
state whether or not the original part
was hest~trsated? Doss the Repair and
Alteration Form state whether or not
the new {re-repeired) part is similsrly
heat-treated (or rehest-treated)?

Is there any weight change? Does the
Repalr and Alterstion Forn state def-
initely one way or the other?

The above mentioned items ¢an usually be answered
quickly by the man doing the work on the airplane,
but their omission is very conmon,

(b) Alterastions.

1.

2o

3o

4.

Se

6e

How much does the article installed (or
ranoved) weigh?

What 1is the location of the removed or
installed item? This should be givemn in
inches from a datume

Has the balance of the airplsne been sube
stantiated for the alteration?

How is the new 1item attached? Is the atw
tachment shown ir the sketches?

Is the new item adequately described; i.®.,
are the manufacturer and model noted?

If the new item is a structural slteration
or involves attachment by means of addition-
al structure, are all nscsessary dimensions
and other englineering information given?
Has the strength of the structure been
adequately substantiated or shown to be
obviously satisfactory?

18,5318 ATRCRAFT OPERATION REGORD ENTRIES.

A repalr asgency engaged in the major repsir or major altera=
tion of an aireraft, alreraft engine or propeller should

(14
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also make an entry deseriptive of the work done on the ap=
propriate page of the Aireraft Operstion Record. (See
Appendix IV-2 for sample entry, and CAR 18,532 for aelr carrier
aircraft recording}. It is urged that in all questionable
repair or alteration cases, which might involve new rapair
methods, flight charseteristica or complicated questions of
weight and balance, the executed forms together with all

data he sulmitted to the branch offices of the Aireraft
Alyworthiness Section of the Givil Aeropeuticzs Administration

for approval of the gquestionsble points prior to final com=-
pletion of the work,

18,5319 SPECIAL RECORDING FOR CERTIFICATED REPAIR STATTIONS AND MANU-
FACTURERS.

In order to maintaln the records of =11 work done on aireraft
under the special privilege provision contained in AR 18,51
cortificated repair stations (other than those working on

certificated air carrier sireraft) and mamifacturers should
adhere to the following procedure:

{a} Supply the owner of the repaired or altered air-
craft with a copy of the Civil Aesronautics Admini-
strationts Repair and Alteration Form and append
to it all details such as: drawings, balance
investigations or weight records as the case may
be.

{b) Mske the necessary revisions to the pertinent
page of the Alreraft QOperations Record. (See
Appendix IV for sample entry)e

18,532 PROVISION FOR AIR CARRIER RECORDS.

"CAR 184532 Provision for alr carrier records. Iog=book
and Aireraft Operation Record emtries required in this
Part msy be replaced;, in the case of repairs or alters-
tions to scheduled sir carrier airerafi, by a sultable
system of recording repairs, alterations and sighatures
of responsible personnel,®

18,5320 REPATR BASE RECORDS.

The special procedures outlined in Section CAM 18,5318 need
not be followed by repair stations or certificated air carri-
era repairing or altering ailr carrier aireraft, The repair
base records ineluding the weight control records maintained
by these agencies ars interpreted to serve the identical pur~-
pPO88e
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DESIGN, TECHNIQUES, AND MATERTAIS,

"CAR 18.6 Design, techniques and msterials,
Repairs shall be 50 executed, and materials of

guch strength and guality shall be used that the
condition of the repaired aircraft, alrcraft engine,
propeller, or instrument shall be at least equival-
ent to its original or a properly altered condition
in regard to aerodynamic and mechsnical function,
strueturel strength, and resistance to vibration
end deteriorstion, and all other qualities affect-
ing airworthineas. Alterations shall be so designed
and executed that the altered aireraft, aircraft
engine, propeller, or instrumeant will comply with
the airworthiness requirements in effect when the
particular model of the aireraft or part of the
aireraft wae originally certificated and, in addiw
tion, with particular provisions of the current
alrworthiness requirements rendered necessary for
safe operation by the alteration.”

MATERIALS.,

All materials must be of at least the ssme quality, physi-
c¢al properties, and heat ¢treatment as were used in the
original comstruction of the unit being repaired or altered,
Materials conforming to the specifications of the U, S, Army
or Navy and SAE are considered satisfectory. When specify-
ing the physical properties of materials, it is important
that minimum specification values be used rather than
#typical or average® values.

WORKMANSHIP.

Workmanship should be of sufficliently high grade to insure
the proper continued functioning of the repaired or altered
unit, Tolerances should be ¢losely checked in order that
the original struecture is accurately reproduced. Metal
sheet and tubing gauges usually conform toc well established
specifications. Tolerances on machined parts are based on
general practice and vary from about plus or minus .010 inch
to values necessery 10 secure interchsmieabllity of mating
parts. Tolersnces on gsheared and nibbled parts are usually
plus or minus 1/32 of an inch, Minus tolerances with secw
tionsl dimensions of wood structural members such as spars
should not 8xceed 1/32 inch in the fully seasoned condition
unless justified by struectural analysis. Plus tolerances
are limited by assembly considerations,

TECHNIQUE AND PRACTICES GOVERNING REPATIR AND ALTEFRATION.

Technique and practices should be in accordance with repair
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practice outlined in this section snd should not embody
featurss which experiente has shown to be unreliable or
otherwise unsatisfactory.

18.60 STRUGTURES EMBODYING WOOD, FITTINGS, WIRES, CABLES AND FABRIC,

18.600

GLUES AND GIUING.

18,6000 GRADES AND TYPES OF GLUE. High grade cesein and approved
synthetic resin glueg® ave satisfactory for making glue joints
in aireraft elements. Gasein glue iz almost invariably used
and for the time being ie preferable to all other glues for
general asirceraft repair work. The glue msnufscturerts direcs

tions should always be followed in the mixing and preparation
of the adhesives,

18.6001  GONDITION OF SURFAGCES TO BE GLUED. Wood surfaces that are to
be glued should be smooth and true. Machine marks; chopped
or loosened grain, end other surface irregularities are Ob=
jectionsble. Joints of approximately equal strength may be
made between two plened or smoothly sawed surfaces that are
equally true, In view of the usual poor joint obtained by
making scerfs for a spar splice with a saw and plane, 2 joiner
cut should slways be used,

Roughening of wood surfaces by tooth plening, scratching, or
sanding with coarse sandpeper is often practiced in the be~
lief that it affords better surfaces for gluing. However,
tests of joints made by the Forest Products Laboratory show
no benefit from roughening the surfaces, Therefore, such
practices are unnecessary and frequently are & distinct diss
edvantege. The wood must also be clean and free from varnish,
shellec, lacquer, ensmel, dope or palnt,

18,6002 PROPER GLUING CONDITIONS. A strong joint in the wood is charw
acterized by complete contaet of glue and wood surfaces over
the entire joint ares and a continuous film of geod glue be-
tween the wood layers that is unbroken by air bubbles or by
foreign particles. Making strong glued joinus with glue
applied in regulayr condition depends primaxlily upon a proper
correlation between gluipg pressure and glue consistency at
the moment a pressure is applied. The consistemey of the
Blue mixture after being spread on the wood is extremsly
varisble, depending upon such factors as the kind of glue,

¥ Note: For approved resinous glues gee Glvil Aeronauntica Administration

Product end Process Specification, P & P, 8«1, Glue, Synthetic
Resine.

26



18.6005

18,6004

18.6003
18.6004

CIVIL AERONAUTICS MANUAL 18

moisture content of the wood, temperature of the glue room,
end the extent to which the glue-~ecoated surfaces are oxe
posed to the air, Good Joints may be made by coating either
one or both contaet faces of the parts to be joined, Howm
ever, under adverse conditions of gluing, as when the glue
becomes very thick before pressing, double spreading is
kuwown to be more reliable. For casein glue on Sitka spruce,
the assembly time (before clsmping) should be one to twenty
minutes when the pieces are lald together immediately after
applying the glue or one to eight minutes If the glue covered
surfaces are left exposed to the air prior to clamping, the
shorter periods being for a thick glue consistency and the
longer ones for a medium consistency,

GLUING PRESSURE,.

The funetions of pressure are to squeeze the glue out into

a thin continuous film between the wood layers, to force

air from the joint, to bring the wood surfaces into intimate
contact with the glue, and to hold them in this position
during the setting of the glues A light pressure should be
used with a thin glue, a heavy pressure with a thick glue,
and corresponding variations in pressure should be made with
glues of intemediete consistenocies, This is accomplished
by means of clsmps, presses, or other mechanical devicss,

For soft woods, such as spruce, a pressure of 125 to 150
poundg per square inch should be used with a relatively thiek
glue represented by average casein glue, In gluing hsrd woods
& pressure of 150 to 200 pounds per sguars inch should bse
spplied,

PRESSING TIME AND MEANS FOR APPLYING PRESSURE,

The pressing time for casein and animal glue joints should,
in general, be seven hours or more. Glue joints increase in
strength meinly as a result of drying. Hemce, where it 1is
convenient to do so, 1t is better to maintain pressure from
one day to the next. It should be borne in mind that- the
longer pressing periods are desirable, as this enables the
Jjoints to reach a higher proportion of their final strength
before being disturbed.

On small joints such as found in wood ribs, the pressure is
usually applied only by nailing the Joint guesete in place
after spreading the glue. Since small nails must be used
toc awoid splitting, the gussets must be comparatively large
in area to compemsate for the relative lack of pressure,
Kail spacing should be at least four per square inck and
should in no event be less than one nail per lineal inch,
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Small brass screws may alsc be used advantageously where
the particular parts to be glued are relatively amsll snd
do not allow application of pressure by means of clamps.
Spar splices should always be clamped by means of cabinetw
maker's parallel clamps or similar types. Hand spring
clamps should be used in conjunction with soft wood only,
Due to their limited pressure area, they must be applied
with a pressure distributing strip or block at least twice
as thick as the member to be pressed, There should be at
least two clamps per square inch of glue area,

WIKG AND CONTROL SURFACES,

GENERAL FLUTTER PRECAUTIONS.

When repairing eontrol surfaces, especially on high performe
ance airplanes, care should be exercised that the repairs do
not involve the addition of weight aft of the hinge line,

Such procedure may adversely disturb the dynamic apd static
balance of the surface to a degree which would induce flutter,
As a general rule it will be regquired to repair control sur—
faces in such & mesnner that the structure is identicsl t& the
original so0 that the weight distribution is not affected in
any wWoye

SPLICING OF SPARS,.

The spars may be spliced at any point except under the wing
fittings, which should not overlep any part of the splicing,

Mot more tham two splices {excluding any splices the manue
facturer may have incorporated in the original fsbrication

of the aircraft) will be considered satisfactorye Scarf joints
should have minimum glopes of 10 toc 1 for soft wood and 15 to 1
for hardwood and plywood elements. Acceptable methods of splice
ipng the various types of spars ere shown in Figures 1 through 6.

An acceptable method of splieing box spar webs 1s shown in
Figure 8.

ELONGATED HOLES.

in cases of elongeted bolt holes in a spar or cracks in the
vicinity of bolt holes, a new section of spar should be spliced
in or the spar repleced entirely, unless the method of repair
is apecificaelly approved by ar inspector of the Civil Aeroe
nautics Administration. In meny cases it has been found
advantageous t0 laminate the new section of the spar {using
aireraft plywood for the outer faces} particularly if the

spar roots are being replaced,
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18,6013 LONGITUDINAL CRACKS AND ILOCAL DAMAGE.

Cracked spars (except box spars) may be repaired by gluw
ing plates of spruce or plywood of sufficient thickness

to develop the longitudinal shear strength of the spar to
both sides of ite Such plates should extend well beyond
the termination of the cracks., A total thickness of the
spar web or total thickness of the plywood equal to 1/4
the spar web thickness should be used as showvn in Figure 7.
A method of repairing small local damage to either the top
or botton side of a spar 13 also shown in this figurs.

18,6014 REPLACING SOLID TYFE SPARS WITH LAMINATED TYPE.

Solid spruce spars may be replaced with laminsted omes* or
vice versa, provided the material is of the.same high qual-
ity. External plywood reinforcements should always be re=
rlaced with plywood as in the original structure.

1806015 WING AND CONTROL SURFACE RIBS.

Complete ribs should preferably be made from a manufacturer's
gpproved drawing or from & drawing made by the repair agenecy
and certified by the mamfacturer as corrsecty except that
the original rib may be used ag a pattern in maldng the new
rib if it is pot too seriously damaged to permit comparison.
Wood ribs should preferably pot be attached to wood spars by
nails driven through the rib cap strips as this weakens the
rib materially. The attachment should be by means of glue
with cement-coated, barbed or spiraled nails driven through
the vertical rib members on each side of the spar, The
drawing or pattern should be retaeinsd by the repair sgency
for use by the imspector of the Civil Asronautlics Adminie
stration in making his inspection.

18,6016 REPAIRS OF WQOD STRUCTURES AT A JOINT, BEIWEEN JOINTS, AT
TRAILING EDGES OR AT SPARS.

Acceptable methods of repairing demaged ribs are shown in
Figures 9 and 10,

18,6017 COMPRESSION RIES.

Acceptable methode of repaeiring demaged compression ribs
sre shown in Figure 1ll.

* MWota: Special methods of fabricating laminated spers msy be found in
Mreraft Airworthiness Section Report No. 15, copy of which
may be obtained from Chief, Correapondence Section, Civil Asrow.
nenties Administration; Washington, D. C.
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Figurs 11 (A) illustrates the repair of a compression rib
of the "I" section type, l.e., wide shallow cap-strips, a
center plywood web with a rectangular compression member on
each side of the wsbe The rib is assumed to be cracked
through cap-strips, web member and compression member, Out
the compression member as shown in Figwre 11 (D), ramove and
replace the shortest section, adding the reinforcing blocks
as also sbown in Figure 11 (D). Cut and replace the aft
portion of the cap-sirips, reinforcing as shown in Figure 9,
except that the reinforeing blocks are split in the vertical
direction to straddle the center web, The plywood side plates

a8 indieated in Figure 11 (A) are glued on., These plates are
added to reinforce the demaged web,

Figure 11 (B} illustretes a compression rib of the type that
is basically a standsrd rid with rectangular compression meme
bers added to one side end s plywood web to the other side.
The method used in this repsir is essentially the same as in
Figure 11 (A) ezcept that the plywood reinforecing plate showun

golid black in Section B-E of F¥igure 11 is continued the full
distance between spars.

Figure 11 (C) illustrates a compression rib of the "I" type
with a rectangular verticsl member each side of the web, The
method of repair is essentially the same as in Figure 11 {A)
except that the plywood reinforcing plates on each side shown
in solid black in Section C~C are continued, as in Figure 11
(C), the full distance between spars.

TRAILING AND LEADING EDGES AND TIP STRIPS,

Repairs to wing apnd conmtrol surface trailing and leading edges
and tip strips should be made by properly executed and re~

inforced splices. Accepbtable methods of tralling edge repairs
are shown in Figure 12,

STRESSED SKIN PLYWOOD COVERING.

GENERAL CONSIDERATIONS,

Extensive repairs to damaged stressed skin on monocoque types
of plywood structures should best be made at the factory of
origin or by a certificated repair station certificatsd for
this type of worke Ih any event such work should only be
undertaken by a certificated mechanic or supervised by him if
thoroughly experienced in this type of work. The repairs
should preferably be made in accordance with specific recome
mendations from the mamfaeturer,

EXTENSIVE DAMAGE.

If the damage is very extemsive, repairs should be mede by
replacing the sntire panel from one strictural member to the
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next, Where holes are large, the seam should be made to
lie along a bulkbead or =long a structural member. Small
brass wod screws have been found tc be best suited for
accomplishing a satisfactory glue joint in plywood splices.
However, cement~coated, barbed or spirasled nails are con~
sldered satisfactory.

18,6022 SMALL HOLES,

Small holes not exceeding 3 inches in dismeter may be re«
ralred by gluing a plywood patch over the hols,.

18,603 FINISHING OF WOODEN STRUCTURES.

Repaired ribs, spars, and other internal members should be
finished by applying at least two coats of varnish or lionoil,
‘Built-up box spars and similar closed structures should be
protected on the interior by at least one heavy coat of varnish
or liomoil., Surfaces which are likely to come in contact with
fabric during the doping process should he treated with a dope-
proof paint, cellophane tape, etc., to protect them sgainst
the action of the solvents in the dope. 2Zinc Chromate Primer
may also be used as a dope-proof coating.

18, 604 FITTINGS,.
18,6040 INSPECTION FOR DEFEGTS.

Fittings should be free from scrateches, seribe, vise and
nibbler marks and sharp corners. When repairing aircraft
after an accident or in the course of a major overhaul, all
highly stressed main fittings sbould best be magnafluxed,
etched and cadmium or zinec plateds A careful examination of
the fitting with s medium power (at leasst 10 power) magnify-~
ing glass will be considered an acceptable inspection for
the time being,.

18,6041 TORN, KINKED OR CRACEED FITTINGS.

Torn, kinked, or eracked fittings should be replaced and not
repai reds

18,6042 ELONGATED OR WORN BOLT HOLES,

Elongated holes in fittiangs which were designed without bush-
ings should not be resmed oversize but such fittipgs should
be replaced unless the method of repsir is approved by =
representative of the Civil Aeronautics Administration. Holes
should not be filled with welding rod. Accepiable methods of
repairing elongated or worn bolt holes in lending gear, stab-
ilizer, interplane or cabane strut ends only, hot originally

420728 © - 41 - 4
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equipped with pin plates, are shown in Figure 13. (See also
Figure 22 on longeron repair at a fitting)e

WIRE BRACING AND CONTROL CABIES.
INJURED, DISTORTED OR WORN CABLES.

Wires and control cables should be replaced if injured, dise
torted, worn or corroded even though the strands are not
broken.

SUBSTITUTION OF CABIE.

Substitution of csbles for hard or stresmlined wires will not
be acceptable unless specifically approved by a representative
of the Civil Asronautics Administration, Neither wires nor
cables should be subjected to heat. Soldering bonding braid
to control cable will not be considered satiafactory.

CABIE TERMINAL SPLICING OR WRAPPING.

Control cables 3/32 inch and above of the 6 x 19 or 7 x 19
extra-flexibie type, and 6 x 7 or 7 x 7 flexible type cable
used in primary flight control should be spliced and not soldw
ered, using standard Army =snd Navy tuck splices of at least
five full tucks, or = Roebling roll of et least seven full
turns. Standard wrapped and soldered splices will be accept-
able for flexible type flight coatrol cables of less than
3/32 inches in dismeter, and for the end terminals of cables
made from aireraft strand (19 wires), For dimensions of
splices see Figure 14, "Administrator of Civil Aeronsutics
ApprovedY gmaged cable temminals will be considered satis-
factory substitutes for spliced cable ends.

SAFETYING OF TURNBUCKILES.

All turnbuckies should be safetied with safety wire in the
following manner:

Two separste lengths of wire should be used, One length of
wire is to be run through the holes in the barrel of the turn=-
buckle and the ends of the wire bent toward opposite ends of
the turnbuckle., The second length of wire is then to be passed
through the hole in the barrel and the ends bent along the
barrel on the opposite sides from the first length. The wires
at one end of the turnbuckle are passed through the eye in
opposite directions and one wire lasid along the barrel, while
the other wire is wrapped at least four turas around the shenk
of the turnbuckle and the wire slongside the barrel before cute
ting off the end, The remaining length of safety wire should
then be wrapped at least four turns around the shank of the
turnbuckie end cut off. Repeat this same wrappipg procsdure
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with the wire ends at the opposite end of the turnbuckle,
FABRIC COVERING AND FINISHING.
GRADE OF TEXTILE MATERIAIS.

All fabric surface tape, relnforcing tape, machine thread,
lacing cord, stc. used for recovering or repalring an air-
craft structure should be of highe—grade aireraft textile
material of at least as good quality and equivalent weight
as that originally used on the eircraft. (See Table § for
textile materials acceptable for aireraft covering).

SEAMS.

A1l seams should be plain lap, folded fell or French fell
seams, machine stitched. (See (E), (F), (G) Figure 16),
Eight to ten stitches per inch should be useds The row of
stitehes nearest each folded edge of each seam should be
approximately 1/16 inch from the edge of the fold and the
rows should be 1/4 to 3/8 inch apart. (Saze (E), (F), (G)
FigUre 16)0

{a) All seams should be parasllel to the line of
flight, except as outlined in (b). Seams
should preferably not cover a rib or be =0
placed that the lseing will be through or
over the seam, In the case of tapered wings
or control surfaces the seams should be dig=
pesed so as to ceross the fewest number of
ribs consistent with efficlent cutting of
the patterns

(b} The only sesm extending spanwise of the wing
or control surface, whether hand or machine
sewn, should be at the trailing edge, except
that in the case of tapered wings or control
surfaces additicnal seems may be made at the
tapered portion at the leading edge. This
sezm should be covered in all cases by a
atrip of surface tape.

COVERING.

Fabric should be so applied to all wings that the warp
threads (threads running parellel to the selvage edges)
should be parsllel to the line of flight, Either the
envelope method or blanket method of covering will be
acceptable, In the case of surfaces having metal ribs
with relatively sharp edges (stamped types} commercial
tape should be applied over these edges before covering
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to prevent abrasion of the rib lacipng cords

{a)

(b)

(e}

(d)

The Envelope Method of covering is accomplished
by sewing together widths of fabrie cut to
specific dimensions and machine sewn to form
en envelope which can be drawn over the frame.
The tralling and the outer edges of the coverw
ing should be machine sewn unless the frame is
not favorably shaped for such sewing, in which
case the fabric should be joined by hand sewing
as described hersin for the blanket covering.

The Blanket ¥ethod of covering is accomplished

by sewing together widths of fabric of sufficient
lepgths to form a blanket covering for all surw
faces of the frame. The trailing amd outer sdges
of the covering should be joined by using a plain
over~-throw or baseball stiteh, except that on airw
planes with design gliding speeds of 180 mph or
lsas the blanket may be lapped at least one inch
and doped to the trailing and cuter edges of wing
and control surface structures and to fuselage
struetures, In fabricating both the envelope

and blanket coverings, the fabric shouwld be cut
in lengths sufficient to pass completely arcund
the frame, starting at the tralling edge and
returning o the trailing edge.

Hand Sewing or Tacking should begin at a point
where machine sewing stops and should continue
to a polint where machine sewing or uncut fabric
is reached. Hand sewing should best be locked
at intervals of 6 inches, and the seams should
be properly finished with a lock stitch and a
knot. (See (D) Figure 16). At the point where
hand sewing or permanent tacking is necessary,
the fabric should be B0 cut that i{ can be
doubled under before sewing or pemmanent tacking.
{Ses Figure 16 (C)). Temporary tacks should be
renmoved by a straight pull in such a manner that
the fabrie is not torn nor dsmasged. In hand

sewing there should be a minimum of four stitches
per inch.

An Adequate Number of Drain Grommets properly

located to insure complete drainage and ventila-
tion of the wing or contrel surface should be
installed.
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REINFORCING TAPE,.

Reinforcing tape of at least the width of the cap strips
should be placed under all lacings., Tape under moderate
tension should be tacked or otherwise attached at the
trailing edge of ribs and brovught around the leading edge,
back to the trailing edge, where it should be tacked again
or otherwise attached. Where a wide cgp-strip or rib oc=
curs, two widths of reinforcing tape may bs wsed, In the
case of wings with plywood or metal sheet from the nose to
the front spar, the reinforecing tape need be brought only
to the front spar on the upper and lower surfaces.

WING LACING,

Both surfeces of fabric covering on wings and control sur~’
faces should be securely fastened to the ribs by »ib lacing
cord or any other method originslly approved for the ajr-
craft. Care should be tsken to insure that all sharp edges
egalnst which the lacing cord may bear are adequately pro-
tected by commercial tape in order to prevent abrasion of
the cords Typleal methods of attachipg fabric at aileron
cut-outs and wing butts together with the technigue of tyw
ing a modified Seine knot for securing the lacing may be
found in FPigure 16,

{a} The stitch spacing should not exceed the
gpecing spproved on the original aircraft,
In case the spacing cannot be ascertained
due to destruction of the covering, acoept~
sble rib stitch spacing may be found in
Tigure 15 (A). All lacing cord should be
lightly waxed with beeswax for protection.
In the case waxed braided cord is used,
this procedure is unnecessary., (See Table
6 for acceptable lacing cords).

{b} A slip kmot, for tightening, should be used
at the first point of lacing. The cord
should then be carried to the next peint of
lacing at which point and at all subsequent
ones the lacing should be secursed by Seine
knots, The cord should be secured at the
finish of the lmeing by tacking or by a
double or lock knot.

FUSELAGE LACING.
Fabrie lacing is also necessary in the case of deep fusew

lJeges, and on fuselages where former strips and ribs shape
the fabric to a curvature, In the latter cass the fabrie
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should best be laced at intervals to the formers. The abe
tachment of fabrie to fuselages should be so aecomplished as
to be at least the equivelent in strength and reliability to
that used by the menufacturer of the airplane,

18,6066 FINISHING TAPE.

A1l laseing should be covered with sultable tape of at least
the same quality and width as was used on the originel sir-
plane. This tape should not be applied until the first coat
of dope has dried, All inspection openings should be re-
incorporated into the covering, and the fabrie around them
and along leading edges suitably reinforced with tape. WKhere
there is wear or friction induced by a moving part or fitting,
a leather patch should be sewed to a fabric pateh, and this
finished patch doped in place.

18,6087 DOPING,

The total number of coats of dope should not be less than nece
esgary to result in a teut and well-filled finish job., A gulde
for finishing fabric-covered alreraft is represented by the
following:

(e) Two coats of clesr nitrate dope, brushed on or
applied by an equelly satisfactory method to

assure penetretion {high pressure spray) and
sanded after second costb,

{b} One coat of clear nitrate dope, either brushed
or spreyed, and sandsed.

{c) Two coats of aluminum pignented dope, sanded
after each coat,

{d) Three coats of pigmented dops (the color desired),

sanded and rubbed to give a smooth glossy finish
when completed.

(e) Precaution should be taken not to sand heavily
over the center portion of pinked tape and over
spars in order not to dmmage the rib stitching
cords and faebrice

18,6068 PATCHING OF FAERIC.

{a) Smsll tears should be repeired by sewing the tom
edges together and doping a piece of pinked edge
fabric over the tears 1In sewing up the tear the
baseball stitch should be used with the stitches

36



(b)

(c)

18, 6068
CIVIL AERCNAUTICS MANUAL 18

not more than one=fourth inch apart and extending back
into the cover, away from the edge of the teer about
one-fourth inch so they will not readily pull out, If

the tear is a straight rip the sewing 1s started at

one end 50 that as the seam is made the edges will be
drawn tightly together throughout its entire length.

If the opening is Veshaped, a3 is often the case when
openings are cut in wings to inspect the internal struce
ture, the sewing should start at the corner or point so
that the edges of the cover will be held in place while
the seams are being made, The sewing is done with a
curved needle and well waxed thread as necessary for all
hand sewing., The surface over which the pateh is to be
applied must be clean and free from paint or varnish, Any
dirt, grease, varnish, or paint may be removed by rubbing
the surface with a rag dipped in dope and wiping dry with
a ¢clean rag, or by scraping the surface with a putty knife
after it bhas been softened with fresh dope, Dope solvent
or acetone may be used for the ssme purpose but care should
be teken that it does not drip through on the inside of
the opposite surface causing the dope to blister, A patech
of sufficient size is eut from airplane cloth to cover the
tear and extend at least 1~1/2 inches beyond the tear inm
all directions. The edges of the patch should elther be
pinked similar to surface tape or frayed out about one=
fourth inch on sll edges. (See Figure 15 (B)).

In some cases the demsged portion of the Tabrie may be
too badly frayed for the above mathod to be used and at
the same time is not large enough to warrant the method
described below, In such cases a sewedw=in patch should
be used, The demaged portion of the covering is cut out
making an opening regularly shaped, that is, either rece
tangular or triangular. A plece of new fabric is cut to
extend one-half inch beyond the opening on =sll sides,
The edges of this fabric are turned under one=half inch
and sewed to the edges of the openinge The pateh should
be held in place by a few temporary stitches at the
corners while the seams are medee The seams are made in
the same manner as for repairipg small tears. When the
sewing 18 completed, the patch is doped im the usual
manner, surface tape being applied over the seams with
the second coat,

When the injury is so large that neither of the above
methods cen be used, the procedure should be as follows:
New fabrie 1s sewed to the 0ld cover at a point beyond
the adjacent ribs, and should extend from the leading
edge to the trailing edges The new cover is laced to
the ribs over the lecing and stitching of the original
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cover which is not removed, The ususl reinforcing
tape and lacing cord should be used to attach the
patch to the airfoil. Surfaee tape should be
prlaced at the leading edge and at the trailing edge
to give & finished appearance to the patech, Due to
the light comnstruction of wooden rib cape, it is
advisable to avoid the use of tacks,

METAL FASTENERS FOR FABRIC,

%hen self-tapping screws are used for the attschment of fabric
to the rib structure, the following procedure should be obe
served:

{(a} The holes should be re~-drilled where found neces=
sary fue to wear, distortion, ete,, and in such
cases a screw one size larger should be used as
8 replacement,

{(b) The length of the screw should be sufficient so
that at lsast two threads of the grip (threadsd
part) extend beyond the rid cap strip.

{¢) A thin washer, preferably celluloid, should be
used under the heads of screows and pinkedwedge
tape should be doped over each screw heade

WELIED STEEY, STRUGTURES.

GENERAL.

The Oxy~Acetylene Process is still considered the most flexibls
type,; generally best suited for repalr work om aircraft strucs-
tural elements, Unless the repalr agency holds an approvsel for
other methods of welding (electric arc or spot welding) in
accordance with CAR 04,4012 as interpreted in CAM 04,4012, or
a particular application of a different welding process is
specifically approved by the Civil Aeronautics Administration,
Oxy=iAcetylene torch welding only will generally be considered
acceptable,

FREPARATION FOR WELDING,

The elemente to be welded should be properly held in place by
welding jigs or fixtures which are sufficiently rigid to pre-
vent misaligmment due to expansion and contraction of the
heated material and which positively and accurately locate the
relative positions of the pieces to be welded together,

TORCH SIZE.

The torech tips should be of proper size for the thickness of the
material to be worked on. The commonly used sizes which exw-
perience has proven to be satisfactory are:
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Thickness of Steel Diameter of Hole
in Inches in Tip Drill Sizse
«015 to ,031 «026 71
o031 to 065 2031 68
2065 to 125 + 037 63
« 125 to 4188 «042 58
.188 to 250 «055 54
« 250 to 375 «067 51
WEIDING RODS.

Welding rods of alloy steel are used in some cases to obtailn
a high unit strength in the deposited metal, sspecially for
parts heat-treated after welding. A satisfactory welding
wire for welding of Chrome-Molybdemum steel is found in a
rod complying with Federal Specification QQ-W~351, Grade E,
and Navy Department Specification 46R4b. Any cormercially
pure iron wire or low carbon steel rod will be considered
satisfactory for general airecraft repair work, provided

the parts do not require heat~treatment after welding.

CONDITION OF COMPLETED WELD.

The finished weld should incorporate the following charactere
istics:

{a} The seam should be smooth and of uniform
thickness,

{b} The weld should be built up to provide
extra thickness at the seame

(¢) The weld metal should taper off smoothly
into the base metal,

{d) No oxide should be formed on the base
metal at s distance of more than 1/2% from
the weld.

(e) The weld should show no signs of blow holes,
porosity or projecting globules,

(f)} The base metal should show no signs of pite
ting, burning, cracking, or distortion,

FRACTICES TO CGUARD AGFAINST.
No welds should be filed in an effort to mmke a smooth appear-
ing job, as such tregtment causes a loss in strength. Welds

should not be filled with solder, brazing metsl, or any other
filler, When it is unecessary to reweld a joint which was
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previocusly welded, all old weld material should be thoroughly
renoved before rewelding. Never weld over weld if it c¢an be
avolded because continual heating causes the material to lose
its strength and to become britile.

CIEANING PRIOR TO WELDING.

The parts to be welded should always be cleaned prior to weld-
ing by sandpapering or brushing with a wire brush or other
gimilar methods, In c¢ase the members were metallized the sure
face metal should best be removed by careful sandblasting.

HEAT-TREATED MEMEERS.

Manbers which depend on heatetreatment for their original
physical properties should be reheat~treated after the weldw=
ing operation. If the heat-treat value capnot be ascertained
from the manufacturer of the aircraft inveolved, an scceptable
heat~-trest value may be determined by makipg Brinell or Rocks
well hardnsss tests irp several places of the member for the
corresponding physical properties. (See Table 5 for Rockwell
tensile strength relations),

ROSEITE WELDS.

Rosette welds are generally employed to fuse an ipner reinforce-
ing tube (liner) with the outer member, Where a rosette weld
is used, the hole should be made in the outside tube only and
be of a sufficient size to insure fusion of the inner tube, A
hole dismeter of approximately 1/4 the tube diameter of the
couter tube has been found to serve adequately for this purpose,.

In cases of tightly fitting sleeves or inner liners, the rosettes
may be omitted,

TUBULAR MEMEERS DEWTED, BENT, CRACKED OR OTHERWISE DAMAGED,

MEMEERS DENTED AT A STATION,

If tubular members such as fuselage longerons have sustained
local demsge at a station, they may be repaired by the addi-
tion of a patch plate (finger plate) as shown in Figure 17.

MEMBERS DENTED, BENT, CRACKED OR OTHERWISE DAMAGED,

Dented, bent, cracked or otherwlse dasmaged fuselage members
nay be repaired after first carsfully straightening the member
and then using a s8plit sleeve reinforcement as shown in Figure
18, The filling of kinks with welding rod in place of rein=
foreing the member by either of the methods shown in the above
figures is not considered acceptable,
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REPAIRS AT A STATION OR EBETWEEN STATIONS.

Fuselasge members may be repaired at a station or between
stations by various forms of acceptable splices as shown
in Figure 19

Figure 19 (D) showe a method of repairing a longeron where
the bays sre short and there is difficulty in springing
the longeron to install a sleeve, It is accomplished by
sawing out a section of the longeron and web members at the
joint, =dding a new section of longeron and a sleeve made
up of two pieces as indicated, The two pleces of sleeve
are first slipped on the longeron, one plece on each longe
eron stub, and pulled back far epough to allow insertiocn
of a tube the s=me size as the longeron and the length of
the gap between the two ends of the longeron. The two
pieces of sleeve are then brought together and welded at
the center of the joimt as indlcated,

SPECI AL LONGERON SPLICES,.

A typieal longeron splice using the seme diameter replaces
ment tube and which ig considered the most efficient type
of repair in this category is shown in Figure 20 An
squally setiafactory longeron repsir using a larger dia-
meter replagement tube in connection with a fish-mcuthed,
telescoped joint may be fourd in Figure 21,

BUILT-IN FUSELAGE FITTINGS.

Repairs of built-in fuselmge fitiings may be accomplished
in a manner as shown in Figure 22, The following outlines
the different methods shown in the above figure:

TUEE OF LARGER DIAMETER THAN ORIGINAL (Figure 22 (A)).

L]
A tube (sleeve) of larger diameter than original is used
in this method. This necessitates resming the fitting
holes {at longeron) to & larger diameter. The sleeve
ghould extend approximately & inches forward (left of
fitting) of the joint and 8 inches aft (right of fitting).
The forward splice should be a 30° scarf splice. The
rear longeron {right) should be cut off approximately 4
inches from the centerline of the joint and a spacer one
inch lopng fitted over the longeron. This spacer and
longeron should be edge weldsd. A tapered vee cut
approximately 2 inches long should then be made in the
aft end of the outer slesve, The end of the outer sleeve
should be swaged to fit the longeron and welded.
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TUBE OF SAME DIAMETER AS ORIGINAL (Figure 22 (B))e

In this method the new se¢tion of tube iz the same size
as the iongeron forward (left} of the fitting, The rear
end (right) of the tube is cut at 30° gnd forms the oute

side sleeve of a scarf splice, A sleeve is centered over
the forward joint as indicated,

SIMPLE SIEEVE (Figure 22 (C)).

The longeron is assumed the same size on each side of the
fitting in this case and is repaired by a simple sleeve of
larger dismeter than the longeron,

LARGE DIFFERENCE IN LONGERON DIAMETER EACH SIDE OF FITTING.

Figure 22 (D) sssumes that there is a quarter of an inch
difference in the diemeter of the longeron on the two sides
of the fitting. The section of longeron forward (left) of
the fitting is cut at 30° and a gection of tubing of the same
£ize as this tube and of such length as to extend well %o the
rear (right) of the fitting is slipped through it. One end
is cut at 309 to fit the 30° scarf at left and the other end
fish-mouthed as shown. This makes it possible to insert a
tube of such diameter as to form an inside sleeve for the
tube on the left of the fitting and an outside slieeve for the
tube or the right of the fitting.

ENGINE MOUNTS,
GENERAT, CONSIDERATIONS.,

411 welding on an engine mount should be of the highest qual-
ity since the vibrationm present tends to accentuate any minor
defect present. Engine mount members should prefersbly be
repaired by using a larger diameter replacement tube tele-
scoped over the stub of the original marber, and using fish~
mouth and rosette welds as shown in Figure 21, However, 30°
scarf welds in place of the fish-mouth welés will be con-
sidered acceptable for engine mount repair work.

CHECK OF ALIGNMENT,

Repairs to engine mounts should be governed by accurate meens
of checking alignment. hen new tubes are used to replace

bent or demaged omes, the original aligmment of the structure
must be maintained., This can be done by measuring the dis=-
tance between polnts of corresponding members that have not
been distorted, sndé by reference to the manufacturer's drawings,
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18,6132 CAUSE FOR REJECTION.

If all memberas are out of aligmment, the engine mount
should be replaced by one supplied by the manufascturer
and the method of checking the alignment of the fuselage
or nacelle points should be regquested from the mam-
facturer.

18,6133 ENGINE MOUNT RING DAMAGE,

Minor damage such as a erack adjacent to an engine attach~-
ment lug may be repesired by rewelding the ring and extendw
ing a gusset or e mounting lug past the demaged area.
Engine mount rings which bave been extensively dsmaged
should not be repaired but should be replaced unless the
method of repeir is specificeally approved by an authorized
representative of the Civil Aeronmsutice Administration.

18,614 LANDING GEARS.
18, 6140 KQUND TUBE CCONSTRUCTION.

Landing gears wmede of round tubing may be repeired using
standerd splices as shown in Figures 19 through 2l.

18,6141 STREAMIINE TUBE CONSTRUCGTION.

Tanding gears made of streamlined tubing may be repaired
by arny one of the methods shown in Figures 23 through 26,

18,6142 REPAIRABLE AND NON-REPATRABLE TYPES OF AXIE ASSEMBLIES,

Representative types of repsirable snd non-repairsble lande
ipng gear axle essemblies are shown in Figure 27, The types
as shown in A, B, and C of this figure are formed from steel
tubing and may be repsired by any standard method shown in
the preceding flgures of this manual. However, it will
alweys be necessary o ascertain whether or not the members
are heat=trested,

The axle assembly as shown in Figure 27 (D} is, in genersal,
of a non-repairable type for the following reasons:

(a} The axle stub is usually made from a highly
heat-treated nickel alloy steel and carsfully
machined to close tolerances, These stubs
are usually replaceable and should be re-~
placed if damageds



1826143

18.615
° CIVIL AERONAUTICS MANUAL 18

(b} The oleo portion of the structure is generally
heate~treated after welding and is perfectly
machined to a=sure proper functioning of the
shock sbsorbers These parts would be distorted
by welding after machining,

18,6143 SKIS.

Fractured woden ski runners will usually require replascement
but a split st the rear end of the runner whoase length doses
not exceed 10% of the ski length may be repaired by attaching
{blue and bolts} one or more wooden cross pieces across the
top of the runner.

18,6144 SKI PEDESTALS.

{a) Tubular Pedestals, Dsmaged pedestals made of
steel tubing may be repaired by using standard
tube splices as shown in Figures 19-26,

(b} Cast Pedestals, Cast pedestals should not be
repaired byt should be replaced unless the
method of repair is specifieslly approved by
a representative of the Civil Aerconsutics Ad-
ministration.

\¢) Sheet Motal Pedestals, Damaged pedestals mads
of aluminum slloy sheet should be repsired in
the genersl manner as outlined in Section 18,64,

18,6145  FIODATS.

Damaged floats should be repaired in the general manner as

outlined in Section 18.64 Alumipum and Aluminum Alloy
Structures.

18, 6146 VWHEELS.

Seriously damsged wheels should not be repaired but should be
replaced unless the method of repair is specifically spproved
by a representative of the Civil Aeronsutics Administration.

18,6195 BUILT-UP TUBULAR WING OR TAIL SURFACE SPARS.

Bullt-up tubular wing or tail surface spars may be repaired by
using any of the standard splices and methods of repair shown
in the figures of this menual provided the spars are not heat=—
treated, 1In the latter case the entire spar assembly would
bave to be reheat-treated to the mepufacturer's specifications
after completion of the repair. In general, this will be found

less practicabls than replacing the spar with one furnished by
she manufacturer of the aircraft.
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WING AND TATL SURFACE BRACE STRUTS.
GENERAL CONSILERATIONS.

In general it will be found advantageous to replace dsmaged
wing brace gstruts made either from round or streamlined tub=-
ing by new members puvrchased from the original manufsacturer,
However, there is no objectlon from an airworthiness polnt
of view to repairing such menbers in a proper menners An
acceptable method in cese stresmlined tubing is used will
be found in Pigure 24, Similer meabers made of round tubes
may be repaired using a standard splice as shown in Figure
19 (A).

LOCATION OF SPLICES.

Brace struts must be spliced only adjacent to the end fite-
tings.

FIT AND ALIGNMENT.

When making repairs to wing and tall surface brace members,
particulsr sttention should be paid to proper fit and aligne
ment to avoid eccentricities.

REPATRS TO JOINTS OF ARC WELDED PARTS,

Repeairs to are welded assemblies mey be made by either of
the following methods:

REPLACING ARC WEILDED JOINT.

Cutting out the arc welded Jjoint and replacing it with one
made by oxy-aucetylene welding, properly gusseted.

REPLAGING ARG WELD DEPOSIT.

Chipping out the metal deposited by the arc weld process and
rewelding by oxy-acetylene method alfter properly reinforeing
the joint by means of inserts or external gussets.

STEEL PARTS NOT TO BE WELDED.

BRACE WIRES AND CABLES.

Airplane parts that depend for their proper functioning on
strength properties developed by cold working must not bs

welded, In this classificetion are streamlined wires and
cables,
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BRAZED AND SOLDERED PARTS.

Brazed or soldered parts must not be welded, as the brazing
mixture or solder will penetrate the hot steel and weaken it.

NICKEL ALIOY STANDARD PARTS.

Steel parts, mostly of nickel alloy steels, which have beemn
heat-treated to improve their physical properties must not
be welded, This pertains particularly to aireraft bolts,
turnbuckle ends, exles and other heat-treated alloy steel
parts,

INSPECTION AFTER WELDING AND CORROSION FROTECTION.
INSPECTION BY MAGNIFYING GLASS.

The practice of filling hollow stesl structures with hot
linseed or petroleum base oils, under pressure, in order

to coat the inside surface and inhibit corrosion, assists in
the detection of weld cracks as the hot oil will seep through
cracks invisible to the eye., This practice, though not in all
cases aspplicable, is recommended where a large portion of the
strueture has been rewelded, Carefully examining all joints
with s medium power magnifying glass (at least 10 power) after
first removing all secale is considered an acceptable method

of inspection for repasired structures.

INSPECTION BY MAGNETIC POWDER.

Magnetic inspection by means of magnetic powder such as magnaw
flux and black rouge has proven to be a very efficient, prac~
tical non-destructive method. This process will indicate the
presence of minute cracks or small blow holes, The surfasce to
be exsmined should be reasonably smooth and free from scale as
it is difficult to detect eracks in the irregular surface of
the weld metal deposited, Send blassting yields most satis-

factory result® but should only be used by experienced person-
nel,

X-~RAY INSPECTION.

X-~ray inspection has had only limited application in the past

on account of the inaccessibility of many joints and the necesw-
sity of taking exposures from several sngles to lnsure detection
of defect., However, the results are very satisfactory.

EXTERTOR FINISH,

All steel parts and welded joints in the varicus units of an
ajreraft are covered with either paint, scale or rust which
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must be removed before finishing. The most efficient method
is careful sand blesting. Otherwise, the paint, scale, rust
snd dirt should be removed with fine emery cloth prior to
epplying a standard metal cleaner. When once cleaned; the
metal should be finished immediately and not touched by
ungloved hapds until at least a priming coat has been spplied;
otherwise, corrosion will later set in. A very satisfactory
protection for finishing the exterior of tubing is obtained by
spraying or brushing two coats of zinc chromate primer with
four ounces of aluminum bronze powder per unthinned gallon

in the second coat of primer, This finish provides excellent
protection agalnst corrosion and is very dope proofe Any
equivalent finish using oll bacse primers and enamels is
acceptahble, The portions of the structure coming in contact
with doped fabric should be given a protecting strip of tape
or a coat of dope proof palnt if the base finish is not alreedy
dope preoofs Adhesive tape is also very satisfactory for this
PUTrpOS &

INTERIOR FINISH.

Corrosion proofing of the interior steel tubuler structurea
can ve most satisfactorily accomplished by filling the struce
tures with hot linsseed lioncil or petroleum base oil under
pressure apd dreining the oil prior to sealing, Sesling the
members only without the use of 0il by permanently closing all
openings to prevent air from c¢irculating through them will
also be comsidered an acceptable method for protecting the
interior of repsired structures.

STAINLESS STEE], STRUCTURES.
GENERAY, CONSIDERATIONS,

Structural components made from stainless gteel, particularly
the "18-8" variety (18% chrome, 8% nickel), joined by the

very rapid process of spot welding, should only be repaired

at the factory of origin or by a repeir station designated by
the manufacturer and rated by the Civil Aeronautics Administra-
tion to perform this type of work, unless the repair method
incorporates bolted or riveted connections which are specifice
ally approved by an authorized representative of the Civil
Aeronautics Administration.

SECORDARY STRUCTURAL AND NON~STRUCTURAL ELBMENTS,.

Elements such as tip bows or leading and tralling edge tip
strips of wing and control surfaces may be repaired by solder=
ing with a 50«50 lead-tin solder or & 60-40 alloy of these
metals, For best results a flux of phosphoric acid (syrup)

420729 € < 41- 5 4%
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should te useds Since the purpose of a flux is to attack the
metal so that the soldering will ke effective, any excess flux
should be removed by washing the Joint, Due to the high heat
conductivity of stainless steel, a soldering iron large enough
to do the work properly must be used. ILeaky spot welded sesms
in boat hulls, fuel tanks, et¢, should be repaired in a simllar
manners

RIVETED OR BOLTED STEEL TRUSS TYPE STRUCTURES.

GENERAT CONSIDERATIONS,

Repairs to riveted or bolted steel truss type structures should
be made employing the general principles outlined in the fol=-
lowing sectiocns or aluminum alloy structures. Methods of re-
pair of vital members should specifically be approved by s
representative of the Civil Asronautics Administration.

ALUMINUM AND ALUMTNUM ALIOY STRUCTURES.
GENERAY, CONSIDERATIONS AND PROOF OF STRENGTH.

Extensive repairs to damaged stressed skin on monocoque types of
aluminum elloy structures should best be mede at the factory of
origip or by a repair station reted for this type of worke In
any event such work should only be undertsken by a certificated
mechanic if thoroughly experienced in this type of worke The
repairs should preferably be unede in azcordance with specific
recommendations of the manufacturer of the aireraft. In many
cases repalr parts, joints, or reinforcements can be designed
and proof of adsequate strength shown without the cslculation of
the actual loads and stresses by properly considering the
material and dimensions of the originsl parts and the riveted
attachments, Exsmples illustrating the principles of this
method as applied to typical repairs are given in the Appendix
of this manual or may be found in textbooks on metal structures,
An important point to bear in mind in meking repairs on mono-
coque structures is that a repaired part must be as strong as

the original with respect to all types of loads and general
rigidity.

URCONVENTIONAL ATTACHMENTS.

"Rivonuts%, "Lock-scrus®, drive screws or self-tapping screws,
and other unconventional or new sttachment devices should not
be used in primary structure unless approved by the Civil
Aeronsutics Administrgtion.
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ATTMINUM ALIOY BOLTS.

Aluminum slloy bolts less than 1/4" dismeter should not be
used in primary structure and sluminum alloy bolts and nubts
will not be permitted where they will be repsatedly removed
for purposes of maintenence and inspection.

ATUMINUM ALIOY NUTS.

Aluminum alloy muts may be used on steel bolts in shear in
lend plsnes provided the bolts are cadmium plated, but must
not be used on seaplsnes,

SELF-LOCKING NUTS.

Self=-locking nuts mey be used in the primary structure sub-
ject to the restrictions outlined in the Civil Aeromsutics
Administration Product and Process Specification* on Self-
Iocking Nuts,

DRTIJING OVERSIZE HOLES,

Great care should be exercised to awid drilling oversize
holes or otherwise decressing the effective tensile srea of
wing spar cap strips, wing, fuselasge, or fin longitudinal
stringers, or other highly stressed ténsile members. All
repalrs or reinforcements to such members should be done

in accordance with factory recommendations and with the
approval of g representative of the Civil Aeronsutics Ade
ministration,

DISASSEMELY PRICR TO REPATRING.

If the parts to be reamoved are essential to the rigidity

of the complete structure, the remaining structure should
be adequately supported prior to disassembly, in such a
menner as to prevent distortion and permanent demage to the
remainder of the structure., Rivets may be removed by using
special tools develeped for the purpose or by center-punch=
ing the hesds, drilling not quite through with a drill of
the same size as the rivets and shearing the heads off by

a sharp blow from a small c¢old chisel, Riveted joints
adjecent to the damaged parts should be inspected for partial
failure (slippage) by removing one or more rivets to see if
the holes are elongated or the rivets have started to shear.

IDENTIFYING MATERT AL,

When replacement parts are to be made up, the material

¥ Note:

May be obtained from Chief, Publications & Statistics
Division, Weshington, D. C,
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specifications of the original parts should be determined
with regard to type of alloy, temper (or heat~treatment),
end geuge thickness., Materigl specifications are given by
ntmbers and letters and will usually be found on the inter-~
ior surfaces of sheets, or given in the manufacturer®s
service manuel. The types of alloy in common usse for
structural parts of sheet metal and extruded structural
shapes are designeted aes 24ST and 17ST, the former having
the higher strength properties. The numbers designate the
chemical composition, The #S" indicates that the materiel
is wrought {(not cast), end the ™I'" :ndicstes that it is in
the hard tempered condition (it Is hest-trested, aged, and
poseibly cold worked), Sheet materisl designated as 24SRT,
where the "R®* indicates that the material has been given
additional cold working to obtain a yield strength higher
than that of 24ST; has certain characteristics which have
resulted in its being used only for special spplications,

for instance, some besm webs end corrugated compression
members in wings,

18,6407 SIMPLE TEZST FOR ITENTIFYING HEAT-TREATED ALIOYS,

If for any reason the {dentification of the alloy is not on
the material, it is possible to distinguish between heaiw
treatable slloys containing copper and non~hest-trestable
alloys by immersing & gample of the materiel in g ten percent
soluticn of caustic soda (sodium hydroxide). The heat=treated
alloys will turn blaeck due to the copper content, whereas the
others will remain brighte In the case of Alclad, the sur-
face will remain bright but there will be a dark area in the
middle when viewed from the edge.

18,641 SELECTION OF MATERIAL FOR REPLACEMENT PARTS.

In selecting the alloy, it is ususelly satisfactory to use
24ST in plsce of 17ST, sinee the former is stronger. Hence,
it will not be pemmissible to replace 24ST by 17ST unless
the deficliency in strepngth of the latter material has been
compensated for by an increase in material thickness or the
structural strength has been substantisted by tests or ,
analyses. The choice of temper depends, of course, upon the
severity of the subseguent forming operstions. Parts having
S8ingle curvature and straight bend lines with a large bend
raedius may adventageously be formed from "ST* material,

while a part such as a fuselage frame would have to be formed
from "S-C" (soft annesled sheet) and heat~treated to the "*STY
condition after foming. Sheset metal parts which are to bse
left unpainted should be made of "Alclad® {Aluminum coated)
materials All sheet material and finished psx»ta should be
free from cracks, scratches, kinks, tool marks, corrosion
pits, and other defects conducive to crackings
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18, 6410 FORMING SHEET METAL PARTS.

Bend lines should preferably be made to lie at an angle to
the grein of the metal (preferably 90 degrees). Before
bending, all rough edges should be smoothed, burrs removed,
and relief bholes drilled at the ends of bend lines and at
corners to prevent cracks from Starting., For materisl in
the *3T%" condition, the bend radius should be large. Ses
Table 4 for recommended bend radii,

18, 642 HEAT TREATMENT,

All structural sjuminum salloy parts should be heat=treated
in accordance with the heat treatment instruections issusd
by the manufacturers of the materiels, If the heat treat-
nment produces warping, ths parts should be strajghtened
immediately after quenching., Parts riveted together should
be heat-treated before riveting, since heat-treating after
riveting causes warping. Also, when riveted assemblies are
heated in a selt bath, the salt cannot be entirely washed
out of the crevices and causes corrosion,

18, 643 RIVETS AND RIVETING PRAbTICE.
180 6430 JIDENTIFICATION OF RIVET MATERTAL.,

The kinds of rivets in general use, listed in the order of
their decreasing strength properties are:

(a) 24ST, identified by two small raised
radial dashes at the ends of a diameter
on the periphery of the head.

(b) 17ST, identified by a small raised spot
or pimple in the center of the head.

(¢} Al17ST, identified by a small depression
or dimple at center of head.

(See Figure I, Appendix I}

Rivets may be replaced by a kind of higher strength properties,
but not vice versa, unless the lower strength is compensated
for by an increase in diasmeter or a greater number of rivets,
It is advisable to stock all rivets in the heat-treated conw
dition (ST), in order to prevent unheat=-treated rivets being
uced, The A17ST rivets may be driven in the condition
received, but the 17ST rivets above 3/16 inches in dismeter
and all 24ST rivets should be reheat-treated just prior to
driving as they would otherwise be too hard for satisfactory
riveting,

18, 6451 RIVET SIZE.

In replacing rivets, the original size should be used if this
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size will fit and f£ill the holes, If not, the holes should
be drilled or reemed for the next larger size rivete A
general rule for sslecting rivets of the proper diamster to
join aluminum alloy is approximately three times the thicke
ness of the heavier shest, or somewhat larger for thin sheets.
Dimensions for forming flat rivet heads are shown in Figure I
of Appendix I, together with commonly found rivet imperfece
tions; which should be guarded against.

RIVET SPACING.

The rivet pattern shounld be designed for the sirengith required,
but in general good practice the spacing should not be closer
than shown in Figure I1I of Appendix I Rivets should never

be used where they would be placed in direct tension, tending
to pull the heads off,

USE OF AL17ST ALUMINUM AIXOY REPLACEMENT RIVETS.

It will be considered acceptable to replace all 173T rivets of
3/16 inch diameter or less, and also all 24ST rivets of 5/32
inch diameter or less with AL73T rivets for general repairs,
provided the replacement rivets are 1/32 inch greater in
diameter than the rivets they replace,

HOLLOW RIVETS,

Hollow rivets should not be substituted for solid rivets in
load carrying members without specific spprovel of the applica~
tion by a representstive of the Civil Aeronautics Administrations

PRECAUTIONS WHEN RIVETING.

When adding or replacing rivets adjacent or near to 1737 or
245T rivets which have been instaelled previocusly, great care
should be exercised or the older rivets will be loosened or
mey fail due to sharp vibrations in the structure caunsed by the
action of the rivet gun and bucking bar, In every case all
adjacent rivets should be carefully exsmined after the repsir

or alteration is finished to ascertailn that they have not been
harmed by adjacent operations.

REPATR METHODS,

SPIICING OF TUBES.

Round or streamlined tubular members may be repaired by splice

ing as shown in Figure 28, Splices in struts should be adjacent
to the fittings,

When solid rivets go completely through hollow tubes, their
dismeter should be at least 1/8 of the outside dlsmeter of the
outer tube, Rivets which are loaded in shear should be hamered
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only enough to form a small head, and no attempt should
ba made to form the standard round head, The amount of
hemmering required to form the standard round head often
causes the rivet to buckle inside the tube, Satisfactory
rivet heads may be produced in such irpstallatione by
spinning, if the proper equipment is available, GCorrect
and incorrect examples of this type of rivet application
are incorporated in Figure 28.

18, 6441 REPAIRS TO 245RT ALIOY MEMBERS.

Repaire inwlving 24SRT alloy menbers should be made with
the same material.

18, 6442 WING AND TAIL SURFACE RIBS.

Damaged aluminum alloy ribs either of the stamped sheet
metal type or the built-up type employing speclial sections,
square or round tubing, may be repaired by the additions
of sultable reinforcements. Acceptable methods of repailr
are shown in Figures 29 and 30, These exemples deal with
types of ribs commonly found in small and medium size alr-
eraft, Any other method of reinforcement should be gpeci-
fically aspproved by a representative of the Civil Aerc~
nautics Administration.

18,6443 PATCHING OF SMALL HOLES.

Small holes in skin panels which do not involve damage to
the stiffening members may be patched by covering the hole
with = pateh plate in the mamner shown in Figure 3l.

18, 6444 REPLACEMENT OF PORTIONS OF SKIN PANELS.

In case metal skin is damaged extensively, repairs should be
made by replacing en entire sheet panel from one structural
member to the next. The ropair seasms should be made to 1lie
along stiffening members, bullkheads, ete., and sach seam
should be made exactly the sams in regard to rivet glze,
spacing and rivet patiern as the parallel manufactured seams
gt the edges of the original sheet. If the two mamufectured
seams are different, the stronger one should be copieda

See Figure 31 for typical acceptable methods of repairs.

18, 6445 SPLICING OF SHEETS.

In some cases the method of copying the sesms at the edges
of a sheet may not he satisfactory, for example, when the
sheet has cut-outg, or doubler plates at an edge seam,

or when other members tramsmit loads into the sheet. In
these cases the spliceé should be designed to carry the full
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allowable tensior load for the sheet, (An example to illuag~
trate such a case is given in Appendix I).

18,6446  STRAIGHPENING OF STRINGERS CR INTERMEDIATE FRAMES.

18,6447

{a)

(v)

Menbers slightly bent. Members which are
slightly bent may be streightened cold and
exemined with a magnifying glass for injury
to the material. The straightened parts
should then be reinferced to an extent de-
pending upon the condltion of the material
and the magnitude of any ramaining kinks or
buckles. If any strain cracks are aepparent,
camplete reinforeaments should be added by
folloewing the manufacturerts "Administrator
of Civil Aeronsuticas Approved" recommenda~
tions and the attachment of the reinforce-
ments should be made in sound metal beyond
the demaged portion.

lacal Heating, Iocsel heating should never

be applied to facilitate bending, swaging,
flattening, or expanding operations on heate
treated sluminum alloy members. It ls unnecw=
esgary for the usual run of work in general
practice, end it is impossible to control the
temperaturs closely enough to prevent possible
demege to the metal or impairing its corrosion
resistence, However, a torch with s large,
soft fleme is sometimes played over the sure
face of the cold worked aluminum of the non-
heat-treatable alloys to anneal for bending
or forming. This preectice is pemissible for
these types of alloys when it is impracticable
to anneal in a furnece or bath, The metal
should not be heated above a temperature
indicated by charring a resinous pine stick,

SPLICING OF STRINGERS AND FLANGES,

Snlices should best be made in accordance with the manu..
facturer*s recommendations usually contained in an
rAdminigtrator of Civil Aeronautics Approved" repair manuale
Stringers should be designed to carry both tension and com-

pression.

For general design considerations and detemins-

tion of strength see Appendix I or textbooks om eircraft
structures. See Figure 34 for gensral designe.

{a)

Size of gplicing members. When the same
material is used for the splicing member
as was used in the original member, the
net cross-sectional area (i.e., the shaded
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areas in Figure IIT, Appendix I) of the
splicing member should in general be
greater than the area of the section
element which it splices,

{b) Number of rivets in splice, The number of
rivets required on each side of a cut in
a stringer or flange may be determined
from standard textbooks on sireraft struce
tures, In any case the rivets should be
arranged in the splice so that the design
tensile load for the member and splice
plate can be carried into the splice withe
out failing the member at the outemmost
rivet holes. {See Appendix I).

18, 6448 REPAIRING CRACKED MEMEBERS.,

Acceptable methods of repairing various typical types of
cracks occurring in service in structural elements from
various causes are shown in Figures 32, 34, 35 and 36.
The followlng general procedure should be followed in
repairing such defects:

(a) Small holes 3/32% {or 1/8") should be
drilled at the extrame ends of the
cracks to prevent their spreading fur-
ther.

{b) Reinforcements as shown in these figures
should be added to carry the stresses
acroas the demaged portion and stiffem
the joints.

The condition camsing such cracks to
develop at a particular point is stress
concentration at that point in conjunce
tion with repetition of stress {such as
produced by vibration of the strueture),
The stress conc¢entration may be due to
the design or to defects such as nicks,
scratches, tool merks, and initial
stressas or c¢racks from forming or heat-
treating operations, It should be noted
that an increase in sheet thickness zlone
ig usuaily beneficial but does not neces—
sarily remedy the conditions leading to
cracking,
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FITTINGS.

Damaged fittings should be replaced with new parts having the
same material specifications or the method of repair should

be specifically approved by a representative of the 0ivil
Aeronsutics Administration.

FUEL TARKS AND FUEL SYSTEMS.
WELUED CR RIVETED TYPE TANKS,

If tanks are made of commercially pure alumimm, 3S, 528, or
similer alloys, they may be repaired by welding, Tanks made
from heat-treatable aluminum alloys are generally assembled by
riveting, In case it is necessary to rivet & new piece in
place, a sesling compound that is insocluble In gasocline should
be employed in the sesms, Bakelite varnish, "Glyptalac",
marketed by General Electric Company; *Thiokol™ made by the
Thiokol Corporation, Yardville, New Jersey, or "Neoprene®, made
by the E. I. DuPont de Nemours snd Company; zinc chromate come
pound (Type #2) mede by the W. P. Fuller Company of los Angeles,

California, are examples of sealing compounds which are acceptw
abl e,

(a) Removel of flux after welding. It is especi-
ally important,; sfter repalr by welding, to
completely remove gll welding flux in order
to avoid possible corrosion. Therefore,
promptly upon completion of welding, the tank
should be washed both inside and outside with
liberal quantities of hot water, and drained.
Next, either immerse it in 5 percent nitric or
sulphuric aseid or £ill the tank with this solue
tion (in which case also wash the outside with
the ssame solution), Pemit this acid to remain
in contact with the weld about one hour and
then rinse thoroughly with clean, fresh watexr.
The efficiency of the cleaning operation may
be tested by applying some acidified 5% silver
nitrate solution to a amall quantity of the
rinse water that has been used to last wash the
welds If a heavy white precipitate is fommed;
the cleansing has been insufficient and the
washing should be repeated.

FUEL LINES,

Aluminum or aluminum alloy tubing should not be annealed after
forming or at overhaul periods as , is required prectice with
copper tubing.
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SPOT OFR SEAM WELDED STRUCTURAL ASSEMBLIES.

Spot welded structural ssgemblies sbould best be repaired
at the factory of origin or at a repair staticn rated for
this typs of work unless the repairs are to be accomplished
by riveting, in which case the practices and procedures
specified in the preceding sections should be employed.

CASTINGS,

Damaged castings should be replaced and not repaired unless
the metbod of repair is specifically approved by a repre=
sentative of the Civil Aeronesutics Administration.

CORROSION PROTECTION,
GENERAL CONSIDERATIONS,.

When unpainted alloys, except eluminum coated materials
(Alecled) are used, protective coatings should normally be
applied. A very important point should here be indicated;
it may be considered an accepted fact that dry aluminum
cannot corrode, and therefore if effective moans are pro-
vided to prevent moisture from coming in contact with
aluminum alloys, corrosion mey be prevented,

ANODIC TREATMENT AND PRIMING.

The results of tests and service experience have demonstrated
that, in general, corrosion is most effectively prevented by
gnodic coating snd detsil shop priming prior to assembly of
each indiwidual part of the alreraft strueture., This rule

is not to be considered as altogether general for there are
certain sub~assemblies, relatively far removed from immersion
and salt spray conditions which, in service, have been found
to perform satisfactorlily when anodicly coated and primed,
after assembly. For the most severe conditions, however,
protection in detail before asseubly should be accepted as
the general rale. -

ALUMINUM ALIOYS IN CONTACT WITH WOOD.

Aluminum alloy elements in intimate comtact with wood must be
thoroughly moisture~proofed to prevent corrosion., This may
be effectively accomplished by priming the adjacent aluminum
alloy part with one coat of zinc—chromate primer and then
thoroughly painting the wood with ons coat of zinec-~chramate
primer followed by two or more costs of moisture~proof paint
{bakelite varnish).
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JOIMTS BETWEEN DISSIMILAR METAIS.

Joints between dissimilar metals should receive careful con-
sideration., The best solution to prevent attack is to insulate
properly and keep moisture away, Insulation by placing a thin
gasket or fabrie, alumimm foil, c¢ellophsne, or impregnated
fabric between the two parts is not sufficlient in the case of
alrplanes that operate from or over salt water, Water can
bridge the iusulation at the edges which results in electo-
lytic action, resulting in corrosion., Therefore, it is of
prime importance in the case of geaplanes that the edges of the
whole joint be sesled with a compound {bakelite varnish, zine
chromate or bituminous paste) %0 prevent the entrance of mois-
ture. The following method has been used with sucecess in the
cage of important structural fittings already riveted in place:
sand blast the fitting and the adjacent metal lightly and then
sprey the whole area with aluminum, building up general fillets
along all se=ms and around fastenings, Then finish the assembly

with a zine chromaste primer and an external coating of standard
atreraft painte

{a2) PBOLTS AND RIVETS IN JOINTS OF DISSIMILAR METALS
OR VW00Ds Precautions should be taken with stesl
bolts and rivets which pass through aluminum
alloys or woods, In such cases, particularly
along the shank, insulation sz discussed in the
preceding sentence is not practicable, This
makes it doubly necessary at least in the case
of seaplenes to keep water awsy by using compound
in the joint, dipping the fastenings in primer
before inserting, snd where possible using in-
sulating washers on the heads and nuts, and finally
filleting =211 joints and around heads and nmuis with
compound before the final paint coats.

BAD PRACTICES MOT CONSIDERED ACCEPTABIE.

(a} QUENCHING IN HOT WATER OR AIR, The quenching of
17S or 24S alloys in water above 100° ¥, or ajr
of any tempsrature after heat-treatment will not
be satisfactory unless the material is in Alclad
form, ip which caese air quenching is satisfactory,.
{Alr temperature must be below 100° F,)

(b) TRANSFERRING TQ0 SIOQWLY FROM HEAT~TREATMENT MEDITM
T0 UENCH TANK. Insufficiently rapid transfer of
173 or 245 slloys from the heat-trectment medium
to the quench tank will not be coneidered geood
practice. (An elapsed time of 10 to 15 seconds

#will, in meny ceses, result in noticeably impaired
corrogion resistance),
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REHEATING AT TEMPERATURES ABOVE BOILING
WATER. Reheating at temperatures above
that of boiling water of 17S or 2438 alloys
after heat-treatment, and the baking of
primers at temperatures above that of boil-
ing water will not be considered acceptable
without subsequent complete and correct
heat-treatment, &s such practice tends to
impeir the original heat-treatment,

USE OF ANNEALED ALIOYS FOR STRUCTURAL PARTS.
The use of annealed 17S or 248 slloys for
any structural repair of an aircraft where
corrosion is likely to occur will not be
cons idered setisfactory on account of poor
corrosion resisting properties.

HYGROSCOPIC MATERIALS IMPROPERLY MQOISTURE~
PROOFED. The use of hygroscopic materials
improperly moisture-proofed such as impreg-
nated fabrics, leather and the like, in
attempting to effect water tightness of
Jjoints and seams will not be considered
acceptable practice.

THE LEAVING OF ANY TRACE OF WELDING FLUX
AFTER WELDING. The leaving of any trace
of welding flux after welding will not be
considered acceptable,

USE OF PAINT REMOVERS. The use of paint
removers which contain strong caustic com-
pounds, and of so~called thin paint re-
movers which may have a tendency to run
into joints, rather than those which have
a jelly-like consistency, will not be
considered sstisfactory. Polishes and
cleaners which have excessive abrasive
action will be considered equally unsatis-
factory. A suggested testing procedure
for detemmining "safe™ cleaners for alum-
inum acceptable to the Civil Aeronautiecs
Administration will be found in the follow-

ing:

1. TESTS FOR CLEANERS WHICH ARE TO RE USED
IN AQUEOUS SOLUTIONS., Specimens sbout
3" x 0,75" x 0o064" thick of aluminum
alloy of the type under consideration
should be exposed at 80° ¢, for 5 hours
to each of the following concentrations
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of the cleaner: 00,25, 050, 0,73, 1; 15,
2, 3, 5, 10 and 20%, YFor each specimen

50 cuble centimeters of solution should be
used.

Some of the undiluted e¢leansr should be
placed on other svecimens which are stored
in an atmosphere saturated with water wvapor
at 25° ¢, for 24 hours, 1In addition to the
two tests described above, speciments should
be cleaned following precisely the instruce
tions furnished by the mamufacturer of the
clesner. This cleaning operetion is repeated
twenty times,

1f none of the specimens in the above three
tests are diseolored, etched or pitted, the
cleaner will be considered "safe",

In the case of anodically coated material,
the same procedure as outlined above should
be followed,

2. POLISHES, AFRASIVE CLEANERS, OILY CLEANERS,
EICs Spscimens of the aluminum alloy for
which the ¢leaner is intended should be
cleaned twenty times following the imstrucw
tions furnished by the menufacturer of the
cleaner in detail,

Some of the cleaner is also placed on addi-
tional specimens which are stored in an
atmosphere saturated with water vapor at

25° C. for 24 hours. If the specimens are
not discolored, etched or pitted, the polish-
ing material will be considered "safev,
Furthermore,; to bs classified as completely
safe, it must not abrade the aluminum alloy

in question to an extent greater than No, O
steel wool,.

18,65 SAFETY BELT INSTALLATIONS.

Torn or otherwise damaged webbing shouid not be repaired but
should be replaced, In case replacement of webbing or hard-
ware 1s attempted, the parts should be obtained from the orig~
inal manufacturer of the belt and stitched with thread of the
manufaeturer's specificaetions. The stitch pattern should be
identicael to the original and the nmumber of threads per inch
should be equel to the number used by the manufacturer,

In the case of eir carrier operstors who have specisl facilities

for repair work of this type, a repair procedure is given in
Certificate and Inspection Division Release No. 24.
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18,66 ETECTRICAY, INSTALLATIONS,
18,660 CABLE INSUILATION.

If the insulation of electrical cable is worn through or
cracked through to the conductor at any peint,; the entire
length of cable should be replsced with eable of at least
the ssme quality,

18,661 CABLE TERMINALS.

Clesn and rs~tin cable temminals if they are dirty or have
been scarred by lockwashers or mits. They should be polished
with very fine sandpaper or emery cloth and then be wiped
with a clesn c¢lothe If the csble insulsgtion has become dis~
connected from the cable terminal the latter should be re—
placed, However, if the cable is not of sufficient length

to permit the necessary plece tc be cut off for replacement
of the terminal, & new length of cable should be installed.

lg.662 FUSE CLIPS.

If fuse elips are dirty, they should be cleaned. If they
are distorted to the extent thet they do not maske good con-
tact with the fuse feorrule, they should be replaced with new
c¢lips, beceuse the case is8 rare in which a bent clip can be
straightened so that it will maeke good contact.

18,663 RUEEER GRCMMETS,.

If the rubber in a grommet has lost its pliability the grome
met ghould be replaced. I1f a grommet has been cut by the
edges of the materiel in which it is installed, it should be
replaced. There should be no pressure on a grommet other than
from the dead weight of the csble or cables passing through it,
If cables were drawn taut so that additional pressure was
exerted on the grommet, the condition should be corrected in

a sujtable mapner,

18,664 BATTERY CABLES,
If the rubber tubing installed over the cebles connecting to
the battery has lost its pliability or is dameged, it should
be replaced,

18,67 ATRCRAFT ENGINES.

18,670 GENERALs

In repairing or overhauling eircraft engines, all repalr sgencies
should be guided by the recommendetions end procedurss set
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forth in the respective instruction books, manuals, or service
bulletins for the instellation, inspection, and maintenance
of aireraft engines, published by the aireraft engine manu=
facturers for each i{ype of engine.

18,6700 ROTATING, RECIPROCATING, AND HIGHLY STRESSED STRUCTURAL UNITS,

The rotating, reciprocating, and highly stressed structural
nnits of =11 airceraft engines should be subjected to a c¢ritical
iuspection at the time of overhaul, Whenever possible this in-
spection should be supplemented by a wet or dry magnetic dust
inspection of the steel parts. In such g case, a copy of ths
report covering the findings of the magnetic dust inspection

must be appended to the originsl Hepair and Alteratiom Form in
the case of a major repair.

18,671 CRANKSEAFTS,

Crankshafts should be carefully inspected for aligmment.
Crankshafts that have been in sireraft that have nosed over and
are bent beyond the manufascturer's permissible alignment limits
should not be repaired but must be replaced,

18,872 REPLACEMENT PARTS IN CERTIFICATED AIRCRAFT ENGINES,

Only structural engine parts which are approved by the Civil
Aeronautics Administration should be used in masking replacements
on certificated aircraft engines, Engine manufacturers copsider
that their engines have very few parts which should not be con-
sidered structural parts.

Copies of "Specifications" describing the structural aireraft
engine parts of manufacturers other than the original manufacturer
whifh are spproved may be obtezined by requesting them from the
Chief, Correspondence Section, Civil Aeroneutics Administration,
Washington, D. C. These parts will be eligible for approwal in
accordence with Part 13 of the Civil Air Regulations,

Eowever, the temm "structural engine parts"™ does not include
standard commercial parts of conventionel materials suech as
minor gaskets, muts, pins, safety wire; etce These parts need

mot be approved if they are the equivalent of the engine manu-
facturer's parts.

18,673  RUN-IN TIME,

After an aircraft engine has been overhauled, it should be run=in

* ©Note: An inspector of the Civil Aeronautics Administration should be
consulted concerning eny doubtful cases,
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in accordance with the pertinent alrcereft engine manue
facturerts instructions. If no special test stand, test
club and eguipment are available, the plane should be
headed into the wind during the run-in on the ground =o
that meximum cooling effect will be obtained. Proper
cooling during run~in cannot be over-emphasized. The
manufacturer's recommendations concerning permissible
heuad, barrel and o0il temperatures should be carefully
cbserved,

18,674 COTTER~FING, WRIST-PIN RETATNERS, AND SAFETY WIRE.

Cotter-pins and safety wire should never be used a second
time, The usual type of wrist-pin retainer likewise should
be repleced but special coll spring retainers need not be
replacad if this replacement is not recommended by the
pertinent aircraft engine mamifacturer. Other =afetying
devices including bolts and nuts which have been bent or
worn must always be replaced with new parts.

18,675 WELDING IN THE REPAIR OF ENGINES.
18.6750 STRUCTURAL PARTE.

Welding should aot be done on any structural part of an
eircraft engine except when it is proved conclusively to
the Civil Aeronasuties Administretion that the repaired
pert is as airworthy as the original., In any event, when
welding is done, the procedure spscified in the following
paragraph must be followed,

18,6751 SECONDARY PARTS.

Minor parts not subjected to high stress may be repaired

by welding provided the welded parts are giress—reljieved or
reheat-treated after welding in a heat-tresting furnsce with
precizion heat control. Minor parts sultable for such a
repair are usually those damaged by assembly or disassembly
as well as those damaged by coutact with a foreign object.
Brackets, spacers, covers and mounting pads fall in this
cetegory. All aircraft engine parts are ususlly heat-treated
during manufscture. Therefore, any welding tends to impair
the strength of material adjacent to the weld and it is not
possible to restore the original strength by heat-treatment
after welding,

18,676 METATYIZING.
Metallizing should not be done on any internsl part of an

airceraft engine except when it is proved conclusively to
the Civil Aeronautics Administration that the metallized
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part will not adversely affsect the airworthiness of the
engine, Hetalllzing may be accomplished on the extermal
part of the engine if the aircraft engine manufacturer has
no objection to this practice.

18,677 CORROSION PREVENTION,

The use of strong soluticns which contein strong ceustic
compounds and of all solutions, polishers, c¢leaners, abras-
ives, ete., which have an adverse effect on the airworthi-

aess of the engine due to corrosive action will not be con~
sidered satisfactorye.

18,678 ENGINE ACCESSORIES,

The ergine accessories should be overhauled and repaired in
accordance with the recommendations of the manufacturer of
the accessories involved,

18.68 AIRCRAFT PROPELIERS.
18,680 HOLIOW AND SOLID STEEL PROPELIERS,

Demaged steel propeller blades should not be repaired except
by the manufacturer. Welding or straightening will not be
permigsible on such blades even for very minor repairs except
by the manufacturer, due to the special process employed and
tke beat-treatment required. A blade developing a crack of
any nature in service should be returned to the menufscturer
for inspection., When a blade is considered non-repairable, a
notice of rejsction should be made out by the manufacturer

and sent to the nearest inspector of the Civil Aeronautics
Administration.

18,6800 REPAIR OF MINOR DAMAGE,

Minor injuries to the leading and trailing edges only of steel

blades may be smoothed by bhand stoning provided the injury is
not deep,

18,681 ATDMTINGM ALIOY PROPELLERS,

A georiously demaged aluminum alloy propeller blade should be
repsired only by the manufacturer or by repair agencies certi-
ficated for this type of work. Such repsir agencies should be
governed by the following considerations,

18,682  DEFINITION OF DAMAGED PROPELIERS.
A demaged metal propeller is one whick has been bent, eracked,

or seriously dented. Minor surface dents, scars, nicks, etc.
which are removable by field personnel sre not considered
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gufficient to constitute a damaged propeller.

REPATRAELE BLADES.

Demaged blades with model numbers which are on the
mamifacturerts list of blades that cannot be repaired
should be rejected,

BLADES BENT IN FACE ALIGNMENT,

The extent of a bend in the face aligmment of blades should
be carefully checked by means of a protractor similar to
the one illustrated in Figure 37. Only bends not exceeding
20 degrees at .15 inch blads thickness to O degrees at lol
inches blade thickness may be cold straightened, Aftver
gtreightening, the affected portion of the blade should be
etched and thoroughly inspected for ecracks and other flawa,
Blades with bends in excess of this smount reguire hestm
treatment and should be returhed to the manufacturer or his
anthorized agent for repaira

BLADES BENT IN EDGE ALIGMMENT,

Blades which are bent in edge aligmment should not be repaired
by enyone except the manufacturer or a certificated repair
station holding the appropriete rating.

INSPECTION AND TREATMENT OF DEFECTS.

Seratehes and suspected eracks should be given a local etech
ag ocutlined in CAM 14 and examined with a megnifying glases,
The shank fillets of adjustable pitch blades and the front
helf of the under surface of =1l blades from 6 to 10 inches
fraa the tip are the most eritical portions. Adjustable
pitch blades should also be etehed locally on the clamping
portion of the shank at peiants 1/4 inch in from the hub

edge in line with the leading and tralling edges, and
examined with & magnifying glasa for circumfersntial crackse
The shank must be within drawing tolerance, Any crack is
cause for rejection. The micarta shank bearing on controle
lable and hydromastic propeller blades should not be disturbed
except by the manufacturer. Blades requiring removal of more
nmaterial than permissible as spescified in Section 18. 8827
should be scrupped.

INCAL ETCHING.

To avoid dressing off an excess amount of metal, checking

by local etching (CAM 14) should be accomplished at intervals
during the progress of removing cracks and double-back edges
of metal, Suitable sandpaper or fine cut files mey be used
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for removing the necessary =mmount of metal, after which, in
each case, the surfaces involved should be amoothly finished
with No. OO sandpaper. Each blade from which any appreciable

amount of metal has been removed should be properly balanced
before it is used,

TREATMENT OF MINOR SURFACE DEFECTS.

Dente, cuts, scars, scratches, nicks, etc., should be removed
or otherwise treated as explained below, provided their re-
moval or treatment does not materially weaken the blade,
materially reduce its weight, or materislly impair its per-
formance., The metal sround longitudinal surface eracks,
narrow cuts, and shallow scratches should be removed to fomm
shallow saucer shaped depressions as shown in Figure 38

(View C)o Blades reguiring the removal of metal forming =
finished depression more than 1/8 inch in depth at its desp~
sst point, 3/8 inch in width over-all, end one inch in length
over-all should be rendered unserviceable or a notice of

rejection supplied t0 the nearest inspector of the Civil Aero=-
nautiecs Administration.

(a) TREATMENT OF METAL AT EDGES OF DEFECTS. The
metal at the edges of wide scars, cuts, nicks,
etc, should be rounded off and the surfaces
within the edges should be smoothed out as
shown in Figure 38 {View B). Blades that re-
guire the removal of metal to a depth of more
than 1/8 inch and a length of more than 3/4
ineh over=all should be rendered unserviceable
or a notice of rejection supplied to the nearest
inspector of the Civil Asronsutics Administration,

(b) TREATMENT OF RAISED EDGES OF SCARS. Raised edges
at wide scars, cuts, nicks, etc., should be care-
fully smoothed to reduce the area of the defect
apd the smount of metal to be remnoved as shown
in Figure 38 {View A). It is mot permissible to
peen down the edges of any defect. With the
exception of eracks, it is not necessary to com~
pletely ranove or "azucer out®” all of a compara-
tively deep defect, Properly rounding off the
edges end smoothing out the surface within the
edges is sufficient, as it is essential thet no
unnecesgary amount of metal be removed,

NUMEER OF DEFECTS ALLOWABLE IN BLADES.

More than one defect falling within the above limitations is
not gufficient cause zlone for rejection of =2 blade, A
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reasonable number of such defects per blade is not nece
essarily dangerous, if within the limits specified, unless
their location with respect to each other is such as to
form a continuous line of defects that would materially
weaken the blade,

18,6827 REPAIR OF PITTED LEADING EDGES,

Blades that have the leading edges pitted from normal wear
in service mey be reworked by removing sufficient materisl
to eliminate the defects. In this case, the metal should
be removed by starting at approximately the thickest secw
tion; as shown in Fipure 39, and working forward over the
nose camber s0 that the comtour of the reworked portion
will remain substantially the same, avwiding abrupt changes
in gection or blunt edges. DBlades requiring removal of
more material than the permmissible reduction in width and
thickness from the mipnimum drawing dimensions should be
rejected,

For repair blades the pexmissible reductions in width

and thickness from minimum original dimensions allowed by
the blade drawing and blade manufacturing specification

are shown in Figure 40 for locations on the blade from the
shank to 90 percent of the blade radius. The outer 10 perw
cent of the blade length may be modified as required,

The following tolerances are those listed in the blade
mam:facturing specification and govern the width and thicke-
nesg of new blades, These tolerances are to be used with
the pertinent blade drewing to determine the minimum orig-
inal blade dimensions to which the reductions of Figure 41
may be applied,

Basic Diameter - less than 10%6% Mfeg. Tolerance
Blade width -~ from shank to 24" statioN.ssccecse + 3/64n
« from 30" station to tip cecececess 3 1/32¢
Blade thickness 2P 08I0 0CUCEC BSOS I 003800C80D0RD x 025"
Basic Diemeter ~ 10%6" to less than 14%0%
Blade width - from shank to 24% station ceoecece 4 1/16%
= from 30" station to tip wcescomcns £ 1/32"
Blade thickness — from shank to 24" station cees 4 o030%
- from 30" gtation to tip cooePo * 9025"
Bagic Diemeter -~ 14¥0" and over
Blade width ~ from shank to 30" station ceceecsee 3 3/32%
- from 36" station to tip comcese0CD x 1/16"
Blade thickness - from shank to 30" station sese 4 0407
= from 36" statlon to tip coevoo 1 035"
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CHORTENING OF BLADES DUE TQ DEFECTS.

When the removel or treatment of defecis on the tip neces-
eitates shortening a blade, each blade used with it should
likewise be shortemed. Such sets of blades should be kept
together {See Figure 41 for acceptable method).

CAUSES FOR REJECGTION.

Unless otherwise specified herein, a blade having any of the
following defects should be rendered unservicesble or a notice
of rejection sent to the nearest inspector of the Civil Aero-
nsuticse Administretion,

(a) IFREPARABIE DEFECTS. A longitudinal erack, cut,
serateh, scar, ete,, that cannot be dressed off
or rounded out without materially weekening or

unbalancing the blade or materially impairing its
perfomance.

{b}) CENERAL UNSERVICEARILITY. Unserviceability due
to remowal of too much stock by etehing, dress-
ing off defects, etcs

(e} SLAG INCIUSIONS. An excessive number of slag

inclusions or ¢o0ld shuts or an excessive number
of both,

(@) TRANSVERSE CRACKS. A transverse crack of any
size,

BATANCE.

Horizontal and vertical unbalasnce should be corrected as oute
lined in CAM 14,

WO0D FPROPELLERS,

Wood propeliers should be inspected for such defects as cracks,
bruises, scars, warp, oversize holes in the hub, evidence of
glue failure and separated laminations, sections broken off
and defects in the finishs The tipping should be inspected for
such defects as looseness or slipping, separation of soldered

Joints, loose screws; loose rivets, bresks, cracks, ercded
sections and corrosion.

CAUSES FGR REJECTICN.

A wood propeller damaged to the following extent should be
scrapped:
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(a} A erack or deep cut across the grain of the wood,

(b) A comparatively long, wide or deep cut parallel
to the grain of the woods

{c) A separated lemination.

{d) An excessive number of serew or rivet holes,

(e} An oversize hub or bolt hole, or elongated bolt
holese (The plugging and reboring of bolt holes
ie not pemmissible).

{f) An sppreciable warp.

{(g) An appreciable portion of wood missinge

{h) A erack, eut or damage to the metal shank of
ad justsble piteh wood blades,

18,6851 REPAIR OF SMALYL GRACKS AND CUTS.

Small eracks parallel to the grain of the wood should be
filled with glue thoroughly worked intc all portions of the
cracks, dried and then sanded smooth and flush with the sur-
face of the propellere. This also applies to small cuts,

18,6852 REPAIR OF DENIS OR SCARS.

Appreciable dents or scars which have rough surfaces or
shapes that will hold a filler and will not induce failure,
may be filled with a mixturs of casein glue and clean, fine
sawdust thoroughly worked and vacked into the defect, dried
and then sanded smooth end flush with the surface of the
propeller, In any case, all loose splinters should be rew
moved,

18,6853 USE OF INLAYS,

Inlays as shown in Figure 42 of this manusal may be useds,
The following considerations should apply:

(a) MATERIALS TO BE USED, Inlays should be
of the same wood as the propeller blade
(ise0, a yellow birch propeller should
be inlayed with yellow birch not with white
birch}, and as near the same specific grawe
ity as possible,

{b) PREPARATION OF JOINT. Repair joints should
conform with Figure 42 for tsper of 10/1
from deepest point to feather edge or end of
inlay., Measurements are taken along a
straight 1ine parallel to the grain or gen-
eral slope of the surface on thrust and cambered
faced, This rule applies also to the edge re-
pairs,
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{¢) EXTERIOR PROTECTION QF REPAIRS, All hidden re~
pairs should have not less than two uneut coate

of high grade exterior spar varnish before being
covered by the metal tippinge

(d) REPAIRS NOT TO BE COVERED WITH FABRIC OR STAIN.
Repairs not under metal tipping should not be
covered with fabric or have the wood siained to
the extent of hiding the repair.

(e) DIRECTION OF GRAINS IN INLAYS, The grain of
inlays should extend in the same direction as
the grain of the propeller leminstions,

(f) DOVETAIL TYPE INLAYS. Dovetail type inlays
should not be usede

(g) NUMEER OF INLAYS. The number of inlays should
not exceed one large, twe medium, or four small
widely separated inlays per blades A trailing
and 2 leading edge inlay should not overlap
more than 25% as shown in Figure 42,

18,6854 HUB, NECK AND SHANK REPAIRS,

Note: The following dlvisions refer to propellers for the same
engine horsepower and hub, {(See Figure 43),.

(a} SMAll HUB DIAMETFR, HEAVY MECKS AND SHANKS,

(1} HUB. Only the smallest of inlays
should be used where there iz any
question of affecting the strengthe.

(2} NECK AND SHANK. These are propor-
tionately large in c¢ross-section and
fairly large repairs are possible,
limited to a depth of about 5% of the
section thickness,

(b} MALL TO MEDIUNM DIAMETER HUB WITE EXCESSIVELY
SALT NECKS AND SHANKS,

{1} HUB. Only the smallest of inlays
should be used where there is any
question of affecting the strength.

{2) NECK AND SHANK, In the small shank
area for propellers under 50 he Dag
cuts 5% deep may be filled with glue
and sawdusts Over X h. pe, no inlay
repeirs should be mede deeper than

2=1/2%.
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LARGE HUB DIAMETER, HEAVY NECKS AND SHANKS.

(1) LARGE INLAYS. PFairly large inlays
are permissible on edges of hubs
where cep laminations have crushed
edges.

{2) SHANK INLAYS. Shank inlasys should
not exceed 7=1/2% thickness of sec-
tion for the heavy shanks, or 5% for
the proportionately lighter shanks,

{3) HUB FACE REPLACFMENT, TFront and rear
hub face replacements should total a
thickness not to exceed 5% of the
specified hub thickness,

BLADE REPAIRS.

On blades with normel ssections from the mid-gectlion to the

tip, a oross-grain cut, up to 20% of the chord in length

and one=eighth of the section thickness at the deepest point
of demage may be repaired. {See Figure 42),

thin sections this dspth should not oxceed one~twentieth
of the section thickness,

(a}

(p)

(e)

(@)

EXCEPTION., No repairs of the above kind
should be made on either face when the
fegther edge of the cross grain cut is
closer than 2% to the imner edge of the
metal tip.

TRATLING EDGE REPAIRS. HNaryow slivers up

to 1/8" wide broken from the trailing edge

at the wider portions of the blade may be
repaired by sandpapering a new trajling edgs,
removing the leaat material possible, and
fairing in a new trailing edge of smooth
contour. Both blades should be narrowed by
the same smount.

REPAIR NEAR HUB OR TIP., Near the hub or tip
en inlay should be used, and should not ex~
ceed at its greatest depth 5% of the chord.
The permanency of the Joint, butt, scarf,

or fishmouth is in the order named, the fish~
mouth being the most preferable.

REPAIRS AT END OF METAL TIPPING. In order to
replace the wood worn away at the end of the
metal tipping, enough of the metal should be
removed to make the minimum repair taper 10/1
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each way from the deepest points Due to the
convex leading edge of the average propeller,
this taper usually works out 8/1,

{e) REPAIRS UNDER METAL TIPPING. Repairs under
the metal tipping should not exceed 7~1/24
of the chord for butt or scarf joints, and
10% for fishmouth joimts, with 3/4 inch maxie
mum depth for any repsair.

(£) ¥FIWisH. The finish, where necessary, should
be renewed in accordance with the recommenda-
tions of the manufacturer, but in all cases
should be transparent (CA1 14),

{g) TIPPING. Tipping should be replaced when it
cannot be properly repaireds Cracks in the
narrow necks of metal between pairs of lobes
of the tipping are to be expected and are not
defectss All other cracks are defects that
should be repaired, or eliminated by new tip-

ping. Tipping should be attached as outlined
in CAM 14,

(h) HORIZONTAL AND VERTICAL UNBALANCE. Horizontal
snd vertical unbalance should be corrected as
outlined in CAM 14,

PROPELLER HUBS,

Repairs to propeller hubs of certificated propellers should be
made in accordance with the propeller manufsciurer’s recom=
mended and approved tolerances whenever this is possible, or
in secordance with the following considerations, Welding
will not be permissible on steel hubs,

REPLACEMENT OF SMALL STANDARD PARTS.

Clevis pins, bolis, and muts should be replaced if they show
any indication of wegr or distortion. OCotter pins =znd safety
wire should never be used a sscond timeo

GENERAL INSPECTION OF HUBS AND CLAMP RINGS.

Hubs and clatp rings should be cleaned in sccordance with the
manu facturer?!s rscommended prantice. They should be dimen-
sionally inspected for conformity to the drawings, Particular
care should be taken to check the 90 degree relation between
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shaft bore and blede socket centerline and track of the
blade sockets, as these are the dimensions which are
moet likely to be affected by accidentas, ANY HUB WHICH
1S SPRUNG SHOULD BE REJEQTED.

MAGNETIC DUST INSPECTION.

Steel hubs should be minutely inspected for cracke by the
wet or dry magnetic dust method (Megnaflux) at every major
overhsul period regardless of the repsir classification
(minor or major repair). It is not necessary to remove

the plating or speciasl external finish for this inaspection
unless go specified in the manufactureris recommended
practice, A brief statement recording the inspection and
its findings should bs included in the alrecraft logbook
entry. A similar entry in the repair records of the repair
base, in the case of an aly carrier aircraft, is considered
the equivalent of the logbook entry. An x-ray ezamination
when conducted by a laboratory specializing in radiographice
examinations is conslidered satisfactory in lieu ¢f a mag-
netic dust inspection. Particular attention should be paid
t¢ the inside in ths region of the shear shoulders of a hube
{Cracks usually start in line with the leading and trailing
edges of the blade)., ANY CRACK IS CAUSE FOR REJECTION.

FINISH OF HUBS AND CLAMP RINGS.

Hubs and c¢lamp rings should be cadmium plated after they pass
inspection., This plating should be done in accordance with
the manufacturer’s recommended practice. The use of zinc
chromate primer on the external surfaces followed by a coate
ing of eluminum lacquer in liesu of cadmium plating is con~
sidered equally acceptables

INSFEGTION OF SPLINES AND CONE SEATS.

Splines and cone seats should be carefully inspected for signs
of wear. Splines should be checked with a single key no«go
gauge made to plus 002 of the base drawing dimensions for
gspline land width, If the gauge enters more than 20% of the
spline ares, the HUB SHOULD BE REJECTED and the local inspector
notifiede

PROPELLER GOVERNORS.
Repairs te governors used to control the operation of certiw
ficated propellers should be made in accordance with the

propel ler manufacturser®s recommended practice. 4ll replace=
ment parts should be identical parts produced by the original
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manufactursr or parts spproved by a representative of the
Civil) Aeronsutics Administration. Welding will not be
permissible on governor parts, After repair, a propeller

governor should be tested as recommended by the manu=
facturer.

INSTRUMENTS.

GENERAL.

A1l repairs to instruments should be made in acecordance
with the instrument manufacturer's recommendations cover-
ing the installation, inspection, and maintenance of these
unitse If feasible, the general repalr practices as out-

lined in the preceding paragraphs of this manual should be
spplieds
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3 St 5 .
e A A GT
# s A\
—_— £
! L *
C T BA — = 3A«—-—s-
104
T =
* I [ —00
L]
{ ? Vi ! T ool o te ede  oleiy
< h o / °//\ <N\ ] %‘L }
N \ 9 / c,/ \Yo \ : \ 5
ADD .SPRUCE BLock. f / M
{abcdef) HAvING SAME o, N o \J%ECTION OF FACE
WIDTH AS CAPSTRIP WHEN GRAIN OF PLYWOOD.

SPLICE \S MADE BETWEEN
JOINTS. 3\DE PLATES NEED
ONLY EXTEND TO0 LOWER EDGE OF THE SPRUCE BLOCK [N THIS CASE.

A,B, GC,D, E = ORIGINAL DIMENSIONS.

REINFORCEMENT PLATES SHALL BE PLYWQOD GLUED AND NAILED.
NAIL HEADS SHALL WOT BE IMBEDDED IN THE PLYWOOD.
DAMAGED WEB MEMBERS SHALL BE REPLACED ENTIRELY.

(A) AT A JOINT OR BETWEEN JOINTS.

{B) AT TRAILING EDGE,

FIG.2 —TYPICAL WOODEN WING RIB REPAIRS,

Reference - Section 18.6016
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SEE FIG. 2 FOR
REPAIR OF CAPSTRIFS

RERPAIRL DAMAGE

SEE FI6. 9 FOR REPAIR

.
OF CAPSTRIPS —__ " ‘/,/QE‘ AR,
' /

(3

SEE FIG. D FOR REFAIR

OF CAPSTRIPS REPAIR

DAVAGE,

FiG. 11 — TYPICAL WING COMPRESSION RIB REPAIRS
Reference - Section 18,6017
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20 3D 3> 202D3D 3D 2D

R I . -
A T TITTTTT
eyt B
oo dlb by
5 el e Sl vl ;
— - [ i N
B e ';
/ . o D

Arstrvers |
IMINIMUM 342 DAY
CRALCK.

A L SPACER 1TST 040 THICK
B~ SPLICE 24 ST BAR.,

A7 ST RVETS — a/z A—j 5/2LA/ A _ML

(?.,nn\ 2 et 3.3,
L | *L
Afa O 4T B P S
R = = en
Y_;-_: - ' N .: ] -~ -/:;tx ‘:]LL\‘_ \l TN - m \ )

Y _
| —— 3A i -J BA_"—‘J

l. STRAIGHTEN CRIMPED OVER PORTION

Z. INSERT HARDWOGD (ASH) INSERT SHAPED CRACY
TO CONFORM 70 TE., RECE.
D
Al7ST RIVETS 2D A  2DZD A 2D
n - Yo ettt gt

(MIN. 3732 "DIA) . - U
A & 4 ¢ = - _!Z/{j

. ] - . _ 3 e /
-9 e e A S < § z
ht xR AT T -G N - S
gt I y — = O

FLATTEN HEADS
( APPROX.1S5T)  OUTSIDE.

I. STRAIGHTEN CRIMPED PORTION.
Z.USE SAME AL, ALLOY AS IN ORIGINAL .

CRACK

Fle. 12 = TYPICAL REPAIRS OF TRAWING EDGES.

Reference - Section 18,6018
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—~{—T/2

i

r &

TAPER. \WASHER. OF

" 4130 X ADDED. £

YiG THICKNESS = NOT LESS _’T
[THAN LSt DR GREATER |

) [THAN 2T,

T < ELONGATLD

", HOLE N

" ORIGINAL.

— e A e —mr— ] —

___Ll‘ i
i
P Rem-Ll"  NOTES:
£ - 1. METHODS A OR B MAY BE USED IN
e YA REPAIRING TYPE C STRULUT ENDS
' 2. METHOD B SHOLLD BE USED IN EE=-
 PalRING TYPE D 2 E STRUT ENDS.
fa— 3. MEMBERS ORIGINALLY HEATTREATED
TN MUST BE REHEATTREATED AFTER WELDING,

Fl1G.13 - TYPICAL METHODS OF REPAIRING ELONGATED

OR WORN BOLT HOLES
Reference -~ Section 18,6042
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A} SOLDERED & WRAPPED CABLE

TERMINAL WITH THIMBLE.

SECTION AT 's”

—_— SAME AS

(B) SCLDERED & WRAPPED CABLE
TERMINAL  WITH BUSHING.

. ~

&

D L a 5wl s MWREPENG +[" speciFicaTION No
| PLUS OR MINUS /32 INcH | AN THIMBLE(A) BUSHING (B)
| 32z l/e, 34 el Y4 Y8 |.Q20 AN-100-3 |AN-TH-3 |
L A/8 iz:3a L yA&| 34 V8 |.025 | 58" 1AN-100-4 AN-11I-4
| 5/32:3-38 i-/8:1 | V6| /B |.025 [AN -100-5 T AN-Tii -5 |
3G 3-5/8 AT [1-V/8] 316 .035 AN-100-6 AN-111-6
LB 4 Y8 N-Ve -] 316 ].085 | AN -100-7 | AN-1i-7
/4 42 2 \mva e /2] ya |oos AN- 100-8 | AN-111:8 |
| 5/1G | 5.4 1-34 \-V2'| )78 1/4 |.050 | AN=100-10: AN-I1I-IO |
 3/8_ o4z VYA 2YE 1/4 1050 ¢ — | AN-100-12 ] AN-T1-12
L7/607 | zvelel [efel e |eso {im T AN 10014
| 1/2 & 234 2-V4 27/8| 3/8 |.050 AN-100-16 | ——

* ARMY SPECIFICATION — AN-QQ-W-435

& CORD, TYPE 8, TABLET
SPEL, V-T-291 LINEN
THREAD SERVING,

2 CeaYs OF

SHELLAC

WATER, —

PROOFlV"
ADDED.

(C) SPLICED CABLE TERMINAL.

—

BETWEEN z%° ¢ 38 TUCKS  FIRST TUCK
l"
L 3 FULL NAVY TUCKS . ——
ﬂ'l4 y{ T
TS save o,
LSS W

FlG. 14 —WRAPPED OR  SPLICED CABLE TERMINALS.
(SEE APPENDIX I FOR DETAILS OF SPLICING OPERATIONS)

Reference - Section 18,6052
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MAXIMUM SPACING OF RIB L

(N

g
;;;
/
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Z. LACING TO BE CARRIED

NOTES
|LIF ORIGINAL RIB STITCH SPACING CANNOT BE DETER. -~
MINED | USE SPACING INDICATED IN THESE CURVES.

VELCCITY EXCEEDS Z75 M.PH.

TO LEADING EDGE WHEN

4F - | 14

R | ]

- \<3PAC.1NC- OTHER THAN IN SLIPSTREAM—
3+ \ 13
z _ < ; 2

- SPACING IN SLIPSTREAM =
Ik < |

3 E

- | S | | I | [ t S N O N | | I I B

) ! !
100 150

200

!
2350 300

PLACARD MEVER EXCEED SPEEDS - MLP.H. (INDICATED).

CURVES PRESUME LEADING EDGE SUPPORT REINFORCEMENT
SUCH A3 PLY'WOOD, METAL,

(A). - FABRIC AT TACHMENT ( SPACING).

MINIMUM OF 4

- ;wwxww‘.mwu-\w AANAA A A

AMMAARAA LA 4

ah A

Ay
PR

R A AR AR AL AN
f AALE A AND
YA TNV vy

han
[REAR)

| A G WAL,

—e 155
().~ REPAIR OF TEARS IN FABRIC.

S (MAX)—sl 15 e 157

Reference - Sections 18.6064 &

W il "
STITCHED PER. INCH 15 e & (MAKDY = 1B
gwwww nMNWMM\A{:‘-JMM\;:— r“
: 1.5
. H l

......
4 ¥ el

START SEWING
AT TRE
POIN'T.

LOCK. STITCHING
AT ENDS WITH
SEINE KNOT
(SEE FIG. \6 D)
MATERIALS JSHOLLD

"'JAE-‘A LA 1\1"'“‘\!'"1'”?‘4\?“\15\4'\'%“&"?

AS ORIGINAL,
18,6068 RIGINAL-

F1G. 15 - FABRIC ATTACHMENT ( SPACING). REPAIR. OF

TEARS IN FABRIC.

89
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PIN & TEMPORARY WRAPPING
T TO HOLD TENSION GIVEN
'\\,\ TO TOP COVER.

3

OPERATION ¥}

FORMER

(A) ATTACHING FABRIG AT
AILERON CUT-OUT.

i M ¥
- e _""/2‘! (D) SEINE KNOT
pus s S (MODIFIED)
R c_._ e
-~ e | (E) FRENCH FEL SEAM,
Wog ; r—
(F) BLAIN OVERLAP SEAM. % ™Tooscing BETWERN
= e T RCWS OF
— STITCHING
; " 4@ ,// s )
.‘_%,, & FinisH
GFOLED FEL & WITE TAPE
SEAM' A /// // n
®  F -~ sPaciNal | &
———ome O CLOSER. .
d
// //
/, &
7
v/
¥/
@4
(B) ATTACHING FABRIG AT (C) ATTACHING FABRIC AT
METAL WING BUTT. WOODEN WING BUTT.

TACKS SHOULD BE
STAINLEDS STEEL, TINNED
IRON OR BRADS, NO.I&
B-Wq G: [

FiG. 16 —TYPICAL METHODS OF ATTACHING FABRIC.
Reference - Section 18.606
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THIAKNESS CR PATTIH
PLATE SAVE AS

LONGERDN  THIIANESS.

PATCH PLATE BEFCORE FORMING AND WELDING,

¢
[}

PATCH PLATE FORMED AND WELDED TO TUBES.

F1G.17 - REPAIR OF A LONGERCN DTAMAGED AT
A STATION USING A PATCH PLATE.
Reference - Section 18.6110
91
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Sk

QA 8 & o & °
A A PROMIBITED { OATION: 1Ry
_widl A OF WELDED ENDS-N . N
DENTED OR BENT -ru'a:\ . _NOTE -
- IR }_ NO WELD
- % ______________________ e ALLOWED
- T T T /s Ay NsibE
CRACKED TUBE MIDDLE id:‘_-
NOTE. (—
LOCALLY DENTED OR REINFORCEMENT TUBE SPUIT
BENT MEMBERS SHOULD /
FIRST BE REFORMED 7 Ny = 7N
N CLAMP. <
\J— —_— — e e e e 3 i ¥ /

REINFORCEMENT SLEEVE TO BE AT LEAST OF SAME
tIATERIAL AND GAUGE AS TUBE BEING REPAIRED (A).

FIG.I8-DENTED , BENT OR CRACKED TUBE REPAIR IN A BAY

Reference - Section 18,6111
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SEE TABLE 1. FOR TUBE 3IZES,

b

ROSETTE WELDS MAY BE OMITTED IN CASE oF 7

(»)

TIGHTLY FITTING 3LEEVES.

SEE TABLE I.

, “4 ORIGINA =5,

o 3
i : ALL ROSETTZ WELPS TO 3E
i L DAMEBTER oOF .

)
FIG. 19 — ALTERNATE TUBE REPAIR, METHODS.
Reference - Section 18.6112, 18,614
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A—- ORIGINAL, "TJUDBE.
B- INSERT  TUBE.
C - & DIAMETER OF TUBE A (5 ROSETTE
WELDS ©OR EACH SPLICE, DRILL OUTSIDE
TUBE ONL.Y).
FOR DIWVIENSION OF INSERT TURBE B
SEE Fle. 2.

FIG. 20 ~ TYPICAL LONGERON SPLICE USING SAME

DIAMETER REPLACEMENT TUBE.
Reference - Section 1B.6113, 18,614
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LONG STUDR TO FACILITATE
SLIPPING REPLACEMENT TUBE
OVER. CRIGINAL,

EROM A~ ORIGINAL “TUBE DIAMETER

FimeT B - REPLACEMENT TUBE DIAMETER.
ROSETTE ©- ROSETTE DIAMETER=l; DIAMETER
- OF TUBE A . (DRILL QUTSIDE
TUBE ONUY).

STRADDLE FINGER PLATE Wit V' CUT,
NEW TUuUZE.

24 AT ONE END
LA AT OTHER .

2 LA AT one END
Z .La/.\ AT OTHMER END

N

Flg. 21— ENGINET MOUNT AND LONGERON REPAIR USING

LARGER DIAMETER REPLACEMENT TUBE.
Reference - Sections 18,6113, 18,613, 18,614
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ZWVIL AL

<
-—

rm

TABLE | FORTUSE S\Z

SPACER APPROX|NM ATELN
AT LonG weELDED

SENERAL NOTE 1~

- R |
1 4= <% AL ROSETTE w=LDS
() =~ TO BE F DIAMIETER OF
THE ORIGINAL TURES,

TABLE 1. FOR .

SEE
TUBE SIZES.

FIG. 22 —ALTERNATE TYPICAL REPAIRS AT A FITTING

Reference - Section 18,618

*
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WELD

/A// R A T

l
|
:
I
|
!
k
|
i
|
t
!
!
|
Q\‘
'__lhw_l___

. \\\2 .

AZN I >§'

H.I___Jq‘,av. e

FOR'e INSIDE B AE— | -
TUBE T FIT

- SLOT WIDTH (ORIGINAL TUBE )
- QUTSIDE DIAMETER  (INSERT TUBE)
— STREAMLINE TUBE LENGTH OF MAJOR AXIS.

cCor

S.L.SIZE| A =) - D
P 3/8" | 9/le" | 1.340"| .4eg"

V4 |38 | 1Vie | 1670 | .CID
Ve |2 | e | 2005 | 743
| 34 | Y2 \ 2.339 | .87
2 - | ye ' VB | 2610 | .991
2 V4| 1/7 |1 V4| 3008 | 1,15
2 /2 Vo | 13/8 3342 | 1232

ROUND INSERT TUBE (B) SHOULD BE AT LEAST OF sarlE
MATERIAL AND ONE GALEE THICKER THAN CRIGINAL
STREAMLINE TUBE ().

FIG. 23 — STREAMLINE TUBE SPLICE USING ROUND TUBE.

(APPLICABLE TO LANDING GEARS ),
Reference - Section 18,6141
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Pe € | Oc | 892 ¢l | 2/ 2
Qo E | 282°| 2yl | W) 2
o2 | i +Eg "l 2
6EE'2 | 000 oL 21| VL
G002 | Qse o926 0l | 2/
021 | #L =FAN~ -+
oye | 245 $2¢° 4 ol
oD < h-d A2 g
" aoﬁrd\z w 11} i 1 —_— U
SIXY FUONIA 40 HIDHNIT 3EnNL ANTTWYIMLS - g
FAERNES FJ4O HAIODONITT WWOLNINIW ~

Reference - Seections
18,6141, 18.8160

g8

( APPLICABLE To WING & TAIL SURFACE BRACE
STRUTS & OTHER MEMBERS)

ASV3ET L

3CO WO TIYNIZANGO oY ONIEdNL 'S

AWVYS 40 39 AYW IAZINS 2diSIN0
‘ANAMN OWY | @l
YNIDI¥o Lid oL LN0O NI3dO
"3 ONOW TATINS AVS

FiG 24 — STREAMLINE TUBE SPLICE USING SPLIT SLEEVE.
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SZE OF ROSETTES=
I ¢. DRILL ©UTsSIDE
4 TUBES ONLY,

L = MINIMUM INSERT LENGTH ——— 2

SAW .08 C OFF OF
T.E. AND WELD

INSERT TUBE 'S OF SAME STREAMLINE TUBING AS ORIGINALL

A IS 2B,
3
B 15 MINOR AXIS LENGTH OF CRIGINAL. STREAMUINE TUuBE
C It MAJOR. b W \ st 1 4
—
sLszel A B | < . ]
[ 3_7Z 572 1 1.340 | 5.5
\ Va | a4 | 74| e | .43
[ Ve 572 858 | 2.005 | 772
) 1 34| ee7| tooo| 2332 | 900
Yd 763 . 4 z.670 |10 30
2 Val 88| 1286 | 30081158
2 2 954 | 1.430 | 3.342|12. 88

FIG. 25 — STREAMLINE TUBE SPLICE USING SPLIT INSERT,
(APPLICABLE TO LANDING GEARS)
Reference - Section 18.6141
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GAP .[_n
8

T
(!
N |
N
|
I
I

=07

U i

S \\\\\X\\X&\\\\\\\ \\\\\‘L\\\A\\\\\\\\{
= Vi /f%g%z//, 7TTTN

| P S S =

A - STREAVMILINE TUBE LENGSTE CF MINOR. AXIS, PLATE WIDTHS.

5 ~ DISTANCE OF IRS™ PLATE From LEADING Z0GE, 2/3A4.

— STREAMLINE "UBE LENITH OF MAJOR AXIS.
S_.sIE) A = - G A

G s72 | 382 | L340 | 342

v a T4 476 | we7o | 4.28

A 858 572 | 2.005 5.15

i 34 | Logo . 667 2.339 | .00

yd RV-V. R 762 | z.c70 | &.86

z Y& ] 1286 | 838 | 3008 | 7.72

2 V2| 1430 | 954 3347 | B8.5%

FIG, 26 — STREAMLINE TUBE SPLICE USING PLATES
(APPLICABLE TO LANDING GEARSD).
Reference - Section 18.6141
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(AVB),(C) ARE TYPES OF REFPARABLE AXLE
AZSENBLIES, {ASSEMBLIES MUST BE

REHEAT TREATED AFTER REPAIR IF

ORIGINALLY HEAT TREATEDR (5:E

-
(c, | HARDNESS TABLE 1, APPENDIX).
; (D) 15, N GENERAL , A NON - REPAIRABLE
AXLE ASSEMBLY.
||
o 2

Fie. 27 - REPRESENTATIVE  TYPES OF REPARABLE AND

NON-REPAIRABL_LE. AXLE ASSEMBLIES.
Reference - Section 18.56142
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AT LEAST AS THICK (AT LeAST)
AS ORIGINAL t t
; | | CRIGINAL

REINFORCEMENT

A7 ST RIVETS

MATERIAL — DURAL

2 / [
™ N MU 3/ Dra,
OR. AL. ALLOY USED N . M 3/32 A)‘
ORIGNAL CONSTRUICTION. . )
SCALE - TWICE SI1ZE. SECTION "A-A

SCALE ~ TWICE SIZE

5 6060 &
e o B _ . - . .._._. P
@"'_@—_r_ ; L -——'--» = ——:;_——:— —<| Cipmreid

NOTE | COMMONLY FOUND ON SMALL AND MEDIUM SIZE AIRCRAFT(SEE Fi6.30).

o T

F1©.29 TYPICAL REPAIR FOR BUCKLED OR’ CRACKED FORMELD

METAL WING RIB CAPSTRIPS X

Reference -~ Section 18,6442
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(8}

D =RIVET DIA.
(MINIMUM 3/2°)

BE"ID RADH
TO FIT

ORIGINAL
RIB.

o o o ' 2"
@@@6@.@.@ ! r{ \& pLywooD TO STIF-
© ! okl

/// \""‘"\\ - “ ’/ Al
/’/ h P 1 e orR RIVET.
f ~a-llet |58 (APPROX.) |[ éV
1{ © |
‘\\ . i PEEN
AN 'y f
@ S el = -}- (E)
== ' a
© 9. ‘@'@'Hrof T
: £ o
|203p |3 2pleni30 i30, 2D) (D) ]*‘%J-'
“A

— COMMONLY FOUNTD ON SMAaD
£15.30 — TYPICAL METAL RIB REPAIRS CAND WEDIUM S1ZE A";“' :j‘l‘
Reference - Section 18,5442

104



CiVIL AERONAUTICS MANUAL

18

e 2 - qep—— - —--+ ADDED STIFFEN-
‘ w5 ZEACH ¢ . ) || ERS ., TG BALIK
)._ 2 5757 ;l A EEZAS ) . \L Y UP SEAM OF
\ 5A!7:T ‘ / BACKED | : N o PATC*:".EA‘I‘CH
I wers! BTe Y same | CI Y s PLATE TO BE
: ) 22‘_ U o A ?ﬁ e O SAME MATER-
{ . & 2 “C o). IAL AS CRIGINAL
| 3 HOLEG 5 o /47 I / §OAND NEXT
f o 6"'2."HCLE¥_7 VAR IS 1 i ] HEAVIE R
G 5/ i%ifgs\ : \ > ”'1 i JEAUGE | RWET
Aw\ma\vmye VRN . X ¥ { SIZE, SPACING .
R SR K g || ] MATERIAL AND
\\@ - . . { PATTERN SAME
6", H AND S » s L AS ORIGINAL
ARE 1" 2"4 3" y .y N N AB. DAMAGED
CIRCUL AQ PATTR PL_ATES “*C j," \9 0 ) SKIN SHOULD BE
R‘\ Aok - ! . CLEANEDT CuT
| DIMENSIONS OF CIR. PATCH PLATES. ‘\\Q/’- ek i L SMOOTRLY AS
DESIGNATION PR <X I | INDICATED BY
DIAMETER (OUTSIDE) '2-V2 | 5 (7-/2 P ) CDEF.
DIA INNER RVET CIRCGE | |- 3/4] 3" r :
DA CUTERRIVETCIRAE] — [ 4" [& |/ \
“&:—‘:“ ‘#\_ SAME RIVET SIZE, SPAClNo,MA"ERiAN

FH__

;'

l"‘vas

PATTERN AS BC.
NG

SAME RIVET SIZE, SPAC-

MATERIAL & PATTERN AS AD.

FPATGR PLATE

: i S s L To BEQF SAME
8- 5/32 w;s_: L . A e T NATERIAL A6
R!VE‘FS}M " "“" —'~~:-=:“5_":j_..: _ ] _,_i' ORIGINO L £ NEKT‘
e } cOR . | HEAVIER. GAUGE
!r_._ ._T,:...’l PO ‘ ;_ ‘ 2 ¥ = ! -
o ‘ o] LRI f
;L C et ! :53::i:ﬁ :_}:\-NOT LESS AHAN
: i e —L"" T T T 2 TiMES/LENETH
e T—‘ “PORTION OF SKit{ REPLACED: | OF CRACK.~ -
o | ORIGINAL BKIN SHEET: |12 ;v:*sgzc,fﬁ.
{ 4 : lut ¥
C l /,L,, szJ’ RNET SPACING AT ¥
S HOLES DRILLED TO LEAST 3 RIVET DIA. >
PREVENT CRACK SPREADING . *e 0 | /
& SKIN GAUGE =018 > "
(B) awver ow: Y5 Pl |
CRACK 2.5"LoN
FiG. 31 —TYPICAL REFPAIRS OF STRESSED SHEET COVERING.

Reference - Section 18.6443, 18.6444
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T RALLING

NUTS FOR |o ]

ATTACR - 1 3
v;\x* or ° / ! i ol
57 :eiwiszyz N \ol / 8 /’oﬂ
e o L s
F!]N < . i CRACK Jo o\, % /
-

~EADING
EDGE

b=y /S- \
NOTE: ALL REINT TORUNG PLATES TO BE A

&
]
OF SAME ALLOY & APFROX. 1.5 THICKNESS OF ORIGINALE” Q\\

F1G.3% — TYPICAL METHDDS OF REPAIRING CRACKED LLFADING
& TRAILING EDGES & RIB INTERSECTIONS.

Reference - Section 18.56448
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NOTE | STRENGTH INVESTIGATION USUALLY REQUIRED FOR

-THIS TYPRE OF REFAIR.

FIG.33 — APPLICATION OF TYRPICAL FLANGE SPLICES

AND REINFORCEMENT.
Reference ~ Section 18.6447
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TIFFENING CHANNI L
TO BT UNDER END OF
RiB , REINFCRCEMENT AND
UNDER ANCHOR WNUT. MATERIAL D | ) .
SAME ALLOY AT OR'SINAL APPROX.

1.5 x THICKNZISS OF JRIZINAL 0R GRTATEE
/lf

RIVETS Ju?\\" s5AR WEB Wi "//
FRD\IT é; RIAR "l—‘A\."Z:’_

TRAILING ECGE .
PORTION OF
RIB )

R SHEAR

~ BEAM
REINFORCING ELATE WITHR :
FILLETED NO™CH | THIZKNESS APPROX. 1S t /
(£ = THICKNES5 OF ORIGINAL MATERIAL) OR,
GREATER

MATERIAL ' SAME ALLoY 2
AD ORIGINAL AND APPROX -
LE*THICKNESS OF
ORIGINAL

F1G.3% - TYPICAL METHODS OF REPAIRING CRACKED MEMBERS

AT FITTINGS . Reference - Section 18.5448
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CRACKS IN WING SKIN
£ TRANS. STIFFENER

‘ - AT DRAG RIB JUNCTION. \\
A_, : REPAIR BY OUTsiDE GUSSETS
aﬁ.'ﬁ/DEAG R® o )/L '

TRANSVERSF_ fmFr w%// ~

N A NG. STiER, y -
’ __‘_” %ACY N TRANS. STIFFENER . & 7,

DULE TO FATLO?FAV LURE, v

: e REINFORCE-] 7. |
. DR’AG 'RIB | %/P“é VENT 70 BE REPAIR OF CRACKED
( /ﬁﬁ @Q SAME WMaATERIAL  STIFFENER .
AND AT LEAST “’_H__,..—’——-‘T
|

SAME AREA AS

q..jfz /) TRANSNERSE .

8 7 ﬁj j srlFFENEJ? /

FAILURES

SECTION A-A

FIG. 35 — TYPICAL METHODS OF REPAIRING CRACKED FRAME AND
STIFFENER COMVIBINATIONS.

Reference - Section 18,6448
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EALURES

i ; ~ AILURE
:aﬁ}?ﬁ{:é:f_-;j_:{:— _ ! FANVRES
I

b FUSELAGE {

A (siDE ) K

NOTE © USE SANME MATERIAL., NEXT HEAVIER GAUGE. FOR
REINFORCEMENT.

Fi2.36 — TYRCAL REPAIRS TO RUDDER AND TO

FUSELAGE AT TAIL FOST
Reference - Section 18,6448
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ANOGLE OF BEND

THICKNESS OF BLADE

MEASURE AT A POINT OF TANGENCY TAKEN ONE INCH EACH SIDE C.L. OF BEND

FIG. 37 — PROTRACTOR. AND METHOD OF MEASURING ANGLE

OF BEND IN ALUMINUN ALLOY PROPELLERS.

Reference - Section 18.6821
420729 O - 41 -9 111
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CROSS - SECTION CROSS -SECTION
BEFORE REPA!R AFTER REPAIR

SURFACE CRACK AFTER REPAIR-
BEFORE REPAIR CRACK WORKED QUT

FIG. 28 -METHOD OF REPAIRING SURFACE CRACKS, NICKS3, ETC.

Reference - Section 18,6825
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THICKNESS OF BLADE

SECTION

5 AT A POINT APPROX-

IMATELY .2 OF CHORD LENGTH AS

SHOWN.

-3 OF CHORD LENGTH

l

DO NOT DESTROY MAXIMUM THICKNESS or—-/ BLADE

CORRECT METHOD

REWORKED

SECTION IF POSSIBLE

\ORlGINAL

SECTION

NOTE -
A - MAINTAIN ORIGINAL RADIUS. =1 [®TDAMAGED
& - REWORK CONTOUR TO POINT OF MAXIMUM THICKNESS. l FORTION,
€ - RADIUS 15 TOO LARGE. |
D - CONTOUR IS _TOO BLUNT. |
!
i
|
5 —
c -
! INCORRECT METHOD D— A7

FIG:39 -

CORRECT & INCORRECT METHOD OF

REWORKING LEADING EDGE

Reference - Section 18,6827
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-REFERENCE EDGE OF TYEMPLATE.

PENCIL LINE DRAWN ON BLADE AT
SELECTED STATION FOR TEMPLATE
REFERENCE.

OQUTLINE OF NEW
T1P.

|
!
- — -v———\—{-‘—-
|

PLAN VIEW OF BLADE
WITH DAMAGED TIF.

SHEET ALUMINUM :
TIP_TEMPLATE. ALL
BLADES ON THE SAME
PROPELLER MUST BE
E@RTENED EXACTLY
THE SAME .

LEADING EDGE

ENLARGED SIDE VIEW OF TIP _OF BLADE

— ey A

LDOTTED LINE SHOWS SIDE VIEW
OFf NEW TIP AFTER CUTTING DOWN.

s e

FIG.4] - METHOD OF REPAIRING DAMAGED TIP
Reference - Section 18.6828
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MAX. FOR FiSHNOUTH JOINT—m

THICKNESS AT DEERPEST

1
i
}

POINT OF DAVAGE

% TRICKNESS

=10 oo—"

z/®

INLAY REPAR—— #

| \MAX. 267 b DAVAGE ] N R

1 BUTT OR SCARF JOINT POSSIBLE

[ —

o/t SLoPE

4
d
i MAK. FOR BUTT JOINT

— ————

S / E
|y REPAR

VT

'(1 25 % OVERLAP

A Y

7\

ﬁ NOTE ! INLAY MATERIAL SHOULD BE

/ < SAME AS PROPELLER LAMINATIONS.

7 J
> :

/ |2 -

\_ ANGLE OF DAMAGE S
FIG. 42 — PROPELLER REPAIR BY ADDITION OF SMALL INLAY

Reference - Section 18,6853, 18,6855
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THICKNESS , £ | MEASURED NORMAL TO HUB FACE AT HUB SECTION,
| ¢ NORMAL TO AIRFOIL SECTION AT NECK & SHANK.

)

MAX. DEPTH

OF INLAY,

°/o OF

THICKNESS
t

R+

|
7%

U

SMALL HUB & HEAVY NECK & SHANK

FIG 43 — SPLICING PROPELLER LAMINATIONS.,
Refersnce - Section 18.6854
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CIVIL AERONAUTICS MANUAL 18

TABIE 3. PROFERTIES OF TUBES FOR SPLICES USING OUTSIDE
SILEEVES FOR QONDITIONS NOT COVERED
BY TABIES 1 AND 2
A, B and C Either SAE 1025 or 4130 Stesel
Digmeter Wall Thickness
A and B C A and B c
Diameter «095" or Yess » (35"
A + 1/a" « 120" «120"
Flameter
1.7/8" Or less A + 3/g" 5/32r 5/ 32"
Dismeter
A « 3/8" B/16" 3/16n *
Diameter
A + 1/4" 1/4" 1/4% *
Diameter +095" or Isss » 095"
2" Or More A « 1/4m + 1207 « 120"
Diameter b/3an
A + 1/2¢ 3/16" 1/4n *
1/4"

* SLEEVE C MUST BE REAVED TQ SLIDING FIT.
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TABIE 4 - (REFERENCE SECTION 18,6410)
RECOMMENDED BEND RADII FOR 90° EEND - IN TERMS OF SHEET THICKNESS {nm)

Aluminum | Spece Thickness of Sheet {Inches) - Inel,
and Condition 016 [+018 |,036 |.068 [.129 |,203
Alloys Type and | to to to to to
nder [+ 032 1,064 _|.125 1,188 |
S0 Annealed 0 0 0 0 [0.5T] 1T
Heat Treated {Not
17 Aged) Worked Withih Q5T | 0a5T | 0. 5T 1T 1T | 1.57
One Hour ‘
ST Hoat Treated & Aged 1T | 1,5T 27 | ar 4T 5T
SHT Hent Treated & Rollad 2T 3T AT 5T ST 7T
50 Annealed 0 0 0 0 10,57 17
Heat Treated (Not
17 Aged)} Worked Within 0o5T [ 0.8T | 05T | 1T 1T | 1.5T
(Alelad) |(_ One Hour _ _ S o
ST Heal Treated & Aged 1T | 1,57 2T | 3T | 3.5T7 ] 4T
SRT Heat Treated & Rolled 2T 3T 47 | 5T ST 6T
S0 Annesled (4) o) 0 Q 0 05T} 1T
24 Heat Treated & Worked
within 1/4 Hour 1T | 1T| 2T [2.57 | 37 | 4T
ST Heat Treated {T) 220T | 35T | 4,5T | ST 6T 7T
Heat Treated and
SRT Rolled (TR) 3T 4T 5T | 6T 7T a7
30 Annealed (4) 0 0 0 [0.5T | 1T | T
A24 Heat Treated and
(Alclad) Worked Within 1/4 Hour IT| 1IT| 2T 2,57 | 3T | 4T
ST __ |Heat Treated {T) =T 3T 4T 57T 67T 77
SKRT Heat Treated & Rolled(TR]2.5T7 | 3. 5T 4T | ST 8T | 7,67
S0 Soft (A) 4] [+] 0 ] 0 0
S1/4H |Querter Hard (1/4 H) 0 0 0 05T |OenT | 1T
81/2H |Half Hard {1/8 H) 0 0 ] 05T 1T 1e8T | 2,07
52 S3/4H |Three Quarter Hard
(3/4 H) Qe5T AT | 1.5T | 2457 { 3.5T | 4T
SH Hard (H} 1T | 1o5T | 2.5T | oT 4T | 57
2 Annealed (4) Q 4] 0 0 Y 0
53 SW Quenched (W) QeST | IT[I,5T | 2,67 | BT | 4T
ST Heat Treated & Aged (T) 1T | 1,57 | 8,57 | 3T | 4T | ST
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APPENDIX T.

EXAMPLES AND METHODS OF SHOWING COMPLIANCE WITH THE REQUIREMENTS IN
CASE OF SPECTAL REPAIRS INVOLVING ALUMINUYM ALLOY STRUCTURES.

GENERAL CONSIDERATIONS WHEN RIVETTNG.

As ontlined in the mamual, when replacing rivets the original size should
be used if this size will fit and fill the holes. If not, the holes
should be drilled or reamed for the next larger size rivet, care being
taken, however, that the edge distances and spacings are not less than the
minimums shown in Figure IT, A general rule for the diameter of rivets
used to join dural sheets is to use a diameter approximately 3 times the
thickness of the sheet, or somewhat larger for thin sheet. Dimensions

for formed flat rivet heads are shown in Figure I.

A new or revised rivet pattern should be designed for the strength required,
but in general practice the spacing should not be c¢loser than the minimums
shown in Figure II. Rivets should not be used where they would be placed
in tension tending to pull the heads off., A lap joint of thin sheets
should be "Backed up" by a stiffening section,

RIVETING TECHNIQUE.

Rivet holes should be drilled, round, straight, and free from cracks. The
snap used in driving the rivets should be oupped slightly flatter than the
rivet head (Figure I). Rivets should be driven straight and tight, but

not overdriven or driven while too hard; since the finished rivet must be
free from cracks. Information on special methods of riveting, such as
flush riveting, may usually be obtained from mamifacturer's service manuals.

SPLICING OF SHEETS.

In some cases the method of copying the seams at the edges of a sheet may
not be satisfactory, for example when the sheet has cutouts, or doubler
plates at an edge Seam, or when other members transmit loads into the sheet.
In these cases, the splice should be designed to carry the full allowable
tension load for the sheet as illustrated in the following example:

Material: 17ST Alclad Sheet, 052 in. thickness.

Width of sheet (i.e. length at splice) = "W = 10 in.

To determine rivet size and pattern for a 31ng1e lap joint,
gimilar to Figure II:

a. Choose diameter the nearest size larger than three
times the sheet thickness according to section A
above. 3 x ,032 = .096 in, Use 1/8 A17St rivets.

be Determine the number of rivets required per inch of
width, "W', from Table II.

I-1
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No. per inch = 5.9
Total No., of rivets required = 10 x 5,9 = 59 rivets.

c. Lay out rivet pattern.with spacings not less than
those shown in Figure II. Referring to Figure IT(b),
it iz sesn that a2 4 row pattern with the center rows
spaced 1/2 inch and the outer rows 1 inch will give
a total of 60 rivets in the 10 inch splice, and is
therefore satisfactory.

D, SPLICING CF STRINGERS.

Typical splices for wvarious shapes of sections are shown in Figures
IIT and IV. Stringers are desipned to carry both tension and coi-
presgion and the splice shown in Figure IV will be used as an example
i}lustrating the following general principles:

1. To avwoid eccentric loading and consegquent buckling in com-
pression, splieing or reinfercing parts should be placed
as symmstrically as possible about the centerline of the
member and attachment made to as many elements as necessary
to prevent bending im any direction.

2. To zvoid reducing the strength in tension of the original
bulb angle, the rivet holes at the ends of the splice are
made small ({no larger than the original skin attaching
rivets), and the second row of holes (those through the
bulbed leg) are staggered back from the ends.

5+ To avoid concentration of load on the end rivet and consequent
tendancy toward progressive rivet failure, the splice is taper-
ed off at the ends, in this case by tapering the backing angle
and by meking it shorter than the splice bar. (See Figure IV).

The praceeding prineiples are especially important .in splieing stringers
on the lower surface of stressed skin wings, where high tension stresses
may exist. When several adjacent stringers are spliced, the splices
should be staggered if possible.

1, Size of Splicing Members.

When the same material is used for the splicing member as for the
original member, the net cross sectional area (i.e., the shaded areas
in Figure III) of the splicing member should be greater than the
area of the section element which it splices. The area of a section
element (e.ge. each leg of an angle or channel) is equal to the width
mltiplied by the thiclmess. For example, in Figure IV, the bar,

UB"* is assumed te splice the upper leg of the stringer, and the angle
A" t0 splice the bulbed leg of the stringer. Since the splice bar
Rt is not as wide as the adjacent leg, and since the rivet diameter

I-2
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is also subtracted from the width, the bar is made twice as thick
in order to obtain sufficient net area.

2. The Diameter of Rivets in Stringers.

The diameter of rivets in stringers should preferably be between 2
and 3 times the thickness, "t", of the leg, but should not be more
than 1/4 the width, "W', of the leg. Thus, 1/8 in. rivets are
chosen in the example, Figure IV. If this splice were in the lower
surface of a wing, the end rivets would be made the same size as the
skin attaching rivets, say 3/32.

3. The Number of Rivets,

The number of rivets required on each side of the cut in the stringer
may be found from Tables I, II or III as the case may be. In deter-
mining the number of rivets required in the example, Figure IV, for
attaching the splice bar, "B" to the upper leg, the thickness "i!

of the element of area being spliced is 1/16 in. (use .064), the
rivet size is 1/8 in., and Table II shows that 11.5 rivets are re-
quired per inch of width. Since the width, "W", is 1/2 in., the
actuzl number of rivets required to attach the splice bar to the
upper leg, on each side of the cut, is

11,5 (rivets per inch) x .5 (in. width) = 5.75, use 6 rivets.

For the bulbed leg of the stringer, "t" = 1/16 (use .064}, AN3 (3/16)
bolts are chosen, and the number of bolts required per inch of width =
3.9. The width "W" for this leg, however, is 1 inch, and the actual
number of bolts required on each side of the cut is 1 x 3.9 = 3.9,

use 4 bolts. When both rivets and bolts are used in the same splice,
the bolt holes should be accurately reamed to size. It is preferable
to use only one type of attachment, but in the above example, the
dimensions of the legs of the bulb angle indicated rivets for the
upper leg and bolts for the bulb lege.

SPLICING OF INTERMEDIATE FRAMES.

The same principles that are used for stringer splieing may be applied
to intermediate frames, when the following points are also considered:

1. Conventional frames of channel or zee section are relatively deep
and thin compared to stringers, and usually fail by twisting or by
buckling of the free flange. The splice joint should be reinforced
against ithis type of failure by using a splice plate heavier than
the frame and by splicing the free flange of the frame with a flange
on the splice plate, as illustrated in Figure V. Since a frame is
likely to be subjected to bending loads, the length of splice plate
uLY ghould be more than twice the width, "We", and the rivets spread

out to cover the plate.

420729 O - 41 - 10 1—5
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TABLE TI.

KC. OF RIVETS ITNHIIRTD Fng SPLICES (STNGLE LAP JOINT) IN

R4ET, 24ST Alelad, 24SRT and 24SRT Alclad Sheet

__.3/32__1/8 _5/32 3/ _1/4 3/16 tolts {AN-3)

7.4 5.6
7.4 5.6 4.5
5. 5.6 4.5
11.5 % 4.5 3.7
12.0 7.3 1.7 3.7 Z.8
14.4 8.1 5.2 3.7 2.8
1C.3 6.6 7.5 2.8
13.0 8.3 5.8 T.7
10.5 7.3 4.1 3.7
11.8 &.2 4.6 3.7
13.2 9.2 5.2 3.7
11.5 6.5 .

NOTES: (a)

(b)
ENGINSERING

1.

For strineers in the uppner surface of a2 wing, or in a fuselage, 80%
of the number of rivets shown in the Tatle may be used.

For intermediate frames, 60% of the number shown may be used,
NOTES: The above teble was computed as follows:

The load per inch of width of material was calculated by assuming
a strip 1" ~ide in tension at a stress of 62,000 psi, which is

slightly unconservative for 24SRT and conservative for 24ST Alclad
and R248RT Alelad,

No. of rivets required was calculated for AL7ST rivets, using
gllowatle stress values of 25,000 psi in shear, and a value in
bearing calculated on the tasis of a ratio between ultimate
tensile strength and uitimate bearing strength of 1.43.

Combinations of sheet thickness and rivet size above the double

line are critical in (i.e. will fail by) bearirg on the sheet:
those below are critieal in shearing of the rivets.

I-4
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TARLE IT,

NO. OF RIVETS RRWIRFD FOR SPLICES (SINGLE LAP JOINT) IN

178T, 17ST AMclad, 17SRT and 17SRT Alclad Sheet

WLT F
ThIszwdSS NO. OF AL7ST RIVETS RECUIRED PFR INCH OF WIDTH "W".
IN INCHES 3/32 1/8 5/32 3/16 1/4 3/16 bolts (AN-3)
.018 7.8
.020 7.8 5.9
.0R5 8.0 5.9
.032 10.2 5.9 4.7 3.9
036 11.5 6.5 4.7 5.9
.040 1z.8 7.2 4.7 3.2 2.9
051 G.2 5.9 4,1 2.9
.064 11.5 7.4 5.1 2.9 3.9
081 14.6 9.3 6.5 3.6 3.9
.081 10,4 7.2 4,1 3.9
102 11,7 8.1 4.6 3.9
.128 14,7 10.2 5.7 3.9
NOTES: (a) For stringers in the upper surface of a wine, or in a fuselage, 80%
of the number of rivets shown in the Table may. be used,
(b) For intermediate frames, 60% of the number shown may be used,
EMGINEERING NOTES: The above table was computed as follows:

1. The load per inch of width of material was caleulated by assuming
a strip 1" wide in tension at a stress of 55,000 psi, which is
s8lightly conservative for 178RT Aleclad and 17ST alclad.

2. No. of rivets required was calculated for Al7ST rivets, using
allowable stress values of 25,000 psi in shear, and a value in
bearing calculated on the basis of a ratio between ultimate
tensile strength and ultimate bearing strength of 1.36.

3. Combinations of sheet thiciness and rivet size above the double

line are critical in (i.e. will fail by) bearing on the sheet;
those below are critical in shearing of the rivets.
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TABLE IT1I.

NO. OF RIVETS REQUIRED FOR SPLICES (SINGLE LAP JOINT) IN 523
{ALL HARDNESSES) SHEET

THISifﬁss NO. OF #£17ST RIVRTS REOUIRED PER INCH OF WIDTH "w',
z 23
N TreEES 732 1/% 5/32 316 1/4  3/16 )
.016 6.0
.020 £.0 4.5
.025 6.0 4.5
032 TZ 4,5 3.6
036 8.2 B 7.6 3.0
.040 0.1 5.1 3.6 2.0 2.2
051 11.6 6.5 .2 3.0 2.2
.084 14.5 g.2 5.2 . 2.2
.081 10.2 5.6 4,6 Z.
091, 11.8 7.4 5.1 2.9 3.0
.102 13.0 8.3 5.8 3.2 3.0
.128 10.4 7.2 4.1 3.0

NOTES: (a) For stringers in the upper surface of a wing, or in a2 fuselage, 80%
of the number of rivets shovn in the Table may be fused.

(b) For intermediate frames, €607 of the number shown may be used.
ENGINEERING NOTES: The above itable was computed as follows:

1. The load ver inch of width of materisl was calculated by assuming
a strip 1" wide in tension at a stress of 39,000 psi, which is

slichtly conservative for the 3/4 hard, 1/2 hard and 1/4 hard
material.

2. No. of rivets regquired was calculated for AL7ST rivets, using
allovable stress values cof 25,000 psi in shear, and a value in
tearing czlculated on the tasis of a ratio tetween ultimate
tensile strenzth and ultimate bearing strength of 1.7E.

2., Combinations of sheeit thickness end rivet size above the double

line are critical in (i.e. will fail by) bearing on the sheet;
those below are critical in shearing of the rivets,
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&~ ROUND HEAD - 170

= . o— —
ENEY:
(1D, MiINIMUM) i, JM
- ’ 2P 1D MIND
—JDLﬁ (MiND

(@) DIMENSIONS FOR \'—'ORMED RNE.T HEADS.

CORRECT
SHAPE FOR.
RIVET SNAP
QR SET

INCORRECT

BUCKING BAR
(O) RIVETING TOOLS. | OR DOLLY.

i

RIVET DRIVEN AT SLANT RIVET DRIVEN RIVET FLAT ON ONE

CORRECTLY, DOLLY SIDE OR DOLLY HELD
HEAD AT SLANT FLAT.

BoDY OF RIVET TCO RIVET NOT PULLED RWET TIGHT, PLATES
SHORT , CONSEQUENTLY TIGHT , CLINCHES BULGED ON ACCOUNT
CLOSING HEAD SHAPED BETWEELN PLATES, O+ PQOR F\T,

TOO MUCH WITH CLOSING HEAD TOO0

SNAP DIE. FLAT

RIVETED TOO MUCH. RIVET
BODY CLINCHED TOO MuUCHh,
PLATES CLINCRED AT RIVET ;
AND DRIVEN APART.

HEAD CRACKED
ACCOUNT WATERIAL
TOO HARD WHEN
RIVETING TOOL FORMED.

DAMAGED PLATE

() RIVET MPERFECTIONS.
FIG.T - QIVE.T%NG PFQACTICEZ & RNVET IMPERFECTIONS.




I8-APP I CIVIL AERONAULUTICS MANUALL

STRENGTH THROUGH THIS C
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| A~ RIVET { PREFER-
e eﬂ ABLY ABOULT

é} Y 3% THICKNESS
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2D 3D+ 2D
NN it
— : 8 +
(C.) SINGLE OR DOUBLE ROWS
STRENGTH THROUGH THIS ?4‘?__,",—[\\___\
SECTION IS 83 % f ﬁ}%ﬁ} | ‘\..\

OF SHEET WITH-_
OUT HOLES. -

MAY BE LESS THAN [ .
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TAPERED
%ﬁ SPLICE

MEMBER

T -~ © il e Rl e Cg_fzi-\fi—_'_—“"i —
2__A__\_F?1--;?£\/ %Z\?Z ARSIl _CPJL_\LLSP;]":\TZT_TQ J_\J_____J

NOTE: UNSHADED SECTIONS ARE ORIGINAL AND/OR
REPLACEMENT SECTIOMS. SHADED SECT!OMNS
ARE CONNECTING OR REINFORCING SECTIONS.

i T ]
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W £ - -

~W
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. 58 FAL VW

1
g

]
)

FIGIIT - TYPICAL STRINGER AND FLANGE 3PUCES.
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c——l—————{ﬁ——————-— — — S

ON LOWER SURFACE OF WING, MAKE END |
RIVET SAME S1ZE A5 5KIN ATTACRING RIVETS
A —wt

. Vo VR o N o WY 000X T i F e WO e N i N s WY e i, W .

: L..._x :_L b T NS e — ——J!" ?

S B BT 5. \
S—

|4 ¥
’ ‘ !
/ 2d., MINIMUM — = At

LY

4&:9 LARGE HOLES BACK.

Z THE NUMBER OF ROLTS REQUIRED IN THE NUMBER OF RIVETS REQUIRED
THE "BULE' LEG OF THE STRINGER 15 IN THE UPPER LEG OF THE
DETERMIMED FROM TABLE I STRINGER {5 DETERMINED FROW
FOR, i?%ﬂ" AS FOLLOWS - TABLE TT FOR 17ST AS FOLLOWS:

t,2 () , (UsE 0ea) t,= (&), (UsE 0c4)

d,= (& , AN3 BOLT) d,= (§ , AVIST RWET)

NO. OF BOLTS PER INCH OF NO. OF RIVETS PER INCH OF WIDTH
WIDTH FROM TABLE =39 FROM  TABLE = 1.5

ACTUAL No. OF BOLTS OM ACTUAL NO. OF RWETS ON EACH
EACH SIDE OF CuT= WZK 39 SIDE OF CuT = W, x11.5

= (1.0~ 39 = 3.9 BOLTS 2(.5) % 11.5 = 5.75 RIVETS
USE 4. BOoLTS Use & PIVETS.

WHEN BOTH RWETS 4 BOLTS d, (3),RIVET DIA. PREFERABLY

ARE USED , BOLT HOLES SHouLD _ W 2t To 31, BUT NoT
BE REAMED TO SIZE — 1) / GREATER  THAN 2lgw

-~ et D

2] ) — L-é)
(I.o);’

.0 ‘B’ SPLICE BAR . SHADED AREA
SPLICE ANGLE,A
GREATER. TH W
SHADED AREA, AN W x

GREATER THAN W‘itz tz('Le,) _.,H_F STRINGER
AREA REPRESENTING BULB,

SECTION A-A

Fia. TN — EXAMPLE OF STRINGER 3PLICE
(MATERIAL ~17ST AL, ALLOY )
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THE NOUMBER OF RIWETS REQUIRED IN TACA LES ON EACH SIDE OF
THE CUT 1S DETERMINED BY THE WIDTH “W', THICKNESS OF FRAME
MATERIAL "L” AND RIVET DIAMETER “d’, USING TABLE T (FOR 175T)
IN A MANNER SIMILAR. TO THAT FOR STRINGERS , FI&, ¥
NOTE (b), TABLE 11, INDICATES THAT ONLY €0% OF THE
NUMBER, OF RIVETS SO CALCULATED NEED BE USED 1N SPLICES IN
INTERMEDIATE FRAMES

EXAMPLE [~
P FLANGE 1LEG
Wz
“a, 5 t = (.032)
W, (20 W, d, = (f,A7ST RIVET)
(c) W™  wa- °te)m |
~ N NO. OF RIVETS PER IN.OF WIDTH,
‘\,_/-"/ FROM TABLE IL (FOR {757) =5.9
_ . NO. OF RIVETS IN LEG =wW,* 5,9
=(6)*x 59 =354, SAY 4 RIVETS
g oee° GO% OF 4 = G4 = 2.4- RVETS
| o0 o0 USE 3 RIVETS, EACH SIDE OF CUT
| 00° 60 BACK OF ZEE (OR CHANNEL)
- O == + ={ O32)
O 0 75 o° L
A O d,=(g , AlTST RIVET)
© 0 o ° ¢ W, =2.0 INS.
o 0 o 0 NO. OF RIVETS PER IN.OF WIDTH
O FROM TABLE =539
| o Q = (2)* 5.9 =18 , SAY |Z RIVETS
aN G0 Yo OF 12 = S % 12 = 7.2 RIVETS.

USE 8 RIVETS ,EACH SIDE OF CUT,

\

1T

L SHOULD BE AT LEAST TWICE W .
THICKNEDSS OF SPLICE PLATE GREATER THAN THAT
CF FRAWME.

FIG. 7, = EXAMPLE OF SPLICE OF INTERMEDIATE FRAME.
(MATERIAL — I75T AL, ALLOY )
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APPENDIX 11,

INFORMATION ON WEIGHING PROCEDURE AND CHECK OF BALANCE FOR ALTERATIONS

~ (Supersedes IP-10 and Paragraphs 106-113 of Chapter XI, Inspection Handbook)

Ae

B.

GENERAL

The information contained herein has been prepared as an aid to aircraft
owners in obtaining approval of alterations to certificated aircraft.

It is the responsibility of the owner, operator or repair agency to fur-
nish all data specified in CAR 18 and CAM 18. In addition to the required
detail drawings, sketches, or analyses, such data may need to include a
check of the critical balance condition showing that the approved C.C.
limits will not be exceeded.

In view of the fact that weight and balance data on older airecraft are
usually very meager or of gquestionable accuracy, it is considered &dvis-
able to weish such aircraft whenever practicable in order o establish

a rational basis for subsequent welght control, Inasmuch as it has been
established that aircraft in general have a tendency to pick up weight
in service, weighing would antomatically account for such variation.

Klthough, in genergl, this is merely a recommended practice, it should be
noted that weighing may be required in certain cases for the purpose of
establishing the actual empty weight, useful load and center of gravity
when alterations of an extensive nature are made.

DEFINITIONS

1. MAC or Mean Aerodynamic Chord--The chord of an imaginary airfoil used
in aerodynamic computations.

2. Datum--4 plane or line in a plane used as a reference in order to show
relative locations of objects. In these computations, the datum is ver-
tical and is usually tangent to the leading edge of the wing or some con-
venient bulkhead {with aireraft in level flight attitude). To avold
possible confusion, the datum noted on the pertinent aircraft specifica-
tion will be used when given., In any case, the datum used should be
properly identified in each set of computations submitted.

3. Center of Gravity--The C.G. of an aircraft may be defined, for the
purpose of balance computations, as an imaginary point about which the
noseheavy (-) and tailheavy (+) moments are exactly equal in magnitude.
Thus, the aircraft, if suspended therefrom, would have no tendency to
rotate in either direction (nose up or down). (See Figure 3). The
weight of the aireraft (or any object) may be assumed to be concentrated
at its center of gravity.

I1-1
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The C.C. with useful load installed is gllowed to range fore and aft
within certain limits which are determined during the flight tests for
type certification as those which are the most forward and most rearward
loaded C.0. positions at which the zirecraft will meet the Civil Aeronautics
performance and flight characteristics requirements respectively. These
limits are indicated on the pertinent Aircraft Specification (for carrent
models} in percent of the MAC or in inches aft of the datum.

4, Arm (or moment arm) is the horizontal distance in inches to the
C.5. of an item measured (plus) aft of and (minus) forward of, the
datum,

On current Alreraft Specifications the arm of various items is inecluded
(in parentheses) immediately following its name or weight. When such
information is not available, it must be obtained by actual measurement.

5. Moment is the product of a weight and its arm, Thus, the moment
of an item about the datum is obtained by multiplying the weight of the
item by its horizontazl distance from the datum.

Moment manifests itself as a tendency to cause rotation of the aireraft
about its C.G. and is represented, in figures, by a circular arrow in-
dicating the direction of the tendency. (See Paragraph Hl).

6., Minimum fuel (for balance purposes) equals 1/12 gallon per maximum
except take-off horsepower = toial HP .
12

7. Equipment--Current aireraft specifications list three classes of
equipment as follows:

Class I——Required equipment which must be installed unless
replaced by either a Class II or III equivalent
item (such items then to be marked "required" on
the Aircraft Operation Record) subjeet to in-
spection and C.3. check.

Class 1I--Optional equipment which may be instalied or removed
subject to ingpection and check of C.G. limits.

Class IIT-Optional equipment which may be installed or removed
subject to ingpection only, except when the airplane
is already equipped with any Class IT item, in which
case a C.G. check mist be made to determine the effect
on G.3, extremes of the Class IIT item installation.
(Note that when any Class II item is installed, all
Class 11T items are in effect Class IT.) 4All optional
items, the C.G. of which falls with the approved C.G.
limits, are auvtomatically Class IIT items.

IT-%
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WEIGHING OF ATRCRAFT

Procedure: When it is desired to obtain the actual empty weight of an
aircraft, the following procedure will apply:

1. Aireraft should always be welghed inside a e¢lesed building to pre-
vent error in scale readings due to wind.

e If the empty weight C.G. is to be determined; the aireraft must be
weighed in a level flight attitude.

3. Determine that scales are correct, then level, set at zero and note
tare before placing aircraft thereon.

4. Ascertain that fuel tanks are empty.

5. 0il tank may either contain the number of gallons noted on the filler
¢ap or be drained. When weighed with full oil, the actual empty weight
equals the actual recorded weight less the weight of the oil (7.5 1lbs.
per gallon). All reports must indicate whether weights include full oil
or oil drained, and that fuel tanks were empty.

6. Radiators of liquid cooled engines, water coolers, etc., will be full.

7. Special items such as tools, anchors, stakes, ropes, ambulance equip-
ment, ete. should be in place, if to be carried as standard equipment.

Actual weight empty as equipped then equals the sum of the net scale
readings less the weight of any o0il ineclunded.

I1-3
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D. DETERMINATION OF BEMPTY WEIGHT CENTER OF GRAVITY LOCATION

1, See Part C for preliminary weighing procedure.

2. Record weights and dimensions indicated below and compute C.G. as
in the following hypothetical example:

L.E.W. ROOT SECTION {DATUM)}

— MAG=83"

! 1,! ' c—
! EMPTY WEIGHT C.G.
1.§3"% ik 16.3" {COMPUTED) |
- 17.4 {COMPUTED)
AXLE - 205.1"
& r o
Figure 1
Scale Reading Tare Net
Left wheel 703 1bs, -0  70% 1bs,
Right wheel 707 -0 707
Tail wheel 201 <70 131
Actual weight empty (W.E.) 1541 1bs,

1T-4
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The report submitted will include the following information:

Weight empty includes residual oil (system drained prior to
weighing).

Weight empty includes the following equipment: {(Indicate all
Class I, IT, III and other) (See pertinent Aircraft Specifica-
tion, or, if specification does not cover all equipment in-
stalled, a complete itemized list should be submitted.)

Ttem 101 to 106 inclusive (from pertinent Aircraft Specifica-
tion)

Ttem 205 2 special fuel tanks (30 gal. each) 17 1b. increase
over standard

Ttem 304 Tires (R0x9-4) 5 1b. increase over standard

Ttem 308 Safety glass windows 8 1lb. increase over standard

Total 30 1b. (optional egquipment)

Digtance of empty weight C.3. aft of wheel centerline = tail scale
weizht multiplied by distance between tail and main wheels divided
by actual weight empty =

131 x 205,25 = 17.4 in.
1541

Digtance of empty weight C.G. aft of datum = 17,4 - 1.1 = 16.3 in,

APPROVED CENTER OF GRAVITY LIMITS

1. Current Models--stated on pertinent aircraft specification in-per-
cent of the MAC or in inches aft of a given datum., This information
may be obtained from the local Civil Aeronautics Inspector.

2. Older Models-~In the case of those models for which approved limits
are not given on the specifiecation or listing, it will usually be ac-—

ceptable to assume the limits to be at 18% and 30% of the MAC for low

and mid wing monoplanes and 22% and 34% of the MAC for high wing mono-
planes and biplanes.

Inasmuch as several models are known to have satisfactory flight char-
acteristics with the C.G. beyond such arbitrary positions, these should
not be considered hard and fast limits, In such cases, approval will
depend largely upon the recommendations of the examining inspector.

The major consideration roverning approval of such cases will be the
relative change in the empty weight C.G. due to the alterations, rather
than the absolute C.G. extremes.
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Fe

If the approved forward limit thus determined is exceeded, it may
be considered satisfactory provided that it is demonstrated to the
loezl Civil Aeronauntics Inspector that the aircrafi can be landed

in the three-point position when loaded in the extreme forward con-
dition.

DETERMINATION OF MAC

When the MAC is not known, it may be approximated closely enough for
the purposes of C.3. determination, as follows:

1, In the case of a non-tapered monoplane wing, the MAC may be
assumed to be the same as the actual chord and the leading edge
of the wing may be taken as the MAC leading edge.

2+ In the case of a biplane with a rectangular or mpderatsly
staggered arrangement of non-tapered wings, detemmine the MAC
as shown by Figure 2.

0.75 GAP

|

Figure 2

It should be understood that this is only an approximation and when
CeG. extremes expressed in percentage of an MAC thus determined seem
unreasonable, the considerations outlined in the latter part of para-
graph E2 may pertain.

3, In the case of highly tapered wings, wings with congsiderable sweep-
back, or other unusual arrangements not covered by 1 or 2 above, the
manufacturer should be contacted for the necessary information or
calculations in accordance with Clvil Aercnautics Manual 04 should be
SubmJ'ttedo

DETERMINATION OF LOADED CENTER OF GRAVITY EXTREMES {(The most forward
and most rearward C.(G. positions obtainable as equipped and with most
eritical distribution of useful lozad.)

The loaded C.G. extremes may be detemmined either, (1) by weighing
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in the two loaded conditions or, (2) by computation. PBoth procedurss
have a cormon objective; namely, to demonstrate that, under the most
adverse loasding conditions (forward and aft), the C. G. positions will
not exceed the approved limits (Part E) which have been determined by
flight tests as the most extreme positions at which the model will
satisfactorily comply with the Civil Air Regulations,

1. Weighing to Determine C.G. Fxtremes.

Se

b

Ce

d.

S

f.

Follow preliminary weighing procedure of Part C except as
hereinafter modified.

The o0il tank should be filled to capacity. (Wt. = 7-1/2 lbs.
per gal.)

If the proposed equipment is not installed, an equivalent
amount of ballast should be added at the same location prior
to weighing.

Ioad aireraft with items of useful load or ballast simulating
such items (crew and passengers at 170 1lbs, each, fuel at
6 1lbs. per gallon, baggage, etc.) as follows:

Forward C.G. Condition

211 items or passengers which are located zhead of the
approved forward limit.

Pilot in farthest forward seat equipped with controls
(unless otherwise placarded),

Fuel tanks ahead of approved forward limit to be filled,
{If the fuel tank or tanks are to the rear of the forward
limit, minimum fuel should be included.)

Aft C.Q. Condition

All items or passengers which are located to the rear of
the approved aft limit,

Pilot in farthest aft seat equipped with contrcls (unless
otherwise placarded).

Fuel tanks to the rear of approved aft limit to be filled.
(If the fuel tank or tanks are ahead of the approved aft
limit, minimum fuel should be used,)

Record the weights and dimensions and compute distance of CeCe
extreme aft of datum as illustreted in Part D.

Check C.G. extremes thus determined against approved limits
(Part E).

I1=-7
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2. Computation to Determine C.G. Extremes. The following computations
are based upon the hynothetical 200 HP, 4 PCLM as weighed in Part D.

de

b.

Forvard C.G. Fxtreme

Wt., (1bs.) Amm Moment

Alrcraft W.E. as weighed 1541 +16,3 %5118
Pilot 170 +23 3910
Fuel (Min.)(See Par. B6) 100 +22 2200
0il (3-3/4 gal.} 28 -20 ~560

Total 1839 30668

- Total Moment _ 30668 _
Forward C.G. extreme Total Weight T (+16.7)

Forward C.G. limit (from pertinent Aircraft Specification)
{+16,5)

Since approved limit is not exceeded, forward extreme is
satisfactory.

Aft C.G’- mreme

Wt,_ (lbs.} Arm Moment

Airecraft W.E. as weighed 1541 +16.3 25118
Pilot 170 +23 3910
Fuel 100 +22 2200
0il 28 -20 ~-560
Passengers¥* - rear (2) 340 +48 16320
Baggage (placarded capacity) 50 +70 5500

Total 2229 50488

- lotal Momert . 50488 . ,05.5
ATt C.0. extreme = 70T Feight 5229

Aft G.Gs 1imit (from pertinent Aircraft Specification)(+24.6)

Since approved limit is not exceeded, aft extreme is satis-
factory.

#Front passenger is omitted in both 1 and 2 since he is between
approved C.G. limits in this example. Minimum fuel is used in both
cases for the same reason.

Note that the loadings in these computations agree with the rules
of Paragraph G-1-d.
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CHECK OF BALANCE BY COMPUTATION

The following data are included for the convenience of the inspectors
and operators in checking the effect upon balance of adding, removing
or relocating equipment items when no information as to the balance
status of the aircraft is available and if weighing is not contemplated.

For the purpose of these computations, the C.G. extreme (ses Part G) of
the aireraft will be assumed to fall upon that spproved limit which is
critical for the change involved (Forward limit for conditions outlined
in Paragraph H-1-b and aft limit for conditions outlined in Paragraph
H-l-aJ) Although this assumption will, in certain cases, lead to unduly
conservative results, it must be made when the actual empty weight CoC.
is not known.

The object of such computations is to determine the resultant moment due
to equipment changes or alterations in order that a compensating moment
may be computed and applied. Hence, if a change is made per Paragraph
B-1-a, it will be necessary to apply a corresponding change per Paragraph
H-1-b and vice versa in order to maintain the previously satisfactory
C.G. position and to prevent the possibility of exceeding the epproved
limite

The following information is divided into two sections—one (1) concerns
the theory of these computations while the other (2) presents several
typical examples illustrating the fundamentals. It is suggested that
the brief theoretical section be carefully studied and the illustrated
figures memorized. When these figures are visualiszed, it is possible
to easily and quickly compute the effect of, and compensation required
for, any change or combination of changes which may subsequently be en~
countered.

Note: Care should be exercised to insure retention of the proper

algebraic sign (+ or -} throughout all balance computations and to
slways visualize the airoraft (for sske of uniformity in these com-

putations) with the nose to the left. (See Paragraph B-4).
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1. Graphic Repregentation of Basic Weight and Balance Concepts.

NOSEHEAVY (-]}

MOMENT

oot

TAILHEAVY (-+}
MOMENT

%

\— AIRCRAFT C.G.

.Flgure 3 - Forces Acting Upon Suspended Aireraft

a, Items removed forward of or

added afi of the aireraft
C.3e have the effect of in-
creasing the tailheavy (+)

moment and thus of decreasing

the noseheavy (-) moment.
This w111 upset the required
equilibrium iilustrated in
Figure 3 and cause the (.G
to move aft and the nose to
rise. Therefore, a compen-
sating change of the type
illustrated in paragraph (b)
should be applied.

IT-10

FWD.

MOMENTL4)

AIRCRAFT CG.

ARM =)

Fig. 4(a) Item removed
forward.

L WO,

MOMENT ()

'

AIRCRAFT CG.
ARM ()

Fig., 4(b) Item added aft..
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FWD.

MOMENT (-)

b. Items added forward of or
removed aft of the aireraft
C.3. have the effect of in-
creasing the noseheavy (-)
moment and thus of decreas-
ing the tailheavy (+) moment.
This will upset the regquired
equilibrium illustrated in
Figure 3 and camse the GC.G.
to wove forward and the nose
to drop. Therefore, a com—
pensating change of the type Fig. 5(a) Ttem added forward.
illustrated in paragraph a
should be applied. ’

FWD.
MOMENT (=)

AIRCRAFT G.G.

ARM ¢)

AIRCRAFT CG.

ARM G}

Fig. 5(b) Item removed aft.
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Case I» The operator of a Stinson SR-8D desires to install two
special type pilot chairs.

Given: Weight empty = 2538 1bs. (from Aireraft Operation
Record)
Actual weight inerease due to specizl chairs 20# (+18)
C.G. 1limits (+17,1) and (+27) (Specifieation No. 609,

A_COnY
£ I0U )

Datum - wing L. E. (Specification No. 609, 4~580)
LE.WING (DATUM)

| A B
! " i
e 17,1 "]

SN | ST

Find:

Solution:

Conclusions

Compensating changes required to prevent airecraft
CeGs from exceeding approved limits.

If aircraft loaded C.G. is assumed to be at the
forward limit (A), the chairs are aft of the C.G.
and thus tend to decresse nosecheavy moment. (Ses
Figure 4(b)). If the aircraft loaded C.G. is
assumed to be at the aft limit (B), the chairs
are ghead of the C.€. and tlms tend to deerease

tailheavy moment. (See Figure 5(a)).

It may therefore be concluded that the addition
of any item or combination of items whose C.C.
falls within the aircraft approved limits is
satisfactory from a balance standpoint without
the necessity of a C.G. check.
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Cage IT{a). An operator desires to install flares in a Howard
DGA-15P (8ee Fige 4(b)).

Given: (Specification No. 717 (A-915)) Datum — wing L. E.
Item 202 Flares 25 1bs. (+108)
Baggage capacity 125 (+84)
GeGe limits ("‘1005) and (+2108)

C.G. 1limit affected is "B"

To Find: Baggage reduction necessary to prevent possibility
of aft loaded C.G. extreme from exceeding approved

aft limit (B).

r

108"

84"

TR ¥

A B

#;’d—f FLARES
|

218" —= AIRCRAFT G.G. ‘
/ BAGGAGE

L.E. WING
(DATUM) - s2.2"
= g86.2" o

Figure 7

Solution: (1) Assume aireraft C.G. to fall upon "B", the
CoGe limit affected by & change of this type.
(See Fig. 4(b)).

(2) Compute arm of baggage and flares about "B®
by subtracting 21.8 inches from arms about datum.

(3) Moment sbout aft limit due to addition of
flares = 86,2 in. x 25 1lbs. = + 2155 in.-1bs.

(4) Baggage reduction necessary to prevent shift
of C.G. due to addition of flares = 42155 = 34.6
or (55) 1bs. 6R.2

(5) Placerd compartment for reduced capacity of
125 - 35 = 90 lbs,.
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(b) A battery is to be removed from a Rearwin 5090 (see

Fig. 4{a)).
Givens (Specification 711 (A-941)) Datum - wing leading edge.
Battery (item 201a) 31 lbs. (-19)
Baggage 50 1bs. (+44)
C.G. limits (+13) and (+17.5)
To Find: Baggage reduction necessary to prevent possibility

e —19" ——*-I-— +17.5" — AIRCRAFT C.G.

! fBATTERY (REMOVED)

of aft loaded C,C, extreme exceeding the approved
aft limit (B). (C.G. affected is "B},

L.E. WING {DATUM)
— +44" »
8

A
\

1" - A BAGGAGE
g i
fe——— —36.5" >l + 265"
' Figure 8
Solution: (1) Assume aircraft loaded C.G. to f2ll upon "B,

the CuG. limit affected by a change of this type.
(See Fig. 4{a)).

(2) By addition and subtraction refer sll horizontal
arms to “BY., (See Hgo 8).

(3) Moment about "B" due to removal of battery =
~31 ibs. x ~36.5 ins. = #1131 in.=-lbs,

(4) Baggage reduction necessary to prevent shift of
assumed aircraft C.G. = #1131 = 42,7 (or 43) lbs.
+2605

(5) Flacard baggage compartment for reduced capacity

of 50 - 43 = 7 1bs. (The wording of placard should
be shown on report submitted.}
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Case IIT. An electric starter is installed in Meyers OTW (See
Figure 5(a))c

Given:

(Specification 2-550 (A-885)) Datum - fuselage
station No. l--Approximately 3" ahead of upper
wing leading edge.

Item 200 Starter 15 1bs. (~16) (measured)
CeGo limits (+25.8) and (+32.7)
Baggage Capacity 10 1lbs. (+91)

(C.CGe limit affected is "AY),

STA. 1 - FUSELAGE (DATUM)

- +91" -

+3"— [i:;—ﬁ A B

v —16" —>1e— +25.8" —»
~— —4|.8" ol + 652" -

) AIRCRAFT C.G i
.{ FIXED BALLAST— | BAGGAGE
STARTER (ADDED) W 77

("\ ¢
Figure 9
To Find:  Fixed ballast reguired in the baggage compartment
to prevent forward movement of aircraft loaded C.G.
due to starter ingtallation.
Solution: (1) Assume aircraft loaded C.G. to fall upon "A",

the CoG., 1limit affected by a change of this type.
(See Fig. 5(b))e

(2) By addition and subtraction refer all horizontal
arms to "A", (See Fig. 9).

(3) Moment about "A" due to addition of starter =
+15 1bS. X -4108 in. = "‘627 in.""le.

(4) Fixed ballast required in baggage compartment
to create equal moment in opposite direction =
+827 = 9,6 (or 10) 1lbs,

65.2

IT-15



18-4pp IT CIVIL AERONAUTICS MANUAL

(5) Install ballast in baggage compartment and
placard as follows: "Fixed ballast 10 lbs.-~--~Not
to Be Removed. Bapgpage Capacity — zero.®

(6) Revise weight empty to include the 25 1bs.
sddeds (Starter 15 lbs. and ballast 10 1bs.)

Case IV, The radio receiver is removed from a Tayloreraft "A®
seaplane (D-1070 floats). (See Fig. 5(b)). -

Given: CeGe limits (+18.1) and (+20.4) (Specification 643,
A-6186),

Item 202 Radio 9 1bs. (+38)

Tailpost at (+173) (measured)
(CeG. limit affected is "A").

L.E. WING_(DATUM)

Q 173.1" J\/
i AB

\
I - 155" . /\/ o

t— 181" ~amte— [9.9" —

! _l'/-RADIO {REMOVED)
T RUDDER POST

L4 I
AIRCRAFT CG. '

FIXED BALLAST

prtp———— 38“ ——

Figure 10

To Find: Fixed ballast to be installed on rudder post to
prevent possibility of aircraft loaded C.G.
exceeding approved forward limit (A).

Solution: (1) Compute moment about "A" dus to removal of
radio: -9 1lbs. x (+19.2 in.) = «179 in.-1bs.

(2) Ballast required at tailpost to create
equal moment in opposite direction:

+17¢ = 1.1 {or 1) 1b.

155

(3} Instail and placard "1 1b, ballast—-Do not
Remove, !
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Case V. Several items are added cr removed throughout the aircraft.

Given: Weight and moment arm of each item.
C.C. limits.

To Find: Compensating change required to prevent possibility
of the aireraft C.G. extremes exceeding the approved
limits.

Solution: (1) Obtain moment of each item about the datum listed
on specification.

(2) By addition, obtain net moment.
(3) By addition, ob%tain net weight change.
(4) Determine resultant C.G. position (inches aft of

datum) C.G. = net moment = (2),
net weight change (3)

(5) Consider as single change, assume aircraft C.G.
to fall upgon approved C.G. limit affected and proceed
as in the foregoing examples.

When the necessary infommation is not contained in the pertinent specifi-
cation (as for older models), it will be necessary to obtain such data by
computation and actual measurement.
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APPENDIX III.

SPLICING AIRCRAFT CABLE

Alrcraft cable should be spliced in accordance with the recommendations
of the Civil Aeronauties Administration by using either the tuck or the
wrapped and soldered splice. The kind of splice to be used in a specific
case is determined by the diameter of the cable and its flexibility or
non-flexibility. See CAM 18.805,

ARMY TUCK SPLICE.

The Army tuck splice is made in accordance with the procedure outlined
in the following:

The splice should have five full tucks and should be served (wrapped)
with & 6-cord thread. In pounding the splice, & mallet made of fiber,
wood, copper, or other nonabraiding material should be used. The anvil
or surface on which the splice is pounded should be of hardwood.

In splicing loop terminals into & turnbuckle, clevis, etc., the following
terms are used:

Standing wire-~The measured length of wire which will be used
when completed,

Bight—The loop around the thimble.

Free end--The loose end which will be opened up for splicing.

In making the splice, the first operation is to tie or clamp the cable
around the thimble, leaving about 8 inches of free end with which to
make the splice. With cable larger than one-eighth inch or five thirty-
seconds inch it is best to allow a little more free end.

Clamp the standing wire in a vise with the free end to the left of the
standing wire and away from the operator, Bend the thimble points back
from the cable at an angle of about 45° to allow the tucked ends to be
pulled back against the thimble,

Select the free strand lying directly under the thimble points and separ-
ate it from the rest of the free ends by inserting a Marlin spike under
it and spiraling the spike around the free end. The cable then should
appear as in Figure 1,
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Ingert the Marlin spike under the first three strands of standing cable,
to the right of the thimble points. Insert the loose free strand under
the three standing strands tucking from left to right, Figure 2 wiil
i}lustrate the condition of the eable at this point.

1, Separating Second Strand. The second free strand to the left of the
thimble points then should be separated from the others as before described.
This wire should be the next to the left of the first free strand tucked.
Ingert the Marlin spike under the first two standing strands to the right
of the thimble points and tuck the loose end under these two standing
strands, tucking from left to right as in Figure 5,

Take the third free strand to the left of the thimble points and separate.
Insert the Marlin spike under one standing strand to the right of the
thimble points and tuck the loose free end under this standing strand;
tucked from left to right. The cable now should appear as in Figure 4.

Separate the center or core wire from the other free ends. This core
wire can easily be distinguished from the cutside wires by its smooth,
even surface. The outside wires are waved evenly by being coiled around
the center of the core wire. Tuck the center free end under the last
two standing sirands used, and bring it out in the same opening as the
gsecond free end which was tucked. The core wire should lie between the
vise and the second free end and should appear as in Figure 5.

Select the free strand which lies last to the left of the thimtle points
and separate. Insert the ¥zrlin gpike from right to left under the two
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gtanding strands immediately to the left of the thimble points. Insert
the loose free end from right to left under these two standing strands.
This is the only place in the first round of tucks where the tuck is

made from right to left., The cable now appears as in Figure 6. To com-
plete this operation, pull the free end of the last strand tucked, until
the loop shown in Figure 6 disappears and there is no slack in the strand.

Separate the two remaining free ends. Insert the Marlin spike under the
first standing strand to the left of the thimble points. Choose the free
end vhich lies next in order of rotation to the first three wires tucked.
This should be the fourth free strand to the left of the thimble points.
Tuck this free strand under the lifted standing strand, tucking from left
to right. Figure 7 illustrates the present condition of the splice.

With the Marlin spike, lift the second standing strand to the left of the
thimble points. Tuck the remaining free strand under the 1lifted standing
gtrand. Tuck from left to right. The cable now should appear as in
Figure 8.

20 Finishing Operation., The finished condition of a splice depends con-
siderably upon the following operation. Choose the tucking strand which
lies in the opening with the center strand. Grasp it firmly in a pair of
falrly heavy pliers and pull sharply upon it several times away from the
thimble. Then, keeping the strand always taut, describe a half circle
with the pliers and pull steadily back into the throat of the thimble,
(The throat of the thimble ie the joint of the two ends lying between the
four points, previously turned back at an angle of 459.}) Continue this
operation completely around the standing cable until each of the tucking
strands has been pulled down away from the thimble and then back against
the throat, Next pull down the free center strand, but do not pull it
back.

In the next operation select the tucking strand to the right of the center
free strand and tuck it over one standing strand and under the next stand-
ing strand. Tuck from right to left. (See Figure 9.) Contimue this
operation around the standing cable to the left until all six of the tuck-
ing strands have been tucked, Do not tuck the free center strand on this
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or any succeeding series of tucks. After tucking a1l six tucking strands
repeat the finishing operation described in the preceding paragraph.

This constitutes the second series of tucks and the cable should appear
as in Figure 10,

The third series of tucks is made éxactly in the same way as the second

series and should be followed by the finishing operation previously de-
scribed,

The six tucking strands are now split in half and a series of tucks is
made in the same manner as that described for the full strands, but
using only one-half of each strand. After this operation repeat the
finishing operation. (See Figure 11.)

Fig, 11 Fige 12

The core wire or free center strand should now be cut off as close as
possible to the standing cable. The six half strands which were tucked
in the last operation are agains halved making them one-quarter the
size of a full strand. A series of tucks is now made using six one-
quarter strands, and following with the finishing operation. This com—
pletes the tucking of &11 strands. (See Figure 12.)

5. Hammering Splice. All that remains to be done now is to hammer the
splice taut, cut off the protruding ends of the tucking strands and
serve with linen thread. A small hardwood mallet or rawhide faced
hammer, and & hardwood anvil should be used to beat the splice. Start-
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ing at the thimble points (which now should be laid down upon the splice)
drive the tucking strands from right to left, just as they were tucked.
Roll the splice upon the anvil as it is beaten, in order that all the
strands may receive an even tautness. When the splice is as taunt and
hard as it can be made, cut off the ends of the tucking strands as close
to the splice as practicable. Pound the taper slightly o lay the
sheared ends and then serve with 6-cord linen thread.

In applying the serving, start about one-fourth of an inch below the end
of the taper and wrap smoothly up the taper until zll of the sheared ends
are covered. Then take five or six loose coils over thumb or finger and
insert the end of the serving cord through the loose coils from the thim-
tle and toward the taper. Now wrap the loose coils firmly over the in-
serted end and pull up any slack by drawing the inserted end down toward
the taper. Cut off close to the serving and beat it lightly with the
mallet to smooth it down. Two coats of shellae should be applied to the
serving to make it as nearly waterproof as possible. The finished splice
should appear as in Figure 13.

Fig, 13

Fige 14

The toels shown in Figure 14, which include a Marlin spike; side—-cutting
pliers, splicing clamp, and mallet, are recommended for use in splicing
terminals of flexible eable.

NAVY TUCK SPLICE

In making the tuck splice in accordance with Navy specifications the fol-
lowing method is used:

Befors the cable is cut it shall be thoroughly soldered for 2 or 3 inches
to prevent any slipping of the wires after cutting. The flux used in
this soldering shall be stearic acid rosin. Sal ammoniac or other com-
pounds having a corrosive effect are not acceptable either as a flux or
for cleaning the soldering tools.

The cable shall be cut to the proper length by mechanical means only. The
use of oxyacetylene torches in any msnner is not permitted.
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The serving cord shall be a 7-strand linen machine cord or an
equivalent cotton cord.

In forming the splice, the cable is bent securely around the thimble
and ciamped, the tip of the thimble having previously been bent back
to permit a tight splice. The length of the free end of the cable
from point of thimble should be 2 or 3 inches longer than required to
produce the number of tucks needed.

After the csble is securely clamped in the thimble, the strands are
+0 be broken apart where soldered at the ends and separated back
the point of the thimble.

A small wood, fiber, or copper mallet is to be used in pounding the
splice. The anvil on which it is pounded shall be of hardwood.

l. Commencing Spliee. In making the splice, take the first free
strand on the right-hand side and tuck it under the first strand
which is nearest the point of the thimble on the right. Take the
free strand directly underneath the first strand and tuck it through
the center of the cable. Three longitudinal strands should then lay
each side of this tucked strand, Then insert the core wire directly
over the same strand so that these two strands will come out in the
same position. Then take the free strand on the extreme left and
tuck it underneath the strand which is nearest the point of the
thimble on the left. Next, tuck the free sirand which runs parallel
to the first free strand on the right side under the longitudinal
strand which had been tucked. ¥ive strands should now have been
tucked and two remain free. Then, take the free strand on the left
and tuck it toward the right underneath the remaining longitudinal
strand. This fres strand must come out directly above the second
free strand vhich has been tucked. Then teke the remaining free
gtrand which is located on the right and tuck it toward the left
underneath the same longitudinal strand. At this point a free strand
will be between each longitudinal strand with the exception of the
core wire which comes out with the center strand. The whole of the
preceding operation is called the first tuck. At this point two free
strands which cross directly above one amother at the eye will be prom-
inent. These strands should be pounded down to tighten the splice to
the thiamble,

For the second tuck, tske the free strand on the opposite side of the
splice which comes out to the right of the core strand and tuck it to
the left over the longitudinal strand and underneath the next longi-
tudinal strand. This binds in the coresirand to the center of the
splice. Repeat this operation with all the remaining free strands to
the left. The tucks now should again be pounded down to make the
gplice tight and symmeetriecal.

For the third tuck, take the strand which comes out to the right of

the core strand and tuck it toward the left over the first longitudinal
strand and under the next longitudinal strand. This operation will
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bind in the core strand. Repeat this operation with all the remaining
free strands to the left. The core wire is then cut off close to the
splice and the tucks are pounded as previously directed to tighten the

splice and to make it symmetrical.,

2. Reducing Strands., A1 free strands now are reduced one-third, but
should not be cut until the following ecompiete tuck has been made by
the six remaining two-thirds strands as before directed for the fuil
strand. This completes the fourth tuck.

The free untucked one-third strands should not be cut off close to the
splice. The splice again is pounded as previously directed. The free
strands should now be halved and tucked to the left, allowing the re~
meining one-third strands to be free as indicated before. The six re-
maining one-third strands then are cut off close to the splice.

At this time the five tucks will have been completed and now should be
pounded as before and the remaining one-third tucked strand cut off
close to the splice. The complete splice then should be turned away
from the operator while it is being pounded so that the free strands
are dravn up tight into the longitudinal strands. The thimble points
should then be ecarefully flattened to the spliece.

Cable one-fourth inch in diameter and larger should be splieced with
six tucks in place of five to insure strengcth and proportion. In this
case four complete tucks are made in place of three before starting to

taper.

In order to serve the splice, place the end of the serving cord on the
cable one-fourth inch above the fifth tuck. Carry the cord on the cable
toward the thimible to 2 point midway between the thimble and the third
tuck. From this roint the coerd should then be tightly dnd closely
served around the cabkle, covering all tucks to a distance on the un-
spliced portion equal to the diameter of the wire. The cord then is
snubbed by inserting the end under four convolutions of the serving and
the econvolutions drawn tightly down on the cable., The serving is to be
given two generous coats of shellac,

ARMY WRAPPED AND SOLDERED SPLICE

In making the wrapped and soldered splice according to the Avmy method,
wrapping wire of soft-annealed steel thoroughly and smoothly tinned by
means of the hot precess, is used.

The soldering flux shall be stearic acid or a suitable mixture of stearic
acid end rosin. Rosin dissolved in alcohol or other solvent approved by
the Army Air Corps also may be used.

The cable is eut to length only by mechanieal means, the use of oxy-
acetylene torch in any manner not being permitted,
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De

The wrapping wire shall be applied either bty machine or hand under
constant tension.

A1 terminals shall be thoroughly cleaned before soldering by im-
mersing in the flux,

The terminals shall be smoothly soldered. The space between the
wrapping wire and the cable shall be completely filled with solder.
Abrasive wheels or files are not to be used for removing solder.

NAVY WRAPPED AND SOLDERED SPLICE

The ¥avy methrod of making the wrapped and soldered splice is as fol-
lows:

The serving or vwrapping wire shall be of commercial soft-annealed
steel wire or commercial soft iron wire, thoroughly and smoothly
tinned or galwvanized.

The solder shall be half-and-half tin and lead confomming to Navy
specifications. The melting point of this solder varies from 320°
to 390° F., and the tensile strength is approximately 5,700 pounds
per sguare inch.

Solder flux shall be 2 compound of stearic acid (there shall be no
mineral acid present) and rosin, with a composition of 25 to 50 per
cent stearic acid and 75 to 50 per cent rosin, A warming glue pot
to keep the flux in fluid state is desirable.

Before the cable is cut the wires are soldered or welded together

to prevent slipping. The preferable process is to tin and solder
the cable thoroughly for 2 or 3 inches by placing in a solder trough,
finishing smooth with a soldering tool. The cable may be cut diag-
onally to conform to the required taper finish.

After being soldered and cut the cable is securely bent around the
proper size thimble and clamped, taking care that the cables lie
close and flat, =nd that the taper end for finish lies on the out-
side., If it is necessary to trim the taper at this point in the
process, it is preferable that it be done by nipping, but grinding
is permissible provided a steel guard at least 3 inches long and
one thirty-second inch thick is placed between the taper end and
the main cable during the operation, and that the heat generated
from the grinding does not melt the solder znd loosen the wires.

1. Serving Splice. Serving may be done by hand or machine, but in
either case each serving convolution must touch the adjoining one
and be pulled tightly acainst the cable, with spaces for permitting
a free flow of solder, and inspection.
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Care must be exercised to prevent drawing of the temper of any cable
wires by excessive temperature or duration of applied heat. The flux
used in this soldering shall be stearic acid and rosin. The use of
sal ammoniac or other compounds having a corrosive effect is not per-
mitted either as a flux or for cleaning the soldering tools.

Soldering is accomplished by immersing the terminal alternately in the
flux and in the solder bath, repeating the operation until thorough
timming and filling with solder under the serving wire and thimble is
obtained. The temperature of the solder bath and place where terminal
is withdrawn shall not be above 450° F, A soldering iron may be used
in the final operation to give a secure and good appearing terminal.
Care must be taken that the solder completely fills the space under
the serving wire and thimble., 4 slightly hollowed cast—iron block to
support the splice during seldering may help in securing the best
results. The use of abrasive wheels or files for removing excess solder
ig not permissible,

As an slternative process for making terminals for nonflexible cable,
the oxyacetylene cutting method and the presoldering method (soldering
before wrapping) are permitted, but only on the following conditions:
(1) That the process of cutting securely welds all wires together; (2)
that the annealing of the cable does not extend more than one cable
diameter from the end; (3) that no filing be permitted either before
or after soldering; (4) for protection during the operation of grind-
ing the tapered end of the cable, a steel puard at least  inches in
length and one thirty-second inch thick shall be placed between the
taper and the main cable; (5) the heat from grinding shall not draw the
temper of the cable.

ROEBLING CABLE SPLICING METHOD

In addition to the Army and Navy methods described above, the Roebling
method of splicing flexible aircraft cable, described in the following
is also acceptable to the Civil Aeronautics Administration for use on
certificated aireraft.

This type of splice differs essentially from the Army and Navy tuck
splice in that the tucks are made round and round the same strand, while
in the Army and Navy methods the tucks are made over and under adjacent
strands, Each strand is given five whole tucks and the completed splice
is wrapped with linen cord and shellacked,

The tools to be used in msking the Roebling splice consist of two wooden
mallets, a spike, a serving iron, knife, and nippers, and the procedure
ig as follows:

Measure off 2 to 4 feet from the end of the cable, depending on the size
~f the cable, and bend it at that point. Lay the proper size thimble
into the bend and clamp in a splicing vise with the loose end of the
cable at the right when looking toward the vise.
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Unlay the cable back to the thimble, serve ends of strands with
fine ammealed wire, bend four strands to the right and two to
the left, and cuit the center wire or core off close to the
thimble.

Untwist the lay of the cable somewhal, then drive the spike under
the two top strands of the main part of the cable and stick the
strand lying on top (that is, under the point of the thimble)
through the opening. The spike should be driven from right to
left and the strand stuck through in the same direction. To make
this clearer, a section of the cable and the loose ends are shown,
the strands in the former being numbered 1 to 6 and in the latter
a to f (Figure 15). The first step, then, as stated, is to drive
the spike in between 1 and 2 and out between 6 and 5 (Figure 16),
and stick a through this. Next pull the strand up tight and jam
it back by twisting the spike up along the lay toward the thimble.

Fig, 16

1., Tucking Ends. Then tuck in the other ends in the following
manner: Follow strand around to where it lies on the bottom

of the cable and drive the spike undar it (that is, between 1
and 8 and 1 and 2), from the right (Figure 17), and stick end b
through from the left, bringing it over the cable. Twist the
spike back along the lay toward the thimble, after having pulled
the end up tight, until the strand can be worked up no furthsr.
Next, drive the spike from the right under 2 where it is at the
bottom of the cable, stiek end ¢ through from the left and work
back as before; and so on, d under 3, e under 4, f under 5.

All the ends having thus been tucked whole once, they are ali
tucked whole & second time. This second tucking consists merely
in wrapping each end once around the strand from under which it
comes out., Thus,3 lies under 1 and 6 as a result of the first
tuck just described (Figure 16). Lift 6 by means of spike
(Figure 18), bring a around and back under 6 and pull up tight.
B lies under 1 and is wrapped once around in the same way and s0
on for ¢, d, e, and f,
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.L.':"L?, e 18

Fig. 17

The operations just deseribed should be econtinued until each strand has
been given five whole tucks. After the tucks are completed the ends of
the strands are cut short, the splice is hammersd lightly, and served
with either 6 or 7 cord linen thread, or its egquivalent cotton thread.
The serving should start from a short distance beyond the end of the
splice and end well up to the thimble points. This serving is then
"iven two coats of shellac.
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Form 337 (ACA 18-1) 18-4pp IV
(RQVo -1“41)

NATURE OF WORK PERFORMED (To be filled in by inspector)

CLASSIFICA-
TION Major repair

Major alteration

AFTER ACCIDENT ©F oo\
(Date)
ATRCRAFT ceew | oo UNITED STATES OF AMFRICA PR—
ENGINE.__.___|... U R
DEPARTMENT OF COMMERCE DISAPPROVED

CIVIL AERONAUTICS ADMINISTRATION Forwarded for engineering approval.
s (Submit complete details.}
WASHINGTON

Date

Inspector

REPATR AND ALTERATION FORM
ATRGRAFT - ENGINES - PROPELLERS - INSTRUMENTS

Aircraft Identification Mark No.

Owner’s name

Ovmer’s address ... " . OO
Aireraft manufacturer and model ... Serial No. ... ...
Engine manufacturer and model®*._____________. .. .. STV OVUU eenn Serial No. ...
Propeller manufacturer and model*. . . .. . . e Serial No. ... .
Propeller blade model®_ .. U Serial No. . ... .
Propeller hub model*. Serial No. ... ...

*To be filled in only for unit repaired or altered.

REPAIR OR ALTERATION AGENCY

__________________ Manufacturer. _____.________ Approved repair station No. ... .__Certif. mechaniec,

Agency’s name and address .. Date of repair or alteration ...

The following work has been sccomplished in accordance with Part 18, Civil Air Regulations. (For
recommended practice refer to CAM 18.)

[If blank space is insuflicient for clear presentation, atiuch separate pages (3" x 103" or multiples thereof) bear.ng aircraft identification mark.]
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Page

NC - 90656 _ REPAIRS AND ALTERATIONS

(Identification mark)

Record herein all major repairs and major alterations as well as those classed as minor when accom-
plished by a certificated repair station or the original manufacfurer. (See “Maintenance, Repair and
Alteration,” C. A. A. Manual 18.)

Details of repairs or alterations shall be entered below by the agency making or supervising same,
including the signature of such person in the appropriate space. Entries shall be with typewriter or in
ink.

The original of the “Repair and Alteration Form” shall be attached hereto by the agency responsible
for repairs or alterations, and will be picked up and forwarded by the inspector for the Authority when he
approves the repairs or alterations.

The inspector endorsing an entry in item 3 of this sheet shzll attach an additional sheet 5. All such
sheets will become a permanent part of this Operation Record.

1. Repair and Alteration Form _..___ #337 . May 3, 1941
{Dated)
covers repairs or alterations by Doakes Aircraft Service: Air Agency GCert. #87956 and

(Slgna.ture of oificial or mechamc ‘Title or rating and number)

and described as fouows:E‘_l_lﬁta_la_ge____r:_e_!pa}_r_‘@_@__hz_ff_ezldlng in new section of right upper

Radio receiver AVR-9 installed. Welght 20 1bs. at arm - 11 inches. Complete

details shown on Form #337 dated 5-3-41.

Repairs were of damages incurred in accident of . Apri(IIL) 24, 1941 ot Podunk, Kansas
ate) (Place)
Approved by Landsberry Davslevy __  Sed=fd
(Inspectur's signature)
2. Repair and Alteration Form #337 . . duly 16, 1941
(Dated)
covers repairs or alterations by _dJoe N, Doakes, A & E Mech, Cert., #536478 and
(Agency name and numbper)
supervised or released by ... Joe N. Doakes, A & E lech, Cert. #536478 -~
{Sighature of official or mechanic. Title or rating and number)
and described as follows: ... Replaced left stabilizer rear spar , ribs rebuilt and both

See: Repair and Alteration Form for detalls concerning

materisls used.

Repairs were of damages incurred in accident of Juze 15, 1941 , at Braithwaite,
Utah ' (Date) (Place)
Approved by 0. P. Damwood F=31-41

16—11617 {Inspector’s signatare)



3. Repair and Alteration Form #337 August 23, 1941

(Dated)

covers repairs or alterationsby _____ Baloney Aircraft Company, Inc. and
{Agency name and number)

supervised or released by Jake Smith, Factory Mechanic, #108607

(Signature of official or mechanie, Title or rating and number)
and described as follows: _Radio Transmitier and Heavy. Duty Battery installed.

Complete details of installation and C,G. check shown on Form #337
dated August 22, 1941.

Repairs were of damages incurred in aceident of . , at

(Date) : - (Place)

Approved by A., - _J olm P;jathmhMg_____S-z-ALm

{Inspector's signature)

4, Repair and Alteration Form ...

(Dated)
eovers repairs or alterations by __. and

{ Agency name and number)

supervised or released by

(Signatyre of official or mechanic. Title or rating and number)

and described as follows:

Repairs were of damages incurred in aceident of __ . , at
{Date) {Place)

Approved by

(Inepector's signature)

5. Repair and Alteration Form

(Dated)
covers repairs or alterations by and

{Agencr name and number})

supervised or released by

{Signature of official or mechanie. Title or rating and number)
and described as follows:

Repairs were of damages incurred in accident of , ab
(Date) (Place)

Approved by

15—11817 (Inepector’s signature)

T Do
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{Rev. 9-1-40)
UNITED STATES OF AMERICA
DEPARTMENT OF COMMERCE

ADMINISTRATOR OF CIVIL AERONAUTICS
WASHINGTON, D, C.

POWERPLANT FAILURE REPORT

Submit as a supplement to Aireraft Accident Report (Form 453 or 454) when an accident involves a failure of the
engine, propelier, or any part of the powerplant installation.

This form should be used also by owners, operators, pilots, mechanics, inspectors, and investigators to report powerplant
failures within their positive knowledge which affect safety but have not resulted in accidents.

Form 456 should be used for reporting failures involving the airplane structure.

I. LOCATION AND DATE OF FAXLURE oo oo o e e
(City) {State) (Date) (Hour)
OO 5 I S S
(Full name) {Address) (Certificate number and ratings)

0, AR AT T e e e e
(Manufacturer and medel) (Manufaecturer’s serial number) (Identification mark) {

IV. REGISTERED OWNER OF AIRCRAFT __ o e e e

(Name) ( Address)
Ve BN GIINE oo e ‘
{Manufacturer and model) {Serial numbers)
Vi. DID AN ACCIDENT O0CCUR? _________ WAS IT REPORTED ON ACCIDENT FORM 453 or 454% ________.
{Check which)

VII. FAILURE OCCURRED ON GROUND { ], IN TAKE-OFF [}, CLIME [}, CRUISING [ ], or LANDING [ l
VIIL. If IN TAKE-OFF OR IN FLIGHT, DID AN IMMEDIATE FORCED LANDING RESULT? ... . oo, |

{Check which)
IX. LANDING PLACE WAS: ESTABLISHED AIRPORT [, INTERMEDIATE FIELD [ ), UNDEVELOPED FIELD [},

X. DESCRIBE FAILURE IN DETAIL. (Include pertinent events before failure, altitude at time of failure, and when possible
use sketches or photographs marked to show location and origin of failure. If failure involves other than factory-

built parts, deseribe parts.)

e e e et A e e e e e e e e e et e e e (Sketch location of failure on part)

1. Manufaeturer of part . i
2, Name and manufacturer’s No. ... .
8. Service hours of part ..
4. Last overhaul or inspection
5. Who made inspection? ..o
XTI. PROBABLE CAUSE AND RECOMMENDATIONS TQ PREVENT A FUTURE FAILURE:

L
{Answer pertinent questions on buck) 16—11148

TV=5%



XTII, Iy FATLGREE IN ENGINE STRUCTURE, ANSWER FOLLOWING:

1. Date engine first used _ Total engine hours comeoeee

2. Date last overhaul _____.__________..._.. - . Hours since overhaal ...
3. Who made overhaul, and deseribe extent . s
4. Propeller used on engine Gasoline used

XTIV, IF FAILURE I IGNITION SYSTEM, ANSWER FOLLOWING:
1. Make and model of magnetos or distributors . ... ... et
2, Make and model of SPATK DIUES «oeo e et ee e i eicemmeememcaemmeemmemmmmmmmmmmeeroas
3. Was engine equipped with single or dual igmition? _
4. Date of last overhaul of each and condition of SYSLOIM oo
XV. IF FAILURE IN LURRICATION SYSTEM, ANSWER FOLLOWING:
1. Name and grade of oil _________.__
2, Date of overhaul and condition of system . s
XVI. Ir FAILURE 1N FUEL SYSTEM, ANSWER FOLLOWING:
1. Name and octane number of fuel
2. When and where was fuel purchased? s
3. Model of earburetOr e emaeen Jet sizes
4, Deseribe changes from fuel system supplied by manufacturer

5. Date and hours since entire system was inspected and drained of residue
6. Who made this inspection? ____. - .

7. Which tanks turned on at time of fai]ure‘? _________________________________________________________________________________________
8. Quantity of fuel in each tank turned on

9. Describe exact location and extent of any water, sediment, or stoppage found in system (includes tanks,
sumps, valves, lines, fitlings, strainers, carburetor DOW!) oo

XVIIi. IF FAILURE DUE TO ICE FORMATION IN CARBURETCOR AIR INTAKE SYSTEM, ANSWER FOLLOWING:
1. QOutside air temperature at the altitude and time ieing occurred? -
2. Describe any high humidity, rain or snow conditions (include dew point or relative humidity if possible)

XVIII. IF PROPELLER FAILURE, ANSWER FOLLOWING:
1. Manufacturer and name of propeller

2. Model of propeller ... - Blades oo
8. Serial number of propeller e Blades ...
4. Number of blades . Diameter ...
5. Date propeller was first used _________________________________ .,
6. Hours since last detailed inspection ... ... Pescribe inspection PR
7. Names, models, and hours of operation on other engines and airevaft . . . -
8, If propeller has had previous accident, give full particulars including description nf repair and by whom
made
9, Hours of operation in salt air . ________.___. Salt spray
30. If o tip failure, describe condition of under surface of blade near $p oo -
S e .
(Signatare) (Owner, “aperator, pilot, mechanic, inspector ot investizator)
(Address) ... -

Date of this report

186—11140 U. 5. GOVERHMENT PRINTING OFFISE
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