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INTRODUCTORY NOTE 
This manual contains material interpreting and explaining the maintenance, repair, and 

alteration requirements specified in the Civil Air Regulations, Part 18. 
It should be understood that any method or technique which can be shown to be the equiv­

alent of one set forth in this manual may be acceptable to the Administrator of Civil Aero­
nautics. Any procedure or method shown to be inapplicable to a particular case may be suita­
bly modified on request. In any event, the acceptance of any equivalent or the modification 
of any procedure will become effective as of the date of approval rather than the date of its in­
corporation in this manual. This manual will be revised from time to time as equally accepta­
ble methods or the need for additional explanations are brought to the attention of the Adminis­
trator of Civil Aeronautics. 

Each section of this manual is arranged and numbered to correspond with the section in 
the Civil Air Regulations, Part IS. pertaining to the same subject, and the pertinent section 
of the Civil Air Regulations is quoted ahead of the interpretative material. 

On the reverse side of this page will be found a form for convenience in maintaining a record 
of subsequent revisions. The appendixes to this manual contain general data and information 
This information should prove to be particularly helpful to the less experienced agencies. 
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MAINTENANCE, REPAIR, AND ALTERATION OF CERTIFICATED AIRCRAFT 
AND OF AIRCRAFT ENGINES, PROPELLERS, 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) 'Propefler' means a propeller approved by the Administrator. 
"(3) 'Instrument' means an instrument installed, for other than purely experimental pur­

poses, in a certificated aircraft. 
"(4) 'Manufacturer' means (1) the holder of the type certificate, or approval by the Ad-

ministrator, for an aircraft, aircraft engine, or propeller, or of the current rights, 
under a licensing arrangement, to the benefits of such type certificate or ap­
proval, or (2) the manufacturer of a part or accessory of a certificated aircraft, 
or (3) the manufacturer of an instrument which is installed in a certificated 
aircraft: Provided, That such manufacturer shall have in his employ a prop­
erly certificated mechanic in direct charge of maintenance, repair, or alteration 
operations." 

18.2 ROUTINE MAINTENANCE. "CAR 18.2 Routine maintenance. Routine maintenance is defined as simple or minor 
preservation operations including, but not limited to, the adjustment of rigging and clear­
ances, and the replacement of small standard parts not involving complex assembly oper­
ations." 

1. The following are examples of routine maintenance operations: 

18.20 SERVICING OF AIRCRAFT. 
Servicing on aircraft involving: 

(a) Rigging. 
(6) Adjustment of control surface and control system movements. 
(c) Adjustment of landing gear retracting mechanisms, brakes, de^-icing 

and electrical equipment, etc. 

18.21 SERVICING OF AIRCRAFT POWERPLANTS. 
Servicing and external adjustments on aircraft powerplants involving: 

(a) Spark plugs. 
(b) Cleaning ignition points, 
(c) Valve tappets. 
(d) Screens, etc. 
(e) Hose connections in fuel, oil, and cooling systems, with identical parts 

made from same material, etc. 

18.22 SERVICING OF PROPELLERS. 
Servicing and adjustments of propellers involving: 

(a) Smoothing out surface roughness of blades and polishing of propellers. 
(b) Tightening of loose connections, etc. 

18.23 REPLACEMENT OF SMALL PARTS. 
Replacement of such small standard parts as: 

(a) Bolts . 
(6) Nuts . 
(c) Pins. 
(d) Bushings, 

1 
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(e) Fair-leads. 
if) Pulleys. 
(g) Turnbuckle terminals. 
(A) Clamps. 
({) Hose connections in hydraulic systems, etc. 

(j) Batteries, tires, tubes, windshield material, and other similar parts. 

18.3 REPAIRS. "CAR 18.3 Repairs. A repair is any operation other than routine maintenance which is 
required to restore an aircraft, aircraft engine, propeller, or instrument to a condition for 
safe operation, including the mending or replacement of damaged or deteriorated parts." 

18.30 MINOR REPAIRS. "CAR 18.30 Minor repairs. Minor repairs are elementary repair operations executed in 
accordance with standard practices and not within the definition of major repairs." 

18.300 MINOR AIRCRAFT REPAIRS. 
Repair or replacement work of the following types are considered minor aircraft 

repairs: 

18.3000 NONSTRUCTURAL MEMBERS. 
Repairs to nonstructural members which may affect the airworthiness of an 

aircraft, such as: 
(a) Cowlings. 
(b) Turtlebacks. 
(c) W iug and control surface fairings. 
(d) Electrical installations. 
(e) Windshields. 

18.3001 TANKS. 
Patching and repairing of leaks in nonintegral fuel, oil, water ballast, hydraulic, 

and de-icer fluid tanks. 

18.3002 RIBS, LEADING AND TRAILING EDGES, TIP STRIPS. 
The repair of— 

(a) Not more than two adjacent wing or control surface ribs of a conven­
tional 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) The wind and control surface tip strips. 

18.3003 CONTROL CABLES. 
Replacement of control cables. 

18.3004 FABRIC COVERING. 
(a) Patching of fabric. 
(6) Replacement of the fabric covering of surfaces involving an area not greater 

than required to repair two adjacent 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 when ribs, stringers, bulkheads, and reinforcements 
are not directly affected. 

18.3006 REPLACEMENT OF COMPLETE COMPONENTS OR UNITS. 
Replacement of complete components or units such as listed below with parts 

supplied by the original manufacturer or manufactured in accordance 
with approved drawings. 
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(a) Wings, 1 

(b) Replaceable wing tips. 1 

(c) Control surfaces. 1 

(d) Wing or control surface bracing (struts or wires). 
(e) Sea wings. 
( / ) Floats. 
(g) Wheels. 
(A) Skis, 
(i) Landing gears. 
(j) Tail wheel assemblies. 
(k) Engine mounts (prefabricated and bolted on, not to be welded on). 
(I) Fuel and oil system accessories. 
(m) Power-plant cowling. 
(n) Intake or exhaust systems. 
(o) Fuel and oil tanks, 
(p) Power-plant controls. 
(q) Propeller controls. 
(r) Instruments and safety belts. 

18.301 AIRCRAFT ENGINE MINOR REPAIRS. 
1. Overhaul work of the following types are considered aircraft engine minor repairs: 

18.3010 TOP OVERHAULS. 
Top overhauls of engines of less than 200 horsepower involving the following: 

(a) Removal of cylinders. 
(b) Gringing valves and removing carbon. 
(c) Fitting new rings. 
(d) Adjustment of valve gear or replacement of parts in valve mechanism 

except the rotating parts in the crankcase. 

18.3011 COMPLETE OVERHAULS. 
Complete overhauls of engines of less than 200 horsepower involving only the 

adjustment, cleaning, fitting, and replacement of parts with identical parts 
produced by the original 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 repair practices and methods prescribed in this 
manual, or in accordance with "Administrator of Civil Aeronautics Approved" 
recommendations of the propeller manufacturers are considered minor 
propeller repairs. 

18.303 INSTRUMENT MINOR REPAIRS. 
1. Cleaning, adjustment, or replacement of parts in instruments such as are listed 

below are considered minor instrument repairs. 
(a) Air-speed indicators. 
(b) Altimeters. 
(c) Rate of climb indicators. 
(d) Compasses. 
(e) Turn and bank indicators. 
(J) Engine tacho-meters. 
(<7) Temperature and pressure gages. 
(A) Fuel flow meters. 
(i) Electrical and gyroscopic instruments. 

1 After completing replacements of wings, wing tips, and control surfaces, the airplane must be test-flown 
prior to returning it to service. 
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18.3030 REPLACEMENT OF REMOVABLE INSTRUMENTS. 
Replacement of removable instruments may be considered an aircraft minor 

repair in accordance with section 18.300. 

18.31 MAJOR REPAIRS. "CAR 18.31 Major repairs. Major repairs are complex repair operations of vital impor­
tance to the airworthiness of an aircraft, including but not limited to: 

"(a) Straightening, splicing, welding and similar operations when the strength of impor­
tant structural members might be appreciably affected thereby. 

"(6) Operations requiring complicated or unconventional techniques or equipment." 

18.310 AIRCRAFT MAJOR REPAIRS.2 

1. Repairs of structural components and elements of components such as outlined 
below usually found necessary as the result of an accident, or of unforeseen con­
ditions requiring repair or reinforcement are considered to be major aircraft 
repairs, unless classified as minor aircraft repairs in the preceding section 
(sec. 18.300). 

18.3100 RIBS AND LEADING EDGES. 
Repair of three or more wing or control surface ribs or the leading edge of wings 

and control surfaces between such ribs. 

18.3101 FUEL TANKS. 
Rebuilding including rebottoming of standard type or integral fuel tanks. 

18.3102 FABRIC COVERING. 
(a) Repair of fabric covering involving a greater area than required to repair 

two adjacent ribs. (See sec. 18.204.) 
(b) Replacement of fabric on fabric-covered components such as: wings, fuse­

lages, control surfaces, etc. 

18.3103 METAL OR PLYWOOD STRESSED COVERING. 
(a) The repair of damaged areas in metal or plywood stressed covering exceeding 

three inches in any direction. 
(b) The repair of portions of skin sheets by making additional seams. 
(c) Splicing of skin sheets. 

18.3104 STRUCTURAL REWORK INVOLVING REPAIR OF HIGHLY STRESSED 
MEMBERS. 

All repairs involving the replacing, strengthening, reinforcing, and splicing of 
highly stressed members such as; 

(a) Spars. 
(6) Spar flanges. 
(c) Members of truss-type beams. 
(d) Thin sheet webs of beams. 
(e) Keel and chine members of boat hulls or floats. 
if) Corrugated sheet compression members which act as flange material of 

wings or tail surfaces. 
(g) Wing main ribs and compression members. 
(k) Wing or tail surface brace struts. 
(i) Fuselage longerons; 
(j) Members of the side truss, horizontal truss, or bulkheads; 
(k) Main seat support braces and brackets; 
(I) Landing gear brace struts; 

1 See CAR 18.51 Provision for Approval of Major Repairs and Major Alterations. 
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(m) Axles; 
(n) Wheels; 
(o) Skis, and ski pedestals; and 
(p) Parts of the control system such as control columns, pedals, shafts, or 

horns. 

18.311 AIRCRAFT ENGINE MAJOR REPAIRS. 

1. Work of the following types is considered aircraft engine major repair: 

18.3110 OVERHAUL. 

Top and complete overhaul of engines of 200 horsepower or more. 

18.3111 SPECIAL REPAIRS. 

Repairs to engine parts by welding or any other means. (See C A M 18.6 for tech­
nique and practices.) 

18.312 PROPELLER MAJOR REPAIRS. 

1. Repairs of the following types are considered major propeller repairs: 

18.3120 REPAIRS TO WOOD OR METAL PROPELLERS, PROPELLER HUBS, AND 
PROPELLER GOVERNORS. 

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

18.3121 REPAIR OF STEEL BLADES. 

The repair or straightening of steel blades. 

18.3122 REPAIR OF STEEL HUBS. 

The repair or machining of steel hubs. 

18.3123 SHORTENING OF BLADES. 

The shortening of blades below the minimum diameter indicated in the Civil 
Aeronautics Administration Propeller Specifications so as to materially affect 
the performance of the propeller. 

18.313 INSTRUMENT MAJOR REPAIRS. 

1. N o attempt is made at present to differentiate between minor and major instrument 
repairs, and therefore all instrument repairs may be considered minor repairs. 

18.4 ALTERATIONS. 
"CAR 18.4 Alterations. An alteration is any appreciable change in the design of an aircraft, 

aircraft engine, propeller, or instrument." 

18.40 MINOR ALTERATIONS. 
"CAR 18.40 Minor alterations. A minor alteration i s ; 

"(a) An alteration having no appreciable effect on the weight, balance, structural strength, 
powerplant operation, flight characteristics, or other characteristics affecting 
the airworthiness of an aircraft; or 

"(b) An alteration for which specific plans and instructions have been approved by the 
Administrator and which can be executed by means of elementary operations." 

18.400 AIRCRAFT MINOR ALTERATIONS. 

1. Changes such as listed below are considered minor aircraft alterations. (See Appen­
dix II, Weighing Procedure and Check of Balance, for details of equipment clas­
sifications.) 
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s Copies of Aircraft Specifications may be obtained from Chief, Correspondence Section, Civil Aeronautics 
Administration, Washington. D. C. 

1 The cumulative weight changes of all such alterations since the last Civil Aeronautics Administration 
inspection should not exceed 1 percent of the certificated weight empty. 

s Proper reference to the pertinent retiuest 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 logbook 
for the benefit of the Inspector of the Civil Aeronautics Administration conducting the follow-up inspection. 

6 
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18.4000 CLASS III EQUIPMENT ON AIRCRAFT SPECIFICATION. 
The installation or removal of specific items of effective Class I I I equipment 

listed in the Aircraft Specification 3 when made in accordance with the manu­
facturer's instructions.^ 

18.4001 EQUIPMENT OF EQUAL OR LESS WEIGHT. 
The installation or removal of equipment of equal or less weight and in the same 

location and in the same manner as that listed as Class III equipment in the 
Aircraft Specification. 

18.4002 SIMPLE MODIFICATIONS. 
Changes of relatively minor nature, such as the addition of reinforcements or fit­

tings which are easily installed and the installation of which does not require 
appreciable rework of the aircraft structure and when made in compliance 
with "Airworthiness Maintenance Inspection Notes" which supplement the 
Aircraft Specifications 3 issued by the Civil Aeronautics Administration, or in 
accordance with 1'Administrator of Civil Aeronautics Approved" alteration 
instructions of the manufacturer of the aircraft. 5 

18.4003 CHANGES TO IMPROVE SERVICE LIFE. 
Changes on structural and nonstructural elements of a minor nature for the 

purpose of improving the service life or reducing maintenance costs, provided 
the cumulative weight changes of such alterations do not exceed 1 percent of 
the certificated weight emptv since the last Civil Aeronautics Administration 
inspection and the empty weight center of gravity location is not changed. 

18.401 AIRCRAFT ENGINE MINOR ALTERATIONS. 
1. The alteration or conversion of an aircraft engine by replacement or addition of 

parts, in compliance with " Airworthiness Maintenance Inspection Notes" 
listed on the engine specifications issued by the Civil Aeronautics Administra­
tion, or in accordance with "Administrator of Civil Aeronautics Approved" 
alteration instructions of the manufacturer of the aircraft engine, is considered 
a minor aircraft engine alteration. 

18.402 PROPELLER MINOR ALTERATIONS. 
1. Changes on propellers, hubs, or propeller governors made in compliance with 

"Airworthiness Maintenance Inspection Notes" which supplement the Pro­
peller Specifications issued by the Civil Aeronautics Administration, or in 
accordance with "Administrator of Civil Aeronautics Approved" alteration 
instructions of the propeller manufacturer, are considered minor propeller 
alterations. 

18.403 INSTRUMENT MINOR ALTERATIONS. 
1. Design changes made in accordance with the "Administrator of Civil Aeronautics 

Approved" recommendations of the manufacturer of the instruments are con­
sidered minor instrument alterations. 

18.41 MAJOR ALTERATIONS. 
"CAR 18.41 Major alterations. Major alterations are all alterations not within the defi­

nition of minor alterations." 
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1 8 . 4 1 0 A I R C R A F T M A J O R A L T E R A T I O N S . 

1. Changes of the following type when not listed as Class I I I equipment in the Aircraft 
Specifications are considered major aircraft alterations because they are likely 
to affect the airworthiness of an aircraft to a great degree. (See Appendix II , 
Weighing Procedure and Check of Balance, for details of equipment classifi­
cations.) 

1 8 . 4 1 0 0 I N S T A L L A T I O N O R R E M O V A L O F E Q U I P M E N T . 6 

The installation or removal of equipment of any type and in any location other 
than outlined in section C A M 18.400. 

1 8 . 4 1 0 1 D E S I G N C H A N G E S . 

Basic design changes on any component such as: 
(a) Wings. 
(&) Tail surfaces. 
(c) Fuselage. 
(d) Landing gear, etc. 
(e) Elements of components (spars, ribs, shock absorbers, bracing, cowlings, 

turtlebacks, fairings, balance weights, etc.) of an aircraft. 

1 8 . 4 1 0 2 C H A N G E S I N F U E L , O I L , C O O L I N G , H E A T I N G , D E - I C I N G , A N D E L E C T R I C A L 
S Y S T E M S . 

Changes over the original design in the fuel, oil, cooling, heating, de-icing, electri­
cal, and exhaust systems of an aircraft. This includes conversions of any 
sort for the purpose of using fuel of rating or grade other than that called for 
in original approval. 

1 8 . 4 1 0 3 I N S T A L L A T I O N O F D I F F E R E N T T Y P E E N G I N E , P R O P E L L E R , O R F E A T H E R ­
I N G S Y S T E M . 

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. 

1 8 . 4 1 1 A I R C R A F T E N G I N E M A J O R A L T E R A T I O N . 

1. Changes of the following type are considered major aircraft engine alterations: 

1 8 . 4 1 1 0 E N G I N E C O N V E R S I O N . 

Conversion of an aircraft engine from one approved type to another, involving 
any changes in compression ratio, propeller gear, or impeller gear ratios, 
which requires extensive rework and testing of the engine, though all the 
work may be accomplished by using factory parts and carried out in accord­
ance with the aircraft engine manufacturer's "Administrator of Civil Aero 
nautics Approved" alteration instructions. 

6 In case such work is carried out so that: 
(a) The cumulative weight change of all such alterations since the last Civil Aeronautics Administra­

tion inspection does not exceed 1 percent of the certificated weight empty. 
(/>) The cumulative effect upon the empty weight, center of gravity of ail such alterations since the 

last Civil Aeronautics Administration inspection does not exceed }i of 1 percent of the M. A. O, 
(c) The method of attachment to the structure is such as to distribute the weight uniformly over 

as large a portion of the structure as practical. 
(d) The installation is such as to have no adverse effect upon the original airworthiness. (For instance, 

equipment increasing the fire hazard or otherwise interfering with the safe operation of an 
aircraft should not be considered satisfactory for installation.) 

Such alterations are considered to fall under the special privilege provisions for certificated repair 
statiotis and manufacturers contained in CAR 18.51 without having to be executed in accordance 
with any other manual or further specification approved by the Administrator. 

8 0 4 2 4 0 O - 4 8 - 2 
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18.4111 MODIFICATION WITH UNAPPROVED PARTS. 
When aircraft engine structural parts are replaced with parts other than those 

supplied by the original manufacturer or specifically approved by the Civil 
Aeronautics Administration 7 for the purpose of obtaining approval of the 
new parts. 

18.412 PROPELLER MAJOR ALTERATIONS. 

1. Changes in blade design, hub, or propeller governor not authorized on the Propeller 
Specifications issued by the Civil Aeronautics Administration R are considered 
major propeller alterations. 

18.413 INSTRUMENT MAJOR ALTERATIONS. 

1. Changes in design not made in accordance with the "Administrator of Civil Aero­
nautics Approved" recommendations of the instrument manufacturer are con­
sidered major instrument alterations. 

18.5 "RULES AND PROCEDURES FOR MAINTENANCE, REPAIRS, AND ALTERA­
TIONS." 

18.50 AGENCIES AUTHORIZED TO PERFORM MAINTENANCE, REPAIR, AND 
ALTERATION OPERATIONS. 

"CAR 18.50 Agencies authorized to perform maintenance, repair, and alteration 
operations. Maintenance, R E P A I R , and alteration operations shall be performed only by: 
(1) A certificated mechanic having the P R O P E R rating or a person working under the direct 
supervision of S U C H mechanic; or (2) a certificated repair station having the proper rating; 
or (3) the manufacturer of the aircraft or part of the AIRCRAFT to be repaired: Provided, 
That ALL instrument repairs and alterations and propeller major repairs and M A J O R altera­
tions shall be performed only by a certificated repair station having the P R O P E R rating or 
by the instrument or P T O P E L I E R manufacturer." 

18.500 REPAIR AGENCIES. 

Agencies which repair or alter an aircraft, aircraft engine, propeller, or appliance 
in accordance with the classifications set forth in sections 18.3 and 18.4 
of this manual are classified as: 

(a) Certificated repair stations. 
(6) Manufacturers. 
(c) Certificated mechanics. 

18.5000 CERTIFICATED REPAIR STATION. 

A certificated repair station means a repair station certificated in accordance with 
the provisions of the Civil Air Regulations (CAR 5 2 ) . 

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 aircraft, aircraft engine, 
or propeller, or of the current rights, under a licensing arrangement, to the 
benefits of such type certificate or approval; or (2) the manufacturer of a 
part or accessory of a certificated aircraft; or (3) the manufacturer of an 
instrument which is installed in a certificated aircraft: Provided, That such 
manufacturer shall have in his employ a properly certificated mechan ic 9 in 
direct charge of maintenance, repair, or alteration operations. 

' Changes as above require extensive proof tests as specified in Part 13 of the Civil Air Regulations and 
CAM 13. Also see section 18.672 of this manual. 

8 Changes such as outlined above usually involve proof testing of the propeller or governor in accordance 
with CAR 14. 

' See CAR 24.23 Factory mechanic rating. 
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18.5002 CERTIFICATED MECHANIC. 
A certificated mechanic means a mechanic certificated in accordance with the 

provisions of the Civil Air Regulations (CAR 24). 

18.501 AGENCIES AUTHORIZED TO PERFORM MAINTENANCE, MINOR REPAIRS, 
AND MINOR ALTERATIONS. 

18.5010 AIRCRAFT MAINTENANCE, MINOR REPAIRS, AND MINOR ALTERATIONS. 
Maintenance, minor repairs, or minor alterations of a certificated aircraft must 

be made by one of the following: 
(a) A certificated repair station holding the appropriate rating. 
(6) The manufacturer of the aircraft. 
(c) A certificated mechanic holding an aircraft mechanic rating. 
(d) A person under the direct supervision of a certificated mechanic holding 

an aircraft mechanic rating. 

18.5011 AIRCRAFT ENGINE MAINTENANCE, MINOR REPAIRS, AND MINOR ALTER­
ATIONS. 

Maintenance, minor repairs, or minor alterations of a certificated aircraft engine 
must be made by one of the following: 

(a) A certificated repair station holding the appropriate 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 certificated mechanic holding 

an aircraft engine mechanic rating. 

18.5012 AIRCRAFT PROPELLER MAINTENANCE, MINOR REPAIRS, AND MINOR 
ALTERATIONS. 

Maintenance, minor repairs, or minor alterations of a certificated propeller must 
be made by one of the following: 

(a) A certificated repair station holding the appropriate rating, 
(b) The manufacturer of the propeller. 
(e) A certificated mechanic hold ing an aircraft engine mechanic ra t ing. 
(d) A person under the direct supervision of a certificated mechanic holding 

an aircraft engine mechanic rating. 

18.5013 AIRCRAFT INSTRUMENT MAINTENANCE, MINOR REPAIRS,1 0 AND MINOR 
ALTERATIONS. 

Maintenance, minor repairs, or minor alterations of an instrument must be made 
by one of the following: 

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

18.502 AGENCIES AUTHORIZED TO PERFORM MAJOR REPAIRS AND MAJOR 
ALTERATIONS. 

18.5020 AIRCRAFT MAJOR REPAIRS AND MAJOR ALTERATIONS. 
Major repairs or major alterations of a certificated aircraft must be made by one 

of the following: 
(a) A certificated repair station holding the appropriate rating. 
(b) The manufacturer of the aircraft. 
(c) A certificated mechanic holding an aircraft mechanic rating. 
(d) A person under the direct supervision of a certificated mechanic holding 

an aircraft mechanic rating. 

111 Replacement of removable instruments may be considered an aircraft minor repair (see sec. 18.3006) and 
may be made or supervised by a certificated mechanic. 
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18.5021 AIRCRAFT ENGINE MAJOR REPAIRS AND MAJOR ALTERATIONS. 

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

(a) A certificated repair station holding the appropriate 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 certificated mechanic holding 

an aircraft engine mechanic rating. 

18.5022 AIRCRAFT PROPELLER MAJOR REPAIRS 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 appropriate rating. 
(b) The manufacturer of the propeller. 

18.5023 AIRCRAFT INSTRUMENT MAJOR REPAIRS AND MAJOR ALTERATIONS. 

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

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

18.51 APPROVAL OF MAJOR REPAIRS AND MAJOR ALTERATIONS AND SPECIAL 
PRIVILEGE PROVISIONS FOR CERTIFICATED REPAIR STATIONS 
AND MANUFACTURERS. 

"CAR 18.51 Provision for approval of major repairs and major alterations. No 
aircraft, aircraft engine, or propeller which has undergone any major 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 Administrator 2 

and performed by a certificated repair station of the proper rating or by the manufacturer." 
' "Such manual or specification may, for example, be issued by the manufacturer, a certificated repair ptalion, or by 

(he Administrator. All such manusls or specifications Issued by parties other than the Administrator must be approved 
by him." 

18.52 FLIGHT TESTS. 
"CAR 18.52 Flight tests. When an aircraft 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 a major repair or major alteration, such aircraft shall, prior to 
carrying passengers, be test flown by a pilot having at least 200 solo hours and holding 
at least a private pilot certificate and appropriate rating for the aircraft to he test flown." 

18.53 "RECORDING OF REPAIRS AND ALTERATIONS." 

18.530 MINOR REPAIR AND MINOR ALTERATION LOGBOOK ENTRIES. 
"CAR 18.530 Minor repair and minor alteration logbook entries. An adequate descrip­

tion of every minor repair or minor alteration of an aircraft, aircraft engine, or propeller 
shall be entered in the appropriate logbook over the signature and certificate number of 
the mechanic directly in charge of or performing such repair or alteration; and in case a 
manufacturer or a certificated repair station makes said repair or alteration, the appro­
priate logbook shall also be signed hy an authorized official of such agency. The instal­
lation of an instrument in an aircraft shall be recorded in the aircraft logbook by the agency 
making the installation." 

18.5300 SCOPE OF ENTRIES. 

In case the work was performed in compliance with a request of the Civil Aero­
nautics Administration or in accordance with recommendations of the manu­
facturer of the unit repaired, or if replacement of a component purchased 
from the original manufacturer was involved, the entry should so state. 
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MAJOR REPAIR AND MAJOR ALTERATION RECORDS. 
"CAB 18.531 Major repair and major alteration records, A repair agency performing a 

major repair or major alteration on an aircraft, aircraft engine, or propeller shall execute 
such Repair and Alteration Forms as may be prescribed and furnished by the Adminis­
trator and shall deliver a duplicate copy of any such Form to the owner of the aircraft and 
make proper entries on the appropriate page of the Aircraft Operation Record." 

18.5310 NUMBER OF FORMS REQUIRED. 
The Repair and Alteration Form 1 1 should be submitted in duplicate unless the 

inspector of the Civil Aeronautics Administration requests additional copies. 
One copy of these forms should be kept by the owner of the aircraft, and the 
original should be given to the inspector. In cases where an air carrier is 
operating under the provisions of AO-23, the inspector will determine that 
the proper entries are made in the pertinent weight record and that the 
effects of the weight changes have been accounted for. In all other cases 
the inspector will ascertain that the proper loading schedule notations, 
overlays, or revised schedules have been prepared and submitted, if 
applicable. 

18.5311 SCOPE OF DATA. 
The Repair and Alteration Form should incorporate such technical data as are 

necessary to substantiate the airworthiness of the repair or alteration, either 
by reference to the figures and tables of this manual or by incorporating in 
the Form pertinent stress analyses, weight and balance computations, test 
reports, drawings, well-dimensioned detail sketches or photographs. When 
these data are extensive, they should be appended to the original copy of 
such form, which is given to the inspector of the Civil Aeronautics Administra­
tion and referred to in both copies of the Form. 

18.5312 AIR CARRIER FLEET REPAIRS AND ALTERATIONS. 

In the case of simultaneous repairs or alterations, being completed on several air­
craft of an air carrier, only one complete file need be submitted. The Repair 
and Alteration Form should contain the identification marks and serial 
numbers of all aircraft affected. If additional aircraft of the same fleet are 
subsequently similarly repaired or altered, the Repair and Alteration Forms 
for these aircraft need merely refer to the previously submitted file by identifi­
cation mark, serial number, and date. The inspector will also determine 
that the operator has a reliable method of recording cumulative weight 
changes. 

18.5313 USE OF PHOTOGRAPHS. 

Photographs, accompanied by detail descriptions of the work performed and the 
materials used and identified on these photographs, may be substituted for 
the usual sketches required on the Repair and Alteration Form. In this 
manner it is possible to record the original or damaged structure before any 
work on the structure is attempted and then record the various steps of the 
repair and alteration as the work progresses to final completion. 

18.5314 PROOF OF STRENGTH. 

(a) Comparison with original parts. The original parts removed from an aircraft 
in making a major repair or alteration should be retained by the repair 
agency until the inspector has completed his examination of the work for 
conformity or, in the case of a repair, satisfies himself that the repaired 
structure is airworthy. 

1 1 See appendix IV-1 . 

18.531 
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(6) Comparison with manufacturer''s drawing. The inspector of the Civil Aeronau­
tics Administration may at his discretion require that he be furnished 
drawings from the original manufacturer of the part or parts in question. 
T o obtain the necessary drawings, the repair agency should inform the 
manufacturer of the serial number of the airplane and the extent of the 
damage. Upon completion of the work, the drawings and executed 
Repair and Alteration Form, together with a copy of the manufacturer's 
letter of transmittal, should be presented to the inspector to aid him in 
his inspection. In the letter of transmittal the manufacturer should list 
the drawings and specify the serial number of the airplane for which they 
were issued. When it can be shown that factory drawings are not ob­
tainable, as in the case when the manufacturer is out of business and has 
no active successor, the repair agency may obtain photostats of such 
drawings from a Washington blueprinting firm at regular rates, through 
the Chief, Aircraft Airworthiness Section of the Civil Aeronautics Ad­
ministration, Washington, D . C. 

18.5315 PROOF OF MATERIAL CONFORMITY. 
(a) Approved material statement. A statement by the repair agency to the effect 

that the parts or materials used in the work have been purchased in 
accordance with approved specifications from the original manufacturer 
or a reputable aircraft supply firm will be required. Equally acceptable 
are invoices issued by the original manufacturer or his authorized agent. 

(b) Proof by sample or test. The inspector of the Civil Aeronautics Administra­
tion, at his discretion, may require that he be furnished with samples 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 Rockwell or Brinell hardness readings, the results of 
material specification tests of the original and replacement samples 
should be supplied. 

18.5316 PROCEDURES AND GUIDING COMMENTS COVERING TYPICAL ALTERA­
TIONS. 

Detail procedures to be followed covering typical major alterations, such as the 
following cases (a), (6), and (c), will be found in CAM 04.0611 
through 04.06131. 

(a) The installation of an engine of a type other than that covered by a type (or 
approved type) certificate. 

(b) The installation of a tail wheel and tire in a previously approved tail skid 
installation. 

(c) The conversion of an approved type landplane or seaplane to approved ski-
plane status. 

(d) Increase in gross weight. An increase in the gross weight will naturally 
require that the structure be able to withstand greater loads in 
flying and landing. There is usually involved, therefore, a s tudy 
of the original design data and the preparation of a partial strength 
analysis, preferably by the manufacturer of the airplane. Likewise, 
the flying characteristics will be affected, so flight tests are usually 
required. Increases in Weight are often accompanied by changes 
in weight distribution, the effects of which are covered in i tem (e). 
Increases in gross weight for specific industrial purposes, such as 
crop dusting, may be permitted, but the aircraft will be restricted 
to that type of operation-and will be given an N R identification 
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mark. Contact an inspector of the Civil Aeronautics Administra­
tion when an aircraft is to be used in restricted operations, 

(e) Change in weight distribution. Any change in the location of items hav­
ing considerable weight or the addition of new items (equipment, 
etc.) may have serious effects on the flight behavior of an airplane. 
When any changes in weight distribution are made, it is the repair 
agency's responsibility to determine, by computation or reweighing, 
whether or not the approved limits, which appear on the airplane 
specification in the case of later models, will be exceeded. If they 
are, approval cannot be granted unless it can be proved by a flight 
test that all flight requirements are complied with. 

It is of the greatest importance to realize that flight characteristics not 
only become worse gradually with rearward displacement of the 
center of gravity, but that a condition sometimes exists or will 
finally be reached where a small change will have very large effects. 
For this reason great care should be taken not to increase the 
weight of the airplane to the rear of the wing beyond that which 
was originally approved. Decreasing the weight carried forward 
of the wing, such as using a lighter propeller, will have a similar 
effect. Increasing the weight forward of the wing will tend to 
disturb the balancing in flight and might make the landing condi­
tions dangerous. Naturally, the effects of weight changes will be 
greater nearer the nose and the tail. Reasonably small changes 
within the portion covered by the wing are not usually serious 
from a balancing or stability standpoint. For details regarding 
weight and balance procedure, see appendix II of this manual. 

(J) Installation of new items. In addition to the effects on weight and weight 
distribution discussed in items (d) and (e), there is a danger that a 
piece of new equipment, if improperly installed, will cause local 
loads which might seriously damage the airplane structure. I t 
should be remembered that in flight maneuvers and in landing it is 
possible to develop inertia forces 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 de­
signed for this load, it will probably fail or bend. The greatest 
danger arises when such a partial failure occurs in landing, without 
being noticed, as the structure might then fail completely during 
some subsequent flight. 

(g) Powerplant changes. The powerplant installation on a certificated 
aircraft has been thoroughly checked in accordance with rules 
based on a study of accident arid service records covering several 
years of operation of all types of aircraft. These records show 
that many accidents are due to improper installation in small details 
concerning the fuel or oil system, cowling, manifolding, and items 
of a like nature. I t is, therefore, unwise to make any changes 
without careful consideration. 

When changes appear to be necessary in the powerplant installation, 
the manufacturer of the aircraft had best be consulted. If the 
manufacturer has no data concerning such a change, an inspector 
of the Civil Aeronautics Administration should be consulted to 
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determine if the airworthiness of the airplane will be adversely 
affected by making the change. 

With reference to propeller changes, the placard accompanying the cer­
tificate states the type of propeller which it is safe to use. A larger 
diameter propeller should not be used without investigation, be­
cause it may result in unsatisfactory ground clearance with result­
ant excessive wear on the tips. Furthermore, a change to a propeller 
of appreciably different diameter, either larger or smaller, or differ­
ent pitch, might in some cases result in unsafe performance. 

(A) Control surface changes. Any change in the size of control surfaces 
affects the loading conditions for the airplane structure and there­
fore requires additional strength analyses, static tests, or both. 
Flight tests are usually required also. The owner is particularly 
warned against making minor changes on control surfaces, since 
the original design often just meets certain requirements for flutter 
prevention. X o balancing weights should be removed or added 
without consulting the manufacturer and finally obtaining the 
inspector's approval. In particular, it is essential that nothing 
be done to alter the contour of the nose section ahead of the hinge 
line or to increase the weight of movable surfaces to the rear of the 
hinge line. Balancing and trimming tabs have very powerful 
effects and should not be altered or allowed to become loose. All 
tluse precautions against flutter become increasingly important as the 
speed of the airplane is increased. On high-speed airplanes any 
change of the control surfaces or system may result in flutter or 
dangerous vibration. 

(i) Fairing and cowling modifications. Although changes in fairing can 
usually be made without impairing the airworthiness of the aircraft, 
it has been found that certain airplanes are very sensitive to slight 
changes in body lines, windshield designs, and filleting. Obviously, 
any change in engine cowling affects the cooling and thereby intro­
duces possibilities of malfunctioning or failure of the engine. 

Low wing airplanes are usually supplied with wing-fuselage fillets 
which prevent tail buffeting. Any alteration of such fillets may 
be dangerous. The manufacturer should best be consulted regarding 
such changes. 

(j) Appliance installations. The aircraft and appliance manufacturer's 
instructions for installation of equipment should be closely followed. 
In particular, the recoil from flares should be provided for and, in 
the case of position lights, where certain angular limits are required, 
the light manufacturer's mounting instructions should be followed. 

(i") Batteries. Batteries should be installed in accordance with the instruc­
tions contained in Civil Air Regulations 04.5821. It should be noted 
that dry batteries are not considered satisfactory for the operation 
of position fights. 

18.5317 DISPOSITION OF DATA. 
The repair agency should request an inspector of the Civil Aeronautics Adminis­

tration to examine the work, the technical data, and the executed forms. 
In order to enable the inspector to examine the work, it will generally be 
necessary to contact him while the work is in progress or arrange to have 
sufficient inspection 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 unless the inspector's 
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permission is obtained. Careful consideration of the following check lists 
will eliminate many questions and the attendant delays. 
(a) Repairs. 

1. Are the new parts made of the same material as the replaced 
parts? Is a stronger material used? Does the Repair and 
Alteration Form clearly state these facts? 

2. Are the new parts exact duplicates of the originals (as regards 
dimensions, fillets, welds, etc.)? Does the Repair and Altera­
tion Form so state? If there are deviations, are they all 
listed and are all necessary new dimensions given? 

3. Does the Repair and Alteration Form state whether or not the 
original part was heat-treated? Does the Repair and Altera­
tion Form state whether or not the new (re-repaired) part is 
similarly heat-treated (or reheat-treated)? 

4. Is there any weight change? Does the Repair and Alteration 
Form state definitely one way or the other? 

The above-mentioned items can usually be answered quickly by the 
man doing the work on the airplane, but their omission is very 
common. 

(b) Alterations. 
1. How much does the article installed (or removed) weigh? 
2. What is the location of the removed or installed item? This 

should be given in inches from a datum. 
3. Has the balance of the airplane been substantiated for the altera­

tion? 
4. How is the new item attached? Is the attachment shown in the 

sketches? 
5. Is the new item adequately described; i. e., are the manufacturer 

and model noted? 
6. If the new item is a structural alteration or involves attachment 

by means of additional structure, are all necessary dimensions 
and other engineering information given? Has the strength 
of the structure been adequately substantiated or shown to be 
obviously satisfactory? 

18.5318 AIRCRAFT OPERATION RECORD ENTRIES. 
A repair agency engaged in the major repair or major alteration of an aircraft, 

aircraft engine, or propeller should also make an entry descriptive of the 
work done on the appropriate page of the Aircraft Operation Record. (See 
appendix I V - 2 for sample entry and CAR 18.532 for air-carrier aircraft 
recording). It is urged that in all questionable repair or alteration cases, 
which might involve new repair methods, flight characteristics, or complicated 
questions of weight and balance, the executed forms, together with all data, 
be submitted to the branch offices of the Aircraft Airworthiness Section of the 
Civil Aeronautics Administration for approval of the questionable points 
prior to final completion of the work. 

18.5319 SPECIAL RECORDING FOR CERTIFICATED REPAIR STATIONS AND MANU­
FACTURERS. 

In order to maintain the records of all work done on aircraft under the special-
privilege provision contained in CAR IS.51, certificated repair stations (other 
than those working on certificated air-carrier aircraft) and manufacturers 
should adhere to the following procedure: 
(a) Supply the owner of the repaired or altered aircraft with a copy of the 

Civil Aeronautics Administration's Repair and Alteration Form and 
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append to it all details such as drawings, balance investigations, or 
weight records, as the case may be. 

(6) Make the necessary revisions to the pertinent page of the Aircraft Opera­
tions Record. (See appendix IV for sample entry.) 

18.532 PROVISION FOR AIR-CARRIER RECORDS. 
"CAR 18.532 Provision for air-carrier records. Logbook and Aircraft Operation Record 

entries required in this part may be replaced, in the case of repairs or alterations to sched­
uled air-carrier aircraft, by a suitable system of recording repairs, alterations, and signa­
tures of responsible personnel." 

18.5320 REPAIR BASE RECORDS. 
The special procedures outlined in section CAM 18.5318 need not be followed by 

repair stations or certificated air carriers repairing or altering air-carrier air­
craft. The repair base records, including the weight-control records main­
tained by these agencies, are interpreted to serve the identical purpose. 

18.6 DESIGN, TECHNIQUES, AND MATERIALS. 
"CAR 18.6 Design, techniques, and materials. Repairs shall be so executed, and ma­

terials of such strength and quality shall be used that the condition of the repaired air­
craft, aircraft engine, propeller, or instrument shall be at least equivalent to its original or 
a properly altered condition in regard to aerodynamic and mechanical function, structural 
strength, and resistance to vibration and deterioration, and all other qualities affecting 
airworthiness. Alterations shall be so designed and executed that the altered aircraft, 
aircraft engine, propeller, or instrument will comply with the airworthiness requirements 
in effect when the particular model of the aircraft or part of the aircraft was originally 
certificated and, in addition, with particular provisions of the current airworthiness re­
quirements rendered necessary for safe operation by the alteration." 
A. Mate rials. All mat erials must be of at least the same quality, physical prop-

erties, and heat treatment as were used in the original construction of 
the unit being repaired or altered. Materials conforming to the 
specifications of the U. S. Army or N a v y and SAE are considered 
satisfactory. When specifying the physical properties of materials, 
it is important that minimum specification values be used rather than 
"typical or average" values. 

B. Workmanship. Workmanship should be of sufficiently high grade to insure 
the proper continued functioning of the repaired or altered unit. 
Tolerances should be closely checked in order that the original struc­
ture is accurately reproduced. Metal sheet and tubing gages usually 
conform to well-established specifications. Tolerances on machined 
parts are based on general practice and vary from about plus or minus 
0 .010 inch to values necessary to secure interchangeability of mating 
parts. Tolerances on sheared and nibbled parts are usually plus or 
minus 1 '32 of an inch. Minus tolerances with sectional dimensions 
of wood structural members such as spars should not exceed 1/32 
inch in the fully seasoned condition unless justified by structural 
analysis. Plus tolerances are limited by assembly considerations. 

C. Technique. Technique and practices governing repair and alteration. Tech­
nique and practices should be in accordance with repair practice out­
lined in this section and should not embody features which experience 
has shown to be unreliable or otherwise unsatisfactory. 

18.60 STRUCTURES EMBODYING WOOD, FITTINGS, WIRES, CABLES, AND 
FABRIC. 

18.600 GLUES AND GLUING. 
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18.6000 GRADES AND TYPES OF GLUE. 
High-grade casein and approved synthetic resin g l u e s 1 2 are satisfactory for 

making glue joints in aircraft elements. Casein glue is almost invariably 
used and for the time being is preferable to all other glues for general aircraft 
repair work. The glue manufacturer's directions should always be followed 
in the mixing and preparation of the adhesives. 

18.6001 CONDITION OF SURFACES TO BE GLUED. 
Wood surfaces that are to be glued should be smooth and true. Machine marks, 

chopped or loosened grain, and other surface irregularities are objectionable. 
Joints of approximately equal strength may be made between two planed or 
smoothly sawed surfaces that are equally true. In view of the usual poor 
joint obtained by making scarfs for a spar splice with a saw and plane, a 
joiner cut should always be used. 

Roughening of wood surfaces by tooth planing, scratching, or sanding with coarse 
sandpaper is often practiced in the belief 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 a distinct disadvantage. The wood must 
also be clean and free from varnish, shellac, lacquer, enamel, dope, or paint. 

18.6002 PROPER GLUING CONDITIONS. 
A strong joint in the wood is characterized by complete contact of glue and wood 

surfaces over the entire joint area and a continuous film of good glue between 
the wood layers that is unbroken by air bubbles or by foreign particles. 
Making strong glued joints with glue applied in regular condition depends 
primarily upon a proper correlation between gluing pressure and glue con­
sistency at the moment a pressure is applied. The consistency of the glue 
mixture after being spread on the wood is extremely variable, depending 
upon such factors as the kind of glue, moisture content of the wood, tempera­
ture of the glue room, and the extent to which the glue-coated surfaces are 
exposed to the air. Good joints may be made by coating either one or both 
contact faces of the parts to be joined. However, under adverse conditions 
of gluing, as when the glue becomes very thick before pressing, double spread­
ing is known to be more reliable. For casein glue on Sitka spruce, the assem­
bly time (before clamping) should be 1 to 20 minutes when the pieces are 
laid together immediately after applying the glue or 1 to 8 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. 

18.6003 GLUING PRESSURE. 
The functions 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 sur­
faces into intimate contact with the glue, and to hold them in this position 
during the setting of the glue. 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 intermediate consistencies. This is 
accomplished by means of clamps, presses, or other mechanical devices. 
For softwoods, such as spruce, a pressure of 125 to 150 pounds per square 
inch should be used with a relatively thick glue represented by average casein 
glue. In gluing hardwoods a pressure of 150 to 200 pounds per square inch 
should be applied. 

1 2 For approved resinous glues see Civil Aeronautics Administration Product and Process Specification, 
P & P, 8-1, Glue, Synthetic Resin. 
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18.6004 PRESSING TIME AND MEANS FOR APPLYING PRESSURE. 
The pressing time F O R casein and animal glue joints should, in general, be 7 hours 

or more. Glue joints increase in strength mainly as a result of drying. 
Hence, where it is convenient to do S O , it 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 joints T O reach a higher 
proportion O F 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 gussets in place after spreading the glue. Since small 
nails must be used to avoid splitting, the gussets must be comparatively 
large in area T O compensate for the relative lack of pressure. Nail spacing 
should be at least four per square inch and should in no event be less than 
one nail per lineal inch. Small brass screws may also be used advantage­
ously where the particular parts to be glued are relatively small and do not 
allow application O F pressure by means of clamps. Spar splices should always 
be clamped by means of cabinetmaker's parallel clamps or similar types. 
Handspring clamps should be used in conjunction with softwood only. D u e 
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. 

18.601 WING AND CONTROL SURFACES. 
18.6010 GENERAL FLUTTER PRECAUTIONS. 

When repairing control surfaces, especially on high performance 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 
and static balance of the surface to a degree which would induce flutter. 
As a general rule it will be required to repair control surfaces in such a 
manner that the structure is identical to the original so that the weight 
distribution is not affected in any way. 

18.6011 SPLICING OF SPARS. 
The spars may be spliced at any point except under the wing fittings, which 

should not overlap any part of the splicing. N o t more than two splices 
(excluding any splices the manufacturer may have incorporated in the orig­
inal fabrication of the aircraft) will be considered satisfactory. Scarf joints 
should have minimum slopes of 10 to 1 for softwood and 15 to 1 for hard­
wood and plywood elements. Acceptable methods of splicing the various 
types of spars are shown in figures 1 through 6. An acceptable method of 
splicing box spar webs is shown in figure 8. 

18.6012 ELONGATED HOLES. 
In cases O F elongated bolt holes in a spar or cracks in the vicinity of bolt holes, 

a new section O F spar should be spliced in or the spar replaced entirely, unless 
the method of repair is specifically approved by an inspector of the Civil 
Aeronautics Administration. In many cases i t has been found advantage­
ous to laminate the new section of the spar (using aircraft plywood for the 
outer faces), particularly if the spar roots are being replaced. 

18.6013 LONGITUDINAL CRACKS AND LOCAL DAMAGE. 
Cracked spars (except box spars) may be repaired by gluing plates of spruce or 

plywood of sufficient thickness to develop the longitudinal shear strength 
of the spar to both sides O F it. Such plates should extend well beyond the 
termination of the cracks. A total thickness OF the spar web or total thick­
ness O F the plywood equal to one-fourth the spar web thickness should be used 
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as shown in figure 7. A method of repairing small local damage to either 
the top or bottom side of a spar is also shown in this figure. 

18.6014 REPLACING SOLID TYPE SPARS WITH LAMINATED TYPE. 
Solid spruce spars may be replaced with laminated ones 1 3 or vice versa, provided 

the material is of the same high quality. External plywood reinforcements 
should always be replaced with plywood as in the original structure. 

18.6015 WING AND CONTROL SURFACE RIBS. 
Complete ribs should preferably be made from a manufacturer's approved draw­

ing or fiom a drawing made by the repair agency and certified by the manu­
facturer as correct, except that the original rib m a y be used as a pattern 
in making the new rib if it is not too seriously damaged to permit comparison. 
Wood ribs should preferably not be attached to wood spars by nails driven 
through the rib cap strips, as this weakens the rib materially. The attach­
ment 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 retained by the repair agency for use by the 
inspector of the Civil Aeronautics Administration in making his inspection. 

18.6016 REPAIRS OF WOOD STRUCTURES AT A JOINT, BETWEEN JOINTS, AT 
TRAILING EDGES, OR AT SPARS. 

Acceptable methods of repairing damaged ribs are shown in figures 9 and 10. 

18.6017 COMPRESSION RIBS. 
Acceptable methods of repairing damaged compression ribs are shown in figure 11. 
Figure 11 (A) illustrates the repair of a compression rib of the " 1 " section type, 

i. e., wide, shallow cap strips, a center plywood web, with a rectangular com­
pression member on each side of the web. The rib is assumed to be cracked 
through cap strips, web member, and compression member. Cut the com­
pression member as shown in figure 11 (D) , remove, and replace the shortest 
section, adding the reinforcing blocks as also shown in figure 11 (D) . Cut 
and replace the aft portion of the cap strips, reinforcing as shown in figure 9, 
except that the reinforcing blocks are split in the vertical direction to straddle 
the center web. The plywood side plates, as indicated in figure 11 (A), are 
glued on. These plates are added to reinforce the damaged web. 

Figure 11 (B) illustrates a compression rib of the type that is basically a standard 
rib with rectangular compression members added to one side and a plywood 
web to the other side. The method used in this repair is essentially the same 
as in figure 11 (A) except that the plywood reinforcing plate shown solid 
black in section B - B of figure 11 is continued the full distance between spars. 

Figure 11 (C) illustrates a compression rib of the " I " type with a rectangular 
vertical 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. 

18.6018 TRAILING AND LEADING EDGES AND TIP STRIPS. 
Repairs to wing and control surface trailing and leading edges and tip strips 

should be made by properly executed and reinforced splices. Acceptable 
methods of trailing edge repairs are shown'in figure 12. 

18.602 STRESSED SKIN PLYWOOD COVERING. 

1 3 Special methods of fabricating laminated spars may be found in Aircraft Airworthiness Section Rept. 
No. 15. copy of which may be obtained from Chief, Correspondence Section, Civil Aeronautics Administration, 
Washington, D. C. 
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18.6020 GENERAL CONSIDERATIONS. 

Extensive repairs to damaged stressed skin on monocoque types of plywood 
v structures should best be made at the factory of origin or by a certificated 

repair station certificated for this type of work. In 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 recommendations from the manufacturer. 

18.6021 EXTENSIVE DAMAGE. 

If the damage is very extensive, repairs should be made by replacing the entire 
panel from one structural member to the next. Where holes are large, the 
seam should be made to lie along a bulkhead or along a structural member. 
Small brass wood screws have been found to be best suited for accomplishing 
a satisfactory glue joint in plywood splices. However, cement-coated, 
barbed or spiraled nails are considered satisfactory. 

18.6022 SMALL HOLES. 

Small holes not exceeding 3 inches in diameter may be repaired by gluing a ply­
wood patch over the hole. 

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 lionoil. Surfaces which are likely to come in contact with fabric 
during the doping process should be treated with a dopeproof paint, cello­
phane tape, etc.. to protect them against the action of the solvents in the dope. 
Zinc chromate primer may also be used as a dopeproof coating. 

18.604 FITTINGS. 

18.6040 INSPECTION FOR DEFECTS. 

Fittings should be free from scratches, scribe, 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 should best be magnafluxed, 
etched, and cadmium or zinc plated. A careful examination of the fitting 
with a medium power (at least 10 power) magnifying glass will be considered 
an acceptable inspection for the time being. 

18.6041 TORN, KINKED OR CRACKED FITTINGS. 
T o m , kinked, or cracked fittings should be replaced and not repaired. 

18.6042 ELONGATED OR WORN BOLT HOLES. 
Elongated holes in fittings which were designed without bushings should not be 

reamed oversize but such fittings should be replaced unless the method of 
repair is approved by a representative of the Civil Aeronautics Administra­
tion. Holes should not be filled with welding rod. Acceptable methods of 
repairing elongated or worn bolt holes in landing gear, stabilizer, interplane 
or cabane strut ends only, not originally equipped with pin plates, are shown 
in figure 13 . (See also fig. 22 on longeron repair at a fitting.) 

18.605 WIRE BRACING AND CONTROL CABLES. 

18.6050 INJURED, DISTORTED OR WORN CABLES. 
Wires and control cables should be replaced if injured, distorted, worn or corroded 

even though the strands are not broken. 
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18.6051 SUBSTITUTION OF CABLE. 
Substitution of cables for hard or streamlined wires will not be acceptable unless 

specifically approved by a representative of the Civil Aeronautics Administra­
tion. Neither wires nor cables should be subjected to heat. Soldering 
bonding braid to control cable will not be considered satisfactory. 

18.6052 CABLE TERMINAL SPLICING OR WRAPPING 
Control cables %2 inch and above of the 6 by 19 or 7 by 19 extra-flexible type, 

and 6 by 7 or 7 by 7 flexible type cable used in primary flight control should 
be spliced and not soldered, using standard Army and Navy tuck splices of 
at least five full tucks, or a Roebling roll of at least seven full turns. Stand­
ard wrapped and soldered splices will be acceptable for flexible type flight 
control cables of less than %« inch in diameter, and for the end terminals of 
cables made from aircraft strand (19 wires). For dimensions of splices see 
figure 14. "Administrator of Civil Aeronautics Appro%red" swaged cable 
terminals will be considered satisfactory substitutes for spliced cable ends. 

18.6053 SAFETYING OF TURNBUCKLES. 
All turnbuckles should be safcticd with safety wire in the following manner: 

Two separate lengths of wire should be used. One length of wire is to be 
run through the holes in the barrel of the turnbuckle 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 direc­
tions and one wire laid along the barrel, while the other wire is wrapped 
at least four turns around the shank of the turnbuckle and the wire along­
side the barrel before cutting off the end. The remaining length of safety 
wire should then be wrapped at least four turns around the shank of the 
turnbuckle and cut-off. Repeat this same wrapping procedure with the 
wire ends at the opposite end of the turnbuckle. 

18.606 FABRIC COVERING AND FINISHING. 

18.6060 GRADE OF TEXTILE MATERIALS. 
All fabric surface tape, reinforcing tape, machine thread, lacing cord, etc., used for 

recovering or repairing an, aircraft structure should be of high-grade aircraft 
textile material of at least as good quality and equivalent weight as that 
originally used on the aircraft. (See table 6 for textile materials acceptable 
for aircraft covering.) 

18.6061 SEAMS. 
All seams should be plain lap, folded fell or French fell seams, machine stitched. 

(See (E ) , (F) , (G), fig. 16.) Eight to ten stitches per inch should be used. 
The row of stitches nearest each folded edge of each seam should be ap­
proximately }{6 inch from the edge of the fold and the rows should be )'\ 
to % inch apart. (See (E ) , (F) , (G), fig. 16.) 

(a) All seams should be parallel to the line of flight, except as outlined in (b). 
Seams should preferably not cover a rib or be so placed that the lacing 
will be through or over the seam. In the case of tapered wings or 
control surfaces the seams should be disposed so as to cross the fewest 
number of ribs consistent with efficient cutting of the pattern. 

(b) The only seam extending spanwise of the wing or control surface, whether 
hand or machine sewn, should be at the trailing edge, except that in 
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the case of tapered wings or control surfaces additional seams may be 
made at the tapered portion at the leading edge. This seam should 
be covered in all cases by a strip of surface tape. 

18.6062 COVERING. 

Fabric should be so applied to all wings that the warp threads (threads running 
parallel to the selvage edges) should be parallel to the line of flight. 
Either the envelope method or blanket method of covering will be accept­
able. In the case of surfaces having metal ribs with relatively sharp 
edges (stamped types) commercial tape should be applied over these 
edg^s before covering to prevent abrasion of the rib lacing cord. 

(a) The Envelope Method of covering is accomplished by sewing together 
widths of fabric cut to specific dimensions and machine sewn to 
form an envelope which can be drawn over the frame. The trailing 
and the outer edges of the covering should be maeh i i e sewn unless 
the frame is not favorably shaped for such sewing, in which case 
the fabric should be joined by hand sewing as described herein for 
the blanket covering. 

(b) The Blanket Method of covering is accomplished by sewing together 
widths of fabric of sufficient lengths to form a blanket covering for 
all surfaces of the frame. The trailing and outer edges of the cover­
ing should be joined by using a plain, over-throw or baseball stitch, 
except that on airplanes with design gliding speeds of 180 miles per 
hour or less the blanket may be lapped at least 1 inch and doped to 
the trailing and outer edges of wing and control surface structures 
and to fuselage structures. In fabricating both the envelope and 
blanket coverings, the fabric should be cut in lengths sufficient to 
pass completely around the frame, starting at the trailing edge and 
returning to the trailing edge. 

(c) Hand Sewing or Tacking should begin at a point where machine sewing 
stops and should continue to a point 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) fig. 16.) At the point where hand 
sewing or permanent tacking is necessary, the fabric should be so 
cut that it can be doubled under before sewing or permanent tack­
ing. (See fig. 16 (C).) Temporary tacks should be removed by a 
straight pull in such a manner that the fabric is not torn nor dam­
aged. In hand sewing there should be a miniumm of four stitches 
per inch. 

(d) An Adequate Number of Drain Grommets properly located to insure com­
plete drainage and ventilation of the wing or control surface should 
be installed. 

18.6063 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 at­
tached at the trailing edge of ribs and brought around the leading edge, 
back to the trailing edge, where it should be tacked again or otherwise 
attached. Where a wide cap-strip or rib occurs, two widths of reinforcing 
tape may be used. In the case of wings with plywood or metal sheet from 
the nose to the front spar, the reinforcing tape need be brought only to the 
front spar on the upper and lower surfaces. 
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18.6064 WING LACING. 
Both surfaces of fabric covering on wings and control surfaces should be securely 

fastened to the ribs by rib lacing cord or any other method originally ap­
proved for the aircraft. Care should be taken to insure that all sharp 
edges against which the lacing cord may bear are adequately protected 
by commercial tape in order to prevent abrasion of the cord. Typical 
methods of attaching fabric at aileron cut-outs and wing butts together 
with the technique of tying a modified Seine knot for securing the lacing 
may be found in figure 16. 

(a) The stitch spacing should not exceed the spacing approved on the 
original aircraft. In case the spacing cannot be ascertained due to 
destruction of the covering, acceptable rib stitch spacing may be 
found in figure 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.) 

(6) A slip knot, for tightening, should be used at the first point of lacing. 
The cord should then be carried to the next point of lacing at which 
point and at all subsequent ones the lacing should be secured by 
Seine knots. The cord should be secured at the finish of the lacing 
by tacking or by a double or lock knot. 

18.6065 FUSELAGE LACING. 
Fabric lacing is also necessary in the case of deep fuselages, and on fuselages 

where former strips and ribs shape the fabric to a curvature. In the latter 
case the fabric should best be laced at intervals to the formers. The attach­
ment of fabric to fuselages should be so accomplished as to be at least the 
equivalent in strength and reliability to that used by the manufacturer of 
the airplane. 

18.6066 FINISHING TAPE. 
All lacing should be covered with suitable tape of at least the same quality and 

width as was used on the original airplane. This tape should not be applied 
until the first coat of dope has dried. All inspection openings should be 
reincorporated into the covering, and the fabric around them and along lead­
ing edges suitably reinforced with tape. Where there is wear or friction in­
duced by a moving part or fitting, a leather patch should be sewed to a 
fabric patch, and this finished patch doped in place. 

18.6067 DOPING. 
The total number of coats of dope should not be less than necessary to result 121 

a taut and well-filled finish job. A guide for finishing fabric-covered 
aircraft is represented by the following: 

(a) Two coats of clear nitrate dope, brushed on or applied by an equally 
satisfactory method to assure penetration (high-pressure spray) and 
sanded after second coat. 

(b) One coat of clear nitrate dope, either brushed or sprayed, and sanded. 
(c) Two coats of aluminum pigmented dope, sanded after each coat. 
(ff) Three coats of pigmented dope (the color desired), sanded and rubbed 

to give a smooth glossy finish when completed. 
(e) Precaution should bo taken not to sand heavily over the center portion 

of pinked tape and over spars in order not to damage the rib stitching 
cords and fabric. 

804240 0 - 4 8 - 3 
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18.6068 PATCHING OF FABRIC. 
(a) Small tears should be repaired by sewing the torn edges together and doping 

a piece of pinked edge fabric over the tear. In sewing up the tear the 
baseball stitch should be used with the stitches not more than }i inch 
apart and extending back into the cover, away from the edge of the tear 
about inch so they will not readily pull out. If the tear is a straight 
rip the sewing is started at one end so that as the seam is made the edges 
will be drawn tightly together throughout its entire length. If the open­
ing is V-shaped, as is often the case when openings are cut in wings to 
inspect the internal structure, 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 
patch 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 sur­
face with a rag dipped in dope and wiping dry with a clean rag, or by 
scraping the surface with a putty knife after it has been softened with 
fresh dope. Dope solvent or acetone may be used for the same purpose 
but care should be taken that it does not drip through on the inside of 
the opposite surface causing the dope to blister. A patch of sufficient 
size is cut from airplane cloth to cover the tear and extend at least 1% 
inches beyond the tear in all directions. The edges of the patch should 
either be pinked similar to surface tape or frayed out about }\ inch on 
all edges. (See fig. 15 (B).) 

(b) In some cases the damaged portion of the fabric may be too badly frayed for 
the above method to be used and at the same time is not large enough to 
warrant the method described below. In such cases a sewed-in patch 
should be used. The damaged portion of the covering is cut out making 
an opening regularly shaped, that is, either rectangular or triangular. 
A piece of new fabric is cut to % inch beyond the opening on all sides. 
The edges of this fabric are turned under % inch and sewed to the edges 
of the opening. The patch should be held in place by a few temporary 
stitches at the corners while the seams are made. The seams are made 
in the same manner as for repairing small tears. When the sewing is 
completed, the patch is doped in the usual manner, surface tape being 
applied over the seams with the second coat. 

(c) When the injury is so large that neither of the above methods can be used, the 
procedure should be as follows: New fabric is sewed to the old cover at a 
point beyond the adjacent ribs, and should extend from the leading edge 
to the trailing edge. The new cover is laced to the ribs over the lacing 
and stitching of the original cover which is not removed. The usual 
reinforcing tape and lacing cord should be used to attach the patch to the 
airfoil. Surface tape should be placed at the leading edge and at the 
trailing edge to give a finished appearance to the patch. Due to the light 
construction of wooden rib caps, it is advisable to avoid the use of tacks. 

18.6069 METAL FASTENERS FOR FABRIC. 
When self-tapping screws are used for the attachment of fabric to the rib structure, 

the following procedure should be observed: 

(a) The holes should be redrilled where found necessary due to wear, distor­
tion, etc., and in such cases a screw one size larger should be used as 
a replacement. 
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(6) The length of the screw should be sufficient so that at least two threads 
of the grip (threaded part) extend beyond the rib cap strip. 

(c) A thin washer, preferably celluloid, should be used under the heads of 
screws and pinked-edge tape should be doped oyer each screw head. 

18.61 WELDED STEEL STRUCTURES. 

18.610 GENERAL. 
The oxyacetylene process is still considered the most flexible type, generally best 

suited for repair work on aircraft structural elements. Unless the repair 
agency holds an approval 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, oxyacetylene torch welding only 
will generally be considered acceptable. 

18.6100 PREPARATION FOR WELDING. 
The elements to be welded should be properly held in place by welding jigs or 

fixtures which are sufficiently rigid to prevent misalinement 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. 

18.6101 TORCH SIZE. 
The torch tips should be of proper size for the thickness of the material to be 

worked on. The commonly used sizes which experience has proven to be 
satisfactory are: 

Thickness of steel in inches Diameter of 
hole in tip Drill size 

0.015 to 0.031 0. 026 71 
0.031 to 0.065 . 031 68 
0.065 to 0.125 . 037 63 
0.125 to 0.188 . 042 58 
0.188 to 0.250 . 055 54 
0.250 to 0.375 . 067 51 

18.6102 WELDING RODS. 
Welding rods of alloy steel are used in some cases to obtain a high unit strength 

in the deposited metal, especially for parts heat-treated after welding. A 
satisfactory welding wire for welding of chrome-molybdenum steel is found 
in a rod complying with Federal Specification Q Q - W - 3 5 1 , Grade E, and 
N a v y Department Specification 46R4b. Any commercially pure iron wire 
or low carbon steel rod will be considered satisfactory for general aircraft 
repair work, provided the parts do not require heat-treatment after welding. 

18.6103 CONDITION OF COMPLETED WELD. 
The finished weld should incorporate the following characteristics: 

(a) The seam should be smooth and of uniform thickness. 
(&) The weld should be built up to provide extra thickness at the seam. 
(c) The weld metal should taper off smoothly into the base metal. 
(d) N o oxide should be formed on the base metal at a distance of more than 

)i in,ch from the weld. 
(e) The weld should show no signs of blow holes, porosity or projecting 

globules. 
(j) The base metal should show no signs of pitting, burning, cracking, or 

distortion. 
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18.6104 PRACTICES TO GUARD AGAINST. 
N o welds should be filed in an effort to make a smooth appearing job, as such 

treatment causes a loss in strength. Welds should not be filled with solder, 
brazing metal, or any other filler. When it is necessary to reweld a joint 
which was previously welded, all old-weld material should be thoroughly 
removed before rewelding. Never weld over weld if it can be avoided be­
cause continual heating causes the material to lose its strength and to become 
brittle. 

18.6105 CLEANING PRIOR TO WELDING. 
The parts to be welded should always be cleaned prior to welding by sandpapering 

or brushing with a wire brush or other similar methods. In case the mem­
bers were metallized the surface metal should best be removed by careful 
sandblasting. 

18.6106 HEAT-TREATED MEMBERS. 
Members which depend on heat-treatment for their original physical properties 

should be reheat-treated after the welding operation. If the heat-treat 
value cannot be ascertained from the manufacturer of the aircraft involved, 
an acceptable heat-treat value may be determined by making Brinell or 
Rockwell hardness tests in several places of the member for the corresponding 
physical properties. (See table 5 for Rockwell tensile strength relations.) 

18.6107 ROSETTE WELDS. 
Rosette welds are generally employed to fuse an inner reinforcing 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 diameter of approximately one-fourth the tube diameter of 
the outer tube has been found to serve adequately for this purpose. In cases 
of tightly fitting sleeves or inner liners, the rosettes may be omitted. 

18.611 TUBULAR MEMBERS DENTED, BENT, CRACKED, OR OTHERWISE DAMAGED. 
18.6110 MEMBERS DENTED AT A STATION. 

If tubular members such as fuselage longerons have sustained local damage at a 
station, they may be repaired by the addition of a patch plate (finger plate) 
as shown in figure 17. 

18.6111 MEMBERS DENTED, BENT, CRACKED, OR OTHERWISE DAMAGED. 
Dented, bent, cracked, or otherwise damaged fuselage members may be repaired 

after first carefully straightening the member and then using a split sleeve 
reinforcement as shown in figure 18. The filling of kinks with welding rod 
in place of reinforcing the member by either of the methods shown in the 
above figures is not considered acceptable. 

18.6112 REPAIRS AT A STATION OR BETWEEN STATIONS. 
Fuselage members may be repaired at a station or between stations by various 

forms of acceptable splices as shown in figure 19. 
Figure 19 (D) shows a method of repairing a longeron where the bays are 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, adding a new section of longeron and a sleeve made up of two 
pieces as indicated. The two pieces of sleeve are first slipped on the longeron, 
one piece on each longeron stub, and pulled "back far enough to allow inser­
tion of a tube the same size as the longeron and the length of the gap be­
tween the two ends of the longeron. The two pieces of sleeve are then 
brought together and welded at the center of the joint as indicated. 
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18.6113 SPECIAL LONGERNON SPLICES. 

A typical longeron splice using the same diameter replacement tube and which 
is considered the most efficient type of repair in this category is shown in 
figure 20. An equally satisfactory longeron repair using a larger diameter 
replacement tube in connection with a fish-mouthed, telescoped joint may 
be found in figure 21. 

18.612 BUILT-IN FUSELAGE FITTINGS. 
Repairs of built-in fuselage fittings may be accomplished in a manner as shown 

in figure 22, The following outlines the different methods shown in the 
above figure: 

18.6120 TUBE OF LARGER DIAMETER THAN ORIGINAL (fig. 22 (A)). 
A tube (sleeve) of larger diameter than original is used in this method. This 

necessitates reaming the fitting holes (at longeron) to a larger diameter. 
The sleeve should extend approximately 6 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 approxi­
mately 4 inches from the centerline of the joint and a spacer 1 inch long 
fitted over the longeron. This spacer and longeron should be edge welded. 
A tapered vee cut approximately 1j inches long should then be made in the 
aft end of the outer sleeve. The end of the outer sleeve should be swaged 
to fit the longeron and welded. 

18.6121 TUBE OF SAME DIAMETER AS ORIGINAL (fig. 22 (B)). 
In this method the new section of tube is the same size as the longeron forward 

(left) of the fitting. The rear end (right) of the tube is cut at 30° and forms 
the outside sleeve of a scarf splice. A sleeve is centered over the forward 
joint as indicated. 

18.6122 SIMPLE SLEEVE (fig. 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 diameter than the longeron. 

18.6123 LARGE DIFFERENCE IN LONGERON DIAMETER EACH SIDE OF FITTING. 
Figure 22 (D) assumes that there is a quarter of an inch difference in the diameter 

of the longeron on the two sides of the fitting. The section of longeron for­
ward (left) of the fitting is cut at 30° and a section of tubing of the same size 
as this tube and of such length as to extend well to the rear (right) of the 
fitting is slipped through it. One end is cut at 30° 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 sleeve for the tube on the right of the fitting. 

18.613 ENGINE MOUNTS. 

18.6130 GENERAL CONSIDERATIONS. 

All welding on an engine mount should be of the highest quality since the vibration 
present tends to accentuate any minor defect present. Engine mount mem­
bers should preferably be repaired by using a larger diameter replacement 
tube telescoped over the stub of the original member, and using fish-mouth 
and rosette welds as shown in figure 21. However, 30° scarf welds in place of 
the fish-mouth welds will be considered acceptable for engine mount repair 
work. 

27 



1 8 . 6 1 3 1 
1 8 . 6 1 4 4 CIVIL AERONAUTICS MANUAL 18 

18.6131 CHECK OF ALINEMENT. 
Repairs to engine mounts should be governed by accurate means of checking 

alinement. When new tubes are used to replace bent or damaged ones, the 
original alinement of the structure must be maintained. This can be done 
by measuring the distance between points of corresponding members that 
have not been distorted, and by reference to the manufacturer's drawings. 

18.6132 CAUSE FOR REJECTION. 
If all members are out of alinement, the engine mount should be replaced by one 

supplied by the manufacturer and the method of checking the alinement of 
the fuselage or nacelle points should be requested from the manufacturer. 

18.6133 ENGINE MOUNT RING DAMAGE. 
Minor damage such as a crack adjacent to an engine attachment lug may be repaired 

by rewelding the ring and extending a gusset or a mounting lug past the dam­
aged area. Engine mount rings which have been extensively damaged 
should not be repaired but should be replaced unless the method of repair is 
specifically approved by an authorized representative of the Civil Aeronautics 
Administration. 

18.614 LANDING GEARS. 
18.6140 ROUND TUBE CONSTRUCTION. 

Landing gears made of round tubing may be repaired using standard splices as 
shown in figures 19 through 21. 

18.6141 STREAMLINE TUBE CONSTRUCTION. 
Landing gears made of streamlined tubing may be repaired by any one of the 

methods shown in figures 23 through 26. 

18.6142 REPAIRABLE AND NONREPAIRABLE TYPES OF AXLE ASSEMBLIES. 
Representative types of repairable and nonrepairable landing gear axle assemblies 

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 repaired by any standard method 
shown in the preceding figures of this manual. However, it will always be 
necessary to ascertain whether or not the members are heat-treated. 

The axle assembly as shown in figure 27 (D) is, in general, of a nonrepairable 
type for the following reasons: 

(a) The axle stub is usually made from a highly heat-treated nickel alloy 
steel and carefully machined to close tolerances. These stubs are 
usually replaceable and should be replaced if damaged. 

(b) The oleo portion of the structure is generally heat-treated after weld­
ing and is perfectly machined to assure proper functioning of the 
shock absorber. These parts would be distorted by welding after 
machining. 

18.6143 SKIS. 
Fractured wooden ski runners will usually require replacement but a split at the 

rear end of the runner whose length does not exceed 10 percent of the ski 
length may be repaired by attaching (glue and bolts) one or more wooden 
cross pieces across the top of the runner. 

18.6144 SKI PEDESTALS. 
(a) Tubular pedestals. Damaged 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 but should be replaced 

unless the method of repair is specifically approved b y a representative of 
the Civil Aeronautics Administration. 
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(c) Sheet metal pedestals. Damaged pedestals made of aluminum alloy sheet 
should be repaired in the general manner as outlined in section 18.64. 

18.6145 FLOATS. 
Damaged floats should be repaired in the general manner as outlined in Section 

18.64 Aluminum and Aluminum Alloy Structures. 

18.6146 WHEELS. 
Seriously damaged wheels should not be repaired but should be replaced unless 

the method of repair is specifically approved by a representative of the Civil 
Aeronautics Administration. 

18.615 BUILT-UP TUBULAR WING OR TAIL SURFACE SPARS. 
Built-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 manual 
provided the spars are not heat-treated. In the latter case the entire spar 
assembly would have to be reheat-treated to the manufacturer's specifica­
tions after completion of the repair. In general, this will be found less 
practicable than replacing the spar with one furnished by the manufacturer 
of the aircraft. 

18.616 WING AND TAIL SURFACE BRACE STRUTS. 

18.6160 GENERAL CONSIDERATIONS. 
In general it will be found advantageous to replace damaged wing brace struts 

made either from round or streamlined tubing by new members purchased 
from the original manufacturer. However, there is no objection from an 
airworthiness point of view to repairing such members in a proper manner. 
An acceptable method in case streamlined tubing is used will be found in 
figure 24. Similar members made of round tubes may be repaired using a 
standard splice as shown in figure 19 (A). 

18.6161 LOCATION OF SPLICES. 
Brace struts must be spliced only adjacent to the end fittings. 

18.6162 FIT AND ALINEMENT. 
When making repairs to wing and tail surface brace members, particular attention 

should be paid to proper fit and alinement to avoid eccentricities. 

18.617 REPAIRS TO JOINTS OF ARC WELDED PARTS. 
Repairs to arc welded assemblies may be made by either of the following methods: 

18.6170 REPLACING ARC WELDED JOINT. 

Cutting out the arc welded joint and replacing it with one made by oxyacetylene 
welding, properly gusseted. 

18.6171 REPLACING ARC WELD DEPOSIT. 
Chipping out the metal deposited by the arc weld process and rewelding by oxy­

acetylene method after properly reinforcing the joint by means of inserts or 
external gussets. 

18.618 STEEL PARTS NOT TO BE WELDED. 

18.6180 BRACE WIRES AND CABLES. 
Airplane parts that depend for their proper functioning on strength properties 

developed by cold working must not be welded. In this classification are 
streamlined wires and cables. 

18.6181 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. 
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18.6182 NICKEL ALLOY STANDARD PARTS. 
Steel parts, mostly of nickel alloy steels, which have been heat-treated to improve 

their physical properties must not be welded. This pertains particularly to 
aircraft bolts, turnbuckle ends, axles and other heat-treated alloy steel parts. 

18.619 INSPECTION AFTER WELDING AND CORROSION PROTECTION. 
18.6190 INSPECTION BY MAGNIFYING GLASS. 

The practice of filling hollow steel 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 applicable, is 
recommended where a large portion of the structure has been rewelded. 
Carefully examining all joints with a medium power magnifying glass (at 
least 10 power) after first removing all scale is considered an acceptable method 
of inspection for repaired structures. 

18.6191 INSPECTION BY MAGNETIC POWDER. 
Magnetic inspection by means of magnetic powder such as magnaftux and black 

rouge has proven to be a very efficient, practical nondestructive method. 
This process will indicate the presence of minute cracks or small blow holes. 
The surface to be examined should be reasonably smooth and free from scale 
as it is difficult to detect cracks in the irregular surface of the weld metal 
deposited. Sand blasting yields most satisfactory results but should only 
be used by experienced personnel. 

18.6192 X-RAY INSPECTION. 
X-ray inspection has had only limited application in the past on account of the 

inaccessibility of many joints and the necessity of taking exposures from 
several angles to insure detection of defect. However, the results are very 
satisfactory. 

18.6193 EXTERIOR FINISH. 
All steel parts and welded joints in the various units of an aircraft are covered 

with either paint, scale, or rust which must be removed before finishing. 
The most efficient method is careful sand blasting. Otherwise, the paint, 
scale, rust and dirt should be removed with fine emery cloth prior to applying 
a standard metal cleaner. When once cleaned, the metal should be finished 
immediately and not touched by ungloved hands until at least a priming 
coat has been applied; otherwise, corrosion will later set in. A very satis­
factory protection for finishing the exterior of tubing is obtained by spraying 
or brushing two coats of zinc chromatc primer with four ounces of aluminum 
bronze powder per unthinned gallon in the second coat of primer. This 
finish provides excellent protection against corrosion and is very dopeproof. 
Any equivalent finish using oil base primers and enamels is acceptable. The 
portions of the structure coming in contact with doped fabric should be given 
a protecting strip of tape or a coat of dopeproof paint if the base finish is not 
already dopeproof. Adhesive tape is also very satisfactory for this purpose. 

18.6194 INTERIOR FINISH. 
Corrosion proofing of the interior steel tubular structures can be most satisfac­

torily accomplished by filling the structures with hot linseed lionoil or petro­
leum base od under pressure and draining the oil prior to sealing. Sealing 
the members only without the use of oil by permanently closing all openings 
to prevent air fro'm circulating through them will also be considered an accept­
able method for protecting the interior of repaired structures. 
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18.62 STAINLESS STEEL STRUCTURES. 
18.620 GENERAL CONSIDERATIONS. €» 

Structural components made from stainless steel, particularly the "18-8" variety 
(18 percent chrome, 8 percent nickel), joined by the very rapid process of 
spot welding, should only be repaired at the factory of origin or by a repair 
station designated by the manufacturer and rated by the Civil Aeronautics 
Administration to perform this type of work, unless the repair method 
incorporates bolted or riveted connections which are specifically approved 
by an authorized representative of the Civil Aeronautics Administration. 

18.621 SECONDARY STRUCTURAL AND NONSTRUCTURAL ELEMENTS. 
Elements such as tip bows or leading and trailing edge tip strips of wing and 

control surfaces may be repaired by soldering with a 50-50 lead-tin solder or 
a 60-40 alloy of these metals. For best results a flux of phosphoric acid 
(syrup) should be used. Since the purpose of a flux is to attack the metal 
so that the soldering will be 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. Leaky spot 
welded seams in a boat hulls, fuel tanks, etc., should be repaired in a similar 
manner. 

18.63 RIVETED OR BOLTED STEEL TRUSS TYPE STRUCTURES. 
18.630 GENERAL CONSIDERATIONS. 

Repairs to riveted or bolted steel truss type structures should be made employing 
the general principles outlined in the following sections on aluminum alloy 
structures. Methods of repair of vital members should specifically be ap­
proved by a representative of the Civil Aeronautics Administration. 

18.64 ALUMINUM AND ALUMINUM ALLOY STRUCTURES. 

18.640 GENERAL CONSIDERATIONS AND PROOF OF STRENGTH. 
Extensive repairs to damaged stressed skin on monocoque types of aluminum 

alloy structures should best be made at the factory of origin or by a repair 
station rated for this type of work. In any event such work should only be 
undertaken by a certificated mechanic if thoroughly experienced in this type 
of work. The repairs should preferably be made in accordance with specific 
recommendations of the manufacturer of the aircraft. In many cases repair 
parts, joints, orreinforcements can be designed and proof of adequate strength 
shown without the calculation of the actual loads and stresses by properly-
considering the material and dimensions of the original parts and the riveted 
attachments. Examples 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 making 
repairs on monocoque structures is that a repaired part must be as strong as 
the original with respect to all types of loads and general rigidity. 

18.6400 UNCONVENTIONAL ATTACHMENTS. 
"Rivnuts," "Lock-scrus," drive screws or self-tapping screws, and other unconven­

tional or new attachment devices should not be used in primary structure 
unless approved by the Civil Aeronautics Administration. 

18.6401 ALUMINUM ALLOY BOLTS. 
Aluminum alloy bolts less than Jj-inch diameter should not be used in primary 

structure and aluminum alloy bolts and nuts will not be permitted where 
they will be repeatedly removed for purposes of maintenance and inspection. 
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18.6402 ALUMINUM ALLOY NUTS. 
Aluminum al loy nuts may be used on steel bolts in shear in land planes provided 

the bolts are cadmium plated, but must not be used on seaplanes. 

18.6403 SELF-LOCKING NUTS. 
Self-locking nuts may be used in the primary structure subject to the restrictions 

outlined in the Civil Aeronautics Administration Product and Process Speci­
fication 1 4 on Self-Locking Nuts. 

18.6404 DRILLING OVERSIZE HOLES. 
Great care should be exercised to avoid drilling oversize holes or otherwise decreas­

ing the effective tensile area of wing spar cap strips, wing, fuselage, or fin 
longitudinal stringers, or other highly stressed tensile members. All repairs 
or reinforcements to such members should be done in accordance with factory 
recommendations and with the approval of a representative of the Civil 
Aeronautics Administration. 

18.6405 DISASSEMBLY PRIOR TO REPAIRING. 
If the parts to be removed are essential to the rigidity of the complete structure, 

the remaining structure should be adequately supported prior to disassembly, 
in such a manner as to prevent distortion and permanent damage to the 
remainder of the structure. Rivets may be removed by using special tools 
developed for the purpose or by center-punching the heads, 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 cold chisel. Riveted joints adjacent 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. 

18.6406 IDENTIFYING MATERIAL. 
When replacement parts are to be made up, the material specifications of the 

original parts should be determined with regard to type of alloy, temper (or 
heat-treatment), and gage thickness. Material specifications are given by 
numbers and letters and wdl usually be found on the interior surfaces of 
sheets, or given in the manufacturer's service manual. The types of alloy 
in common use for structural parts of sheet metal and extruded structural 
shapes are designated as 24ST and 17ST, the former having the higher 
strength properties. The numbers designate the chemical composition. 
The "S" indicates that the material is wrought (not cast), and the " T " 
indicates that it is in the hard tempered condition (it is heat-treated, aged, 
and possibly cold worked). Sheet material 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 character­
istics which have resulted in its being used only for special applications, 
for instance, some beam webs and corrugated compression members in 
wings. 

18.6407 SIMPLE TEST FOR IDENTIFYING HEAT-TREATED ALLOYS. 
If for any reason the identification of the alloy is not on the material, it is pos­

sible to distinguish bet%veen heat-treatable alloys containing copper and 
non-heat-treatable alloys by immersing a sample of the material in a 10-percent 
solution of caustic soda (sodium hydroxide). The heat-treated alloys,will 
turn black due to the copper content, whereas the others will remain bright. 
In the case of Alclad, the surface will remain bright but there will be a dark 
area in the middle when viewed from the edge. 

" May be obtained from Chief. Publications and Statistics Division, Washington, D. C. 
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18.641 SELECTION OF MATERIAL FOR REPLACEMENT PARTS. 
I n s e l e c t i n g t h e a l l oy , i t is u s u a l l y s a t i s f a c t o r y t o u s e 2 4 S T in p l a c e of 1 7 S T 

s ince t h e former is s t ro ng er . H e n c e , i t wi l l n o t b e p e r m i s s i b l e t o rep lace 2 4 S T 
b y 17ST u n l e s s t h e de f i c i ency in s t r e n g t h of t h e l a t t e r m a t e r i a l h a s b e e n 
c o m p e n s a t e d for b y a n increase in m a t e r i a l t h i c k n e s s or t h e s t r u c t u r a l 
s t r e n g t h h a s b e e n s u b s t a n t i a t e d by t e s t s or a n a l y s e s . T h e c h o i c e of t e m p e r 
d e p e n d s , of course , u p o n t h e s e v e r i t y of t h e s u b s e q u e n t f o r m i n g o p e r a t i o n s . 
P a r t s h a v i n g s ing le c u r v a t u r e a n d s t r a i g h t b e n d l ines w i t h a large b e n d 
rad ius m a y a d v a n t a g e o u s l y b e "formed f rom " S T " m a t e r i a l , w h i l e a p a r t 
s u c h as a f u s e l a g e f rame w o u l d h a v e to b e f o r m e d f rom " S - C " (soft a n n e a l e d 
s h e e t ) a n d h e a t - t r e a t e d t o t h e " S T " c o n d i t i o n a f ter f o r m i n g . S h e e t m e t a l 
p a r t s w h i c h are t o b e le f t u n p a i n t e d s h o u l d b e m a d e of " A l c l a d " ( A l u m i n u m 
c o a t e d ) m a t e r i a l . A l l s h e e t m a t e r i a l a n d finished p a r t s s h o u l d b e free f r o m 
cracks , s c r a t c h e s , k i n k s , too l m a r k s , corros ion p i t s , a n d o t h e r d e f e c t s c o n ­
d u c i v e to c r a c k i n g . 

18.6410 FORMING SHEET METAL PARTS. 
B e n d l i n e s s h o u l d pre ferab ly be m a d e t o l ie a t a n a ng l e t o t h e g r a i n of t h e m e t a l 

(preferably 9 0 ° ) . B e f o r e b e n d i n g , all rough e d g e s s h o u l d b e s m o o t h e d , 
burrs r e m o v e d , a n d relief h o l e s dr i l l ed a t t h e e n d s of b e n d l i n e s a n d a t corners 
t o p r e v e n t c r a c k s f rom s t a r t i n g . F o r m a t e r i a l i n t h e " S T " c o n d i t i o n , t h e 
b e n d rad ius s h o u l d b e large . S e e tab le 4 for r e c o m m e n d e d b e n d rad i i . 

18.642 HEAT TREATMENT. 
Al l s t r u c t u r a l a l u m i n u m a l l o y par t s s h o u l d b e h e a t - t r e a t e d in a c c o r d a n c e w i t h t h e 

h e a t t r e a t m e n t i n s t r u c t i o n s i s sued b y t h e m a n u f a c t u r e r s o f t h e m a t e r i a l s . I f 
t h e h e a t t r e a t m e n t p r o d u c e s w a r p i n g , t h e p a r t s s h o u l d b e s t r a i g h t e n e d 
i m m e d i a t e l y a f t er q u e n c h i n g . P a r t s r i v e t e d t o g e t h e r s h o u l d b e h e a t - t r e a t e d 
before r i v e t i n g , s i n c e h e a t - t r e a t i n g after r i v e t i n g c a u s e s w a r p i n g . A l s o , 

w h e n r i v e t e d a s s e m b l i e s are h e a t e d i n a sa l t b a t h , t h e s a l t c a n n o t b e e n t i r e l y 
w a s h e d o u t of t h e c r e y i c e s a n d c a u s e s c o r r o s i o n . 

18.643 RIVETS AND RIVETING PRACTICE. 
18.6430 IDENTIFICATION OF RIVET MATERIAL. 

T h e k i n d s of r ive t s in genera l u se , l i s t ed in t h e order of the ir d e c r e a s i n g s t r e n g t h 
p r o p e r t i e s are: 

(a) 2 4 S T , ident i f i ed b y t w o s m a l l ra i s ed radial d a s h e s a t t h e e n d s of a 
d i a m e t e r o n t h e p e r i p h e r y of t h e h e a d . 

(b) 1 7 S T , ident i f i ed b y a s m a l l ra i s ed s p o t or p i m p l e in t h e c e n t e r of t h e 
h e a d . 

(e) A 1 7 S T , ident i f i ed b y a s m a l l d e p r e s s i o n or d i m p l e a t c e n t e r of h e a d . 
(See fig. I , a p p e n d i x I . ) 

R i v e t s m a y b e rep laced b y a k i n d of h i g h e r s t r e n g t h p r o p e r t i e s , b u t n o t v i c e 
v e r s a , u n l e s s t h e l o w e r s t r e n g t h is c o m p e n s a t e d for b y a n increase in d i a m e t e r 
or a g r e a t e r n u m b e r of r i v e t s . I t i s a d v i s a b l e t o s t o c k al l r i v e t s in t h e h e a t -
t r e a t e d c o n d i t i o n ( S T ) , in order t o p r e v e n t u n h e a t - t r e a t e d r i v e t s b e i n g u s e d . 
T h e A 1 7 S T r i v e t s m a y be d r i v e n in t h e c o n d i t i o n r e c e i v e d , b u t t h e 1 7 S T r i v e t s 
a b o v e K« i n c h in d i a m e t e r a n d al l 2 4 S T r i v e t s s h o u l d b e r e h e a t - t r e a t e d jus t 
pr ior t o d r i v i n g a s t h e y w o u l d o t h e r w i s e b e t o o h a r d "for s a t i s f a c t o r y r i v e t i n g , 

18.6431 RIVET SIZE. 
I n r e p l a c i n g r i v e t s , t h e or ig ina l s ize s h o u l d b e u s e d if t h i s s ize wi l l fit a n d fill t h e 

h o l e s . If n o t , t h e h o l e s s h o u l d b e dri l led or r e a m e d for t h e n e x t larger s ize 
r ive t : A genera l ru le for s e l e c t i n g r i v e t s of t h e proper d i a m e t e r t o jo in 
a l u m i n u m a l l o y is a p p r o x i m a t e l y three t i m e s t h e t h i c k n e s s of t h e h e a v i e r 
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sheet, 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 imperfections, which should be guarded against. 

18.6432 RIVET SPACING-
The rivet pattern should be designed for the strength required but in general good 

practice the spacing should not be closer than shown in figure II of appendix I. 
Rivets should never be used where they would be placed in direct tension, 
tending to pull the heads off. 

18.6433 USE OF A17ST ALUMINUM ALLOY REPLACEMENT RIVETS. 
It will be considered acceptable to replace all 17ST rivets of Ke-inch diameter or 

less, and also all 24ST rivets of ^ 2 - inch diameter or less with rivets for 
general repairs, provided the replacement rivets are inch greater in 
diameter than the rivets they replace. 

18.6434 HOLLOW RIVETS. 
Hollow rivets should not be substituted for solid rivets in load carrying members 

without specific approval of the application by a representative of the Civil 
Aeronautics Administration. 

18.6435 PRECAUTIONS W H E N RIVETING. 
When adding or replacing rivets adjacent or near to 17ST or 24ST rivets which 

have been installed previously, great care should be exercised or the older 
rivets will be loosened or may fail due to sharp vibrations in the structures 
caused by the action of the rivet gun and bucking bar. In every case all 
adjacent rivets should be carefully examined after the repair or alteration is 
finished to ascertain that they have not been harmed by adjacent operations. 

18.644 REPAIR M E T H O D S . 

18.6440 SPLICING OF TUBES. 
Round or streamlined tubular members may be repaired by splicing as shown in 

figure 28. Splices in struts should be adjacent to the fittings. 
When solid rivets go completely through hollow tubes, their diameter should be 

at least one-eighth of the outside diameter of the outer tube. Rivets which 
are loaded in shear should be hammered only enough to form a small head, 
and no attempt should be made to form the standard round head. The 
amount of hammering required to form the standard round head often causes 
the rivet to buckle inside the tube. Satisfactory rivot heads may be pro­
duced in such installations by spinning, if the proper equipment is available. 
Correct and incorrect examples of this type of rivet application are incorpo­
rated in figure 28. 

18.6441 REPAIRS TO 24SRT ALLOY M E M B E R S . 
Repairs involving 24SRT alloy members 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 special sections, square or round tubing, may be 
repaired by the additions of suitable reinforcements. Acceptable methods 
of repair are shown in figures 29 and 30. These examples deal with types of 
ribs commonly found in small and medium size aircraft. Any other method 
of reinforcement should be specifically approved by a representative of the 
Civil Aeronautics 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 a patch plate in the manner shown 
in figure 31. 
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18.6444 REPLACEMENT OF PORTIONS OF SKIN PANELS. 
In case metal skin is damaged extensively, repairs should be made by replacing 

an entire sheet panel from one structural member to the next. The repair 
seams should be made to lie along stiffening members, bulkheads, etc., and 
each seam should be made exactly the same in regard to rivet size, spacing 
and rivet pattern as the parallel manufactured seams at the edges of the origi­
nal sheet. If the two manufactured seams are different, the stronger one 
should be copied. See figure 31 for typical acceptable methods of repairs. 

18.6445 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 cut-outs, or doubler plates 
at an edge scam, 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. (An example to illustrate such a case is given in appendix I.) 

18.6446 STRAIGHTENING OF STRINGERS OR INTERMEDIATE FRAMES. 
(a) Members slightly bent. Members which are slightly bent may be straightened 

cold and examined with a magnifying glass for injury to the material. 
The straightened parts should then be reinforced to an extent depending 
upon the condition of the material and the magnitude of any remaining 
kinks or buckles. If any strain cracks are apparent, complete reinforce­
ments should be added by following the manufacturer's "Administrator 
of Civil Aeronautics Approved" recommendations and the attachment 
of the reinforcements should be made in sound metal beyond the damaged 
portion. 

(b) Local heating. Local heating should never be applied to facilitate bending, 
swaging, flattening, or expanding operations on heat-treated aluminum 
alloy members. I t is unnecessary for the usual run of work in general 
practice, and it is impossible to control the temperature closely enough to 
prevent possible damage to the metal or impairing its corrosion resistance. 
However, a torch with a large, soft flame is sometimes played over the 
surface of the cold worked aluminum of the nonheat-treatable alloys to 
anneal for bending or forming. This practice is permissible for these 
types of alloys when it is impracticable to anneal in a furnace or bath. 
The metal should not be heated above a temperature indicated by char­
ring a resinous pine stick. 

18.6447 SPLICING OF STRINGERS AND FLANGES. 
Splices should best be made in accordance with the manufacturer's recommenda­

tions usually contained in an "Administrator of Civil Aeronautics Ap­
proved" repair manual. Stringers should be designed to carry both 
tension and compression. For general design considerations and deter­
mination of strength see Appendix I or textbooks on aircraft structures. 
See figure 34 for general design. 

(a) Size of splicing 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 areas in fig. I l l , appendix I) of the. splicing mem­
ber should in general be greater than the area of the section element 
which it splices. 

(6) 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 text­
books on aircraft structures. In any case the rivets should be ar­
ranged in the splice so that the design tensile load for the member and 
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splice plate can be carried into the splice without failing the member 
at the outermost rivet holes. (See appendix I.) 

18.6448 REPAIRING CRACKED MEMBERS. 
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 following general procedure should be followed in repairing 
such defects: 

(a) Small holes %5-ineh (or %-inch) should be drilled at the extreme ends of the 
cracks to prevent their spreading further. 

(6) Reinforcements as shown in these figures should be added to carry the 
stresses across the damaged portion and stiffen the joints. 

The condition causing such cracks to develop at a particular point is stress 
concentration at that point in conjunction with repetition of stress 
(such as produced by vibration of the structure). The stress con­
centration may be due to the design or to defects such as nicks, 
scratches, tool marks, and initial stresses or cracks from forming or 
heating treating operations. It should be noted that an increase in 
sheet thickness alone is usually beneficial but does not necessarily 
remedy the conditions leading to cracking. 

18.6449 FITTINGS. 
Damaged fittings should be replaced with new parts having the same material 

specifications or the method of Tepair should be specifically approved b y a 
representative of the Civil Aeronautics Administration, 

18.645 FUEL TANKS AND FUEL SYSTEMS. 
18.6450 WELDED OR RIVETED TYPE TANKS. 

If tanks are made of commercially pure aluminum, 3S, 52S, or similar 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 a 
new piece in place, a sealing compound that is insoluble in gasoline should 
be employed in the seams. Bakelite varnish, "Glyptalac," marketed by Gen­
eral Electric Co.; "Thiokol" made by the Thiokol Corporation, Yardville, 
N . J., or "Neoprene," made by the E. I. DuPont de Nemours & Co.; zinc 
chromate compound (type N o . 2) made by the W. P. Fuller Co. of Los 
Angeles, Calif., are examples of sealing compounds which are acceptable. 

(a) Remoral ojflmc after welding. I t is especially important, after repair by 
welding, to completely remove all 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 acid or fill the tank with this solution (in which case also wash 
the outside with the same solution). Permit this acid to remain in 
contact with the weld about one hour and then rinse thoroughly with 
clean, fresh water. The efficiency of the cleaning operation may be 
tested by applying some acidified 5 percent silver nitrate solution to a 
small quantity of the rinse water that has been used to last wash the 
weld. If a heavy white precipitate is formed, the cleansing has been 
insufficient and the washing should be repeated. 

18.6451 FUEL LINES. 
Aluminum or aluminum alloy tubing should not be annealed after forming or at 

overhaul periods as is required practice with copper tubing. 
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18.646 SPOT OR SEAM WELDED STRUCTURAL ASSEMBLIES. 
Spot welded structural assemblies should best be repaired at the factory of origin, 

or at a repair station rated for this type 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. 

18.647 CASTINGS. 
Damaged castings should be replaced and not repaired unless the method of 

repair is specifically approved by a representative of the Civil Aeronautics 
A dministration. 

18.648 CORROSION PROTECTION. 
18.6480 GENERAL CONSIDERATIONS. 

When unpainted alloys, except aluminum coated materials (Alclad) 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 means are provided to 
prevent moisture from corning in contact with aluminum alloys, corrosion 
may be prevented. 

18.6481 ANODIC TREATMENT AND PRIMING. 
The results of tests and service experience have demonstrated that, in general, 

corrosion is most effectively prevented by anodic coating and detail shop 
priming prior to assembly of each individual part of the aircraft structure. 
This rule is not to be considered as altogether general for there are certain 
subassemblies, relatively far removed from immersion and salt spray con­
ditions which, in service, have been found to perform satisfactorily when 
anodicly coated and primed, after assembly. For the most severe conditions, 
however, protection in detail before assembly should be accepted as the general 
rule. 

18.6482 ALUMINUM ALLOYS IN CONTACT WITH WOOD. 
Aluminum alloy elements in intimate contact 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 ainc-chromate 
primer and then thoroughly painting the wood with one coat of zinc-chromate 
primer followed by two or more coats of moisture-proof paint (bakelite 
varnish). 

18.6483 JOINTS BETWEEN DISSIMILAR METALS. 
Joints between dissimilar metals should receive careful consideration. The best 

solution to prevent attack is to insulate properly and keep moisture away. 
Insulation by placing a thin gasket or fabric, aluminum foil, cellophane, 
or impregnated fabric between the two parts is not sufficient in the case 
of airplanes that operate from or over salt water. Water can bridge the 
insulation at the edges.which results in electolytic action, resulting in 
corrosion. Therefore, it is of prime importance in the case of seaplanes 
that the edges of the whole joint be sealed with a compound (bakelite 
varnish, zinc chromate or bituminous paste) to prevent the entrance of 
moisture. The following method has been used with success in the case 
of important structural fittings already riveted in place: sandblast the 
fitting and the adjacent metal lightly and then spray the whole area 
with aluminum, building up general fillets along all seems and around 
fastenings. Then finish the assembly with a zinc chromate primer and 
an external coating of standard aircraft paint. 
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(a) Bolts and ricet* in joint* of dissimilar metals or trood. Precautions should be taken with steel bolts and rivets which pass through aluminum alloys or wood. In such cases, particularly along the shank, insula­tion as discvissed in the preceding sentence is not practicable. This makes it doubly necessary at least in the case of seaplanes to keep water away by using compound in the joint, dipping the fastenings in primer before inserting, and where possible using insulating wash­ers on the heads and tints, and finally filleting all joints and around heads and nuts with compound before the final paint coats. 
18.649 BAD PRACTICES NOT CONSIDERED ACCEPTABLE. 

(a) (tuenching in hot water or air. The quenching of 17S or 24S alloys in water above 100° F. or air of any temperature after heat-treatment will not be satisfactory unless the material is in Alclad form, in which case air quenching is satisfactory. (Air temperature must he below 100° F.) 
(b) Transit rrittij ton xfowh/ from heat-treatment medium ti> quench tank. Insuffi­ciently rapid transfer of 17oS or 24S alloys from the heat-treatment me­dium to the quench tank will not be considered good practice, f An elapsed lime of 10 to 15 seconds wilt, in many cases result in noticeably impaired corrosion resistance.) 
(c) Reheating at temperatures above boding water. Reheating at temperatures above that of boding water of 17S or 24S alloys after heat-treatment, and the baking of primers at temperatures above that of boiling water will not be considered acceptable without subsequent complete and correct heat-treatment, as such practice tends to impair the original heat-treatment. 
(d) Use of annealed alloys for structural i>art$. The use of annealed 17S or 24S alloys for any structural repair of an aircraft where corrosion is likely to occur will not be considered satisfactory on account of poor corrosion resisting properties. 
(<=) Hygroscopic materials improperly moisture-proofed. The use of hygroscopic materials improperly moisture-proofed such as impregnated fabrics, leather and the like, in attempting to effect watertightness of joints and seams will not be considered acceptable practice. 
(J) The leaving of any trace of welding flux after welding. The leaving of any tract1 of welding fluN after welding will not be considered acceptable. 
(g) Iff of point rtmiircrs. The use of paint removers which contain strong caustic compounds, and of so-called thin paint removers which may have a tendency to run into joints, rather than those which have a jellylike consistency, will not be considered satisfactory. Polishes and cleaners which have ticesxirt abrasive action will be considered equally unsatisfactory. A suggested testing procedure for determining "safe" cleaners for aluminum acceptable to the Civil Aeronautics Adminis­tration will be found in the following: 1. Tests for cleaner* which art to be vsed in aqueous solutions. Specimens about 3 inches by 0.75 inch by 0.064 inch thick of alu­minum alloy of the type under consideration should be exposed at 

b>0° C. for 5 hours to each of the following concentrations of the cleaner: 0 25. 0.50, 0.75, 1, 1.5, 2. 3, 5, 10, and 20 percent. For each specimen 50 cubic centimeters of solution should be used. Some of the undiluted cleaner should be placed on other speci­mens which are stored in an atmosphere saturated with water vapor at 25° C. for 24 hours. In addition to the two tests described above, specimens should be cleaned following precisely the in-
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struotions furnished by the manufacturer of the cleaner. This 
cleaning operation is repeated twenty times. 

If none of the specimens in the above three tests are discolored, 
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, abrasive cleaners, oily cleaners, etc. Specimens of the aluminum 
alloy for which the cleaner is intended should be cleaned twenty times 
following the instructions furnished by the manufacturer of the 
cleaner in detail. 

Some of the cleaner is also placed on additional 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 polishing material will be considered "safe." 

Furthermore, to be classified as completely safe, it must not 
abrade the aluminum alloy in question to an extent greater than 
No. 0 steel wool. 

18.65 SAFETY BELT INSTALLATIONS. 
Torn or otherwise damaged webbing should not be repaired but should be replaced. 

In case replacement of webbing or hardware is attempted, the parts should be 
obtained from the original manufacturer of the belt and stitched with thread 
of the manufacturer's specifications. The stitch pattern should be identical 
to the original and the number of threads per inch should be equal to the num­
ber used by the manufacturer. 

In the case of air carrier operators who have special facilities for repair work of this 
type, a repair procedure is given in Certificate and Inspection Division 
Release No. 24. 

18.66 ELECTRICAL INSTALLATIONS. 
18.660 CABLE INSULATION. 

If the insulation of electrical cable is worn through or cracked through to the 
conductor at any point, the entire length of cable should be replaced with 
cable of at least the same quality. 

18.661 CABLE TERMINALS. 
Clean and retin cable terminals if they are dirty or have been scarred by lock-

washers or nuts. They should be polished with very fine sandpaper or emery 
cloth and then be wiped with a clean cloth. If the cable insulation has 
become disconnected from the cable terminal the latter should be replaced. 
However, if the cable is not of sufficient length to permit the necessary piece 
to be cut oft" for replacement of the terminal, a new length of cable should be 
installed. 

18.662 FUSE CLIPS. 
If fuse clips are dirty, they should be cleaned. If they are distorted to the extent 

that they do not make good contact with the fuse ferrule, they should be 
replaced with new clips, because the case is rare in which a bent clip can be 
straightened so that it will make good contact. 

18.663 RUBBER GROMMETS. 
If the rubber in a grommet has lost its pliability the grommet should be replaced. 

If a grommet has been cut by the edges of the material 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 cable 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 suitable manner. 
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18.664 BATTERY CABLES. 
If the rubber tubing installed over the cables connecting to the battery has lost its 

pliability or is damaged, it should be replaced. 

18.67 AIRCRAFT ENGINES. 
18.670 GENERAL. 

In repairing or overhauling aircraft engines, all repair agencies should be guided 
by the recommendations and procedures set forth in the respective instruc­
tion books, manuals, or service bulletins for the installation, inspection, and 
maintenance of aircraft engines, published by the aircraft engine manu­
facturers for each type of engine. 

18.6700 ROTATING, RECIPROCATING, AND HIGHLY STRESSED STRUCTURAL 
UNITS. 

The rotating, reciprocating, and highly stressed structural units of all aircraft 
engines should be subjected to a critical inspection at the time of overhaul. 
Whenever possible this inspection should be supplemented by a wet or dry 
magnetic dust inspection of the steel parts. In such a case, a copy of the 
report covering the findings of the magnetic dust inspection must be appended 
to the original Repair and Alteration Form in the case of a major repair. 

18.671 CRANKSHAFTS. 
Crankshafts should be carefully inspected for alinement. 
Crankshafts that have been in aircraft that have nosed over and are bent 

beyond the manufacturer's permissible alinement limits should not be 
repaired but must be replaced. 

18.672 REPLACEMENT PARTS IN CERTIFICATED AIRCRAFT ENGINES. 
Only structural engine parts which are approved by the Civil Aeronautics Adminis­

tration should be used in making replacements on certificated aircraft engines. 
Engine manufacturers consider that their engines have very few parts which 
should not be considered structural parts. 

Copies of "Specifications" describing the structural aircraft engine parts of manu­
facturers other than the original manufacturer which are approved may be 
obtained by requesting them from the Chief, Correspondence Section, Civil 
Aeronautics Administration. Washington, D . C. These parts will be eligible 
for approval in accordance with Part 13 of the Civil Air Regulations. 

However, the term "structural engine parts" 1 5 does not include standard com­
mercial parts of conventional materials such as minor gaskets, nuts, pins, 
safety wire. etc. These parts need not be approved if they are the equiva­
lent of the engine manufacturer's parts. 

18.673 RUN-IN TIME. 
After an aircraft engine has been overhauled, it should be run-in in accordance 

with the pertinent aircraft engine manufacturer's instructions. If no special 
test stand, test club and equipment are available, the plane should be headed 
into the wind during the run-in on the ground so that maximum cooling 
effect will be obtained. Proper cooling during run-in cannot be over-empha­
sized. The manufacturer's recommendations concerning permissible head, 
barrel and oil temperatures should be carefully observed. 

18.674 COTTER-PINS, WRIST-PIN RETAINERS, 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 replaced but special coil spring 

l s An inspector of the Civil Aeronautics Administration should he consulted concerning any doubtful cases. 
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retainers need not be replaced if this replacement is not recommended by the 
pertinent aircraft engine manufacturer. Other safetying 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 PARTS. 
Welding should not be done on any structural part of a n aircraft engine except 

when it is proved conclusively to the Civil Aeronautics Administration that 
the repaired part is as airworthy as the original. In any event, when welding 
is done, the procedure specified 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 stress-relieved or reheat-treated after welding in a heat-
treating furnace with precision heat control. Minor parts suitable for such 
a repair are usually those damaged by assembly or disassembly as well as 
those damaged by contact with a foreign object. Brackets, spacers, covers 
and mounting pads fall in this category. All aircraft engine parts are usually 
heat-treated during manufacture. 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 METALLIZING. 
Metallizing should not be done on any internal part of an aircraft engine except 

when it is proved conclusively to the Civil Aeronautics Administration that 
the metallized part will not adversely affect the airworthiness of the engine. 
Metallizing may be accomplished on the external part of the engine if the 
aircraft engine manufacturer has no objection to this practice. 

18.677 CORROSION PREVENTION. 
The use of strong solutions which contain strong caustic compounds and of all 

solutions, polishers, cleaners, abrasives, etc., which have an adverse effect on 
the airworthiness of the engine due to corrosive action will not be considered 
satisfactory. 

18.678 ENGINE ACCESSORIES. 
The engine accessories should be overhauled and repaired in accordance with the 

recommendations of the manufacturer of the accessories involved. 

18.68 AIRCRAFT PROPELLERS. 

18.680 HOLLOW AND SOLID STEEL PROPELLERS. 
Damaged steel propeller blades should not be repaired except by the manu­

facturer. Welding or straightening will not be permissible on such blades 
even for very minor repairs except by the manufacturer, due to the special 
process employed and the heat-treatment required. A blade developing a 
crack of any nature in service should be returned to the manufacturer for 
inspection. When a blade is considered nonrepairable, a notice of rejection 
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 hand stoning provided the injury is not deep. 
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18.681 ALUMINUM ALLOY PROPELLERS. 
A seriously damaged aluminum alloy propeller blade should be repaired only by 

the manufacturer or by repair agencies certificated for this type of work. 
Such repair agencies should be governed by the following considerations. 

A damaged metal propeller is one which has been bent, cracked, or seriously 
dented. Minor surface dents, scars, nicks, etc., which are removable by field 
personnel are not considered sufficient to constitute a damaged propeller. 

Damaged blades with model numbers which are on the manufacturer's list of 
blades that cannot be repaired should be rejected. 

The extent of a bend in the face alinement of blades should be carefully checked by 
means of a protractor similar to the one illustrated in figure 37. Only bends 
not exceeding 20° at 0.15 inch blade thickness to 0° at 1.1 inch blade thick­
ness may be cold straightened. After straightening, the affected portion 
of the blade should be etched and thoroughly inspected for cracks and other 
flaws. Blades with bends in excess of this amount require heat treatment and 
should be returned to the manufacturer or his authorized agent for repair. 

18.6822 BLADES BENT IN EDGE ALINEMENT. 
Blades which are bent in edge alinement should not be repaired by anyone except 

the manufacturer or a certificated repair station holding the appropriate rating. 
18.6823 INSPECTION AND TREATMENT OF DEFECTS. 

Scratches and suspected cracks should be given a local etch as outlined in CAM 14 
and examined with a magnifying glass. The shank fillets of adjustable pitch 
blades and the front half of the under surface of all blades from 6 to 10 inches 
from the tip are the most critical portions. Adjustable pitch blades should 
also be etched locally on the clamping portion of the shank at points % inch in 
from the hub edge in line with the leading and trailing edges, and examined 
with a magnifying glass for circumferential cracks. The shank must be within 
drawing tolerance. Any crack is cause for rejection. The miearta shank 
bearing on controllable and hydromatic propeller blades should not be dis­
turbed except by the manufacturer. Blades requiring removal of more ma­
terial than permissible as specified in section 18.6827 should be scrapped. 

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 may be 
used for removing the necessary amount of metal, after which, in each case, 
the surfaces involved should be smoothly finished with No. 00 sandpaper. 
Each blade from which any appreciable amount of metal has been removed 
should be properly balanced before it is used. 

18.6825 TREATMENT OF MINOR SURFACE DEFECTS. 
Dents , cuts, scars, scratches, nicks, etc., should be removed or otherwise treated 

as explained below, provided their removal or treatment does not mate­
rially weaken the blade, materially reduce its weight, or materially impair 
its performance. The metal around longitudinal surface cracks, narrow 
cuts, and shallow scratches should be removed to form shallow saucer 
shaped depressions as shown in figure 38 (view C) . Blades requiring the 
removal of metal forming a finished depression more than % inch in 
depth at its deepest point, % inch in width over-all, and 1 inch in length 

18.682 DEFINITION OF DAMAGED PROPELLERS. 

18.6820 REPAIRABLE BLADES. 

18.6821 BLADES BENT IN FACE ALINEMENT. 

18.6824 LOCAL ETCHING. 
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over-all should be rendered unserviceable or a notice of rejection supplied 
to the nearest inspector of the Civil Aeronautics 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 require the removal of metal to a depth of more than % 
inch and a length of more than % inch over-all should be rendered 
unserviceable or a notice of rejection supplied to the nearest inspector 
of the Civil Aeronautics Administration. 

(b) Treatment of raised edges of scars. Raised edges at wide scars, cuts, nicks, 
etc., should be carefully smoothed to reduce the area of the defect 
and the amount of metal to be removed as shown in figure 38 (view 
A). It is not permissible to peen down the edges of any defect. With 
the exception of cracks, it is not necessary to completely remove or 
"saucer out" all of a comparatively deep effect. Properly rounding 
off the edges and smoothing out the surface within the edges is suffi­
cient, as it is essential that no unnecessary amount of metal be removed. 

18.6826 NUMBER OF DEFECTS ALLOWABLE IN BLADES. 
More than one defect falling within the above limitations is not sufficient cause 

alone for rejection of a blade. A reasonable number of such defects per blade 
is not necessarily 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 may be 

reworked by removing sufficient material to eliminate the defects. In this 
case, the metal should be removed by starting at approximately the thickest 
section, as shown in figure 39, and working forward over the nose camber 
so that the contour of the reworked portion will remain substantially the 
same, avoiding abrupt changes in section or blunt edges. Blades requiring 
removal of more material than the permissible reduction in width and thick­
ness from the minimum drawing dimensions should be rejected. 

For repair blades the permissible reductions in width and thickness from mini­
mum original dimensions allowed by the blade drawing and blade manu­
facturing specification are shown in figure 40 for locations on the blade 
from the shank to 90 percent of the blade radius. The outer 10 percent of 
blade length may be modified as required. 

The following tolerances are those listed in the blade manufacturing specification 
and govern the width and thickness of new blades. These tolerances are 
to be used with the pertinent blade drawing to determine the minimum orig­
inal blade dimensions to which the reductions of figure 41 may be applied. 

Masufaeturmg 
Basic diameter less than 10 feet 6 inches: tolerance (inch} 

Blade width—from shank to 24-inch station ±}it 
from 30-inch station to tip 

Blade thickness ± 0 . 0 2 5 
Basic diameter 10 feet 6 inches to less than 14 feet 0 inches: 

Blade width—from shank to 24-inch station ± }J6 

from 30-inch station to tip ± Hs 
Blade thickness—from shank to 24-inch station ± 0 . 0 3 0 

from 30-inch station to tip ± 0 . 0 2 5 
Basic diameter 14 feet and 0 inches over: 

Blade width—from shank to 30-inch station ± % i 
from 36-inch station to tip ±Ke 

Blade thickness—from shank to 30-inch station ± 0 . 0 4 0 
from 36-inch station to tip ^ ± 0 . 0 3 5 
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18.6828 SHORTENING OF BLADES DUE TO DEFECTS. 
When the removal or treatment of defects on the tip necessitates shortening a 

blade, each blade used with it should likewise be shortened. Such sets of 
blades should be kept together. (See fig, 41 for acceptable method.) 

18.683 CAUSES FOR REJECTION. 
Unless otherwise specified herein, a blade having any of the following defects 

should be rendered unserviceable or a notice of rejection sent to the nearest 
inspector of the Civil Aeronautics Administration. 
(a) Irreparable defects. A longitudinal crack, cut, scratch, scar, etc., that 

cannot be dressed off or rounded out without materially weakening 
or unbalancing the blade or materially impairing its performance. 

(6) General unserviceability. Unserviceability due to removal of too much 
stock by etching, dressing off defects, etc. 

(c) Slag inclusions. An excessive number of slag inclusions or cold shuts or 
an excessive number of both. 

(d) Transverse cracks. A transverse crack of any size. 

18.684 BALANCE. 
Horizontal and vertical unbalance should be corrected as outlined in CAM 14. 

18.685 WOOD PROPELLERS. 
Wood propellers should be inspected for such defects as cracks, bruises, scars, 

warp, oversize holes in the hub, evidence of glue failure and separated lami­
nations, sections broken off and defects in the finish. The tipping should be 
inspected for such defects as looseness or slipping, separation of soldered 
joints, loose screws, loose rivets, breaks, cracks, eroded sections, and corrosion. 

18.6850. CAUSES FOR REJECTION. 
A wood propeller damaged to the following extent should be scrapped: 

(a) A crack or deep cut across the grain of the wood. 
(b) A comparatively long, wide,or deep cut parallel to the grain of the wood. 
(c) A separated lamination. 
(d) An excessive number of screw or rivet holes. 
(e) An oversize hub or bolt hole, or elongated bolt holes. (The plugging 

and reboring of bolt holes is not permissible.) 
(J) An appreciable warp. 
(a.) An appreciable portion of wood missing. 
(A) A crack, cut, or damage to the metal shank of adjustable pitch wood 

blades. 

18.6851 REPAIR OF SMALL CRACKS AND CUTS. 
Small cracks parallel to the grain of the wood should be filled with glue thoroughly 

worked into all portions of the cracks, dried and then sanded smooth and 
flush with the surface of the propeller. This also applies to small cuts. 

18.6852 REPAIR OF DENTS OR SCARS. 
Appreciable dents or scars which have rough surfaces or shapes that will hold a 

filler and will not induce failure, m a y be filled with a mixture of casein glue 
and clean, fine sawdust thoroughly worked and packed into the defect, dried 
and then sanded smooth and flush with the surface of the propeller. In any 
case, all loose splinters should be removed. 

18.6853 USE OF INLAYS. 
Inlays as shown in figure 42 of this manual m a y be used. The following con­

siderations should apply: 
(a) Materials to be used. Inlays should be of the same wood as the propeller 

blade (i. e., a yellow birch propeller should be inlaid with yellow 
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birch not with white birch), and as near the same specific gravity 
as possible. 

(6) Preparation oj joint. Kepair joints should conform with figure 4 2 for 
taper of 10 /1 from deepest point to feather edge or end of inlay. 
Measurements are taken along a straight line parallel to the grain 
or general slope of the surface on thrust and cambered faced. This 
rule applies also to the edge repairs. 

(c) Exterior protection of repairs. All hidden repairs should have not less 
than two uncut coats of high grade exterior spar varnish before 
being covered by the metal tipping. 

(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 stained 
to the extent of hiding the repairs. 

(e) Direction of grains in inlays. The grain of inlays should extend in the 
same direction as the grain of the propeller laminations. 

(/) Dovetail type inlays. Dovetai l type inlays should not be used. 
(g) Number of inlays. The number of inlays should not exceed one large, 

two medium, or four small widely separated inlays per blade. A 
trailing and a leading edge inlay should not overlap more than 2 5 
percent as shown in figure 4 2 . 

18.6854 HUB, NECK, AND SHANK REPAIRS. 

NOTE .—The following divisions refer to propellers for the same engine horsepower 
and hub. (See fig. 43 . ) 

(a) Small hub diameter, heavy 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. These are proportionately large in cross-

section and fairly large repairs are possible, limited to a 
depth of about 5 percent of the section thickness. 

(b) Small to medium diameter hub with excessively small 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 

5 0 horsepower, cuts 5 percent deep may be filled with glue 
and sawdust. Over 5 0 horsepower, no inlay repairs should 
be made deeper than 2% percent. 

(c) Large hub diameter, heavy necks and shanks. 
(1) Large inlays. Fairly large inlays are permissible on edges of 

hubs where cap laminations have crushed edges. 
(2) Shank inlays. Shank inlays should not exceed 7}i percent thick­

ness of section for the heavy shanks, or 5 percent for the 
proportionately lighter shanks. 

(3) Hub face replacement. Front and rear hub face replacements 
should total a thickness not to exceed 5 percent of the 
specified hub thickness. 

18.6855 BLADE REPAIRS. 

On blades with normal sections from the midsection to the tip, a cross-grain cut, 
up to 2 0 percent of the chord in length and one-eighth of the section 
thickness at the deepest point of damage may be repaired. (See fig. 42 . ) 
On blades with thin sections this depth should not exceed one-twentieth 
of the section thickness. 
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(a) Exception. N o repairs of the above kind should be made on either face 
when the feather edge of the cross grain cut is closer than 2 inches 
to the inner edge of the metal tip. 

(b) Trailing edge repairs. Narrow slivers up to %-inch wide broken from 
the trailing edge at the wider portions of the blade may be repaired 
by sandpapering a new trailing edge, removing the least material 
possible, and fairing in a new trailing edge of smooth contour. Both 
blades should be narrowed by the same amount 

(e) Repair near hub or tip. Near the hub or tip an inlay should be used, 
and should not exceed at its greatest depth 5 percent of the chord. 
The permanency of the joint, butt, scarf, or fishmouth is in the order 
named, the fishmouth being the most preferable. 

(d) 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 re­
moved to make the minimum repair taper 10/1 each way from the 
deepest point. Due to the convex leading edge of the average pro­
peller, this taper usually works out 8 /1 . 

(e) Repairs under metal tipping. Repairs under the metal tipping should not 
exceed 7J4 percent of the chord for butt or scarf joints, and 10 per­
cent for fishmouth joints, with % inch maximum depth for any repair, 

(_/) Finish. The finish, where necessary, should be renewed in accordance 
with the recommendations of the manufacturer, but in all cases 
should be transparent (CAM 14) . 

(g) Tipping. Tipping should be replaced when it cannot be properly re­
paired. Cracks in the narrow necks of metal between pairs of lobes 
of the tipping are to be expected and are not defects. All other 
cracks are defects that should be repaired, or eliminated by new tip­
ping. Tipping should be attached as outlined in C A M 14. 

(k) Horizontal and vertical unbalance. Horizontal and vertical unbalance 
should be corrected as outlined in CAM 14. 

18.686 PROPELLER HUBS. 

Repairs to propeller hubs of certificated propellers should be made in accordance 
with the propeller manufacturer's recommended and approved toler­
ances whenever this is possible, or in accordance with the following consider­
ations. Welding will not be permissible on steel hubs. 

18.6860 REPLACEMENT OF SMALL STANDARD PARTS. 
Clevis pins, bolts, and nuts should be replaced if they show any indication of wear 

or distortion. Cotter pins and safety wire should never be used a second time. 

18.6861 GENERAL INSPECTION OF HUBS AND CLAMP RINGS. 
Hubs and clamp rings should be cleaned in accordance with the manufacturer's 

recommended practice. They should be dimensionally inspected for con­
formity to the drawing. Particular care should be taken to check the 90° 
relation between shaft bore and blade socket centerline and track of the 
blade sockets, as these are the dimensions which are most likely to be affected 
by accidents. A N Y H U B W H I C H IS S P R U N G S H O U L D B E 
R E J E C T E D . 

18.6862 MAGNETIC DUST INSPECTION. 
Steel hubs should be minutely inspected for cracks' by the wet or dry magnetic 

dust method (Magnaflux) at every major overhaul period regardless of the 
repair classification (minor or major repair). I t is not necessary to remove 
the plating or special external finish for this inspection unless so specified in 
the manufacturer's recommended practice. A brief statement recording the 
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inspection and its findings should be included in the aircraft logbook entry. 
A similar entry in the repair records of the repair base, in the case of an air 
carrier aircraft, is considered the equivalent of the logbook entry. An 
X-ray examination when conducted by a laboratory specializing in radio­
graphic examinations is considered satisfactory in lieu of a magnetic dust 
inspection. Particular attention should be paid to the inside in the region 
of the shear shoulders of a hub. (Cracks usually start in line with the lead­
ing and trailing edges of the blade.) A N Y CRACK IS C A U S E FOR 
R E J E C T I O N . 

18.6863 FINISH OF HUBS AND CLAMP RINGS. 
Hubs and clamp rings should be cadmium plated after they pass inspection. 

This plating should be done in accordance with the manufacturer's recom­
mended practice. The use of zinc chromate primer on the external 
surfaces followed by a coating of aluminum lacquer in lieu of cadmium 
plating is considered equally acceptable. 

18.6864 INSPECTION OF SPLINES AND CONE SEATS. 
Splices and cone seats should be carefully inspected for signs of wear. Splines 

should be checked with a single key no-go gage made to plus 0.002 of the base 
drawing dimensions for spline land width. If the gage enters more than 
20 percent of the spline area, the H U B S H O U L D B E R E J E C T E D and the 
local inspector notified. 

18.687 PROPELLER GOVERNORS. 
Repairs to governors used to control the operation of certificated propellers should 

be made in accordance with the propeller manufacturer's recommended 
practice. All replacement parts should be identical parts produced by the 
original manufacturer or parts approved by a representative of the Civil 
Aeronautics Administration. Welding will not be permissible on governor 
parts. After repair, a propeller governor should be tested as recommended 
by the manufacturer. 

18.69 INSTRUMENTS. 
18.690 GENERAL. 

All repairs to instruments should be made in accordance with the instrument 
manufacturer's recommendations covering the installation, inspection, and 
maintenance of these units. If feasible, the general repair practices as out­
lined in the preceding paragraphs of this manual should be applied. 
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